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IMPORTANT NOTICE 

This report is confidential and is provided solely for the purposes that have been set out in the Client’s brief.  

This report is provided pursuant to a Consultancy Agreement between SMEC Australia Pty Limited (“SMEC”) and 

the Department of Environment and Energy (“DoEE”) under which SMEC performed an analysis of the waste 

sector projects and methods. This report is strictly limited to the matters stated in it and subject to the various 

assumptions, qualifications and limitations in it and does not apply by implication to other matters.  

SMEC makes no representation that the scope, assumptions, qualifications and exclusions set out in this report 

will be suitable or sufficient for other purposes nor that the content of the report covers all matters which you 

may regard as material for your purposes.  

This report must be read as a whole. Any subsequent report must be read in conjunction with this report.  

The report supersedes all previous draft or interim reports, whether written or presented orally, before the date 

of this report. This report has not and will not be updated for events or transactions occurring after the date of 

the report or any other matters which might have a material effect on its contents or which come to light after 

the date of the report. SMEC is not obliged to inform you of any such event, transaction or matter nor to update 

the report for anything that occurs, or of which SMEC becomes aware, after the date of this report. 

Unless expressly agreed otherwise in writing, SMEC does not accept a duty of care or any other legal 

responsibility whatsoever in relation to this report, or any related enquiries, advice or other work, nor does SMEC 

make any representation in connection with this report, to any person other than the DoEE. Any other person 

who receives a draft or a copy of this report (or any part of it) or discusses it (or any part of it) or any related 

matter with SMEC, does so on the basis that he or she acknowledges and accepts that he or she may not rely on 

this report nor on any related information or advice given by SMEC for any purpose whatsoever. 

 
 

INHERENT LIMITATIONS 

Due to the inherent limitations in any internal control structure, it is possible that fraud, error, or non-compliance 

with laws and regulations may occur and not be detected. Furthermore, this assessment was not designed to 

detect all cases in which projects under the Carbon Credits (Carbon Farming Initiative—Landfill Gas) 

Methodology Determination 2012 and Carbon Credits (Carbon Farming Initiative—Landfill Gas) Methodology 

Determination 2015 may have been inappropriately issued with units. Some statements made in this report are 

opinions made on a subjective basis, or based on project experience which cannot, for reasons of confidentiality, 

be specifically detailed.  
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EXCECUTIVE SUMMARY 

To be provided in Final. 
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PERFORMANCE OF THE LANDFILL GAS METHOD AGAINST THE 
OFFSETS INTEGRITY STANDARDS 

This report addresses the following requirements: 

▪ Requirement 2: Assessment of whether carbon abatement supported by the method is 

unlikely to occur in the ordinary course of events (section 2); 

▪ Requirement 3: Assessment of whether the emissions removal or reduction, as the case may 

be, are measurable and capable of being verified (section 3); 

▪ Requirement 4: Assessment of whether the method is supported by clear and convincing 

evidence (section 4); 

▪ Requirement 5: Assessment of whether estimates, projections or assumptions are 

conservative (section 5); and 

▪ Requirement 6: Provide data and an analysis of landfill gas capture and combustion projects 

(section 6). 
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2 Assessment of whether carbon abatement supported by 
the method is unlikely to occur in the ordinary course of 
events 

2.1 Whether foreseeable activities or circumstances that would be likely to 
result in non-additional abatement are excluded, where practicable. 

Section 27(4A) of the Carbon Credits (Carbon Farming Initiative) Act 2011 (CFI Act) sets out three tests 

for additionality: 

▪ The newness requirement (section 2.1.1); 

▪ The government program requirement (section 2.1.2); and 

▪ The regulatory additionality requirement (section 2.1.3). 

The three tests, as stated in the CFI Act, exclude non-additional abatement from being credited with 

Australian Carbon Credit Units (ACCUs).  However, the additionality tests are adjusted for some 

Methodologies.  The CFI Act provides for caveats for each of the three tests that allow either Carbon 

Credits (Carbon Farming Initiative - Landfill Gas) Methodology Determination 2015 (the Methodology) 

or legislative rules to specify other requirements that can be used in lieu of, or in addition to, the stated 

additionality tests.  

 Newness test caveat for landfill gas 

There is a caveat for the newness requirement in the landfill gas Methodology.  This applies to a small 

class of recommencing landfill gas projects which have been inactive for over three years.  The newness 

caveat is included to encourage operators to reinvigorate old landfill gas systems that are no longer 

operational.   

It appears unlikely that a landfill would stop operating a landfill gas system for three years solely to 

subsequently create ACCUs.  This is because operators of most reasonable sized landfill gas systems 

would not be easily able to stop operations for three years due to: 

▪ risk management focus regulatory requirements (section 2.4),  

▪ equipment deterioration and associated costs (sections 2.3.1 and 6.3), and  

▪ potential community concerns over odour.   

The newness caveat is therefore considered to exclude non-additional abatement. 

 Government program requirement caveat 

There is no government program requirement caveat for the landfill gas Methodology.  All landfill gas 

projects meet the CFI Act’s government program additionality requirement.  That is, if a landfill gas 

system is new and it is not being supported by another Government program, it receives accreditation 

under the landfill gas Methodology by the fact that it is a landfill gas project.  
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using the default value it can continue to be used indefinitely.  Projects still using the 2012 

Methodology can change to and from the default factor as they wish.   

There is an unquantified risk of ‘gaming’, where projects measure concentration only where it is 

financially advantageous to do so.  It was not possible to assess the likelihood of gaming, but detailed 

assessment of a project’s methane percentage and the use of default factors (if available) could 

provide some insight on the potential methane overestimation.   

For example, if the default methane percentage of 50% is used, when gas samples indicate an actual 

concentration of, say, 40%, then the claimed units would be 25% higher than actual gas destruction.   

A high-level literature review was performed to determine the minimum methane percentage a flare 

and a power generation engine can operate.  The findings are provided below.   

2.2.1.2 Minimum methane percentage - flaring 

Parker et al 20021 indicate that the minimum volume concentration of methane for flaring is 20%  

(i.e. this concentration enables the landfill gas to form a combustible mixture with ambient air).   

As such, at 20% methane, only the landfill gas is needed for the flare operation.  At landfills with 

methane concentration of less than 20%, supplemental fuel (e.g. natural gas) is required to operate 

flares.  It is noted that in the industry, based on Australian conditions and depending on the equipment 

and moisture levels of the gas, the minimum methane percentage required to operate a flare is 

believed to be underneath 40%.  The preference is to operate above 40%. 

2.2.1.3 Minimum methane percentage – power generation 

Performance of the electricity generation engine operated with landfill gas significantly depends on: 

▪ the methane concentration on the landfill gas; and 

▪ impurities in the landfill gas (i.e. hydrogen sulphide, chlorinated and fluorinated compounds 

cause corrosion of the engine parts and decrease life of the engine oils). 

Literature indicates that the presence of high level of impurities reduce the economic viability of 

energy recovery2.  Furthermore, minimum methane concentration required for an engine to work was 

found to be as low as 35% in the landfill gas3.  It is noted that this concentration was recorded by an 

engine manufacturer and does appear to be too low for the industry.  Other source4 reports that the 

methane concentration, evaluated by field measurements at 3 landfill sites, ranged from 41% up to 

98%. 

                                                            
 
1 Parker, T., Dottridge, J. and Kelly, S., (2002) Investigation of the composition and emissions of trace components 
in landfill gas. Environment Agency, R&D Technical Report P1-438/TR.  Accessed 29/08/2017, retrieved from:  
http://gassim.co.uk/documents/P1-438-TR%20Composition%20of%20Trace%20Components%20in%20LFG.pdf  
2 Sevimoğlu, O. and Tansel, B., (2013) Effect of persistent trace compounds in landfill gas on engine performance 
during energy recovery: a case study. Waste management, 33(1), pp.74-80. 
3 Ibid. p. 80. 
4 Spokas, K., Bogner, J., Chanton, J.P., Morcet, M., Aran, C., Graff, C., Moreau-Le Golvan, Y. and Hebe, I., (2006) 
Methane mass balance at three landfill sites: What is the efficiency of capture by gas collection systems?, Waste 
management, 26(5), pp.516-525 in Di Maria, F., Sordi, A. and Micale, C., (2013) Experimental and life cycle 
assessment analysis of gas emission from mechanically–biologically pretreated waste in a landfill with energy 
recovery. Waste Management, 33(11), pp.2557-2567 
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Under the carbon tax, many landfill facility operators charged their customers in relation to future 

carbon liabilities that were expected to accrue as the waste being deposited decayed over many 

decades. With repeal of the tax, future tax liabilities for emissions from that waste will not eventuate, 

although charges equivalent to those future year liabilities were paid by many waste customers.   

 Baselines 

Different landfill gas projects may receive different baselines.  The baseline applied to a project is the 

main factor when assessing the risk of under- or over-crediting.  If a baseline is too high, a project 

would not be credited ACCUs for abatement additional to regulatory requirements, and may mean the 

project does not go ahead.  By contrast, if a baseline is too low, a project will receive ACCUs for 

abatement that would have occurred regardless because of regulatory requirements.   

Section 28 of the Methodology sets a baseline for new or recommencing projects, equal to the greater 

of the regulatory proportion or a default value.  It is noted that projects that transitioned from the 

Greenhouse Friendly program and the NSW Greenhouse Gas Reduction Scheme (GGAS) were allowed 

to maintain their original baselines. 

2.2.4.1 The regulatory proportion 

The regulatory proportion is calculated with reference to Schedule 1 of the Methodology, which 

provides four options: 

1. Reference to State or Territory guidelines for landfilling, which are interpreted as setting limits 

for gas concentrations above the landfill.  These levels are linked to a percentage gas capture 

rate through modelling.  The modelling links methane generation (calculated using NGER 

methods) to concentrations above the landfill, using a model based on landfill surface area and 

the proportions of the surface area under different types of cover.  

2. Asking the regulator what gas capture rate is needed to comply. 

3. Asking the regulator whether the current gas capture rate is compliant. 

4. Determined by an independent expert. 

Despite not been able to assess the source of information for option 1, the input assumptions 

parameters appear to be appropriate.  

2.2.4.1.1 Do landfill operators regularly exceed the regulated concentrations of methane? 

Interviews with relevant State regulatory authorities were undertaken.  SMEC contacted the Victorian 

EPA regulator who confirmed that landfills in their jurisdiction are required to monitor and report on 

compliance on a yearly basis.  Unfortunately, data on exceedances is not available but suggested to 

review the landfills’ annual performance statements in the EPA Interaction Portal6.  Additionally, the 

EPA Victoria provided a list of 69 landfill licences numbers.   

                                                            
 
6 Information obtained from the EPA Interaction Portal accessed on 12 September 2017 from: 
https://portal.epa.vic.gov.au/irj/portal/anonymous?NavigationTarget=ROLES://portal content/epa content/e
pa roles/epa.vic.gov.au.anonrole/epa.vic.gov.au.searchanon&trans type=ZAPS  
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Large landfills close to highly urbanised areas are at higher risk of giving rise to odour complaints, and 

are consequently likely to be subject to stricter levels of regulatory enforcement.  Wet periods can lead 

to pulses of gas and odour which are not predicted by NGER modelling.  Landfills that are owned by 

local governments – the norm in regional areas – may be subject to community expectations in terms 

of odour management so that State enforcement is of secondary consideration.  

Because of the inherited variability between sites, the 30% default baseline cannot, in practice, be 

considered accurate for all sites. However, there is a need for one or more default values. 

