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8. Waste
8.1 Overview
Total estimated waste emissions for 2012 were 11.7 Mt CO2-e, or 2.2% of total net national emissions (excluding 
LULUCF) (Table 8.1). The majority of these emissions were from solid waste disposal on land, contributing 9.0 
Mt CO2-e or 76.6% of waste emissions. Wastewater handling contributed a further 2.6 Mt CO2-e (22.3%) of 
waste emissions while waste incineration and biological treatment of solid waste contributed 0.03 Mt CO2-e 
(0.3%) and 0.1 Mt CO2-e (0.8%) respectively. Waste emissions are predominantly methane-generated from 
anaerobic decomposition of organic matter. Small amounts of carbon dioxide are generated through the 
incineration of solvents and clinical waste and nitrous oxide through the decomposition of human wastes.

Table 8.1: Waste CO2-e emissions, 2012

Greenhouse gas source and  
sink categories

CO2-e emissions (Gg)

CO2 CH4 N2O Total

6 WASTE 30 11,266 427 11,723

A. Solid waste disposal on land NA 8,981 NA 8,981

B. Wastewater handling NA 2,201 416 2,617

C. Waste incineration 30 NA NE 30

D. Other waste NA 84 11 95

Trends

Waste emissions were 31.2% (5.3 Mt CO2-e) lower in 2012 than they were in 1990 and 9.5% (1.2 Mt CO2-e) 
lower than in 2011.

Emissions from municipal solid waste disposal on land decreased by 31.9% (4.2 Mt CO2-e) over the period 1990 
to 2012 (Figure 8.1) and were 11.5% (1.2 Mt CO2-e) lower than in 2011. As waste degradation is a slow process, 
estimates of methane generation for 2012 reflect waste disposal over more than 50 years.

Rates of methane recovery from solid waste have improved substantially since 1990, increasing from a negligible 
amount to 5.7 Mt CO2-e of methane in 2012.

Wastewater handling emissions decreased by 30.4% (1.1 Mt CO2-e) over the period 1990 to 2012, with a decrease 
of 2.5% (0.1 Mt CO2-e) since 2011. Changes in estimates for wastewater handling emissions are largely driven by 
changes in industry production, population loads on centralised treatment systems and the amount of methane 
recovered for combustion or flaring.



W
as

te

2   Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3

Figure 8.1: Emissions from solid waste disposal on land, 1990–2012
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Emissions of CO2 from the incineration of solvents and clinical waste decreased by 65.0% (0.1 Mt) between 
1990 and 2012. Emissions from the biological treatment of solid waste have increased by 1.7% (0.002 Mt 
CO2-e) since 2011. 

8.2  Overview of Source Category Description and  
Methodology – Waste

Table 8.2: Summary of methods and emission factors used to estimate emissions from waste

Greenhouse Gas Source And 
Sink Categories

CO2 CH4 N2O

Method 
applied

Emission 
factor

Method 
applied

Emission 
factor

Method 
applied

Emission 
factor

6. Waste T2 CS T2 CS,D CS D

A. Solid Waste Disposal on Land NA NA T2/3 D NA NA

B. Wastewater Handling NA NA T2/3 CS,D CS D

C. Waste Incineration T2 CS NE NA T2 CS

D. Other NA NA T1 CS,D T1 CS,D

T1= Tier 1, T2 = Tier 2, CS = country specific, M = model, D = default, NE = not estimated, NA = not applicable
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8.3 Source Category 6.A Solid Waste Disposal On Land 

8.3.1 Source Category Description

The anaerobic decomposition of organic matter in a landfill is a complex process that requires several groups 
of microorganisms to act in a synergistic manner under favourable conditions. Emissions emanate from waste 
deposited over a long period (in excess of 50 years in the Australian inventory). The final products of anaerobic 
decomposition are CH4 and CO2. Emissions of CO2 generated from solid waste disposal are considered to be 
from biomass sources and therefore are not included in the waste sector of the inventory. CO2 produced from  
the flaring of methane from waste is also considered as having been derived from biomass sources.

Solid waste treatment in Australia

Common with the practice in many other developed economies, solid waste is processed in Australia via four 
main mechanisms:

•	 landfill;

•	 biological treatment/composting ;

•	 incineration; and

•	 recycling/reuse.

DEWHA (2009) reported that there are at least 665 operating landfills in Australia receiving around 21 Mt 
of waste. This amount equates to approximately 48% of the estimated total waste generated (44 Mt). The 
balance of waste, 52% of waste material generated, is recycled or reprocessed (including biological treatment/
composting) while a negligible amount is treated thermally (incinerated) (DEWHA 2009). Figure 8.2 shows the 
physical locations of the major landfills in Australia. The map shows that landfills are clustered around the large 
population centres around Australia’s coastline.

A landfill industry survey conducted by the Waste Management Association of Australia (WMAA) in 2007 found 
that a relatively small number of sites are responsible for the bulk of the waste received in Australia. Of the landfills 
surveyed, 39 process more than 200 kt of waste per year, 24 process between 100 kt and 200 kt per year, 32 process 
between 50 kt and 100 kt per year, 38 process between 25 kt and 50 kt per year, 61 process between 10 kt and 25 kt 
per year and the remainder (around 55% of the total number of landfills) process less than 10 kt each per year.

Overall, these statistics show the concentrated nature of the landfill industry in Australia. The top 8% of landfills 
(i.e. the top 39) manage over 55% of total waste received while almost 90% of solid waste sent to landfill in 
Australia is received in 133 large landfills with capacity to process 25 kt or more of waste each year. In terms of 
waste management practices in place at Australian landfills, 11% of landfills have a landfill gas collection system 
in place.  However, in the larger scale landfills, this practice is more common meaning that around 30% of the 
methane generated is collected for either flaring or energy generation.
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Figure 8.2: Australian landfill locations

Source: Geoscience Australia

Common management practices amongst larger landfills include the use of leachate collection systems (38% of 
landfills). Landfill designs include 38% of landfills with clay cell liners in place, 9% use HDPE cell liners while 
7% use GCL liners. In terms of capping practices, 59% of landfills use clay capping, whilst 12% of landfills use 
either HDPE, GCL or evapotranspiration caps.

8.3.2 Activity data

The Australian methodology for calculating greenhouse gas emissions from solid waste is consistent with the 
IPCC tier 2 First Order Decay (FOD) Model (IPCC 2006). The methodology deployed utilises a dynamic 
model driven by landfill data provided by the relevant State/Territory Government agencies responsible for 
waste management together with facility-level data obtained under the NGER (2009-2012) system. Although 
the structure of the methodology is constant across States, climate-specific parameters introduce variations in 
estimated emissions depending on location. The model tracks the stock of carbon estimated to be present in the 
landfill at any given time. Emissions are generated by the decay of that carbon stock, and reflect waste disposal 
activity over many decades. The methodology is fully integrated with the results of the Harvested Wood Products 
(HWP) model reported in Chapter 7.

8.3.2.1 Australian waste generation and disposal to landfill

Quantities of waste disposed to landfill are collected by State Government agencies (and in most cases also 
published). A mix of steady growth and some declines in waste tonnages disposed to landfill has been observed 
in Australia’s States and Territories since 1990 reflecting, in part, differences in population growth and the impact 
of State government policies on waste management (Figure 8.3). In addition to total disposal in each State/
Territory, disposal at individual landfills is obtained under the NGER (2009-2012) system for landfills meeting 
the reporting thresholds. Approximately 50% of total disposal is covered by NGER facility data. The residual 
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disposal not covered by the NGER (2009-2012) system is calculated as the total disposal reported for each state 
and territory minus the sum of NGER disposal in each State and Territory. It is important to note that activity 
data reported in this NIR and the accompanying CRF tables are for waste disposal to landfill as opposed to waste 
generated. State and Territory landfill levy schemes are applied specifically to waste disposed and the NGER 
(2009-2012) system reporting requirements have also been designed to be consistent with this principle.

Figure 8.3: Solid waste to landfill by state
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Sources:   NSW Department of Environment Climate Change and Water; Sustainability Victoria; QLD Department of Environment 
and Resource Management; SA Environment Protection Authority; WA Department of Environment and Conservation; 
Tasmanian Department of Primary Industries, Parks, Water and Environment; ACT Department of Territory and Municipal 
Services and NGER 2009-2012.

8.3.2.2 Waste streams 

Total waste to landfill data is disaggregated into three major waste streams, defined according to relevant State and 
Territory Government legislation and broadly consistent with the following:

•	 municipal solid waste – waste generated by households and local government in their maintenance of civic 
infrastructure such as public parks and gardens;

•	 commercial and industrial waste – waste generated by business and industry, for example shopping centres 
and office blocks or manufacturing plants; and,

•	 construction and demolition waste – waste resulting from the demolition, erection, construction, alteration or 
refurbishment of buildings and infrastructure. Construction and demolition waste may also include hazardous 
materials such as contaminated soil or asbestos.

State/Territory and NGER (2009-2012) data have been used to determine the stream percentages. Where 
disaggregated historical data cease, the stream shares have been held constant back to 1940 (Table 8.3). 
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Table 8.3:  Waste streams: municipal, commercial and industrial, construction and demolition:  
percentages by State: 2012

NSW(a) VIC(b) QLD(c) NT(d) SA(e) WA(f) TAS(g) ACT(h)

Municipal Solid Waste 30% 35% 31% 40% 36% 42% 37% 30%

Commercial and Industrial 43% 39% 38% 40% 39% 27% 56% 45%

Construction and Demolition 27% 26% 31% 20% 25% 32% 7% 25%

Sources:   (a) NSW Department of Environment Climate Change and Water; (b) Sustainability Victoria; (c) QLD Department of Environment 
and Resource Management; (d) SA Environment Protection Authority; (e) WA Department of Environment and Conservation; (f) 
Tasmanian Department of Primary Industries; (g) Department of Territory and Municipal Services and NGER 2012

Note:  External Territories waste stream breakdown is assumed to be the same as QLD.

Some States include clean fill (uncontaminated inert solid material) in their waste to landfill estimates provided 
and this has an influence on the waste stream proportions, however, as this type of waste is largely inert, there is 
little effect on the final emissions estimate.

8.3.2.3 Individual waste types

Each waste stream is further disaggregated into a mix of individual waste type categories that contain significant 
fractions of biodegradable carbon. The categories considered are as follows:

•	 Food;

•	 Paper;

•	 Garden and green;

•	 Wood; 

•	 Wastes from the production of harvested wood products; 

•	 Textiles;

•	 Sludge (including biosolids);

•	 Nappies;

•	 Rubber and leather; and,

•	 Inert (concrete, metal, plastics, glass, soil etc).

Harvested wood products - Paper, wood and wood waste generation and disposal

The solid waste disposal estimates and composition are integrated with the wood, wood waste and paper disposal 
estimates output from the harvested wood products model. These quantities of disposal are used to adjust the 
waste mix percentages for the non-NGER residual proportion of the waste load going to landfill. This adjustment 
is undertaken to ensure that the total wood, wood waste and paper disposed to all Australian landfills is consistent 
with the output of the harvested wood products model.

The amount of paper disposed to landfill reflects those factors that affect the amount of paper in stock reaching 
the end of its useful life and therefore available for disposal and the changes that have occurred in disposal 
behaviour - particularly the shift in disposal from landfill to recycling that has occurred since the late 1980s 
(Figure 8.4). Data on paper and wood reaching the end of their useful life is relatively robust given the long data 
series available for paper and wood product production, trade and consumption and the assumptions about 
lifetimes of products reported in Appendix 7.I. This function is a constrained form of the function specified in 
Section 12.2.2 in IPCC 2006.
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Figure 8.4: Paper consumption, recycling and disposal to landfill - Australia: 1940-2012
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Source: Refer to table 8.5

Over time the amount of paper waste generated for disposal will be consistent with the amount of paper 
consumption given the short life time assumed for this product. Overall paper consumption is estimated to have 
risen from 475 kt in 1940 to reach 3,815 kt in 2012 (ABARES 2013) reflecting both increasing population 
and increasing per capita consumption levels. In terms of carbon, these consumption estimates translate into an 
estimated 190 kt C in 1940 and 1,512 kt C in 2012 (Table 8.4). Per capita consumption of paper has increased 
from an estimated 26 kg C per person in the 1940s to 67 kg C per person in 2012. Reflecting the growth in paper 
consumption, waste paper generation is estimated to have increased from 245 kt C in 1940 to 1,552 kt C in 2012.

The proportion of paper waste generated that reaches landfill depends critically on the amount of paper diverted 
to other disposal paths. In Australia, an increasing trend to paper recycling has led to a decrease in the proportion 
of paper disposed to landfill. The amount of waste paper disposed to recycling as a share of product reaching the 
end of its useful life has increased from an estimated 30% in 1990 to 81% in 2012, with a sharp jump recorded 
in 2006 reflecting in part the effectiveness of a number of State Government waste management initiatives. The 
share of paper disposed to landfill has declined commensurately.

The generation of wastes from the production of harvested wood products, mainly sawmill residues and 
commercial offcuts, is also a significant source of waste generation and reflects two conflicting trends. The overall 
production of harvested wood products, particularly sawnwood from hardwoods, increased significantly between 
1940 and 1960. Production has increased significantly again since the early 1990s, particularly sawnwood from 
softwood species and paper production, which has offset declines in the production of sawnwood from hardwood 
species. The ratio of waste generated to harvested wood product produced has fallen over time, however, reflecting 
both efficiencies in production and the changes in the mix of products produced and offsetting the effect of the 
overall increase in production to a large extent. In 1940, the ratio of waste generated to wood and paper product 
produced was 53%. By 2012, this ratio had fallen to 27%.

The amount of wastes generated from the production of harvested wood products that are disposed to landfill 
depends critically on how much of the wastes are estimated to have been diverted to other disposal paths or uses 
including the quantities combusted for energy1, the quantities of fibre used in the production of other products 

1  Non-CO2 emissions associated with the combustion of HWP wastes are accounted for in the energy sector. CO2 emissions are 
reported as a memo item.
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(paper) and the quantities disposed to aerobic treatment processes. Of these three possible alternative disposal 
options, there has been rapid growth in the disposal of wastes to aerobic treatment processes in recent years with a 
concomitant reduction in wood wastes going to landfill (Figure 8.5).

Figure 8.5:  Estimated wood product wastes production, recycling, aerobic treatment processes and 
disposal to landfill - Australia: 1990-2012
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Table 8.4: Paper consumption, waste generation and disposal: Australia 

Apparent 
paper 

consumption

Per capita 
paper 

consumption

Closing 
stock of 

paper 
product

Total paper 
available for 

disposal/ 
waste 

generation

Paper 
recycling

Paper 
disposal to 

landfill

Recycling 
share 

of total 
disposal

Disposal 
to landfill 
as share 
of total 

disposal

kt C kg C/head kt C kt C kt C kt C

1940 190 26 200 245 27 204 0.14 0.83

1990 1,086 64 601 1,076 325 719 0.30 0.67 

2000 1,548 81 835 1,482 783 655 0.53 0.44 

2001 1,434 74 812 1,457 715 699 0.49 0.48 

2002 1,398 72 784 1,426 710 674 0.50 0.47 

2003 1,514 77 824 1,474 751 679 0.51 0.46 

2004 1,608 80 877 1,555 818 690 0.53 0.44 

2005 1,691 84 925 1,643 1,007 587 0.61 0.36 

2006 1,661 81 926 1,660 1,163 447 0.70 0.27 

2007 1,673 79 928 1,671 1,175 446 0.70 0.27 

2008 1,735 81 954 1,709 1,256 402 0.73 0.24 

2009 1,646 75 928 1,673 1,226 397 0.73 0.24 

2010 1,623 73 907 1,644 1,325 269 0.81 0.16 

2011 1,605 72 895 1,617 1,202 366 0.74 0.23 

2012 1,512 67 855 1,552 1,252 254 0.81 0.16 

Source:   DE estimates: derived from ABARES 2013, Department of National Development 1969, Jaakko Pöyry Consulting 2000, 
Recycled Organics Unit 2009. See Table 8.6.
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Table 8.5: Wood product production, waste generation and disposal: Australia 

HWP 
production(a)

HWP waste 
generation

Ratio of 
HWP waste 
generation 

to HWP 
production

Shares of 
HWP waste 
generation 
combusted 
(for energy)

Share of 
HWP waste 
disposed to 

landfill

Share of 
HWP waste 

disposed 
to aerobic 
treatment

Share 
of HWP 

waste used 
in other 

products
kt C kt C

1940 1,766 932 0.53 0.30 0.67 0.03 0.00

1990 3,307 1,118 0.34 0.34 0.48 0.03 0.14

2000 3,791 1,065 0.28 0.43 0.29 0.09 0.19

2001 3,682 1,021 0.28 0.43 0.28 0.10 0.19

2002 3,918 1,095 0.28 0.38 0.27 0.10 0.25

2003 4,084 1,141 0.28 0.38 0.28 0.10 0.23

2004 4,163 1,141 0.27 0.39 0.27 0.11 0.24

2005 4,249 1,164 0.27 0.38 0.35 0.10 0.17

2006 4,232 1,129 0.27 0.38 0.33 0.11 0.17

2007 4,137 1,103 0.27 0.40 0.31 0.12 0.18

2008 4,204 1,133 0.27 0.41 0.31 0.11 0.17

2009 3,942 1,060 0.27 0.46 0.25 0.11 0.19

2010 3,962 1,062 0.27 0.43 0.26 0.13 0.19

2011 3,825 1,028 0.27 0.38 0.30 0.05 0.27

2012 3,712 995 0.27 0.46 0.21 0.14 0.20

(a) Includes waste generation but excludes roundwood log and woodchip exports.

Source:  DE: derived from ABARES 2013, Department of National Development 1969, Jaakko Pöyry 2000. See Table 8.6.

Table 8.6:  Principal data sources and key assumptions made with respect to disposal of paper; waste from 
HWP production and wood

Paper Waste from HWP production Wood 

Waste generation inputs

(1) Production 
and apparent 
consumption

ABARES 2013; Jaakko 
Pöyry 2000, Department of 
National Development 1969.

Not applicable.

ABARES 2013; Jaakko 
Pöyry 2000, Department 
of National Development 
1969.

(2) End of useful 
product life

End of useful life function 
specified in Jaakko Pöyry 
2000 (See Appendix 7.I).

Not applicable.
End of useful life function 
specified in Jaakko Pöyry 
2000 (See Appendix 7.I).

(3) Waste 
generation

Derived from (1) and (2).
Jaakko Pöyry 2000 (See  
Appendix 7.I).

Derived from (1) and (2).

Method of disposal

Landfill

Balance of paper waste 
generation (3) and paper 
disposed through recycling, 
combustion and aerobic 
decay. 

Balance of HWP production 
waste generation (3) and wastes 
disposed through recycling, 
combustion and aerobic decay.

Determined exogenously 
based on GHD (2008) and 
Hyder Consulting (2008).
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Paper Waste from HWP production Wood 

Recycling
Source: ABARES 2013, 
Jaakko Pöyry 2000.

Source: Jaakko Pöyry 2000, 
Australian Plantations Products 
and Paper Industry Council (2006). 

Balance of waste 
generation from wood 
reaching end-of-useful 
life and wood disposed to 
landfill, combustion and 
aerobic decay. 

Combusted for 
energy / waste 
incineration 

0% assumed combusted for 
energy or incineration.

Derived as the balance of wood 
and wood waste combusted by 
manufacturing industry (Source: 
BREE 2013a and ABARES 2013) 
and assumptions on combustion 
of wood. No data is available on 
waste incineration.

Combusted for energy: 
5% of product disposal 
(see Appendix 7.I). 
Source: Jaakko Pöyry 
2000. Zero percent 
of product disposal 
assumed to be 
incinerated (i.e. not for 
energy).

Aerobic treatment 
processes 

3% of product assumed 
to decay due to aerobic 
processes based on expert 
judgement. Source: Jaakko 
Pöyry 2000.

Source: Recycled Organics Unit 
(2009). Prior to 1995, 3% of 
product assumed to decay due to 
aerobic processes. Source: Jaakko 
Pöyry 2000.

Decay assumed to be 
0% based on expert 
judgement. Source: 
Jaakko Pöyry 2000.

The key data sources and assumptions made in relation to the estimation of the data presented in Table 8.4 
and Table 8.5 are reported in Table 8.6. The amount of paper disposed to landfill is estimated as the balance of 
the amount of paper waste generated from paper in stock reaching the end of its useful life and the amount of 
paper disposed to recycling, combustion and aerobic treatment processes. This estimator ensures completeness 
and consistency with the estimates of the stock of harvested wood products presented in Appendix 7.I and 
is considered to produce robust estimates because of the high quality of the available data on apparent paper 
consumption (ABARES 2013 and the Department of National Development 1969) and paper recycling 
(ABARES 2013). It also allows for the share of paper in total waste disposed to landfill to vary in response to 
observed rapid changes in disposal behaviour, in particular, the rapid increase in recycling of paper in Australia. 

Similarly, data on the wastes from HWP production are considered robust because of the availability of high 
quality data on HWP production (ABARES 2013 and the Department of National Development 1969) and 
on the combustion of wood and wood waste (BREE 2013a). Data on the amount of wastes disposed to aerobic 
treatment processes is available from the Recycled Organics Unit of the University of New South Wales. The other 
important assumption set out in Table 8.6 concerns the percentage of wastes lost through incineration. No data 
is currently available on the amount of waste incinerated as opposed to combusted for energy. Obtaining more 
accurate data on this variable is difficult. Consequently, the assumption made has been the subject of sensitivity 
testing, which demonstrates that waste disposed to landfill is inversely related to the assumption on incineration, 
indicating that there is limited risk of the estimates of waste disposed to landfill used in the inventory being 
underestimates.
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Table 8.7: Additions and deductions from harvested wood products: 2012

kt C

Additions to the HWP carbon stock

Apparent consumption of HWP 3,334

Generation of HWP wastes 995

Total additions 4,380

Deductions from the HWP carbon stock

Disposal to landfill 841

Disposal through combustion for energy/ waste incineration 569

Disposal through aerobic decay 184

Recycling/use in other products 1,283

Total deductions 2,877

Net increment in HWP stock 1,502

Combustion of HWP for energy reduces the amount of the HWP stock and is effectively recorded as a reduction 
in stock (or, equivalently, a source of emissions). In 2012, the reduction in carbon stock from combustion for 
energy of HWP and wastes generated from HWP production is estimated at 569 ktC. This source of emissions 
is effectively recorded within the HWP category. Non-CO2 emissions from the combustion of these products are 
recorded in Fuel Combustion 1.A.  Similarly, the disposal of HWP to landfill reduces the stock of product and is 
also effectively recorded as a reduction in stock (or source of emissions) against the HWP category. In 2012, the 
reduction in carbon stock from disposal to landfill is estimated at 841 ktC. Half of this carbon will also eventually 
be converted to methane in the landfills (effectively, the carbon is counted twice).

Back casting of total waste disposed to landfill

The data available from State Government agencies on total waste disposed to landfill does not extend to the period 
prior to 1990. Nor are there any possibilities for filling in the gaps with future surveys. In these circumstances, 
IPCC 2006 notes that a range of splicing and extrapolation techniques are available. The technique chosen to 
determine the historical time series was a surrogate-data technique where the drivers used to determine total waste 
to landfill were the amount of waste generated from paper consumption and the estimated amount of waste 
generated from the production of harvested wood products. These data were chosen because published datasets of 
production and consumption of these variables, which are closely related to disposal, were available back to 1936. 
The surrogate technique applied was to assume that the total waste to landfill is perfectly correlated with the sum of 
paper and wood wastes disposed to landfill for years prior to 1990. This assumption ensures that the more general 
underlying influences affecting waste generation impact these estimates since a) rising per capita incomes and rising 
population are reflected in rising demand for paper consumption and consequent waste generation and b) changes in 
production functions over time (improvements in efficiency) are reflected in the amount of waste generated in HWP.

For disposal data reported under the NGER (2009-2012) system, information is available on the entire 
operational life of the landfills extending to the pre-1990 period. Where these disposal data available, they have 
been used. However, it must be noted that this represents only a small proportion of currently operating landfills.

Waste mixes disposed to landfill

Waste composition is determined in two ways. For landfills covered by the NGER (2009-2012) system, their 
reported waste composition is used directly. Where these data are not available, country-specific waste mix 
percentages are used. These waste mix percentages are obtained as outlined below.
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The base waste mix percentages are derived as a simple average of waste mixes presented in studies conducted 
by GHD (2008) and Hyder Consulting (2008), except for data on paper and wastes from the production of 
harvested wood products disposed to landfill which are based on data and assumptions set out in Table 8.6. 
Actual waste mix percentages change over time as the amount of wood waste and paper entering landfills vary – 
percentages for 2012 are reported in Table 8.8.

Table 8.8: Individual waste type mix: percentage share of individual waste streams disposed to landfill 2012

Municipal Solid Waste Commercial & 
Industrial

Construction & 
Demolition

Food 38.5% 24.7% 0.0%

Paper (a) 4.3% 4.2% 1.1%

Garden and Green 18.1% 4.6% 2.0%

Wood (a) 1.1% 7.1% 6.0%

Waste from HWP production (a) 5.9%

Textiles 2.2% 4.6% 0.0%

Sludge 0.0% 1.7% 0.0%

Nappies 4.4% 0.0% 0.0%

Rubber and Leather 0.5% 4.0% 0.0%

Inert (concrete, metal, plastics 
and glass, soil etc)

30.8% 43.1% 90.8%

Sources:   Derived from GHD 2008 and Hyder Consulting 2008; (a) DE estimates based on data and assumptions in Table 8.6  
and GHD 2008.

Table 8.9: Total waste and individual waste types disposed to landfill (kt): Australia

Year

Total waste 
to landfill 

(a,b)
Food (b) Paper (b) Garden (b)

Wood 
and wood 

waste (b)

Textiles, Sludge, 
Nappies, Rubber 

and Leather (b)
Other (b)

kt kt Kt kt kt kt kt

1940 10,444 1,978 933 1,878 1,925 421 4,726

1990 16,425 3,039 1,817 1,317 1,913 741 7,599

2000 19,594 3,429 1,740 1,460 1,565 979 10,420

2001 19,021 3,419 1,815 1,473 1,459 959 9,896

2002 19,390 3,488 1,797 1,546 1,488 944 10,128

2003 19,818 3,279 1,840 1,470 1,581 931 10,717

2004 20,587 3,396 1,889 1,519 1,619 964 11,200

2005 20,225 3,419 1,743 1,512 1,742 974 10,833

2006 20,396 3,704 1,527 1,583 1,692 1,071 10,818

2007 21,215 3,794 1,546 1,634 1,692 1,092 11,457

2008 21,794 3,896 1,513 1,654 1,740 1,137 11,854

2009 19,999 3,642 1,531 1,540 1,523 1,081 10,682

2010 19,916 3,627 1,490 1,574 1,552 1,059 10,612

2011 19,207 3,417 1,625 1,479 1,454 1,051 10,179

2012 18,547 3,602 1,553 1,452 1,323 1,095 9,523

(a) State Government Agencies; 

(b) DE estimates.
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8.3.3 Methodology

The Australian methodology for the estimation of emissions from solid waste disposal utilises the IPCC tier 2 
FOD model presented in the Guidelines for National Greenhouse Gas Inventories (IPCC 2006).

The key parameters determining the amount of methane emissions are the fraction of degradable organic carbon 
in each individual waste type (DOC); the rate of decay assumed for each individual waste type (decay function 
‘k’); the fraction of degradable organic carbon that dissimilates through the life of the waste type (DOCf); the 
methane correction factor (MCF) and the amount of methane captured for combustion. The model is explained 
in detail in IPCC 2006. The model takes account of the stock of carbon in a landfill by keeping track of additions 
of carbon through waste disposal and losses due to anaerobic decay. The concept of the carbon stock model 
approach is illustrated in Figure 8.6.

Figure 8.6: Carbon stock model flow chart
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and paper 
carbon  
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a

Carbon enters the landfill system via new deposition of waste Ca. Deposition is based on wood and paper carbon 
transferred from the HWP carbon pool Ca-hwp and carbon in food, garden and other waste derived from data 
provided by State and Territory waste authorities Ca-fgo. A portion of the newly deposited carbon decays in the 
first year ∆Ca and the remainder contributes to the closing stock of carbon Ccs. Additionally, the opening stock 
of carbon decays over the year ∆ Cos with the remainder going to the year’s closing stock. The closing stock then 
becomes the next year’s opening stock Cos. The total change in carbon stock is estimated simultaneously with 
estimated emissions of methane.

Ccs = Cos – ∆ Cos (emissions lost from opening stock) + Ca - ∆ Ca (emissions lost from new deposition)
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In Australia recent field work estimating methane generated at particular landfills (Bateman 2009, Dever et 
al. 2009 and Golder Associates 2009) has demonstrated that there is potentially a wide variation in methane 
generation rates across Australian landfills. In Australia, this is interpreted as principally reflecting:

•	 differences in waste composition at landfills, reflecting both the differing values of degradable organic carbon 
(DOC) of individual waste types and differing degradable organic carbon that is dissimitable (DOCf) values 
of individual waste types; and

•	 differences in the decay rate ‘k’ reflecting differences in waste composition, management regimes or local 
climatic conditions.

8.3.3.1 Degradable Organic Carbon

Values for the degradable organic carbon (DOC) content for each waste mix category used in the model are listed 
in Table 8.10. The source for these parameters is IPCC (2006). 

Table 8.10: Key model parameters: DOC values by individual waste type

Waste Type (wet) DOC

Food 0.15

Paper 0.40

Garden and Green 0.20

Wood and waste from HWP production 0.43

Textiles 0.24

Sludge 0.05

Nappies 0.24

Rubber and Leather 0.39

Other -

Source: IPCC 2006.

8.3.3.2 Decay function values ‘k’

The half-lives and associated ‘k’ values for each waste mix category applied in the FOD model are consistent with 
those provided in IPCC 2006.
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Figure 8.7: Australian climate zones

Decay rate constants are applied to disposed waste in two ways. For landfills covered by the NGER (2009-2012) 
system, the geographical location of the landfill is used to determine which of the 4 IPCC climatic zones is 
applicable. The distribution of the climate zones across Australia is illustrated in Figure 8.7. The map below has 
been produced on the basis of average monthly grids of rainfall, pan-evaporation and average temperature from 
Bureau of Meteorology records between 1970 and 2010.

For the proportion of disposed waste which is not covered by the NGER (2009-2012) system, decay rate 
constants are assigned according to the on prevailing climatic conditions at the landfill sites of the principal cities 
in each State and Territory. In each State, average annual temperature and annual rainfall data for the principal 
landfill sites were taken from data published by the Australian Bureau of Meteorology. The assumptions of 
climatic conditions for each State/Territory and ‘k’ values for each waste mix category are outlined in Table 8.11.



W
as

te

16   Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3

Table 8.11: Key model parameters: ’k’ values by individual waste type and State

State / Territory Climate description Waste mix category k value

NSW Wet Temperate

Food 0.185

Paper and Textiles 0.06

Garden and Green 0.10

Wood 0.03

Textiles 0.06

Sludge 0.185

Nappies 0.04

Rubber and leather 0.06

VIC, WA, SA, TAS, ACT Dry Temperate

Food 0.06

Paper and Textiles 0.04

Garden and Green 0.05

Wood 0.02

Textiles 0.04

Sludge 0.06

Nappies 0.04

Rubber and leather 0.04

QLD, NT Moist and Wet Tropical

Food 0.4

Paper and Textiles 0.07

Garden and Green 0.17

Wood 0.035

Textiles 0.07

Sludge 0.4

Nappies 0.07

Rubber and leather 0.07

Source: IPCC 2006.

8.3.3.3 Fraction of degradable organic carbon dissimilated (DOCf)

DOCf is an estimate of the fraction of carbon in waste that is ultimately degraded anaerobically and released from 
solid waste disposal site (SWDS) and reflects the fact the some carbon in waste does not degrade or degrades 
very slowly under anaerobic conditions (IPCC 2006,Vol 5 p3.13). Most countries (but not all) utilise the IPCC 
default factor 0.5 which is an average DOCf value that is used for all putrescible waste types and which appears 
to be based on the results of one study in the Netherlands. On the use of country-specific DOCf values the IPCC 
Good Practice Guidance states the following:

National values for DOCf  or values from similar countries can be used for DOCf  , but they should be based on 
well documented research.

There is a growing body of research into the fraction of degradable carbon that is available for anaerobic decay 
from both Australia and overseas. There is evidence that for certain types of waste such as wood the IPCC default 
DOCf value of 0.5, which is an average value, may be an overestimate whilst for waste types such as food it may 
be an underestimate.
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In the Australian context there has been an ongoing program of research into the decay of wood in landfill by 
researchers from the NSW Department of Primary Industries, the Cooperative Research Centre for Greenhouse 
Accounting, the Research and Development Division of State Forests NSW and the Chemistry Centre of  
Western Australia.

This research program was initiated in 2001 when excavated wood samples taken from two sites at Sydney 
landfills were examined for the extent of decomposition (Gardner et al. 2004). The extent of loss of initial carbon 
from softwood and hardwood materials retrieved from the two landfills that had been closed for 19 and 29 years 
was found to be insignificant (4.1%). The tests showed slightly greater decay in the samples taken from the site 
closed for 19 years than the 29 year samples which was explained by the waste management practices at the two 
sites (one site had leachate recirculation whilst the other had an active methane extraction system in place).

Ximenes et al. (2008b) supplemented this work with further field-based research, extracting wood samples from 
a second Sydney landfill that had been closed for 46 years. Carbon loss from softwood and hardwood material 
retrieved from the third landfill from the site closed for 46 years was found to be 18% and 17% respectively. 

As these investigations are field-based, the results reflect the prevailing conditions and waste management practices 
in the particular landfills under examination. Nevertheless, the results suggest that wood products are much more 
resistant to decay under anaerobic conditions than would be implied by the use of the average DOCf value of 0.5.

The Australian field-based results reflect decomposition over restricted time profiles. They reflect both the DOCf 
applicable to the wastes types analysed, which represents the total decomposition of the waste under anaerobic 
conditions over very long term time horizons, but also the rate of decomposition, ‘k’, experienced for the period 
that the waste has been in place. 

Estimates of DOCf that are applicable to very long term time horizons (3-5 half lives) can be estimated from 
investigations into the carbon storage under anaerobic conditions of a range of waste types under laboratory 
conditions (Doorn and Barlaz 1995; Barlaz 1998, 2005 and 2008). This experimental work involves the testing of 
a range of waste types in reactors operated to obtain maximum methane yields. As the laboratory work optimises 
the conditions for anaerobic decay, the results can be considered as true estimates of the DOCf value that would 
apply over very long time horizons. These estimates could also be considered to represent an upper limit of the 
decay processes found in landfills under anaerobic conditions over more restricted time horizons.

The results of the Barlaz work are presented in Table 8.12 which shows reported values for the initial carbon 
content and carbon remaining after decomposition and the derived DOCf value.

Table 8.12: DOCf values for individual waste types derived from laboratory experiments

Waste type

Initial total organic  
carbon  

(kg/dry kg) 
A

Organic carbon remaining 
after decomposition  

(kg/dry kg) 
B

DOCf (A-B)/A

Newsprint 0.49 0.42 0.15

Office paper 0.4 0.05 0.88

Old corrugated containers 0.47 0.26 0.45

Coated paper 0.34 0.27 0.21

Branches 0.49 0.38 0.23

Grass 0.45 0.24 0.47

Leaves 0.42 0.3 0.28

Food 0.51 0.08 0.84

Source:  Derived by Hyder Consulting 2009 in consultation with Morton Barlaz.
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In research currently underway, Barlaz is continuing with the examination of further waste samples including 
softwood, hardwood, plywood and MDF as well as some Australian wood species. Preliminary results from these 
laboratory-based experiments broadly confirm the earlier result that the value for wood is significantly less than 
0.5. The testing on the additional wood samples is not yet complete. However, the results are expected to be 
available in the near future. In addition to the examination of wood samples in the study currently underway, 
a range of Australian paper types have been examined. Preliminary results from this portion of the study are 
also broadly consistent with results obtained previously and again highlight the range of different DOCf values 
observed for different paper types.

Overall, well documented research is available on DOCf values for individual waste types both from laboratory 
conditions and from field tests conducted in Australia. The quality of the work conducted in Australia by 
Ximenes et al. 2008b has recently been recognised by the IPCC Emission Factor Database Editorial Board. This 
well documented research supports the use of DOCf values for individual waste types for this inventory.

The 2006 IPCC Guidelines offer further recommendations on the use of DOCf values for individual waste mix types:

Higher-tier methodologies (tier 2 or 3) can also use separate DOCf values defined for specific waste types...The 
introduction of waste-type specific values for DOCf can introduce additional uncertainty into estimates where good 
waste composition data are not available. Therefore it is good practice to use waste type specific DOCf values only 
when waste composition data are based on representative sampling and analysis.

As outlined above, Australia’s waste to landfill data is currently supplied by State and Territory agencies responsible 
for waste management. The data are collected under the various levy schemes in place in each jurisdiction and are 
disaggregated into MSW, C&I and C&D waste streams. For example, in NSW landfills are licensed under the 
Protection of the Environment Operations Act 1997 – as part of the licensing provisions, landfill operators are required 
to report on quantities of waste received at the landfill. Similar arrangements are in place in all jurisdictions. The 
waste mix percentages used to further disaggregate the waste streams are based upon a wide range of waste audits 
carried out across Australian landfills typically commissioned by local and State/Territory Governments.

To assess the quality of Australia’s waste composition data and acceptability for use with individual waste type 
DOCf values, a review was undertaken by an external expert (Guendehou 2010). Guendehou concluded that 
‘Australia should take advantage of the availability of good waste composition data to apply waste type specific 
DOCf in order to improve the accuracy of the emissions estimate’.

Australia’s waste type specific DOCf  values

Values of DOCf for individual waste types that are appropriate for Australia have been selected based on well 
documented research on DOCf values contained in Barlaz 1998, 2005 and 2008. These estimates provide 
an upper limit of an appropriate DOCf value. The approach adopted, while conservative, is based on the 
recommendations of Guendehou (2010) after consultations with a range of experts in the industry GHD (2010), 
Hyder Consulting (2010) and Blue Environment (2010).

For wood products, Australia has selected a value of 0.23 to apply to all wood deposited in landfills in Australia 
based on the Barlaz estimate for ‘branches’. This should be considered as an upper limit of the DOCf values 
that are applicable to the anaerobic decay of Australian wood products as the research of Ximenes et al. 2008b 
and Gardner et al. 2004 indicates that a range of lower DOCf values may be possible depending on the type of 
timber and type of wood product. Ximenes et al. 2008b, for example, note that the use of the Barlaz result for 
‘branches’ for timber and wood products could be refined as it is likely that true DOCf values for certain wood 
products may be lower depending on the type of timber and wood product. This view was confirmed by Barlaz in 
the preparation of the 2008 inventory (Hyder Consulting 2009) and supported by GHD 2010. Future research 
may provide a basis for a review of this factor at some later time and, in fact, preliminary data from Barlaz 
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(forthcoming) indicates that certain timber classes may be displaying much lower rates of degradation for a range 
of timber classes in ideal anaerobic conditions. However, until these results are available, the Barlaz 1998 result 
for branches represents the best possible estimate for the anaerobic decay of timber and wood products. 

For food waste the DOCf value of 0.84 reported in Table 8.13, based on the work of Barlaz 1998 has been used. 

For paper, the Barlaz work translates into a range of DOCf values, for four classes of paper types meaning 
that it is important to understand the types of paper waste entering the landfill waste system in order to 
assign the appropriate weights for each of the Barlaz results. Newsprint contains high levels of lignin, which 
inhibits decomposition in anaerobic conditions, while office paper contains almost no lignin and therefore 
experiences high levels of decomposition even under anaerobic conditions. In addition, the Barlaz paper classes 
are not exhaustive of all paper types. Allowance must be made for non-identified paper classes. In these cases, 
consideration must be given to the possible chemical composition of the paper and theoretical approaches to the 
estimation of methane potential.

Consequently, it was necessary to make use of available waste audit data to compile a weighted average DOCf 
value for the “paper and cardboard” waste mix category. Based on paper waste composition data presented in 
GHD 2008 and Lamborn 2009, the proportions of paper types corresponding to the Barlaz DOCf categories 
have been derived for Australian landfills (Table 8.13).

Given that the classes of paper analysed by Barlaz were not comprehensive, a DOCf value is also required to be 
assumed for ‘other’ paper. One factor important to the analysis of decomposition under anaerobic conditions relates 
to the amount of cellulose and hemicellulose in the product (see for example, Lamborn 2009). In the case of the 
paper types analysed with DOCf values, the reported cellulose and hemicellulose proportions in the product range 
from 51.7 for coated paper up to 91.3 for office paper (Barlaz 1998). For the classification of ‘other’ paper, the value 
of cellulose and hemicellulose reported by Lamborn 2009 is 72.0 – which is very much in the middle of the range 
reported for the waste paper types for which DOCf values are available. Consequently, the assumption made is that 
the DOCf for the ‘other’ paper is the weighted average of the paper types for which DOCf values are available.

Table 8.13: Derivation of a weighted average DOCf value for paper 

Paper type

Composition

(% of total paper in 
analysis) (a)

Cellulose and 
hemicellulose (%) (b) DOCf 

(c)

Newspaper 4% 54.6 15%

Office paper 11% 91.3 88%

Cardboard 58% 67.2 45%

Coated Paper 1% 51.7 21%

Other paper 25% 72.0 49%

Weighted average of above 49%

(a) Lamborn 2009, 

(b) Barlaz 1998, 

(c) Hyder consulting 2009, except for ‘other paper’.

Micales and Skog (1996) published a range of methane potentials for a comprehensive list of paper types (based 
on data in Doorn and Barlaz 1995) which show that methane potentials range between 0.054 g CH4/g refuse for 
newspaper and 0.131 g CH4/g refuse for office paper. These results also suggest that the range of DOCf values 
shown in Table 8.13 above derived from Barlaz data encompass the broad range of paper types that may be 
present in Australian landfills and the degradabilities observed in the experimental data.
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For garden and park waste a DOCf value of 0.47 based on the work of Barlaz 1998 has been used. This value 
assumes the upper estimate calculated by Barlaz for “leaves” and “grass”.  On this assumption, it represents a 
conservative upper limit on the likely true DOCf value for this category.

For the remaining waste categories in the inventory the IPCC default value of 0.5 has been retained. This includes 
values for textiles, sludge, nappies, and rubber and leather which require additional research to be undertaken 
before waste type specific values are adopted.

The complete list of DOCf values for each inventory waste mix type is presented in Table 8.14. As indicated in 
the QA/QC section, the weighted average DOCf value for Australian landfills is estimated to be 59.9 for 2012.

Table 8.14: Key model parameters: DOCf values by individual waste types 

Waste type DOCf value

Food 0.84

Paper and paper board 0.49

Garden and park 0.47

Wood 0.23

Wood waste 0.23

Textiles 0.50

Sludge 0.50

Nappies 0.50

Rubber and Leather 0.50

Inert waste (including concrete, metal,  
plastic and glass)

0.00

8.3.3.4 Methane correction factor (MCF)

An important parameter for the emissions calculation is the methane correction factor (MCF) which is intended 
to represent the extent of anaerobic conditions in landfills. It is assumed that all solid waste disposal on land in 
Australia is disposed to well managed landfills, hence a methane correction factor of 1.0 has been applied to all years. 
Data from a Waste Management Association of Australia (WMAA 2007) survey on waste management practices 
undertaken in 2007 was reviewed for this inventory and considered to provide strong evidence that the landfills in 
Australia adopt management practices that are consistent with the IPCC characterisation of well-managed landfills. 
71% of landfills, receiving an estimated 95% of waste, operate with some form of permanent cover. The balance 
of landfills are assumed to operate within the meaning of well-managed landfills, as defined by the IPCC. No 
comprehensive data are available to accurately characterise changes to management practices over time. 

8.3.3.5 Delay time

The IPCC default delay time of six months (M =13) has been used to reflect the fact that methane generation 
does not begin immediately upon deposition of the waste. Under this assumption, and given that all waste is 
assumed to be delivered at the mid-point of the year, anaerobic decay is set to start, on average, on the first day of 
the year following deposition.
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8.3.3.6 Fraction of decomposition that results in methane (F)

The IPCC default value of 0.5 is assumed for this inventory, reflecting the assumption that the decomposition of 
organic carbon under anaerobic conditions is equally split between the generation of methane and the generation 
of carbon dioxide. 

8.3.3.7 Oxidation factor (OF)

The IPCC default value of 0.1 is assumed for this inventory, reflecting the proportion of methane generated by 
the decomposition of organic carbon under anaerobic conditions that is oxidised before the gas reaches the surface 
of the landfill. 

8.3.3.8 Methane capture

Net emissions are derived after accounting for methane recovery undertaken at the landfill site. The quantity of 
methane recovered for flaring and power is based upon reported methane capture under the NGER (2009-2012) 
system for 2009 onwards and industry survey for the years 1990-2008. 

Methane capture reported by landfill gas capture companies is measured according to the gaseous fuels 
measurement provisions set out in the NGER (Measurement) Determination. Under these provisions, a range of 
options are available to reporters including indirect measurement on the basis of invoices or electricity dispatched 
or direct measurement at the point of consumption using gas measuring equipment operated in accordance with 
set standards.  Under these reporting provisions, landfill gas companies must also specify whether the collected gas 
is combusted for power generation, flared or sent offsite for other uses.

Methane recovered (R(t)) is subtracted from the amount generated before applying the oxidation factor, because 
only landfill gas that is not captured is subject to oxidation in the upper layer of the landfill. 

Emissions from the combustion of landfill gas for power generation are reported in the energy sector (1.A.1.a – 
public electricity and head production)

8.3.4 Emission Estimates 

8.3.4.1 Methane

Additions to and losses from the pool of organic carbon in landfills including both degradable and non-
degradable organic carbon from all waste types are presented in Table 8.14. Half of the carbon losses are assumed 
to result in the generation of methane (assuming that F, the share of carbon decay resulting in methane, is the 
IPCC default value of 0.5). The other half is assumed to be carbon dioxide and is effectively estimated when this 
carbon is deducted from the pool of carbon in the harvested wood product pool.
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Table 8.15: Methane generation and emissions, Australia: 1990 to 2012

Year
Carbon additions 

to landfill 
(kt C)

Carbon loss 
(through emissions) 

(kt C)

Methane 
generated  
(Gg CH4) a

Methane capture 
(Gg CH4)

Net methane  
(Gg CH4) 

1990 2,464 1,048 686 2 684

1991 2,422 1,050 700 2 698

1992 2,398 1,057 702 11 691

1993 2,446 1,057 706 11 695

1994 2,383 1,055 706 35 671

1995 2,397 1,056 705 28 677

1996 2,319 1,058 705 91 614

1997 2,282 1,064 707 98 609

1998 2,367 1,069 711 130 581

1999 2,351 1,067 714 121 593

2000 2,444 1,068 713 129 584

2001 2,440 1,074 713 131 582

2002 2,434 1,082 716 128 587

2003 2,432 1,091 721 176 545

2004 2,474 1,092 726 197 528

2005 2,476 1,092 725 207 518

2006 2,447 1,091 725 222 503

2007 2,441 1,103 723 216 508

2008 2,465 1,116 730 205 525

2009 2,272 1,129 738 215 524

2010 2,175 1,135 745 204 541

2011 2,204 1,134 749 221 528

2012 2,134 1,121 747 272 475

Source:  DE estimates. 

Note:  (a) methane generated prior to oxidation.

8.3.4.2 Non-Methane Volatile Organic Compounds (NMVOC)

Small quantities of NMVOC are contained in landfill gas emitted from landfills in Australia. Some of these 
NMVOC are generated by the decomposition process and others are residuals from the particular types of waste 
dumped in the landfill.

The CSIRO Division of Coal and Energy Technology in Sydney (Duffy et al. 1995) investigated NMVOC emissions 
from four landfills in the Sydney region. They found significant concentrations, up to 10 parts per million by 
volume (ppmv), for approximately 60 different compounds. Researchers in the UK (Baldwin and Scott 1991) have 
found between 2,200 and 4,500 milligrams per cubic metre (mg/m3) of NMVOC present in landfill gas.

In Australian landfills, liquid waste is rarely disposed of with solid waste whereas co-disposal is common practice 
in the UK. On this basis the lower range of 2,000 mg/m3 found by the UK researchers is used for NMVOC 
emissions from Australian landfills unless other site-specific information is available.

It is assumed that NMVOC emissions from landfills comprise 0.2% of total landfill gas emissions; the average 
methane fraction of landfill gas as generated before release to the atmosphere is 0.5. This quantity is a weighted mean 
for all previous years of waste data used to calculate any inventory year’s data and the proportion of methane emitted 
after oxidation is 0.9.
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8.4 Source Category 6.B Wastewater Handling

8.4.1 Source Category Description

The anaerobic decomposition of organic matter in wastewater results in emissions of methane while chemical 
processes of nitrification and denitrification in wastewater treatment plants and discharge waters give rise to 
emissions of nitrous oxide.

Large quantities of CH4 are not usually found in wastewater due to the fact that even small amounts of oxygen 
are toxic to the anaerobic bacteria that produce the CH4. In wastewater treatment plants, however, there are a 
number of processes that foster the growth of these organisms by providing anaerobic conditions.

As methane is generated by the decomposition of organic matter, the principal factor which determines the methane 
generation potential of wastewater is the amount of organic material in the wastewater stream. This is typically 
expressed in terms of Chemical Oxygen Demand (COD). COD is a measure of the oxygen consumed during total 
chemical oxidation (both biodegradable and non-biodegradable) of all material in the wastewater (IPCC 2006).

Nitrous oxide, N2O, is also generated from municipal wastewater treatment plants. Nitrogen, which is present in 
the form of urea in urine and also as ammonia in domestic wastewater, can be converted to another compound—
nitrate (NO3). Nitrate is less harmful to receiving waters since it does not take oxygen from the water. The 
conversion of nitrogen to nitrate is usually done by secondary and tertiary wastewater treatment plants using 
special bacteria in a process called nitrification. Following the nitrification step some facilities will also use a 
second biological process, known as denitrification. Denitrification further converts the nitrogen in the nitrates to 
nitrogen gas, which is then released into the atmosphere. Nitrification and denitrification processes also take place 
naturally in rivers and estuaries. N2O is a by-product of both nitrification and denitrification.

Municipal wastewater treatment plants in Australia treat a major portion of the domestic sewage and commercial 
wastewater, and a significant part of industrial wastewater. Approximately 5% of the Australian population is not 
connected to the domestic sewer and instead utilise on-site treatment of wastewater such as septic tank systems 
(WSAA 2005). Some industrial wastewater is treated on-site and discharged either to an aquatic environment or 
to the domestic sewer system which then feeds into a municipal wastewater treatment plant. A schematic diagram 
of the pathways for the treatment of wastewater in Australia is shown in Figure 8.8.