We are advised by the DoEE that the 30% default baseline was supported by modelling by GHD 

Australia Pty Ltd (GHD) using relevant values in State and Territory regulations (such as upper limits 

for methane emission rates from landfill surfaces), and some draft information from that review is 

available.  We are also informed it was also a compromise value agreeable to both the DoEE and the 

industry.  Based on our industry experience, it represents a reasonable and conservative average.   

This issue could be investigated at greater depth.  It is anticipated that the best way to assess the 

appropriateness of the 30% regulatory default would be to:    

▪ Compare site gas capture rates (through NGER data) with State and Territory advice on levels 

of compliance, to the extent this is available.  This would highlight the extent of compliance 

with gas management requirements; or 

▪ Consider the different State and Territory regulatory requirements to determine a 

State/Territory-specific baseline percentage; or 

▪ Measure the accuracy of a default 30% baseline (i.e. regulatory requirements might represent 

a different percentage). 

2.2.4.3 Case study – why are there few new landfill gas projects in Victoria? 

Victoria’s best practice environmental management guideline7 sets default landfill gas action levels 

(summarised in Table 3).  The action level includes 100 ppm methane concentration above the landfill’s 

final cap.  This has been interpreted in the Methodology as the basis for the regulatory limit.   

The guideline states (p.33) that “EPA need not be advised of an excursion above an action level where 

only an onsite location was affected and the matter is rectified within 24 hours”. 

As noted by the DoEE, where an exceedance occurs and is rectified within 24 hours, the exceedance 

will have an immaterial effect on the calculations for the whole reporting period.  Therefore, the 

Methodology’s approach would appear to be reasonable.   

  

                                                            
 
7 EPA Victoria, Best Practice Environmental Management Guide, “Siting, design, operation and rehabilitation of 
landfills” (2015), retrieved on 1 August 2017 from www.epa.vic.gov.au/~/media/Publications/788%203.pdf  
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reduction in gas capture levels under the ERF, which incentivises capture and destruction of each tonne 

of methane.  

 Energy generation projects 

The costs for energy generation projects greatly exceed those for flaring.  Capital costs for the 

reciprocating engines are typically AUD$1.8m per megawatt electrical (MWe) (refer to section 6.3).   

As the power generation engines are modular (i.e. additional power generation engines are installed 

as the gas build-up allows for their operation), the costs are predominantly linearly scalable.  It is noted 

that most of the projects are implemented in a staged manner.  In consideration of additional required 

electrical infrastructure (i.e. connection systems), these costs could escalate to ~AUD$2.5m per MWe.   

The sale of electricity and LGCs provides an incentive for electricity generation which will vary by site 

and on the stage of the landfill (or project) lifecycle.  Specific project data could not be obtained as this 

information is not public and the project owners were not willing to share the details.   

Nevertheless, to illustrate how the value of ACCUs relate to the total project income, a high-level 

assessment was performed.  These figures consider the most recent estimate (i.e. 2017) and a 2013 

estimate.  The 2013 estimate was selected for illustrative purposes and it is noted that this period was 

when compliance ACCUs had a fixed price.   

2.3.2.1 ‘Bundled’ Power Purchase Agreements consideration 

To assess how the incentives correlate given the volatility in price, the electricity and LGCs values were 

‘bundled’.  These incentives covered both electricity and LGCs, which are based on long term power 

purchase agreements (PPAs).  It is noted that the PPAs value has been declining.  Figure 3 shows that 

these prices have approximately halved since projects commenced in 2012.   

 
Figure 3: Annual trend, PPA prices8   

                                                            
 
8 Vorrath, S. and Parkinson G. (2017), “Origin signs up for 200MW solar plant in S.A, as PPA prices tumble”, 
retrieved from http://reneweconomy.com.au/origin-signs-up-for-200mw-solar-plant-in-s-a-as-ppa-prices-
tumble-86240/  
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Figure 6: ACCUs sensitivity vs ‘bundled’ PPA 

As shown in Figure 6, a price of $15 per ACCU would represent approximately 46% of the financial 

incentives of a project.  Similarly, a price of $8 per ACCU would represent approximately 30%.  

This correspond to a 2 or 3% variance in the financial incentive for every dollar varied in the ACCU 

price. More information on the financial performance is provided in section 6.3.   

2.3.2.3 Relation between the value of ACCUs and the abatement 

This section explores the potential impact of ACCU income on the volume of landfill gas destroyed. 

Figure 7 shows the annual trend since 1990 for both flare and electricity projects combined. 

The following periods are highlighted: 

▪ From 1990 to 1995 there is a small increase (i.e. from an almost zero baseline in the amount

of landfill gas destruction to nearly 1,000 ktCO2-e).

▪ From 1995 to 1998 there is a steep increase of nearly 2,000 ktCO2-e in abatement.

This increase is driven presumably mainly by the ability to sell electricity.  Also, other factors

may be the odour regulations, guidelines and community concerns and the introduction of

‘green’ tariffs in some States and the Renewable Energy Target (RET) in 1997.

▪ From 1998 to 2002 the growth appears to level off, until 2003 when the GGAS scheme was

introduced.

▪ In 2003, a significant increase in capture rates occurred, until another flat period from 2005

when GGAS prices and regulatory certainty ‘stalled’ during CPRS (carbon tax) discussions, until

the introduction of the CFI and carbon tax in 2011.

▪ The growth stalled with the loss of the carbon tax value in 2014.

▪ The commencement of ERF auctions in 2015 continued to marginally increase recovered GHG

emissions.
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Figure 7: Annual trend, emissions reductions at landfill sites11 

It is noted that two types of drivers have been identified that may have influenced the GHG emissions 

abatement, these are: 

▪ Sudden changes: three sudden changes can be perceived as indicated in Figure 7.   

As highlighted above, these changes coincide with: 

o Financial drivers, such as: 

▪ Ability to sell electricity in 1995; 

▪ GGAS introduction in 2003; and  

▪ Carbon tax introduction in 2011.  

▪ Gradual changes: other drivers that may influence the abatement of GHG emissions, albeit in 

a more gradual manner (i.e. cannot be pinpointed in Figure 7) are:  

o Regulations; whilst no specific requirements of the abatement required, the 

introduction of State and Territory regulation affects the amount abated; 

o Community complaints / concerns over odour;  

o Other incentives: 

▪ Modular power generation technology (i.e. technology improvement / cost 

decrease of power generation and flaring equipment); 

▪ Landfill management intent (including reputational benefits, environmental 

values, quality objectives and susceptibility to public perception); 

▪ Health and safety issues or concerns (including impacts to the environment, 

human health and amenity); and 

▪ Risk Management (e.g. mitigate asphyxiation, explosion and migration 

potential). 

                                                            
 
11 Department of the Environment and Energy, National Greenhouse Gas Inventory, “Recovered CO2e Emissions 
(Gg) for Australia from Managed Waste Disposal Sites”.  Retrieved from:   
http://ageis.climatechange.gov.au/Chart KP.aspx?OD ID=70067876761&TypeID=2  

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

G
ig

ag
ra

m
s 

(G
g)

Year

Recovered CO2e Emissions (Gg) for Australia from Managed Waste Disposal Sites

Su
d

d
e

n
 In

cr
ea

se
 in

  

A
b

at
em

en
t 

#1
 

Su
d

d
e

n
 In

cr
ea

se
 in

 

A
b

at
em

en
t 

#2
 

Su
d

d
e

n
 In

cr
ea

se
 in

 

 A
b

at
em

en
t 

#3
 







 

Deliverable 2: Performance of the LFG method against the OIS – DoEE –DRAFT – October 2017 | SMEC Australia | 8 

2.4.1.2 General Policy and Guidelines 

Each State and Territory13 has developed its own specific set of guidelines (refer to Appendix B for 

details).  The guidelines are designed to: 

▪ Provide guidance and set aspirational targets of how an optimal landfill should operate; and 

▪ Assist landfills meet specific State or Territory environmental objectives.  

Guidance and licence requirements on landfill gas management are considered in two broad 

categories:  

A. General requirements to minimise or control gas emissions and odour; and   

B. Specific requirements to prevent gas concentrations above the landfill surface exceed specified 

levels.  

Some guidelines such as those in New South Wales14 (page 31) and South Australia15 (section 8.3) do 

specifically mention GHG emissions minimisation.  However, the documents focus on other 

environmental and safety issues such as odour and methane concentrations at the boundary of the 

site. 

New South Wales and Victoria’s guidelines refer to the UK’s Guidance on the Management of Landfill 

Gas (LFTGN 03).  The Guidance requires a risk assessment focusing on the “potential impacts on local 

environment, health and amenity” (p. 17).  As such, the potential impacts relate to nearby receptors 

and potential gas migration pathways.  As these requirements are site-specific, it is not possible to 

provide a robust general formula that translates these requirements into a universal numeric gas 

capture rate.  Nonetheless, some gas collection advice is provided for example: 

▪ that an active gas extraction system be designed to achieve the maximum practicable 

collection efficiency (85% suggested); and  

▪ that a methane flow rate exceeding 50-100 cubic meters is an indication that a gas extraction 

system is required.   

There are specific requirements that relate to the size of the landfill (e.g. Tasmania’s requirement 

applies for sites that exceed 20,000 tonnes per annum in any three consecutive years – refer to 

2.4.1.3.1.7).  Furthermore, it is noted that larger landfill sites are normally better placed to install 

electricity generation engines due to economic practicability and landfill gas availability. 

Conversely, specific requirements related to proximity to population were not found.  Nevertheless, 

the landfill’s proximity to population will have a higher risk factor (e.g. health and safety, odour 

complaints, etc.) and may result in specific site restrictions.  

Table 8 provides a summary of the specific and general requirements, including the stipulated 

threshold concentration levels.  If the threshold concentration levels are exceeded, certain actions are 

triggered.  It is noted that should a landfill fail to meet its surface emissions test, it is generally cause 

                                                            
 
13 Apart from the ACT which has adopted Victoria’s Best Practice Guidelines. 
14 NSW EPA, Environmental Guidelines: Solid waste guidelines, second edition, 2016 
15 SA EPA Guidelines, Environmental management of landfill activities (municipal solid waste and commercial 
and industrial general waste), January 2007 
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Figure 8: Equation flowchart – baseline abatement (CER, 2015)31  

                                                            
 
31 Clean Energy Regulator (2015), “Participating in the Emissions Reduction Fund: A guide to the landfill gas method 2015”, retrieved on 20 August 2017 from: 
 http://www.environment.gov.au/climate-change/emissions-reduction-fund/methods/landfill-gas  
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Figure 9: Equation flowchart – project abatement (CER, 2015) 
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Further assessment of each of the parameters is assessed as follows: 

QEn h – Energy content of the landfill gas sent to combustion device h 

The energy content of landfill gas using equation 9 is estimated under Division 2.3.6 of the NGER 

(Measurement) Determination or section 6.5 using measurement criterion AAA.  Either of these 

approaches follows widely applied measurement techniques.  

Oh a – Operation of combustion device h during hour a 
If the combustion device is a flare, operation is determined continuously or continually depending on 

the type of UV or temperature sensor in use.  The 2015 Methodology in section 5 requires “the 

combustion process ... [be one] which can be monitored on a minute by minute basis”, and in section 

33 item 2 requires if temperature is measured then temperature must be “500 degrees Celsius or 

higher for 40 minutes or more in an hour”.   Similarly, the 2012 Methodology requires in section 3.18 

“If flare operation is detected using temperature measurement, then the flare is taken not to be 

operational and the destruction efficiency taken to be zero in any particular hour if there is no record 

of the temperature of the exhaust gas of the flare or the recorded temperature is less than 500°C for 

any period exceeding 20 minutes in that hour.”   

Verification of these requirements is made difficult by the almost universal use of data loggers which 

record parameters such as temperatures each (typically) 10, 15 or 20 minutes.  It is unclear whether, 

for example, a failure (less than 500 degrees Celsius) of two temperature values 10 minutes apart 

should result in a loss of claim for that hour.  All that is certain is that (for this example) the temperature 

was unsatisfactory for some time around each of the time points ten minutes apart, and likely for 

between 10.1 and 29.9 minutes.  Verification usually involves the creation of an algorithm such as ‘fail 

if any two -10 minute data values are below 500°C’.  The algorithm details are usually debated between 

the auditors and the proponents.  

The effect of these issues is unlikely to be material to the abatement calculations but should be 

considered from a technical verification perspective.  

For all other combustion devices, operation for each minute is to be determined in accordance with 

the manufacturer’s specifications.  If the device operates according to manufacturer’s specifications 

for the entire hour then Oh,a = 1, otherwise Oh,a = 0.  This effectively means that if a combustion device 

does not operate for a small length of time (seconds or minutes) then zero (0) operating time is 

recorded for that hour.  This is likely to lead to an underestimation of calculated abatement.  

QLFG h – Landfill gas sent to combustion device h 

The energy content of landfill gas using equation 8 is estimated under Division 2.3.6 of the NGER 

(Measurement) Determination using measurement criterion AAA, which is appropriate and an 

accurate measurement approach. 

QEG,h – Electricity (supplied to the grid or used on site) generated by internal combustion engine h 

Electricity generated from internal combustion engines is estimated under Part 6.1 of the NGER 

(Measurement) Determination.  This follows widely applied industry standards and is appropriate.  

Since this only measures the electricity produced from the combustion of landfill gas (not from the 

combustion of other fuel types) there is a detection risk if other fuels are used by the engine but not 

appropriately recorded.  For example, diesel or natural gas could be used for start-up fuel and would 

therefore need to be excluded from the abatement calculations.  
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DE – Methane destruction efficiency for device h 

In most cases, it is expected that projects would apply the 0.98 default factor.  Nevertheless, with 

enclosed flares and internal combustion engines, there is the option to perform measurement by a 

NATA accredited emission stack testing company.  This must use a methodology based on the US EPA 

Method 1833.  This would be expected to produce more accurate results than using the default value 

however, as a project can choose whether to measure DE or use the default factor, there is a risk of 

‘gaming’ (i.e., applying the more beneficial destruction efficiency).  It is noted that under the 2015 

Methodology, the destruction efficiency has been changed to use the default values only.  

WCH4 – Methane fraction in the landfill gas 

Gas composition analysers are widely used in landfill gas collection systems and may be used in ERF 

projects, but are not compulsory.  Under the 2012 Methodology, it is possible to apply the default 

methane concentration of 50%.  Whilst this is likely to be a reasonable estimate, it is possible to 

operate a flare with methane concentrations lower than 40. Measuring the methane concentration is 

better than using a default value but either approach is quantifiable and verifiable.  

Electricity (Qelec) – Quantity of electricity used for abatement activity 

The electricity used can be measured using the relevant meter and sub-meter values, or estimated 

from the invoiced amount of electricity supplied to the landfill.  The use of submeter data is likely to 

be more accurate than estimates from invoiced amounts.  With either approach, there are 

complications in assessing how much electricity is used by the abatement activity and other landfill 

activities unless appropriate sub-metering is in place.  Nevertheless, electricity use is not expected to 

be a material amount in relation to the total abatement calculated in projects. 

Fuel used (Qi) – Quantity of fuel used for abatement activity 

For each fuel used for abatement activities, the amount of fuel must be estimated as a proportion of 

the total fuel used for the facility.  The estimation can be made using readings from a meter or from 

invoices which is a robust approach scientifically.  Manufacturer’s specifications must be used to 

estimate the proportion of total fuel used for the facility.  Consequently, the quantity of fuel used is 

expected to be reasonably accurate.  

EPh – Quantity of electricity produced by combustion in internal combustion engine generator h 

Electricity produced metered data can be used in the Methodology.  This data can either be: 

▪ electricity exported to the grid; or

▪ meter data from an internal combustion engine generator (if electricity is used onsite).

Since the accuracy of the meter used must be equivalent to a revenue meter (i.e. used for commercial 

transactions).  This is considered to be technically sound and would meet the highest industry 

standards. 

33 US Environmental Protection Agency, Air Emission Measurement Center (EMC), Method 18 Measurement of 
gaseous organic compound emissions by gas chromatography, retrieved from:  
https://www.epa.gov/emc/method-18-volatile-organic-compounds-gas-chromatography.  
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Electrical efficiency factor (Eff) – The electrical efficiency factor of the internal combustion engine 

generator 

The Eff can be determined by either: 

▪ as specified by the internal combustion engine manufacturer (with reference to Australian

Standard AS 4594.1 or equivalent); or

▪ using the default value of 36% (factor of 0.36).

Electrical efficiency can vary between different engine types, how well they are operated and 

maintained, and the load factor at which they are operated. All engines would be expected to have a 

technical specification, therefore it is not clear why the use of a default value of 36% would be 

appropriate (refer to section 4.1.3.3).   

Volumetric measurement — Quantity of landfill gas (Qlfg h) and methane fraction (WCH4), flow computer 

requirements, and gas composition 

Sections 3.15 to 3.17 of the 2012 Methodology follow robust scientific methods and adhere to 

commonly applied national and international standards.  The description of quantity of landfill gas, 

methane concentration, and flow computer requirements are adequately specified and use references 

to external sources in an accurate and appropriate way. 

Instruments must be calibrated to manufacturer specifications.  Nevertheless, manufacturers 

generally do not specify calibration frequency for flow, temperature and pressure instruments.  

Furthermore, specifications may not be fully valid for landfill gas conditions (e.g. landfill gas can be 

moist, contain dirt particles and microbiological content).   

Operation of flares 

Methodology considerations in the case of operation of flares is addressed in section 3.2.1.1. 

 Measurement methods and the use of default values 

The primary measurement methods used in the landfill gas Methodologies include: 

▪ Measurement of methane sent to a combustion device (flow and concentration).

▪ Measurement of energy content of landfill gas sent to combustion device.

▪ Measurement of electricity produced by a landfill gas engine.

There are also several parameters within the landfill gas methods where default factors can be used. 

▪ Default methane percentage.

▪ Destruction efficiency of flares and engines.

▪ Global warming potential of methane.

▪ Energy content of landfill gas.

▪ Oxidation factor.

▪ Electrical efficiency of engines (for electricity generation).

The use of default factors is common is many carbon abatement calculations.  However, the choice of 

default values can impact the calculated abatement. It is therefore important that where default values 

are required that these are appropriate both scientifically and technically. These considerations are 

assessed for the most important default factors as follows: 
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Each of the project requirements defined in Part 3 of the Methodology clearly defines the scope of 

activities and circumstances for a project to generate ACCUs.  All projects must collect landfill gas 

through a landfill gas collection system at a landfill and combust the gas using a combustion device. 

4.1.1.2 2012 Methodology considerations 

The scope of activities and circumstances covered by the 2012 Methodology (section 1.3) includes the 

following types of landfill legacy emissions avoidance projects: 

a) transitioning Greenhouse Friendly projects;

b) transitioning GGAS projects; and

c) projects that involve the following activities:

(i) installing, on or after 1 July 2010, a landfill gas extraction system; and

(ii) collecting gas emitted from legacy waste from the landfill facility; and

(iii) combusting the methane component of the gas using a combustion device to chemically

convert it to carbon dioxide (CO2).

In the application of the 2012 Methodology ‘installing a landfill gas extraction system’ does not include 

the reinstallation, or replacement of, upgrades to, or modifications of an existing system, where such 

systems were installed prior to 1 July 2010 (refer to Figure 7 for a graph of project volumes by year.)  

A project under the landfill gas 2012 Methodology that is not a transitioning project must include the 

installation of a new system, in entirety, where no system has previously been installed.   

Part 2 of the 2012 Methodology further defines the requirements that must be met for an offsets 

project to be eligible.  In addition to the above defined landfill legacy emissions avoidance projects, 

the projects must relate to the capture and combustion of emissions from legacy waste only 

(i.e. credits are not issued for solid waste containing biodegradable organic matter accepted by a 

landfill facility after 1 July 2012).  Furthermore, the proportion of methane that is required to be 

captured or destroyed to meet regulatory requirements must be calculated in accordance with the 

relevant guidelines (refer to section 2.4.1.2) or specific landfill licence requirements (refer to section 

2.4.1.3) for calculating regulatory baselines.  The scope of activities and circumstances covered by the 

2012 Methodology is therefore restricted.  

4.1.1.2.1 Transitioning Greenhouse Friendly and GGAS projects 

Greenhouse Friendly was the program administered by the Commonwealth Government. 

GGAS was the New South Wales Government’s Greenhouse Gas Reduction Scheme and the Australian 

Capital Territory Government’s Greenhouse Gas Abatement Scheme.  Both Greenhouse Friendly and 

GGAS projects were included in the Department of Environment’s Positive List contained in the Carbon 

Credits (Carbon Farming Initiative) Regulations 2011.  This means the activity is an emissions avoidance 

activity and such projects are not subject to permanence obligations.  The Australian Government 

reviews the Positive List periodically with a view to keeping the list current considering technological 

developments and the latest scientific research. 
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4.1.1.2.2 New projects 

A new project is required to: 

▪ install, on or after 1 July 2010, a landfill gas extraction system; and

▪ collect gas emitted from legacy waste from the landfill facility; and

▪ combust the methane component of the gas using a combustion device to chemically convert

it to carbon dioxide (CO2).

There is peer-reviewed literature that demonstrates the combustion of landfill gas will reduce GHG 

emissions through the conversion of methane (CH4) to carbon dioxide (CO2), in consideration of each 

gas’ GWP.  If a landfill has no regulatory requirement to collect and combust methane, then this 

provides a basis for defining the scope of activities that allow projects to generate ACCUs.  

The calculation approaches used 

The calculations employed in the Methodology follow the same general format of the CDM 

Methodology, but are adjusted for the Australian regulatory and measurement environment.  Landfill 

gas project methodologies under the CDM were first published in 2004, and the approach is well tested 

and widely adopted38.  

Calculations in the Methodology do differ from the CDM methodology, as the scope of the former is 

more limited than the latter (such as not allowing for emission reductions for displaced fossil fuel 

generated electricity from the grid).  In addition, the Methodology needs to accommodate NGER 

requirements such as the non-carbon tax waste percentage, which the CDM methodology does not 

consider.  However, the combination of the similar calculations of the CDM methodology adjusted for 

NGER and the Australian regulatory environment do provide clear and convincing evidence for the 

support of the calculations used. 

Section 3.1 describes the calculations for both the 2015 and 2012 Methodologies.  The calculation 

approaches under both Methodologies follow robust scientific approaches with additional regulatory 

baseline assessment being underpinned by Federal and State Government legislation (refer to section 

4.2).  

4.1.2.1 2015 Methodology considerations 

The calculations in the 2015 Methodology are underpinned by peer-reviewed scientific literature.  For 

example, the NGER (Measurement) Determination sections that are referred to in the Methodology 

are all based on a rigorous scientific method that follows national and international standards for 

measurement of greenhouse gases.  The origins and source references used are not well documented 

within the Determination itself.  However, these should be well known by the DoEE and are 

comparable to methodology approaches used in other jurisdictions.  

The deduction of baseline abatement from project abatement is underpinned by the CDM and the 

additionality test required under the CFI Act. 