Consistent with IPCC good practice, methane emissions from effluent discharge to receiving waters is not reported 
in the inventory. Similarly, N2O emissions from any form of industrial wastewater discharge and from discharge 
of municipal wastewater to ocean and deep ocean waters or used in irrigation are considered negligible and are 
not reported in the inventory.

Sludge removed from wastewater treatment plants is either disposed to landfill or can be further treated to 
produce biosolids and then used in a land application such as agriculture, horticulture, composting or site 
rehabilitation. Emissions of methane from disposal of sludge in a landfill are included in the solid waste sector. 
Emissions of nitrous oxide from land application are not included in the agriculture sector but are included 
within the wastewater sector itself.

Methane generated at wastewater treatment facilities may be captured and combusted for energy purposes or 
flared. The amount of CH4 captured or flared is subtracted from the total CH4 generated. Quantities of sludge 
biogas combusted for the production of energy and the associated non-CO2 emissions are reported in the 
stationary energy sector.

Carbon dioxide emissions are not reported in the wastewater handling sector except where they are derived from 
non-biomass sources of carbon.
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Wastewater treatment in Australia

A survey of the Australian wastewater industry was conducted by Department of Climate Change in 2009 (DCC 
2009) to gather information on the operational characteristics of the wastewater sector including the location 
of discharge points, treatment levels, effluent volumes and type of aquatic environment to which the effluent 
flowed. The utilities which participated in the survey were selected on the basis of two criteria: that they serviced 
more than 50,000 customers and that these customers were living in coastal areas. The 11 utilities in Australia 
which met these criteria were asked to take part in the survey and 10 of these provided a response. In total, the 
respondents represented wastewater utilities which operate more than 100 facilities and treat wastewater for over 
60% of the Australian population, all of which were living in coastal cities or communities. 

More than three quarters of Australia’s total population live in coastal areas. According to data from the Australian 
Bureau of Statistics (ABS 2009e), in 2009 the total Australian population was approximately 22 million people 
and around 16 million of these were living in capital cities and major centres on the coast of Australia. The 
residual population not covered by the DCC survey was approximately eight million people and it is estimated 
that at least three million of these people were also living on the coast of Australia. 

The survey found that wastewater treatment facilities in Australia predominantly process wastewater to a 
secondary or tertiary treatment level before discharging the wastewater into an aquatic environment. However, 
some large facilities process the wastewater to a primary level only. As the treatment level increases from primary 
to secondary to tertiary, the number of unit operations used to treat the wastewater and the amount of organic 
matter and nitrogen removed before discharge to an aquatic environment increases.

Proportions of Australia’s population connected to each treatment level are presented in Table 8.16 together with 
data for the residual population not covered by the survey which has been extrapolated from the survey data 
where possible. Nitrogen entering and leaving each treatment level is also shown in Table 8.16. The data clearly 
show that more complex treatment systems remove a greater proportion of nitrogen and thus generate more N2O.

Table 8.16: Wastewater treatment plants by level of treatment

Wastewater  
Treatment Level Population serviced

Annual quantity  
of nitrogen entering  

the system 
(tonnes of N)

Annual quantity of 
nitrogen in effluent 

discharged 
(tonnes of N) (c)

Primary 2,761,280 13% 15,931 14% 16,169 (d) 66%

Secondary 6,960,027 32% 27,333 25% 6,170 25%

Tertiary 3,231,570 15% 15,849 14% 2,001 8%

Residual - Coastal Area 3,131,923 (a) 14% 18,040 (b) 16% N/A N/A

Residual - Inland Area 5,880,487 (a) 27% 33,872 (b) 31% N/A N/A

Total 21,965,287   111,024   24,341  

(a) Estimated using data from Australian Bureau of Statistics 2008a.

(b)  Estimated using the IPCC default method and protein intake of 0.036 tonnes per year and IPCC default, 0.16 tonnes of nitrogen 
per tonne of protein.

(c) Total nitrogen discharged does not include the nitrogen discharged for the residual.

(d)  Nitrogen discharged from primary treatment is greater than nitrogen received due to the lower removal rate for primary systems 
and the transfer of wastewater between plants.
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The survey also examined the discharge practices of Australian wastewater facilities. The effluent discharged by 
wastewater treatment plants enters one of four classes of aquatic environment which are defined as follows:

•	 River means all waters other than estuarine, ocean or deep ocean waters;

•	 Estuarine waters means all waters (other than ocean or deep ocean waters):

 – (a) that are ordinarily subject to tidal influence, and 

 – (b) that have a mean tidal range greater than 800 mm (being the average difference between the mean 
high-water mark and the mean low-water mark, expressed in millimetres, over the course of a year);

•	 Ocean means all waters except for those waters enclosed by a straight line drawn between the low-water marks 
of consecutive headlands and deep ocean waters; and

•	 Deep ocean means all waters, except for river and estuarine waters, that are more than 50 metres below the 
ocean surface.

Survey results shown in Table 8.17 indicate that the majority of effluent is discharged to either ocean or deep ocean 
outfalls. Only a small proportion of effluent from coastal treatment plants is discharged to a river environment (9%). 
However, when the non-coastal population is taken into consideration, this proportion becomes 29%, with the 
additional assumption that all wastewater generated from the non-coastal population is also discharged to river. The 
residual population also includes the population that is unsewered; estimated at approximately 5% of the Australian 
population. As the type of discharge environment is critical to emissions of N2O from discharge, this information is 
also included in Table 8.16 and shows a large proportion of nitrogen discharged goes to deep ocean outfalls, typically 
more than two kilometres from the coastline at a depth of 50 metres or more.

Table 8.17:  Effluent discharged from wastewater treatment plants by type of aquatic environment for  
2008 and 2009

Type of 
aquatic 
environment

Population serviced
Annual volume of 

effluent discharged 
(kilolitres) 

Annual quantity 
of nitrogen 

entering the plant                                                    
(t)

Annual quantity of 
nitrogen in effluent 

discharged 
(t) 

River 2,564,463 12% 117,734,320 9% 11,545 10% 1,334 5%

Estuary 2,920,629 13% 187,480,682 14% 16,862 15% 1,775 6%

Ocean 4,405,912 20% 385,746,932 29% 23,055 20% 6,376 22%

Deep Ocean 3,015,430 14% 360,797,519 27% 17,601 15% 16,562 57%

Residual - 
Coastal Area

3,178,366 (a) 14% N/A N/A 18,307 (b) 16% N/A N/A

Residual - 
Inland Area

5,880,487 (a) 27% 269,972,736 20% 28,384 (b) 25% 3,162 (c) 11%

Total 21,965,287 1,321,732,189 (d) 115,756 29,210 (d)

(a) Estimated using data from Australian Bureau of Statistics 2008a. 

(b)  Estimated using the IPCC default method and protein intake of 0.036 tonnes per year and IPCC default, 0.16 tonnes of nitrogen 
per tonne of protein

(c) Data value estimated from extrapolation of survey data for river discharge

(d) Total effluent and nitrogen discharged does not include the nitrogen discharged for the residual coastal population.

Sludge treatment and disposal practices were also examined in the survey. Results show that approximately 87% 
of the nitrogen in sludge transferred out of treatment plants was reported as being used in a land application and 
13% was reported as being sent to landfills. The sludge generated by the residual population not covered by the 
survey has been estimated by extrapolating the data from the survey using a per-capita sludge generation value. 
Emissions from sludge sent to landfills are included in the solid waste sector while emissions from biosolids 
(treated sludge) used in a land application are included in wastewater treatment.
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Table 8.18: Survey data for sludge reuse and disposal in 2008 and 2009

Nitrogen (t) % Contribution

Sludge to Landfill 1,435 13%

Sludge Reused in Land Application 5,494 49%

Residual Population - Sludge 4,336 (a) 38%

Total 11,264

(a) Data value estimated from extrapolation of survey data for sludge

Sectoral snapshot: Sydney Water’s effluent discharge Sydney Water Corporation is Australia’s largest wastewater 
utility, with around 30 facilities servicing approximately 20% of Australia’s population mainly living in the cities 
of Sydney and Wollongong. In addition to providing annual reports on each facility to the New South Wales  
state government, Sydney Water also publish information about their operations on their website at  
www.sydneywater.com.au. A map of Sydney Water’s operations is shown in Figure 8.9 and information made 
available on their website has been summarised in Table 8.19 below. The data in Table 8.19 shows that 17 of 
Sydney Water’s facilities discharge into a river, however, most of the effluent discharged by volume, approximately 
87%, enters ocean and deep ocean waters.

Figure 8.9: Sydney Water Wastewater Systems

Source:  Sydney water
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Table 8.19 Sydney Water Corporation Wastewater Treatment Plants 2008

Discharge 
Type

Discharge  
Point

Level of 
Treatment

Total volume 
of treated 

wastewater 
discharged to 
the waterway 
(million litres)

Estimated 
population 

Serviced

Total discharge load 
to waterway (kg)

BOD Total 
nitrogen

Inland sewage treatment plants

St Marys River
South Creek (a 
tributary of South 
Creek)

Tertiary 
treatment 

14,829 139,700 57,925 63,824 

Quakers Hill River

South Creek 
(Breakfast Creek, 
a tributary of 
Eastern Creek)

Tertiary 
treatment 

13,816 144,400 36,693 64,606 

Riverstone River

South Creek 
(Eastern Creek,  
a tributary of 
South Creek)

Tertiary 
treatment 

743 8400 1,532 5,796 

Brooklyn River
Hawkesbury River 
at Kangaroo Point

Tertiary 
treatment

14 500 36 127 

West Hornsby River
Waitara Creek, 
a tributary of 
Berowra Creek

Tertiary 
treatment 

5,210 53,500 9,876 21,645 

West Camden River
Matahill Creek, a 
tributary of the 
Nepean River

Tertiary 
treatment 

3,913 49,700 13,156 49,545 

North 
Richmond

River
Redbank Creek, 
a tributary of the 
Hawkesbury River

Tertiary 
treatment 

341 3,760 886 2,005 

Richmond River

Discharging 
mainly to 
irrigation schemes 
for a local 
university campus 
and golf course. 
Excess flows are 
discharged to an 
inland waterway 
(Rickabys Creek). 

Tertiary 
treatment 

391 7,800 675 1,671 

Winmalee River
Unnamed 
tributary of the 
Nepean River

Tertiary 
treatment 

6,792 56,300 22,005 66,220 

Hornsby 
Heights

River
Calna Creek, 
a tributary of 
Berowra Creek

Tertiary 
treatment 

2,496 28,300 6,058 7,826 

Rouse Hill River

Second Ponds 
Creek, a tributary 
of Cattai Creek 
(partial discharge 
only)

Tertiary 
treatment 
plant and 
recycled 
water plant

4,355 63,100 6,168 31,662 

Castle Hill River Cattai Creek
Tertiary 
treatment 

3,134 24,900 13,157 46,805 
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Discharge 
Type

Discharge  
Point

Level of 
Treatment

Total volume 
of treated 

wastewater 
discharged to 
the waterway 
(million litres)

Estimated 
population 

Serviced

Total discharge load 
to waterway (kg)

BOD Total 
nitrogen

Penrith River
Boundary Creek, 
a tributary of the 
Nepean River

Tertiary 
treatment 

9,541 96,800 18,776 39,799 

Wallacia River Warragamba River
Tertiary 
treatment 

242 2,670 721 1,351 

Picton River

discharging 
mainly to 
an irrigation 
scheme for a 
local agricultural 
farm. There 
are occasional 
wet weather 
discharges to an 
inland waterway 
(Stonequarry 
Creek

Tertiary 
treatment 

76 10,200 - 174 

Blackheath River
Hat Hill Creek, a 
tributary of the 
Grose River

Tertiary 
treatment 

424   1,676 10,983 

Mount 
Victoria

River
Fairy Dell Creek, 
a tributary of the 
Cox’s River

Tertiary 
treatment 

72   843 885 

Gerringong 
Gerroa 

Recycled 
or to 
wetland

Treated 
wastewater is 
mainly discharged 
to an irrigation 
scheme for a local 
dairy farm. 

Tertiary 
treatment 

  11,000 326 201 

Coastal sewage treatment plants

Wollongong 
(incl. Bellambi  
and Port 
Kembla STPs)

Ocean

Reuse at 
Bluescope 
steelworks 
with remainder 
discharging to 
the ocean via an 
extended outfall 
one kilometre 
from the shoreline

Tertiary 
treatment 

21,238 199,000 142,551 377,149 

Shellharbour Ocean
Ocean via a 
nearshore outfall 
(at Barrack Point). 

Secondary 
treatment 

6,681 60,000  29,557 121,904 

Bombo Ocean

Ocean via a 
shoreline outfall 
at the headland 
north of Bombo 
Beach

Secondary 
treatment 

1,372 13,300 7,212 11,683 



W
as

te

30   Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3

Discharge 
Type

Discharge  
Point

Level of 
Treatment

Total volume 
of treated 

wastewater 
discharged to 
the waterway 
(million litres)

Estimated 
population 

Serviced

Total discharge load 
to waterway (kg)

BOD Total 
nitrogen

North Head
Deep 
Ocean

Ocean Outfall 
- The outfall 
discharges 3.7 km 
from the shoreline 
at 65 m maximum 
water depth

Primary 
treatment 

138,623 1,240,000 34,096,767 6,816,185 

Malabar (incl. 
Liverpool, 
Glenfield and 
Fairfield STPs)

Deep 
Ocean

Ocean Outfall - 
outfall discharges 
3.6 km from the 
shoreline at 82 m 
maximum water 
depth

Primary 
treatment 

185,415 1,690,000 38,204,663 7,669,426 

Bondi
Deep 
Ocean

Ocean outfall 
2.2 km from the 
shoreline at 63 m 
maximum water 
depth

Primary 
treatment 

45,256 480,000 9,441,442 2,218,050 

Cronulla Ocean
Ocean via a 
shoreline outfall 
at Potter Point

Tertiary 
treatment 

26,930 200,000 84,719 551,882 

Warriewood Ocean
Ocean via a 
shoreline outfall 
at Turimetta Head

Secondary 
treatment 

6,878 59,000 71,445 216,595 

TOTAL  
(for all plants) 498,782 4,647,335 82,268,865 18,397,999

8.4.2 Domestic and Commercial Wastewater (6.B.2) Methodology

8.4.2.1  Methane Emissions from Wastewater Treatment at Municipal Wastewater 
Treatment Plants (MWTPs)

Methane emissions from the treatment of wastewater at municipal wastewater treatment plants are estimated 
according to the default method set out in The IPCC Good Practice Guidance which relates emissions to the total 
quantity of organic waste treated at the MWTP. The emission factors applied to this quantity of organic waste 
are derived from a consideration of the type of treatment process used at the MWTP and the degree to which the 
organic waste is treated anaerobically.

Activity data: Organic waste in wastewater

Quantities of organic waste in wastewater treated at individual MWTPs have been obtained under the NGER 
(2009-2012) system and used for the first time in this inventory. Around 60% of facilities reporting under 
the NGER (2009-2012) system (numbering 75 in total and servicing around 60% of Australia’s population) 
measured the quantity of COD entering their facility directly. The weighted average per-capita COD entering 
these facilities is 0.06426 tonnes of COD per person per year.
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For the remainder of the category’s facilities, a country-specific value of 0.0585 tonnes of COD per person per 
year (NGGIC 1995) was used for the amount of organic waste in wastewater received at their sites.

Utilities reporting under the NGER (2009-2012) system are also required to report the quantities of COD 
leaving their facility in effluent and treated in the form of sludge. Sludge refers to the solids generated in the 
wastewater treatment process. All wastewater treatment plants produce sludge requiring disposal. Sludge 
generated in Australia is often treated in sludge lagoons, sludge drying beds or anaerobic digesters. Treatment of 
this sludge can produce methane if it is allowed to decompose anaerobically. The amount of methane generated 
is variable depending on the type of treatment applied to the sludge. Biosolids are the product of sludge 
treatment suitable for use in land applications. Emissions from application of biosolids to land are included in the 
agriculture sector. Sludge and biosolids may also be sent to landfill. Emissions arising from the decomposition of 
sludge disposed to landfill are included in the solid waste sector.

As with the COD entering the facilities, NGER facility-specific data on COD sludge leaving the facility has been 
used where this variable has been measured directly. Where this data was unavailable, a country-specific fraction 
of COD removed and treated as sludge of 0.54 has been applied (NGGIC 1995).

Methodology

Emissions generated from the treatment of COD in wastewater are estimated according to the following equation:

CH4(t) = (CODin – CODsl - COD out) * EFt

Where: CH4(t) is the estimated CH4 emissions from the treatment of sewage at wastewater plants 

 CODin is the amount of COD input entering into wastewater treatment plants

 CODsl is the amount of COD treated separately as sludge

  COD out is the amount of COD effluent discharged from wastewater treatment plants into aquatic environments

 EFt is the emission factor for wastewater treated by wastewater plants.

Emissions generated from the treatment of sludge are estimated according to the following equation:

CH4(t) = (CODsl – CODtrl - COD tro) * EFsl

Where: CH4(t) is the estimated CH4 emissions from the treatment of sewage at wastewater plants 

 CODsl is the amount of COD treated separately as sludge

 CODtrl is the amount of COD as sludge removed and sent to landfill

 COD tro is the amount of COD as sludge removed and to a site other than landfill

 EFsl is the emission factor for sludge treated by wastewater plants.

Under the NGER (2009-2012) system reporting provisions, wastewater facilities must characterise the type of 
treatment process used in terms of the fraction of COD (as both sludge and wastewater) treated anaerobically. 
This parameter is defined as the methane conversion factor (MCF). The 2006 IPCC default MCF values and the 
definition of the corresponding treatment processes associated with these defaults in Australia are shown in Table 
8.20. Facilities reporting under the NGER (2009-2012) system select the most appropriate MCF value for their 
operational circumstances.
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Table 8.20: MCF values listed by wastewater treatment process

Classes of wastewater 
treatment in 2006 
IPCC Guidelines 

MCF Values Applicable Wastewater Treatment Processes

Managed Aerobic 
Treatment 

0.0

•	 Preliminary treatment (i.e. screens and grit removal) 

•	 Primary sedimentation tanks (PST)

•	 Activated sludge processes, inc. anaerobic fermentation 
zones and anoxic zones for biological nutrient removal (BNR)

•	 Secondary sedimentation tanks or clarifiers

•	 Intermittently decanted extended aeration (IDEA), 
intermittently decanted aerated lagoons (IDAL) and 
sequencing batch reactors (SBR)

•	 Oxidation ditches and carrousels

•	 Membrane bioreactors (MBR)

•	 Mechanically aerated lagoons

•	 Trickling filters

•	 Dissolved air flotation

•	 Aerobic digesters

•	 Tertiary filtration

•	 Disinfection processes (e.g. chlorination inc. contact tanks, 
ultraviolet, ozonation)

•	 Mechanical dewatering (e.g. centrifuges, belt filter presses)

Unmanaged Aerobic 
Treatment 

0.3
•	 Gravity thickeners

•	 Imhoff tanks

Anaerobic Digester / 
Reactor 

0.8
•	 Anaerobic digesters

•	 High-rate anaerobic reactors (e.g. UASB)

Anaerobic Shallow 
Lagoon ( < 2 m deep)

0.2

•	 Facultative lagoons

•	 Maturation / polishing lagoons

•	 Sludge drying pans

Anaerobic Deep 
Lagoon ( > 2 m deep)

0.8
•	 Sludge lagoons

•	 Covered anaerobic lagoons

Source:  WSAA 2011

Emission factors for each facility for wastewater and sludge are derived using equation 6.2 in the IPCC Good 
Practice Guidance. The IPCC default maximum methane producing capacity (Bo) of 0.25 kg CH4/kg COD is 
used for all facilities. 

Methane Capture

Methane recovered for combustion for energy or flared is deducted from the estimated methane generated and is 
based on directly measured quantities of methane captured for combustion and flaring reported under the NGER 
(2009-2012) system for the years 2009 onwards. For 1990-2008, recovery is based upon a consideration of historical 
changes in methane capture capacity at individual wastewater treatment plants. A capture time-series for each 
wastewater utility has been established based on capture rates for 1990 reported in NGGIC 1995 and on subsequent 
reported commissioning of cogeneration plants, odour control system upgrades, and general plant capacity upgrades. 
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Figure 8.10 shows the time-series for methane capture from domestic and commercial wastewater treatment. The 
significant increase in capture from the year 2000 corresponds to an improvement in capture capacity due to the 
commissioning of cogeneration facilities at a number of key wastewater treatment facilities serving particularly large 
populations. The small decline in capture in 2010 reflects a combination of changes to treatment processes (i.e. a 
shift to aerobic treatment) and reported declines in flaring and combustion of sludge biogas for energy production.

Figure 8.10: Methane capture from domestic and commercial wastewater treatment 1990 – 2012
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No data is available on the precise split of methane recovery between wastewater and sludge treatment. For the 
purposes of reporting in table 6.B.s1 of the CRF table, methane recovery is allocated between wastewater and 
sludge such that emissions generated from the treatment of sludge are captured and the balance of reported 
capture is then allocated to wastewater treatment.

Choice of emission factor

There is a proportion of the wastewater treatment sector where no facility-specific data is available under NGER. 
The choice of parameters applicable to the residual portion of the sector was made in accordance with the 
decision tree described in Section 1.4.1.

As treatment processes employed at individual facilities are highly technology specific, it was not considered 
reasonable to extrapolate the factors obtained from NGER data to the facilities in the residual portion of the 
sector. Consequently, the per-capita COD and region-specific MCF values from NGGIC 1995 were used for 
2009 for the residual of the category where no facility-specific data under NGER was available.

Time-series consistency

The use of NGER data has required careful consideration of time-series consistency issues. Facility-level activity 
data and emission factors are available for 2009–2012 only. In order to preserve time-series consistency, facility-
level activity data obtained under NGER has been back-cast as a fixed proportion of total population serviced 
in each state. Constant facility level MCF values and the proportion of methane generated that was captured in 
2009 have been used with the back-cast activity data. This approach to maintaining time series consistency was 
based on the consideration that the larger-scale facilities covered by NGER utilise well established infrastructure 
and treatment processes that have not undergone significant changes since 1990.
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The residual portion of the sector, for which no NGER facility-specific data is available, has been handled as 
described above for the entire time-series.

8.4.2.2 Methane Emissions from On-Site Domestic and Commercial Wastewater Treatment

The IPCC good practice default method for estimating methane emissions is used to estimate emissions from 
on-site domestic and commercial wastewater treatment. The total unsewered population on a State by State basis 
is calculated according to the Australian Bureau of Statistics (ABS 2009e) and WSAA data (WSAA 2005). It is 
assumed that each person in unsewered areas in Australia produces 0.0585 tonnes of COD per person per year 
(NGGIC 1995). The amount of COD that settles out as solids and undergoes anaerobic decomposition (MCF) 
is assumed to be 15%, which is the IPCC default fraction for total urban wastewater (IPCC Vol. 3 1997). The 
IPCC good practice default emission factor of 0.25 kg CH4/kg COD is used.

Sludge is also generated by on-site domestic and commercial wastewater treatment. Septic tank systems must be 
emptied occasionally of the sludge that accumulates inside the system. This sludge is typically transferred to a 
municipal wastewater treatment facility for further treatment.

8.4.2.3 Nitrous Oxide Emissions from Domestic and Commercial Wastewater Treatment

The methodology used to estimate N2O emissions from domestic and commercial wastewater treatment utilises 
a detailed IPCC good practice methodology and comprises estimates for emissions from sewage treatment at a 
wastewater plant; emissions from discharge of effluent into aquatic environments; and emissions from disposal of 
treated sludge to land. 

Total N2O-N = N2O(t)-N + N2O(d)-N + N2O(l)-N

Where: N2O-N is the estimated N2O emissions from domestic and commercial wastewater treatment

 N2O(t)-N is the estimated N2O emissions from sewage treatment at a wastewater plant

 N2O(d)-N is the estimated N2O emissions from discharge of effluent

 N2O(l)-N is the estimated N2O emissions from application of treated sludge to land

N2O emissions from sewage treatment at wastewater treatment plants 

The emissions of N2O from sewage treatment at wastewater treatment plants are estimated using the  
following equation:

N2O(t)-N = (Nin – N out – Ntrl – Ntro ) * EF6

Where: N2O(t)-N is the estimated emissions from the treatment of sewage at wastewater plants 

 Nin is the amount of nitrogen input entering into wastewater treatment plants

  Nout is the amount of nitrogen effluent discharged from wastewater treatment plants into aquatic environments

 Ntrl is the amount of nitrogen removed from wastewater treatment plants as sludge and disposed to landfill

  Ntro is the amount of nitrogen removed from wastewater treatment plants as sludge and disposed at a site 
other than landfill (reused in land applications) and

 EF6  is the emission factor for sewage treated by wastewater plants

The total nitrogen input entering wastewater treatment plants for Australia in 2009 is obtained from facility 
specific measurements under NGER and, in addition, DCC 2009 yielded nitrogen treatment and discharge data 
for a group of utilities not captured under NGER. In total, facility level data obtained under NGER and DCC 
2009 covered 108 facilities.
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Estimates of the remainder of the nitrogen entering the national system is based on the residual population not 
covered by the facilities reporting under NGER or DCC 2009 and the average nitrogen input received by the 
wastewater plants per person serviced by the plants derived from the NGER (2009-2012) system and DCC 2009 
facility data. Together with the IPCC good practice assumption for the fraction of nitrogen in protein, 0.16 kg N/
kg protein, the facility level data translates into a per capita protein consumption level of 31.9 kg per person per 
year in 2010 and 31.1kg per person per year in 2011.

Estimates of nitrogen leaving the system as effluent or as sludge disposed to landfill or to a land application, Nout, 
Ntrl and Ntro have also been obtained by facility under the NGER (2009-2012) system and DCC (2009).

The emission factor for the estimation of N2O emissions from wastewater treatment, EF6, is the IPCC good 
practice default, 0.01 kg N2O-N/kg N. 

N2O emissions from discharge of effluent 

The effluent discharged into an aquatic environment may enter directly into a river, estuary, ocean surface 
waters or deep ocean environment depending on the location of the wastewater outfall of each treatment plant. 
As extensive facility-level information has been collected from verifiable sources on the quantities of nitrogen 
discharged by location of outfall, Australia is able to use a more detailed country-specific method rather than the 
IPCC tier 1 method while using IPCC (1997) default factors available for each aquatic receiving environment. 

The emissions of N2O from the discharge of effluent are estimated using the following equation:

N2O(d)-N = Noutr * (EF5-r + EF5-e) + Noute * (EF5-e)

Where: N2O(d)-N is the emissions from discharge of effluent

 Noutr is the amount of nitrogen discharged into rivers which then flows into an estuary

 Noute is the amount of nitrogen discharged into estuaries 

 EF5-r is the emission factor for rivers 

 EF5-e is the emission factor for estuaries

The amount of nitrogen discharged by aquatic environment for 2012 is obtained by facility under the NGER 
(2009-2012) system and DCC 2009. 

The IPCC good practice default initial emission factors are 0.0075 kg N2O-N/kg N for wastewater discharged 
into rivers (EF5-r) and 0.0025 kg N2O-N/kg N for wastewater discharged into estuaries (EF5-e) (IPCC good 
practice 4.73). For wastewater discharged into rivers, the final emission factor is cumulative, (EF5-r + EF5-e), as 
it is assumed that the wastewater passes from the river system, through the estuaries and then into the sea. For 
wastewater discharged directly into an estuary, only (EF5-e) is applied. 

While the IPCC Guidelines state that nitrous oxide emissions resulting from sewage nitrogen are estimated from 
‘input of sewage nitrogen to rivers and estuaries’ (IPCC 1997 page 4.109) it also states that no methodology is 
provided for ‘N2O from nitrogen exported to the continental shelf region’ (IPCC 1997 page 4.108). Consequently, 
it is considered that there is no IPCC default method available for the estimation of emissions from effluent 
discharged directly to ocean waters. Nor is there any empirical literature available on emissions from disposal to 
ocean waters in Australia - such a study would be prohibitively expensive at this time. The results of the limited 
number of studies conducted that relate to ocean bodies outside of Australia are not considered appropriate to 
Australian marine conditions. They are, nonetheless, reviewed in the QA-QC section of this Chapter.

Ocean waters are defined to include only those bodies of water that are beyond the straight line drawn between 
the low-water marks of consecutive headlands so that waters within headlands, such as bays and basins, are 
included as part of the estuarine waters. Consequently, the delineation of ocean waters is considered conservative.
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Table 8.21: IPCC emission factors for disposal of effluent by type of aquatic environment

Type of Aquatic Environment Emission factor for initial disposal

River (EF5-r). 0.0075 kg N2O-N/kg N

Estuary (EF5-e). 0.0025 kg N2O-N/kg N

Source:  IPCC (1997) page 4.110.

N2O emissions from the application of treated sludge to land

The emissions of N2O from the application of treated sludge to land is estimated using the following equation:

N2O(l)-N = Ntro * EF7

Where: N2O(l)-N is the emissions from treated sludge applied to the land

 Ntro is the amount of nitrogen removed as treated sludge and applied to the land

 EF7  is the emission factor for treated sludge applied to land 

The amount of nitrogen applied to land is obtained by facility under the NGER (2009-2012) system and 
DCCEE (2009b). The emission factor for the application of treated sewage to land is 0.009 kg N2O-N/kg N 
applied (see Table 6.23 of Volume 1) and is consistent with the N2O emission factors for manure applied to crops 
and pastures (Bouwman et al. 2002). Emissions from the application of sludge to agricultural land are reported 
under agricultural soils (4.D) consistent with good practice guidance.

Non-Methane Volatile Organic Compounds (NMVOC)

There has been little research into the release of NMVOC from wastewater treatment plants. BOD values 
obtained and used for calculations of methane emissions are used for the calculation of NMVOC from domestic 
and commercial wastewater and for industrial wastewater. A default value of 0.3 kg NMVOC/ tonne BOD for 
municipal wastewater treatment plants is used.

8.4.3 Industrial Wastewater (6.B.1) Methodology

Technologies for dealing with industrial wastewater in Australia are varied. Some industrial wastewater is treated 
entirely on-site, while a large amount is treated entirely off-site at municipal wastewater treatment plants. 
Increasingly industrial wastewater is partially treated on-site before being recycled or discharged to the sewer 
and treated at municipal wastewater treatment plants. This is due to trade waste discharge licence compliance 
requirements for a certain quality of wastewater to be achieved prior to sewer discharge.

Most of the industrially produced COD in wastewater comes from the manufacturing industry. According to 
the IPCC, sectors like food and beverage manufacturing produce significant amounts of COD, some of which is 
anaerobically treated. Some concentrated industrial wastewater is removed from factories in tankers operated by 
specialised waste disposal services. This wastewater is usually transported to a special treatment facility.

The methodology to determine the amount of CH4 generated from industrial wastewater is based on IPCC 
2000 and focuses on the 9 industrial sectors which are considered to generate the most significant quantities of 
wastewater in Australia:

•	 Dairy production;

•	 Pulp and paper production;

•	 Meat and poultry processing;

•	 Organic chemicals production;
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•	 Sugar production;

•	 Beer production;

•	 Wine production;

•	 Fruit processing; and

•	 Vegetable processing.

Organic waste in wastewater

Quantities of organic waste in wastewater treated at industrial facilities have been obtained under the NGER 
(2009-2012) system for 2009 onwards. Where available, the quantity of COD treated at each facility has been 
taken from direct measurements reported under the NGER (2009-2012) system. Where facility-specific data 
under the NGER (2009-2012) system are unavailable, estimates are based on country-specific wastewater and 
COD generation rates shown in Table 8.22.

NGER data are used where industry coverage is considered sufficient to provide a representative picture of 
wastewater treatment practices in a given industry. In the 2014 inventory submission, NGER data covering the 
pulp and paper, beer and sugar, dairy, meat and poultry, wine, fruit and vegetables industries are used.

Table 8.22: Country-specific COD generation rates for industrial wastewater, 2012

Commodity
Wastewater generation rate 

(m3 wastewater/ t commodity 
produced)

COD generation rate (kg COD/
m3 wastewater generated)

Dairy 5.7 1.11

Pulp and Paper 26.7(b) 1.00

Meat and Poultry 13.7 0.98

Organic Chemicals 67.0 (a) 1.00

Sugar 0.4 1.00

Beer (c) C C

Wine 23.0 (a) 0.54

Fruit 20.0 1.27

Vegetables 20.0 0.18

Source:  O’Brien 2006a and NGER 2012 unless otherwise stated. 

(a) NGGIC 1995, 

(b) Australian Plantation Products and Paper Industry Council 2006, 

(c) facility-level parameters obtained for beer production under the NGER (2009-2012) system are confidential.

Choice of methane correction factor

Emission factors for each facility for wastewater and sludge are derived using equation 6.2 in the IPCC Good 
Practice Guidance. The IPCC default maximum methane producing capacity (Bo) of 0.25 kg CH4/kg COD is 
used for all facilities. 

Under the NGER (2009-2012) system reporting provisions, industrial wastewater facilities must characterise 
the type of treatment process used in terms of the fraction of COD (as both sludge and wastewater) treated 
anaerobically. This parameter is defined as the methane conversion factor (MCF). As with COD, data on 
facility-specific MCF values at industrial wastewater facilities are available for the sugar, pulp and paper and beer 
industries. Country-specific values outlined in Table 8.23 have been used for other industries based on data in 
O’Brien (2006a) or NGGIC (1995).
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Table 8.23: Methane conversion factors for industrial wastewater emissions, 2012

Commodity MCF wastewater MCF Sludge

Dairy 0.5 0.3

Pulp and Paper 0.7 0.7

Meat and Poultry 0.4 0.2

Organic Chemicals 0.1 (a) 0.2

Sugar 0.3 0.2

Beer (b) C C

Wine 0.3 0.4

Fruit 1 0.2

Vegetables 1 0.2

Source:  NGER 2012 unless otherwise stated. 

(a) NGGIC 1995, 

(b) facility-level parameters obtained for beer production under the NGER (2009-2012) system are confidential.

Methane Emissions from Disposal of Sludge Generated by Industrial Wastewater Treatment 

A proportion of the COD generated in the industrial wastewater is ultimately treated as sludge. Quantities of 
COD treated as sludge have been obtained for the dairy, paper, meat and poultry, sugar, beer, wine, fruit and 
vegetable processing industries from the NGER (2009-2012) system. For the organic chemicals, a constant 
fraction of COD of 0.15 is assumed to be treated separately as sludge (NGGIC 1995). 

Methane Capture

Estimates of the quantities of methane captured have been obtained from the NGER (2009-2012) system for 
dairy, paper, meat and poultry, sugar, beer, wine, fruit and vegetable processing facilities for 2009 onwards and 
derived from facility-level data in O’Brien (2006a) and NGGIC (1995) for the years 1990-2008.  For organic 
chemicals for which NGER data has not been used, the sources are O’Brien (2006a) and NGGIC (1995).

As with domestic and commercial wastewater treatment, no data is available on the precise split of methane 
recovery between wastewater and sludge treatment. For the purposes of reporting in Table 6.B.s1 of the CRF 
table, methane recovery is allocated between wastewater and sludge on the basis of emissions generated from 
sludge treatment as a proportion of total capture with the balance being allocated to wastewater.

Table 8.24: Methane recovered as a percentage of industrial wastewater treatment 2012

Commodity Fraction of methane recovered/flared (%)

Dairy (b) 27%

Pulp and Paper (c) 67%

Meat and Poultry (b) 9%

Organic Chemicals (b) 6%

Sugar (c) 0%

Beer (a),(c) 23%

Wine (b) 26%

Fruit (b) 7%

Vegetables (b) 17%

Source:  (a) O’Brien 2006a

(b) NGGIC 1995 

(c) NGER 2012.
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Time-series consistency

Time-series consistency has been maintained through the interpolation of MCF values and proportions of 
methane captured for pulp and paper , sugar, dairy, meat and poultry, wine and fruit and vegetables for 1990-
2008. For the beer industry, facility-specific MCF values and quantities of methane captured were available 
for the years 2003 to 2005. For the years 1990-2002 in the beer time series, the 2003 values for MCF and 
proportion of methane generated that was captured have been used. For the years 2006 – 2008, the 2009 NGER 
MCF and proportion of methane captured have been applied. This introduces a step change in the methane 
capture estimates for beer in 2006 where the amount of methane captured doubles, reflecting a doubling in 
treatment plant capacity in the beer industry during 2006.

For the organic chemicals where NGER data have not been used, time-series consistency is ensured through the 
use of a consistent methodology and associated parameters.

Nitrous oxide emissions from industrial wastewater

Nitrogen generated and discharged to the sewer system is ultimately treated at centralised municipal wastewater 
treatment plants. As N2O emissions estimates at these plants are estimated based on the measurement of nitrogen 
entering the plant, this value is also inclusive of any nitrogen originating from industrial sources. Therefore emissions of 
N2O from industrial wastewater are included in the estimate of N2O emissions from domestic and commercial wastewater. 

8.5 Source Category 6.C Incineration 
Emissions are estimated from the incineration of solvents and municipal and clinical waste. Incineration estimates 
include a quantity of solvent generated through various metal product coating and finishing processes. In this 
instance, incineration is used as a method to minimize emissions of solvents and VOCs to the atmosphere and 
leads to emissions of CO2. Data on the incineration of solvents prior to 2004 is based on company data after 
which emissions from this source have been based on data estimated by the DE.

Carbon dioxide emissions from incineration of solvents are estimated by converting the volume of solvent 
incinerated (Litres) to the weight of solvent (using specific volume factor of 1229 L/t), deriving the energy 
content of the mass of solvent (using the energy content of 44 GJ/t), and using a carbon dioxide emission factor 
per petajoule of solvent (69.6 Gg/PJ).

Between 1990 and 1996, there were three incinerators receiving municipal solid waste. These were located in New 
South Wales and Queensland. All three incinerators ceased operations in the mid-1990’s.

In addition to the incineration of municipal solid waste, a quantity of clinical waste is incinerated in four major 
facilities located in Queensland, New South Wales, South Australia and Western Australia. Data on the quantities 
of municipal solid waste incinerated are based upon published processing capacities of the three incineration 
plants prior to decommissioning. Data on the quantities of clinical waste incinerated have been obtained from a 
per-capita waste generation rate derived from data reported under the NGER (2009-2012) system, by O’Brien 
(2006b) and an estimate of State population reported by the Australian Bureau of Statistics.

The quantity of CO2 emitted as a result of the incineration of municipal and clinical 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 the efficiency of the combustion process (oxidation factor). The country-specific fossil carbon content 
of municipal waste of 7% is based upon empirical data presented in NGGIC (1995) for incineration activities 
occurring in 1990. Of this 7% of fossil carbon in municipal waste, it is estimated that 80% of this carbon is 
combustible (NGGIC 1995). Emissions of N2O from the incineration of municipal solid waste are also estimated 
based on a country-specific emission factor of 0.00015 Gg of N2O/G of waste taken from NGGIC (1995).  
The carbon content factors used in the emissions estimation are shown in Table 8.25.
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Table 8.25: Parameters used in estimation of waste incineration emissions 

Municipal Solid Waste (a) Clinical Waste (b)

Proportion of waste that contains 
fossil carbon 

0.07

Proportion of waste that is carbon 0.6

Proportion of fossil carbon containing 
products that is carbon

0.80

Fossil carbon content as a proportion 
of total carbon

0.4

Oxidation factor 1 0.95

Sources:  (a) NGGIC 1995, 

(b) IPCC 2000.

8.6 Source Category 6.D Biological Treatment of Solid Waste 
Estimates of emissions from the biological treatment of solid waste (for example, composting and anaerobic 
digestion) have been included for the first time in this submission. Emissions from the biological treatment of 
solid waste were 95 Gg CO2-e in 2012. 

Biological treatment of solid waste through processes such as windrow composting and enclosed anaerobic 
digestion is considered an emerging treatment pathway in Australia and one where a small amount of activity 
data has become available under the NGER (2009-2012) system and through an annual industry survey. For this 
inventory, there is no anaerobic digestion being undertaken in Australia, however, it is expected that the use of 
these kinds of waste treatment processes will be taken up and reported on in coming years. This is based on more 
recent NGER facility level data now available.

Methodology

Australia has applied the tier 1 method from the 2006 IPCC Guidelines to derive estimates of emissions based 
upon the total amount of material processed through composting and anaerobic digestion. Activity data are 
obtained from an annual industry survey undertaken by the Recycled Organics Unit at the University of New 
South Wales. Survey data cover the years 2004 to 2010 with extrapolation used to derive activity data for the 
years 1990 to 2003 (ROU various years). The time-series of quantities of waste material processed via composting 
is shown in Figure 8.11.
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Figure 8.11: Quantities of material processed via composting 1990-2012
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Choice of Emission Factors

Australia has adopted country-specific emission factors for CH4 and N2O emissions from composting based on 
research conducted by Amlinger (2008) covering the composting of bio-waste, loppings and home composting 
material. The emission factors are shown in Table 8.26.

Table 8.26: Composting emission factors (t CO2-e/t material processed) used in the Australian inventory

CH4 emission factor (t CO2-e/t 
material processed)

N2O emission factor (t CO2-e/t 
material processed)

Composting 0.016 0.030

The country-specific emission factors have been drawn from the document Update of emission factors for N2O 
and CH4  for composting, anaerobic digestion and waste incineration (DHV 2010) which itself cites Amlinger 2008 
as the source of its recommended emission factors. DHV 2010 presents a synthesis of all available research data 
covering emissions from the biological treatment of solid.

These emission factors are considered suitable for use in Australia’s inventory due to the following:

1. Emission factors fall within the IPCC default ranges.

While the CH4 and N2O emission factors chosen are towards the lower end of the default range, it has been 
concluded by Alminger (2008) that values in excess of 0.065 t CO2-e / t material processed probably indicate 
some kind of system mis-management such as insufficient aeration or mechanical turning. The mid-range IPCC 
default factors according to this conclusion would suggest a level of system mismanagement not thought to occur 
in Australia.

2.  Waste types considered by Amlinger (2008) are representative of waste types commonly processed via biological 
treatment in Australia (namely bio-waste and greenwaste).
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GHD 2010 cites typical materials treated by the various biological processes in Australia:

•	 Source separated garden organics;

•	 Source separated garden organic organics with biosolids;

•	 Source separated garden organics with food waste;

•	 Source separated garden organics with food waste and biosolids;

•	 Source separated food waste; and

•	 Mixed residual waste containing food waste and paper.

3.  The technologies examined (windrow composting processes) are reflective of those commonly used in Australia. 
The Recycled Organics Unit identifies aerobic windrow composting as the dominant form of biological 
treatment of solid waste currently employed in Australia.

8.7 Uncertainties and Time Series Consistency

8.7.1 Waste sector

The uncertainty analysis in Annex 7 provides estimates of uncertainty according to IPCC source category and gas. 
Time-series consistency is ensured by use of consistent models, model parameters and datasets for the calculations 
of emissions estimates. Where changes to emission factors or methodologies occur, a full time-series recalculation 
is undertaken. 

8.7.2 Wastewater handling

Facility level data on nitrogen entering the domestic and commercial wastewater system is used for the years 
2008 onwards, as reported in DCC 2009 and under the NGER (2009-2012) system. Time-series consistency 
has been maintained for the estimates of Australia’s protein per capita intake through the following assumptions. 
The protein per capita consumption value for the years 1990 to 1993 of 99.4 g/day (36.28 kg/year) is sourced 
from the Australian Institute of Health and Welfare (AIHW) (de Looper and Bhatia 1998). The values for 1994 
to 1998 are based upon data presented in AIHW 2002. Linear interpolation was used to derive values for 1999 
to 2007, which is the period for which no data are available. The following table shows the time series for values 
used for protein per capita consumption.  
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Table 8.27: Estimates of implied protein per capita: Australia: 1990-2012

Year Protein per capita g/capita/day

1990 99.4

1991 99.4

1992 99.4

1993 99.4

1994 97.9

1995 96.6

1996 97.4

1997 100.5

1998 101.0

1999 100.5

2000 100.0

2001 99.5

2002 99.0

2003 98.6

2004 98.1

2005 97.6

2006 97.1

2007 96.6

2008 96.1

2009 98.3

2010 87.3

2011 85.2

2012 90.6

Sources:  de Looper and Bhatia 1998 (1990-1993), AIHW 2002 (1994 – 1998), DCC 2009 (2008), NGER 2009- 2012.

Note:  interpolation used for years 1999 to 2007 inclusive.

8.8 Source Specific QA/QC

8.8.1 Solid waste disposal on land

Emissions from solid waste disposal reflect a large amount of activity data and assumptions in relation to 
parameters in the IPCC first order decay model. Consequently, an intensive and systematic quality control system 
is required to ensure that emission estimates meet the required quality characteristics of accuracy, completeness, 
comparability, time series consistency and transparency. 

The quality control system has established measures to test the key data inputs and emissions estimates against 
each of these criteria. 

The solid waste sector category is covered by the general QC measures undertaken for inventory identified in 
Section 1.6. In particular, emissions are estimated subject to the application of carbon balance constraints that 
ensures completeness; that carbon is tracked from harvest to disposal and that consistency between the harvested 
wood product and landfill pools is maintained. Estimates of carbon stored in wood products and in landfills are 
provided in Annex 6.
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Quality assurance in relation to key parameters and the overall method for the sector was provided through 
review by an international external expert not involved in the inventory process (Guendehou 2009). Independent 
external review provides assurance that the approach adopted by Australia is consistent with the approaches 
adopted by other parties. 

Additionally, as part of a systematic quality control process the emission estimates obtained for the Australian 
inventory are compared with those reported by other parties. Methane generation at landfills in Australia 
was assessed against the reported estimates of methane generated at landfills across all Annex I parties. It was 
concluded that the implied emission factor for Australian landfills was not significantly different to the mean 
implied emission factor for all Annex I parties.

Key parameters such as waste type fractions have been the subject of consultations with industry and industry 
experts. In particular, external experts have been utilised or review of available waste audit data, MCF, DOCf and 
oxidation rates.

Analysis of available waste audit data utilised in this inventory was undertaken independently by two external 
expert consultancies (Hyder consulting 2008, GHD 2008).

The methane correction factor (MCF), which is intended to represent the extent of anaerobic conditions in 
landfills, was reviewed for this inventory by GHD 2010. The assessment of GHD confirmed that an MCF factor 
of 1.0 is appropriate for Australian landfills.

Country specific values for DOCf for individual waste types were selected after consultation with independent 
consultants (GHD 2010, Hyder consulting 2010, Blue Environment 2010) and reviewed by an international 
expert reviewer not involved in the preparation of the inventory (Guendehou 2010). Guendehou concluded that 
the approach adopted lead to a significant improvement in the emission estimates.

Oxidation rates were reviewed (GHD 2010). Following the review, it was decided to retain the IPCC default 
assumption of 10% until further research can be undertaken. 

When NGER data were used for methane capture for the first time in the inventory in 2010, it was important 
to ensure time-series consistency was maintained. In order to ensure this was the case, the DCCEE engaged the 
external consultant who was previously used to collect methane capture information from landfill gas capture 
companies to undertake a QC analysis of the NGER capture data. Data were assessed for completeness and 
consistency with previously reported values. Capture estimates were compared with data available from the 
renewable energy certificate register as well as the NSW Greenhouse Gas Reduction Scheme register. The analysis 
confirmed that methane capture for energy generation was complete and consistent with previously reported data. 
For methane flaring, the analysis highlighted a completeness issue with respect to flaring occurring at local council 
landfills (in general, councils are not required to report under the NGER (2009-2012) system). Therefore, this 
portion of flaring activity data had to be estimated for 2009 based on previously reported data.

Through this QC project, the DE was able to ensure continuity of expertise and knowledge used in the 
compilation of previous inventory submissions. 

CRF table checks

The CRF tables are populated automatically using a piece of software developed in Australia called the CRF 
wizard. The CRF wizard is the interface between our Australian Greenhouse Emissions Information System 
(AGEIS) and the CRF reporter tool. The wizard undertakes the process of merging AGEIS data into CRF 
reporter XML output files.
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In order to check CRF data are merged correctly by the wizard, there are general checks that are undertaken:

Emissions

1.  Check overall aggregate emissions exactly match those output by our AGEIS software – if there is a mismatch 
then go to 2.

2. Check sectoral totals match AGEIS output – if there is a mismatch then go to 3

3. Check sub-sectoral emissions by gas match AGEIS output by gas

These steps are taken iteratively until Aggregate CO2-e exactly match the AGEIS output.

Activity Data 

Activity data issues are identified using 3 main approaches:

1.  Check implied emission factor time-series fluctuations. Where implied emission factors change beyond the 
expected levels, then AD are assessed and corrected manually where necessary.

2. Check time-series AD using CRF reporter chart functionality

3. Sectoral experts perform manual checks of AD

CRF additional information

CRF additional information is more difficult to check than emissions or AD. Additional information is not 
generated by AGEIS in many cases. Most additional information is calculated within the calculation spread-sheets 
that are used as a QC check for AGEIS output.

CRF additional information QC these checks rely on manual crosschecking between the CRF reporter 
information and the spread-sheets used to derive additional information.

8.8.2 Wastewater handling

The quality of the data utilised in this report has been assessed against facility data available through the State 
government EPA licensing system. The Australian wastewater industry is heavily regulated by State governments, 
which administer relevant state legislation such as the Environmental Protection Act 1994 in Queensland and the 
Protection of the Environment Operations Act 1997 in New South Wales. Under this legislation the State governments 
issue environment protection licences to each premises treating wastewater. The licences require compliance with 
strict conditions including limits on odours, noise and organic matter and nutrients (nitrogen and phosphorus) 
discharged to water catchments. Annual reports must be submitted by wastewater facility operators to their state 
government to demonstrate their compliance and some of this information is publicly available through public 
registers, the National Pollutant Inventory and, in some cases, the operator’s own website. 

The protein per capita intake applied in this inventory was compared with an estimate calculated using the 
nitrogen entering treatment plants reported by Sydney Water in DCC 2009 and the population for Sydney 
Water’s service area in 2007 according to the Australian Bureau of Statistics (Sydney Water services the cities of 
Sydney and Wollongong excluding Gosford and Wyong). A comparison of the calculated values for protein per 
capita is presented in Table 8.27 below.
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Table 8.28: Estimates of implied protein per capita for Sydney Water Corporation: 2008, 2009

Population Protein per capita 
g/capita/day 2009

Sydney Water Estimated Population  
Serviced (DCC 2009)

4,262,840 98.3

ABS Population for Sydney and Wollongong 
(excluding Gosford and Wyong) in 2007

4,307,057 97.3

Inventory values used for residual 
population connected to the sewer

6,734,007 98.3

The estimated population serviced as reported by Sydney Water in DCC (2009) is less than the 2007 population 
reported by the Australian Bureau of Statistics (ABS 2007). Sydney Water’s estimate of population serviced 
excludes four of the smaller facilities and the unsewered population and is derived from forecast dwellings in the 
NSW Government’s Metropolitan Development Program (MDP) for 2007/08. The protein per capita values 
calculated using the Sydney Water estimated population therefore provide a more appropriate estimate of the 
protein per capita value than those derived from the ABS population figures. Per capita protein consumption 
based on Sydney Water population serviced and DCC 2009 has been estimated as 98.3 g/day for 2009. 