38 UNFCCC, (2004) Flaring or use of landfill gas v1.0, 2 Sept 2017.  Accessed on 16/08/17 and available from: 
https://cdm.unfccc.int/UserManagement/FileStorage/eb15repan1.pdf  
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4.1.2.2 2012 Methodology considerations 

The calculations in the 2012 Methodology follow peer-reviewed scientific literature.  Emissions from 

the project and regulatory requirements are deducted from the emissions avoided as a consequence 

of the project (refer to section 4.1.4). 

The appropriateness, accuracy and scientific validity of monitoring, measurement 

and data collection requirements 

The monitoring, measurement and data collection requirements in the 2015 and 2012 Methodologies 

are similar.  Both methods require certain parameters to be monitored and measured. 

The most important (i.e. material) parameters are summarised and assessed in Table 14. 

In general, the monitored and measured data collected is considered appropriate.  The data collected 

and used in the abatement calculations follow a scientific approach and is sufficient to calculate ACCUs. 

It is understood that the development of the NGER (Measurement) Determination has gone through 

a robust scientific peer review process.   

Most of the parameters outlined in Table 14 are underpinned by clear and convincing evidence 

(i.e. the measurements follow widely adopted national and international calculation methods 

commonly used in industry).  For example, the CDM requires similar approaches for measurement, 

monitoring and data collection.  

The measurement of mass flow of a GHG in a gaseous stream is underpinned by the CDM’s 

methodological tool that is based on the fundamentals of thermodynamics39 and drying40.  Unlike most 

commercial gas streams in pipelines (such as natural gas and compressed air), landfill gas contains 

moisture, estimated for one ERF project as ranging on a 95% confidence interval from 2.3% (gas at 

23°C in winter) to 7.5% (gas at 38°C in summer) on a molar (and therefore approximately on a volume) 

basis41.  Flow measurement is usually done on the moist gas, but concentration measurement using a 

gas chromatograph is done on dried gas (because the instrument cannot handle moisture). 

Because water has a molecular weight different from methane and air components such as nitrogen 

and oxygen, multiplying the moist flow rate times the dry methane concentration will not give an 

accurate methane flow rate; it will be overstated by, in the case above, the 2.3% to 7.5% range referred 

to.  The Methodology is silent on how this is to be handled.   

Compliance with requirements for monitoring of parameters is important as this underpins the correct 

calculation of abatement credited by the project.  Monitoring requirements (section 33 of the 2015 

Methodology) include the process for monitoring and the standard to which monitoring must occur. 

In some cases, a project may be unable to monitor a parameter to the requirements specified. 

When this occurs, section 34 of the 2015 Methodology requires that adjustments be applied for the 

time intervals that the parameters are not being monitored in accordance with requirements (termed 

the non-monitored period).  The adjustment is necessary to ensure that all estimates or assumptions 

39Van Wylen, G.J., Sonntag, R.E. and Borgnakke, C. (1994), Fundamentals of Classical Thermodynamics, Fourth 
Edition, John Wiley & Sons, Inc. 
40 Strumillo, C. and Kudra, T. (1986), Drying: Principles, Applications and Design, Gordon & Breach Science 
Publisher; Montreaux, Switzerland. 
41 Rudolph, V.  (2013), The water content of the landfill gas has been estimated using a computerised simulation 
used by Australian universities and gas companies, with data from an ERF project, and reported in unpublished 
“Equations for Water Content and Properties of Gas”, University of Queensland, 06 May 2013. 
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4.1.3.2 Methane fraction in the landfill gas 

The default methane percentage is set at 50% which is the same as the CDM.  The reference for the 

50% values appears to be derived from Intergovernmental Panel on Climate Change (IPCC) 2006 

guidelines for national greenhouse gas inventories.  This represents a reasonable and potentially 

conservative average estimate.  Nevertheless, it is possible to operate a flare with methane 

concentrations lower than 40%.  Low methane concentrations can occur, particularly towards the end 

of the methane generation cycle from a waste body.   

Gas composition analysers are widely used in landfill gas collection systems and may be used in ERF 

projects, but are not compulsory.  As mentioned in section 2.2.1.1, once a project has used 

measurement, it must continue to do so under section 24(3) of the 2015 Methodology. 

However, if the project commences using the default value it can continue to be used indefinitely.  

Projects still using the 2012 Methodology can change to and from the default factor as they wish.  

The use of default values for methane concentration may therefore not always be supported by clear 

and convincing evidence.  A key risk is that air may be added to the landfill gas collection system which 

would increase the flow of landfill gas whilst reducing the methane concentration.  As such, projects 

would benefit from using the default value of 50%.   

There are projects that are known to not measure the gas composition.  This can be done either on a 

continuous basis or a periodic sample basis using hand held gas analysers or bag samples. 

Nonetheless, the Methodology does not stipulate that this data is required to be used which could 

lead to an over estimation of calculated abatement.  From a reasonable assurance perspective, 

it would be questionable why you would measure methane concentration as less than 50% but then 

use the default value of 50%. 

4.1.3.3 Electrical efficiency of the internal combustion engine 

Under both the 2012 and 2015 Methodologies, it is allowable to use the default electrical engine 

efficiency of 36% which is a commonly used value.  All engines would be expected to have a technical 

specification.  Even though the variability of the landfill gas composition will dictate this efficiency, 

(i.e. the composition of landfill gas will vary in amounts of methane and carbon dioxide which may 

mean the manufacturer specification cannot always be accurately used).  

The gas composition can vary with different methane concentrations and trace gases likely to affect 

the electrical efficiency of the internal combustion engine.  Off-grid engine and gas turbine systems 

have  different default efficiencies depending on the nominal capacity of the power generation unit. 

An example from the CDM is provided in Table 15. 
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Additional potential emission sources include: 

▪ Electricity: monitoring and measurement equipment is expected to use electricity.

Nevertheless, GHG emissions from electricity use would not be material (<1%) in relation to

the total methane flows.

▪ Start-up fuel: flares and internal combustion engines may require start-up fuel (e.g. diesel, LPG

or natural gas).  Nonetheless, a very small amount of fuel would be used before switching to

landfill gas.

The inclusion and exclusion of major sources follows a similar format to the CDM methodology.  It is 

therefore deemed appropriate.  The materiality threshold has led to the removal of some smaller 

emission sources from the calculation.  For example, the emission of nitrous oxide (N2O) during the 

combustion of landfill gas has been removed from the abatement calculation under the ERF which is 

conservative.  It is noted the materially threshold was employed to simplify the ERF landfill gas in the 

2015 Methodology compared to the 2012 Methodology.  Given the removal of emission sources such 

as nitrous oxide are less than 1% of the emissions stemming from the project, it is considered 

appropriate given the materiality threshold employed. 

The GHG emissions assessment boundary does not include reductions in carbon dioxide emissions 

caused by displacing electricity derived from fossil fuel.  This is not an eligible source of abatement for 

crediting under the ERF.  This is considered a valid approach since it would require a consequential 

modelling approach which would not been appropriate at the individual project level45.  Furthermore, 

the electricity generation component is covered by the RET.   

GHG emissions from electricity used for gas capture and combustion are not included in the GHG 

emissions assessment boundary where that electricity is created using methane and combusted 

on-site.  This is because the emissions from the combustion process are already included in the GHG 

emissions assessment boundary. 

Carbon dioxide emissions associated with the generation and combustion of landfill gas are biogenic. 

This means that, biological capture balances over a sufficiently short time, such that release of carbon 

dioxide can be considered to have no net impact on atmospheric GHG levels.  Thus, these emissions 

are not included in the GHG emissions assessment boundary which is common practice in GHG 

emissions accounting.  

The appropriateness and conservativeness of all estimates, assumptions, and 

projections 

4.1.5.1 Monitoring parameters 

Compliance with requirements for monitoring of parameters is important to ensure that abatement 

credited by the project is calculated correctly.  Monitoring requirements (refer to Table 14) include the 

process for monitoring and outline the standard to which monitoring must occur.  

In some cases, a project may be unable to monitor a parameter to the requirements specified. 

When this occurs, section 34 of the Methodology requires that adjustments be applied for the time 

45 Plevin, R., Delucchi, M. & Creutzig, F. (2013) “Using attributional Life Cycle Assessment to estimate climate-
change mitigation benefits misleads policy makers, J. Ind. Ecol., 18 (1), 73-83.  
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intervals that the parameters are not being monitored in accordance with requirements 

(termed the non-monitored period).  The adjustment is necessary to ensure that all estimates or 

assumptions used in the Methodology are conservative and in accordance with the offsets integrity 

standards outlined in section 133 of the CFI Act.  

For parameters listed in item 1 of the table in subsection 34(1) of the Methodology (i.e. WLFG,CH4), the 

consequence for not monitoring in accordance with the requirements is to use the default emissions 

factor for that parameter.  This is considered conservative as is included in the lower order monitoring 

option for the parameter.  Furthermore, the proponent need to apply a 10 per cent adjustment to the 

default emissions factor (i.e. the factor is multiplied by 0.9) for a period of up to three (3) months in 

any 12-month period.  For any period in excess of these three (3) months, then the adjustment is 

50 per cent (i.e. the factor is multiplied by 0.5). 

For parameters listed in item 2 of the table, (i.e. QEn,h, QLFG,h and QEG,h) the consequence for not 

monitoring these parameters in accordance with the monitoring requirements is for the proponent to 

make a conservative estimate of the parameter for the duration of the non-monitored period.  

The need for a proponent to apply section 34 arises from failure to meet monitoring requirements. 

When section 34 is used, the project will be required to include information relating to the monitoring 

failure in its offsets report for the relevant reporting period (set out in section 31).  This is to provide 

the CER with evidence that will allow them to determine the nature, and frequency, of the failure to 

meet the monitoring requirements of the Methodology.  The approach taken for non-monitored 

periods should be conservative otherwise ACCUs will not be issued which is appropriate. 

4.1.5.2 Baseline determination 

As depicted in section 2.2.4, the baseline determination is one of the main estimates and assumptions 

included in the abatement calculations.  This is determined following legislative and regulatory 

published information.  However, it is not apparent that this is based on clear and convincing 

peer-reviewed scientific evidence.  Different landfill gas projects may receive different baselines. 

The baseline applied to a project is the main factor when assessing the risk of under- or over-crediting.  

If a baseline is too high, a project would not be credited ACCUs for abatement additional to regulatory 

requirements, and may mean the project does not go ahead.  By contrast, if a baseline is too low, a 

project will receive ACCUs for abatement that would have occurred regardless because of regulatory 

requirements.  This is further assessed in section 4.2. 

4.1.5.3 Landfill gas calculator 

Refer to section 2.5.2 for a discussion on the landfill gas calculator and its use in the exclusion of 

emissions from waste deposited during the carbon tax period.  Modelling emissions from solid waste 

deposited at a landfill as several uncertainties, however the use of the NGER landfill emissions 

calculator is required and therefore is appropriate.  There is no evidence to suggest that this calculator 

is not conservative. 
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4.1.5.4 Methane oxidation factor 

As landfill gas passes through the landfill cover or cap, methanotrophic bacteria oxidise some of the 

methane. The extent of oxidation varies with the type and thickness of cover material, moisture levels, 

temperature and the gas flux rate46,47,48.  The IPCC (2006) guidelines sets a default value of zero for 

national greenhouse gas inventories but indicates that a value of 10% may be appropriate where 

landfills are well managed.  The Australian national inventory uses the 10% value and requires this in 

NGERS reporting.  All but one of the reviewed life cycle assessments (LCAs) put oxidation factors to 

10%.  

Methane oxidation rates can be estimated in laboratory experiments and in situ through carbon 

isotopes measurements in gases below and above the cap.  This work shows that oxidation greater 

than 10% are readily possible.  A literature review49 concludes that up to 30% could be expected. 

Another, more recent literature review50 of 42 studies found a mean oxidation factor value of 36% and 

only four reporting values of 10% or less.  In clayey soil covers the average oxidation factor was 18%. 

The field studies, on average, had a lower oxidation factor than the laboratory studies, probably 

because “cracks and fissures … in the field allow some CH4 to bypass oxidation51”. 

4.1.5.5 Non-carbon tax percentage 

Emissions of landfill gas start a year after waste deposit and continue for occur over a long period, 

based on the model set by the NGER (Measurement) Determination.  For example, based on this 

Methodology, a Victorian landfill that accepted an equal quantity of waste during the carbon tax years, 

only 2.3% of the emissions would have arisen during those years.    

There does not appear to be sufficient and appropriate peer-reviewed scientific evidence to support 

the inclusion of the non-carbon tax percentage estimation, however the calculations used in the landfill 

gas model are considered to be appropriate.  

Where landfills report under NGER, this calculation is not overly difficult, as the required information 

is already collected and collated, and such landfills are familiar with the solid waste calculator. 

For smaller sites that do not report under NGER, however, the data requirements are onerous. 

4.1.5.6 Historical waste data 

The project participant must report annual tonnages, and the proportional split across waste type, 

since the landfill opened.  The project proponent does not generally have access to this historical data, 

and it is often incomplete, based on low quality estimates, and difficult to compile to a standard 

acceptable to auditors.   

46 Streese, J. and Stegman, R., (2003) Design of biofilters for methane oxidation. In Proceedings of Sardinia. 
47 Gómez, K.E., Gonzalez-Gil, G., Lazzaro, A. and Schroth, M.H., (2009) Quantifying methane oxidation in a landfill-
cover soil by gas push–pull tests. Waste Management, 29(9), pp.2518-2526.  
48 Schuetz, C., Bogner, J., Chanton, J., Blake, D., Morcet, M. and Kjeldsen, P., (2003) Comparative oxidation and 
net emissions of methane and selected non-methane organic compounds in landfill cover soils. Environmental 
science & technology, 37(22), pp.5150-5158. 
49 Jensen, J.E.F. and Pipatti, R., (2002) CH4 emissions from solid waste disposal, background paper on good 
practice guidance and uncertainty management in national greenhouse gas inventories. 
50 Chanton, J.P., Powelson, D.K. and Green, R.B., (2009) Methane oxidation in landfill cover soils, is a 10% default 
value reasonable?. Journal of Environmental Quality, 38(2), pp.654-663. 
51 Ibid. p.658. 
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from landfill operations.  Key assumptions within the solid waste calculator have not changed during 

the non-carbon tax years, hence when working out the fraction to be removed from calculated 

abatement, the modelling approach is the same.  Further assessment on the appropriateness of the 

non-carbon tax percentage is included in section 2.2. 

Methane fraction in the landfill gas 

The methane fraction in landfill gas has a default value of 50% which is the same is in the NGER 

(Measurement) determination and as used in the CDM, it could therefore be deemed appropriate. 

Whether this is conservative or not will depend on the age and composition of waste deposited at the 

landfill. The amount of air drawn into the gas capture system will also impact the methane 

concentration. It is therefore possible that the default value is not always conservative. 

However, there will also be many circumstances where methane concentration in landfill gas is higher 

than 50% and can be as high as 60% or more.  This would make the methane fraction conservative. 

Energy content of landfill gas 

The energy content of landfill gas is based on robust measurement methods as defined in the NGER 

(Measurement) determination. These can be considered to be conservative but also are likely to be 

an accurate measure of energy content as they are based on scientific methods. 

Oxidation Factor 

The oxidation factor provided in the NGER (Measurement) Determination subsection 5.4(1) is 0.1 

(or 10%).  It is unclear from the Determination what the reference or basis for this is, although we are 

informed that it is based on the IPCC’s waste guidance.  Regardless, it is an important estimate and 

assumption that is used in the abatement calculations.  If, for example, a higher oxidation factor of 

15% or 20% was assumed, then the calculated abatement could be over-estimated for the period that 

the methane destruction device is offline. 

5.2 In giving consideration to the above, an assessment of the baseline 
calculations is required. In particular, the assessment should examine 
equation 12 of the method to determine whether it will result in a 
conservative estimation of abatement. Where a problem is identified the 
service provider should identify an appropriate solution. 

The landfill gas project baseline abatement (net abatement) for the reporting period is determined 

using Equation 12 in section 28 (Part 4 Division 4) for the 2015 Methodology.  The baseline abatement 

is the methane combusted during the project and generated by non-carbon tax waste, multiplied by 

the proportion of methane that would have been combusted without the project.   

The baseline reduces the number of ACCUs the project receives, based on the volume of gas that would 

have had to be captured for regulatory purposes had the project not been accredited under the ERF.   

The application of a baseline effectively forms part of the regulatory additionality test.  It determines 

how many ACCUs can be created based on how much gas would need to be captured to meet 

regulatory requirements.  It is noted that it is not possible to capture all the gas from a landfill 

(refer to section 6.2).  Regulatory requirements for gas capture vary greatly between jurisdictions and 

between sites, as described in section 2.1.3.   
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The net abatement therefore requires: 

a) determination of the regulatory proportion,

b) default baseline proportion and

c) baseline proportion.

The determination of the abovementioned proportions depends on the type of project, as shown in 

Figure 12:  

▪ Equation 12 refers to equations 13 to 16, and

▪ Equation 14 refers to equations 17 to 19.

This is, the baseline abatement for the reporting period, in tonnes CO2-e, is (equation 12): 

𝐴𝐵 = 𝑀𝐶𝑜𝑚,𝑁𝐶𝑇×𝑊𝐵 

where: 

 AB means the baseline abatement for the reporting period, in tonnes CO2-e. 

 MCom,NCT means the methane combusted during the reporting period that was not generated 
from carbon tax waste, in tonnes CO2-e, worked out using equation 3. 

 WB means the proportion of the methane combusted during the reporting period that would 
have been combusted without the project worked out using whichever of equations 13 to 16 
applies. 

For the proportion of methane that would have been combusted without the project, this is either: 

A. For new or recommencing project

If the project is a new project or a recommencing project, the proportion of the methane

combusted during the reporting period that would have been combusted without the project

is worked out using the formula (equation 13):

𝑊𝐵 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚(𝑊𝐵,𝑅𝑒𝑔, 𝑊𝐵,𝐷𝑒𝑓) 

where: 

 WB means the proportion of the methane combusted during the reporting period that would 
have been combusted without the project. 

 WB,Reg means the regulatory proportion of the methane combusted during the reporting 
period that would have been combusted without the project as determined using Schedule 1 
to this determination. 

 WB,Def means the default proportion of the methane combusted during the reporting period 
that would have been combusted without the project, which is as follows: 

(a) 0% if the project proponent can demonstrate that, since 24 March 2011, the landfill
concerned has not been subject to:

(i) legislation or regulatory guidelines for landfill; or

(ii) a licence condition or development approval that includes any form of general or
specific qualitative requirement to collect, control, manage or limit landfill gas,
methane odour or greenhouse gases;

(b) otherwise—30%.
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B. Upgrade project

If the project is an upgrade project, the proportion of the methane combusted during the

reporting period that would have been combusted without the project is worked out using the

formula (equation 14):

𝑊𝐵 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚(𝑊𝐵,𝑅𝑒𝑔 , 𝑊𝐵,𝐷𝑒𝑓 , 𝑊𝐵,𝐸𝑥) 

where: 

 WB means the proportion of the methane combusted during the reporting period that would 
have been combusted without the project. 

 WB,Reg means the regulatory proportion of the methane combusted during the reporting period 
that would have been combusted without the project determined using Schedule 1 to this 
determination. 

 WB,Def has the same meaning as in subsection (1). 

 WB,Ex means the proportion of the methane combusted during the reporting period that would 
have been combusted without the upgrade project worked out using equation 17. 

Equations 17 to 19 detail the proportion of methane that would have been combusted without 
upgrade.   

C. Transitioning projects

If the project is a transitioning project that was operating under the Carbon Credits (Carbon

Farming Initiative) (Capture and Combustion of Methane in Landfill Gas from Legacy Waste)

Methodology Determination 2012 (the legacy determination), the proportion of the methane

combusted during the reporting period that would have been combusted without the project

is worked out using the formula (equation 15):

𝑊𝐵 = 𝑅𝑃 

where: 

 WB means the proportion of the methane combusted during the reporting period that would 
have been combusted without the project. 

 RP means RP as worked out under the legacy determination. 

If the project is a transitioning project that was operating under the Carbon Credits (Carbon 

Farming Initiative) (Capture and Combustion of Methane in Landfill Gas from Legacy Waste: 

Upgrade Projects) Methodology Determination 2012 (the legacy upgrade determination), the 

proportion of the methane combusted during the reporting period that would have been 

combusted without the project is worked out using the formula (equation 16): 

B PW B 𝑊𝐵 = 𝐵𝑃

where: 

 WB means the proportion of the methane combusted during the reporting period that would 
have been combusted without the project. 

 BP means Bp as worked out under the legacy upgrade determination. 
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Figure 12: Equation flowchart – baseline abatement (CER, 2015)52 

52 Clean Energy Regulator (2015), “Participating in the Emissions Reduction Fund: A guide to the landfill gas method 2015”, retrieved on 20 August 2017 from: 
 http://www.environment.gov.au/climate-change/emissions-reduction-fund/methods/landfill-gas 
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6 PROVIDE DATA AND AN ANALYSIS OF LANDFILL GAS 
CAPTURE AND COMBUSTION PROJECTS 

6.1 For as many Australian landfills as reasonably possible, a table providing: 

Landfill size (tonnes waste received per year and tonnes emissions in CO2-e per year) 
and location (state and city/town)  

Landfill size data (tonnes waste received per year) does not appear to be collected on a routine basis 

by either the Federal or State Governments.  Therefore, to obtain this information it was necessary to 

conduct a detailed literature review to collate data for relevant landfill sites in Australia.  This section 

provides the main findings and highlights from this literature review.  Additional supporting 

information, assumptions, and data analysis is provided in a separate excel file provided to the DoEE 

(Annexe C). 

Information on waste management facilities was obtained from the Australian Government 

(Geoscience Australia).  The information considers different site types and include multi-purpose 

facilities, landfills, transfer stations and reprocessing facilities.  A summary of this information is 

provided in section 6.1.1.1. 

Furthermore, the Waste Management Association of Australia (WMAA) undertakes surveys of landfills 

in Australia. SMEC understands that surveys were undertaken in 2006-07; in 2008; and in 2010. 

The surveys were similar but extra questions were added each time.  Response rates have varied. 

Relevant results from analysis of the landfill survey data are provided in section 6.1.1.2 as derived from 

the Blue Environment53 report to the DoEE.  It should be noted that this data is several years old and 

therefore some of this may be out of date (e.g. new and closed landfills).  Nonetheless, it provides 

useful context to the landfills in Australia and highlights potential data gaps.  

6.1.1.1 Waste Management Facilities in Australia 

This data includes a total of 2,291 waste management facilities in Australia, as shown in Table 16.  

It is noted that the database accounts for all facilities in Australia, including: 

▪ non-operational sites;

▪ different landfills in the same site (i.e. a site can account for multiple facilities); and

▪ considers sites which used to be a landfill and ceased landfilling activities but are operating

transfer stations (i.e. considered as two different facilities).

As such, there are some differences with the data provided in section 6.1.1.2, in particular the NT and 

QLD.  