The protein per capita consumption for the 2012 inventory, derived from NGER facility data, has decreased 
to 90.6 g/day. Facility data received under the NGER (2009-2012) system for the first three years of reporting 
indicates a degree of volatility associated with this factor. Those facilities reporting the underlying data, however, 
do undertake frequent sampling and analysis and must also adhere to legislated requirements to ensure the data 
is representative and free from bias. Nitrous oxide emissions are concentrated in rivers and estuaries where the 
processes for N2O production can take place in both the water column and the sediments. N2O emissions also 
arise from ocean waters in the continental shelf region; however, while these emissions may occur from human 
activity, they also occur naturally and are very difficult to isolate empirically. 

A good understanding of how N2O emissions occur in the continental shelf region and the influences of human 
activity on them is still being formed. Nitrous oxide formation is very dependent on regional conditions and 
chemistry and location of outfalls. Some studies have been undertaken which attempt to measure or characterise 
the N2O in the continental shelf regions of Europe (Bange 2006, Barnes and Owens 1998), Canada (Punshon 
and Moore 2004) and North China (Zhang et al. 2008). A literature survey of four such studies determined an 
average emission rate for continental shelf/oceanic coastal waters of 0.0018 kg N2O-N/kg N discharged. The 
regions studied, however, are influenced by very different marine conditions to those in Australian waters and 
also do not consider the effects of treated wastewater discharges (Foley and Lant, 2007). The regional marine 
conditions are a major influence on the production of N2O (Zhang et al. 2008). An appropriate method and 
emission factor for estimating N2O emissions from wastewater discharged to coastal and continental shelf waters 
would require further research.

A reconciliation of the quantity of sludge transferred from wastewater treatment to landfills and the sludge 
entering the landfills has been undertaken. To estimate the sludge transferred from industrial wastewater 
treatment it is assumed that 40% of the sludge removed from the wastewater is sent to landfill. The conversion 
of COD to wet sludge is calculated by assuming the volatile solids proportion of dry solids is in the range of 60 
– 90% and the dry content matter of wet sludge is 15%. For domestic and commercial wastewater, the tonnes of 
nitrogen sent to landfill are converted to wet sludge using a nitrogen content range of 40,000 to 80,000 mgN per 
kg dry solids and a dry content matter of wet sludge of 15%. 

Using these assumptions an estimate of the minimum and maximum possible quantities of wet sludge sent to 
landfill has been calculated for 1990 to 2012. The range of estimates for each year was found to be very large. 
In 2012, the minimum quantity of wet sludge sent to landfill from wastewater treatment was 613 kt while the 
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maximum quantity was estimated to be 1,229 kt. These values are significantly higher than the estimate of wet 
sludge disposed to landfills estimated under the solid waste sector (less than 100 kt). This comparison highlights 
the challenges in converting quantities of nitrogen and COD to a quantity of wet sludge disposed to landfill. The 
assumptions and parameters such as nitrogen content of dry solids require further investigation to determine their 
suitability and exact magnitude.

The wastewater sector source categories are also covered by the general QA/QC of the greenhouse gas inventory in 
Section 1.6.

8.9 Recalculations Since the 2011 Inventory

8.9.1 Solid waste disposal on land

Recalculations have been performed for solid waste as a result of the incorporation of additional NGER facility 
data into the estimates for this submission. These NGER data include quantities and composition of waste 
disposed in landfill, methane capture and decay rate constants based on the geospatial coordinates of each landfill. 
Where new facilities begin to report under the NGER (2009-2012) system, their entire historical waste disposal 
profile since landfill opening needs to be taken into account in the estimates. As a result, recalculations have 
occurred in all inventory years as set out in Table 8.29.

Table 8.29 6.A: Solid Waste: recalculation of methane emissions (Gg CO2-e)

2013 Submission 2014 Submission Change Change

Gg CO2-e Gg CO2-e Gg CO2-e %

6.A Solid Waste Disposal on Land    

1990 13,555 13,188 -367 -2.7%

2000 11,216 11,041 -175 -1.6%

2001 11,254 11,084 -170 -1.5%

2002 11,402 11,238 -164 -1.4%

2003 10,616 10,449 -168 -1.6%

2004 10,214 10,051 -164 -1.6%

2005 10,004 9,865 -139 -1.4%

2006 9,715 9,581 -135 -1.4%

2007 9,980 9,855 -125 -1.3%

2008 10,334 10,220 -114 -1.1%

2009 10,296 10,195 -101 -1.0%

2010 10,554 10,466 -88 -0.8%

2011 9,997 10,143 147 1.5%
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8.9.2 Wastewater handling

Minor revisions have been made to sewered populations serviced by various utilities between 2008–2011.  
This has resulted in a minor revision to emissions estimates over this period. 

Table 8.30 6.B: Domestic and commercial wastewater: recalculation of emissions (Gg CO2-e)

2013 Submission 2014 Submission Change Change

Gg CO2-e Gg CO2-e Gg CO2-e %

6.B.2 Domestic and Commercial Wastewater  

1990 1,765 1,765 - 0.0%

2000 1,533 1,533 - 0.0%

2001 1,548 1,548 - 0.0%

2002 1,548 1,548 - 0.0%

2003 1,555 1,555 - 0.0%

2004 1,573 1,573 - 0.0%

2005 1,590 1,590 - 0.0%

2006 1,619 1,619 - 0.0%

2007 1,647 1,647 - 0.0%

2008 1,692 1,692 0.5 0.0%

2009 1,684 1,684 0.6 0.0%

2010 1,726 1,726 0.2 0.0%

2011 1,628 1,628 0.3 0.0%

Table 8.31 6.B: Industrial wastewater: recalculation of emissions (Gg CO2-e)

2013 Submission 2014 Submission Change Change

Gg CO2-e Gg CO2-e Gg CO2-e %

6.B.1 Industrial Wastewater    

1990 1,997 1,997 - 0.0%

2000 1,230 1,230 - 0.0%

2001 1,355 1,355 - 0.0%

2002 1,298 1,298 - 0.0%

2003 1,177 1,177 - 0.0%

2004 1,193 1,193 - 0.0%

2005 1,196 1,196 - 0.0%

2006 1,193 1,193 - 0.0%

2007 1,208 1,208 - 0.0%

2008 1,205 1,205 - 0.0%

2009 1,197 1,197 - 0.0%

2010 1,099 1,099 - 0.0%

2011 1,055 1,055 - 0.0%



W
aste

Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3   49

8.2.7.3 Waste incineration

There have been no recalculations in incineration in the 2012 Inventory.

Table 8.32 6.C: Incineration: recalculation of emissions (Gg CO2-e)

2013 Submission 2014 Submission Change Change

Gg CO2-e Gg CO2-e Gg CO2-e %

6.C Waste Incineration      

1990 85 85 - 0.0%

2000 28 28 - 0.0%

2001 28 28 - 0.0%

2002 28 28 - 0.0%

2003 28 28 - 0.0%

2004 28 28 - 0.0%

2005 28 28 - 0.0%

2006 29 29 - 0.0%

2007 29 29 - 0.0%

2008 29 29 - 0.0%

2009 30 30 - 0.0%

2010 30 30 - 0.0%

2011 30 30 - 0.0%

8.2.7.4 Biological treatment of solid waste

A composting industry survey has been completed and compiled for the 2011 inventory year. These revised 
activity data have been incorporated into the emissions estimates for this submission. The impact of the 
recalculation is set out in table 8.33 below.

Table 8.33 6.D: Biological Treatment of Solid Waste: recalculation of emissions (Gg CO2-e)

2013 Submission 2014 Submission Change Change

Gg CO2-e Gg CO2-e Gg CO2-e %

6.D Biological Treatment of Solid Waste  

1990 8 8 -   0.0%

2000 40 40 -   0.0%

2001 43 43 -   0.0%

2002 46 46 -   0.0%

2003 49 49 -   0.0%

2004 52 52 -   0.0%

2005 55 55 -   0.0%

2006 60 60 -   0.0%

2007 63 63 -   0.0%

2008 68 68 -   0.0%

2009 71 71 -   0.0%

2010 81 81 -   0.0%

2011 82 94 12 14.6%
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8.10 Source Specific Planned Improvements

8.10.1 Solid waste disposal on land

Australia has initiated a move to the use of tier 3 methods for the estimation of emissions from solid waste 
disposal in this submission. The availability of facility-level data collected under the NGER (2009-2012) system 
has enabled a facility-specific and spatially explicit approach to be adopted for the largest landfills which has 
supplemented the previous State-based approach which continues to be used for the non-NGER proportion of 
the landfill sector.

Facility-level data used in this submission are limited to waste disposal quantities and composition and methane 
capture for all landfill facilities triggering NGER (2009-2012) system reporting thresholds. Decay rate constants 
have been assigned to each landfill based on their individual geospatial coordinates and BOM climate data. It is 
anticipated that with further refinements to the reporting provisions introduced in the 2012/13 NGER (2009-
2012) system reporting period, facility-specific decay rate constants based on measurements of gas flow at the 
landfill will become available for use in the inventory.

Under the NGER (2009-2012) system, operators of landfills are encouraged to undertake audits of waste data 
received and to collect data on methane generation rates to enable the operator to determine a facility-specific ‘k’ 
value so that ‘k’ will reflect both localised climate and management conditions. Over time, this data will be used 
to ensure that the decay functions applied at individual landfills reflect both local climatic conditions and facility 
management practices. The latter is particularly important as practices can vary considerably – for example, two in 
every five landfills practice leachate control which would significantly increase the value of ‘k’ at a landfill facility.

Initial testing of the methods at landfills has demonstrated the value of ensuring that local climate and 
management practices are explicitly taken into account. The methods to be used to determine ‘k’ are provided in 
the National Greenhouse and Energy Reporting (Measurement) Determination 2008.

For the residual disposal not covered by the NGER (2009-2012) system reporting, Australia will explore the 
possibility of estimating emissions at a more spatially disaggregated level to enable climatic variation to be 
accounted for in the residual estimates.

Research is continuing into the DOCf and decay values applicable to Australian waste types in Australia under 
both laboratory conditions and in situ across various regions of Australia. When finalised, the new empirical 
results will be reviewed for their appropriateness to Australian conditions and to the Australian national inventory. 

Australia plans to improve the internal consistency of the estimation by refining the estimate of wet sludge 
transferred to landfill from wastewater treatment and then to use this data to calibrate the data used for the 
estimation of emissions from solid waste. The amount of wet sludge transferred to landfill from wastewater and 
the wet sludge entering landfills under the solid waste sector have been compared. This comparison indicates that 
the wet sludge entering landfill in the solid waste model is low. Clarification of the assumptions used to estimate 
the wet sludge from wastewater treatment is required, however, prior to recalculation of the estimates of emissions 
from solid waste disposal.

As part of the in-country review of Australia’s 2008 national inventory, the Expert Review Team encouraged 
Australia to develop country-specific DOC values. This will be explored over coming years to determine the best 
empirical approach to support the development of such values.

Similarly the ERT encouraged Australia to further investigate methane correction factors for the period prior to 
1990. Australia plans to undertake this verification process subject to the availability of suitable historical data on 
waste management practice.
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8.10.2 Wastewater handling

Australia has expanded the use of NGER facility level industrial wastewater data in this inventory. Australia will 
keep industrial wastewater model parameters and methods under review based on facility level data reported 
under the NGER (2009-2012) system.

8.10.3 Waste incineration

As with wastewater handling, only a limited subset of NGER data has been used for incineration in this 
submission. The DE will review NGER (2009-2012) system reports for the 2012-13 reporting period with a view 
to the potential inclusion of additional facility data for future inventory submissions.

8.10.4 Biological treatment of solid waste

Methods and emission factors will be kept under review.
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9. Other (UNFCCC Sector 7)
Australia does not report any emissions under the UNFCCC category 7, ‘Other’.
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10. Recalculations and Improvements
National greenhouse gas inventories have been produced for a comparatively short time, especially when compared 
with other major national statistics, such as gross domestic product. Emissions processes are pervasive and complex 
and, consequently, emissions estimation techniques and data sources for the Australian inventory are still evolving, 
particularly in some sectors. Internationally, this is also the case for the inventories of other countries. In addition, 
the IPCC Guidelines on national inventory preparation themselves have been revised over time. 

The development of improved estimation techniques is a resource intensive exercise and the IPCC encourages 
the allocation of development resources into priority areas. A number of recalculations have been undertaken 
for the 2012 inventory and these have been summarised in Section 10.1-10.3 below. More generally, the 
development effort behind recalculations is undertaken in line with the Inventory Improvement Plan for the 
Australian inventory. This plan is aimed at reducing existing emission estimate uncertainties as much as possible, 
with development focused on key source categories, sources with high uncertainties and where implementation 
of new methods is feasible (for example, as a result of new data becoming available). The Australian improvement 
plan also seeks to respond to international expert reviews and revisions to international guidelines on inventory 
preparation. Some of the principal elements of the improvement programme are set out in Section 10.4.

10.1 Explanations and Justifications for Recalculations
Within the 1990–2011 time series there have been a number of sectors where recalculations have been 
undertaken. Details of these recalculations are given in the sectoral Chapters and are summarised in Table 10.1. 
Principal reasons include revisions of activity data, the inclusion of additional sources of data or from refinements 
in the estimation methodology including in response to recommendations of previous UNFCCC expert reviews. 
To ensure the accuracy of the estimates, and to maintain consistency of the series through time, recalculations of 
past emission estimates are undertaken for all previous years.

A key reason for recalculations within the Energy sector arises from changes to the Australian Energy Statistics 
(BREE 2013a). This is due to BREE revisions to estimates in response to improved activity data available under 
the NGER (2009-2012) system. This has resulted in revisions to fuel consumption and the reallocation of fuel 
use between source categories, particularly for 2003-2011.
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Table 10.1: Reasons for the recalculations for the 2012 inventory (compared with the 2011 inventory)

Sector Category Reason for Recalculation

1.A Energy 

The primary driver for recalculations in the fuel combustion 
sector is updates to fuel consumption reported in Australia’s 
Energy Statistics (BREE). Improved activity data available under 
the NGER (2009-2012) system from its implementation in 2009 
has informed recalculations in some sectors from 2003-2011.

Stationary 
Combustion

1.A.1

Electricity Generation: Updates to AES (BREE 2013a) data and 
the inclusion of new survey data has led to recalculations in 
emissions estimates for natural gas, liquid fuels and biomass 
for the period 2003 to 2011. 

Petroleum Refining: Coal by-products have been reallocated to 
1.A.2.c chemicals in response to questions during the previous 
ERT review.

Oil and Gas Extraction: Natural gas consumption has been 
revised for the period 2004-2011 in response to revisions 
made in the AES (BREE 2013a).

1.A.2

Iron and Steel: In response to a previous ERT recommendation 
there has been a reallocation of black coal used as a reductant 
to 2.C.1 metal production.

Non-Ferrous Metals: An improvement in the time series 
consistency of the solid fuel CO2 IEF has resulted in 
recalculations for 2003-2011.

Chemicals: A reallocation has been undertaken for particular 
fuels between subsectors in response to ERT comments in an 
effort to improve time series consistency of various CO2 IEFs.

Transport

1.A.3.a

There have been revisions made to the Tier 2 models for 
aviation fuels along with updates to the aviation fuel 
consumption and LTO data time series which together have 
resulted in emissions adjustments for the time series.

1.A.3.b
Recalculation of ADO, petrol and LPG consumed in the road 
transport sector throughout the time series due to revisions in 
the AES (BREE 2013a).

1.A.5
Recalculations in emissions from military transport across the 
time series due to the revised fuel consumption data reported 
in the Australian Energy Statistics (BREE 2013a).

1.B
Fugitive 
Emissions

1.B.1

NGER data for open cut coal mines have been incorporated 
into the emission estimates resulting in recalculations 
throughout the time series.

A method adjustment to include NGER mine emission data for 
estimating decommissioned mine emissions has resulted in 
recalculations for the time series.

1.B.2
Improved crude oil production and well drilling data 
throughout the oil time series has resulted in emissions 
recalculations.

2
Industrial 
Processes

2.C

The re-allocation of emissions from pulverised coal has 
resulted in a recalculation from 2003-2011.

NGER data for coke consumption has been included for the first 
time for 2009-2011 replacing previously used AES data.

CH4 and N2O associated with carbon reductant consumption 
have been included in the Inventory for the first time.
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Sector Category Reason for Recalculation

2.F

Revisions to bulk gas allocation, the calculation of emissions 
from initial charging of new equipment for 1994-2011 and 
annual leakage rates for commercial equipment.

Revision to stock of SF6 in operating equipment in 2011.

4 Agriculture

4. A-F
End of time-series recalculations due to 3 year averaging  
of reported emissions.

4.A,B, D
Animal input and activity data has been revised as described 
in section 6.3.5.

4.D

The time series was recalculated due to the inclusion revised 
fertiliser application rates for sugar cane. 

Revisions to the biomass burnt for savannas and crop residues 
also resulted in changes to atmospheric deposition estimates .

4E
Updates made to the area of temperate grassland burnt in the 
years 2010 and 2011.

4F Correction made to fraction of sugar cane burnt in 2010.

5 LULUCF

5.A.1

Within the forest land remaining forest land sub-category the 
Other Native Forests classification has been updated so that 
estimates of emissions associated with changes in canopy cover 
are consistent with observed changes in forest cover. This has 
resulted in recalculations to the time series.

5.A.2
The annual update of remote sensing data of forest cover 
change has resulted in a recalculation of the grassland 
converted to forest land sub-category.

5.B.1

Time-series was recalculated due to implementation of  
a crop/pasture growth module in FullCAM and the 
implementation of a new method for estimating emissions 
from perennial woody crops. 

5.B.2
The method to initialise soil carbon stocks for land observed as 
clear of forest in 1972 was updated to be consistent with the 
method used in 5.B.1.

5.C.1
The time-series of the soil carbon estimate has been 
recalculated due to the implementation of a crop/pasture 
growth module in FullCAM.

5.C.2
The method to initialise soil carbon stocks for land observed as 
clear of forest in 1972 was updated to be consistent with the 
method used in 5.C.1.

6 Waste

6.A
Recalculations have been performed for all years for solid 
waste as a result of the incorporation of additional NGER data 
into the estimates for the first time in this submission.

6.B
Minor revisions have been made to sewered populations 
serviced by various utilities between 2008–2011. This has resulted 
in a minor revision to emissions estimates over this period. 

6.D
A composting industry survey has been completed, compiled 
and incorporated into the emissions estimates which have 
resulted in a recalculation in 2011.
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10.2 Implications for Emission Levels
The net impact of the recalculations on emission levels was relatively small for the sectors excluding LULUCF 
leading to a decrease in the estimate of total emissions excluding LULUCF of 2.8 Mt or -0.7% in 1990 and a 
decrease in emissions of 10.7 Mt or 1.9% in 2011 compared with estimates presented in the National Inventory 
Report 2011 (see Table 10.2). The recalculations are greater after including the LULUCF sector with an increase 
in the estimate of total emissions of 21.4 Mt or 4.1% in 1990 and a decrease of 31.0 Mt or 6.1% in 2011. 

Table 10.2:  Estimated recalculations for this submission (compared with previous submission):  
1990, 2005-2011

Sector 1990 2005 2006 2007 2008 2009 2010 2011

Mt Mt Mt Mt Mt Mt Mt Mt

1.A Fuel Combustion -1.9 -6.0 -5.4 -5.2 -6.0 -7.8 -8.7 -9.7

1.A.1, 2, 4, 5 Stationary Energy -0.1 -4.9 -4.6 -4.8 -5.7 -7.7 -8.9 -10.6

1.A.3 Transport -1.8 -1.1 -0.8 -0.4 -0.3 -0.1 0.2 0.9

1.B Fugitives -0.5 -0.3 0.0 -1.3 -1.3 -1.2 -1.5 -2.4

2 Industrial Processes 0.0 1.5 1.8 2.1 1.8 1.2 1.8 0.8

4 Agriculture 0.0 -1.0 -0.5 -0.1 -0.1 -0.1 -0.1 0.4

6 Waste -0.4 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.2

Total recalculation  
(excluding LULUCF) -2.8 -5.8 -4.3 -4.6 -5.8 -7.9 -8.5 -10.7

5 Land use, land use change  
and forestry

-24.2 -1.9 -10.4 24.3 22.7 -23.5 -10.5 -20.3

Total recalculation  
(including LULUCF) -27.0 -7.8 -14.8 19.7 16.9 -31.4 -19.0 -31.0

10.3  Implications for Emission Trends, Including Time Series 
Consistency

The net effect of the recalculations on aggregate emission trends for the sectors excluding LULUCF is relatively 
small as the recalculations have been applied throughout the time series 1990 to 2011. The full time series 
of estimated recalculations is set out in Table 10.3. The recalculations for LULUCF have also been applied 
consistently throughout the time series although the net effect on emissions is much more variable in terms of the 
magnitude and direction of the changes given the nature of the data. 
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Table 10.3:  Estimated recalculations for this submission (compared with the previous submission);  
1990-2011

Year

Net Emissions Excluding LULUCF Net Emissions Including LULUCF

Previous 
Estimate Current Estimate Difference Previous 

Estimate
Current 

Estimate Difference

Mt CO2-e Mt CO2-e Mt % Mt CO2-e Mt CO2-e Mt %

1990 417.7 415.0 -2.8 -0.7% 524.0 545.5 21.4 4.1%

1991 419.4 416.5 -2.9 -0.7% 572.7 575.3 2.5 0.4%

1992 423.9 420.8 -3.1 -0.7% 510.2 508.5 -1.7 -0.3%

1993 425.6 422.8 -2.8 -0.7% 443.1 442.1 -1.0 -0.2%

1994 426.1 423.2 -2.9 -0.7% 441.4 474.3 33.0 7.5%

1995 439.1 436.9 -2.3 -0.5% 462.8 455.2 -7.6 -1.6%

1996 446.3 443.2 -3.1 -0.7% 476.6 475.4 -1.2 -0.3%

1997 458.8 455.7 -3.1 -0.7% 478.5 468.4 -10.2 -2.1%

1998 473.1 470.6 -2.6 -0.5% 526.9 507.4 -19.5 -3.7%

1999 482.4 479.6 -2.8 -0.6% 489.1 472.6 -16.5 -3.4%

2000 493.3 489.8 -3.5 -0.7% 556.4 513.0 -43.3 -7.8%

2001 504.0 502.3 -1.7 -0.3% 501.3 552.2 50.8 10.1%

2002 505.4 503.6 -1.9 -0.4% 602.0 593.6 -8.4 -1.4%

2003 509.6 506.2 -3.4 -0.7% 745.6 724.4 -21.2 -2.8%

2004 525.3 519.0 -6.2 -1.2% 476.3 516.5 40.2 8.4%

2005 529.3 523.5 -5.8 -1.1% 552.3 548.4 -3.9 -0.7%

2006 534.2 529.9 -4.3 -0.8% 526.0 532.1 6.1 1.2%

2007 542.5 537.9 -4.6 -0.8% 650.6 621.6 -28.9 -4.4%

2008 550.3 544.6 -5.8 -1.0% 520.6 537.5 16.9 3.3%

2009 549.1 541.2 -7.9 -1.4% 589.4 558.0 -31.4 -5.3%

2010 548.7 540.2 -8.5 -1.6% 587.8 568.8 -19.0 -3.2%

2011 552.3 541.5 -10.7 -1.9% 511.9 480.9 -31.0 -6.1%

Source:  Previous estimate - DCCEE 2013.

10.4  Recalculations, Including in Response to the Review 
Process, and Planned Improvements to the Inventory

10.4.1 Planned Improvements – National Inventory Systems

Priorities for the inventory development process have been set out in the National Inventory Systems Inventory 
Improvement Plan and have been informed by analysis of key sources and key trends. The overall aim of inventory 
improvement is to improve the accuracy and reduce uncertainties associated with the national inventory estimates.

The Department has implemented systematic review processes into the national inventory system to drive 
continuous improvements in inventory quality. The Quality Assurance-Quality Control Plan is an integral part of 
this process.

In terms of emission estimation methodologies, these annual processes are principally implemented by the following.
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Review of selection of methods

Decisions are made each year as to whether IPCC tier 1, 2 or 3 methods should be applied for a category, 
implementing QC Measure 3.A.1 (i) as set out in the National Inventory Systems Quality Assurance-Quality Control 
Plan.  Method selection is reviewed in light of enhanced national data collection at facility or project level data 
available from private sources; public empirical literature; and in relation to updates in international guidelines 
and international practice.

Review of model parameters and emission factors – model validation and calibration:

This review implements QC Measures 3.A.1 (ii)-(iv) set out in the National Inventory Systems Quality Assurance-
Quality Control Plan. The measures provide for review of model parameters in light of new data collected 
from private measurements or from public empirical research and provide either evidence to validate existing 
parameters or a basis for improving the parameters or method specification based on newly available information.

External factors also play a role in driving inventory improvements. The key external catalysts for inventory 
improvement are considered to include the following.

Progressive implementation of the UNFCCC revised inventory reporting guidelines

The revised UNFCCC inventory reporting guidelines, agreed by parties at COP-17 in December 2011, provide 
for the application of the 2006 IPCC Guidelines for the preparation of national inventories on a trial basis for 
2013 and on a full application basis by April 2015. The IPCC is also periodically requested by the parties to the 
UNFCCC or the Kyoto Protocol to undertake additional methodological development tasks which must also be 
taken into account. 

All estimation methodologies will be reviewed and assessed against the new international guidelines and, as 
appropriate, refinement of Australia’s methodologies will be progressively implemented. Refinements will 
be concentrated in the land based sectors as, for the most part, the 2006 IPCC Guidelines have already been 
implemented in other sectors.

Changing international practice 

The Department actively monitors the implementation of inventory guidelines by other parties to the UNFCCC 
/ Kyoto Protocol to ensure comparability of national inventories. More specifically, the Department also 
monitors the implementation of other major domestic reporting systems. The European Union, for example, has 
established facility-level methods for the estimation of emissions for its emission trading system while the United 
States Environment Protection Agency has established similar methods for its mandatory reporting system. These 
major systems may set new benchmarks of international practice that the Department monitors and evaluates for 
their potential implications for Australia.

Enhancements to Australian National Greenhouse Accounts Framework

Australia’s national inventory system incorporates an integrated national greenhouse accounts framework. This 
builds common approaches and estimation methods from national to State to company, facility and project levels 
across the national greenhouse accounts.

Implementation of domestic reporting systems may lead to enhanced availability of data that may be used to 
underpin the development of tier 3 methods which allow for spatial and facility-level differences in emissions to be 
incorporated into inventory. In addition to the application of facility data for some energy and industrial process 
categories, these information sources will also be developed for the waste and land sectors where appropriate.



Recalculations and 
Im

provem
ents

Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3   59

Investment will also be undertaken in a set of regional greenhouse accounts, including in support of the national 
income accounts framework, and a carbon stock account, including for Australia’s forest lands which will provide 
complementary information for the national inventory.

Responses to Quality Control Outcomes and Quality Assurance reviews

Responses to quality assurance reviews are an integral part of the inventory improvement process – in particular, 
the review by the Australian National Audit Office, the UNFCCC ERT reviews and public consultations on 
NGER methods. As part of the national inventory development process all issues raised by the UNFCCC 
ERT review teams are assessed for their implications for the national inventory. A full set of UNFCCC ERT 
recommendations, and Australia’s responses to these recommendations, are included in Annex 6 (at the time of 
preparation of this inventory report, the Department had not received the final ERT report of the centralised 
review of Australia’s 2013 Inventory). Areas for inventory improvement are identified each year in the Evaluation 
of Outcomes document.

10.4.2 Investment in National Inventory Systems 

Ultimately, the quality of emission estimates depends on the quality of measurement, data management and 
quality control systems.

Investment in the National Measurement System

The national inventory system relies on a large number of measurements undertaken by private organisations. 
For this inventory, data collected for the energy, industrial process and waste sectors is largely obtained through the 
National Greenhouse and Energy Reporting (NGER) System. Estimation methods used for NGER are governed 
by the National Greenhouse and Energy Reporting (Measurement) Determination 2008 and are designed to be 
consistent with the national inventory estimation methods. 

Improvements in accuracy of measurement will flow into improvements in the quality of the national inventory.

In support of the Carbon Farming Initiative, new standards are being developed to support improved 
measurements across the land sector. The Department has supported the development of sampling and testing 
protocols for the direct measurement of Soil Organic Carbon at paddock scale. New measurement protocols are 
also being developed for the measurement of vegetation both as environmental plantings (conversion to forests) 
and for rangelands vegetation. The new standards are designed to support confidence in data collected under 
private measurement systems and should be considered in conjunction with the Carbon Farming Initiative’s 
compliance and enforcement regime. 

Investment in Research and Development

The national inventory system utilises public funding for research into greenhouse gas measurement in Australia. 
In recent years there has been a focus on the land based sectors given the land sectors contribute significant 
key categories, the extent of the sectors, the relatively high cost of private measurement and the relatively high 
variability of spatial and temporal emission processes.

National Inventory quality control systems

The Department will continue to invest in the quality control framework that provides a systematic approach to 
the assessment of new information on emissions as it emerges over time.

As indicated in 10.4.1, in relation to NGER, a systematic assessment of all new facility-specific information 
received will be undertaken to test the quality of existing tier 2 country-specific parameters. New information will 
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be assessed against predetermined criteria for applicability. As a test of the quality of the existing parameters, the 
new information will either verify values currently used in the inventory or be used to update the parameters.

It is planned for these systems to be extended to other sectors over time. For example, new activities are being 
scheduled in order to carry out additional verification activities, such as a comparison of the land sector models’ 
outputs with existing and new field data, the collection of additional field data and a discussion of the differences 
in the results with other programs carried out by individual states. The Cooperative Research Centre for Spatial 
Information (CRC SI) has been commissioned to undertake verification of forest extent and change data.

The Department will also continue to invest in the integration of new quality control tools within the AGEIS 
system. These tools include completion of the systematic carbon balance assessments; automated comparability 
tests with the inventories of other parties and development of tier 2 proxy methods where tier 3 methods have 
been implemented (e.g. coal mining). Similarly, the Department will invest in enhanced quality control and 
output reporting systems for the LULUCF sector.

Australia has a small network of atmospheric monitoring stations that provide data on atmospheric greenhouse 
gas concentrations which, when combined with air dispersion models, provide a complementary verification 
system to the estimates presented in this national inventory. In this submission, estimates are presented for PFCs, 
HFCs and SF6. Work on other gases, particularly methane and nitrous oxide, is ongoing. 

Investment in IT systems

Investment in IT software systems including the Australian Greenhouse Emissions Information System (AGEIS) 
and FullCAM for LULUCF is a critical part of the improvement plan. Investment will be focussed on the 
integration of the AGEIS and FullCAM systems, increasing the flexibility of the FullCAM with regard to the 
possibility of producing specific parameters and intermediate outputs to support enhanced quality control systems 
as well as regional accounts; and the development of project level tools to support the Carbon Farming Initiative.

10.4.3 Improvements to Activity Data 

The Department is investing in an ongoing program to review and to update the quality of activity data used in 
the national inventory. A major focus includes data obtained under NGER and data for the land sector.

10.4.3.1 National Greenhouse and Energy Reporting (NGER) System 

The National Greenhouse and Energy Reporting System commenced operation in July 2008 and marks a substantial 
advance in the national inventory system. The first reports were submitted by companies in October 2009 and this 
data is being used to progressively update the data sources used in the energy, industrial process and waste sectors. 
From a systems point of view, the principal benefits of the NGER for the national inventory include:

a) establishment of a systematic, mandatory data collection system at facility level for all facilities that exceed 
a certain threshold;

b) streamlined data collection processes – existing multiple collection processes undertaken by various 
agencies of the Australian Government have been streamlined into a single collection process;

c) facility level data are now available to the Department for the purposes of preparing the inventory by 
February each year – this allows a significant enhancement of the timeliness of previous collection processes;

d) improved data quality from reporters reflecting compliance and public disclosure provisions of the  
NGER Act; and
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e) improved sectoral estimates for those sectors where existing data collection processes may have experienced 
limited coverage in the past – consequently, some small reallocation of emissions between sectors has been 
observed in this year’s inventory. 

For each IPCC sector, the principal benefits of NGER will differ depending on the current data collection processes. 
A summary of the expected relative benefits of NGER for various IPCC sectors is provided in Table 10.4. 

Table 10.4: Principal benefits of the NGER data for the inventory, by IPCC sector 

Category
Systematic 

data 
collection

Streamlined 
data 

collection

Improved 
timeliness

Improved 
data quality

Improved 
sectoral 

estimates

1 Energy

1.A Fuel Combustion

1.A.1a Electricity Yes Yes Yes

1.A.1b
Petroleum 
refining

Yes Yes Yes Yes

1.A.1c Coke production Yes Yes Yes Yes

1.A.2 Manufacturing Yes Yes Yes Yes

1.A.3 Transport

1.A.4 Other sectors Yes Yes Yes Yes

1.A.5 Other Yes Yes Yes Yes

1.B Fugitive 
emissions

1.B.1 Coal Mining Yes Yes Yes

1.B.2 Oil & Gas Yes Yes Yes

2 Industrial 
Processes

2.A Mineral products Yes Yes Yes Yes

2.B
Chemical 
products

Yes Yes Yes

2.C Metal products Yes Yes Yes

2.D Other Yes Yes Yes

2.E HFC production

2.F HFC consumption

3 Solvents

4 Agriculture

5 LULUCF

6 Waste

6.A Solid waste Yes Yes Yes

6.B Wastewater Yes Yes Yes

6.C
Waste 
incineration

Yes Yes Yes

6.D
Biological 
treatment of  
solid waste

Yes Yes Yes
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10.4.3.2 Other sectors – improvements in inventory activity data

Outside the sectors covered by NGER and the Carbon Farming Initiative, the Department has been seeking to 
update the following activity data sources to improve their reliability, completeness, time series consistency or 
accuracy. Much of the improvements will occur for spatial data layers for the land sectors, as efforts are made to 
better provide for the progressive implementation of the 2006 IPCC Guidelines.

Improved mapping of forest areas and forest management activities

Investment in the use of remote sensing techniques to support estimates of forest management activities is 
ongoing, utilising available spatial information for calibration. Time-series mapping of the transfer of harvested 
native forests to conservation reserves and improved accuracy of mapping of harvested native forest areas, public 
and private and including mapping of areas that are not available for harvesting due to, inter alia, codes of 
practice. The Department is collaborating with CSIRO to investigate use of Landsat data cube, developed by 
Geoscience Australia, which contains calibrated surface reflectance products from Landsat 5, 7 and 8 satellites to 
derive additional information on forest management. 

Mapping of the effects of fire for the forest lands remaining forest lands category

Forest age and forest condition including historic wildfire effects are important aspects of modelling carbon stocks 
in harvested native forests. Information on forest age/forest condition enables improved estimation of carbon 
dynamics by better reflecting forest growth stages and dead organic matter dynamics. Similarly, mapping of fire in 
the harvested native forests is important to incorporate carbon stock changes due to both wildfire and controlled 
burning. Mapping of fire areas that incorporate fire severity may provide improved modelling of fire emissions 
and post fire recovery.

Mapping of sparse woody vegetation cover for the Grasslands remaining grasslands category

Mapping of time series sparse woody vegetation across Australia through remote sensing is being undertaken by 
CSIRO to improve the consistency of this data and, in combination with research into fire dynamics, will be used 
to improve estimates of emissions from grasslands remaining grasslands and savanna burning. 

Agricultural practices

Significant changes to the types of crops and pastures produced in Australian agricultural systems, the various 
management practices imposed during their production, and where they are located have occurred since 1980. Work 
has commenced to develop a spatially explicit time-series of crop and pasture types/rotations and the tillage and 
stubble management practices applied. This data will be compiled from ABS and other dataset where available. 

Development of extended time series of forest conversions 

Current land use change categories utilise spatial data on land use conversions from 1972. Land remaining land 
categories also rely on assumptions about non-spatial rates of forest conversions prior to 1972 in particular, in 
order to allow a run-in for the soil carbon models from assumed pre-forest clearing initial soil carbon levels. 
Refined data sets are required for the period prior to 1972 and will be implemented following a literature survey 
of all available information.
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10.4.4 Updates to Method and Method Selection 

The selection of methods for emissions estimation for the inventory is in part undertaken to balance the costs 
of measurement with the expected benefits for the national inventory as a whole. For any particular sector, the 
lower the cost of accurate measurement, the more measurement activity might be expected to be undertaken. 
The expected benefits from additional measurement activity will depend on the existing uncertainties attached to 
existing methods and the size of the source.

Estimates of a source’s uncertainty are not usually enough to identify the expected payoffs from additional 
measurement activity since, for example, biological sources are inherently more uncertain than uncertainties 
attached, for example, to fuel combustion sources. The expected benefit from additional measurement activity 
relate to the way that the new information can correct for a particular source of error within the category.

10.4.4.1  Using National Greenhouse and Energy Reporting System and other private 
sources of data for model validation and calibration 

NGER establishes a framework to encourage the private measurement of key emissions data. Sources covered by 
NGER include energy (fuel combustion), energy (fugitive emissions), industrial processes and waste. 

Data made available under NGER from private measurements of facility-specific emission factors and other 
parameters is used to systematically review or validate existing tier 2 model parameters in relevant sectors. If a tier 
2 model parameter is not validated by new NGER data, then the inventory parameter may be recalibrated or the 
equation may be re-specified in accordance with the provisions of the Inventory Improvement plan.

Each year, as new data or information is collected under NGER, the method selected to estimate emissions for a 
source will be reviewed. At this stage there is a presumption that the inventory will transition to tier 3 methods 
over time as more data based on private measurements of emission parameters becomes available, assuming that 
data preconditions for a more disaggregated tier 3 structure to be implemented have been met.

Table 10.5: Summary of planned uses of NGER data for Australia’s national inventory, by IPCC sector

Category
Facility – 

level activity 
data 

Tier 2/3
Verification 

test for tier 2 
parameters

Completeness/
sectoral 

improvement

Improved 
uncertainty 

estimates

1 Energy

1.A.1a Electricity (coal) Implemented Implemented Yes No Yes

1.A.1a Electricity (gas) Implemented Implemented Yes No Yes

1.A.1a
Electricity 
(liquid)

Implemented Potentially Potentially No Potentially

1.A.1b
Petroleum 
refining

Implemented Potentially Potentially Yes Potentially

1.A.1c
Coke 
production

Potentially Potentially Potentially No Potentially

1.A.2 Manufacturing Potentially Potentially Potentially No Potentially

1.A.3 Transport Potentially No No No No

1.A.4 Other sectors No No Potentially No No

1.A.5 Other No No Potentially No No

1.B.1 Coal Mining Implemented Implemented Potentially Yes Potentially

1.B.2 Oil & Gas
Partially 

Implemented
Potentially Potentially No Potentially
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Category
Facility – 

level activity 
data 

Tier 2/3
Verification 

test for tier 2 
parameters

Completeness/
sectoral 

improvement

Improved 
uncertainty 

estimates

2 Industrial Processes

I2.A.1 Cement Implemented Potentially Potentially Yes Potentially

2.A.2 Lime Implemented Implemented Potentially Yes Yes

2.A.3
Limestone and 
Dolomite use

Implemented Potentially Potentially No Yes

2.A.4
Soda ash 
production and 
use

Implemented Implemented NA Yes Potentially

2.B.1 Ammonia Implemented Potentially Potentially Yes Potentially

2.B.2 Nitric acid Implemented Implemented NA Yes Potentially

2.B.5
Synthetic rutile 
and titanium 
dioxide

Implemented Potentially Potentially Yes Potentially

2.C.1 Iron and steel Implemented Potentially Potentially Yes Potentially

2.C.2
Ferro-alloy 
metals

Implemented Potentially Potentially Yes Potentially

2.C.3 Aluminium Implemented Potentially Potentially Yes Potentially

2.C.4 Other metals Implemented Potentially Potentially No Potentially

2.E HFC production No No No No No

2.F
HFC 
consumption

No No No No No

2.F
SF6 
consumption

Implemented Implemented Potentially Yes No

3 Solvents No No No No No

4 Agriculture No No No No No

5 LULUCF No No No No No

6  Waste

6.A Solid waste Implemented Implemented No No Potentially

6.B.1
Domestic and 
Commercial 
Wastewater

Implemented Implemented No No Potentially

6.B.2
Industrial 
Wastewater

Partially 
implemented

Potentially No No Potentially

6.C
Waste 
incineration

Partially 
implemented

Potentially Yes No Potentially

6.D
Biological 
treatment of 
solid waste

No No No No No

Note:   For activity data, ‘implemented’ means that data have been included in the national inventory calculations but unless the 
completeness column is also ‘yes’ the data do not change the total national activity data which is taken from alternative 
sources. This step is necessary, however, to be able to implement facility-specific emission factors at a later time. For emission 
factors, ‘potentially’ means that new NGER data is assessed each year in accordance with prescribed pre-conditions to 
test whether the method selection should be raised from tier 2 to tier 3 or the mixed tier 2/3. For the verification column, 
‘potentially’ means that new NGER data is assessed each year in accordance with prescribed preconditions to test whether the 
parameters for the tier 2 component of the method are verified by the new data or whether the parameters should be revised 
or calibrated with the new data.
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Similar approaches to the review of newly available data will be adopted for other potential sources of 
information, such as the Carbon Farming Initiative.

Table 10.6:  Summary of planned uses of Carbon Farming Initiative data for Australia’s national inventory, 
by IPCC sector

Category

Facility/ 
Project – 

level activity 
data 

Tier 2/3
Verification 

test for tier 2 
parameters

Completeness/
sectoral 

improvement

Improved 
uncertainty 

estimates

4.A
Enteric 
Fermentation 
Dairy 

Yes (feeds) Potentially No Partially Yes

4.A.
Enteric 
Fermentation 

Feedlot beef (a)

Yes (feeds) Potentially No Partially Yes

4.B Manure 
Management Yes No No Yes Yes

4.E Savanna 
Burning Yes No(b) No No No

5.A
Grasslands 
conversion to 
forests

Yes Yes Yes No Yes

(a) There are currently no approved methodologies for feedlot cattle 

(b) The inventory and CFI methodologies are the same. Only differ in resolution of remote sensing imagery used to identify fire areas

10.4.4.2  Using data from public research for method development and model validation 
and calibration 

New information generated by publicly funded research programs or other sources also provide opportunities to 
test the validity of existing parameters, to consider changes to model structures, or to develop new methods. 

Major areas of inventory where research data are being used for these purposes include the following.

Enteric fermentation from cattle herds 

Research on enteric fermentation emissions from livestock, co-ordinated through the Reducing Emissions from 
Livestock Research Program, has now produced an important dataset on methane emissions from tropical and 
temperate beef cattle and dairy cattle Australia. The Department has initiated a process to have the data analysed 
with a view to developing a new country specific method/methods for beef and dairy cattle.

Nitrous oxide emissions from agricultural soils

The Nitrous Oxide Research Program (NORP) has been funded by the Australian Government to provide world-
class data on N2O emissions from agriculture and provide information to help farmers develop management 
strategies for reducing emissions.

The program builds on a large volume of data collected since 2003 using continuous chambers across a range 
of crops and crop practices. The program expands the work to include a greater comparison of management 
practices and nitrous oxide emissions and the use of products such as nitrification inhibitors to reduce overall 
emission during the cropping cycle. The collection of data using continuous chambers over the complete 12 
month cycle has been shown to provide high quality data sets for inventory purposes. Some of this data has 
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already been submitted for inclusion into the IPCC Emission Factor Database. As data from the NORP are 
published the results are used to check the quality of the EFs selected in the inventory. Where new studies give 
values that are significantly different from the current EFs these factors are identified for review.

The initial biomass surface for forests - forests remaining forests and forest conversion to grasslands and croplands

The Department has initiated a process to review the relationships and data underpinning the assumed initial 
biomass surface during 2011. A major aim of this process is to engage stakeholders with interest, expertise, or data 
that is relevant to Australia’s national inventory approach to modelling forest biomass. To facilitate this aim, the 
Department held a stakeholder workshop in 2011 in Canberra. The workshop enabled stakeholders to:

•	 share recent research in relation to estimating and modelling forest biomass;

•	 express interest to contribute to the scientific work of reviewing the biomass model;

•	 contribute and help identify new data that have become available since the initial data collection in 2003 
(Raison et al. 2003); and

•	 help specify the data requirements and data quality standards required for accurate estimation, suitable for 
satisfying inventory reporting requirements.

The workshop was the first step in the process to review the forest productivity index to aboveground forest 
biomass relationship which is planned for2014.

Soil carbon modelling 

The enhanced availability of soil carbon stock and composition from the Soil Carbon Research Program (SCaRP) 
and other sources over the last 10 years allows for the development of new spatial approaches. CSIRO has been 
using this data to construct new national spatial layers of soil carbon stocks and composition with corresponding 
estimates of certainty. The Department and CSIRO are investigating the development of spatial maps of soil 
carbon stocks and composition for 1970 and 1990 from the 2010 soil organic carbon stock map created by 
CSIRO. The 1970 surface could them be applied as a new spatial layer for use by FullCAM, alleviating the need 
to perform soil run-in calculations from 1800 or earlier. This data is also being reviewed to determine if it could 
be used to provide a range of verification targets for model testing and validation and/or data to recalibrate the 
soil carbon module (Roth-C) of FullCAM.

Fire

Two aspects of emissions from fire are being investigated: first, consumption rates - currently there is a need to 
improve the available information on the level of dead organic matter and biomass consumed during fire and in 
relation to fire intensity/severity; and second, changes in carbons stocks at a landscape scale as burning practices 
are changes from intense late season fires to more frequent less intense fires earlier in the dry season.

Solid waste disposal parameters

The DOCf and decay values applicable to Australian waste types in Australia under both laboratory conditions 
and in situ across various regions of Australia will continue to be monitored by the department for possible 
elaboration and future update given the emerging character of this field of research.

10.4.4.3 Elaboration of national inventory methods

In general, Australia is planning to implement tier 3 models and approaches wherever appropriate in order to 
enhance accuracy of emission estimates, particularly of the land sector.

Within the land sectors, development activity will build on existing inventory models contained in FullCAM and 
will need to take into account:
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•	 existing and future guidance under the UNFCCC inventory reporting guidelines;

•	 emerging empirical data from publicly-funded research programs into the effects on emissions and 
removals of changes in land management actions;

•	 the integration of project level data generated, for example, through the Carbon Farming Initiative;

•	 the importance of modelling long term responses to land management actions while abstracting from 
short term, temporal effects that are ephemeral in nature to ensure policy relevance;

•	 costs of data management and associated complexities; and

•	 the need for transparency and other related factors identified in the IPCC Workshop, ‘Use of Models and 
Facility-Level Data in Greenhouse Gas Inventories, Report of the IPCC Expert Meeting on Use of Models and 
Measurements in GHG Inventories, 9-11 August 2010, Sydney, Australia’

•	 (i.e. reporting requirements include basis and type of model, application and adaptation of the model, 
main equations/processes, key assumptions, domain of application, how the model parameters were 
estimated, description of key inputs and outputs, details of calibration and model evaluation, uncertainty 
and sensitivity analysis, QA/QC procedures adopted and references to peer-reviewed literature).

Model development will be progressed across all land sectors. In particular, it is intended that the FullCAM will be 
extended to provide an improved modelling framework for the consideration of new data as it becomes available:

•	 methods for forest lands remaining forests will be elaborated over time to provide for a tier 3 spatially 
explicit method with additional estimation of forest carbon stocks as well as fluxes;

•	 methods for spatial modelling of sparse woody vegetation across Australia’s grasslands;

•	 fire mapping will be incorporated to support improved estimates of emissions and carbon stocks across 
both forests and grasslands;

•	 soil modelling will be developed to integrate carbon and nitrogen cycles; and

•	 grassland modelling will be developed to ensure the reconciliation of vegetation and livestock models. 
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11. Kyoto Protocol LULUCF
The supplementary information in this Chapter is provided in accordance with Decisions 15/CMP.1 (FCCC/
KP/CMP/2005/8/Add.2) and 15/CP.10 (FCCC/CP/2004/10/Add.2). Australia will use annual accounting for 
activities under Article 3.3.

11.1 General Information

11.1.1 Definition of forest and other criteria 

Australia has chosen the following definition of a forest:

•	 tree height of at least 2 metres;

•	 tree crown cover of 20% or more; and,

•	 a minimum area of 0.2 hectares.

Table 11.1: Selection of parameters for defining ‘Forest’ under the Kyoto Protocol.

Parameter Range Selected value

Minimum land area  0.05 - 1 ha 0.2

Minimum crown cover 10 - 30% 20

Minimum height 2 - 5 m 2

11.1.2 Elected activities under Article 3.4

Australia has not elected any activities under Article 3.4.

11.1.3  Description of how the definitions of each activity under Article 3.3 
and 3.4 have been implemented and applied consistently over time

The area of forest that meets the forest definition, specified in Section 11.1.1, is mapped using Landsat remote 
sensing data in a spatially and temporally consistent manner from 1972 to present. With the addition of each 
new Landsat coverage the entire time-series is re-analysed, ensuring that the stream of activity data is consistent 
both spatially and temporally. This time-series consistent wall-to-wall monitoring also ensures that there is clear 
separation in reporting of afforestation, reforestation and deforestation lands. The methods of mapping forest extent 
and change in extent are outlined in Chapter 7 (Appendix 7.A) of the NIR.