53 Blue Environment (2013).  Analysis of landfill survey data. Prepared for WMAA. Available from: 
https://www.environment.gov.au/system/files/resources/91763f0e-f453-48d0-b33e-
22f905450c99/files/landfill-survey-data.pdf  
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below reporting thresholds, or because the names of the gas combustion projects do not easily 

correlate to the landfill name.  Wherever possible we have matched the emissions data with 

other relevant data on the landfill (see sections 6.1.2 and 6.1.3). 

SMEC was provided with emissions data for 273 landfills.  This was filtered down to remove outliers 

such as a single reported year or where sites needed to be merged (as reported under more than one 

name).  This gave a total of 75 landfills with reasonable emissions data of 2 or more years.  All of these 

landfills were researched using online searches to try and ascertain the tonnes of waste received per 

year.  Of the 75 landfills, it was found that 22 had data on waste received, 15 had closed, 6 were mines, 

and for the remaining 39, the annual tonnages received at the landfill were unknown.  

For the landfills with data, Figure 17 shows the annual average GHG emissions per year (tCO2-e) 

compared to the tonnes of waste received for the 22 landfill sites analysed.  This data can be further 

analysed to estimate the GHG emissions per tonne of waste received: 

Figure 17: Annual average GHG emissions compared to tonnes of waste received per year (22 landfills) 

Analysis of this data shows a reasonable correlation between landfill size and scope 1 GHG emissions. 

This is in line with expectations as larger landfills have more waste and bigger surface area, hence 

fugitive emissions would likely be higher.  

Another metric assessed is the ratio of GHG emissions divided by the tonnes of waste received. 

This gives an indication of the relative GHG emissions of different sized landfills, as shown in Figure 18. 

To obtain this data the 22 landfill sites were categorised into those receiving less than 100 kt/yr, 

100-300 kt/yr, and greater than 300 kt/yr.  These tonnages relate to the small/medium, large, and very

large size respectively.
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Figure 18: Emissions per tonne of waste received by landfill size 

Using this data, the GHG emissions per tonne of waste was categorised by State.  This shows that 

Western Australia has the largest emissions per tonne received, whilst Victoria has the lowest  

(see Figure 19). 

 

Figure 19: Emissions per tonne of waste received by State 

The data obtained for the 22 sites where waste received tonnes were determined is provided in Table 

19.   
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Table 19: Landfills by name and location with tonnage and emissions data 
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4. The volume of landfill gas flared data was very limited.  Only a few sites had this data for more 

than one year.  Therefore, this data was not further assessed. 

5. Average landfill gas capture rates were determined and compared to other data sets including 

the ERF project registry. 

From the CER data, there were 34 landfill facilities with total methane captured data.  Combining this 

data with GHG emissions data and tonnes of waste received produced results as summarised in Table 

20.   

For the 34 landfill facilities, it was possible to determine the tonnes of waste received for 15 sites, 13 

have closed, and tonnage was unknown for the remaining 6 locations.  Of the 34 sites with gas capture 

data, 18 were registered with ERF projects, the remaining 16 were labelled as unknown.   

It is noted that these unknown sites could have projects but the names of the landfill do not match the 

ERF project name.  Four (4) of the landfills have two (2) ERF projects (i.e. Eastern Creek Landfill, Lucas 

Heights, Woodlawn Bioreactor, and the Ti Tree Bioreactor).  As such, a total of 38 projects were 

considered.   

With regards to the type of combustion device at each location, it was possible to derive if it is ‘flare 

only’ from the ERF register.  It was also possible to ascertain if the site has an engine through analysis 

of the REC registry (see section 6.1.3).  Figure 20 summarises the analyse of the 38 combustion devices 

where DoEE have provided capture data. 
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Table 21: Landfill sites without landfill gas capture data but identified as ERF projects 

 

There are 102 projects on the ERF register, of these 18 were identified as included in the DoEE data for 

landfill gas capture.  A further 14 were identified has having emissions data but not gas capture data.  

There were also 4 landfills that had two ERF projects on the same landfill.  This gives a total of 36 ERF 

projects that could be matched to the emissions and gas capture data provided by the DoEE.   

It is possible that more landfills are included but that they don’t have more than one year of emissions 

data or could not be identified using the ERF project name.  This does leave a significant amount of 

ERF projects that don’t appear to have good quality data for emissions or gas capture collected by the 

DoEE.  A likely reason for this is that they are below reporting thresholds for NGER, or that the ERF 

project has a different name to the landfill.  There are also several ERF projects that have not yet 

generated any ACCUs. 

For the landfills with landfill gas capture data further analysis was undertaken.  Firstly, an assessment 

of the correlation between gas capture rate (%) and landfill size was conducted.  This analysis excluded 

those sites that were closed or the tonnages were unknown, so a total of 15 landfills were included in 

the sample.  The gas capture rate was determined by taking the average for each year where data was 

available.  Figure 21 shows a scatter plot comparing landfill size with the gas capture rate. 
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Figure 21: Average gas capture rate (%) for different landfill sizes (tonnes of waste received per year) 

It is noted that it was not possible to validate the data quality of the information provided by the CER.  

For example, some outliers were included, there are missing years of data.  A key assumption was 

made; that the gas capture rate is determined by dividing “total gas captured” by “total emissions” 

(i.e. landfill emissions plus gas captured).  If the data was available, further analysis could be performed 

on the age of the landfill, emissions rates, and capture rates for open and closed landfills.  Further 

assessment is not possible based on the data available. 

6.1.2.1 ERF register and ACCU data 

An assessment was performed of the ERF register to assess the ACCUs generated by different projects. 

The available ACCU data has some limitations (e.g. the reporting period covered is not known).   

ACCUs are issued following the approval of an offsets report and all projects have different dates and 

reporting periods.  Nonetheless, it is possible to derive useful information of relevance to this 

assessment.   

Firstly, of the 102 ERF projects, it is apparent that 86 project have generated ACCUs.  A total of 13.2m 

ACCUs have been issued over the period from 2012/13 to 2016/17.  This gives an average of over 

150,000 ACCUs per project, which equates to over 30,000 ACCUs per project per year.  It is noted that 

this data set is likely to have inaccuracies as not all projects commenced in 2012/13 and not all ACCUs 

up to the current date have been issued.  Alternatively, if it is assumed that the average project length 

to date is 3 years (i.e. not 5 years) then, the average per project would be 50,000 ACCUs per year. 

If it is assumed that all projects have a 30% baseline and other project emissions are not material, then 

the total gas captured (gross abatement) is on average just over 70 ktCO2-e per annum.   

Comparing this to the DoEE data the average gas capture over the period between 2012/13 to 2015/16 

is over 150 ktCO2-e per annum.  The difference is likely to be explained by smaller landfills that do not 

report under NGER and hence would give a lower average gas capture rate.  

Average gas capture ratio compared to tonnes of waste received p.a.
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rate and methane concentration will decline to the point that capture is no longer economically or 

operationally feasible, and collection percentage will decline and then become zero when collection 

ceases.   

6.2.2.2 Cell design and landfill management 

The largest source of gas leakage into atmosphere avoiding collection pipework and possibly avoiding 

oxidation in the landfill cap is generally thought to occur at the boundaries between cells.   

In most cases cells ‘lean’ on each other, and the boundary, prior to filling of the subsequent cell, is 

intermediate cover.  There is an easy (i.e. low pressure drop and high volume) path that gas can take 

straight to atmosphere, so the percentage of generated gas collected will be lower.  The degree to 

which this happens depends on the landfill design (including depth, width, type of cap, type of lining, 

etc.), construction and operation over time.   

The quality of sealing around penetrations also affects the percentage of gas not collected because of 

leakage at the penetration.  Penetrations include leachate sumps, leachate monitoring bores and gas 

bores for collection pipelines.  

When landfills or cells are deep, horizontal layers of pipes connected to risers may be installed.   

This avoids some of the leakage discussed above.  The Woodlawn site at Tarago, NSW is an example 

of a site using this technique.  

The type of cap installed will also have an effect on the potential gas collection, for example: 

▪ A clay cap can funnel emissions to cracks, allowing greater loss to atmosphere with low levels of 

oxidation.  

▪ A thick and more permeable layer, such as a phytocap, allows slow leakage, so there is less 

chance of cracks, slower percolation of gas through the cap and more oxidation.  High levels of 

organic matter in the cap increases oxidation because it provides more sites for the 

methanogenic bacteria to work.  Research based on the relative levels of C12 and C13 

components in the gas stream shows the potential for oxidation rates of 40% and more56,57.  

For a completed landfill cell, most of the uncaptured gas probably exits through cracks or edges of 

penetrations.  That means the proportion of capture is significantly dependent on the degree of 

monitoring (to find the leaks) and maintenance (to fix them).  The maximum theoretical capture rate 

is high if the operator actively manages the landfill gas.  The operator of the landfill gas collection 

equipment may not be the party determining that level of attention and expenditure.    

  

                                                            
 
56 Yoojin Jung, Paul T. Imhoff, Don C. Augenstein, and Ramin Yazdani (2009), Influence of high-permeability layers 
for enhancing landfill gas capture and reducing fugitive methane emissions from landfills. 
57 K. Spokas, J. Bogner, J.P. Chanton, M. Morcet, C. Aran, C. Graff, Y. Moreau-Le Golvan and I. Hebe (2005) 
Methane mass balance at three landfill sites: What is the efficiency of capture by gas collection systems? in Di 
Maria, F., Sordi, A. and Micale, C., (2013) Experimental and life cycle assessment analysis of gas emission from 
mechanically–biologically pretreated waste in a landfill with energy recovery. Waste Management, 33(11), 
pp.2557-2567 
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6.2.2.3 Type of waste, ambient conditions 

The velocity of gas generation will depend on the type of waste (i.e. percentage of the waste that is 

putrescible) and ambient conditions (i.e. hotter and wetter conditions create more rapid degradation 

and gas generation).  More rapid generation would lead to earlier economically feasible installation of 

collection lines.  

6.2.2.4 Leachate 

Higher leachate flow, meaning more putrescible material leaking from the cell with leachate water, 

will decrease the percentage of landfill gas collection.  This is because the leachate degrades and ejects 

gas directly to atmosphere.  Unless handled in a facility where the off gas is directed to the gas 

destruction equipment.   

6.2.2.5 Landfill gas collection efficiency 

Despite the widespread use of landfill gas collection systems in many parts of the world for over three 

decades with approximately 95558 landfills collecting landfill gas worldwide59, little information on their 

capture efficiency is available60.  Such an understanding would result in more rationally designed 

landfill gas collection systems that might improve methane capture efficiency.  

Whilst landfill gas collection rates are readily and accurately measured in the ERF landfill gas 

methodologies, the landfill gas generation rates (the second measurement needed for determining 

efficiency), are usually unknown or have a high degree of uncertainty.   

Several methods have been proposed to estimate the landfill gas generation rate at a landfill, amongst 

them are: 

▪ combining pneumatic well test data with assumptions about well recovery to estimate landfill 

gas generation61;  

▪ employing biokinetic models describing stages of waste decomposition62; 

▪ using simple first-order kinetic gas generation models such as the Landfill Gas Emission Model 

(LandGEM)63 and the CLEEN Model64 by Karanjekar et al (2015).  This last achieves a regression 

R2 value of 0.75 for a first-order methane generation rate constant value k as a function of 

waste composition, annual rainfall, and temperature.  

                                                            
 
58 As of 2007. 
59 Nickolas J. Themelis and Priscilla A. Ulloa (2007) Methane generation in landfills, Renewable Energy 32, p.1244. 
60 Jung, Y., Imhoff, P. and Finsterle, S. (2011) Estimation of landfill gas generation rate and gas permeability field 
of refuse using inverse modelling, Transp Porous Med 90, pp. 41–58. 
61 Emcon, A. (1980) Methane generation and recovery from landfills. Ann Arbor Science, AnnArbor, MI, USA. 
62 El-Fadel, M., Findikakis, A.N. and Leckie, J.O., (1996) Numerical modelling of generation and transport of gas 
and heat in landfills I. Model formulation. Waste management & research, 14(5), pp.483-504.. 
63 USEPA (2005) Landfill Gas Emissions Model (LandGEM).  Accessed 18 Aug 2017.  Available from: 
https://www.epa.gov/catc/clean-air-technology-center-products#software  
64 Karanjekar, R.V., Bhatt, A., Altouqui, S., Jangikhatoonabad, N., Durai, V., Sattler, M.L., Hossain, M.S. and Chen, 
V., (2015) Estimating methane emissions from landfills based on rainfall, ambient temperature, and waste 
composition: the CLEEN model. Waste Management, 46, pp.389-398. 
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However, these methods suffer from significant limitations.  Estimates based on pneumatic well tests 

rely on precise pressure measurements65,66.  Biokinetic modelling requires biokinetic parameters and 

detailed data about the refuse, such as mass fractions for each waste category that are often 

unavailable or estimated with limited data67.  Kinetic models also require parameters that must be 

estimated.  These methods therefore provide only limited information or quantitative understanding.  

The NGER Measurement Determination section on landfill gas uses a first order decay method to 

estimate methane generation.  The NGER model that determines gas production from a landfill is a 

model known to over and under estimate actual gas production.  In one anecdotal case, gas collection 

was more than double that modelled.    

Because the quantitative estimation of landfill gas generation is challenged, trying to determine a 

maximum gas capture proportion for operational landfills is also challenging, and quoted recovery 

percentages vary widely.  

A Life Cycle Analysis (LCA) study undertaken for the European Community found an average gas 

recovery rate in the European Union (EU) of 33%.  This recovery rate was estimated based on the 

proportion of waste thought to be sent to landfills having gas recovery, country-specific estimates of 

operational gas recovery rates and an estimated proportion of emissions that occur before or after gas 

recovery systems are installed68.  The study noted, however, that operational gas recovery of 70% to 

90% of the methane is achievable, and undertook sensitivity analysis on higher rates.   

A paper69 on the impact of landfill on GHG emissions found literature that states a range of landfill gas 

collection efficiency, such as: 

▪ Pipatti and Wihersaari70 stated efficiencies between 50% and 100%; 

▪ Oonk and Boom71 between 24% to 60%; and  

▪ Humer and Lechner72 between 40% to 60% efficiency.   

                                                            
 
65 Pierce, J., LaFountain, L. and Huitric, R., (2005) Landfill gas generation & modeling manual of practice. Solid 
Waste Association of North America. 
66 Walter, G.R., (2003) Fatal flaws in measuring landfill gas generation rates by empirical well testing. Journal of 
the Air & Waste Management Association, 53(4), pp.461-468. 
67 El‐Fadel, M., Findikakis, A.N. and Leckie, J.O., (1997) Gas simulation models for solid waste landfills. Critical 
reviews in environmental science and technology, 27(3), pp.237-283. 
68 Smith, A., Brown, K., Ogilvie, S., Rushton, K. and Bates, J., (2001) Waste management options and climate 
change: Final report to the European Commission. In Waste management options and climate change: final 
report to the European Commission. European Commission. 
69 Lou, X.F. and Nair, J., (2009) The impact of landfilling and composting on greenhouse gas emissions–a review. 
Bioresource technology, 100(16), pp.3792-3798. 
70 Pipatti, R. and Wihersaari, M., (1997) Cost-effectiveness of alternative strategies in mitigating the greenhouse 
impact of waste management in three communities of different size. Mitigation and Adaptation Strategies for 
Global Change, 2(4), pp.337-358. 
71 Oonk, H. and Boom, T., (1995) Validation of landfill gas formation models. Studies in Environmental Science, 
65, pp.597-602. 
72 Humer, M. and Lechner, P., (1999) Alternative approach to the elimination of greenhouse gases from old 
landfills. Waste Management and Research, 17(6), pp.443-452. 
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d. if a bilateral agreement requires the matters of national environmental significance to be 
considered—consider those matters. 

1A     However, the administering agency is not required to consider the matters mentioned in 
subsection (1)(d) if the Coordinator-General has, under the State Development Act, section 54Y, 
issued an environmental approval for the undertaking of all or part of the coordinated project to 
which the activity relates 

2. For an environmental management decision relating to a prescribed ERA, the administering 
authority making the decision must— 

a. carry out an environmental objective assessment against the environmental objective and 
performance outcomes mentioned in schedule 5, part 3, table 1; and 

b. consider the matters mentioned in subsection (1)(b), (ba) and (c).  

SCHEDULE 5, Part 3, Table 1 - Operational Assessment 
Air Environmental Objective:  The activity will be operated in a way that protects the environmental 
values of air. 
Performance Outcomes 

1. There is no discharge to air of contaminants that may cause an adverse effect on the environment 
from the operation of the activity 

2. All of the following—(a) fugitive emissions of contaminants from storage, handling and processing 
of materials and transporting materials within the site are prevented or minimised; 

a. contingency measures will prevent or minimise adverse effects on the environment from 
unplanned emissions and shut down and start up emissions of contaminants to air; 

b. releases of contaminants to the atmosphere for dispersion will be managed to prevent or 
minimise adverse effects on environmental values. 

Section 8-  Air quality objectives for indicators 
1. An air quality objective stated in schedule 1, column 3 for an indicator stated in column 1 and for a 

period stated in column 4, is prescribed for enhancing or protecting the environmental value stated 
in column 2 of the schedule for the objective.  

2. An air quality objective stated in schedule 1, column 3 must be worked out as an average over the 
period stated in column 4 for the objective.  

3. Despite subsection (1), an environmental value may be enhanced or protected in an area or place if 
the amount of an indicator in the air environment in the area or place is more than the amount of 
the air quality objective stated in schedule 1, column 3 for the indicator for not more than the 
number of days stated in column 5 of the schedule for the indicator.  

4. It is intended that the air quality objectives be progressively achieved as part of achieving the 
purpose of this policy over the long term.  

5. This section does not apply to an air emission that may be experienced within a dwelling or 
workplace if the air emission is released within the dwelling or workplace.  

6. In this section—  
workplace see the Work Health and Safety Act 2011, section 8.  
Section 9-  Management hierarchy for air emissions  
(1) This section states the management hierarchy for an activity involving air emissions.  
* Note— See section 51 of the Environmental Protection Regulation 2008.  
(2) To the extent that it is reasonable to do so, air emissions must be dealt with in the following 
order of preference—  

a. firstly—avoid;   
* Example for paragraph (a)— using technology that avoids air emissions  

b. secondly—recycle;  
* Example for paragraph (b)— re-using air emissions in another industrial process  

c. thirdly—minimise;  
*Example for paragraph (c)— treating air emissions before disposal  

d. fourthly—manage.  
*Example for paragraph (d)— locating a thing that releases air emissions in a suitable area 
to minimise the impact of the air emissions 
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IMPORTANT NOTICE 

This report is confidential and is provided solely for the purposes that have been set out in the Client’s brief.  

This report is provided pursuant to a Consultancy Agreement between SMEC Australia Pty Limited (“SMEC”) and 

the Department of Environment and Energy (“DoEE”) under which SMEC performed an analysis of the waste 

sector projects and methods. This report is strictly limited to the matters stated in it and subject to the various 

assumptions, qualifications and limitations in it and does not apply by implication to other matters.  

SMEC makes no representation that the scope, assumptions, qualifications and exclusions set out in this report 

will be suitable or sufficient for other purposes nor that the content of the report covers all matters which you 

may regard as material for your purposes.  

This report must be read as a whole. Any subsequent report must be read in conjunction with this report.  

The report supersedes all previous draft or interim reports, whether written or presented orally, before the date 

of this report. This report has not and will not be updated for events or transactions occurring after the date of 

the report or any other matters which might have a material effect on its contents or which come to light after 

the date of the report. SMEC is not obliged to inform you of any such event, transaction or matter nor to update 

the report for anything that occurs, or of which SMEC becomes aware, after the date of this report. 

Unless expressly agreed otherwise in writing, SMEC does not accept a duty of care or any other legal 

responsibility whatsoever in relation to this report, or any related enquiries, advice or other work, nor does SMEC 

make any representation in connection with this report, to any person other than the DoEE. Any other person 

who receives a draft or a copy of this report (or any part of it) or discusses it (or any part of it) or any related 

matter with SMEC, does so on the basis that he or she acknowledges and accepts that he or she may not rely on 

this report nor on any related information or advice given by SMEC for any purpose whatsoever. 

 
 

INHERENT LIMITATIONS 

Due to the inherent limitations in any internal control structure, it is possible that fraud, error, or non-compliance 

with laws and regulations may occur and not be detected. Furthermore, this assessment was not designed to 

detect all cases in which projects under the Carbon Credits (Carbon Farming Initiative—Landfill Gas) 

Methodology Determination 2012 and Carbon Credits (Carbon Farming Initiative—Landfill Gas) Methodology 

Determination 2015 may have been inappropriately issued with units. Some statements made in this report are 

opinions made on a subjective basis, or based on project experience which cannot, for reasons of confidentiality, 

be specifically detailed.  
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EXECUTIVE SUMMARY 

This report examines the performance of the Carbon Credits (Carbon Farming Initiative—Landfill Gas) 
Methodology Determination 2012 and 2015 (the more widely used version) (referred to as the 
“Methodology”) against the offsets integrity standards. 

Whether the Methodology is supported by clear and convincing evidence 

The Methodology’s approach to calculating greenhouse gas (GHG) emissions abatement seems 
appropriate.  The Methodology focuses on direct measurement of key parameters: the quantity of 
methane and the baseline portion to be offset.  

The Methodology clearly sets out the equations and how these should be applied to quantify the 
methane sent to destruction devices.  The equations utilised vary depending on the project type, 
therefore the equations used are tailored in different projects.  The Methodology uses direct 
measurement by scientifically robust devices consistent with legislative or relevant standards, 
calculations and assumptions.  Default values are, where practical, aligned with the NGER 
(Measurement) Determination and consistent with other international methods such as the Clean 
Development Mechanism (CDM).  

There are some differences between the 2012 and 2015 versions of the Methodology, although they 
will yield approximately the same output if the same options are selected.  However, they differ in the 
circumstances in which different options may be selected, and have slightly different system 
boundaries and parameter requirements.  In general, the default values in both versions are 
conservative and do not have a material influence on the calculated abatement.  The areas of least 
rigour are:  

a) The ability to use a default methane concentration of 50% (at any time in the 2012 version, 
and until measurement is in use in the 2015 version) even when the actual methane 
percentage is lower.   

b) The default value of electrical efficiency of 36%.  It can vary between different engine types, 
how well they are operated and maintained, and the load factor at which they are operated.   

c) Instruments are required to be calibrated to manufacturer specifications, but manufacturers 
generally do not specify calibration frequency or may not consider landfill gas conditions.  

d) Both versions of the Methodology are silent on how moisture in landfill gas is allowed for.  
There is a potential to overstate methane flow by approximately 2% to 7%.  

e) The 2015 Methodology does not clearly specify reporting requirements.   

Additionality and baseline assumptions 

The additionality tests exclude non-additional abatement where practicable.  Most of the baseline and 
default factors are deemed appropriate.  The most important factor for the landfill gas Methodology 
in excluding non-additional abatement is the use of an appropriate baseline.  The Methodology adopts 
a default 30% qualitative baseline.   