Ky
ot

o 
Pr

ot
oc

ol
 

LU
LU

CF

70   Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3

Ta
bl

e 
11

.2
: S

um
m

ar
y 

of
 p

oo
ls

 a
nd

 e
m

iss
io

ns
 re

po
rt

ed
 u

nd
er

 A
rt

ic
le

 3
.3

 a
nd

 e
le

ct
ed

 a
ct

iv
iti

es
 u

nd
er

 A
rt

ic
le

 3
.4

A
ct

iv
it

y

Ch
an

ge
 in

 c
ar

bo
n 

po
ol

 re
po

rt
ed

(1
)

G
re

en
ho

us
e 

ga
s 

so
ur

ce
s 

re
po

rt
ed

(2
)

A
bo

ve
-

gr
ou

nd
 

bi
om

as
s

Be
lo

w
-

gr
ou

nd
 

bi
om

as
s 

Li
tt

er
D

ea
d 

w
oo

d 
(5

)
So

il
Fe

rt
ili

za
ti

on
(3

)

D
ra

in
ag

e 
of

 s
oi

ls
 

un
de

r f
or

es
t 

m
an

ag
em

en
t

D
is

tu
rb

an
ce

 
as

so
ci

at
ed

 
w

it
h 

la
nd

-u
se

 
co

nv
er

si
on

 to
 

cr
op

la
nd

s

Li
m

in
g

Bi
om

as
s 

bu
rn

in
g(4

)

N
2O

N
2O

N
2O

CO
2

CO
2

CH
4

N
2O

A
rt

ic
le

 3
.3

 
ac

tiv
iti

es

A
ffo

re
st

at
io

n 
an

d 
Re

fo
re

st
at

io
n

R
R

R
R

R
IE

IE
 

 R
IE

R
R

D
ef

or
es

ta
tio

n
R

R
R

R
R

 
R

R
IE

R,
 IE

R,
IE

A
rt

ic
le

 3
.4

 
ac

tiv
iti

es
 

Fo
re

st
 M

an
ag

em
en

t
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
 

N
A

N
A

N
A

Cr
op

la
nd

 M
an

ag
em

en
t

N
A

N
A

N
A

N
A

N
A

 
 

N
A

N
A

N
A

N
A

G
ra

zi
ng

 L
an

d 
M

an
ag

em
en

t
N

A
N

A
N

A
N

A
N

A
 

 
 

N
A

N
A

N
A

Re
ve

ge
ta

tio
n

N
A

N
A

N
A

N
A

N
A

 
 

 
N

A
N

A
N

A

(1
)  I

nd
ic

at
es

 w
he

th
er

 c
ar

bo
n 

po
ol

 is
 R

 (r
ep

or
te

d)
, N

R 
(n

ot
 re

po
rt

ed
), 

IE
 (i

nc
lu

de
d 

el
se

w
he

re
) o

r N
O

 (n
ot

 o
cc

ur
rin

g)
, f

or
 e

ac
h 

re
le

va
nt

 a
ct

iv
ity

 u
nd

er
 A

rt
ic

le
 3

.3
 o

r e
le

ct
ed

 a
ct

iv
ity

 u
nd

er
 A

rt
ic

le
 3

.4
. N

A
  

(n
ot

 a
pp

lic
ab

le
) i

nd
ic

at
es

 a
ct

iv
iti

es
 th

at
 h

av
e 

no
t b

ee
n 

el
ec

te
d 

un
de

r A
rt

ic
le

 3
.4

.

(2
)  I

nd
ic

at
es

 w
he

th
er

 g
re

en
ho

us
e 

ga
s 

so
ur

ce
 is

 R
 (r

ep
or

te
d)

, N
E 

(n
ot

 e
st

im
at

ed
), 

IE
 (i

nc
lu

de
d 

el
se

w
he

re
) o

r N
O

 (n
ot

 o
cc

ur
rin

g)
. N

A
 (n

ot
 a

pp
lic

ab
le

) i
nd

ic
at

es
 a

ct
iv

iti
es

 th
at

 h
av

e 
no

t b
ee

n 
el

ec
te

d 
 

un
de

r A
rt

ic
le

 3
.4

.

(3
) N

2O
 e

m
is

si
on

s 
fr

om
 fe

rt
ili

za
tio

n 
ar

e 
re

po
rt

ed
 in

 th
e 

ag
ric

ul
tu

re
 s

ec
to

r.

(4
) CO

2 e
m

is
si

on
s 

fr
om

 b
io

m
as

s 
bu

rn
in

g 
ar

e 
in

cl
ud

ed
 u

nd
er

 c
ha

ng
es

 in
 c

ar
bo

n 
st

oc
ks

.



Kyoto Protocol 
LU

LU
CF

Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3   71

11.1.4 Precedence conditions and hierarchy among Article 3.4 activities

Not applicable as Australia has not elected any Article 3.4 activities.

11.2 Land-Related Information

11.2.1 Spatial assessment unit used for determining the area of Article 3.3 lands 

Australia uses the individual pixel (nominally 25 m x 25 m or approximately 0.0625 ha), as its analytic unit for 
the determination of forest (20% crown cover). Australia uses a spatially and temporally consistent forest cover 
assessment from Australia’s Landsat archive to map areas of forest and forest cover change through time. A full 
description of the forest cover assessment is provided in Appendix 7.A.

11.2.2 Methodology used to develop the land transition matrix

The land transition matrix is developed using the forest extent data derived from Australia’s Landsat archive. The 
data used is the same as that used for the UNFCCC reporting categories (Table 7.4 in Section 7.4) but only 
includes areas subject to afforestation/reforestation or deforestation since 1 January, 1990.
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11.2.3 Identification of geographical locations

The exact geographic location of each unit of land entering the afforestation/reforestation and deforestation accounts 
is mapped at 25 m resolution using continental coverages of Landsat data.

Australia’s ability to track consistently through time individual units of land down to 0.2 ha results in millions of 
reportable units of deforestation and afforestation/reforestation. For the purpose of reporting under Article 3.3 
the areas of reforestation and deforestation are summed into larger reporting units. This is achieved by co-locating 
the areas of change on maps that represent logical identification codes. The initial divisions are the Australian 
states and territories. For afforestation/reforestation the areas are then reported by 3 broad types of forest: softwood, 
hardwood and native. These labels are obtained from more detailed analysis of the Landsat data (see Appendix 
7.A). Each of these is then further divided into areas subject to harvest during the first commitment period to 
allow future reporting of the harvest sub-rule. For deforestation the units of land are identified by the Major 
Vegetation Groups (MVG) (see Appendix 7.H). The MVG classifications provide a description of the type of 
forest being cleared. 

11.3 Activity-Specific Information

11.3.1  Methods for carbon stock changes and GHG emissions and  
removal estimates 

11.3.1.1 Description of the methodologies and underlying assumptions 

Australia applies a full tier 3, Approach 3 system to estimate emissions and removals under Article 3.3. These 
are the same methods as used to report under the UNFCCC inventory, but use additional data and policy rule 
settings to meet the particular requirements of the Kyoto Protocol and Chapter 4 of the 2003 IPCC Good Practice 
Guidance for Land Use, Land Use Change and Forestry (IPCC, 2003). These additional features are detailed in the 
following sections.
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Table 11.4:  Summary of methodologies and emission factors – Article 3.3 Kyoto Protocol Land Use  
Change activities

Greenhouse Gas Source And Sink
CO2 CH4 N2O

Method 
applied EF Method 

applied EF Method 
applied EF

Article 3.3 activities

Afforestation/Reforestation

C stock changes T3 M

Biomass burning(a) IE IE CS CS CS CS

Liming T1 CS

Deforestation

C stock changes T3 M

Biomass burning(a) IE IE CS CS CS CS

Liming T1 CS

(a) CO2 emissions and removals associated with biomass burning are included in the C stock changes.

EF = emission factor, CS = country specific, M = Model, NO = not occurring, IE=included elsewhere, T1 = Tier 1 and T3 = Tier 3.

Deforestation

For deforestation, Australia applies the same tier 3, Approach 3 system as that used to report under the UNFCCC 
inventory (see Appendices 7.B and 7.F) but with additional data to meet the requirements of the Kyoto Protocol. 
CO2 emissions associated with burning of harvest residues are calculated using the tier 3 model and are included 
in the change in litter carbon stocks. Non-CO2 emissions are estimated using the amount of C mass emitted and 
country specific emissions factors. The C mass emitted due to biomass burning is estimated using the tier 3 model. 

Liming

Emissions from liming (CaCO3) activities in Australia are only estimated for hardwood plantations. A survey 
conducted for the Department by GHD Australia found that liming activity in the softwood plantation sector 
does not occur (GHD, 2009b). The survey provided both qualitative (based on industry practice with findings 
on the scale of the activity, i.e. limited, rare and widespread) and quantitative (gross amounts purchased by 
plantation companies and application rates) information. GHD Australia discussed liming management practices 
with forest plantation companies throughout Australia in a two-stage process; the first stage identifying the usage 
of lime and the second stage assessing the quantities of lime used in post-1990 plantations, generally related to 
first rotation stands. 

Based on the information collected from the forest plantation companies the rate of lime application to post-1990 
hardwood plantations is assumed to be 1.5 t ha-1. The lime is applied at establishment and in 2010 the areas of 
new hardwood plantations was 12,316 ha as determined through the remote sensing program.

11.3.1.2 Justification for omitting pools or GHG emissions and removals 

Australia has not omitted any carbon pools. 

11.3.1.3 Factoring out of indirect and natural GHG emissions and removals 

Australia does not factor out indirect, natural and pre-1990 effects on GHG emissions and removals. Australia explicitly 
accounts for natural variability in emissions and removals through the application of a process-based tier 3, Approach 3 
modelling approach. Indirect emissions due to increased N deposition are considered insignificant in Australia given the 
large land mass and very small areas of highly concentrated population, intensive agriculture and industry.



Kyoto Protocol 
LU

LU
CF

Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3   75

11.3.1.4 Changes in data and methods since previous submission 

Australia’s archive of Landsat data has been updated to include the most recent satellite data to include coverage 
of 2011.This is consistent with the annual update process for Australia’s remote sensing program and results in 
minor recalculations throughout the time-series. This process is detailed in Appendix 7.A.

The methods applied for afforestation and reforestation have been updated in this submission. The changes include:

•	 Implementing updated growth calibrations of mixed species, environmental plantings and the inclusion of 
mallee eucalypt species based on CSIRO research; and

•	 Updating the initialisation of the soil carbon pool to be consistent with the method used for initially clear 
land in the deforestation and other land use classifications. 

Further details are available in section 7.6.4.

The method to initialise soil carbon stocks for land observed as clear of forest in 1972 was updated to be 
consistent with the method used for UNFCCC categories 5.B.1 and 5.C.1.

11.3.1.5 Uncertainty estimates and quality control

As the same methods and data are used to estimate emissions and removals due to afforestation/reforestation 
and deforestation as are used for the associated UNFCCC categories (land converted to forest land and forest land 
converted to grassland and cropland respectively), the uncertainty estimates of +/- 10% for CO2 and +/- 20% for 
non-CO2 also apply to the reporting of the Kyoto Protocol activities. The only exception is the uncertainty for 
non-CO2 emissions due to wildfire (not prescribed burning) reported under afforestation/reforestation which are 
estimated at -46 to +77% for CH4 and -47 to +88% for N2O. This reflects the use of average debris loads used 
for wildfire (Section 7.12) to estimate C mass emitted due to fire. However, as the amount of emissions due to 
wildfires under afforestation/reforestation is extremely small (< 0.1% of total removals) this uncertainty does not 
affect the overall uncertainty for afforestation/reforestation. Non-CO2 emissions due to slash burning following 
harvest are based on estimates of the C mass of dead organic matter derived directly from the tier 3 model and the 
uncertainty is estimated at +/- 20%.

The tier 3 model used to develop these estimates, FullCAM, is a full mass-balance carbon cycle model that 
accounts for the flow of carbon from the atmosphere to the plant which then flows through to the soil and debris 
(see Appendix 7.B). Carbon can only be sequestered from the atmosphere via photosynthesis, held in a pool, 
transferred to another pool or emitted back to the atmosphere. Hence the estimate of emissions and removals 
for each pool is reliant on the flow of carbon from the previous pool and the rate of loss from the existing pool. 
This mass balance approach means that the +/- 10% uncertainty is therefore applicable to all the pools reported 
(above and belowground biomass, litter, deadwood and soil). This differs from other methods commonly used 
to estimate emissions and removals in the LULUCF sector (in particular tier 1 and tier 2 methods) which use 
separate models for each pool and therefore require individual estimates of uncertainty. 

Comparisons of implied emission factors and activity data with international data sources are conducted 
systematically for the Australian inventory. The implied emission factor per hectare is reported with the 
distribution of the implied emission factors of other Annex-1 parties.
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Figure 11.1: Grassland converted to forestland implied emission factors for Annex I countries and Australia
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11.3.1.6 Information on other methodological issues 

Australia has no other methodological issues.

11.3.1.7 The year of the onset of an activity, if after 2008. 

The onset of monitoring afforestation/reforestation and deforestation activities commenced in 1990. Each activity 
is tracked in a detailed spatially explicit way and reported annually. Monitoring of afforestation/reforestation and 
deforestation activities is being conducted annually using the fully spatial Approach 3 methods as outlined in 
Appendix 7.A. The use of the spatially and temporally consistent land cover change data, combined with detailed 
attribution ensures that all activities meet the definition of direct human induced and allows for the separation 
of these activities to prevent double counting of lands. Furthermore, the density of the time series (annual 
acquisition since 2004) allows activities to be assigned to a specific year with a high degree of confidence.

11.4 Article 3.3

11.4.1  Information that demonstrates that Article 3.3 activities began on 
or after 1 January 1990 and before 31 December 2012 and are direct 
human-induced

Using a time series of Landsat imagery, Article 3.3 activities are monitored through time, to the present day.  
This enables Australia to demonstrate the date at which the Article 3.3 activities began. 

Consistent with the methods outlined under Section 4.2.6.2 (page 4.57) of the 2003 IPCC Good Practice 
Guidance for LULUCF, the Kyoto Protocol deforestation account includes areas of clearing that:

1) meet or exceed the size of the country’s minimum forest area (i.e. 0.05 to 1 ha); 

2) have met the definition of forest on 31 December, 1989; and, 

3)  have ceased to meet the definition of forest at some time after 1 January 1990 as the result of direct human-
induced deforestation.
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Australia’s approach to the identification of deforestation activity includes two components. One component 
identifies deforestation activity on land that was forest land on 31 December 1989. The second component 
is complementary to the first and is used to identify deforestation activity on land that was not forest on 31 
December 1989 but which has been converted to forest land through afforestation or reforestation activity since 1 
January 1990.

For land that was forest on 31 December 1989, the 1990 forest extent layer (created from satellite data available 
at the end of 1989) derived from Australia’s remote sensing program is used as a base map to mask areas of non-
forest in 1990. All deforestation activities on these lands are therefore determined with reference to this base map 
as described in Chapter 4 of the 2003 IPCC Good Practice Guidance for LULUCF, (Section 4.1.1, page 4.11 and 
Section 4.2.6.2, page 4.57). 

For land that was clear of forest on 31 December 1989 and has been converted to forest land through 
afforestation or reforestation activity since 1 January 1990, the 1990 forest extent layer is not used for the 
identification of subsequent deforestation activity. These lands first enter the accounting framework through 
afforestation of reforestation activity which is identified by studying each area of change on land that was clear 
of forest on 31 December 1989 for factors including the planting geometry, consistency of cover and temporal 
pattern of change. These lands are then monitored each year to determine if forest cover loss and subsequent land 
use change (deforestation) activity has occurred (see Sections 11.4.2 and 11.4.3). The location of land included in 
the deforestation account for 2012 is shown in Figre 11.2.

The 1990 criteria applied for the purposes of reporting deforestation under Article 3.3 of the Kyoto Protocol leads 
to some differences between the Kyoto deforestation account and the UNFCCC forest land converted to cropland 
and grassland estimates. Table 11.5 provides reconciliation between emissions reported under Kyoto deforestation 
account (Table 11.5, Component A) and the UNFCCC forest land converted to cropland and forest land converted 
to grassland classifications. Differences between these two classifications arise because the deforestation account 
does not include:

•	 areas of land where there was no forest cover in 1990 on which natural forest regrowth has subsequently 
occurred followed by a clearing event (this land was not classified as Afforestation or Reforestation land) 
(Table 11.5, Component B); 

•	 Land that was clear of forest on 31 December 1989 that has naturally regrown and had not been cleared  
(this land is not classified as Afforestation or Reforestation land) (Component C); and

•	 the ongoing emissions and removals from land cleared prior to 1990 that has remained cleared  
(Table 11.5, Component D); 

•	 Land cleared prior to 1990 that was forest in 1990 and has not been cleared since (Table 11.5, Component E).
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Table 11.5:  Reconciliation of emissions between Kyoto Protocol Deforestation and UNFCCC forest land 
converted to cropland and forest land converted to grassland

Deforestation

(including 
Deforestation of 

Afforestation and 
Reforestation 

land)

(Gg CO2-e)

Clear 1990

Regrown and 
cleared post 

1990

(Not classified 
as A/R )

(Gg CO2-e)

Clear 1990

Regrown and 
not cleared, 
Forest 2012

(Not classified 
as A/R )

 (Gg CO2-e)

Clear 1990

Remains 
clear 2012

 (Gg CO2-e)

Clear 1972

Regrown to 
forest 1990

Remains 
forest 2012

 (Gg CO2-e)

Total UNFCCC 
Forest land 

converted to 
other land 

uses (Gg 
CO2-e)

Component A B C D E A+B+C+D+E

2008 56,463 2,728 -1,058 7,691 -710 65,113

2009 48,526 2,621 -1,086 7,013 -599 56,475

2010 47,214 2,434 -1,814 11,728 -796 58,766

2011 38,225 2,818 -2,005 7,393 -674 45,758

2012 32,495 2,583 -1,723 10,949 -504 43,800

Note:   This table only includes CO2 emissions due to carbon stock change and non-CO2 emissions due to biomass burning.  Emissions 
due to lime application and non-CO2 emissions associated with soil disturbance are not included in this table.

Changes in carbon stock associated with biomass burning (primarily slash burning following clearing) are 
determined using the tier 3 model and are included under the net change in litter carbon stocks and are not 
reported separately. Non-CO2 emissions associated with biomass burning are estimated using the amount of C 
mass emitted and country specific emissions factors. The C mass emitted due to biomass burning is estimated 
using the tier 3 model.

Figure 11.2: Location (in red) of land included in the deforestation account for 2012
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Afforestation & Reforestation

For afforestation/reforestation, Australia applied the same tier 3, Approach 3 system as that used to report emissions 
and removals from land converted to forest land under the UNFCCC inventory (see Appendix 7.A and 7.G). The 
use of the tier 3, Approach 3 system means that the combined reporting of afforestation and reforestation does not 
affect the area of land reported or estimates of the emissions and removals.

To ensure that only lands that were non-forest at 31 December 1989 are included in the afforestation/reforestation 
account, the 1990 base map derived from Australia’s remote sensing program is used to mask out areas of existing 
forest. All afforestation/reforestation activities are therefore determined with reference to this base map. Only areas 
afforested/reforested on or after 1990 in addition to the lands identified in the base map are included in the 
emissions estimates. The location of land included in the reforestation account for 2012 is shown in Figure 11.3.

Figure 11.3: Location (in green) of land included in the afforestation/reforestation account for 2012

To ensure that only direct human-induced change is reported for Article 3.3 activities a process of attribution is 
carried out (see Section 7.A.2.4, Appendix 7.A) to assign a cause to the change mapped using remote sensing. To 
prevent the inclusion of false change in the accounts land areas affected by fire are masked out during the attribution 
process, except where a direct human induced land use change occurs after fire. This manual process of attribution 
involves expert assessment (visually and analytically) of the remotely sensed areas of change. Change is attributed as 
either natural (e.g. natural regrowth and dieback) or human induced. This is determined by studying each area of 
change for factors including the planting geometry, consistency of cover and temporal pattern of change. 

To implement the harvested forest sub-rule all areas of afforestation/reforestation are categorised as either harvested or 
not harvested (2003 IPCC GPG; 4.55). Harvested areas are those areas which have been harvested since 1 January 
2008. All other afforested/reforested (since 1990) lands are considered as not harvested. Australia has taken harvesting 
to be a direct human activity which removes stem wood from the forest. This includes both thinning (removal of 
a proportion of trees) and complete harvest (clearfell) but does not include silvicultural activities such as branch 
pruning. The area subject to harvesting is estimated from regional and species specific management information. 
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Direct human induced A/R 

The 2012 ERT report argued that Australia did not identify lands that had naturally regenerated into forest land 
since 1990 as A/R lands. In similar circumstances, natural regeneration of forest land occurring within legislative 
frameworks have been classified as direct human induced conversion of grassland to forest land and as A/R 
lands by other parties and this approach has been accepted by ERTs. The ERT identified that Australia had not 
included the removals from these lands and, where subsequent clearing activity had occurred on a portion of these 
lands, the resultant emissions had not been included under the Deforestation account.

In this report, Australia has implemented A/R so that only vegetation that has been either planted or sown is 
included within the A/R lands.

Nonetheless, Australia recognises that the identification of A/R lands could be expanded to also include land 
which is allowed to naturally regenerate into forest land following direct human inducement. In particular, it is 
estimated that there was approximately 2.18 million hectares of land which was not forest on 31 December 1989 
(and was not forested at any time between 1972 and 1989), which was subsequently converted to forest land 
through natural regeneration and remained forest in 2012. The distribution of these lands across Australia’s States 
and Territories is provided in Table 11.6.

Table 11.6: Distribution of additional, cumulative A/R lands and net sequestration, 2012

Jurisdiction Area in 2012 (M ha) Mt CO2-e

New South Wales 0.05 -0.07

Northern Territory 0.19 -0.25

Queensland 0.35 -0.47

South Australia 0.20 -0.27

Tasmania 0.05 -0.07

Victoria 0.24 -0.32

Western Australia 1.10 -1.47

Total 2.18 -2.92

Australia has in force a framework of federal, state and territory legislation and guidelines regulating clearing 
of native vegetation and forests (see below). These laws establish a framework whereby land that has naturally 
regenerated to meet the forest definition has been allowed to do so as a result of a deliberate management decision 
not to clear those lands.

As part of its inventory improvement program Australia is working to evaluate its treatment of direct human 
induced A/R and to enhance these analytical approaches to facilitate consideration of the inclusion of land which 
is allowed to naturally regenerate to forest. As part of this work programme during 2013, Australia has further 
investigated lands that on which forest has naturally regrown that is also subject to land clearing restrictions. 
To date all lands in South Australia, Tasmania, Victoria and Western Australia have been identified as subject to 
land clearing restrictions (Table 11.5). In Queensland lands mapped as high value regrowth under the Vegetation 
Management Act 1999 and land that is included Collaborative Australian Protected Area Database (CAPAD) 
(see below) is considered as protected (Table 11.5). In the remaining jurisdictions (Australian Capital Territory, 
New South Wales and the Northern Territory) further analysis of land clearing regulations is required to include 
all protected lands as only CAPAD lands are included n Table 11.5. In NSW, in particular, the area identified as 
protected is likely to be a significant under estimate (Table 11.5). The focus of current analysis is to improve the 
estimated area of protected land in New South Wales.
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The direct intent of national policy is to target the native vegetation extent and to promote revegetation for that 
purpose. All native vegetation in Australia is managed within the National Vegetation Framework, and its predecessor 
intergovernmental agreements, which place clear value on the extent of native vegetation cover and the activity of 
revegetation in particular. The framework is comprehensive – it covers all native vegetation - and is relevant for all 
levels of government as evidenced by the large range of supporting federal and State government programs.

Consequences for land managers flow from the promotion of revegetation such that they have a legal need 
for activities to prevent an undesired regrowth of an area to forest and that the regrowth of an area as forest 
should take place only where desired by land managers based on land managers’ decisions. In Australia, the legal 
consequences of promoting revegetation take two forms.

1) Revegetation activity may be directly supported by federal or state government financial assistance or 
regulatory incentives which make the management decision to promote revegetation more attractive. 
There are many government programs that directly or indirectly support revegetation activity where 
demonstration of revegetation activity is legally required in return for financial assistance. Moreover, it is 
common in many states, including Queensland and New South Wales, for explicit offset policies to operate 
whereby revegetation activity may be undertaken by the land manager as part of a legal agreement to offset 
the environmental impact of approval for clearing of other vegetation under certain conditions.

2) There are the regulatory or legal consequences of converting land to forest. Once a management decision 
is taken to promote revegetation, the vegetated land enters the State regulatory systems. Revegetated 
land falls under the scope of the National Vegetation Framework and, as such, is assessed by regulators 
for forest system values such as its representativeness of threatened regional ecosystems, provision of 
habitats for wildlife, biodiversity, land and water quality values such as prevention of erosion and salinity 
and greenhouse gas net emissions. As a result, the development of forested land has significant forest 
management consequences for land managers.

Australia’s native vegetation legislative framework

The National Vegetation Framework is an intergovernmental agreement among all levels of Australian government 
under the Council of Australian Governments (COAG). It provides for national objectives in relation to native 
vegetation cover, deforestation and ‘revegetation’. In particular:

•	 the extent of native vegetation cover is an explicit policy objective; 

•	 ‘revegetation ’ is identified as a critical activity that contributes towards this national goal; and

•	 there is flexibility for individual States and Territories to implement the framework in accordance with their 
own individual circumstances.

This agreement is critical context for understanding State and Territory government regulatory objectives  
and mechanisms. 

Australia’s Native Vegetation Framework has been developed by the Australian Government and State and 
Territory governments to maintain or build healthier and more connected native vegetation. The Council of 
Australian Governments Standing Council on Environment and Water will formally oversee implementation of 
the framework and coordinate regular reviews and updates.

The new vegetation framework was agreed on 19 December 2012 and provides for an explicit national target 
for native vegetation cover – see http://www.environment.gov.au/land/vegetation/nvf/pubs/native-vegetation-
framework-summary.pdf . Some states already have native vegetation cover targets of their own. Victoria, 
for example, has in place the Native Vegetation Management – a framework for action adopted in 2002 and 
which provides for ‘a reversal, across the entire landscape, of the long term decline in the extent and quality of 
native vegetation, leading to a net gain’. Under the new national framework all Australian state and territory 
governments will have developed targets for the extent of native vegetation in their jurisdictions by 2014.
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The National Vegetation Framework has been designed to be complementary and consistent with Australia’s 
Strategy for the National Reserve System 2009-2030. Under the Australia’s Strategy for the National Reserve 
System 2009-2030 all the state and territory Governments and the Australian Government have agreed to adopt 
international standards for the definition of a protected area and management categories used by the IUCN.

Every two years, the Australian Government collects information on protected areas from state and territory 
Governments and other protected area managers. This information is published in the Collaborative Australian 
Protected Area Database (CAPAD).

CAPAD is used to provide a national perspective of the conservation of biodiversity in protected areas. It also 
allows Australia to regularly report on the status of protected areas to meet international obligations such as those 
in the Convention on Biological Diversity (CBD). Australian protected area information is also included in 
the World Database on Protected Areas (WDPA). The new framework provides continuity with the objectives, 
principles and targets of earlier COAG agreements and intergovernmental initiatives stretching back to 1990 
and before - the National Vegetation Framework (2001) and the landmark National Strategy for Ecologically 
Sustainable Development (1992), which still provides the framework and context for major legislative initiatives 
http://www.environment.gov.au/epbc/review/publications/pubs/02-objectives.pdf, and the National Conservation 
Strategy negotiated in 1983.

The objectives of the 2001 National Vegetation Framework in relation to vegetation cover and the activity of 
revegetation were explicit.

The native vegetation outcomes being sought in this Framework include a reversal in the long-term decline in the 
extent and quality of Australia’s native vegetation cover by: 

•	 conserving native vegetation, and substantially reducing land clearing;

•	 conserving Australia’s biodiversity; and

•	 restoring, by means of substantially increased revegetation, the environmental values and productive capacity 
of Australia’s degraded land and water.

http://www.environment.gov.au/land/publications/nvf/framework3.html

For the first commitment period of the Kyoto Protocol, there was no presumption in these agreements that 
all deforestation activity would cease, but that it could be offset by revegetation activities in the pursuit of the 
national native vegetation cover objective. 

Underpinning these objectives has been a basic set of principles designed to encourage actions to achieve 
sustainable native vegetation management including principles drawing heavily from the National Strategy on 
Ecologically Sustainable Development (1992). The ESD strategy provided agreement on national vegetation cover 
objectives and management principles while recognising existing programs such as the One Billion Trees program, 
announced 20 July 1989.

Objective 11.1 to foster a conservation ethic, while ensuring effective measures are in place for the conservation 
and management of native vegetation

Governments will:

•	 continue actions to promote whole-farm and catchment planning and group approaches to resource 
management in agriculture, such as those established under the National Soil Conservation Program, Save 
the Bush, the National Weeds Strategy, the One Billion Trees Program and the Decade of Landcare Plans 
(announced in the 20 July 1989 ‘Our Country Our Future’ package) 



Kyoto Protocol 
LU

LU
CF

Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3   83

•	 assess the current rate of native vegetation clearing on a national basis, including undertaking the development 
of national inventories of native vegetation

•	 support initiatives at the State and Territory level to protect native vegetation on private land, and enhance 
initiatives aimed at developing integrated catchment management policy structures

•	 work through appropriate agencies to develop a native vegetation conservation education program which is 
targeted at land managers, focuses on the value of retaining native vegetation in situ, while integrating this 
with major land uses

•	 review relevant legislation relating to clearing, and ensure criteria for assessing land clearance applications 
integrate enhancement of productivity of all lands with biodiversity conservation, land protection, water 
management and landscape values

•	 encourage voluntary management of native vegetation remnants, and review the effectiveness of mechanisms 
for the long term voluntary protection of native vegetation and wildlife, in order to provide a basis for 
deciding on the most appropriate mix

•	 undertake cooperative development of a range of measures, including financial incentives, cost 
reimbursements, and rate rebates to encourage land managers to better protect native vegetation

http://www.environment.gov.au/about/esd/publications/strategy/natveg.html

The succession of agreements under COAG has steadily advanced national vegetation protection principles and 
targets over an extended period of time providing clarity about the value placed on the conservation of native 
vegetation cover nationally, and on the national policy objective of enhancing revegetation, while providing a 
cohesive national framework to underpin State and Territory based management actions.

The actions of State and Territory governments are integrated by their commitments to the National Vegetation 
Framework principles and targets. The framework is not prescriptive, however, when it comes to implementation 
of individual measures. Individual jurisdictions implement the national native vegetation framework 
commitments in accordance with their own individual circumstances and land management practices and 
legislative frameworks.

While dedicated vegetation management legislation emerged in some states in the 1990s, land management 
activities have been, and continue to also be, regulated by more general land planning legislation introduced prior 
to, or around, 1990. A more complete listing of relevant State and Territory legislation governing land clearing is 
provided below.

State and territory native vegetation clearance statutes 

New South Wales

•	 Native Vegetation Act 2003 

•	 Threatened Species Conservation Act 1995 

•	 Environmental Planning and Assessment Act 1979 (Local Environmental Plan) 

Victoria

•	 Victorian Planning Provision (Clause 52.17) 

•	 Planning and Environment Act 1987 

•	 Flora & Fauna Guarantee Act 1988 

•	 Catchment and Land Protection Act 1994 
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Queensland

•	 Vegetation Management Act 1999 (prior to this, the Land Act 1994 and the Environmental Protection Act 1994)

•	 Integrated Planning Act 1997 

•	 Nature Conservation Act 1992 

Western Australia

•	 WA Environmental Protection Act 1986 

South Australia

•	 SA Native Vegetation Act 1991 

Tasmania

•	 Tasmania Forest Practices Act 1985 

Australian Capital Territory

•	 ACT Planning and Development Act 2007 

•	 Nature Conservation Act 1980 

Northern Territory

•	 NT Planning Act 2002

•	 NT Planning Scheme

•	 Pastoral Land Act 1994

A primary aim of the emergence of specific – purpose legislation, such as Queensland’s Vegetation Management Act 
1999, was to unify and make more consistent existing regulatory measures and, in particular, ensure consistency 
between regulations that applied to leasehold and freehold land (government and private lands).

While the legislative instruments in place have clearly evolved, the list shows that relevant regulations to govern 
the management of native vegetation have been in place over a long period of time in all States and Territories.

The assessment process of forest values differs from state to state. In Australia’s system, individual States and 
Territories have the freedom to implement policies, regulations and administrative mechanisms of their choice to 
meet the objectives of the COAG intergovernmental agreement.

Examples of administrative processes include compliance with regional ecosystem plans established under 
legislation, individually negotiated property management plans or additional approval processes / permit processes 
for clearing.

Permits for conversion of all forests to grasslands for agriculture are required in the Northern Territory, Western 
Australia, Victoria, South Australia and Tasmania, with minor exceptions. The relevant acts and regulations 
specify exemptions from the current approval process for the routine maintenance of agricultural land but only 
for lands with regrowth of an age that is less than a specified number of years (usually between five and ten years) 
and only where a permit to clear has been previously issued. Effectively a legal consequence through an approval 
process is associated with all revegetation actions. 

In Queensland the administrative processes are more complex. Legal consequences derive from a combination of 
regional ecosystem plans issued under regulation, individual property agreements and land clearing permits.

For regulated regrowth in Queensland, which relates only to land with regrowth forest not cleared since 31 
December 1989, forest areas of high conservation value identified by the relevant Minister in maps published 
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under regulation are protected by permit approval processes. The technical nature of the assessment processes, 
and risks to land managers given uncertainty about outcomes following a series of well publicised prosecutions 
for non-compliance, has meant that there has also been considerable use of agreements known as property map 
of assessable vegetation plans. This represents an additional layer of approval process. These plans are individual 
legal agreements between the land manager and the State Government relating to specific properties and which 
identify both highly protected forests and forests where pre-approval for clearing is granted. In 2008-09 around 
half of all clearing of regrowth forests was undertaken in areas regulated by these types of legal agreements and 
around half was undertaken under the regional ecosystem plans issued under regulation (where further approval 
or permits in addition to the rulings set out in the ecosystem plans are not required). 

A similar mix of instruments is applied in New South Wales. Protected regrowth is native vegetation that 
has grown since 1 January 1990 (or 1983 in the Western District), but is protected because it has grown 
on vulnerable land or has been identified as protected regrowth in a Property Vegetation Plan (PVP), an 
environmental planning instrument, a natural resources management plan or an interim protection order 
under the NV Act. It also includes native vegetation that is regrowth that has been grown or preserved with the 
assistance of public funds granted for biodiversity conservation purposes.  

The regulations provide for clearing of other regrowth areas for agriculture without additional approval only if 
the land had been lawfully cleared previously or for the continuation of existing cultivation, grazing or rotational 
farming practices. This latter provision is akin to the provisions of regulations in other states but without the 
specification of a specific number of years of regrowth. As with other states, this provision implies that the land 
manager may control for vegetation regrowth without further approval only for the purpose of maintaining 
existing pastures. 

The national regulatory framework, together with the raft of legislative instruments and other policies and measures 
in place at national and State and Territory level, demonstrate that land managers have a legal need for activities to 
prevent an undesired regrowth of an area to forest and that the regrowth of an area as forest should take place only 
where desired by land managers based on land managers’ decisions. Deforestation of these lands is possible only 
under certain circumstances and several administrative steps must be taken before it is legally allowed.

At the national level, there are many relevant federal government programs which also aim to promote vegetation 
cover either directly or indirectly, such as through carbon or biodiversity objectives.

These measures continue past actions by the Federal government to promote vegetation outcomes across the 
country over a long period of time. For example, in the ‘Our Country Our Future’ package announced 20 
July 1989, the measures included the National Soil Conservation Program, Save the Bush, the National Weeds 
Strategy, the One Billion Trees Program and the Decade of Landcare Plans. There have been many measures in 
the period between these two packages.

These federal government programs operate in addition to land management legislation operated by State and 
Territory governments identified above.

As the method used to identify areas of A/R land in Australia’s national inventory is based on remote sensing 
techniques Australia has not allocated identified A/R or the additional, cumulative A/R lands to the many 
individual government programs. The remote sensing techniques employed for Australia’s national inventory 
report have been designed to detect planting events only whereas the identified programs encourage revegetation 
through a mix of planting and regeneration of seed source approaches.

It could therefore be argued that additional lands could be identified as afforestation/reforestation lands, as 
the lands that were not a forest on 31 December 1989, and which have naturally regenerated through direct 
human induced means, have not been included in Australia’s afforestation/reforestation account. Consequently, 
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it follows that lands that were not covered in forest on 31 December 1989, which have naturally regenerated 
under State vegetation regulatory frameworks, and which were then cleared, have also not been identified in 
Australia’s national inventory submission as ‘deforestation’. If Australia were to apply this broadened approach to 
the definition of A/R, the removals from the inclusion of the naturally regenerating forests in A/R would exceed 
emissions from the observed re-clearing of these forests.

It is recognised that while additional work must be undertaken under Australia’s National Inventory System to 
consider the treatment of these lands, for the purpose of estimating emissions under Article 3.3 of the Kyoto 
Protocol the current approach is conservative and does not result in an under estimate of emissions from Article 
3.3 activities.

Australia recognises the need for development in this aspect of its inventory and the development of this 
capability is a high priority for Australia. 

11.4.2  Information on how harvesting or forest disturbance that is followed 
by the re-establishment of forest is distinguished from deforestation

The key factors that lead to temporary change in forest cover in Australia are climate, fire and forest harvesting. 
Australia has a full time-series of land cover change mapping dating back to 1972 and therefore can readily identify 
forest areas that have undergone natural disturbance and regrowth as opposed to direct human-induced deforestation.

Natural disturbance

The length of the time series and frequency of national forest mapping allows Australia to detect with a high 
degree of certainty the permanency and cause of change in forest cover. This certainty is further enhanced through 
the use of time-series statistical methods (the Conditional Probability Network, CPN), land tenure mapping, 
manual attribution and mapping of fire affected areas. These methods are fully described in Appendix 7.A. 

To distinguish between forest cover loss due to fire and deforestation, maps of areas affected by fire (fire scar 
mapping) are overlayed on forest change to ensure that only areas subject to direct human induced deforestation 
are accounted for. Other types of disturbance which affect forest cover, such as prolonged drought, are also 
excluded during the attribution process.

Deforestation of Afforestation or Reforestation land

Private forestry Managed Investment Scheme (MIS) companies have been responsible for the majority of new 
plantation establishment in Australia since 1990 on cleared lands. As a result approximately 80% of Australia’s 
afforestation/reforestation (A/R) land is industrial plantations. Hardwood plantation development for short 
rotation (approx. 10-12 years) has been particularly prevalent from the late 1990’s with significant areas of these 
plantations reaching commercially harvestable age from 2009. Softwood plantations operate over much longer 
rotations of 30+ years and environmental plantings are not for harvest management systems.

From early 2008 the major Forestry MIS companies responsible for the majority of hardwood plantation 
establishment and management entered administration and most were subsequently liquidated. Following the 
collapse of these companies many of these short rotation plantation resources have been harvested approximately 
as per schedule.

Following harvest, the majority of the afforestation/reforestation hardwood plantation lands have entered a period 
of uncertainty where new management arrangements have not been put in place. Anecdotal evidence suggests 
that an undefined but significant area of afforestation/reforestation lands have not been converted to another land 
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use and are awaiting certainty of tenure or capital prior to re-establishment of forest or conversion to agriculture. 
Thus such lands have often not transitioned from plantation management to another land use. 

Australia has undertaken analysis of forests that are subject to afforestation/reforestation activity to identify the 
range of time periods between a clearing event and the re-establishment of a forest for a second rotation. 

The purpose of this project was to identify an appropriate “time since harvest” (X number of years) which 
is applicable to industrial plantations in Australia’s afforestation/reforestation estate in order to distinguish 
temporary forest cover loss from deforestation activity. The analysis was remote sensing based and used data 
available to the end of 2011 and so provided a 20 year record of forest cover gain and loss. This analysis showed 
that detection of reforestation is most common 5 years after a harvest event has been detected, with a decreasing 
occurrence of observations until 15 years following harvest (Figure 11.4).

Figure 11.4:  Relative and cumulative frequency histograms of the time since clearing until detection of 
reforestation event by area
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Years to regrowth detected following harvest 

•	 As shown in Figure 11.4, 87% of the harvested areas are detected as regrowth within eight years of harvest 
while 92% of the harvested areas are detected as regrowth within nine years of harvest.

•	 Australia determined that it is appropriate to define the period to monitor harvested A/R lands in terms of 
90% confidence.

•	 Nine years was not chosen as it was determined that 8 years was a conservative practical approximation of 
90% confidence.

•	 Australia has specified an interval of 8 years following the year in which harvest was detected to monitor 
afforestation and reforestation lands that have been cleared to determine if they have been deforested: that is if 
a harvest event has been detected and forest cover is not detected within the eighth year after harvest then the 
land is confirmed as deforested. 

The indicative estimate of deforestation on A/R lands reported in the NIR 2011, has been further refined based 
on a robust, spatially explicit classification of forest cover gain and loss temporal sequences over A/R lands. For 
example, each forest cover gain and loss events create an event sequence. This sequence can be analysed in pairs 
of two consecutive events. Event pairs can be classified as forest or cleared depending on the status of the pixel 
between the events. A series of statistics were derived to describe these event pairs, namely, minimum, maximum 
and average number of years a pixel was forest or cleared, as shown in Figure 11.5. Individual event pairs in the 
sequence were assessed against the 8 year rule. Clearing event pairs not meeting the required 8 year threshold, 
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that is, re planting within the 8 years subsequent to harvest, do not meet the criteria used to identify deforestation 
on A/R lands. However, the remainder of the sequence, if valid, is classified as deforestation within A/R lands if 
any clearing event pair exceeds the 8-year rule. If the last event in the sequence is clearing, and this clearing is less 
than 8 years from the current epoch, the land is monitored until it can be fully assessed against the 8-year rule. As 
result of this improved classification logic, additional deforested lands were detected and are reported in this NIR.

Figure 11.5:  Classification and attribution of forest cover gain and loss events in a sequence. This particular 
sequence, as of 2001, represents the category “forest cover loss and gains detected.”
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No_Pairs   4

 

 

Attribute Calculation Value 
Forest Pairs  
PAIRS_F_MIN Min (2,5) 2 
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Attribute Calculation Value 
Cleared Pairs 
PAIRS_C_MIN Min (4,1) 1 

PAIRS_C_MAX Max (4,1) 4 
PAIRS_C_AVE  (4 + 1) / 2 2.5 

The improved process to categorise A/R lands across the country based on the forest cover gain and loss event 
statistics is presented in Figure 11.6. The main advantage of this approach is that it can keep track of deforested 
A/R lands spatially and can detect subsequent regrowth, if any, on these deforested lands. Knowledge of the 
location and spatial extent of deforested lands allows more accurate estimation of emissions and removals by using 
appropriate site conditions in the FullCAM.
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Figure 11.6:  Improved spatial analysis applied to the 2012 forest cover loss and gain event sequences to 
detect deforestation on afforestation/reforestation lands
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Where an epoch covered more than a single year the transitions during the period were divided by the number 
of years and assigned to each year. For example if an epoch contained three years and indicated 300 hectares of 
deforestation, 100 hectares was assigned to each year.
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11.4.3  Information on the size and geographical location of forest areas that 
have lost forest cover but which are not yet classified as deforested

Areas of deforestation and afforestation/reforestation are only added to the accounts once it is shown with 
confidence that the land has been deforested or afforested/reforested as a result of human-induced activities. As 
new data are added to the time-series the certainty that deforestation and afforestation/reforestation occurred 
increases. This results in a small recalculation of these accounts (< 4%) each year and this is monitored through 
the continuing annual acquisition of remotely sensed data. 

The results of the analysis indicate that a cumulative area of 277,929 hectares had been harvested by 2012 (Table 
11.7). The area of afforestation/reforestation land identified as being harvested and where re-establishment has not 
been confirmed is approximately 174,048 hectares. Further work is in progress to improve the method including 
further assessment of the impact of fire on confirmed deforested lands. 

Table 11.7: Analysis of afforestation/reforestation lands 

Description Area (ha) 

Afforested/Reforested lands  1,172,218

•	 Harvested areas: 1990-2012 277,929

•	 Re-establishment confirmed (remains afforestation/
reforestation)

70,940 

•	 Deforested — confirmed (1990–2004)  32,941

•	 Monitored to determine if re-establishment or land use 
change occurs (remains afforestation/reforestation)

 174, 048

Figure 11.7:  Shows output from spatial analysis of afforestation/reforestation lands in south west  
Western Australia (mapsheet SI50). 
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Table 11.8: Cumulative area of confirmed deforestation on afforestation/reforestation lands

Year of Harvest Cumulative deforestation - confirmed (ha)

2000 15,670

2001 18,530

2002 22,685

2003 26,840

2004 32,941 

The general rate of regeneration of plantation estates in Australia has been reported in the Australia’s State of the 
Forests Report 2008 (Montreal Process Implementation Group for Australia 2008). This reported data for the 
period 2000-2006 shows regeneration rates for plantations at around 93% for Tasmania and 98-100% for South 
Australia. These regeneration rates apply to all plantations in the state, including lands that do not meet the 
requirements to be included as afforestation/reforestation. High regeneration rates have normally been expected in 
Australia’s plantation estates.

As indicated above, re-establishment rates of plantations are subject to more uncertainty in Australia given the 
current economic conditions and the rate of re-establishment is likely to fall over the next few years. The use of 
an eight year observation period as defined in this paper is expected to allow an appropriate time period for not 
only the detection of plantation re-establishment but also to allow for an economic decision to be made by land 
owners regarding whether to re-plant a forest or convert the land to a non-forest land use.

11.5 Article 3.4
Not applicable as Australia has not elected Article 3.4 activities.

11.6 Other Information

11.6.1 Annual area of Afforestation/Reforestation

The annual area of Afforestation/Reforestation is presented in Table 11.9.  
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Table 11.9: Annual area of Afforestation/Reforestation 1990-2012

Year Area of Afforestation/Reforestation (ha)

1990 46,088

1991 42,701

1992 45,318

1993 48,409

1994 46,046

1995 31,194

1996 33,084

1997 30,337

1998 38,040

1999 40,908

2000 65,997

2001 75,437

2002 71,542

2003 76,045

2004 71,326

2005 53,841

2006 47,672

2007 62,347

2008 65,426

2009 59,104

2010 39,236

2011 31,728

2012 14,457

Australia’s Afforestation/Reforestation estate has increased in area over the period 1990-2012, especially in the 
five years from 2000. However, in 2012 the rate of Afforestation/Reforestation activity was the lowest since 
1990 (Table 11.9). This may have been caused by the economic conditions for forest products, including the 
historically high value of the Australian currency in 2010 and 2011, making it more challenging to export 
plantation products overseas. Furthermore, several major players exited the market resulting in the reduction of 
plantation establishment.

11.6.2 Area and harvest type within the Afforestation/Reforestation estate

The area and type of harvest implemented in the Afforestation/Reforestation FullCAM simulation is reported in 
Table 11.10.

Table 11.10: Cumulative harvest area within the Afforestation/Reforestation estate 2008-2012

Harvest type  2008 2009 2010 2011 2012

Clear Fell (ha) 17,807 35,639 58,890 83,701 117,381

Thin (ha) 28,807 57,176 85,329 110,429 139,089

Total (ha) 46,615 92,815 144,218 194,130 256,470
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The area of harvest within the Afforestation/Reforestation estate has been rising in the period 2008-2012 (Table 
11.10) as an increasing area of forest established in the period since 1990 (on clear land) reaches harvest age.  The 
total area of clear fell harvesting has increased over this period; however the majority of harvesting is attributable 
to thinning activity (Table 11.10).  Harvest events within the FullCAM simulation are supply driven based on 
regional and species specific management practices (see Volume 2, section 7.6.1).  This area of modelled supply 
driven harvest activity is consistent with observations of harvest activity within the Afforestation/Reforestation 
estate (Table11.7).

11.6.3 Key category analysis

The key category analysis for Article 3.3 activities are reported in Annex 1 and in Table 11.11.

Table 11.11:  Summary overview for key categories for land use, land use change and forestry activities 
under the Kyoto Protocol.

Criteria used for Key Category Identification

Key 
Categories of 
Emissions and 
Removals

Gas
Associated category 
in UNFCCC inventory 

is key 

Category contribution 
is greater than the 
smallest category 

considered key in the 
UNFCCC inventory 
(including LULUCF)

Other Comments

Afforestation/
Reforestation

CO2

Land converted to 
forest

YES NA

UNFCCC category is key, 
category is greater than 
smallest UNFCCC key 
category

Deforestation CO2

Land converted 
to cropland Land 

converted grassland
YES NA

UNFCCC category is key, 
category is greater than 
smallest UNFCCC key 
category

Deforestation CH4

Land converted to 
cropland

NO NA UNFCCC category is key
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12.  Information on Accounting  
of Kyoto Units

12.1  Summary of information reported in the Standard 
Electronic Format Tables

Annex I Parties are required to report from its national registry holdings and transactions of Kyoto units in the 
previous calendar year. In accordance with Decision 15/CMP.1 annex I.E paragraph 11 this information has been 
submitted in the standard electronic format (SEF) tables (Tables 12.1 to 12.6). 
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Table 12.8: SEF Table 5(c), Summary information on retirement

Year 

Retirement

Unit type

AAUs ERUs RMUs CERs tCERs lCERs

Year 1 (2008) NO NO NO NO NO NO

Year 2 (2009) NO NO NO NO NO NO

Year 3 (2010) NO NO NO NO NO NO

Year 4 (2011) NO NO NO NO NO NO

Year 5 (2012) NO NO NO NO NO NO

Year 6 (2013) NO NO NO NO NO NO

Year 7 (2014) NO NO NO NO NO NO

Year 8 (2015) NO NO NO NO NO NO

Total NO NO NO NO NO NO

Table 12.9: SEF Table 6(a), Memo item: Corrective transactions relating to additions and subtractions

 Additions  Subtractions

Unit type Unit type

AAUs ERUs RMUs CERs tCERs lCERs AAUs ERUs RMUs CERs tCERs lCERs

                       

Table 12.10: SEF Table 6(b), Memo item: corrective transactions relating to replacement

Requirement for 
replacement Replacement

Unit type Unit type

tCERs lCERs AAUs ERUs RMUs CERs tCERs lCERs

               

Table 12.11: SEF Table 6(c), Memo item: Corrective transactions relating to retirement

Retirement

Unit type

AAUs ERUs RMUs CERs tCERs lCERs

           



In
fo

rm
at

io
n 

on
 

Ac
co

un
tin

g 
of

 K
yo

to

102   Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3

12.2 Discrepancies and notifications
Decision 15/CMP.1 annex I.E paragraphs 12-17 require Annex I Parties to report on various possible 
discrepancies and notifications. Australia’s discrepancies and notifications are summarised in Table 12.7.

Table 12.12: Accounting of Kyoto Protocol Units

Annual Submission Item Report

15/CMP.1 annex I.E paragraph 11:

Standard electronic format (SEF)

See section 12.1. The SEF tables have been 
submitted to the UNFCCC.

15/CMP.1 annex I.E paragraph 12:

List of discrepant transaction

Australia had no discrepant transaction for 
the reporting period.

15/CMP.1 annex I.E paragraph 13 & 14:

List of CDM notifications

Australia did not receive any CDM 
notifications.

15/CMP.1 annex I.E paragraph 15:

List of non-replacements
Australia had no non-replacements.

15/CMP.1 annex I.E paragraph 16:

List of invalid units
Australia had no invalid units.

15/CMP.1 annex I.E paragraph 17:

Actions and changes to address 
discrepancies

None required.

15/CMP.1 annex I.E paragraph 18:

Commitment period reserve calculation
See section 12.4

12.3 Publically Accessible Information
Public information is available https://nationalregistry.cleanenergyregulator.gov.au/report/listPublicReports under 
the Public Reports facility. Please note that Personal information of Account Representatives, including their 
identification numbers, names, addresses, email and phone and fax numbers, is confidential and is not published, 
in accordance with Decision 13/CMP.1 Paragraph 44 of the Conference of the Parties to the Kyoto Protocol and 
Regulation 50 of the Australian National Registry of Emissions Units Regulations 2011.A full description of the 
information that is available is in Annex 8.

12.4 Calculation of the Commitment Period Reserve
The Annex to Decision 11/CMP.1 (paragraph 6) specifies that: ‘each Party included in Annex I shall maintain, in 
its national registry, a commitment period reserve which should not drop below 90 per cent of the Party’s assigned 
amount calculated pursuant to Article 3, paragraphs 7 and 8 of the Kyoto Protocol, or 100 per cent of five times 
its most recently reviewed inventory, whichever is lowest’.

Australia’s commitment period reserve is 2,661,821,229 tonnes CO2 equivalent calculated as 90% of Australia’s 
assigned amount.

12.5 KP-LULUCF Accounting
Australia has elected to account for the Kyoto Protocol Article 3.3 LULUCF activities on an annual basis. Table 
12.13 shows the accounting quantity for 2008, 2009, 2010, 2011 and 2012.
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13. Changes to the National System
Decision 15/CMP.1 annex I.F paragraph 21 requires Parties to include in the National Inventory Report 
information on any changes that have occurred in its national system compared with its last submission.

Since the 2013 inventory submission there have been some changes to the arrangements for approving the inventory, 
the process for inventory compilation and the QA/QC activities undertaken (see Table 13.1 for more details).

Table 13.1: Change to the national system

Reporting Item Annual Report

15/CMP.1 annex II.E paragraph 30 (a)

Change of name or contact information 

Since the last submission the name of the single 
national entity has changed from the Department  
of Industry, Innovation, Climate Change, Science, 
Research and Tertiary Education to the Department of 
the Environment.

15/CMP.1 annex II.E paragraph 30 (b)

Change of roles and responsibilities as well as change of 
the institutional, legal and procedural arrangements

On 18 September 2013, the Australian Government 
announced changes to the makeup of Australian 
Government Department’s including the incorporation of 
climate change sections of the Department of Industry, 
Innovation, Climate Change, Science, Research and 
Tertiary Education (DIICCSRTE) into the Department of 
the Environment. The DIICCSRTE functions responsible for 
the compilation of the National Inventory have moved in 
their entirety and remain unchanged.

15/CMP.1 annex II.E paragraph 30 (c)

Changes in the process of inventory compilation

Continuing on from the improvements in the 2011-
2013 submissions the process of inventory compilation 
continues to incorporate more facility specific data 
obtained under the National Greenhouse and Energy 
Reporting (NGER) System. Recalculations flowing 
from the change have been identified in the relevant 
chapters of the NIR.

15/CMP.1 annex II.E paragraph 30 (d)

Change of process for key category identification  
and archiving

No change in this submission

15/CMP.1 annex II.E paragraph 30 (e)

Change of process for recalculations
No change in this submission

15/CMP.1 annex II.E paragraph 30 (f )

Changes with regard to QA/QC plan, QA/QC activities 
and procedures

Since the 2013 inventory submission additional QA/QC 
activities and procedures have been implemented as 
identified in the relevant chapters of the NIR.

15/CMP.1 annex II.E paragraph 30 (g)

Change of procedures for the official consideration and 
approval of the inventory

No change in this submission. 
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14. Changes to the National Registry
Under the Kyoto Protocol, Parties are required to put in place a national registry to report annually on 
acquisition, holding, transfer, cancellation, withdrawal and carryover of assigned amount units, removal 
units, emission reduction units and certified emission reductions during the previous year. A full description 
of Australia’s national registry system is presented in Annex 8. Australia’s national registry is referred to as the 
Australian National Registry of Emissions Units (ANREU).

Decision 15/CMP.1 annex I.G paragraph 22 requires Parties to include in the National Inventory Report 
information on any changes that have occurred in its national registry compared with its last submission.

Table 14.1: Change to the national registry

Reporting Item Annual Report

15/CMP.1 annex II.E paragraph 32 (a)

Change of name or contact

No change in this submission

15/CMP.1 annex II.E paragraph 32 (b)

Change of cooperation arrangement

No change in this submission

15/CMP.1 annex II.E paragraph 32 (c)

Change to database or the capacity of National Registry

Version 1.9.1 of the ANREU was released into production 
in October 2013. Apart from the added functionality 
provided for in this release there are no changes to the 
database and capacity of the ANREU. Functionality to 
support the DES requirements remains unchanged.

15/CMP.1 annex II.E paragraph 32 (d)

Change of conformance to technical standards

No change in this submission.

The ANREU web application is based on the RIDGE 
platform which retains, at a minimum, the same 
level of conformance to technical standards as the 
previous version of the ANREU. In addition, the ANREU 
fully supports the revised transaction message flows 
specified by the current version of the Data Exchange 
Standards (DES) for Registry Systems under the Kyoto 
Protocol. In addition, the ANREU is equipped to handle 
transactions and reconciliation events involving 
“large” numbers of unit blocks as verified during the 
coordinated large unit block testing with the ITL.

15/CMP.1 annex II.E paragraph 32 (e)

Change of discrepancies procedures

No change in this submission

15/CMP.1 annex II.E paragraph 32 (f )

Change of Security

No change in this submission.

15/CMP.1 annex II.E paragraph 32 (g)

Change of list of publicly available information

No change in this submission.

Personal information of Account Representatives, 
including their identification numbers, names, 
addresses, email and phone and fax numbers, is 
confidential and is not published, in accordance with 
Decision 13/CMP.1 Paragraph 44 of the Conference 
of the Parties to the Kyoto Protocol and Regulation 
50 of the Australian National Registry of Emissions 
Units Regulations 2011. The non-confidential 
public information can now be found at https://
nationalregistry.cleanenergyregulator.gov.au/report/
listPublicReports under the Public Reports facility. 
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Reporting Item Annual Report

15/CMP.1 annex II.E paragraph 32 (h)

Change of Internet address

No change in this submission.

Australia’s national registry can be found at https://
nationalregistry.cleanenergyregulator.gov.au/.

15/CMP.1 annex II.E paragraph 32 (i)

Change of data integrity measure

No change in this submission.

15/CMP.1 annex II.E paragraph 32 (j)

Change of test results

As part of the readiness for an infrastructure migration 
(anticipated to occur in 1st quarter 2014) Australia has 
undertaken revised “Annex H” testing (December 2013).

Functionality to support the DES requirements however 
remains unchanged.

Response to previous Annual Review recommendations No issues were identified through the 2013 Standard 
Independent Annual Review (SIAR) process.
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15.  Minimization of Adverse Impacts in 
Accordance with Article 3.14

Australia is pleased to provide an update to its last submission and supplementary information on how Australia is 
striving, under Article 3, paragraph 14, of the Kyoto Protocol, to implement its greenhouse gas emission limitation 
and reduction commitments mentioned in Article 3, paragraph 1, of the Kyoto Protocol in such a way as to 
minimize adverse social, environmental and economic impacts on developing country Parties, particularly those 
identified in Article 4, paragraphs 8 and 9, of the United Nations Framework Convention on Climate Change.

Australia is committed to taking cost-effective and practical steps to reduce emissions consistent with our target 
to reduce Australia’s emissions by five per cent on 2000 levels by 2020. Australia’s Emissions Reduction Fund 
will provide incentives for lowest cost emissions reduction activities within the Australian economy. Australia also 
supports international initiatives to advance practical climate action consistent with continued economic growth.

It is accepted that the cost of global climate action is lower than the cost of inaction. It follows that curbing 
emissions and reducing the impact of climate change will have substantial economic, social and environmental 
benefits, particularly for developing countries that are most vulnerable to climate impacts.

Australia cooperates with our neighbours in the Asia-Pacific region and other developing countries to build 
economic resilience. Australia is also undergoing efforts to develop and deploy low emissions technologies, 
including in developing countries. This includes efforts through technology partnerships such as the International 
Partnership for Geothermal Technology, Carbon Sequestration Leadership Forum, Global Methane Initiative and 
Australia-China Joint Coordination Group on Clean Coal Technology; as well as through participation in the 
broad-ranging work programme of the International Renewable Energy Agency which promotes the widespread 
adoption and sustainable use of all forms of renewable energy.
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ANNEX 1: Key category Analysis
A1.1 Convention Accounting
A key category has a significant influence on a country’s total inventory of direct greenhouse gases in terms of 
absolute level of emissions, the trend in emissions, or both. Australia has identified the key sources for the 
UNFCCC inventory using the tier 1 level and trend assessments as recommended in the IPCC Good Practice for 
LULUCF (IPCC 2003). This approach identifies sources that contribute to 95% of the total emissions or 95% of 
the trend of the inventory in absolute terms.

When the LULUCF sector is included in the analysis, Australia has identified public electricity (solid fuel), road 
transportation (liquid fuels) and land converted to grassland as the most significant of the key categories (i.e. 
contributing more than 10% of the level or trend) in 2012. The full results for the 2012 key source analysis are 
reported in Tables A.1.1 to A1.3.

When the LULUCF sector is excluded from the analysis the most significant key categories in 2012 are public 
electricity (solid fuel), road transportation (liquid fuels) and enteric fermentation (sheep). The results of this latter 
analysis are presented in Tables A.1.4 to A.1.6. Table A.1.7 summarises the results of the key category analysis for 
LULUCF categories under KP accounting.

In response to recommendations from the ERT Australia has included a level by source analysis for 1990 in Tables 
A.1.8 and A.1.9.

The Australian analysis has been undertaken using a relatively high degree of disaggregation of sources, which 
permits a greater degree of understanding of Australia’s key categories. Past analyses by the UNFCCC secretariat 
of Australian data, using higher levels of aggregation common in the analyses undertaken by other countries, have 
not produced any important distinctions.

A1.2 Kyoto Protocol LULUCF Activities
The concept of key categories is also used for choosing the good practice estimation methods for emissions and 
removals due to activities under Articles 3.3 and 3.4 of the Kyoto Protocol. The KP-LULUCF key categories have 
been identified as outlined in the IPCC Good Practice for LULUCF (IPCC 2003).

For the Article 3.3 activities Australia has identified both deforestation and afforestation/reforestation as key 
categories. The results in the format of Table NIR 3 are presented in Table A.1.7
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Table A.1.1: Key categories for Australia’s 2012 inventory-level assessment including LULUCF

A B C D E F

IPCC Source Category Gas Base Year 
Estimate

Current 
Year 

Estimate

Level 
Assessment

Cumulative 
Total

1.A.1.a
Public Electricity and Heat 
Production \ Solid Fuels

CO2 117,909 168,912 0.26 0.26

1.A.3.b Road Transportation \ Liquid Fuels CO2 51,840 74,850 0.12 0.38

4.A.1 Enteric Fermentation \ Cattle CH4 39,017 45,423 0.07 0.45

5.C.2 Land converted to Grassland CO2 105,661 30,573 0.05 0.50

5.A.1 Forest Land remaining Forest Land CO2 45,447 23,067 0.04 0.53

1.A.1.a
Public Electricity and Heat 
Production \ Gaseous Fuels

CO2 8,239 21,074 0.03 0.57

1.B.1.a.1.1 Fugitives/Coal Mining/Underground CH4 13,948 15,565 0.02 0.59

1.A.1.c
Manufacture of Solid Fuels  
and Other Energy Industries \ 
Gaseous Fuels

CO2 4,593 14,675 0.02 0.61

5.B.2 Land converted to Cropland CO2 29,883 12,126 0.02 0.63

5.A.2 Land converted to Forest Land CO2 91 11,528 0.02 0.65

4.A.3 Enteric Fermentation \ Sheep CH4 24,595 10,529 0.02 0.67

6.A.1 Managed Waste Disposal on Land CH4 13,188 8,981 0.01 0.68

1.B.1.a.2.1 Fugitives\Coal Mining\Surface mines CH4 2,815 8,567 0.01 0.70

4.E Prescribed Burning of Savannas CH4 4,909 8,454 0.01 0.71

1.A.2.b Non-Ferrous Metals \ Gaseous Fuels CO2 4,140 7,863 0.01 0.72

1.A.4.b Residential \ Gaseous Fuels CO2 4,613 7,714 0.01 0.73

1.A.3.a Civil Aviation \ Liquid Fuels CO2 2,588 7,368 0.01 0.74

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Liquid Fuels

CO2 958 7,011 0.01 0.75

2.C.1.4 Iron and Steel\Coke CO2 9,018 6,577 0.01 0.77

1.A.4.c
Agriculture/Forestry/Fisheries \ 
Liquid Fuels

CO2 3,372 6,140 0.01 0.77

1.A.2.f
Other (please specify ) \ Mining \ 
Liquid Fuels

CO2 1,741 5,888 0.01 0.78

1.A.1.b Petroleum Refining \ Liquid Fuels CO2 4,931 4,220 0.01 0.80

5.G Other (Harvested Wood Products) CO2 5,048 4,169 0.01 0.80

1.A.2.b Non-Ferrous Metals \ Solid Fuels CO2 4,049 4,088 0.01 0.81

2.F.1
Refrigeration and Air  
Conditioning Equipment

HFC-
134a

0 4,037 0.01 0.81

1.A.2.c Chemicals \ Liquid Fuels CO2 3,263 3,904 0.01 0.82

4.D.2 Pasture, Range and Paddock Manure N2O 4,881 3,730 0.01 0.82

4.D.3.1 Atmospheric Deposition N2O 3,150 3,642 0.01 0.83

1.B.2.b.4 Fugitives\Natural Gas\Distribution CH4 4,093 3,620 0.01 0.83

2.A.1 Cement Production CO2 3,463 3,518 0.01 0.84

1.B.2.c.1.2 Venting and Flaring, Venting CO2 1,966 3,319 0.01 0.84

5.A.1 Forest Land remaining Forest Land CH4 1,348 3,284 0.01 0.85

4.E Prescribed Burning of Savannas N2O 1,450 3,261 0.01 0.85
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A B C D E F

IPCC Source Category Gas Base Year 
Estimate

Current 
Year 

Estimate

Level 
Assessment

Cumulative 
Total

2.C.3 Aluminium Production CO2 2,021 3,194 0.00 0.86

2.F.1
Refrigeration and Air  
Conditioning Equipment

HFC-
125

0 3,041 0.00 0.86

5(V)
Forest Land remaining Forest Land \ 
Biomass Burning \ Wildfires

CH4 813 2,961 0.00 0.87

4.D.1.1 Synthetic Fertilizers N2O 1,529 2,844 0.00 0.87

1.A.2.f
Other (please specify ) \ Mineral 
industry \ Gaseous Fuels

CO2 2,950 2,819 0.00 0.88

1.A.3.c Railways \ Liquid Fuels CO2 1,717 2,776 0.00 0.88

1.A.4.a
Commercial/Institutional \  
Gaseous Fuels

CO2 1,811 2,691 0.00 0.89

5.B.1 Cropland remaining Cropland CO2 2,864 2,539 0.00 0.89

4.D.3.2 Nitrogen Leaching and Run-off N2O 2,489 2,534 0.00 0.89

2.B Chemical Industry N2O 1,035 2,504 0.00 0.90

1.B.2.c.2.2 Gas CO2 3,601 2,376 0.00 0.90

1.A.2.b Non-Ferrous Metals \ Liquid Fuels CO2 2,822 2,324 0.00 0.91

1.A.2.f
Other (please specify ) \ Mineral 
industry \ Solid Fuels

CO2 2,168 2,192 0.00 0.91

2.B Chemical Industry CO2 603 2,148 0.00 0.91

1.A.1.a
Public Electricity and Heat 
Production \ Liquid Fuels

CO2 2,878 2,056 0.00 0.92

1.A.4.a
Commercial/Institutional \  
Liquid Fuels

CO2 1,233 1,847 0.00 0.92

2.A.3 Limestone and Dolomite Use CO2 1,345 1,765 0.00 0.92

1.A.1.c
Manufacture of Solid Fuels and 
Other Energy Industries \ Solid Fuels

CO2 2,353 1,676 0.00 0.92

1.A.2.f
Other (please specify ) \ 
Construction \ Liquid Fuels

CO2 2,809 1,513 0.00 0.93

1.A.2.c Chemicals \ Gaseous Fuels CO2 1,441 1,480 0.00 0.93

1.A.3.b Road Transportation \ Liquid Fuels N2O 690 1,476 0.00 0.93

1.A.2.e
Food Processing, Beverages and 
Tobacco \ Gaseous Fuels

CO2 1,246 1,468 0.00 0.93

1.A.2.a Iron and Steel \ Gaseous Fuels CO2 1,383 1,437 0.00 0.93

5.G Agricultural Liming CO2 170 1,419 0.00 0.94

5.C.1 Grassland remaining Grassland CO2 35,779 1,405 0.00 0.94

1.B.1.a.1.1 Fugitives/Coal Mining/Underground CO2 1,122 1,253 0.00 0.94

4.D.1.4 Crop Residue N2O 534 1,123 0.00 0.94

1.B.2.c.1.2 Venting and Flaring, Venting CH4 1,734 1,087 0.00 0.94

1.A.3.d
Navigation \ Liquid Fuels \ Gas/
Diesel Oil

CO2 174 1,085 0.00 0.95

1.A.3.d Navigation \ Liquid Fuels \ Gasoline CO2 901 1,047 0.00 0.95

4.B.8 Manure Management \ Swine CH4 1,050 1,036 0.00 0.95
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Table A.1.2: Key categories for Australia’s 2012 inventory—trend assessment including LULUCF

A B C D E F G

IPCC Source Categories Gas Base Year 
Estimate

Current 
Year 

Estimate

Trend 
Assessment

% 
Contribution 

to Trend

Cumulative 
Total of 

Column F

5.C.2
Land converted to 
Grassland

CO2 105,661 30,573 0.13 0.20 0.20

1.A.1.a
Public Electricity and 
Heat Production \ 
Solid Fuels

CO2 117,909 168,912 0.08 0.12 0.32

5.C.1
Grassland remaining 
Grassland

CO2 35,779 1,405 0.06 0.09 0.42

5.A.1
Forest Land remaining 
Forest Land

CO2 45,447 23,067 0.04 0.06 0.48

1.A.3.b
Road Transportation \ 
Liquid Fuels

CO2 51,840 74,850 0.04 0.06 0.53

5.B.2
Land converted to 
Cropland

CO2 29,883 12,126 0.03 0.05 0.58

4.A.3
Enteric Fermentation 
\ Sheep

CH4 24,595 10,529 0.03 0.04 0.62

1.A.1.a
Public Electricity and 
Heat Production \ 
Gaseous Fuels

CO2 8,239 21,074 0.02 0.03 0.65

5.A.2
Land converted to 
Forest Land

CO2 91 11,528 0.02 0.03 0.68

1.A.1.c

Manufacture of Solid 
Fuels and Other 
Energy Industries \ 
Gaseous Fuels

CO2 4,593 14,675 0.02 0.03 0.71

1.A.1.c

Manufacture of Solid 
Fuels and Other 
Energy Industries \ 
Liquid Fuels

CO2 958 7,011 0.01 0.02 0.72

1.B.1.a.2.1
Fugitives\Coal 
Mining\Surface mines

CH4 2,815 8,567 0.01 0.01 0.74

4.A.1
Enteric Fermentation 
\ Cattle

CH4 39,017 45,423 0.01 0.01 0.75

1.A.3.a
Civil Aviation \  
Liquid Fuels

CO2 2,588 7,368 0.01 0.01 0.76

6.A.1
Managed Waste 
Disposal on Land

CH4 13,188 8,981 0.01 0.01 0.78

1.A.2.f
Other (please specify 
) \ Mining \ Liquid 
Fuels

CO2 1,741 5,888 0.01 0.01 0.80

2.F.1
Refrigeration and 
Air Conditioning 
Equipment

HFC-
134a

0 4,037 0.01 0.01 0.80

1.A.2.b
Non-Ferrous Metals \ 
Gaseous Fuels

CO2 4,140 7,863 0.01 0.01 0.81

4.E
Prescribed Burning of 
Savannas

CH4 4,909 8,454 0.01 0.01 0.82
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A B C D E F G

IPCC Source Categories Gas Base Year 
Estimate

Current 
Year 

Estimate

Trend 
Assessment

% 
Contribution 

to Trend

Cumulative 
Total of 

Column F

2.C.3
Aluminium 
Production

CH4 3,337 220 0.01 0.01 0.82

2.F.1
Refrigeration and 
Air Conditioning 
Equipment

HFC-
125

0 3,041 0.01 0.01 0.83

1.A.4.b
Residential \  
Gaseous Fuels

CO2 4,613 7,714 0.01 0.01 0.84

2.C.1.4 Iron and Steel\Coke CO2 9,018 6,577 0.00 0.01 0.85

1.A.4.c
Agriculture/Forestry/
Fisheries \ Liquid 
Fuels

CO2 3,372 6,140 0.00 0.01 0.85

5.C.2
Land converted to 
Grassland

CH4 2,588 484 0.00 0.01 0.86

5(V)

Forest Land 
remaining Forest 
Land \ Biomass 
Burning \ Wildfires

CH4 813 2,961 0.00 0.01 0.86

5.A.1
Forest Land remaining 
Forest Land

CH4 1,348 3,284 0.00 0.00 0.87

4.E
Prescribed Burning  
of Savannas

N2O 1,450 3,261 0.00 0.00 0.87

2.B Chemical Industry CO2 603 2,148 0.00 0.00 0.88

2.B Chemical Industry N2O 1,035 2,504 0.00 0.00 0.88

1.A.2.f
Other (please specify) 
\ Construction \ 
Liquid Fuels

CO2 2,809 1,513 0.00 0.00 0.89

1.B.2.c.2.2 Gas CO2 3,601 2,376 0.00 0.00 0.89

1.B.2.c.1.2
Venting and  
Flaring, Venting

CO2 1,966 3,319 0.00 0.00 0.89

4.D.2
Pasture, Range and 
Paddock Manure

N2O 4,881 3,730 0.00 0.00 0.90

4.D.1.1 Synthetic Fertilizers N2O 1,529 2,844 0.00 0.00 0.90

5.G Agricultural Liming CO2 170 1,419 0.00 0.00 0.90

1.A.4.b Residential \ Biomass CH4 2,018 843 0.00 0.00 0.90

1.B.1.a.1.1
Fugitives/Coal 
Mining/Underground

CH4 13,948 15,565 0.00 0.00 0.91

2.E.1.1
Production of  
HCFC-22

HFC-
23

1,126 0 0.00 0.00 0.91

2.C.3
Aluminium 
Production

CO2 2,021 3,194 0.00 0.00 0.91

1.A.3.d
Navigation \ Liquid 
Fuels \ Residual Oil

CO2 1,369 359 0.00 0.00 0.92

5.G
Other (Harvested 
Wood Products)

CO2 5,048 4,169 0.00 0.00 0.92

1.A.3.c
Railways \ Liquid 
Fuels

CO2 1,717 2,776 0.00 0.00 0.92
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IPCC Source Categories Gas Base Year 
Estimate

Current 
Year 

Estimate

Trend 
Assessment

% 
Contribution 

to Trend

Cumulative 
Total of 

Column F

6.B.1
Industrial Wastewater 
\ Wastewater

CH4 1,926 974 0.00 0.00 0.92

1.A.1.a
Public Electricity and 
Heat Production \ 
Liquid Fuels

CO2 2,878 2,056 0.00 0.00 0.93

1.A.3.d
Navigation \ Liquid 
Fuels \ Gas/Diesel Oil

CO2 174 1,085 0.00 0.00 0.93

1.B.2.c.2.2 Gas CH4 944 88 0.00 0.00 0.93

1.A.1.b
Petroleum Refining \ 
Liquid Fuels

CO2 4,931 4,220 0.00 0.00 0.93

1.A.4.a
Commercial/
Institutional \ 
Gaseous Fuels

CO2 1,811 2,691 0.00 0.00 0.94

1.A.3.b
Road Transportation \ 
Liquid Fuels

N2O 690 1,476 0.00 0.00 0.94

1.A.1.c

Manufacture of Solid 
Fuels and Other 
Energy Industries \ 
Solid Fuels

CO2 2,353 1,676 0.00 0.00 0.94

4.B.13
Manure Management 
\ Solid storage and 
dry lot

N2O 202 933 0.00 0.00 0.94

1.B.2.b.1 Exploration CH4 105 808 0.00 0.00 0.94

1.B.2.c.1.2
Venting and Flaring, 
Venting

CH4 1,734 1,087 0.00 0.00 0.95

1.B.2.c.2.1 Oil CO2 0 635 0.00 0.00 0.95

1.A.2.c
Chemicals \  
Solid Fuels

CO2 861 266 0.00 0.00 0.95

2.C.3
Aluminium 
Production

C2F6 613 34 0.00 0.00 0.95
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Table A.1.3: Key categories for Australia’s 2012 inventory—summary including LULUCF

A B C D

IPCC Source Categories
Direct 

Greenhouse 
Gas

Key Source 
Category Flag

If Column C is 
Yes, Criteria for 
Identification

1.A.1.a
Public Electricity and Heat Production \ 
Solid Fuels

CO2 YES Level, Trend

1.A.1.a
Public Electricity and Heat Production \ 
Gaseous Fuels

CO2 YES Level, Trend

1.A.1.a
Public Electricity and Heat Production \ 
Liquid Fuels

CO2 YES Level, Trend

1.A.1.b Petroleum Refining \ Liquid Fuels CO2 YES Level, Trend

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Gaseous Fuels

CO2 YES Level, Trend

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Liquid Fuels

CO2 YES Level, Trend

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Solid Fuels

CO2 YES Level, Trend

1.A.2.a Iron and Steel \ Gaseous Fuels CO2 YES Level

1.A.2.b Non-Ferrous Metals \ Gaseous Fuels CO2 YES Level, Trend

1.A.2.b Non-Ferrous Metals \ Solid Fuels CO2 YES Level

1.A.2.b Non-Ferrous Metals \ Liquid Fuels CO2 YES Level

1.A.2.c Chemicals \ Liquid Fuels CO2 YES Level

1.A.2.c Chemicals \ Gaseous Fuels CO2 YES Level

1.A.2.c Chemicals \ Solid Fuels CO2 YES Trend

1.A.2.e
Food Processing, Beverages and Tobacco \ 
Gaseous Fuels

CO2 YES Level

1.A.2.f
Other (please specify ) \ Mining \  
Liquid Fuels

CO2 YES Level, Trend

1.A.2.f
Other (please specify) \ Mineral industry \ 
Gaseous Fuels

CO2 YES Level

1.A.2.f
Other (please specify) \ Mineral industry \ 
Solid Fuels

CO2 YES Level

1.A.2.f
Other (please specify) \ Construction \ 
Liquid Fuels

CO2 YES Level, Trend

1.A.3.a Civil Aviation \ Liquid Fuels CO2 YES Level, Trend

1.A.3.b Road Transportation \ Liquid Fuels CO2 YES Level, Trend

1.A.3.b Road Transportation \ Liquid Fuels N2O YES Level, Trend

1.A.3.c Railways \ Liquid Fuels CO2 YES Level, Trend

1.A.3.d Navigation \ Liquid Fuels \ Gas/Diesel Oil CO2 YES Level, Trend

1.A.3.d Navigation \ Liquid Fuels \ Gasoline CO2 YES Level

1.A.3.d Navigation \ Liquid Fuels \ Residual Oil CO2 YES Trend

1.A.4.a Commercial/Institutional \ Gaseous Fuels CO2 YES Level, Trend

1.A.4.a Commercial/Institutional \ Liquid Fuels CO2 YES Level

1.A.4.b Residential \ Gaseous Fuels CO2 YES Level, Trend

1.A.4.b Residential \ Biomass CH4 YES Trend

1.A.4.c Agriculture/Forestry/Fisheries \ Liquid Fuels CO2 YES Level, Trend

1.B.1.a.1.1 Fugitives/Coal Mining/Underground CH4 YES Level, Trend

1.B.1.a.2.1 Fugitives\Coal Mining\Surface mines CH4 YES Level, Trend

1.B.2.b.1 Exploration CH4 YES Trend
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A B C D

IPCC Source Categories
Direct 

Greenhouse 
Gas

Key Source 
Category Flag

If Column C is 
Yes, Criteria for 
Identification

1.B.2.b.4 Fugitives\Natural Gas\Distribution CH4 YES Level

1.B.2.c.1.2 Venting and Flaring, Venting CO2 YES Level, Trend

1.B.2.c.1.2 Venting and Flaring, Venting CH4 YES Level, Trend

1.B.2.c.2.1 Oil CO2 YES Trend

1.B.2.c.2.2 Gas CO2 YES Level, Trend

1.B.2.c.2.2 Gas CH4 YES Trend

2.A.1 Cement Production CO2 YES Level

2.A.3 Limestone and Dolomite Use CO2 YES Level

2.B Chemical Industry CO2 YES Level, Trend

2.B Chemical Industry N2O YES Level, Trend

2.C.1.4 Iron and Steel\Coke CO2 YES Level, Trend

2.C.3 Aluminium Production CO2 YES Level, Trend

2.C.3 Aluminium Production CH4 YES Trend

2.C.3 Aluminium Production C2F6 YES Trend

2.E.1.1 Production of HCFC-22 HFC-23 YES Trend

2.F.1
Refrigeration and Air Conditioning 
Equipment

HFC-134a YES Level, Trend

2.F.1
Refrigeration and Air Conditioning 
Equipment

HFC-125 YES Level, Trend

4.A.1 Enteric Fermentation \ Cattle CH4 YES Level, Trend

4.A.3 Enteric Fermentation \ Sheep CH4 YES Level, Trend

4.B.13
Manure Management \ Solid storage  
and dry lot

N2O YES Trend

4.B.8 Manure Management \ Swine CH4 YES Level

4.D.1.1 Synthetic Fertilizers N2O YES Level, Trend

4.D.1.4 Crop Residue N2O YES Level

4.D.2 Pasture, Range and Paddock Manure N2O YES Level, Trend

4.D.3.1 Atmospheric Deposition N2O YES Level

4.D.3.2 Nitrogen Leaching and Run-off N2O YES Level

4.E Prescribed Burning of Savannas CH4 YES Level, Trend

4.E Prescribed Burning of Savannas N2O YES Level, Trend

5.A.1 Forest Land remaining Forest Land CO2 YES Level, Trend

5.A.1 Forest Land remaining Forest Land CH4 YES Level, Trend

5.A.2 Land converted to Forest Land CO2 YES Level, Trend

5.B.1 Cropland remaining Cropland CO2 YES Level

5.B.2 Land converted to Cropland CO2 YES Level, Trend

5.C.1 Grassland remaining Grassland CO2 YES Level, Trend

5.C.2 Land converted to Grassland CO2 YES Level, Trend

5.C.2 Land converted to Grassland CH4 YES Trend

5.G Other (Harvested Wood Products) CO2 YES Level, Trend

5.G Agricultural Liming CO2 YES Level, Trend

5(V)
Forest Land remaining Forest Land \ 
Biomass Burning \ Wildfires

CH4 YES Level, Trend

6.A.1 Managed Waste Disposal on Land CH4 YES Level, Trend

6.B.1 Industrial Wastewater \ Wastewater CH4 YES Trend
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Table A.1.4: Key categories for Australia’s 2012 inventory-level assessment excluding LULUCF

A B C D E F

IPCC Source Category Gas Base Year 
Estimate

Current 
Year 

Estimate

Level 
Assessment

Cumulative 
Total

1.A.1.a
Public Electricity and Heat 
Production \ Solid Fuels

CO2 117,909 168,912 0.31 0.31

1.A.3.b Road Transportation \ Liquid Fuels CO2 51,840 74,850 0.14 0.45

4.A.1 Enteric Fermentation \ Cattle CH4 39,017 45,423 0.08 0.53

1.A.1.a
Public Electricity and Heat 
Production \ Gaseous Fuels

CO2 8,239 21,074 0.04 0.57

1.B.1.a.1.1 Fugitives/Coal Mining/Underground CH4 13,948 15,565 0.03 0.60

1.A.1.c
Manufacture of Solid Fuels  
and Other Energy Industries \ 
Gaseous Fuels

CO2 4,593 14,675 0.03 0.63

4.A.3 Enteric Fermentation \ Sheep CH4 24,595 10,529 0.02 0.65

6.A.1 Managed Waste Disposal on Land CH4 13,188 8,981 0.02 0.66

1.B.1.a.2.1 Fugitives\Coal Mining\Surface mines CH4 2,815 8,567 0.02 0.68

4.E Prescribed Burning of Savannas CH4 4,909 8,454 0.02 0.69

1.A.2.b Non-Ferrous Metals \ Gaseous Fuels CO2 4,140 7,863 0.01 0.71

1.A.4.b Residential \ Gaseous Fuels CO2 4,613 7,714 0.01 0.72

1.A.3.a Civil Aviation \ Liquid Fuels CO2 2,588 7,368 0.01 0.74

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Liquid Fuels

CO2 958 7,011 0.01 0.75

2.C.1.4 Iron and Steel\Coke CO2 9,018 6,577 0.01 0.76

1.A.4.c
Agriculture/Forestry/Fisheries \ 
Liquid Fuels

CO2 3,372 6,140 0.01 0.77

1.A.2.f
Other (please specify ) \ Mining \ 
Liquid Fuels

CO2 1,741 5,888 0.01 0.78

1.A.1.b Petroleum Refining \ Liquid Fuels CO2 4,931 4,220 0.01 0.80

1.A.2.b Non-Ferrous Metals \ Solid Fuels CO2 4,049 4,088 0.01 0.81

2.F.1
Refrigeration and Air  
Conditioning Equipment

HFC-
134a

0 4,037 0.01 0.81

1.A.2.c Chemicals \ Liquid Fuels CO2 3,263 3,904 0.01 0.81

4.D.2 Pasture, Range and Paddock Manure N2O 4,881 3,730 0.01 0.82

4.D.3.1 Atmospheric Deposition N2O 3,150 3,642 0.01 0.83

1.B.2.b.4 Fugitives\Natural Gas\Distribution CH4 4,093 3,620 0.01 0.83

2.A.1 Cement Production CO2 3,463 3,518 0.01 0.84

1.B.2.c.1.2 Venting and Flaring, Venting CO2 1,966 3,319 0.01 0.85

4.E Prescribed Burning of Savannas N2O 1,450 3,261 0.01 0.85

2.C.3 Aluminium Production CO2 2,021 3,194 0.01 0.86

2.F.1
Refrigeration and Air  
Conditioning Equipment

HFC-
125

0 3,041 0.01 0.86

4.D.1.1 Synthetic Fertilizers N2O 1,529 2,844 0.01 0.87

1.A.2.f
Other (please specify ) \ Mineral 
industry \ Gaseous Fuels

CO2 2,950 2,819 0.01 0.87

1.A.3.c Railways \ Liquid Fuels CO2 1,717 2,776 0.01 0.88
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A B C D E F

IPCC Source Category Gas Base Year 
Estimate

Current 
Year 

Estimate

Level 
Assessment

Cumulative 
Total

1.A.4.a
Commercial/Institutional \  
Gaseous Fuels

CO2 1,811 2,691 0.00 0.88

4.D.3.2 Nitrogen Leaching and Run-off N2O 2,489 2,534 0.00 0.89

2.B Chemical Industry N2O 1,035 2,504 0.00 0.89

1.B.2.c.2.2 Gas CO2 3,601 2,376 0.00 0.90

1.A.2.b Non-Ferrous Metals \ Liquid Fuels CO2 2,822 2,324 0.00 0.90

1.A.2.f
Other (please specify ) \ Mineral 
industry \ Solid Fuels

CO2 2,168 2,192 0.00 0.91

2.B Chemical Industry CO2 603 2,148 0.00 0.91

1.A.1.a
Public Electricity and Heat 
Production \ Liquid Fuels

CO2 2,878 2,056 0.00 0.91

1.A.4.a
Commercial/Institutional \  
Liquid Fuels

CO2 1,233 1,847 0.00 0.92

2.A.3 Limestone and Dolomite Use CO2 1,345 1,765 0.00 0.92

1.A.1.c
Manufacture of Solid Fuels and 
Other Energy Industries \ Solid Fuels

CO2 2,353 1,676 0.00 0.92

1.A.2.f
Other (please specify ) \ 
Construction \ Liquid Fuels

CO2 2,809 1,513 0.00 0.93

1.A.2.c Chemicals \ Gaseous Fuels CO2 1,441 1,480 0.00 0.93

1.A.3.b Road Transportation \ Liquid Fuels N2O 690 1,476 0.00 0.93

1.A.2.e
Food Processing, Beverages and 
Tobacco \ Gaseous Fuels

CO2 1,246 1,468 0.00 0.93

1.A.2.a Iron and Steel \ Gaseous Fuels CO2 1,383 1,437 0.00 0.94

1.B.1.a.1.1 Fugitives/Coal Mining/Underground CO2 1,122 1,253 0.00 0.94

4.D.1.4 Crop Residue N2O 534 1,123 0.00 0.94

1.B.2.c.1.2 Venting and Flaring, Venting CH4 1,734 1,087 0.00 0.94

1.A.3.d
Navigation \ Liquid Fuels \ Gas/
Diesel Oil

CO2 174 1,085 0.00 0.95

1.A.3.d Navigation \ Liquid Fuels \ Gasoline CO2 901 1,047 0.00 0.95

4.B.8 Manure Management \ Swine CH4 1,050 1,036 0.00 0.95
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Table A.1.5: Key categories for Australia’s 2012 inventory—trend assessment excluding LULUCF

A B C D E F G

IPCC Source Categories
Gas Base Year 

Estimate

Current 
Year 

Estimate

Trend 
Assessment

% 
Contribution 

to Trend

Cumulative 
Total of 

Column F

4.A.3
Enteric Fermentation 
\ Sheep

CH4 24,595 10,529 0.03 0.12 0.12

1.A.1.a
Public Electricity and 
Heat Production \ 
Solid Fuels

CO2 117,909 168,912 0.02 0.08 0.20

1.A.1.a
Public Electricity and 
Heat Production \ 
Gaseous Fuels

CO2 8,239 21,074 0.01 0.06 0.26

1.A.1.c

Manufacture of Solid 
Fuels and Other 
Energy Industries \ 
Gaseous Fuels

CO2 4,593 14,675 0.01 0.05 0.31

6.A.1
Managed Waste 
Disposal on Land

CH4 13,188 8,981 0.01 0.05 0.35

1.A.3.b
Road Transportation \ 
Liquid Fuels

CO2 51,840 74,850 0.01 0.04 0.39

1.A.1.c

Manufacture of Solid 
Fuels and Other 
Energy Industries \ 
Liquid Fuels

CO2 958 7,011 0.01 0.03 0.43

4.A.1
Enteric Fermentation 
\ Cattle

CH4 39,017 45,423 0.01 0.03 0.46

2.C.1.4 Iron and Steel\Coke CO2 9,018 6,577 0.01 0.03 0.49

1.B.1.a.2.1
Fugitives\Coal Mining\
Surface mines

CH4 2,815 8,567 0.01 0.03 0.51

2.C.3 Aluminium Production CF4 3,337 220 0.01 0.02 0.56

2.F.1
Refrigeration and 
Air Conditioning 
Equipment

HFC-
134a

0 4,037 0.01 0.02 0.56

1.A.3.a
Civil Aviation \ Liquid 
Fuels

CO2 2,588 7,368 0.01 0.02 0.58

1.A.2.f
Other (please specify) 
\ Mining \ Liquid Fuels

CO2 1,741 5,888 0.01 0.02 0.60

2.F.1
Refrigeration and 
Air Conditioning 
Equipment

HFC-
125

0 3,041 0.00 0.02 0.62

1.B.1.a.1.1
Fugitives/Coal Mining/
Underground

CH4 13,948 15,565 0.00 0.02 0.64

4.D.2
Pasture, Range and 
Paddock Manure

N2O 4,881 3,730 0.00 0.01 0.65

1.A.2.b
Non-Ferrous Metals \ 
Gaseous Fuels

CO2 4,140 7,863 0.00 0.01 0.67

1.B.2.c.2.2 Gas CO2 3,601 2,376 0.00 0.01 0.68

1.A.1.b
Petroleum Refining \ 
Liquid Fuels

CO2 4,931 4,220 0.00 0.01 0.69
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IPCC Source Categories
Gas Base Year 

Estimate

Current 
Year 

Estimate

Trend 
Assessment

% 
Contribution 

to Trend

Cumulative 
Total of 

Column F

1.A.2.f
Other (please specify ) 
\ Construction \ Liquid 
Fuels

CO2 2,809 1,513 0.00 0.01 0.70

4.E
Prescribed Burning of 
Savannas

CH4 4,909 8,454 0.00 0.01 0.71

1.A.4.b Residential \ Biomass CH4 2,018 843 0.00 0.01 0.72

1.B.2.b.4
Fugitives\Natural Gas\
Distribution

CH4 4,093 3,620 0.00 0.01 0.73

1.A.4.c
Agriculture/Forestry/
Fisheries \ Liquid Fuels

CO2 3,372 6,140 0.00 0.01 0.74

1.A.1.a
Public Electricity and 
Heat Production \ 
Liquid Fuels

CO2 2,878 2,056 0.00 0.01 0.75

1.A.4.b
Residential \  
Gaseous Fuels

CO2 4,613 7,714 0.00 0.01 0.76

6.B.1
Industrial Wastewater 
\ Wastewater

CH4 1,926 974 0.00 0.01 0.77

2.E.1.1
Production of  
HCFC-22

HFC-
23

1,126 0 0.00 0.01 0.78

1.A.3.d
Navigation \ Liquid 
Fuels \ Residual Oil

CO2 1,369 359 0.00 0.01 0.79

1.A.1.c

Manufacture of Solid 
Fuels and Other 
Energy Industries \ 
Solid Fuels

CO2 2,353 1,676 0.00 0.01 0.80

1.A.2.b
Non-Ferrous Metals \ 
Liquid Fuels

CO2 2,822 2,324 0.00 0.01 0.80

4.E
Prescribed Burning of 
Savannas

N2O 1,450 3,261 0.00 0.01 0.81

2.B Chemical Industry CO2 603 2,148 0.00 0.01 0.82

1.A.2.b
Non-Ferrous Metals \ 
Solid Fuels

CO2 4,049 4,088 0.00 0.01 0.83

1.B.2.c.1.2
Venting and Flaring, 
Venting

CH4 1,734 1,087 0.00 0.01 0.83

1.B.2.c.2.2 Gas CH4 944 88 0.00 0.01 0.84

2.B Chemical Industry N2O 1,035 2,504 0.00 0.01 0.84

1.A.2.f
Other (please specify) 
\ Mineral industry \ 
Gaseous Fuels

CO2 2,950 2,819 0.00 0.01 0.85

2.A.1 Cement Production CO2 3,463 3,518 0.00 0.01 0.86

1.A.2.a
Iron and Steel \ Solid 
Fuels

CO2 1,196 699 0.00 0.00 0.86

1.A.2.c Chemicals \ Solid Fuels CO2 861 266 0.00 0.00 0.87

1.A.3.d
Navigation \ Liquid 
Fuels \ Gas/Diesel Oil

CO2 174 1,085 0.00 0.00 0.87

4.D.1.1 Synthetic Fertilizers N2O 1,529 2,844 0.00 0.00 0.88
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A B C D E F G

IPCC Source Categories
Gas Base Year 

Estimate

Current 
Year 

Estimate

Trend 
Assessment

% 
Contribution 

to Trend

Cumulative 
Total of 

Column F

1.A.2.f
Other (please specify ) 
\ Other non-specified \ 
Gaseous Fuels

CO2 1,046 552 0.00 0.00 0.88

1.A.2.f
Other (please specify ) 
\ Mining \ Solid Fuels

CO2 658 85 0.00 0.00 0.88

2.C.3 Aluminium Production C2F6 613 34 0.00 0.00 0.89

1.A.4.b
Residential \ Liquid 
Fuels

CO2 1,306 967 0.00 0.00 0.89

1.B.2.c.1.2
Venting and Flaring, 
Venting

CO2 1,966 3,319 0.00 0.00 0.90

4.D.3.2
Nitrogen Leaching 
and Run-off

N2O 2,489 2,534 0.00 0.00 0.90

1.B.2.b.1 Exploration CH4 105 808 0.00 0.00 0.91

4.B.13
Manure Management 
\ Solid storage and 
dry lot

N2O 202 933 0.00 0.00 0.91

1.A.2.f
Other (please specify 
) \ Mineral industry \ 
Solid Fuels

CO2 2,168 2,192 0.00 0.00 0.91

1.A.4.a
Commercial/
Institutional \ Solid 
Fuels

CO2 512 36 0.00 0.00 0.92

1.B.2.c.2.1 Oil CO2 0 635 0.00 0.00 0.92

1.A.2.e
Food Processing, 
Beverages and 
Tobacco \ Solid Fuels

CO2 1,190 945 0.00 0.00 0.92

1.A.3.b
Road Transportation \ 
Liquid Fuels

N2O 690 1,476 0.00 0.00 0.93

2.C.3 Aluminium Production CO2 2,021 3,194 0.00 0.00 0.93

1.A.3.c Railways \ Liquid Fuels CO2 1,717 2,776 0.00 0.00 0.93

4.D.3.1
Atmospheric 
Deposition

N2O 3,150 3,642 0.00 0.00 0.93

2.B Chemical Industry CO2 407 994 0.00 0.00 0.94

4.D.1.4 Crop Residue N2O 534 1,123 0.00 0.00 0.94

2.F.1
Refrigeration and 
Air Conditioning 
Equipment

HFC-
143a

0 415 0.00 0.00 0.94

1.A.2.c
Chemicals \ Gaseous 
Fuels

CO2 1,441 1,480 0.00 0.00 0.94

6.B.2.1

Domestic and 
Commercial (w/o 
human sewage) \ 
Sludge

CH4 871 749 0.00 0.00 0.95

1.A.3.b
Road Transportation \ 
Liquid Fuels

CH4 467 222 0.00 0.00 0.95
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Table A.1.6: Key categories for Australia’s 2012 inventory—summary excluding LULUCF

A B C D

IPCC Source Categories  Gas Key Source 
Category Flag

If Colum C is 
Yes, Criteria for 
Identification

1.A.1.a
Public Electricity and Heat Production \ 
Solid Fuels

CO2 YES Level, Trend

1.A.1.a
Public Electricity and Heat Production \ 
Gaseous Fuels

CO2 YES Level, Trend

1.A.1.a
Public Electricity and Heat Production \ 
Liquid Fuels

CO2 YES Level, Trend

1.A.1.b Petroleum Refining \ Liquid Fuels CO2 YES Level, Trend

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Gaseous Fuels

CO2 YES Level, Trend

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Liquid Fuels

CO2 YES Level, Trend

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Solid Fuels

CO2 YES Level, Trend

1.A.2.a Iron and Steel \ Gaseous Fuels CO2 YES Level

1.A.2.a Iron and Steel \ Solid Fuels CO2 YES Trend

1.A.2.b Non-Ferrous Metals \ Gaseous Fuels CO2 YES Level, Trend

1.A.2.b Non-Ferrous Metals \ Solid Fuels CO2 YES Level, Trend

1.A.2.b Non-Ferrous Metals \ Liquid Fuels CO2 YES Level, Trend

1.A.2.c Chemicals \ Liquid Fuels CO2 YES Level

1.A.2.c Chemicals \ Gaseous Fuels CO2 YES Level, Trend

1.A.2.c Chemicals \ Solid Fuels CO2 YES Trend

1.A.2.e
Food Processing, Beverages and  
Tobacco \ Gaseous Fuels

CO2 YES Level

1.A.2.e
Food Processing, Beverages and  
Tobacco \ Solid Fuels

CO2 YES Trend

1.A.2.f
Other (please specify) \ Mining \  
Liquid Fuels

CO2 YES Level, Trend

1.A.2.f
Other (please specify) \ Mineral industry 
\ Gaseous Fuels

CO2 YES Level, Trend

1.A.2.f
Other (please specify) \ Mineral industry 
\ Solid Fuels

CO2 YES Level, Trend

1.A.2.f
Other (please specify) \ Construction \ 
Liquid Fuels

CO2 YES Level, Trend

1.A.2.f
Other (please specify ) \ Other  
non-specified \ Gaseous Fuels

CO2 YES Trend

1.A.2.f
Other (please specify) \ Mining \  
Solid Fuels

CO2 YES Trend

1.A.3.a Civil Aviation \ Liquid Fuels CO2 YES Level, Trend

1.A.3.b Road Transportation \ Liquid Fuels CO2 YES Level, Trend

1.A.3.b Road Transportation \ Liquid Fuels CH4 YES Trend

1.A.3.b Road Transportation \ Liquid Fuels N2O YES Level, Trend

1.A.3.c Railways \ Liquid Fuels CO2 YES Level, Trend

1.A.3.d Navigation \ Liquid Fuels \ Gas/Diesel Oil CO2 YES Level, Trend



A
nn

ex
es

122   Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3

A B C D

IPCC Source Categories  Gas Key Source 
Category Flag

If Colum C is 
Yes, Criteria for 
Identification

1.A.3.d Navigation \ Liquid Fuels \ Gasoline CO2 YES Level

1.A.3.d Navigation \ Liquid Fuels \ Residual Oil CO2 YES Trend

1.A.4.a Commercial/Institutional \ Gaseous Fuels CO2 YES Level

1.A.4.a Commercial/Institutional \ Liquid Fuels CO2 YES Level

1.A.4.a Commercial/Institutional \ Solid Fuels CO2 YES Trend

1.A.4.b Residential \ Gaseous Fuels CO2 YES Level, Trend

1.A.4.b Residential \ Biomass CH4 YES Trend

1.A.4.b Residential \ Liquid Fuels CO2 YES Trend

1.A.4.c
Agriculture/Forestry/Fisheries \  
Liquid Fuels

CO2 YES Level, Trend

1.B.1.a.1.1 Fugitives/Coal Mining/Underground CH4 YES Level, Trend

1.B.1.a.1.1 Fugitives/Coal Mining/Underground CO2 YES Level

1.B.1.a.2.1 Fugitives\Coal Mining\Surface mines CH4 YES Level, Trend

1.B.2.b.1 Exploration CH4 YES Trend

1.B.2.b.4 Fugitives\Natural Gas\Distribution CH4 YES Level, Trend

1.B.2.c.1.2 Venting and Flaring, Venting CO2 YES Level, Trend

1.B.2.c.1.2 Venting and Flaring, Venting CH4 YES Level, Trend

1.B.2.c.2.1 Oil CO2 YES Trend

1.B.2.c.2.2 Gas CO2 YES Level, Trend

1.B.2.c.2.2 Gas CH4 YES Level, Trend

2.A.1 Cement Production CO2 YES Level, Trend

2.A.3 Limestone and Dolomite Use CO2 YES Level

2.B Chemical Industry CO2 YES Level, Trend

2.B Chemical Industry N2O YES Level, Trend

2.B Chemical Industry CO2 YES Trend

2.C.1.4 Iron and Steel\Coke CO2 YES Level, Trend

2.C.3 Aluminium Production CO2 YES Level, Trend

2.C.3 Aluminium Production CF4 YES Trend

2.C.3 Aluminium Production C2F6 YES Trend

2.E.1.1 Production of HCFC-22 HFC-23 YES Trend

2.F.1
Refrigeration and Air  
Conditioning Equipment

HFC-134a YES Level, Trend

2.F.1
Refrigeration and Air  
Conditioning Equipment

HFC-125 YES Level, Trend

2.F.1
Refrigeration and Air  
Conditioning Equipment

HFC-143a YES Trend

4.A.1 Enteric Fermentation \ Cattle CH4 YES Level, Trend

4.A.3 Enteric Fermentation \ Sheep CH4 YES Level, Trend

4.B.13
Manure Management \ Solid storage 
and dry lot

N2O YES Trend

4.B.8 Manure Management \ Swine CH4 YES Level, Trend

4.D.1.1 Synthetic Fertilizers N2O YES Level, Trend
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A B C D

IPCC Source Categories  Gas Key Source 
Category Flag

If Colum C is 
Yes, Criteria for 
Identification

4.D.1.4 Crop Residue N2O YES Level, Trend

4.D.2 Pasture, Range and Paddock Manure N2O YES Level, Trend

4.D.3.1 Atmospheric Deposition N2O YES Level, Trend

4.D.3.2 Nitrogen Leaching and Run-off N2O YES Level, Trend

4.E Prescribed Burning of Savannas CH4 YES Level, Trend

4.E Prescribed Burning of Savannas CH4 YES Level, Trend

6.A.1 Managed Waste Disposal on Land N2O YES Level, Trend

6.B.1 Industrial Wastewater \ Wastewater CH4 YES Trend

6.B.2.1
Domestic and Commercial (w/o human 
sewage) \ Sludge

CH4 YES Trend
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Table A.1.7:  Summary overview for key categories for Land use, Land-use Change and Forestry activities 
under the Kyoto Protocol – 2012

Criteria used for Key Category Identification

Key 
Categories of 
Emissions and 
Removals

Gas
Associated category 
in UNFCCC inventory 

is key 

Category contribution is 
greater than the smallest 
category considered key 
in the UNFCCC inventory 

(including LULUCF)

Other Comments

Afforestation/
Reforestation

CO2

Land converted  
to forest

YES NA

UNFCCC category is key, 
category is greater than 
smallest UNFCCC key 
category.

Deforestation CO2

Land converted 
to cropland Land 

converted grassland
YES NA

UNFCCC category is key, 
category is greater than 
smallest UNFCCC key 
category.

Deforestation CH4

Land converted to 
cropland

NO NA UNFCCC category is key.

Table A.1.8: Key categories for Australia’s 1990 inventory-level assessment including LULUCF

A B C D E

IPCC Source Category Gas Base Year 
Estimate

Level 
Assessment

Cumulative 
Total

1.A.1.a
Public Electricity and Heat Production \ 
Solid Fuels

CO2 117,909 117,909 0.18

5.C.2 Land converted to Grassland CO2 111,027 111,027 0.35

1.A.3.b Road Transportation \ Liquid Fuels CO2 51,840 51,840 0.43

5.A.1 Forest Land remaining Forest Land CO2 45,447 45,447 0.50

4.A.1 Enteric Fermentation \ Cattle CH4 39,017 39,017 0.56

5.C.1 Grassland remaining Grassland CO2 35,779 35,779 0.61

5.B.2 Land converted to Cropland CO2 32,735 32,735 0.66

4.A.3 Enteric Fermentation \ Sheep CH4 24,595 24,595 0.70

1.B.1.a.1.1 Fugitives/Coal Mining/Underground CH4 13,948 13,948 0.72

6.A.1 Managed Waste Disposal on Land CH4 13,188 13,188 0.74

2.C.1.4 Iron and Steel\Coke CO2 9,018 9,018 0.76

1.A.1.a
Public Electricity and Heat Production \ 
Gaseous Fuels

CO2 8,239 8,239 0.77

5.G Other (Harvested Wood Products) CO2 5,048 5,048 0.78

1.A.1.b Petroleum Refining \ Liquid Fuels CO2 4,931 4,931 0.78

4.E Prescribed Burning of Savannas CH4 4,909 4,909 0.79

4.D.2 Pasture, Range and Paddock Manure N2O 4,881 4,881 0.80

1.A.4.b Residential \ Gaseous Fuels CO2 4,613 4,613 0.81

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Gaseous Fuels

CO2 4,593 4,593 0.81

1.A.2.b Non-Ferrous Metals \ Gaseous Fuels CO2 4,140 4,140 0.82

1.B.2.b.4 Fugitives\Natural Gas\Distribution CH4 4,093 4,093 0.83

1.A.2.b Non-Ferrous Metals \ Solid Fuels CO2 4,049 4,049 0.83

1.B.2.c.2.2 Gas CO2 3,601 3,601 0.84
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A B C D E

IPCC Source Category Gas Base Year 
Estimate

Level 
Assessment

Cumulative 
Total

2.A.1 Cement Production CO2 3,463 3,463 0.84

1.A.4.c
Agriculture/Forestry/Fisheries \ Liquid 
Fuels

CO2 3,372 3,372 0.85

2.C.3 Aluminium Production CF4 3,337 3,337 0.85

1.A.2.c Chemicals \ Liquid Fuels CO2 3,263 3,263 0.86

4.D.3.1 Atmospheric Deposition N2O 3,150 3,150 0.86

1.A.2.f
Other (please specify ) \ Mineral industry 
\ Gaseous Fuels

CO2 2,950 2,950 0.87

1.A.1.a
Public Electricity and Heat Production \ 
Liquid Fuels

CO2 2,878 2,878 0.87

5.B.1 Cropland remaining Cropland CO2 2,864 2,864 0.88

1.A.2.b Non-Ferrous Metals \ Liquid Fuels CO2 2,822 2,822 0.88

1.B.1.a.2.1 Fugitives\Coal Mining\Surface mines CH4 2,815 2,815 0.88

1.A.2.f
Other (please specify ) \ Construction \ 
Liquid Fuels

CO2 2,809 2,809 0.89

1.A.3.a Civil Aviation \ Liquid Fuels CO2 2,588 2,588 0.89

4.D.3.2 Nitrogen Leaching and Run-off N2O 2,489 2,489 0.90

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Solid Fuels

CO2 2,353 2,353 0.90

1.A.2.f
Other (please specify ) \ Mineral industry 
\ Solid Fuels

CO2 2,168 2,168 0.90

2.C.3 Aluminium Production CO2 2,021 2,021 0.91

1.A.4.b Residential \ Biomass CH4 2,018 2,018 0.91

1.B.2.c.1.2 Venting and Flaring, Venting CO2 1,966 1,966 0.91

6.B.1 Industrial Wastewater \ Wastewater CH4 1,926 1,926 0.92

1.A.4.a
Commercial/Institutional \ Gaseous 
Fuels

CO2 1,811 1,811 0.92

1.A.2.f
Other (please specify ) \ Mining \ Liquid 
Fuels

CO2 1,741 1,741 0.92

1.B.2.c.1.2 Venting and Flaring, Venting CH4 1,734 1,734 0.92

1.A.3.c Railways \ Liquid Fuels CO2 1,717 1,717 0.93

4.D.1.1 Synthetic Fertilizers N2O 1,529 1,529 0.93

4.E Prescribed Burning of Savannas N2O 1,450 1,450 0.93

1.A.2.c Chemicals \ Gaseous Fuels CO2 1,441 1,441 0.93

1.A.2.a Iron and Steel \ Gaseous Fuels CO2 1,383 1,383 0.94

1.A.3.d Navigation \ Liquid Fuels \ Residual Oil CO2 1,369 1,369 0.94

5.A.1 Forest Land remaining Forest Land CH4 1,348 1,348 0.94

2.A.3 Limestone and Dolomite Use CO2 1,345 1,345 0.94

1.A.4.b Residential \ Liquid Fuels CO2 1,306 1,306 0.94

1.A.2.e
Food Processing, Beverages and Tobacco 
\ Gaseous Fuels

CO2 1,246 1,246 0.95

1.A.4.a Commercial/Institutional \ Liquid Fuels CO2 1,233 1,233 0.95

1.A.2.a Iron and Steel \ Solid Fuels CO2 1,196 1,196 0.95
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Table A.1.9: Key categories for Australia’s 1990 inventory-level assessment excluding LULUCF

A B C D E

IPCC Source Category Gas Base Year 
Estimate

Level 
Assessment

Cumulative 
Total

1.A.1.a
Public Electricity and Heat Production \ 
Solid Fuels

CO2 117,909 117,909 0.28

1.A.3.b Road Transportation \ Liquid Fuels CO2 51,840 51,840 0.41

4.A.1 Enteric Fermentation \ Cattle CH4 39,017 39,017 0.50

4.A.3 Enteric Fermentation \ Sheep CH4 24,595 24,595 0.56

1.B.1.a.1.1 Fugitives/Coal Mining/Underground CH4 13,948 13,948 0.60

6.A.1 Managed Waste Disposal on Land CH4 13,188 13,188 0.63

2.C.1.4 Iron and Steel\Coke CO2 9,018 9,018 0.65

1.A.1.a
Public Electricity and Heat Production \ 
Gaseous Fuels

CO2 8,239 8,239 0.67

1.A.1.b Petroleum Refining \ Liquid Fuels CO2 4,931 4,931 0.68

4.E Prescribed Burning of Savannas CH4 4,909 4,909 0.69

4.D.2 Pasture, Range and Paddock Manure N2O 4,881 4,881 0.70

1.A.4.b Residential \ Gaseous Fuels CO2 4,613 4,613 0.72

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Gaseous Fuels

CO2 4,593 4,593 0.73

1.A.2.b Non-Ferrous Metals \ Gaseous Fuels CO2 4,140 4,140 0.74

1.B.2.b.4 Fugitives\Natural Gas\Distribution CH4 4,093 4,093 0.75

1.A.2.b Non-Ferrous Metals \ Solid Fuels CO2 4,049 4,049 0.76

1.B.2.c.2.2 Gas CO2 3,601 3,601 0.77

2.A.1 Cement Production CO2 3,463 3,463 0.77

1.A.4.c
Agriculture/Forestry/Fisheries \  
Liquid Fuels

CO2 3,372 3,372 0.78

2.C.3 Aluminium Production CF4 3,337 3,337 0.79

1.A.2.c Chemicals \ Liquid Fuels CO2 3,263 3,263 0.80

4.D.3.1 Atmospheric Deposition N2O 3,150 3,150 0.81

1.A.2.f
Other (please specify ) \ Mineral industry \ 
Gaseous Fuels

CO2 2,950 2,950 0.81

1.A.1.a
Public Electricity and Heat Production \ 
Liquid Fuels

CO2 2,878 2,878 0.82

1.A.2.b Non-Ferrous Metals \ Liquid Fuels CO2 2,822 2,822 0.83

1.B.1.a.2.1 Fugitives\Coal Mining\Surface mines CH4 2,815 2,815 0.83

1.A.2.f
Other (please specify ) \ Construction \ 
Liquid Fuels

CO2 2,809 2,809 0.84

1.A.3.a Civil Aviation \ Liquid Fuels CO2 2,588 2,588 0.85

4.D.3.2 Nitrogen Leaching and Run-off N2O 2,489 2,489 0.85

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Solid Fuels

CO2 2,353 2,353 0.86

1.A.2.f
Other (please specify) \ Mineral industry \ 
Solid Fuels

CO2 2,168 2,168 0.86

2.C.3 Aluminium Production CO2 2,021 2,021 0.87

1.A.4.b Residential \ Biomass CH4 2,018 2,018 0.87
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A B C D E

IPCC Source Category Gas Base Year 
Estimate

Level 
Assessment

Cumulative 
Total

1.B.2.c.1.2 Venting and Flaring, Venting CO2 1,966 1,966 0.88

6.B.1 Industrial Wastewater \ Wastewater CH4 1,926 1,926 0.88

1.A.4.a Commercial/Institutional \ Gaseous Fuels CO2 1,811 1,811 0.89

1.A.2.f
Other (please specify ) \ Mining \  
Liquid Fuels

CO2 1,741 1,741 0.89

1.B.2.c.1.2 Venting and Flaring, Venting CH4 1,734 1,734 0.89

1.A.3.c Railways \ Liquid Fuels CO2 1,717 1,717 0.90

4.D.1.1 Synthetic Fertilizers N2O 1,529 1,529 0.90

4.E Prescribed Burning of Savannas N2O 1,450 1,450 0.91

1.A.2.c Chemicals \ Gaseous Fuels CO2 1,441 1,441 0.91

1.A.2.a Iron and Steel \ Gaseous Fuels CO2 1,383 1,383 0.91

1.A.3.d Navigation \ Liquid Fuels \ Residual Oil CO2 1,369 1,369 0.92

2.A.3 Limestone and Dolomite Use CO2 1,345 1,345 0.92

1.A.4.b Residential \ Liquid Fuels CO2 1,306 1,306 0.92

1.A.2.e
Food Processing, Beverages and Tobacco \ 
Gaseous Fuels

CO2 1,246 1,246 0.93

1.A.4.a Commercial/Institutional \ Liquid Fuels CO2 1,233 1,233 0.93

1.A.2.a Iron and Steel \ Solid Fuels CO2 1,196 1,196 0.93

1.A.2.e
Food Processing, Beverages and Tobacco \ 
Solid Fuels

CO2 1,190 1,190 0.93

2.E.1.1 Production of HCFC-22 HFC-23 1,126 1,126 0.94

1.B.1.a.1.1 Fugitives/Coal Mining/Underground CO2 1,122 1,122 0.94

4.B.8 Manure Management \ Swine CH4 1,050 1,050 0.94

1.A.2.f
Other (please specify ) \ Other  
non-specified \ Gaseous Fuels

CO2 1,046 1,046 0.94

2.B Chemical Industry N2O 1,035 1,035 0.95

1.A.1.c
Manufacture of Solid Fuels and Other 
Energy Industries \ Liquid Fuels

CO2 958 958 0.95
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ANNEX 2:  Methodology and Data for 
Estimating Carbon Dioxide 
Emissions from Fossil Fuel 
Combustion

The Australian methodology and data descriptions for the estimation of this inventory have been documented  
in Chapter 3.
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ANNEX 3:  Other Detailed Methodological 
Descriptions

The Australian methodology for the estimation of this inventory is documented in the relevant chapters.
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ANNEX 4:  Carbon Dioxide Reference 
Approach for the Energy Sector

Estimation of CO2 Using the IPCC Reference Approach

The reference approach estimates CO2 emissions from fuel combustion activities (covering both stationary energy 
and transport). It is calculated using a top-down approach based on national energy statistics for production, 
imports, exports and stock change. Data are obtained from BREE Australian national resource and energy 
statistics, supplemented by specific sectoral data where available. The Australian Petroleum Statistics are used as a 
basis for the liquid fossil fuel data. 

Comparison of Australian Methodology with IPCC Reference Approach

Total CO2 emissions estimated using Australia’s National approach methodology are 369.2 Mt. Total CO2 emissions 
estimated using the reference approach are 368.3 Mt - this is a 0.27% difference between the two methods. 
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ANNEX 5: Assessment of Completeness
The UNFCCC guidelines require inventory compilers to assess inventories for the level of completeness of 
national inventories. The sources of greenhouse gas emissions are many and diverse and, in general, are not 
directly observable without considerable cost. Many emission sources are minor and resource intensive to 
estimate. Consequently, all national inventories have minor omissions which, for transparency, need to be 
identified. This section addresses the completeness of key activity datasets, such as the consumption of fossil fuels, 
and the completeness of the coverage of emissions and removals sources for the Australian inventory.

Completeness of Activity Data

The emission estimates were reviewed for internal consistency and completeness through the application of mass 
balance approaches to ensure the reconciliation of carbon supplies and carbon uses within the economy for 
fossil fuels, carbonates and biomass entering the economy. Details have been provided in the respective sectoral 
chapters. An overview of the mitigation strategies and control measures adopted, monitoring mechanisms 
employed and quality objectives or targets results specified is provided in Annex 6.

Omitted Emission Sources

The UNFCCC reporting guidelines provide standard reporting templates that are designed to accommodate 
the circumstances of as many countries as possible. The reporting templates are not always closely aligned with 
Australia’s circumstances. Consequently, in Australia’s reporting tables there are a number of categories where the 
term “not occurring” has been reported for certain cells because of an absence of a certain economic activity. An 
example is adipic acid production, which does not occur in Australia.

Nonetheless, there are a small number of emission sources which are believed to be minor and which are 
reported as ‘not estimated’ either because of a lack of data or because the emission processes are not well enough 
understood to permit the development of reliable methodologies. In these instances, default methodologies are 
not specified by the IPCC due to limited understanding internationally of these processes. One example is CO2 

from Burning of Coal Deposits and Waste Piles (1B1).  The spontaneous combustion of waste piles is a known 
source of CO2 emissions. Research undertaken on the measurement of this emission source has not yet been 
able to develop any reliable approach to the estimation of this emission source. Similarly, neither the 1996 IPCC 
Guidelines nor the 2006 IPCC Guidelines include a default methodology that could be applied in the absence of 
information on this source.
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ANNEX 6:  Additional Information: Quality 
Controls including Australia’s 
National Carbon Balance

A6.1 Additional information on the QA/QC Plan
The management of the QA/QC activities relating to the inventory are undertaken by the National Inventory Team 
within DE and detailed in the National Greenhouse Accounts: Quality Assurance-Quality Control Plan. An overview 
of the quality control system is provided in Chapter 1 while sector-specific information on quality control activities 
has been included in the QA/QC sections of each chapter. This Annex provides additional information and, in 
particular, provides information in relation to three aspects of the quality control system: i) a detailed description 
of the quality control measures in place; ii) results of the carbon balance for the economy; and iii) a description of 
Australia’s responses to the recommendations contained in the previous UNFCCC ERT report. 

The objectives of the national inventory quality system are to support the provision of emission estimates that 
meet the UNFCCC criteria of accuracy; time series consistency; transparency, completeness and comparability of 
estimates with those of other parties. 

Key risks to the attainment of the defined quality objectives are identified at each level of inventory preparation 
including the measurement of data at the facility level; the collation of activity and other input data by DE and 
other agencies; and the process of emissions estimation.

Specified mitigation strategies, measures and routine actions are deployed to control the identified risks. 

These strategies range from utilisation of data measurements governed by existing national measurement systems 
such as the National Measurement Act or various taxation acts to the use of automated quality control tools 
embedded in the Australian Greenhouse Emissions Information System (AGEIS). Principal mitigation strategies 
and control measures are set out in Table A6.1. 

Monitoring of the quality measures and evaluation of the results are critical to the goal of maintaining the 
system’s effectiveness. In particular, control measures include the use of mass balance checks for all years to assess 
completeness and accuracy. All carbon entering the market economy is accounted for—either as emissions or stored 
in products or stored in wastes. Carbon balances for fuels, biomass, carbonates and synthetic gases consumption have 
been constructed and the results presented as Australia’s National Carbon Balance in Table A6.2.

In response to a recommendation by the previous UNFCCC ERT reports, models have been developed to 
demonstrate the flows of fugitive methane and carbon dioxide associated with underground and surface coal 
mines. The underground coal mine model shown in Figure 6.A.2 also demonstrates the effectiveness of methane 
capture for electricity generation or flaring in reducing the net fugitive emissions – capturing 25% of the gross 
methane generated from underground coal mining.

External review of the inventory is a critical part of the process of ensuring the quality of the estimates. In 
principle, the Australian inventory is subject to audit by the Australian National Audit Office (ANAO), and a 
performance audit was conducted by the ANAO in 2009-10. In addition, each year the inventory is reviewed by 
international experts organised as part of the UNFCCC expert review team process. In Tables 6.A.3a to 6.A.3e, 
the recommendations of previous UNFCCC ERT reports have been included for increased transparency and a 
summary of Australia’s responses included. These tables provide a tool for tracking the management of the ERT 
recommendations and suggestions. At the time of publication of this report, the UNFCCC report on the centralised 
review of Australia’s 2011 inventory submission had not yet been finalised.
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Table A.6.1: Summary of principal mitigation strategies and quality control measures

Measure 
No.

Quality 
objective

Mitigation strategy or control 
measure Target Monitoring 

mechanism

2006 IPCC 
Guidelines 
Vol 1 cross 
reference

Measurement

1.A.1

Accuracy, 
completeness 
and time series 
consistency

National emissions reporting system 
subject to national measurement 
system and Australian regulations 
and international standards as 
specified in the NGER Measurement 
Determination 2008

Compliance DE
6.7.2.2, 

page 6.16

1.A.2 Accuracy
Data submitted under NGER subject 
to Clean Energy Regulator validation 
unit activities 

Compliance DE
6.7.2.2,

 page 6.16

1.B.1 Comparability
Integration of national and facility 
estimation methods within National 
Greenhouse Accounts Framework

Compliance DE
6.7.1.2 

page 6.12

1.D.1 Transparency
Company level data published by the 
Clean Energy Regulator under the 
NGER Act 2007

Compliance DE 6.5, page 6.8

Collated data used for national emissions estimation

2.A.1 Accuracy
Comparison of energy data with 
independent sources of activity data

<2%
AGEIS 

Automated 
Report

6.7.2.1, page 
6.15

2.A.2 Accuracy
External consultants operate QC 
protocol

Compliance
National 

Inventory 
Team 

6.4, page 6.16

2.A.3 Accuracy
Quality control systems for external 
data providers

Compliance
Agency 

governance 
boards

6.4, page 6.16

2.B.1 Completeness
Application of standardised rules for 
use of facility level data in national 
inventory

Compliance
National 

Inventory 
Team 

Table 6.1, page 
6.11; Section 
6.7.2.1, page 

6.15

2.B.2 (i) Completeness

Reconciliation of estimates of  
carbon in fuel supplies to the 
Australian economy and carbon 
contained in emissions; or stored 
in products; or non-oxidised; or in 
permanent storage 

<1%
National 

Inventory 
Team

Table 6.1, page 
6.11; Section 
6.7.2.1, page 

6.15

2.B.2 (ii) Completeness

Reconciliation of estimates of 
carbon in carbonate supplies to the 
Australian economy and carbon 
contained in emissions; or stored 
in products; or waste residues or in 
permanent storage 

<0.1%
AGEIS 

Automated 
Report

Table 6.1, page 
6.11; Section 
6.7.2.1, page 

6.15

2.B.2 (iii) Completeness

Reconciliation of estimates of  
carbon in biomass supplies to the 
Australian economy and carbon 
contained in emissions or stored 
in products or waste residues or in 
permanent storage 

<1%
AGEIS 

Automated 
Report

Table 6.1, page 
6.11; Section 
6.7.2.1, page 

6.15
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Measure 
No.

Quality 
objective

Mitigation strategy or control 
measure Target Monitoring 

mechanism

2006 IPCC 
Guidelines 
Vol 1 cross 
reference

2.B.2 (iv) Completeness

Reconciliation of estimates of carbon in 
wastewater to the Australian economy 
and carbon contained in emissions or 
stored in products or waste residues or 
in permanent storage 

<1%
AGEIS 

Automated 
Report

Table 6.1, page 
6.11; Section 
6.7.2.1, page 

6.15

2.B.2 (v) Completeness

Reconciliation of estimates of 
nitrogen in wastewater to the 
Australian economy and nitrogen 
contained in emissions or stored in 
products or other by-products

<1%
AGEIS 

Automated 
Report *

Table 6.1, page 
6.11; Section 
6.7.2.1, page 

6.15

2.B.2 (vi) Completeness

Reconciliation of estimates of carbon 
in synthetic gases supplied to the 
Australian economy and synthetic 
gases contained in emissions or 
stored in products or destroyed

<1%
National 

Inventory 
Team

Table 6.1, page 
6.11; Section 
6.7.2.1, page 

6.15

National Emissions Estimation

3.A.1 Accuracy

Emission estimation methodologies 
should be consistent with IPCC 
Good Practice and comparable with 
international practice

Compliance
NGGI 

Committee

IPCC Good 
Practice 

Guidance

3.A.2 (i) Accuracy
AGEIS development in accordance 
with COBIT

Compliance
AGEIS 

Strategic 
Plan

AGEIS 
implementation 

report

3.A.2 (ii) Accuracy
AGEIS operation in accordance  
with COBIT

Compliance
AGEIS 

Strategic 
Plan

AGEIS 
implementation 

report

3.A.2 (iii) Accuracy
Allocation of separate staff roles and 
responsibilities 

Compliance
AGEIS 

Strategic 
Plan

6.4, 

page 6.7

3.A.3 Accuracy
Validation of selected AGEIS estimates 
by sectoral experts

<0.01%
National 

Inventory 
Team

6.7.3,

page 6.16

3.A.4 Accuracy
The estimated uncertainty of the 
overall inventory should decline  
over time

Compliance
National 

Inventory 
Team

6.9, page 6.18

3.B.1 (i) Completeness

Reconciliation of fuel data submitted 
into the AGEIS and carbon contained 
in emissions or stored in products or 
non-oxidised or permanent storage

<0.001%
AGEIS 

Automated 
Report

Table 6.1, page 
6.10; 6.7.3 
page 6.16

3.B.1 (ii) Completeness

Reconciliation of carbonate data 
submitted into the AGEIS and carbon 
contained in emissions or stored 
in products or waste residues or in 
permanent storage 

<0.001%
AGEIS 

Automated 
Report

Table 6.1, page 
6.10; 6.7.3 
page 6.16

3.B.1 (iii) Completeness

Reconciliation of biomass data 
submitted into the AGEIS and carbon 
contained in emissions or stored 
in products or waste residues or in 
permanent storage

<0.001%
AGEIS 

Automated 
Report

Table 6.1, page 
6.10; 6.7.3 
page 6.16
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Measure 
No.

Quality 
objective

Mitigation strategy or control 
measure Target Monitoring 

mechanism

2006 IPCC 
Guidelines 
Vol 1 cross 
reference

3.B.1 (iv) Completeness

Reconciliation of carbon in synthetic 
gases in data submitted into the 
AGEIS and carbon contained in 
emissions or stored in products or 
destroyed 

<0.001%
AGEIS 

Automated 
Report *

Table 6.1, page 
6.10; 6.7.3 
page 6.16

3.B.2 (i) Completeness
Reconciliation of National Inventory 
with aggregate of State and Territory 
inventories

<0.1%
AGEIS 

Automated 
Report

Table 6.1, page 
6.10; 6.7.3 
page 6.16

3.B.2 (ii) Completeness

Reconciliation of the National 
Greenhouse Gas Inventory with the 
National Inventory by Economic 
Sector

<0.1% 
AGEIS 

Automated 
Report

6.7.2.1, 

page 6.14

3.B.2 (iii) Completeness
Reconciliation of the National 
Greenhouse Gas Inventory against 
OLAP output from the AGEIS database

<0.1% 
AGEIS 

Automated 
Report

Table 6.1, page 
6.10

3.B.3 Completeness

Number of emission sources ‘not 
estimated’, for which IPCC methods 
exist, comparable with international 
practice

Compliance

DE 
assessment 
of UNFCCC 
ERT report

6.7.2.1,

page 6.14

3.B.4 Completeness
Number of significant completeness 
issues should reduce over time

Compliance

DE 
assessment 
of UNFCCC 
ERT report

6.8, page 6.18

3.C.1 Comparability

Implied emission factors for key 
variables should not be significantly 
different to those of other UNFCCC 
reporting parties

Compliance
AGEIS 

Automated 
Report

6.8, page 6.18

3.C.3 Comparability

Recalculation percentages for the 
national inventory Annex A sectors 
should not be significantly different 
to those of other UNFCCC reporting 
parties over time

Compliance
AGEIS 

automated 
report

6.8, page 6.18

3.C.4 Comparability

Implied emission factors for key 
variables should not be significantly 
different to those of available plant-
specific data

Compliance
AGEIS 

Automated 
Report

6.7.1.2, 

page 6.13

3.D.1 Time series
Analysis by category for time series 
consistency

Compliance
AGEIS 

automated 
report

Table 6.1, page 
6.11

3.D.2 Time series 

The number of significant time-series 
consistency issues raised by the 
UNFCCC ERT, and agreed by the DE, 
should reduce over time

Compliance

DE 
assessment 
of UNFCCC 
ERT report

Table 6.1, page 
6.11

3.E.1 Transparency

Publication of assumptions, 
methodologies, data sources and 
emission estimates in the National 
Inventory Report and related 
products

Compliance
National 

Inventory 
Team

6.5, page 6.8

3.E.2 Transparency
Publication of the AGEIS emissions 
database on the DE website

Compliance
National 

Inventory 
Team 

6.5, page 6.

* Planned for AGEIS implementation 2012-13.
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A6.2 Australia’s National Carbon Balance

Table A.6.2: Australia’s National Carbon Balance 2012

Supply Kt C Uses Kt C

Fossil fuel consumption (a) 110,235 Emissions 

Carbonate consumption (a) 2,196 1.A Combustion emissions (fossil fuels) 100,704

Hydrofluorocarbon consumption (d) 3,018 1.B Fugitive emissions 196

2.A Industrial process fossil fuel 
emissions

3,641

Memo: International bunker fuels 3,331

2.A Mineral product carbonate 
emissions

2,177

Biomass consumption 2.F Hydrofluorocarbon emissions (d) 2,167

Wood and paper products (a) 3,199
Memo: Combustion emissions  
(wood products and waste)

 605

Bagasse, ethanol, biogas (b) 2,577
Memo: Combustion emissions (bagasse, 
ethanol, biogas)

2,526

Firewood (b) 1,220
Memo: Combustion emissions  
(all wood)

1,801

6.A Landfill emissions (methane and 
carbon dioxide)

 882

Waste disposal (food, garden, textiles, 
rubber – landfill)(c)

1,221
Aerobic treatment processes (paper, 
wood and wood waste)

 176

Increment to product stocks

Petrochemical and steel products 89 

Carbonate products  3

Hydrofluorocarbon products (d) 747

Biomass finished products 1,137 

Biomass fibre recycled 1,481 

Increment to waste stocks and residues

Carbon dioxide captured for permanent 
storage

 0

Non-oxidised carbon 1,741

Carbonate wastes  37

Landfill  39

Miscellaneous

Hydrofluorocarbons destroyed  103 

Residual  -17

Total supply 123,565 Total uses 123,565

Notes:  (a) entering market; 

(b) final consumption; 

(c) entering waste stream; 

(d) based on carbon dioxide equivalents.
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Australia’s National Carbon Balance records the supply of carbon entering the market economy through the 
most important channels and tracks the uses or fates of that carbon allocated amongst greenhouse emissions, 
increments to the stock of carbon in products and increments to the stock of carbon in waste residues. Of the 
123,565 kt C of carbon entering the market economy, 118,205 kt C is estimated to result in greenhouse gas 
emissions; 3,457 kt C is estimated to result in increments of the carbon stock in products and 1,817 kt C is 
estimated to result in increments to carbon stored in waste product and residues. 

Assessments of the total amount of carbon in stock are more difficult to assess and depend critically on starting 
assumptions. Bearing this in mind, it is estimated that there is approximately 105 Mt of carbon stored in harvested 
wood products in Australia and about the same amount again stored in landfills. The latter estimate relies on the 
relatively strong assumption that all landfills have been maintained in order to fulfil anaerobic conditions. If the 
alternative assumption was adopted, such that it was assumed that all landfills were eventually exposed to aerobic 
conditions, then the amount of carbon stored in landfills would tend to zero over very long time periods.

The National Carbon Balance is also used as a quality control tool. The Australian inventory utilises a very large 
number of disaggregated data inputs for energy-related emission calculations (~ 15 000 per year). Consequently, a 
carbon balance is undertaken to compare carbon input to carbon output for all years. The carbon input represents 
the carbon embodied within the total quantity of energy and non-energy fuels which have been consumed in a 
year, and are entered into the AGEIS for calculation. The carbon output represents the distribution of the carbon 
utilised throughout the economy, as determined by the output of the calculations within the AGEIS. The carbon 
output is distributed as either emissions from fuel combustion, emissions from the use of fossil fuels as reductants, 
non-energy uses (e.g. feedstocks, bitumen, coal oils and tar), use of biomass sources of energy and international 
bunkers. While the predominant outcome of carbon entering the economy is emissions, a small portion of the 
carbon is stored in carbon-containing products or non-oxidised as ash. A flow chart detailing the results of the 
carbon balance for 2012 is at Figure A.6.1.

Results from the carbon balance have shown that all carbon is effectively accounted for. For 2012, all carbon 
has been accounted for down to 0.006%. This discrepancy relates to carbon contained in carbon dioxide from 
biofuels, within the memo items. Further work will continue on resolving this discrepancy.
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Carbon stock account for Australia’s forests 2001–2010

Introduction

This summary of the carbon stock account for Australia’s forests is adapted from material to be presented in 
Australia’s State of the Forests Report.

Development of the carbon stock account for Australia’s forests

The carbon stock accounts for Australia’s forest have been derived under national inventory system. These 
estimates provide information for policy makers and act as a quality control tool which will be used to assess 
quality of inventory estimates. 

Causes of carbon stock changes in forest systems

Major events that cause reductions in national carbon stocks that are monitored and estimated include:

•	 Harvest from production forests;

•	 Natural disturbance events such as fires; and

•	 Forest clearing.

Major events that cause increases in carbon pools include planting events. Major increases in carbon stocks also 
occur in forest lands that have been subject to past disturbance events such as harvest or fire; regrowth from 
harvest events may take 100 years for the regrowth trees to approach maturity.

Results of the carbon stocks analysis 2001–05 and 2006–10

The stock of carbon in Australia’s forests in 2010 is estimated to be 12,841 Mt C (Table A6.3). It is estimated 
that the stock of carbon in forests decreased by 81 Mt C (0.6 per cent) between 2001 and 2010. While these 
figures are indicative, time frames longer than one decade are needed to properly assess trends in carbon stocks in 
Australia’s forests.

The key feature of this decade is the shift from a net loss of carbon in the period 2001–05 (91 Mt C) to a small 
net gain in the period 2006–10 (10 Mt C; Table A6.3).

Key drivers of the decline in the period 2001–05 were wildfire (a loss of 93 Mt C) and reclassification to non-
forest of land that lost its forest cover through clearing together with a change in land use (a loss of 97 Mt C) 
(Table A6.3). In the period 2001–2005 the millennium drought had taken hold. With fuel loads that had built 
up over decades and the hot dry conditions due to the drought, wildfire caused a high loss of carbon from 
Australia’s forests; especially in 2003.

Over the period 2006–10, the recovery of forest carbon stocks was driven by a combination of reduced 
reclassification of forest land to non-forest land, less wildfire losses, and growth in stock associated with recovery 
of forests following wildfires in the period 2001–05.

Carbon stock gains - Growth in stock

Over the period 2001–10, gross2 increases in carbon stocks in Australia’s forests (due to tree growth and increases 
in the debris and soil pools) were estimated to be 416 Mt C (Table A6.3). The majority of the gross carbon 
stock gains (357 Mt, 88 per cent) occurred in Australia’s native forests (Table A6.3). Gains in both plantations 
and native forests were slightly higher in the period 2006–10 compared to 2001–05 (Table A6.3). The increased 

2  Gross increases do not include losses to atmosphere (e.g. fire), transfers out of forest land (e.g. to harvested products), or land 
reclassification: which are detailed separately in Table A6.3.
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growth in carbon stock in native forests was likely due to forests regrowing after fire early in the decade, and the 
increased growth in carbon stock in plantations was likely due to the growth of young plantations following the 
peak planting period between 2000 and 2005.

Carbon stock gains - Reclassification to forest

The reclassification of land from grassland to forest appears as a gain in stock in the carbon accounts (Table A6.3); 
however it does not represent a gain in carbon from the atmosphere. This item represents carbon stocks on the 
land transferred in to the forest land base. Thus, when a plantation is established on ex-agricultural land or when 
native forests regenerate naturally, all of the soil and debris carbon on that land is transferred into the forest land 
classification.

Carbon stock losses - Transfer to product pools

Transfer of carbon to product pools occurred at a relatively stable rate between 2001–05 and 2006–10 (Table 
A6.3). There was a slight increase (from 34 per cent to 38 per cent) in the proportion of carbon transferred to the 
product pool that originated from plantations (Table A6.3).

In the period 2001–10, an estimated 50 Mt of firewood was burned for heating, equivalent to the consumption 
of around 24.5 Mt of carbon.

Carbon stock losses - Managed losses

Managed losses are losses of carbon directly from forests to the atmosphere that are associated with the 
management of forests, for example prescribed burning or post-harvest burning. Post-harvest burning as part 
of native forest harvesting operations and for the purpose of fire suppression was estimated to cause the loss of 
approximately 15 Mt C in 2001–05 and 16 Mt C 2006–10. However, the largest source of carbon stock loss in 
this category occurs when forests are cleared for agriculture or other development. As part of this process, forest 
debris is generally burnt, resulting in a direct loss of greenhouse gases to the atmosphere.

No emissions from this source are recorded for plantation forests as part of this analysis. The carbon stock changes 
associated with post-harvest burning in plantations are included in the modelling of carbon stocks in these forests, 
and embedded in the overall carbon stock gain data from this source.

Carbon stock losses - Catastrophic losses

Losses of carbon stocks due to wildfire were 93 Mt C in 2001–05, and declined by 40 per cent to 55 Mt C in the 
period 2006–10. The higher losses of carbon stocks due to wildfire in the period 2001–05 were a key contributor 
to the net loss of carbon from Australia’s forests recorded for that period. The lower carbon stock losses from this 
source in the period 2006–2010, and the carbon stock increase resulting from regrowth from fires in 2001–05, 
were key drivers of net increase in carbon stocks in Australia’s forests in the period 2006–10.

Relative to the carbon stock losses due to wildfire in native forests, the loss of carbon stocks due to wildfires 
in plantations is minor (0.01 per cent and 0.03 per cent of total catastrophic losses in 2001–06 and 2006–11, 
respectively). The low losses from this source are due to the small area of plantations relative to native forest, and 
may also be due to management of some plantations to limit exposure to the effects of wildfire.

Carbon stock losses - Re-classification to non-forest 

Reclassification of forest to non-forest occurs when forest cover is lost (excepting temporary losses in forests 
which are managed on a harvesting and regrowth cycle, or in forests which degrade and regenerate in response 
to physiological drivers of growth). This re-classification occurs because forests are cleared for agriculture, urban 
development or mining.
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Over the period 2001–10, re-classification of forest land to non-forest land resulted in a reported decrease of 
carbon stocks in forest lands of approximately 169 Mt C (Table A6.3). 

The decline in human-induced forest clearing in 2001–05 and 2006–10 (Table A6.3) was one of the main reasons 
why Australia’s forest changed from a net source to a net sink of carbon between 2001–05 and 2006–10.

The conversion of plantations to non-forest became an increasing issue towards the end of the decade. It is 
expected that data will be available on the effect of this activity on carbon stocks in Australia’s plantation forests in 
the near future.

Net exchange with atmosphere and net effect of transfers and re-classification

The net change in Australia’s forest carbon stocks was -91 Mt C in 2001–05, and +10 Mt C in 2006–10 (Table 
A6.3). This net change can be separated into the net exchange with the atmosphere (e.g. through tree growth and 
fire) and the net transfers in and out of the forest (e.g. through harvesting wood products) (Table A6.3). In the 
decade to 2010, net exchange with the atmosphere increased from a gain of 51 Mt C during 2001–05 to a gain 
of 127 Mt C during 2006–10 (Table A6.3). This was primarily due to a reduction in losses associated with fire 
and an increase in carbon stock gains associated with recovery from fire during 2006–10. Over this same period, 
there was a decrease in losses associated with carbon stock transfers and the re-classification of land, from 142 Mt 
C in 2001–05 to 117 Mt C in 2006–11. The key cause of this reduced rate of loss was a decline in losses from 
re-classification of land to non-forest (forest clearing).

Table A.6.4: Stock of carbon in Australia’s living forests, 2001-10

2001-05 
Mt C

2006-10 
Mt C

2001-10 
Mt C

Opening stock 12,922 12,831 12,922

Gains in stock

Growth in stock

Native forests

Plantations

Total

175

27

202

182

32

214

357

59

416

Reclassification to forest 1

Native forests

Plantations

Total

-

8

8

-

5

5

-

12

12

Total additions to stock 209 219 428

Losses from stock 

Transfer to product pools 2

Native forests

Plantations

Total

35

18

53

31

19

50

66

37

103

Managed losses 3

Native forests

Plantations

Total

58

-

58

32

-

32

90

-

90
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2001-05 
Mt C

2006-10 
Mt C

2001-10 
Mt C

Opening stock 12,922 12,831 12,922

Catastrophic losses

Native forests

Plantations

Total

93

0

93

55

0

55

148

0

148

Reclassification to non-forest 4

Native forests

Plantations

Total

97

-

97

72

-

72

169

-

169

Total reductions in stock 300 209 509

Closing stock 12,831 12,841 12,841

Net change -91 10 -81

Net exchange with atmosphere 5 51 127 178

Net change from re-classification of 
land to and from forest and transfers 
to products 6

-142 -117 -259

1 Gain by sector of carbon in debris and soil associated with transfer of land into sector

2 Transfers to wood and wood products in service

3 Emissions from prescribed burns, post-harvest burns, and burning as part of forest clearing

4  Loss from sector of carbon in debris and soil associated with transfer out of sector of cleared forest land or land where forest cover 
has been lost through dieback or degradation

5 Sum of growth in stock, managed losses and catastrophic losses

6 Sum of reclassification to forest, transfer to product pools and reclassification to non-forest

A6.3  Summary of Responses to UNFCCC ERT Recommendations 
and Comments

Note: At the time of preparation of this report for publication, the ERT report for Australia’s 2013 Inventory 
submission has not yet been finalised. However draft issues raised during the review of the 2013 submission have 
been included in the table.
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Table A.6.5(a): Summary of responses to UNFCCC ERT recommendations: energy and cross cutting

Sector
Report and 
paragraph 
reference

ERT Recommendation Response Implementation

CC ARR 2012

10 &16

Populate CRF table 7 for 
1990.

Accept CRF table 7 for 1990 has 
been completed in this 
submission.

CC ARR 2013 
draft

Australia is recommended to 
ensure consistency between 
information in the NIR and 
CRF Summary table 3.

Accept Implemented in the 2013 
submission.

CC ARR 2013 
draft

Australia is recommended to 
complete CRF table 8(b).

Accept Implemented in the 2013 
submission.

1A ARR 2011

48

The ERT noted that the AD 
for public electricity and 
heat production over certain 
thresholds is collected 
through NGERS, and that 
the energy use of small 
power stations is estimated 
as the difference between 
the total of reported values 
under NGERS and the 
ABARE energy statistics. 
The ERT reiterates the 
recommendation in the 
previous review report that 
Australia collect these data 
on a regular basis. Such 
data collection should 
be incorporated into the 
implementation plan for 
future annual submissions.

Accept Australia’s Bureau of 
Resources and Energy 
Economics (BREE) have 
conducted a regional and 
remote electricity generator 
survey for 2011-12. The 
results from this have been 
incorporated for the first 
time in the 2012 Inventory. 
Refer to section 3.3.2 for 
more information.

Energy ARR 2012

31

Review opportunities to 
incorporate NGERS data 
into the annual submission 
and ensure time-series 
consistency where NGERS 
data are used

Updated natural gas 
combustion emissions 
under Oil and Gas Extraction 
to incorporate NGER facility 
data for LNG production. 
Updated the time series to 
maintain consistency.

Updated fugitive emissions 
from open cut coal mining 
to incorporate measured 
emissions from mines 
reporting under NGER 
using facility-specific gas 
measurement approach.

New NGER data on 
upstream natural gas 
consumption has been 
reported for the first time 
and incorporated into a new 
quality control procedure 
that verifies the amount of 
natural gas reported in the 
inventory.

Recalculation for Oil and 
Gas Extraction provided in 
section 3.3.5

Recalculation for open cut 
coal mine fugitive emissions 
provided in section 3.8.5

New NGER data has been 
incorporated into the 
natural gas quality control 
procedure in section 3.2.6. 
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Sector
Report and 
paragraph 
reference

ERT Recommendation Response Implementation

1.A.1.a ARR 2012

37

Collect and incorporate 
activity data from a survey 
of small power stations

Accept Australia’s Bureau of 
Resources and Energy 
Economics (BREE) have 
conducted a regional and 
remote electricity generator 
survey for 2011-12. The 
results from this have been 
incorporated for the first 
time in the 2012 Inventory. 
Refer to section 3.3.2 for 
more information.

1.A ARR 2013 
draft

Revise the reference 
approach tables for the 
years prior 2011 in the next 
inventory submission

Accept. Due to the 
significant work required 
to update the reference 
approach for all years 
back to 1990, Australia 
intends to implement this 
recommendation in steps 
over the 2014 and 2015 
submissions. 

 The reference approach has 
been updated for years 2008 
to 2011 in this submission. 
Years 1990 to 2002 will be 
updated in the April 2015 
submission.

1.A.3.a ARR 2013 
draft

International comparisons 
–1.A.3.a - domestic aviation 

CRF tables for domestic 
aviation are systematically 
lower than in IEA data by 
around 10% for most years, 
with larger differences (up 
to 16%) for 1999 to 2004.

The domestic and 
international splits for fuel 
consumption are sourced 
from the Australian Energy 
Statistics (BREE 2013a).

Further details explaining 
comparisons with IEA data 
are provided in section 3.2.6 
of the NIR

1.A.3.d ARR 2013 
draft

International comparisons 
–1.A.3.d - domestic 
navigation

The inter-annual change for 
fuel consumption between 
2006 and 2007 (35.4%) has 
been identified as an outlier.

The domestic and 
international splits for fuel 
consumption are sourced 
from the Australian Energy 
Statistics (BREE 2013a).

Further details explaining 
comparisons with IEA data 
are provided in section 3.2.6 
of the NIR.

1.B.1 ARR 2013 
draft

International comparisons – 
1.B.1 –solid fuels 

The data on coal production 
in the CRF table are higher 
than those reported to the 
IEA by 13-23% for 1990-2011

Include the explanation 
provided by Australia to the 
ERT during the review in 
the section on international 
comparisons in the next 
inventory submission.

Accept. An explanation of the 
differences between CRF 
coal production and the IEA 
data is provided in section 
3.2.6
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Sector
Report and 
paragraph 
reference

ERT Recommendation Response Implementation

ARR 2013 
draft

International bunker fuels, 
jet kerosene 

For jet kerosene in 
international aviation, data 
are consistent within 2% for 
all years except 2001 (CRF 
data 5% lower), and 2002 
(CRF data 4% higher). 

The domestic and 
international splits for fuel 
consumption are sourced 
from the Australian Energy 
Statistics (BREE 2013a).

Further details explaining 
comparisons with IEA data 
are provided in section 3.2.6 
of the NIR.

ARR 2013 
draft

International bunker fuels, 
marine bunkers 

For 1990 to  1999, 
residual fuel oil figures 
for international marine 
bunkers are 5-22% lower 
in the CRF tables than in 
the IEA data; for 2002 an 
opposite (-11%) discrepancy 
is observed. 

The domestic and 
international splits for fuel 
consumption are sourced 
from the Australian Energy 
Statistics (BREE 2013a).

Further details explaining 
comparisons with IEA data 
are provided in section 3.2.6 
of the NIR.

1.A.1.a ARR 2013 
draft

1.A.1.a - Public Electricity 
and Heat Production – liquid 
fuels 

The ERT has identified the 
inter-annual changes in the 
CO2 IEF between 1997 (74.94 
t/TJ) and 1998 (72.87 t/TJ) as 
well as between 2008 (72.93 
t/TJ) and 2009 (72.00 t/TJ) 
as outliers. The 1998 value 
is 2.8% lower than the 1997 
value. The 2009 value is 1.3% 
lower than the 2008 value.

Include the information 
provided to the ERT in 
response to this issue in its 
next annual submission to 
improve transparency.

Accept An explanation of IEF 
variation is provided in 
section 3.3.3 of the NIR.

1.A.1.b ARR 2013 
draft

1.A.1.b - Petroleum Refining 
– liquid fuels – CO2 

The inter-annual changes in 
the CO2 IEF between 2008 
(68.29 t/TJ) and 2009 (66.87 
t/TJ) as well as between 
2009 (66.9 t/TJ) and 2010 
(68.3 t/TJ) outliers. The 2009 
value is 2.1% lower higher 
than the 2008 value and the 
2010 value is 2.2% higher 
than the 2009 value.

Include the information 
provided to the ERT in 
response to this issue in its 
next annual submission to 
improve transparency.

Accept An explanation of CO2 IEF 
variation is provided in 
section 3.3.3 of the NIR.
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Sector
Report and 
paragraph 
reference

ERT Recommendation Response Implementation

1.A.1.b ARR 2013 
draft

1.A.1.b – Petroleum Refining 
– solid fuels 

The time series for the 
Petroleum refining/ solid 
fuels (1.AA.1.B) in CRF table 
1A(a) of the 2013 submission 
shows the values for CO2, 
CH4 and N2O data for AD and 
emissions for the years 2007 
and 2008 with application 
of the country-specific 
emission factors and tier 2 
methodology for these two 
years. However, for all other 
years within the time series 
1990-2011 emissions in this 
category are stated as “NA” 
and the activity data as “NO”. 
The NIR text does not have 
supporting explanations 
for the anomaly of the 2007 
and 2008 records for this 
category.

Include the explanation 
provided to the ERT during 
the review in the next 
inventory submission to 
improve transparency. Also, 
include the relevant note to 
the 2007 and 2008 years of 
the time series in the CRF 
tables.

Accept Solid fuels in 1A.1.b 
Petroleum refining have 
been reallocated to 1.A.2.c 
Chemicals to improved 
time series consistency. See 
section 3.3.5 of the NIR for 
more detail.

1.A.2.a ARR 2013 
draft

1.A.2.a - Iron and Steel – 
liquid fuels 

The ERT has identified the 
inter-annual changes in the 
CO2 IEF between 2000 (64.29 
t/TJ) and 2001 (70.96 t/TJ) as 
an outlier. The 2001 value is 
10.4% higher than the 2000 
value.

Include the explanation 
provided to the ERT during 
the review in the next 
inventory submission to 
improve transparency.

Accept An explanation is provided 
in section 3.4.3.
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Sector
Report and 
paragraph 
reference

ERT Recommendation Response Implementation

1.A.2.b ARR 2013 
draft

1.A.2.b - Non-Ferrous Metals 
– all fuels 

CO2 emissions peaked in 
2008. Thereafter, the trend 
is decreasing. CO2 emissions 
in 2011 (11,392 t CO2) are 
similar to those in 1991-1992

Include the explanation 
provided to the ERT during 
the review in the next 
inventory submission to 
improve transparency.

Accept. Revisions of the AES 
(BREE 2013a) undertaken 
by BREE involving the 
reallocation of fuels between 
stationary energy categories 
have now significantly 
improved the time series 
consistency of Non Ferrous 
metals in this submission.

Explanations are provided in 
sections and 3.4.3 and 3.4.5 
of the NIR. 

1.A.2.b ARR 2013 
draft

1.A.2.b - Non-Ferrous Metals 
– solid fuels 

The time series reported 
in the 2013 inventory 
submission shows a notable 
stepwise drop in the implied 
emission factors between 
2002 and 2003. The drop 
between the averages of 
1990-2002 and 2003-2011 
IEFs (1.75) is over 10 times 
greater than standard 
deviations in the IEF 
datapoints (approx. 0.15 and 
0.07 for each time sub-series 
respectively)

Incorporate the revised time 
series with a consolidated 
explanation in the future 
inventory submission.

Accept A reallocation of solid fuels 
has been implemented to 
the Chemicals subsector 
to improve the time series 
consistency of solid fuel CO2 
IEFs in both subsectors

Explanation provided in 
section 3.4.5 of the NIR.

1.A.2.c ARR 2013 
draft

1.A.2.c - Chemicals – solid 
fuels 

The ERT has identified the 
inter-annual change in the 
CO2 IEF between 2002 (84.70 
t/TJ) and 2003 (94.09 t/TJ) as 
an outlier. The 2003 value is 
11.1% higher than the 2002 
value.

Incorporate the revised time 
series with a consolidated 
explanation in the future 
inventory submission.

Accept A reallocation of solid fuels 
has been implemented 
to the Non-ferrous metals 
subsector to improve the 
time series consistency of 
solid fuel CO2 IEFs in both 
subsectors

Explanation provided in 
section 3.4.5 of the NIR.

1.A.3.a ARR 2013 
draft

Include the 2011 LTO 
data in the next inventory 
submission.

Accepted. 2011 LTO data is now 
available and has been 
included in the 2012 NIR – 
see section 3.5.2.
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Sector
Report and 
paragraph 
reference

ERT Recommendation Response Implementation

1.A.3.b ARR 2013 
draft

For gasoline, the inter-
annual change in the CO2 
IEF between 2009 (69.83 t/
TJ) and 2010 (68.00 t/TJ) was 
identified as an outlier. The 
2010 value is 2.6% below 
the 2009 value.

Include the corrected values 
for the activity data in the 
next inventory submission.

Accept. See section 3.5.2 of the NIR.

1.A.3.b ARR 2013 
draft

For LPG, the constant CO2 
IEF (59.60 t/TJ) is one of the 
lowest between reporting 
Parties.

Australia acknowledges 
it is at the lower end of 
international comparisons, 
a function of Australia’s 
country specific emissions 
factor for LPG. In response 
to a recommendation from 
a previous review report, a 
study was commissioned by 
in 2011 to investigate the 
appropriateness of the fuel 
characteristics, including 
the CO2 EF, for liquid fuels 
types used in the Inventory. 
The report compared the 
energy contents, density, 
carbon content and EF 
of the fuel types used to 
produce the inventory 
compared to publically 
available Australian data 
and other public European 
and US sources. The report 
also compared inventory 
fuel characteristics to an 
unpublished Australian 
database accumulated from 
fuel testing. The report 
concluded that the CO2 EFs 
for petrol, aviation turbine 
fuel, diesel, fuel oil and LPG 
are almost the same as the 
Australian published data .

See section 3.5.2 of the NIR.

1.A.3.c ARR 2013 
draft

The inter-annual change for 
fuel consumption between 
2007 and 2008 (19.3%) has 
been identified as an outlier.

Accepted. See section 3.5.2 of the NIR 
for further details.
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Sector
Report and 
paragraph 
reference

ERT Recommendation Response Implementation

1.B.2.b ARR 2013 
draft

1.B.2.b - Natural Gas, 
Exploration CH4 emissions 
decreased by 95.6% 
between 2009 and 2010, 
and increased by 1755.1% 
between 2010 and 2011. 
Meanwhile, CO2 emissions 
in the same subcategory 
increased by 1023.6% 
between 2009 and 2010, 
and decreased by 75.8% 
between 2010 and 2011. 

Recalculation of the 
CH4 emissions for 2010 
(underestimated value) is 
included in request for re-
submission as a part of the 
Saturday paper.

ERT also recommends 
recalculation overestimated 
CO2 emissions for the same 
year for the next inventory 
submission.

Accept. 

This was caused by an 
allocation error in the 
population of the CRF 
reporter tool. For natural gas 
exploration in 2010 only, a 
component of CH4 emissions 
was misallocated to CO2 
emissions for this sub-
sector. This misallocation 
affected the gas breakdown, 
with the overall CO2-e 
emissions trend for natural 
gas exploration remaining 
unchanged.

Australia resubmitted the 
CRF tables in response 
to a Saturday Paper that 
included this issue. Australia 
also enhanced its QA/QC 
processes in this sector to 
reduce the likelihood of this 
error recurring in the future.

1.A.2.a ARR 2013 
draft

1.A.2.a - Iron and Steel – 
solid fuels 

The ERT has identified the 
inter-annual changes in the 
CO2 IEF between 2002 (49.11 
t/TJ) and 2003 (66.20 t/TJ) as 
an outlier. The 2003 value is 
34.8% higher than the 2002 
value.

Include the explanation 
provided by Australia to the 
ERT during the review in 
the section on international 
comparisons in the next 
inventory submission

Resolved by allocating PCI 
coal used as a reductant to 
sector 2.C metal production 
in the Industrial Processes 
sector

Explanation of the 
reallocation to IP sector is 
provided in sections 3.4.5 
and 4.5.8 of the NIR.
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Table A.6.5(b): Summary of responses to UNFCCC ERT recommendations: Industrial processes

Sector Report ref ERT Recommendation Response Implementation

2B ARR 2011

63

Although Australia has taken some 
steps to increase the transparency of 
its estimates of emissions from this 
category, aggregation of emissions 
continues to impede transparency. In 
the NIR, Australia notes that it plans 
to explore ways of disaggregating 
ammonia data while still protecting 
other confidential chemical industry 
data aggregated with ammonia. In 
response to a question raised by the 
ERT, Australia further noted that it 
had commissioned an independent 
review by CSIRO of the handling of 
confidential data in the inventory. The 
ERT strongly recommends that Australia 
continue to increase the transparency 
of the chemical industry inventory by 
disaggregating data further.

Australia will continue 
to explore options for 
increasing the transparency 
of IP emissions estimates 
while remaining sensitive 
to the confidentiality 
requirements of NGER data.

Ongoing

2C ARR 2011

64

The use of coke and natural gas as 
reducing agents is reported in the 
industrial processes sector, while 
the use of pulverized coal as a 
reducing agent is allocated to the 
energy sector. The ERT reiterates the 
recommendation of previous review 
reports that Australia reallocate the 
coal used as a reducing agent to the 
industrial processes sector. The ERT 
encourages Australia to determine 
whether new data collected via NGERS 
could facilitate this reallocation, as it 
did for ferroalloys.

Australia accepts this 
recommendation and has 
reallocated emissions from 
the use of pulverised coal 
in iron and steel production 
from 1.A.2 manufacturing to 
2.C.1 metal production.

See section 4.5 of 
the NIR.

2F ARR 2011

66

In the planned improvements section 
of its NIR, Australia notes that it 
expects that NGERS will provide 
country-specific information on 
annual leakage rates from commercial 
and industrial refrigeration and air-
conditioning applications. The ERT 
encourages Australia to make use 
of this information, as well as any 
available information on commercial 
and industrial refrigeration equipment 
stocks, to develop more accurate and 
precise estimates of emissions across 
the air-conditioning and refrigeration 
end use.

Accept. 

Australia has made use of 
new annual leakage rate 
information for commercial 
equipment in this submission. 

See section 4.8.6 
of the NIR.
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Sector Report ref ERT Recommendation Response Implementation

2F ARR 2011

73

One area where Australia could 
further improve the transparency of its 
inventory is regarding the treatment of 
sealed-pressure electrical equipment 
in its NGERS programme and 
inventory. Because sealed-pressure 
equipment is rarely serviced during 
its lifetime, the mass balance methods 
used by utilities reporting under 
Australia’s NGERS programme will not 
capture emissions from this source. 
Instead, the 2006 IPCC Guidelines 
recommend that appropriate EFs 
be applied to the data for the total 
nameplate capacity of sealed-pressure 
equipment reported in the country. 
The ERT, therefore, encourages 
Australia to more clearly discuss 
the fraction of reported nameplate 
capacity that consists of sealed-
pressure equipment and the methods 
that Australia uses to estimate 
emissions from this equipment. 
The ERT notes that reporting by 
equipment importers, which Australia 
indicated could occur under proposed 
legislation, could be quite helpful in 
developing or checking estimates 
of the nameplate capacity of sealed-
pressure equipment.

Australia will review this area 
of the inventory and provide 
further information in future 
submissions pending the 
availability of suitable data.

To be 
implemented 
in future 
submissions 
subject to data 
availability.

2 ARR 2012

50

Where NGERS data are used, 
transparently describe how the 
multiple data sets reflect the national 
GHG emissions for each subcategory, 
how it is ensured that all emission 
categories are covered by these data 
sets and how verification of the data 
is carried out, as well as how the data 
result in a consistent time series

The use of NGER data is 
discussed in general in 
chapter 1 of the NIR. The 
use of activity data and 
emission factors based on 
NGER data in the industrial 
processes sector is described 
throughout chapter 4.

See chapters 1 
and 4 of the NIR
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Sector Report ref ERT Recommendation Response Implementation

2.B ARR 2012

51

Provide the disaggregated data, or 
information on the improvement plan, 
to improve transparency in relation to 
the chemical industry

Confidentiality continues to 
be an issue in the chemicals 
sector where there are 
only a small number of 
companies in operation. The 
confidentiality provisions of 
the NGER Act under which 
chemical industry data are 
obtained are explicit and 
restrict publication of such 
confidential data. In recent 
years, Australia has invested 
effort in providing as much 
information as it can within 
the restrictions of the NGER 
Act, including provision 
of implied emission factor 
information and discussions 
of comparisons with other 
Annex 1 parties.  Australia 
remains committed to 
enhancing the transparency 
of the chemicals sector 
estimates and will continue 
to explore additional options 
within the confidentiality 
restrictions of the NGER Act. 

2.C ARR 2012

52

Reallocate the pulverized coal used 
as a reducing agent, along with the 
corresponding emissions, to the 
industrial processes sector

Accept. Emissions from the 
use of pulverised coal in the 
production of iron and steel 
has been reallocated from 
1.A.2 manufacturing to 2.C.1 
metal production.

See section 4.5 of 
the NIR.

2.F ARR 2012

53

Provide the recalculated data for HFC 
emission estimates

The recommendation to 
provide further information 
in relation to HFC and non 
HFC use in equipment 
stocks has been actioned. 
There have been no 
recalculations as a result of 
this recommendation.

See section 4.8 of 
the NIR.

2.A ARR 2012

54

Include additional information on 
the derivation of the EFs for lime 
production, including references to 
the data sources

Accept. Australia has 
provided further information 
in relation to the derivation 
of lime emission factors in its 
2013 submission.

See section 4.3 of 
the NIR.
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Sector Report ref ERT Recommendation Response Implementation

2.F ARR 2012

55

Disaggregate the emissions from 
electrical equipment and report 
them separately under each function 
(operation and disposal)

Australia does not 
currently have access to 
data that would make this 
disaggregation possible. 
As set out in the NIR, the 
emission factors obtained 
under NGERS have been 
derived from gas mass 
balances and integrate 
operational and disposal 
phases of the equipment 
life-cycle. Any effort to 
disaggregate emissions 
estimates currently would 
be based on an assumption 
and would likely result 
in inaccurate allocation 
between the operation and 
disposal. 

2.F ARR 2013 
Draft

The ERT recommends that Australia 
disaggregate the emissions and report 
the estimates separately under each 
function (operation and disposal) in its 
next annual submission.

See item above.

2.C ARR 2013 
Draft

The ERT recommends that Australia 
reallocate the use of pulverized coal 
used as a reducing agent, along with 
the corresponding emissions, to the 
industrial processes sector in its next 
annual submission

Accept. Emissions from the 
use of pulverised coal in the 
production of iron and steel 
has been reallocated from 
1.A.2 manufacturing to 2.C.1 
metal production.

See section 4.5 of 
the NIR.

2.C ARR 2013 
Draft

The ERT recommends Australia to 
provide revised CO2 estimates for this 
category using the recommended 
method for natural gas consumption 
(without an oxidation factor) including 
information on the methods, 
parameters and assumptions used as 
recommended by the GPG.

Accept. Emissions from 
ammonia production have 
been revised incorporating 
an oxidation rate of 100%.

See section 4.4 of 
the NIR.

ARR 2013 
Draft

The ERT recommends Australia that for 
the next submission make correction 
of PLF values in the CRF and properly 
fill table 2(II).Fs1

Accept See CRF table 
2(II).Fs1.

2.F ARR 2013 
Draft

The ERT recommends Australia that 
for the next submission reports 
disaggregated emissions by gas in 
table 2(II).Fs1.

Accept See CRF table 
2(II).Fs1.
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Sector Report ref ERT Recommendation Response Implementation

2.F ARR 2013 
Draft

The ERT recommends that Australia 
provide revised SF6 estimates for 
this category that include the SF6 
emissions from the use of AWACS 
aircraft, indicating the methods, 
parameters and assumptions used 
to estimate these emissions as 
recommended by the GPG.

The ERT notes that, if survey data on 
SF6 consumption for AWACS are not 
available, these emissions could be 
estimated using methods that other 
similar countries apply. For example, 
for SF6 emissions from AWACS, 
Germany reports an SF6 EF defined as 
average SF6 consumption per AWACS 
airplane per year of 740 kg, which is 
based on Schwarz (2005). 

Australia has obtained 
information from 
manufacturers and operators 
that confirm that no SF6 is 
used in this application.

See section 4.8 of 
the NIR.

Table A.6.5(c): Summary of responses to UNFCCC ERT recommendations: Agriculture

Sector Report ref ERT Recommendation Response Implementation

4 ARR 2011 
77

ARR 2012 
58

Provide a transparent description of 
the tier 2 uncertainty analysis in annex 
7 to the NIR, including information on 
the sources of the applied values and 
distributions used.

Accept. Specific 
parameters and 
distributions used in 
the tier 2 uncertainty 
analysis included in the 
2013 submission. 

See uncertainty 
sections in Chapter 6 of 
the NIR.

4 ARR 2012 
60

Include the references for sources of 
AD (e.g. amount of synthetic fertilizer 
used, the allocation of animal waste 
management systems, and the area of 
cultivated histosols).

Accept. Additional 
information in the 
2013 submission.

See section 6.2.1 Data 
Sources.

4A ARR 2009 
91, 94, 95 

ARR 2011 
79

The ERT noted that many of the studies 
are relatively old (over 10 years). 
The ERT strongly recommends that 
Australia explain in its next annual 
submission how it plans to update 
such studies.

Regarding research on Tropical EF: The 
ERT commends the efforts made by 
Australia and recommends that the 
Party provide an update of the results 
in the next annual submission

Australia provided its improvement 
plan indicating that the in-country 
peer review of tier 2 parameters for 
enteric fermentation is in progress. The 
ERT encourages Australia to finalize 
these studies and to apply the results 
for the preparation of the inventory as 
soon as the study has been finalized

New research on 
tropical cattle 
produced significantly 
different results 
to previous study. 
Based on advice from 
the FullCAM and 
Agriculture Inventory 
Expert Advisory Panel 
no changes to the 
methods will be made 
until further analysis of 
tropical cattle studies 
can be undertaken.

Review of other 
methods pending 
release of publications 
from the Reducing 
Emissions from 
Livestock Research 
Program

See section 6.4.6 - 
source specific planned 
improvements.
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Sector Report ref ERT Recommendation Response Implementation

4A ARR 2011 
80

ARR 2012 
62

The ERT recommends that, in its next 
annual submission, Australia also 
include information in the NIR to 
explain that feedlot cattle are reported 
under other (enteric fermentation) in 
the CRF tables

Accept. Implemented 
in the 2013 submission.

Footnote included on 
NIR Table 6.2.

4A ARR 2012 
59

Report the appropriate notation keys 
in CRF table 4.A instead of the value 
0.00.

Accept. Implemented in 2013 
submission.

4A&B ARR 2013 
Draft

Recommend including the explanation 
for weight loss in cattle in some States 
and season in the NIR

Accept. See section 6.2.1  
Data Sources.

4B ARR 2008 
45

ARR 2009 
69,71

ARR 2010 
100

ARR 2011 
82

ARR 2012 
64

ARR 2013 
Draft

Australia calculated N2O emissions 
from dairy cattle, with protein intake 
from dairy calves not included due 
to the early removal of calves from 
the herd. In response to a question 
raised by the ERT during the course 
of the review, Australia indicated that 
it intends to review the age at which 
calves are removed from the herd for 
its next annual inventory submission.

The 2009-2013 ERTs reiterated the 
recommendation made during 
the previous reviews that Australia 
implement changes or report on 
progress made.

Accept.

Current method 
assumes that calves are 
on pasture from birth. 
Most dairy calves are 
removed from cows 
within days and placed 
on milk replacement 
and supplements 
until weaned. If 
this approach is 
implemented it 
will result in a small 
increase in N2O 
emissions but will also 
result in a reduction in 
enteric fermentation. 
Review documented 
under QA/QC Section.

See section 6.4.6 
- Source Specific 
Planned Improvements

Implementation of 
new method has 
been delayed due to 
resource constraints. 
The new method 
represents a significant 
change to the 
structure of the AGEIS 
(Australian Greenhouse 
Emissions Information 
System). Specifications 
for changes are being 
prepared and will be 
implemented in the 
2015 submission

4B ARR 2012 
65

Include in CRF table 4.B (b) the 
nitrogen excretion rate for ostriches  
for 2010.

Accept Implemented in 2013 
submission.

4D ARR 2012 
66

ARR 2013 
draft

Provide information to demonstrate 
the representativeness for the value of 
the fraction of nitrogen that volatilises 
as ammonia and nitrogen oxides from 
animal manure (FracGASM) from the 
2006 IPCC Guidelines for National 
Greenhouse Gas Inventories.

Accept. Additional 
explanation provided 
in NIR and specific 
table reference 
given for 2006 IPCC 
Guidelines factors.

See section 6.6.2.8 of 
the NIR.

4D ARR 2013 
Draft

Recommend that Australia provide 
a transparent description of the AD, 
EF(s) used and emissions of N2O from 
fertilizer application to forests in the NIR.

Accept. See section 6.6.2.1 of 
the NIR.

4E ARR 2012

67

Document the results of the planned 
QA/QC processes for the new emission 
estimation method.

Accept. See section 6.7.4 of the 
NIR.
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Table A.6.5(d): Summary of responses to UNFCCC ERT recommendations: Waste 

Sector Report ref ERT Recommendation Response Implementation

6A ARR 2011 
107

In the previous annual review report, 
Australia was encouraged to develop 
country-specific DOC and k values. As 
indicated in paragraph 107 above in 
its 2011 annual submission Australia 
still uses default values for DOC and k. 
The ERT reiterates the encouragement 
of the previous review report to adopt 
country-specific values for these 
parameters, but notes that this matter 
will be addressed in Australia’s plan to 
use facility-specific parameter values 
from the NGER (2009-2012) system in 
future annual submissions.

To date, no facility-level 
decay rate constant 
information has been 
available under the 
NGER (2009-2012) 
system. Australia will 
continue to monitor 
NGER landfill data 
and make use of it as 
appropriate.

See section 8.10.1 of 
the NIR.

6C ARR 2011 
120

However, the CRF tables incorrectly 
report N2O and CH4 emissions from 
the incineration of waste (clinical 
waste and solvents) as “NA”. Since 
these emissions are likely occurring, 
the ERT recommends that Australia 
quantify the emissions of N2O from 
this category. If no data on EFs are 
available, the ERT recommends that 
Australia report those emissions as 
“NE”, rather than “NA”.

No EFs are provided 
for N2O from the 
incineration of clinical 
waste or solvents in 
GPG. 2006 Guidelines 
do include emission 
factors for sludge 
and industrial waste. 
Australia will review 
these factors to 
determine whether 
they are appropriate 
for application in 
clinical waste and 
solvent incineration.

An update will be 
provided in future 
inventory submissions.

6 ARR 2012

91

Fully implement the QC procedures so 
as to eliminate mistakes when filling in 
data in the CRF tables.

Accept

6.A ARR 2012

93

Provide information to explain why 
the Party does not take into account 
the fraction of municipal solid 
waste incinerated in the additional 
information to CRF table 6.A.

Accept See section 8.3.2.2 of 
the NIR and CRF table 
6.A.

6.A ARR 2012

94

Correct the delay time in the additional 
information to CRF table 6.A.

Accept – this was 
implemented in the 
2013 submission.

See CRF table 6.A

6.B ARR 2012

97

Include the conversion ratio between 
chemical oxygen demand and 
biochemical oxygen demand used 
in the estimation of domestic and 
commercial wastewater handling.

Accept See CRF table 6.Bs1

6.B ARR 2012

98

Improve the QC procedures for 
the reporting of COD in industrial 
wastewater.

Accept

6.B ARR 2012

100

Reallocate emissions from sludge 
application on agricultural land to the 
agriculture sector of the inventory.

Accept. Emissions from 
sludge application to 
land were reallocated 
to the agriculture 
sector in the 2013 
submission.

Refer to 2013 
submission.



A
nn

ex
es

160   Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3

Sector Report ref ERT Recommendation Response Implementation

6.C ARR 2012

102

Provide detailed information on the 
properties of the country-specific 
EFs and the national circumstances 
in relation to aerobic windrow 
composting, referencing the 
appropriate literature.

Accept. Refer to 2013 
submission.

6 ARR 2013 
Draft

The ERT recommends to include the 
information on QA/QC procedures for 
waste in next NIR.

Accept See section 8.8.1.

6.B ARR 2013 
Draft

The ERT recommends to include in 
the CRF documentation box clarifying 
the use of COD in CRF table 6.Bs1 in its 
next submission.

Accept See CRF table 6.Bs1.

Table A.6.5(e):  Summary of responses to UNFCCC ERT recommendations: Land Use Land Use  
Change and Forestry

Sector Report ref ERT Recommendation Response Implementation

LULUCF ARR 2011 
92

Australia chose 50 years as the 
transition period for land-use 
conversion but this was not fully 
applied in its disaggregation of land 
uses into the land-use remaining and 
land-use conversion subcategories, 
which is inconsistent with the IPCC 
good practice guidance for LULUCF.

The ERT recommends that Australia 
implement this planned improvement 
in its next annual submission, as it is 
needed so that the report is consistent 
with the IPCC good practice guidance 
for LULUCF.

Accept Australia is currently reviewing 
the most appropriate length of 
conversion period for its national 
circumstances.

Once this review is finalised the 
transition period policy will be 
implemented within the FullCAM 
Outputs Analysis System (OASys).

FullCAM OASys is a system for the 
storage and analysis of FullCAM 
outputs. The project has reached the 
detailed design phase.

LULUCF ARR 2011 
93

Australia has elected to move lands 
from the conversion subcategory to 
the remaining category after 50 years 
but also use subcategories to separate 
recent land conversions from older 
land conversions.

As Australia’s current reporting is 
not consistent with the IPCC good 
practice guidance for LULUCF, which 
requires that any change in area of 
forest land should correspond to a 
change in land use, the ERT reiterates 
the recommendation of the previous 
review report that Australia apply this 
method consistently in its next annual 
submission.

Accept Australia is developing a FullCAM 
Outputs Analysis System (OASys) 
to store, and support the analysis 
of, FullCAM outputs. This will 
allow Australia to improve the 
disaggregation of land use 
categories.

The project has reached the detailed 
design phase.
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Sector Report ref ERT Recommendation Response Implementation

LULUCF ARR 2011 
94

As indicated in the previous review 
report, Australia explained that 
changes in forest area under the 
subdivision “other native forests” do 
not always correspond to real changes 
in land use.

In its 2011 annual submission, Australia 
reports that it plans to implement 
a research project to improve the 
reporting on these changes in land 
use and that the project will take the 
recommendation from the previous 
review report into consideration. The 
ERT welcomes this action, reiterates the 
recommendation from the previous 
review report and looks forward to the 
results being reported in Australia’s 
next annual submission.

Accept Forest land area changes (and 
associated carbon stock changes) 
due to natural changes in forest 
cover are currently reported under 
Forest land, other native forests.

The observed natural gains and 
losses in forest cover are most likely 
driven by climatic fluctuations. 

In the absence of land use change 
(and climatic change) these lands 
are expected to change back to their 
originally observed status (e.g. lands 
that have naturally lost cover will 
naturally re-gain forest cover). That is, 
in most cases, it is likely that woody 
vegetation that could potentially 
reach the threshold values used to 
define Forest land remains in situ.

A key aspect of this research project 
will be using a new data set that 
has become available in Australia to 
identify woody vegetation that does 
not meet forest thresholds.

LULUCF Para 95 Australia assumes that there is no 
change in the soil carbon stock in the 
category forest land remaining forest 
land, which is estimated following 
the tier 1 approach of the IPCC good 
practice guidance for LULUCF. Australia 
reports that research is ongoing to 
implement higher tier modelling of 
soil carbon in all forest land remaining 
forest land subcategories. The ERT 
welcomes these activities and looks 
forward to the results of higher-tier 
modelling being implemented and 
reported in its next annual submission.

Implement Australia’s progress to move to 
higher tier modelling of Forest land 
remaining Forest land has been 
slower than planned.

Australia plans to implement spatial 
modelling of Forest land remaining 
Forest land for future inventory 
submissions.

LULUCF ARR 2011 
99

The ERT reiterates the recommendation 
of the previous review report that 
Australia improve the consistency of 
reporting and provide estimates for the 
full chosen period (50 years) in its next 
annual submission.

Review Australia is currently reviewing 
the most appropriate length of 
conversion period for its national 
circumstances.

Once this review is finalised the 
transition period policy will be 
implemented within the FullCAM 
Outputs Analysis System (OASys).

FullCAM OASys is a system for the 
storage and analysis of FullCAM 
outputs. The project has reached the 
detailed design phase.

LULUCF ARR 2012 
72

Report revised emission estimates 
for soils on forest land converted to 
cropland and forest land converted to 
grassland

Implement Resolved in Australia’s 2014 
inventory submission.
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Sector Report ref ERT Recommendation Response Implementation

LULUCF ARR 2012 
73

Report land-use categories consistently 
with respect to the timing for moving 
lands from the conversion category to 
the remaining category

Review Australia is currently reviewing 
the most appropriate length of 
conversion period for its national 
circumstances.

Once this review is finalised the 
transition period policy will be 
implemented within the FullCAM 
Outputs Analysis System (OASys).

FullCAM OASys is a system for the 
storage and analysis of FullCAM 
outputs. The project has reached the 
detailed design phase.

LULUCF ARR 2012 
74

Consistently apply the following 
criteria in the CRF tables and provide 
transparent documentation in the 
NIR: (a) areas of managed rangelands 
and pasture land where, due to 
climate variation, the tree crown 
cover permanently exceeds the forest 
threshold can no longer be considered 
grassland; they should be reported 
as a separate subdivision (e.g. natural 
forest expansion on grassland) under 
the subcategory land conversion to 
forest land; and (b) areas of managed 
forests where, due to climate variation, 
the tree crown cover is permanently 
below (i.e. it is not expected to exceed) 
the forest threshold can no longer be 
considered forest land; they should 
be reported as a separate subdivision 
under the sub-category forest land 
converted to a new land use (e.g. 
grassland)

Accept Forest land area changes (and 
associated carbon stock changes) 
due to natural changes in forest 
cover are currently reported under 
Forest land, other native forests.

The observed natural gains and 
losses in forest cover are most likely 
driven by climatic fluctuations. 

In the absence of land use change 
(and climatic change) these lands 
are expected to change back to their 
originally observed status (e.g. lands 
that have naturally lost cover will 
naturally re-gain forest cover). That is, 
in most cases, it is likely that woody 
vegetation that could potentially 
reach the threshold values used to 
define Forest land remains in situ.

A key aspect of this research project 
will be using a new data set that 
has become available in Australia to 
identify woody vegetation that does 
not meet forest thresholds.

LULUCF ARR 2012 
77

Review the estimates of land converted 
to forest land in order to ensure 
accuracy and completeness, and 
submit recalculated estimates

Accept As part of its review of land 
classification Australia has identified 
that the land converted to forest 
land classification should include 
land use conversion prior to 1990. 
Implementation of this revision 
is planned for the 2015 inventory 
submission.

LULUCF ARR 2012 
78

Review these figures in combination 
with the review recommended in 
paragraph 77 of this report, at the 
latest in the 2014 annual submission

Accept The method and documentation 
for the estimation of Grassland 
converted to Forest land which is 
subsequently converted back to 
Grassland has been updated with the 
2014 inventory submission. Detailed 
explanation is provided in Chapter 
11 of the NIR.

LULUCF ARR 2012 
81

Implement and report on the new 
plant growth model

Accept See Volume 2, section 7.E.5.
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Sector Report ref ERT Recommendation Response Implementation

LULUCF ARR 2012 
84

Implement and report on the use of 
the CSIRO plant growth model used to 
estimate the amount of above-ground 
mass that is likely to be grown in arid 
and semi-arid regions

Accept See Volume 2, section 7.E.5.

LULUCF ARR 2013 
draft

The ERT reiterates the recommendation 
made in the previous review reports that 
Australia consistently apply the following 
criteria in the CRF tables and provide 
transparent documentation in the NIR:

Areas of managed rangelands and 
pasture land where, due to climate 
variation, the tree crown cover 
permanently exceeds the forest threshold 
can no longer be considered grassland; 
they should be reported as a separate 
subdivision (e.g. natural forest expansion 
on grassland) under the subcategory land 
conversion to forest land;

Areas of managed forests where, due 
to climate variation, the tree crown 
cover is permanently below (i.e. it is 
not expected to exceed) the forest 
threshold can no longer be considered 
forest land; they should be reported 
as a separate subdivision under the 
subcategory forest land converted to a 
new land use (e.g. grassland).

Accept. Forest land area changes (and 
associated carbon stock changes) 
due to natural changes in forest 
cover are currently reported under 
Forest land, other native forests.

The observed natural gains and 
losses in forest cover are most likely 
driven by climatic fluctuations. 

In the absence of land use change 
(and climatic change) these lands 
are expected to change back to their 
originally observed status (e.g. lands 
that have naturally lost cover will 
naturally re-gain forest cover). That is, 
in most cases, it is likely that woody 
vegetation that could potentially 
reach the threshold values used to 
define Forest land remains in situ.

A key aspect of this research project 
will be using a new data set that 
has become available in Australia to 
identify woody vegetation that does 
not meet forest thresholds.

LULUCF ARR 2013 
draft

Considering the complexity of the 
Australian land representation, the 
ERT recommends to add, in the main 
section, a summary table where, for 
each land category and subdivision, 
more relevant information related to 
land representation as the approach 
used, the background data and the 
transition period applied, is reported.

Accept Australia will plans to present 
additional information and 
supporting material on land 
classification and methods in its  
2015 submission.

LULUCF ARR 2013 
draft

To enhance comparability of the 
GHGI and its consistency with IPCC 
categories it is recommended to 
allocate CO2 emissions from liming 
to CRF table 5(IV). Whether data 
available do not allow to disaggregate 
liming among land use categories, it 
is suggested to follow the common 
practice to assign all the activity data 
to the most relevant land use category 
(usually cropland) whist assigning the 
notation key IE to other land uses.

Accept Implemented in 2014 inventory 
submission.

LULUCF ARR 2013 
draft

Considering that the Tier 1 methodology 
for SOM in cropland and grassland is 
based on changes in management 
practices (i.e. to any change in 
management practices a C stock change 
is associated; and only changes in 
management practices determine to 
count for changes in C stock

Accept See Volume 2, 7.8.5, Planned 
Improvements.
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Table A.6.5(f ): Summary of responses to UNFCCC ERT recommendations: ARTICLE 3.3 ACTIVITIES

Sector Report ref ERT Recommendation Response Implementation

KP Art. 
3.3

ARR 2011 
125

To improve transparency the ERT 
recommends that Australia present 
the annual area of afforestation and 
reforestation in chapter 11 of the NIR in 
its next annual submission.

Implement This recommendation will be 
implemented in Australia’s 2015 
submission.

KP Art. 
3.3

ARR 2011 
126

To improve transparency the ERT 
recommends that Australia provide 
in its next annual submission more 
information on the estimation of the 
carbon stock change in the units of 
land harvested.

Implement Australia has presented additional 
information on emissions and 
removals on harvested land in Table 
12.13.

KP Art. 
3.3

ARR 2011 
127

In its NIR, Australia reported only 
generic qualitative information on 
the size and geographical location 
of forest areas that have lost forest 
cover but which are not yet classified 
as deforested. In the NIR volume 2, 
appendix 7E, Australia provides figure 
7.E2 showing the net change in forest 
cover that is not attributed to human-
induced actions.

Australia has included a review of the 
assessment of non-human induced 
forest cover change in its inventory 
improvement plan. The ERT welcomes 
this announced review, but reiterates 
the encouragement of the previous 
review report that Australia provide 
in its next annual submission, but 
certainly no later than the 2014 annual 
submission, a quantitative assessment 
of forest areas that have lost forest 
cover but which are not yet classified 
as deforested.

Accept In the 2013 submission Australia 
has included estimates of the 
area of plantation forest that have 
lost forest cover but are yet to be 
classified as deforested.

Forest land area changes (and 
associated carbon stock changes) 
due to natural changes in forest 
cover are currently reported under 
Forest land, other native forests.

The observed natural gains and 
losses in forest cover are most likely 
driven by climatic fluctuations. 

In the absence of land use change 
(and climatic change) these lands 
are expected to change back to 
their originally observed status (e.g. 
lands that have naturally lost cover 
will naturally re-gain forest cover). 
That is, in most cases, it is likely 
that woody vegetation that could 
potentially reach the threshold 
values used to define Forest land 
remains in situ.

A key aspect of this research project 
will be using a new data set that 
has become available in Australia to 
identify woody vegetation that does 
not meet forest thresholds.
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Sector Report ref ERT Recommendation Response Implementation

KP Art. 
3.3

ARR 2011 
128

For the same reasons as for 
afforestation and reforestation 
activities, the land cover transitions in 
table 7.5 of the NIR do not match the 
deforestation areas for the activities 
under Article 3, paragraph 3, of the 
Kyoto Protocol. In the CRF table NIR-2 
Australia reports the deforested areas 
for 2008 and 2009. During the review, 
Australia provided the ERT with a 
preliminary estimate of the annual 
area of land subject to deforestation 
under the Kyoto Protocol. To improve 
transparency the ERT encourages 
Australia to also present the annual 
deforested area since 1990 in the NIR 
of its next annual submission.

Accept The Forest cover change data 
presented in table 7.5 of the NIR 
includes the effects of natural forest 
cover gain and loss, direct human 
induced deforestation and human 
induced forest clearing that does 
not qualify as deforestation.

ARR 2012 
110

Provide more information on the 
estimation of the carbon stock changes 
for the units of land harvested and not 
harvested in chapter 11 of the NIR.

Accept The reporting of units of land 
harvested and not harvested within 
the Afforestation/Reforestation 
classification has been updated with 
the 2014 inventory submission. 

ARR 2012 
111

Include forest land that “naturally” 
regrew after 1990, and that is subject 
to the implemented legal and 
regulatory framework that, in practice, 
results in human-induced afforestation 
and reforestation activities, in the 
reporting under Article 3, paragraph 3, 
of the Kyoto Protocol.

Review Further analysis has been 
undertaken during 2012 and 2013 
and the results of this work are 
presented in Chapter 11 of the NIR.

ARR 2012 
112

Reflect in the NIR that deforestation on 
afforestation/reforestation lands must 
also be accounted.

Accept This was updated with the 2013 
inventory submission.

ARR 2012 
114

Document in the NIR the approach of 
using a period of eight years following 
the year of harvest to detect whether 
forest land has been deforested.

Accept The method and documentation for 
the estimation of emissions due to 
the Deforestation of Afforestation/
Reforestation land has been 
updated with the 2014 inventory 
submission. Detailed explanation is 
provided in Chapter 11 of the NIR.

ARR 2012 
115

Include in the accounting for 
deforestation the emissions from 
naturally regenerated forest land 
established since 31 December 
1989 which has been subsequently 
deforested in the next annual 
submission, but at the latest in the 
2014 annual submission.

Reject Australia’s implementation of 
the Deforestation classification is 
consistent with the requirements 
documented in the IPCC 
Supplementary methods and good 
practice guidance arising from the 
Kyoto Protocol (IPCC, 2003).
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Sector Report ref ERT Recommendation Response Implementation

ARR 2013 
Draft

The ERT notes that, according with 
accounting rules established by the 
Annex to Decision 16.CMP.1, any forest 
land, regardless of the previous use, 
that has been cleared after the 31 
January 1989 must be reported under 
the Deforestation activity.

The ERT also notes that, although the 
exclusion of any cleared forest land 
from the Deforestation reporting 
results in an underestimation of 
emissions for which provisions set in 
the Annex to Decision 20/CMP.1 apply, 
the application of such provisions 
would not result in accounting any 
of those lands currently excluded 
since the IPCC default methodology 
operates the same exclusion applied 
by Australia.

Further the ERT notes that, according 
with information reported by Australia, 
the exclusion from KP reporting of 
lands naturally converted to forest 
after the 31 December 1989 results, 
under Article 3.3 activities, in an 
underestimation of removals that 
is larger, in absolute terms, than 
the underestimation of emissions 
associated with the subsequent 
clearing of some of those lands.

Nevertheless, the ERT recommend 
Australia to enhance the consistency 
of its accounting with the letter of 
Decision 16/CMP.1 by reporting under 
Deforestation each and any cleared 
forest land since 1990.

Reject Australia’s implementation of 
the Deforestation classification is 
consistent with the requirements 
documented in the IPCC 
Supplementary methods and good 
practice guidance arising from the 
Kyoto Protocol (IPCC, 2003).

ARR 2013 
Draft

The model does not reconcile data on 
C stock growth, which it simulates, in 
any X area of forest plantation and data 
on harvested stock data that come 
from the statistics of forest plantations. 
This to ensure that the model does not 
over-under estimate, systematically, the 
carbon accumulation associated with 
forest growth and, consequently the 
carbon loss associated with harvesting 
at the end of the cultural cycle

The ERT recommends to implement 
such verification exercise in next 
inventory.

Accept Further documentation of this 
verification was included in Volume 
2 of the NIR.
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ANNEX 7: Uncertainty Analysis
Uncertainty is inherent within any kind of estimation—be it an estimate of the national greenhouse gas emissions, 
or the national gross domestic product. While it is in some cases possible to continuously monitor emissions, it is not 
usually practical or economic to do so. This leads to estimations based on samples or studies being used which carry 
a degree of additional uncertainty attached to them. Uncertainty also arises from the limitations of the measuring 
instruments, and over the complexities of the modelling of key relationships between observed variables and emissions. 

The purpose of estimating the uncertainty attached to emissions estimates is principally to provide information on 
where inventory resources should be allocated to maximise the future improvements to inventory quality.

Assessing uncertainty is, itself, a difficult exercise, especially in the absence of quantitative data. Australia has conducted 
an uncertainty analysis for the individual sectors in line with the IPCC Good Practice Guidelines. Monte Carlo and 
Latin Hypercube approaches were used to estimate emission uncertainty in some sectors, which is equivalent to the 
IPCC tier 2 methodology. 

The estimates have been mainly prepared by the judgement of the sectoral expert consultants. However, the estimates of 
uncertainty for the Australian inventory have been reviewed in 2005 by independent experts under protocols developed 
by the Australian CSIRO Atmospheric Research Division. The CSIRO report confirmed, with one or two exceptions, 
the quantitative judgements made in relation to uncertainty of inventory estimates and provide a strong basis for 
confidence in the assessments reported in this chapter.

The uncertainties for individual sectors are reported in more detail below. The estimated uncertainties tend to be low for 
carbon dioxide from energy consumption as well as from some industrial process emissions. Uncertainty surrounding 
estimates from these sources are typically as low as ± 4–5%. Uncertainty surrounding estimates of emissions are 
higher for agriculture, land use change and forestry, reflecting inherently high uncertainty due to the very nature of 
the processes involved (e.g. biological processes). A medium band of uncertainty applies to estimates from fugitive 
emissions, most industrial processes and non-CO2 gases in the energy sector. The ranges presented are broadly consistent 
with the typical uncertainty ranges expected for each sector, as identified in the IPCC Good Practice Report. 

The estimates of uncertainty surrounding the emissions estimates for individual sectors may be combined to present 
an estimate of the overall uncertainty for the inventory as a whole. Following the recommendations of the IPCC 
Good Practice Guidance, the emission estimates across the energy sector have been aggregated because of the hidden 
dependencies that exist between sectoral activity levels as a result of the constraint of overall consumption and since 
aggregate fuel consumption is more accurately known than the consumption in individual sectors. The results of the 
application of the IPCC tier 1 approach to estimating the uncertainty of the inventory as a whole, which identifies 
separately estimates of uncertainty for both activity and emission factors where available, and which does not account 
for correlations between variables (unlike some of the sectoral analyses), are presented in Table A7.1.

As indicated in the IPCC Good Practice Guidance the tier 1 approach is valid as long as a number of restrictive 
assumptions are met. An alternative, more flexible approach, which relies on Monte Carlo analysis and a more detailed 
specification of the sources of uncertainty, is currently under consideration for development by the DE for use in 
future national inventory reports. This analysis would be equivalent to the IPCC tier 2 approach and would take into 
consideration a number of refinements proposed by the CSIRO independent review.

The tier 1 results presented in Table A7.1 show the estimated uncertainty surrounding the aggregate inventory estimate 
for 2012 to be ±2.6%. The reported estimated uncertainty for the trend in emissions is ±3.0%. This estimate has been 
calculated on the assumption that the total uncertainty for parts of agriculture, land use, land use change and forestry, 
and the waste sectors are uncorrelated through time. 

Much of the uncertainty for the UNFCCC inventory derives from the LULUCF sector. The uncertainty for the aggregate 
inventory excluding LULUCF is estimated at ±2.2% and the uncertainty in the trend is estimated ±1.5% (Table A7.2).
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Energy

Stationary Energy

Uncertainty analyses were conducted for emissions from three sectors: 1.A.1.a. Electricity, 1.A.1.b. Petroleum refining 
and 1.A.1.c. Manufacture of solid fuels and other energy industries (Table A7.3). The overall uncertainty in estimated 
emissions from electricity generation was ±1%. The highest uncertainty was for N2O emissions, with an associated 
uncertainty of up to ±16%. However, as emissions of N2O (and CH4) account for only a small fraction, 0.4%, of the 
subsector’s total emissions, there is a negligible impact on overall uncertainty for this sector.

Australia has investigated the use of NGER uncertainty data in the national inventory uncertainty estimates. 
Uncertainty data is currently reported by companies under NGER at the corporation level. Therefore for many 
sectors it is difficult to identify the uncertainty associated with individual sources as company’s emissions result 
from many sources. The sector where NGER uncertainty data is most easily applied is in the electricity generation 
sector. The emission profile for corporations in this sector are dominated by emissions associated with electricity 
generation and it is possible to apply the NGER data directly.

Under NGER CO2 emissions from the combustion of coal or gas for electricity generation must be estimated 
using facility specific measurements. The use of facility specific measurements based on sampling and analysis of 
fuels results in relatively low uncertainty estimates as published in table A7.3.

The electricity uncertainty estimates have been applied in tables A.7.1 and A.7.2 to sector 1.A. Solid fossil fuels 
where the electricity sector is the dominant source. Uncertainty has been equally split between activity data 
and emission factor uncertainty as data on the composition of total uncertainty is not available under NGER. 
Australia will review uncertainty estimates reported under NGER and the incorporation of this data into the 
national uncertainty estimates further in the next annual inventory submission. 

Table A.7.3: Quantified uncertainty values for key stationary energy subcategories

Greenhouse gas source and sink category
Uncertainty (%)(a)

CO2 CH4 N2O Total CO2-e

1. ENERGY

A Fuel combustion activities

1.A.1.a Electricity ±1 ±9 ±15 ±1

Black coal ±2 ±9 ±15 ±2

Brown coal ±1 ±9 ±15 ±1

Petroleum ±4 ±9 ±7 ±4

Natural gas ±2 ±9 ±16 ±2

Biomass NA ±9 ±4 ±4

Biogas NA ±9 ±16 ±4

1.A.1.b Petroleum refining ±4 ±9 ±12 ±4

Petroleum ±4 ±9 ±12 ±4

Gas ±4 ±9 ±12 ±4

1.A.1.c Manufacture of solid fuels and other  
energy industries ±4 ±9 ±12 ±4

Coal ±4 ±9 ±12 ±4

Petroleum ±4 ±9 ±12 ±4

Gas ±4 ±9 ±12 ±4

(a)  Uncertainty reported at 95% confidence limits estimated using Latin Hypercube (a type of Monte Carlo) analysis and preliminary 
estimates for electricity incorporating NGER uncertainty estimates
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Overall uncertainty associated with emissions estimates from both 1.A.1.b. Petroleum refining and 1.A.1.c. 
Manufacture of solid fuels and other energy industries sectors was ±4%. Again, the uncertainty associated with 
emissions of N2O and CH4 has negligible impact on overall uncertainty. An uncertainty analysis on minor, 
mobile source categories of the stationary energy sector gave uncertainty values ranging from ±16.4% to ±24.5% 
for CO2, from ±25.4% to ±63.9% for CH4, and ±44.7% to ±64.2% for N2O.

Table A.7.4: Quantified uncertainty values for mobile source categories

Greenhouse gas source and sink category
Uncertainty (%)(a)

CO2 CH4 N2O

1.A.4. Other sectors

b. Residential

Lawn mowers ±24.5 ±45.2 ±46.3

1.A.5. Other

b. Mobile ±16.4 ±25.4 ±44.7

Military transport—land ±18.5 ±32.9 ±54.6

Military transport—water ±24.4 ±63.9 ±62.7

Military transport—aviation ±24.0 ±47.2 ±64.2

(a) Uncertainty reported at 95% confidence limits estimated using Monte Carlo analysis.

Transport

Monte Carlo analyses were conducted for all subsectors and fuel types. The uncertainty distributions for emission 
factors and activity data were developed on the basis of expert judgment.

The total estimated uncertainties in the transport subsector were ±4% for CO2, ±24% for CH4, and ±42% for 
N2O. Uncertainties in the emissions from individual source categories ranged from ±1% to ±24% for CO2, ±23% 
to ±59% for CH4, and ±32% to ±63% for N2O. The largest source of uncertainty is in the emission factors.

The estimates also reflect the relatively higher uncertainty attached to the emission estimates for particular vehicle 
types, which are drawn from ABS data and its survey of motor vehicle use, than for the sector as a whole. This 
outcome reflects the dependency between activity variables; and because overall transport fuel consumption is 
more accurately known than the individual segments.
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Table A.7.5: Emissions and quantified uncertainty values for key transport subcategories

Greenhouse gas source and  
sink category

Uncertainty (%)(a)

CO2 CH4 N2O

1.A.3. Transport ±4 ±24 ±42

a. Civil aviation ±9 ±52 ±52

b. Road transport ±4 ±25 ±42

i. Passenger cars ±6 ±31 ±44

ii. Light trucks ±7 ±38 ±41

iii. Medium trucks ±9 ±41 ±60

iv. Heavy trucks ±10 ±44 ±61

v. Buses ±8 ±36 ±53

vi. Motorcycles ±10 ±43 ±61

c. Railways ±5 ±39 ±39

d. Navigation ±8 ±59 ±32

e. Other transportation ±24 ±46 ±63

International bunkers

Aviation ±10 ±58 ±59

Marine ±4 ±47 ±52

(a) Uncertainty reported at 95% confidence limits.

Fugitives

The overall uncertainty for fugitive emissions was estimated to be ±11% (Table A7.6). The estimated uncertainty 
for solid fuels CH4 was ±19%. Uncertainties in oil and natural gas emissions were estimated to be ±4% for CO2, 
±5% for CH4 and ±4% for N2O.

Table A.7.6: Quantified uncertainty values for key fugitive emissions subcategories

Greenhouse gas source and sink 
category

Uncertainty (%)(a)

CO2 CH4 N2O CO2-e

1. ENERGY

B. Fugitive emissions ±4 ±14 ±4 ±11

1.B.1. Solid fuels NE ±19 NE ±19

1B1ai Underground mines NE ±21 NE ±21

Underground activities NE ±21 NE ±21

Post mining NE ±17 NE ±17

1.B.1.a.i.i. Surface mining NE ±17 NE ±17

1.B.2. Oil and natural gas ±4 ±5 ±4 ±4

1.B.2.a. Oil ±8 ±5 ±8 ±7

1.B.2.b. Natural gas ±9 ±9 NA ±9

1.B.2.c. Venting and flaring ±4 ±4 ±4 ±4

(a) Uncertainty reported at 95% confidence limits estimated using Latin Hypercube analysis.
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Industrial Processes

An analysis of uncertainty was conducted using the methods recommended in the Revised 1996 IPCC Guidelines 
and random sampling techniques described in the IPCC Good Practice report (Latin Hypercube simulations). 
Uncertainty estimates of the components of each emission estimate (activity levels and emission factors) are based 
on expert judgement.

As the IPCC tier 1 approach is not suitable for assessing uncertainty where approximately normal distribution 
assumptions cannot be sustained, an analysis was undertaken using Latin Hypercube techniques. These 
techniques can take into account asymmetric probability distributions associated with emission factors. For 
example, as the average emission factor for PFCs tends to the minimum limit that is understood to be technically 
feasible, the probability of the emission factor being lower than estimated is less than the probability of it being 
higher than estimated.

The Latin Hypercube analysis gave an uncertainty of ±5% (Table A7.7). The uncertainty in the industrial processes 
subsectors ranged from ±4% to ±20%.
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Livestock

An uncertainty analysis was undertaken for the livestock subsectors, addressing both CH4 and N2O emissions. 
Uncertainty distributions were developed for the inputs and the relationships used in the inventory (Table A7.10). 
Where possible, uncertainties were based on quantitative analysis of probability distributions. Nevertheless, many 
of the distributions remain based on expert judgement. For many biological variables there are limits to the likely 
minimum and maximum values, and these constrain the distributions. For example, feed intakes have maximum 
values that are defined by the physiology of the livestock and the characteristics of the feed. Minimum values of 
feed intake relate to productivity and survival below which the industry wouldn’t attempt to operate.

The estimated uncertainty in enteric fermentation emissions ranged from –5.1% to +5.9% (Table A7.8) while 
the uncertainty in the manure management emissions was in the order of 10%. For total CO2-e emissions from 
livestock the uncertainty was estimated to be –5.3% to +6.1%. The uncertainty in the reported cattle numbers was 
the most significant contributor to the overall uncertainty.

Recent measurements of methane emissions from sheep on high-quality pastures and cattle on grain diets in 
Australia show that the inventory procedure produces accurate estimates of methane emission rates. However, 
further work is needed to reduce uncertainties relating to feed intakes, methane emissions from sheep on low-
quality pasture, methane emissions from beef cattle, and emissions from manure under a range of conditions.

Table A.7.8: Relative uncertainty in emission estimates for the livestock subsector

Greenhouse gas source and sink categories
Uncertainty (%)(a)

CH4 N2O

A. Enteric fermentation –5.1 to +5.9

B. Manure management –9.8 to +11.1 –10.1 to +10.6

(a) Uncertainty reported at 95% confidence limits estimated using Monte Carlo analysis.

Other Agriculture

Estimates of uncertainties in the emissions for the other agriculture subsectors were determined using a Latin 
Hypercube analysis (Table A7.9). Ideally, the probability distributions of the input variables would be determined 
by statistical analysis of real data. However, in the current analysis, suitable data sets were not available and the 
probability distributions were defined using expert judgement (Table A7.10). The uncertainty in emission factors 
and associated parameters were determined from surveys of the published international literature, with emphasis 
on local Australian measurements. All variables are considered to be independent except fuel load and burning 
efficiency, which were positively correlated. 

There is large relative uncertainty in the emission estimates from all subcategories, including approximately –40 
to +60% for methane in the field burning of residues subsector and approximately –50 to +100% for nitrous oxide 
from agricultural soils. By way of comparison, estimates presented in the IPCC Good Practice Guidelines indicate 
uncertainties of up to +55% and +500% for these sectors respectively as being likely to be typical. Significantly, 
in all subsectors, most of this uncertainty was derived from the uncertainties in emission factors and associated 
parameters. Uncertainty in the activity data was a relatively minor contributor to overall uncertainty. Partly this 
is a result of using three-year averages of annual activity data. The effect of averaging is to significantly reduce 
the sensitivity of the emissions estimates to uncertainty in the value for any individual year. In most cases, the 
uncertainty ranges are distributed asymmetrically around the estimates because, while emission factors usually 
have well constrained minima, their maxima are generally unconstrained.
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Table A.7.9: Relative uncertainty in emission estimates for other agriculture subsectors

Greenhouse gas source and sink 
categories

Uncertainty (%)(a)

CH4 N2O

4. AGRICULTURE

C. Rice cultivation –20 to 23

1. Irrigated –20 to 23

D. Agricultural soils –46 to 97

1. Direct soil emissions –30 to 40

2. Animal production –53 to 90

3. Indirect –67 to 156

E. Prescribed burning of savannas –28 to 29 –29 to 33

F. Field Burning of agricultural residues –41 to 58 –39 to 56

1. Cereals –45 to 68 –45 to 69

2. Pulse –59 to 100 –60 to 98

3. Tuber and root NO NO

4. Sugar cane –42 to 62 –46 to 74

5. Other –57 to 96 –59 to 104

(a) Uncertainty reported at 95% confidence limits estimated using Latin Hypercube.
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Land Use, Land Use Change and Forestry

Australia’s uses tier 3 methods (ecosystem model) of emissions estimation and an Approach 3 (full spatial 
enumeration) method of representing land (IPCC 2003) for most of the LULUCF sector. Unlike the tier 1 and 
tier 2 methods, tier 3 uses complex modelling to estimate emissions in a way that fully represents both annual and 
spatial variability. Tier 3 and Approach 3 methods were chosen because the causes of most emissions in Australia 
(forest conversion) are from rare events (a small fraction of the forest estate). Tier 3 methods allow more complex 
forms of sensitivity and uncertainty analysis, and in concert with verification activities give an ability to identify 
any potential bias.

The verification processes focus on the detailed checking of land areas and modelled emissions estimates. That 
is, testing of results is typically against actual measures that have a ‘certain’ outcome. The benefits of verification 
by direct measurement are, first, the detailed data derived can be used to determine the model and land area 
estimation performances in general (e.g. by region, soil type, vegetation type) and in detail, for example, by 
carbon pool (e.g. litter, fast turnover soil organic matter). Second, having actual measures allows for continuous 
improvement whereby the verification data can subsequently be used to enhance calibration, which is then tested 
again in subsequent verification. This ensures a growing base of data for model calibration while also ensuring 
that calibration and verification data remain independent.

Extensive independent verification programs of the land cover change and plantation mapping via remote 
sensing techniques have been continuously applied throughout the time-series updates. The methods applied to 
verification of the land cover change results are published in the NCAS Technical Reports (Lowell et al. 2003 and 
Jones et al. 2004) and in peer review literature (Lowell et al. 2005). This program initially relied on verification 
against historic air photographs, and more recently, by using very high resolution satellite data (1m). The 
verification of the plantations mapping (MBAC Consulting in prep.) was based on on-site field inspection. This 
alternative approach was used because it was able to provide a definite date of planting (from signage or company 
records) and could accurately provide parameters such as species, stocking rate, condition etc. that could not 
be derived with certainty from remote techniques. This program was based on several hundred sites throughout 
Australia, selected to be representative of geographic regions, plantation types and plantation ages.

The direct measurement of forest biomass is rare, and as destructive sampling is required, no time-series growth 
data based on whole mass measurement is available. However, through the use of allometric equations from 
measurable forest stand parameters of basal area, height etc. it is possible to model total stand biomass. As these 
measures are widely used in a forest inventory, there is a wealth of industry data available at both a single point 
in time and time-series (permanent plot) measurements against which growth and biomass estimates have been 
verified. In addition, research site data comparisons and select whole-stand mass measurements have been applied. 
The benefits of comparisons with research data has been that additional to commonly available stand biomass 
estimates are data on site conditions and management. Because of the cost and logistical difficulty in actually 
measuring total stand biomass, the approach taken was to destructively sample and weigh forest plots of a single 
species across a productivity gradient (Ximenes et al. 2005). This approach could then test both the biomass 
predictions and replication of the gradient in forest productivity and carrying capacity by model estimates.

Much like the verification activities for forest biomass, a tiered approach was applied to the verification of 
modelled soil carbon change estimates. Most geographically widespread and representative data were taken from 
paired site samples, before and after land use change. The change in total soil organic carbon was compared to 
modelled estimates. Soil fractionations were also completed to test the model performance in predicting turnover 
in various soil carbon pools. Wherever possible, models were also compared to research site data (Skjemstad and 
Spouncer 2002). This again had the benefit of multiple pool, time-series measurements for comparison, along 
with the recorded impacts of detailed site condition and management.  
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The methods of uncertainty analysis described by the IPCC Good Practice Guidance 2003 are typically designed 
for tier 1 and tier 2 emissions factor based approaches. More complex methods for dealing with potential error 
propagation and inter-correlation of parameter uncertainties needs to be applied to the process model forms of 
inventory used in tier 3. However, the fundamental approach of using Monte Carlo forms of analysis for both 
sensitivity and uncertainty analysis remains relevant and are applied.

Sensitivity and uncertainty analyses are used to determine:

•	 that the best estimate (most likely outcome) is not subject to bias;

•	 the parameter sensitivity, in order to understand the drivers of uncertainty and guide improvement 
programs and verification priorities; and,

•	 to determine the probability distribution of possible outcomes.

The sensitivity and uncertainty analyses undertaken are described in detail in each of the methods Appendices 
7.B, 7.C and 7.D. To enable these analyses a Monte Carlo analysis capability has been integrated into the 
modelling framework and is routinely applied.

Uncertainty analyses using Monte Carlo techniques are also supplemented by the determination of accuracies of 
spatial data through verification programs. Verification can also be used to identify if there is any potential bias in 
the spatial inputs to the emissions modelling.

Table A.7.11: Estimation of uncertainties in components of the land use change and forestry subsectors 

Greenhouse gas source and sink categories
Uncertainty (%)

CO2 CH4 N2O

A.1 Forest land remaining forest land ± 30 -46 +77 -47 +88

A.2 Land converted to forest land ± 10

B.1/C.1 Cropland/Grassland remaining ± 30

B. 2/C.2 Forest land converted to Cropland/Grassland ± 10 ± 20 ± 20

Waste

Estimates for uncertainty for emissions from solid waste disposal were estimated by Burnbank Consulting. The 
full implications of non-linearities in the solid waste methodology are still to be satisfactorily explored, however, 
and further work into the solid waste estimates are likely in future.

Table A.7.12: Relative uncertainty in emission estimates for key waste subsectors

Greenhouse gas source and sink 
categories

Uncertainty (%)

CH4 N2O NOx CO NMVOC

6. Waste

A. Solid waste disposal on land a ± 3.25 NA NA NA NA

B. Wastewater ± 50

C. Incineration NA

a Source Burnbank Consulting 2007
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Table A.7.13: Specific distributions, parameters and results: Solid Waste

Variable Distribution and 
parameters 2sd M-2sd M+2sd 2sd/M M-/2.5% M+/97.5%

Emission Generated / 
2004 - ACT

0.70 12.85 14.26 5.19% 1.00 1.00

Emission Generated / 
2004 - NSW

16.55 277.85 310.95 5.62% 1.00 1.00

Emission Generated / 
2004 - NT

0.26 4.63 5.14 5.26% 1.00 1.00

Emission Generated / 
2004 - QLD

7.84 163.61 179.30 4.57% 1.00 1.00

Emission Generated / 
2004 - SA

4.92 45.95 55.79 9.68% 1.00 1.00

Emission Generated / 
2004 - TAS

1.72 15.75 19.19 9.84% 1.00 1.01

Emission Generated / 
2004 - VIC

16.57 163.14 196.29 9.22% 1.00 1.00

Emission Generated / 
2004 - WA

8.94 78.13 96.01 10.27% 1.00 1.00

Emissions Generated - 
Australia

26.59 792.84 846.03 3.25% 1.00 1.00

DOCfood
Normal 
(0.15,0.05*0.15) 

0.01 0.13 0.16 10.00% 1.00 1.00

DOCpaper&text / 
DOCpaper&text

Normal 
(0.4,0.05*0.4) 

0.04 0.36 0.44 10.00% 1.00 1.00

DOgGarden / 
DOgGarden

Normal 
(0.17,0.05*0.17) 

0.02 0.15 0.19 10.00% 1.00 1.00

DOCwood / DOCwood
Normal 
(0.43,0.05*0.43) 

0.04 0.39 0.47 10.00% 1.00 1.00

Standard Mix -  
MSW- food

Triangle 
(0.15,0.21,0.27) 

0.05 0.16 0.26 23.33% 0.99 1.01

Standard Mix - MSW-
p&t / Standard Mix - 
MSW-p&t

Triangle 
(0.07,0.11,0.15) 

0.03 0.08 0.14 29.69% 0.98 1.01

Standard Mix - MSW-gg / 
Standard Mix - MSW-gg

Triangle 
(0.14,0.19,0.24) 

0.04 0.15 0.23 21.49% 0.99 1.01

Standard Mix - MSW-
wood / Standard Mix 
- MSW-wood

Triangle 
(0.02,0.03,0.04) 

0.01 0.02 0.04 27.22% 0.98 1.01

Standard Mix - MSW-
other / Standard Mix 
- MSW-other

Triangle 
(0.38,0.46,0.54) 

0.07 0.39 0.53 14.20% 0.99 1.01

DDOC Normal (0.5,0.1*0.5) 0.10 0.40 0.60 20.00% 1.00 1.00

Half-life Triangle (3,4,6) 1.25 3.09 5.58 28.78% 0.94 0.99

Half-life Triangle (10,12,14) 1.63 10.37 13.63 13.61% 0.99 1.01

Half-life Triangle (6,7,9) 1.25 6.09 8.58 17.01% 0.97 1.00

Half-life Triangle (17,23,35) 7.48 17.52 32.48 29.93% 0.94 0.99

Time Delay Normal(7,0.28*7) 3.92 3.08 10.92 55.99% 0.98 1.01

Half-life Triangle (3,4,6) 1.25 3.09 5.58 28.78% 0.94 0.99
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Variable Distribution and 
parameters 2sd M-2sd M+2sd 2sd/M M-/2.5% M+/97.5%

Half-life Triangle (10,12,14) 1.63 10.37 13.63 13.61% 0.99 1.01

Half-life Triangle (6,7,9) 1.25 6.09 8.58 17.01% 0.97 1.00

Half-life Triangle (17,23,35) 7.48 17.52 32.48 29.93% 0.94 0.99

Time Delay Normal(7,0.28*7) 3.92 3.08 10.92 56.00% 0.98 1.01

Half-life Triangle (1,2,4) 1.25 1.09 3.58 53.45% 0.85 0.99

Half-life Triangle (8,10,12) 1.63 8.37 11.63 16.33% 0.99 1.01

Half-life Triangle (3,4,5) 0.82 3.18 4.82 20.41% 0.99 1.01

Half-life Triangle (14,20,23) 3.74 15.26 22.74 19.69% 1.01 1.03

Time Delay Normal(7,0.28*7) 3.92 3.08 10.92 55.99% 0.98 1.01

Half-life Triangle (1,2,4) 1.25 1.09 3.58 53.45% 0.85 0.99

Half-life Triangle (8,10,12) 1.63 8.37 11.63 16.33% 0.99 1.01

Half-life Triangle (3,4,5) 0.82 3.18 4.82 20.41% 0.99 1.01

Half-life Triangle (14,20,23) 3.74 15.26 22.74 19.69% 1.01 1.03

Time Delay Normal(7,0.28*7) 3.92 3.08 10.92 56.00% 0.98 1.01

Half-life Triangle (9,12,14) 2.05 9.61 13.72 17.61% 1.00 1.02

Half-life Triangle (14,17,23) 3.74 14.26 21.74 20.79% 0.96 1.00

Half-life Triangle (12,14,17) 2.05 12.28 16.39 14.34% 0.98 1.00

Half-life Triangle (23,35,69) 19.48 22.85 61.82 46.02% 0.86 0.99

Time Delay Normal(7,0.28*7) 3.92 3.08 10.92 55.99% 0.98 1.01

Half-life Triangle (9,12,14) 2.05 9.61 13.72 17.61% 1.00 1.02

Half-life Triangle (14,17,23) 3.74 14.26 21.74 20.79% 0.96 1.00

Half-life Triangle (12,14,17) 2.05 12.28 16.39 14.34% 0.98 1.00

Half-life Triangle (23,35,69) 19.48 22.85 61.82 46.02% 0.86 0.99

Time Delay Normal(7,0.28*7) 3.92 3.08 10.92 56.00% 0.98 1.01

Half-life Triangle (9,12,14) 2.05 9.61 13.72 17.61% 1.00 1.02

Half-life Triangle (14,17,23) 3.74 14.26 21.74 20.79% 0.96 1.00

Half-life Triangle (12,14,17) 2.05 12.28 16.39 14.34% 0.98 1.00

Half-life Triangle (23,35,69) 19.48 22.85 61.82 46.02% 0.86 0.99

Time Delay Normal(7,0.28*7) 3.92 3.08 10.92 55.99% 0.98 1.01

Half-life Triangle (9,12,14) 2.05 9.61 13.72 17.61% 1.00 1.02

Half-life Triangle (14,17,23) 3.74 14.26 21.74 20.79% 0.96 1.00

Half-life Triangle (12,14,17) 2.05 12.28 16.39 14.34% 0.98 1.00

Half-life Triangle (23,35,69) 19.48 22.85 61.82 46.02% 0.86 0.99

Time Delay Normal(7,0.28*7) 3.92 3.08 10.92 55.99% 0.98 1.01

Source:  Burnbank Consulting 2007



A
nn

ex
es

196   Australian National Greenhouse Accounts  National Inventory Report 2012  Volume 3

ANNEX 8: Description of Australia’s 
National Registry
The description of Australia’s national registry follows the reporting guidance set down in Decision 15/CMP.1, 
part II (Reporting of supplementary information under Article 7, paragraph 1, E. National registries) under the 
Kyoto Protocol.

Name and contact information of the registry administrator designated by the Party to 
maintain the national registry 

Shaun Calvert 
Registry Administrator 
Clean Energy Regulator 
GPO Box 621 
CANBERRA ACT 2601 
Tel: +61 2 6159 3398 
Email: shaun.calvert@cleanenergyregulator.gov.au

Names of any other party with which the party cooperates by maintaining their 
respective registries in a consolidated system 

The ANREU is not operated in a consolidated system with any other party’s registry.

A description of the database structure and capacity of the national registry 

The following is an extract from the Software Specifications for the ANREU.

Front end server

The ANREU runs Microsoft Internet Information Services 7 (IIS) for its front-end web server. All incoming 
requests will enter and outgoing responses will exit though the IIS server. The IIS server rewrites URLs, then 
either passing it to the application server or back to the client. SSL termination happens on this tier. Secure 
Socket Layer (SSL) provides a secure connection between the ANREU and a client’s web browser or the ITL. 
SSL uses a certificate which has been issued by a security authority to encrypt data moving over the unsecured 
internet. Beyond this point data will travel unencrypted between this front-end server and the application 
server. This is considered internal to the application. The IIS server converts all inbound and outbound HTTP 
communication to HTTPS secure communications.

Requests from the ITL and responses from the ANREU follow the same pattern. However, the front end server is 
not used for outgoing connections to the ITL initiated by the ANREU.

Application server

The middle tier serves the ANREU web application and uses Apache Tomcat 7.0. Apache Tomcat is an open 
source implementation of the Java Servlet and JavaServer Pages specifications that originally started as Sun 
Microsystems’ original reference implementation. Tomcat runs the compiled Java Bytecode and allows for 
external access to application. Tomcat also provides externalized configuration for the application such as database 
connection details.
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For outgoing requests to the ITL initiated by the ANREU web application, SSL origination occurs in the 
ANREU web application itself. Encrypted responses from the ITL return directly to the web application.

Database

Microsoft SQL Server 2008 provides a relational database back-end for persistent storage of data for the application.

International Transaction Log Services

Transactions performed between the ANREU and the ITL take place through web service interfaces, following 
the Data Exchange Standards for Registry Systems under the Kyoto Protocol (DES). These web service interfaces 
are implemented using Apache Axis1 (Axis) which is an open source implementation of the Simple Object Access 
Protocol (SOAP). Axis supports generation of Java stub code based on the RPC/Encoded Web Service Definition 
Language (WSDL) specified by the DES. SOAP web services map to an internal service layer, isolating the web 
service code from the application code so that chances to the application can be made without affecting the ITL 
web service contract.

There are two web service interfaces that run, the client interface which allows the sending of messages to the 
ITL, and the server interface which allows the ANREU to receive messages from the ITL. Both of these interfaces 
are defined as WSDLs in the DES. 

Figure A.8.1: ANREU Logical Network Topology (Production Environment)
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A description of how the national registry conforms to the technical standards for the 
purpose of ensuring the accurate, transparent and efficient exchange of data between 
national registries, the clean development registry and the independent transaction log, 
including (i) to (vi) below 

The ANREU contains the functionality to perform issuance, conversion, external transfer, (voluntary) 
cancellation, retirement and Reconciliation processes using XML messages and web-services as specified in the 
latest version of the Data Exchange Standards for Registry Systems under the Kyoto Protocol (DES). 

In addition, the ANREU also contains: 24 Hour Clean-up, Transaction Status enquiry, Time Synchronisation, 
Data Logging requirements (including, Transaction Log, Reconciliation Log, Internal Audit Log and Message 
Archive) and the different identifier formats as specified in the UNFCCC DES document.

(i)  A description of the formats used in the national registry for account numbers,  
serial numbers for ERUs, CERs, AAUs, and RMUs, including project identifiers and 
transaction numbers

The formats used in the ANREU are as specified in Data Exchange Standards for Registry Systems under the 
Kyoto Protocol (DES). Annex F — Definition of identifiers.

(ii)  A list, and the electronic format, of the information transmitted electronically when 
transferring ERUs, CERs, AAUs, and/or RMUs to other registries

The formats used in the ANREU to transmit information to other registries are specified in the Data Exchange 
Standards for Registry Systems under the Kyoto Protocol (DES).

(iii)  A list, and the electronic format, of the information transmitted electronically  
when acquiring ERUs, CERs, AAUs, and/or RMUs from other national registries or the  
CDM registry 

The formats used in the ANREU to acknowledge the messages transmitted to other registries are specified in the 
Data Exchange Standards for Registry Systems under the Kyoto Protocol (DES).

(iv)  A list, and the electronic format, of the information transmitted electronically from 
the national registry to the independent transaction log when issuing, transferring, 
acquiring, cancelling and retiring ERUs, CERs, AAUs, and/or RMUs

Information will be transmitted to the ITL in the message formats specified in the Data Exchange Standards for 
Registry Systems under the Kyoto Protocol (DES).

(v)  An explanation of the procedures employed in the national registry to prevent 
discrepancies in the issuance, transfer, acquisition, cancellation and retirement of ERUs, 
CERs, AAUs, and/or RMUs 

In order to minimise discrepancies between the ANREU and the ITL, the following approach has been adopted:

•	 Communications between the registry and the ITL are via web-services using XML messages — as specified in 
the Data Exchange Standards for Registry Systems under the Kyoto Protocol (DES). These web services, XML 
message format and the processing sequence are checked by the registry to ensure the compliance with the DES;
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•	 The registry validates data entries against the formats of information as specified in Annex F of the DES;

•	 The registry implements internal controls in accordance with the checks performed by the ITL — as 
documented in Annex E of the DES. 

•	 All units that are involved in a transaction are earmarked internally within the registry; thereby preventing 
the units from being involved in another transaction until a response has been received from the ITL and the 
current transaction has been completed;

•	 The web service that sends the message to the ITL for processing will ensure that a message received 
acknowledgement is received from the ITL before completing the submission of the message. Where no 
acknowledgement message has been received following a number of retries, the web-service would terminate 
the submission and roll back any changes made to the unit blocks that were involved;

•	 Where a 24 hour clean-up message is received from the ITL, the existing web service would roll back any 
pending transactions for the units that were involved, thereby preventing any discrepancies in the unit blocks 
between the registry and the ITL; 

•	 Finally, if an unforeseen failure were to occur, the data discrepancies between our registry and the ITL can be 
corrected via a manual intervention function. Following this, reconciliation will be performed to validate that 
the data is in sync between the registry and the ITL. If a discrepancy reoccurs in the registry, the following 
measures will be applied:

 – Identification, and registration of the discrepancy;

 – Identification of the source of the discrepancy (DES, registry specifications, erroneous  
programming code);

 – Elaboration of a resolution plan and testing plan;

 – Correction and testing of the software;

 – Release and deployment of the corrected software.

(vi)  An overview of the security measures employed in the national registry to deter 
unauthorised manipulations and minimize operator error

Below is a brief description of security measures implemented by the ANREU. For more detailed information, 
please refer to the formal readiness documentation which has been submitted as required to the ITL.

Identification and Authentication

All applicants looking to open an account in the ANREU are required to provide specified proof of identity 
documentation, along with completing a “fit and proper” person test. These identity requirements are defined in 
the Australian National Registry of Emissions Unit Act 2011 and the Australian National Registry of Emissions Unit 
Regulations 2011. 

Access to the registry is allowed via a personal username and password – allocated as a part of a Registration 
process performed by the Clean Energy Regulator. Passwords have an expiry date and any reset requires 
revalidation of the user’s identity. Password configuration is as per Australian Government guidelines.

Access control

Users of the ANREU are divided into four security groups. These groups control the access and security at the 
application level. A user’s login information is assigned to a user group, which determines what the user can and 
cannot do within the system.
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The Registry supports the following user groups:

System Administrator 

The System Administrator group has global authority throughout the Registry. This user is responsible not 
only for the day-to-day functionality of the system, but also for administrative support. This may include user 
management, managing and setting batch jobs, and reviewing audit and transaction logs 

Account Administrator

This role is limited to selected users within the Clean Energy Regulator and allows access to account 
administration functions within the ANREU (creation/editing/deletion or account holders, accounts and users). 
An Account Administrator is unable to perform any transactions (e.g. unit transfers) in the ANREU. 

Systems Auditor

A Systems Auditor has read only access to ANREU Account and Transaction information. A Systems Auditor is 
unable to update any information on an Account, nor is able to perform any transactions.  Systems Auditor access 
is only available to personnel employed by the Clean Energy Regulator.

Industry User/Account Holders 

Industry Users are external persons who require access to specific accounts within the ANREU. Users at this level are 
established when an ANREU account is initially created, and can be updated by the Account Holder. All Industry 
Users must pass required Proof of Identity and Fit and Proper person validations prior to being associated with 
an account. Additional security permissions are maintained for each Industry User associated with each account 
e.g. the ability to initiate or approve transactions for that account. These permissions are set by the Clean Energy 
Regulator upon advice from the account holder. A Read Only option is available, which requires management of 
the permissions – a read only Industry User would have access to view the holdings and transaction history of an 
account they are associated with, but is unable to initiate or approve any transactions for that account. 

Access protection

In order to prevent operator errors, the ANREU incorporates validations on all user inputs to ensure that only 
valid details are submitted for processing; The ANREU displays confirmation of user input to help the user to 
spot any errors that had been made and implements an internal approval process (input of relevant password 
details) for secondary approval for relevant operations before submitting the details to the ITL for processing.

Additional Security measures

In addition to the above, the ANREU incorporates an initiator / approver design to assist in mitigating the risks 
associated with high risk unit transfer functions. The initiator / approver function requires a transaction to be 
initiated by one identity (authorised representative) and be approved by another (authorised representative). The 
approval step includes validating the transaction by entering a single use PIN issued to the approver when the 
“initiate” transaction component is completed.

This measure supports the recommendations as outlined by the ITL Change Advisory Board.
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A list of the information publicly accessible through the user interface to the national registry

Non-confidential information has been made accessible to the public in line with the requirements of 13/CMP.1 
annex II.E on the National Registry website under the Public Reports menu.

Up to date information on accounts as required by paragraph 45 has been included under Public Reports > 
Accounts. No ERUs have been issued to date so no information is available. 

Information available to the public includes:

•	 Account name: the holder of the account;

•	 Account type: the type of account;

•	 Commitment period;

Information relating to projects as required by paragraph 46 has been included under Public Reports > Joint 
Implementation Project Information Report.

Holding and transaction information as required by paragraph 47 is published as described below:

a) The total quantity of ERUs, CERs, AAUs and RMUs in each account at the beginning of the year is 
available under Public Reports > Account Information Report, with Unit Block Holdings for each account 

b) The total quantity of AAUs issued on the basis of the assigned amount pursuant to Article 3, paragraphs 7 
and 8 is available at Public Reports > Annual Holding and Transaction Summary Report

c) The total quantity of ERUs issued on the basis of Article 6 projects is available at Public Reports > Annual 
Holding and Transaction Summary Report

d) The total quantity of ERUs, CERs, AAUs, and RMUs acquired from other registries and the identity of 
the transferring accounts and registries is available at Public Reports > Annual Holding and Transaction 
Summary Report.

e) The total quantity of RMUs issued on the basis of each activity under Article 3 paragraphs 3 and 4 is 
available at Public Reports > Annual Holding and Transaction Summary Report

f ) The total quantity of ERUs, CERs, AAUs, and RMUs transferred to other registries and the identity of 
the acquiring accounts and registries is available at Public Reports > Annual Holding and Transaction 
Summary Report.

g) The total quantity of ERUs, CERs, AAUs, and RMUs cancelled on the basis of activities under Article 3, 
paragraphs 3 and 4 is available at Public Reports > Annual Holding and Transaction Summary Report. 

h) The total quantity of ERUs, CERs, AAUs, and RMUs cancelled following determination by the 
Compliance Committee that the party is not in compliance with its commitment under Article 3, 
paragraph 1 is available at Public Reports > Annual Holding and Transaction Summary Report. 

i) The total quantity of other ERUs, CERs, AAUs and RMUs cancelled is available at Public Reports > 
Annual Holding and Transaction Summary Report.

j) The total quantity of ERUs, CERs, AAUs and RMUs retired is available at Public Reports > Annual 
Holding and Transaction Summary Report

k) The total quantity of ERUs, CERs and AAUs carried over from the previous commitment period is 
available at Public Reports > Annual Holding and Transaction Summary Report.

l) Current holdings of ERUs, CERs, AAUs and RMUs in each account. 
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An explanation of how to access information through the user interface of the  
national registry

Access to the ANREU is available through the internet at https://nationalregistry.cleanenergyregulator.gov.au/ 

Measures to safeguard, maintain and recover data in the event of a disaster

The servers (main and backup sites) that host the ANREU are in physically secure data centres fitted with secure 
access control systems. All data centres are fitted with smoke detection and automatic fire suppression systems. Anti-
virus software upgrades are downloaded and installed autonomously on to the servers as soon as they are released.

A full backup of each database and an hourly transaction log backup during business hours take place every 
day with the back-up media being held at an offsite third party secure storage facility. The database content will 
also be replicated at a minimum of 30 minute intervals to a secondary data centre location when the clustering 
environment is implemented. This will serve as the hosting platform for Disaster Recovery.

In the event of a disaster a decision will be taken (between the Clean Energy Regulator and the IT contract 
supplier) to invoke disaster recovery. This will involve:

•	 Stopping all transactions to the main platform.

•	 Ensuring that the committed transactions are replicated to the DR site.

•	 Switching all external interaction with the main site over to the secondary location.

The IT contract supplier is committed to resuming the service for the Regulator operators within 8 hours of the 
decision being made.

Results of previous test procedures

Comprehensive testing information has been submitted as part of the ITL readiness documentation in December 
2013. Please refer to this documentation for details.

Australia’s independent assessment reports are available from the UNFCCC website http://unfccc.int/kyoto_
protocol/registry_systems/independent_assessment_reports/items/4061.php 
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ANNEX 9: Glossary and Abbreviations
9.1 Glossary

Accounting quantity

The accounting quantity for the Kyoto Protocol land use, land use change and forestry 
activities represents the addition to or subtraction from a Party’s assigned amount for a 
given year of the commitment period. A net removal will be added to the assigned amount 
while a net source will be subtracted from the assigned amount.

For the afforestation/reforestation activities the accounting quantity must take into 
consideration the harvested forest sub-rule of the Kyoto Protocol (paragraph 4 of the 
annex to decision 16/CMP.1). Under this accounting rule “debits resulting from harvesting 
during the first commitment period following afforestation and reforestation since 1990 
shall not be greater than credits accounted for on that unit of land”. In other words, 
whenever emissions on harvested land units are greater than the removals on those land 
units, a net balance of zero is assumed for those units of land.

Activity
A process that generates greenhouse gas emissions or uptake. In some sectors it refers to 
the level of production or manufacture for a given process or category.

Afforestation

Afforestation is the direct human-induced conversion of land that has not been forested 
land for a period of at least 50 years to forested land through planting, seeding and/or 
human-induced promotion of natural seed sources. Under the Kyoto Protocol afforestation 
is limited to afforestation activities occurring on those lands that did not contain forest on 
31 December 1989. 

Automotive Diesel Oil 
(ADO)

A middle distillate petroleum product used as a fuel in high-speed diesel engines. It 
is mostly consumed in the road and rail transport sectors and agriculture, mining and 
construction sectors.

Anaerobic A process relying on bacteria that can live without oxygen.

Anthropogenic
Resulting from human activities. In the inventory, anthropogenic emissions are 
distinguished from natural emissions.

Bagasse The fibrous residue of the sugar cane milling process which is used as a fuel in sugar mills.

Briquettes
A composition fuel manufactured from brown coal, which is crushed, dried and moulded 
under high pressure without the addition of binders.

Calibration

Model calibration is the estimation and adjustment of model parameters and constants to 
improve the agreement between model outputs and a data set. Calibration requires high 
quality data that represent the range of conditions under which the model is required to 
perform so as to avoid possible bias in emission estimates. 

Clinker An intermediate product from which cement is made.

Coke

The solid product obtained from the carbonisation of suitable types of coal at high 
temperature. It is low in moisture and volatile matter and is mainly used in the iron and 
steel industry as an energy source and chemical agent. Semi-coke or coke obtained by 
carbonisation at low temperatures is included in this category.

Deforestation
Deforestation is the direct human-induced conversion of forested land to non-forested 
land. Under the Kyoto Protocol deforestation is limited to deforestation activities that have 
occurred since 1990 on land that was forest on 1 January 1990.

Dolomite
A naturally occurring mineral (CaCO3.mg CO3) which can be used to produce lime, iron  
and steel.

Emission Factor The quantity of greenhouse gases emitted per unit of some specified activity.

Emission Intensity

The total emissions divided by the total energy content of the fuels or the total energy 
used in a sector. The overall emissions intensity of coal used in Australia, for example, is 
determined by the quantity and emission factors for each of the many types and grades  
of coal used.
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Enteric Fermentation
The process in animals by which gases, including methane, are produced as a by-product 
of microbial fermentation associated with digestion of feed.

Feedlot

A confined yard area with watering and feeding facilities where livestock (mainly beef 
cattle) are completely handfed for the purpose of production. It does not include the 
feeding or penning of cattle for weaning, dipping or similar husbandry purposes or for 
drought or other emergency feeding, or at a slaughtering place or in recognised saleyards.

Feedstocks
Products derived from crude oil and destined for further processing in the refining 
industry, other than blending. Products include those imported for refinery intake and 
those returned from the petrochemical industry to the refining industry, such as naphtha.

Flaring
The process of combusting unwanted or excess gases at a crude oil or gas production site, 
a gas processing plant or an oil refinery.

Forest

Parties are required to select single minimum values for land area, tree crown cover and 
tree height. Australia uses a criteria of 20% tree crown cover, 2 metre minimum tree height, 
and a minimum of 0.2 hectares in land area for inclusion. These minimum criteria are 
within the ranges outlined in the Marrakech Accords.

Fuel Oil Covers all residual (heavy) fuel oils including those obtained by blending.

Fugitive Emissions

Fugitive emissions involve the release of non-combustion greenhouse gases arising from 
the production and delivery of fossil fuels. Fugitive emissions from solid fuels arise from 
the production, transport and handling of coal, and emissions from decommissioned mine 
and coal mine waste gas flaring. Fugitive emissions from oil and gas extraction, production 
and transport involve venting, flaring, leakage, evaporation and storage loss.

Global Warming 
Potential (GWP)

Represents the relative warming effect of a unit mass of a gas compared with the same 
mass of CO2 over a specific period. Multiplying the actual amount of gas emitted by the 
GWP gives the CO2-equivalent emissions.

Greenhouse Gases

Gases that contribute to global warming, including carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), perfluorocarbons (PFCs), hydrofluorocarbons (HFCs) and sulphur 
hexafluoride (SF6). In addition, the photochemically important gases—NMVOCs, oxides of 
nitrogen (NOx) and carbon monoxide (CO)—are also considered. NMVOC, NOx and CO are 
not direct greenhouse gases. However, they contribute indirectly to the greenhouse effect 
by influencing the rate at which ozone and other greenhouse gases are produced and 
destroyed in the atmosphere.

Hydrofluorocarbons 
(HFCs)

Used as substitutes for chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs).

Industrial Diesel  
Fuel (IDF)

A petroleum product primarily consumed in the rail and water transport sectors.

Initial Assigned 
Amount

Represents Australia’s emissions target for the first commitment period of the Kyoto Protocol 
(before adjustments are made for purchases of net credits from international sources). The 
initial assigned amount is calculated as 108% of the base year emissions and is established as 
591.5 Mt CO2-e a year for each year of the first commitment period 2008-2012.

Intergovernmental 
Panel on Climate 
Change (IPCC)

The international body responsible for assessing the state of knowledge about climate 
change. The IPCC increases international awareness of climate change science and provides 
guidance to the international community on issues related to climate change response.

Key Category

The IPCC Good Practice report (IPCC 2000) introduces the concept of key categories for 
prioritising the inventory development process. A key category has a significant influence 
on a country’s total inventory of direct greenhouse gases in terms of absolute level of 
emissions, the trend in emissions, or both. The tier 1 key category analysis identifies 
categories that contribute to 95% of the total emissions or 95% of the trend of the 
inventory in absolute terms. Tier 2 analysis identified categories that contribute to 90% of 
total uncertainty in the inventory.

Kyoto Protocol

The Kyoto Protocol to the convention on climate change was developed through the 
UNFCCC negotiating process. The protocol was negotiated in Kyoto, Japan, in 1997. It sets 
binding greenhouse gas emissions targets for UNFCCC developed country parties that 
ratify the agreement.
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Liquefied Petroleum 
Gas (LPG)

A light hydrocarbon fraction of the paraffin series. It occurs naturally, associated with 
crude oil and natural gas in many oil and gas deposits, and is also produced in the course 
of petroleum refinery processes. LPG consists of propane (C3H8) and butane (C4H10), or a 
mixture of the two. In Australia, LPG as marketed contains more propane than butane.

Lubricants
Hydrocarbons that are rich in paraffin and not used as fuels. They are obtained by vacuum 
distillation of oil residues.

Military Transport Includes all activity by military land vehicles, aircraft and ships.

National Carbon 
Accounting System

An integrated suite of models that estimate emissions from biomass, litter and soil carbon 
in a geographic information system framework with the support of resource inventories, 
field studies and remote sensing to assess land cover change.

Natural Gas
Consists primarily of methane (around 9%, with traces of other gaseous hydrocarbons, as 
well as nitrogen and carbon dioxide) occurring naturally in underground deposits. As a 
transport fuel it is generally used in compressed or liquefied form.

Navigation

All civilian (non-military) marine transport of passengers and freight. Domestic marine 
transport consists of coastal shipping (freight and cruises), interstate and urban ferry 
services, commercial fishing, and small pleasure craft movements. International shipping 
using marine bunker fuel purchased in Australia is reported but not included in the 
national inventory emissions total.

NMVOC

Non-methane volatile organic compounds such as alkanes, alkenes and alkynes, aromatic 
compounds and carbonyls that are gases at standard temperature and pressure (i.e. 
Boiling points below 200°C) and normally 10 or less carbon atoms per molecule; excludes 
chlorofluorocarbons (CFCs).

PFC
Perfluorocarbons, chemical compounds containing carbon and fluorine atoms only (e.g. 
CF4 and C2F6).

Prescribed Burning
The intentional burning of forests to reduce the amount of combustible material present 
and thereby reduce the risk of wildfires. In Australia this is known as ‘fuel reduction 
burning’.

Process Emission
The gas released as a result of chemical or physical transformation of materials from one 
form to another.

Reference approach
A ‘top–down’ tier 1 IPCC methodology for estimating CO2 emissions from fuel combustion 
activities (1.a).

Reforestation

The direct human-induced conversion of non-forested land to forested land through 
planting, seeding and/or human-induced promotion of natural seed sources, on land that 
was forested but that has been converted to non-forested land. For the first commitment 
period, reforestation activities will be limited to reforestation occurring on those lands that 
did not contain forest on 31 December 1989. 

Savanna

A grassland ecosystem with associated woody shrub and/or tree overstorey, the latter 
with projective foliage cover comprising less than 30% of the area. The IPCC category 
of ‘savanna’ is extended to include all non-agricultural grassland ecosystem types that 
experience burning in Australia.

Sink

Any process or activity that removes a greenhouse gas, an aerosol or a precursor of 
a greenhouse gas from the atmosphere. It includes chemical transformations in the 
atmosphere and uptake of the gases from the atmosphere by the underlying land and 
ocean surfaces.

Solid Waste

Waste from various activities; includes municipal solid waste (waste from domestic 
premises and council activities largely associated with servicing residential areas; such as 
street sweepings, street tree lopping, parks and gardens and litter bins), commercial and 
industrial waste, and building and demolition waste.

Solvent An organic liquid used for cleaning or to dissolve materials.

Source
Any process or activity that releases a greenhouse gas, an aerosol or a precursor of a 
greenhouse gas into the atmosphere.
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Tier

The IPCC methods for estimating emissions and removals are divided into ‘tiers’ 
encompassing different levels of activity and technology detail. Tier 1 methods are 
generally very simple (activity multiplied by default emissions factor) and require less data 
and expertise than the most complicated tier 3 methods. Tier 2 and 3 methods generally 
require more detailed country-specific information on things such as technology type or 
livestock characteristics. The concept of tiers is also used to describe different levels of key 
source analysis, uncertainty analysis, and quality assurance and quality control activities.

Town Gas
Includes all manufactured gases that are typically reticulated to consumers, including 
synthetic natural gas, reformed natural gas, tempered LPG, and tempered natural gas.

Uncertainty

Uncertainty is a parameter associated with the result of measurement that characterises 
the dispersion of values that could be reasonably attributed to the measured quantity (e.g. 
The sample variance or coefficient of variation). In general inventory terms, uncertainty 
refers to the lack of certainty (in inventory components) resulting from any causal factor 
such as unidentified sources and sinks, lack of transparency etc.

United Nations 
Framework 
Convention on 
Climate Change 
(UNFCCC)

Entered into force in 1994. Parties to the convention have agreed to work towards 
achieving the ultimate aim of stabilising ‘greenhouse gas concentrations in the 
atmosphere at a level that would prevent dangerous anthropogenic interference with the 
climate system’.

Validation

Model validation is a demonstration that a model, within its domain of applicability, 
possesses a satisfactory range of accuracy consistent with the intended application of the 
model. Validation compares simulated system output with real system observations using 
data not used in model development. It is used to test the model performance and that 
the calibration of the model has not produced biased emission estimates.

Verification

In terms of the inventory verification refers to the collection of activities and procedures 
that can be followed during the planning and development, or after completion of 
an inventory that can help establish its reliability for the intended application of that 
inventory. Typically methods external to the inventory are used to verify the truth of the 
inventory, including comparisons with estimates made by other bodes. Verification as it 
pertains to modelling is a demonstration that the modelling formalism is correct. It is a 
check that calculations, inputs, and computer code is correct. 

Venting
The process of releasing gas into the atmosphere without combustion. This may be done 
either at the production site or at the refinery or stripping plants. It is done to dispose of 
non-commercial gas or to relieve system pressure.
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9.2 Abbreviations
AAA Aerosol Association of Australia

AAC Australian Aluminium Council

ABARES Australian Bureau of Agricultural and Resource Economics and Sciences

ABARE Australian Bureau of Agricultural and Resource Economics 

ABR Australian Business Register

ABS Australia Bureau of Statistics

ACARP Australian Coal Association Research Program

ACT Australian Capital Territory

AD Activity Data

ADB Asian Development Bank

ADC Aluminium Development Council

ADO Automotive Diesel Oil

ADR Australian Design Rule

AEMO Australian Energy Market Operator

AES Australian Energy Statistics

AEZ Agro Ecological Zones

AFIC Australian Feeds Information Centre

AFRC Agriculture and Food Research Council

AGA Australian Gas Association

AGEIS Australia Greenhouse Emissions Information System

AGO Australian Greenhouse Office

AIHW Australian Institute of Health and Welfare

ALFA Australian Lot Feeders Association

ANAO Australian National Audit Office

ANREU Australian National Registry of Emissions Units

ANU Australian National University

ANZSIC  Australia New Zealand Standard Industrial Classification 

APEC Asia Pacific Economic Corporation

API American Petroleum Institute
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APPEA Australian Petroleum Production and Exploration Association

APS Australian Petroleum Statistics

ARC Agricultural Research Council

ARRBTR Australian Road Research Board Transport Research

ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineers Inc.

ASRIS Australian Soil Resource Information System

ASS Acid Sulphate Soils

AUASB Auditing and Assurance Standards Board

AUSLIG Australian Surveying and Land Information Group

AVHRR Advanced Very High Resolution Radiometer

Avtur Aviation turbine fuel

BEF Burning Efficiency

BITRE Bureau of Infrastructure, Transport and Regional Economics

BoM Bureau of Meteorology

BTX Benzene, Toluene, Xylene

BREE Bureau of Resources and Energy Economics

BRS Bureau of Rural Science

C&D Construction and Demolition waste

C&I Commercial and Industrial waste

CAAANZ Conservation Agriculture Alliance of Australia and New Zealand

CAB Change Advisory Board

CCS Carbon Capture and Storage

CCUS Carbon Capture Use and Storage

CEF Clean Energy Future package

CEM Clean Energy Ministerial

CER Clean Energy Regulator

CERI Clean Energy Research Institute

CFTT Centre for Forest Tree Technology

COBIT Control Objectives for Information and related Technology

COD  Chemical Oxygen Demand
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CPN Conditional Probability Network

CRC SI Cooperative Research Centre for Spatial Information

CRES Centre for Resource and Environmental Studies

CRF Common Reporting Format

CSIRO Commonwealth Scientific and Industrial Research Organisation

CUEDC Composite Urban Emissions Drive Cycle

DAFF Department of Agriculture, Fisheries and Forestry

DCC Department of Climate Change

DCCEE Department of Climate Change and Energy Efficiency

DE Department of the Environment 

DEEDI Department of Employment, Economic Development and Innovation

DEM Digital Elevation Model

DES Data Exchange Standards

DEWHA Department of Environment, Water, Heritage and the Arts

DI Department of Industry

DIT Department of Infrastructure and Transport

DM Dry Matter

DMD Dry Matter Digestibility

DMITRE Department of Manufacturing, Innovation, Trade, Resources and Energy

DMP Department of Mines and Petroleum

DNRM Department of Natural Resources and Mines

DOC Degradable Organic Carbon

DOCf fraction of Degradable Organic Carbon dissimilated

DOM Database Operations Manager

DRET Department of Resources, Energy and Tourism

DSDBI Department of State Development, Business and Innovation

E&P Forum Exploration and Production Forum 

EDC Emission Decay Curve

EDS Early Dry Season

EF Emission Factor
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EGCFE Expert Group on Clean Fossil Energy

EIS Environmental Impact Statements

EITEI Emissions Intensive Trade Exposed Industries

EPA Environmental Protection Agency

ERIC Environmental Research and Information Consortium Pty Ltd

ERT Expert Review Team

ESAA Energy Supply Association of Australia

ESAS Electricity Sector Adjustment Scheme

EU ETS European Union Emissions Trading Scheme

EVAO Estimated Value of Agricultural Operations

FAO Food and Agriculture Organisation

FITR Fourier Transform Infrared Spectroscopy

FOD First Order Decay

FORS Federal Office of Road Safety

FPA Forest Practices Authority

FullCAM Full Carbon Accounting Model

G8 The Group of Eight

GCL Geosynthetic Clay Liner

GCV Gross Calorific Equivalents

GE Gross Energy

GEDO Greenhouse and Energy Data Officer

GHG Greenhouse Gas

GIS Geographic Information Systems

GRDC Grains Research and Development Corporation

GWA George Wilkenfeld and Associates

GWP Global Warming Potential

HDPE High Density Polyethylene

IBRA Interim Biogeographic Regionalisation for Australia

IDF Industrial Diesel Fuel

IEA International Energy Agency
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IEF Implied Emission Factor

IPCC Intergovernmental Panel on Climate Change

IAR Initial Assessment Report

ISC Interspecies correlation

ISO International Organization for Standardization

IUFRO International Union of Forest Research Organizations

JCP Jobs and Competitiveness Program

JCPAA Joint Committee of Public Accounts and Audit

KP Kyoto Protocol

LDS Late Dry Season

LKD Lime Kiln Dust

LNG Liquefied Natural Gas

LPG Liquid Petroleum Gas

LTO Landing/Takeoff

LULUCF Land use, land use change and forestry

M2M Methane to Markets

MCF Methane Correction Factor

MDI Metered Dose Inhaler

MDP Metropolitan Development Program

ME Metabolizable Energy

MEF Manure Emission Factor

MMS Manure Management Systems

MRT Mineral Resources Tasmania

MSW Municipal Solid Waste

MVG Major Vegetation Groups

MWTP Municipal Wastewater Treatment Plants

NAILSMA North Australian Indigenous Land & Sea Management Alliance

NATA National Association of Testing Authorities

NCAS National Carbon Accounting System

NEA National Energy Administration
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NFI National Forest Inventory

NG  Natural Gas

NGERS National Greenhouse and Energy Reporting Scheme

NGGI National Greenhouse Gas Inventory

NGGIC National Greenhouse Gas Inventory Committee

NIAES National Institute for Agro-Environmental Sciences

NIR National Inventory Report

NLWRA National Land and Water Resources Audit

NORP Nitrous Oxide Research Program

NRC National Research Council

NSW New South Wales

NT Northern Territory

OECD Organisation for Economic and Co-operation Development

OLI Operational Land Imager

OSCAR Online System for Comprehensive Activity Reporting

PCC Post Combustion Capture

PVC Polyvinyl Chloride

QA/QC Quality assurance/Quality control

QDME Queensland Department of Mines and Energy

QLD Queensland

RET Department of Resources, Energy and Tourism

RIRDC Rural Industries Research and Development Corporation

ROU Recycled Organics Unit

RRA Refrigerant Reclaim Australia

RSA Registry System Administrators

SA South Australia

SCA Standing Committee on Agriculture

SCaRP Soil Carbon Research Program

SECV State Electricity Commission of Victoria

SEF Standard Electronic Format
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SEWPaC Department of Sustainability, Environment, Water, Population and Communities

SIAR Standard Independent Annual Review

SUV Sports Utility Vehicle

SWDS Solid Waste Disposal Site

TAS Tasmania

TOC Total Organic Carbon

UAG Unaccounted for Gas

UNFCCC United Nations Framework Convention on Climate Change

USEPA United States Environmental Protection Agency

VIC Victoria

VKT Vehicle Kilometres Travelled

VOC Volatile Organic Compounds

WA Western Australia

WALFA Western Arnhem Land Fire Abatement

WBCSD World Business Council for Sustainable Development

WMAA Waste Management Association of Australia

WRI World Resource Institute

WSAA Water Services Association of Australia

YSLB Years Since Last Burnt
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