Regulations of landfills follow a tiered approach: state legislation and regulation, landfill guidelines, 
and site-specific licences.  The focus, regulation and enforceability of requirements vary across 
Australia.  There is no explicit indication in the regulations of how the size of a landfill and its proximity 
to population centres affects gas capture requirements.   

Legislative or regulatory requirements and guidelines specifically requiring landfill gas capture at 
landfills relate primarily to risk management activities (e.g. odour, toxicity and explosion risk), rather 
than GHG emissions abatement activities.  Although the requirements usually do result in GHG 
emissions mitigation, it should be noted that these requirements do not specify how much landfill gas 
must be managed (e.g. captured and combusted).  Landfill gas combustion seems to be the most 
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effective and economical means to address the requirements.  Alternatives such as better capping 
materials are not covered by the Methodology.  Key factors affecting the proportion of maximum 
possible gas collection are depth, width, type of waste, leachate issues, temperature and rainfall, type 
of cap, type of lining and how well the landfill is managed in general.   

Tighter (i.e. lower) landfill gas action levels in Victoria and the ACT create a higher regulatory 
proportion, modelled as 52%-88% depending on the landfill size.  As such, in these cases, the regulatory 
proportion is higher than the default baseline of 30%.  Consequently, the regulatory proportion needs 
to be selected as the site’s baseline.  It is noted that the default baseline of 30% of landfill gas collected 
and combusted (not gas generated) was negotiated between the government and the industry in 2011.   

Upon entering an extension period, the qualitative baseline assumption, the use of a default 50% 
methane concentration, and the Non-Carbon Tax reduction could be reviewed.    

Uptake, financial considerations, barriers 

Historically, most state and territory government support programs in the waste sector have addressed 
recycling.  Landfill gas capture has been encouraged by state, territory and local governments mainly 
in response to odour and risk management.  Additional to the Emissions Reduction Fund (ERF) 
program, other financial incentives associated with landfill gas capture and combustion are the sale of 
electricity generated and the creation and sale of Large Scale Generation Certificates (LGCs). 

The establishment of most landfill gas collection systems correlates with the introduction of financial 
incentives from the creation of GHG emissions abatement and/or the generation of renewable 
electricity.  These incentives appear to drive and maintain investment in landfill gas collection.   
Without them, investment is likely to commence later in the lifecycle of cells and be lower, leading to 
collection rates declining in existing projects.  This conclusion is more certain in relation to landfill gas 
flaring but also applies to power generation projects.  

For a landfill gas capture, flare and power generation system, over the timeframe considered (seven 
years), the capital costs represent approximately 50% of the costs, ongoing costs (e.g. operation and 
maintenance of the gas capture and conditioning) represent approximately 30% of the costs, and 
power generation overhauls represent approximately 20% of the total costs.  For a landfill gas capture 
and flaring system, these costs would be approximately 40% for the capital costs and 60% for the 
ongoing costs.   

The ACCUs contribute to revenue in both power generation and flare projects.  Without the ACCUs, 
these projects may not be financially viable over the seven years’ crediting period.  This may be the 
case even after the revenue streams from the sale of electricity and LGCs for applicable projects. 

All landfill gas projects accredited are currently considered additional.  An extension of the crediting 
period will enable GHG emissions from these projects to continue to be maximally abated.  The 
continuous cell development process in landfills means that ongoing investment is required if landfill 
gas capture and management is to be maintained.  If financial incentives such as from the creation of 
ACCUs and electricity generation (as applicable) are not available, gas collection and management may 
decline.  

There are barriers to new projects that would provide genuine and additional abatement, including: 

▪ the qualitative baseline greater than the default 30%, particularly for potential projects in 
Victoria where a lower maximum parts-per-million (ppm) of methane concentration above 
the surface of the landfill is specified; and  

▪ the Non-Carbon Tax waste percentage calculations, particularly for small landfills which do 
not need to carry out this calculation for NGER reporting.   
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PERFORMANCE OF THE LANDFILL GAS METHOD AGAINST THE 
OFFSETS INTEGRITY STANDARDS 

This report addresses the following requirements as agreed between SMEC Australia and the 

Department of the Environment and Energy (DoEE): 

▪ Requirement 2: Assessment of whether carbon abatement supported by the method is 

unlikely to occur in the ordinary course of events (section 2); 

▪ Requirement 3: Assessment of whether the emissions removal or reduction, as the case may 

be, are measurable and capable of being verified (section 3); 

▪ Requirement 4: Assessment of whether the method is supported by clear and convincing 

evidence (section 4); 

▪ Requirement 5: Assessment of whether estimates, projections or assumptions are 

conservative (section 5); and 

▪ Requirement 6: Provide data and an analysis of landfill gas capture and combustion projects 

(section 6). 
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2 Assessment of whether carbon abatement supported by 
the method is unlikely to occur in the ordinary course of 
events 

2.1 Whether foreseeable activities or circumstances that would be likely to 
result in non-additional abatement are excluded, where practicable. 

Section 27(4A) of the Carbon Credits (Carbon Farming Initiative) Act 2011 (CFI Act) sets out three tests 

for additionality: 

▪ The newness requirement (section 2.1.1); 

▪ The government program requirement (section 2.1.2); and 

▪ The regulatory additionality requirement (section 2.1.3). 

The three tests, as stated in the CFI Act, exclude non-additional abatement from being credited with 

Australian Carbon Credit Units (ACCUs).  However, the additionality tests are adjusted for some 

Methodologies.  The CFI Act provides for caveats for each of the three tests that allow either Carbon 

Credits (Carbon Farming Initiative - Landfill Gas) Methodology Determination 2015 (the Methodology) 

or legislative rules to specify other requirements that can be used in lieu of, or in addition to, the stated 

additionality tests.  

 Newness test caveat for landfill gas 

There is a caveat for the newness requirement in the landfill gas Methodology.  This applies to a small 

class of recommencing landfill gas projects which have been inactive for over three years.  The newness 

caveat is included to encourage operators to reinvigorate old landfill gas systems that are no longer 

operational.   

It appears unlikely that a landfill would stop operating a landfill gas system for three years solely to 

subsequently create ACCUs.  This is because operators of most reasonable sized landfill gas systems 

would not be easily able to stop operations for three years due to: 

▪ risk management focus regulatory requirements (section 2.4),  

▪ equipment deterioration and associated costs (sections 2.3.1 and 6.3), and  

▪ potential community concerns over odour.   

The newness caveat is therefore considered to exclude non-additional abatement. 

 Government program requirement caveat 

There is no government program requirement caveat for the landfill gas Methodology.  All landfill gas 

projects meet the CFI Act’s government program additionality requirement.  That is, if a landfill gas 

system is new and it is not being supported by another Government program, it receives accreditation 

under the landfill gas Methodology by the fact that it is a landfill gas project.  
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There is an unquantified risk of ‘gaming’, where projects measure concentration only where it is 

financially advantageous to do so.  It was not possible to assess the likelihood of gaming, but detailed 

assessment of a project’s methane percentage and the use of default factors (if available) could 

provide some insight on the potential methane overestimation.   

For example, if the default methane percentage of 50% is used, when gas samples indicate an actual 

concentration of, say, 40%, then the claimed units would be 25% higher (50% - 40% = 10%, divided by 

40%) than actual gas destruction.   

A high-level literature review was performed to determine the minimum methane percentage a flare 

and a power generation engine can operate.  The findings are provided below.   

2.2.1.2 Minimum methane percentage - flaring 

Parker et al 20021 indicate that the minimum volume concentration of methane for flaring is 20%  

(i.e. this concentration enables the landfill gas to form a combustible mixture with ambient air).   

As such, at 20% methane, only the landfill gas is needed for the flare operation.  At landfills with 

methane concentration of less than 20%, supplemental fuel (e.g. natural gas) is required to operate 

flares.  It is noted that in the industry, based on Australian conditions and depending on the equipment 

and moisture levels of the gas, the minimum methane percentage required to operate a flare is 

believed to be underneath 40%.  The preference is to operate above 40%. 

2.2.1.3 Minimum methane percentage – power generation 

Performance of the electricity generation engine operated with landfill gas significantly depends on: 

▪ the methane concentration on the landfill gas; and 

▪ impurities in the landfill gas (i.e. hydrogen sulphide, chlorinated and fluorinated compounds 

cause corrosion of the engine parts and decrease life of the engine oils). 

Literature indicates that the presence of high level of impurities reduce the economic viability of 

energy recovery2.  Furthermore, minimum methane concentration required for an engine to work was 

found to be as low as 35% in the landfill gas3.  It is noted that this concentration was recorded by an 

engine manufacturer and does appear to be too low for the industry.  Other source4 reports that the 

methane concentration, evaluated by field measurements at 3 landfill sites, ranged from 41% up to 

98%. 

                                                           
 
1 Parker, T., Dottridge, J. and Kelly, S., (2002) Investigation of the composition and emissions of trace components 
in landfill gas. Environment Agency, R&D Technical Report P1-438/TR.  Accessed 29/08/2017, retrieved from:  
http://gassim.co.uk/documents/P1-438-TR%20Composition%20of%20Trace%20Components%20in%20LFG.pdf  
2 Sevimoğlu, O. and Tansel, B., (2013) Effect of persistent trace compounds in landfill gas on engine performance 
during energy recovery: a case study. Waste management, 33(1), pp.74-80. 
3 Ibid. p. 80. 
4 Spokas, K., Bogner, J., Chanton, J.P., Morcet, M., Aran, C., Graff, C., Moreau-Le Golvan, Y. and Hebe, I., (2006) 
Methane mass balance at three landfill sites: What is the efficiency of capture by gas collection systems?, Waste 
management, 26(5), pp.516-525 in Di Maria, F., Sordi, A. and Micale, C., (2013) Experimental and life cycle 
assessment analysis of gas emission from mechanically–biologically pretreated waste in a landfill with energy 
recovery. Waste Management, 33(11), pp.2557-2567 
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Under the carbon tax, many landfill facility operators charged their customers in relation to future 

carbon liabilities that were expected to accrue as the waste being deposited decayed over many 

decades. With repeal of the tax, future tax liabilities for emissions from that waste will not eventuate, 

although charges equivalent to those future year liabilities were paid by many waste customers.   

 Baselines 

Different landfill gas projects may receive different baselines.  The baseline applied to a project is the 

main factor when assessing the risk of under- or over-crediting.  If a baseline is too high, a project 

would not be credited ACCUs for abatement additional to regulatory requirements, and may mean the 

project does not go ahead.  By contrast, if a baseline is too low, a project will receive ACCUs for 

abatement that would have occurred regardless because of regulatory requirements.   

Section 28 of the Methodology sets a baseline for new or recommencing projects, equal to the greater 

of the regulatory proportion or a default value.  It is noted that projects that transitioned from the 

Greenhouse Friendly program and the NSW Greenhouse Gas Reduction Scheme (GGAS) were allowed 

to maintain their original baselines, 0% and 24% respectively.  

2.2.4.1 The regulatory proportion 

The regulatory proportion is calculated with reference to Schedule 1 of the Methodology, which 

provides four options: 

1. Reference to state or territory guidelines for landfilling, which are interpreted as setting limits 

for gas concentrations above the landfill.  These levels are linked to a percentage gas capture 

rate through modelling.  The modelling links methane generation (calculated using NGER 

methods) to concentrations above the landfill, using a model based on landfill surface area and 

the proportions of the surface area under different types of cover.  

2. Asking the regulator what gas capture rate is needed to comply. 

3. Asking the regulator whether the current gas capture rate is compliant. 

4. Determined by an independent expert. 

Despite not been able to assess the source of information for option 1, the input assumptions 

parameters appear to be appropriate.  

2.2.4.1.1 Do landfill operators regularly exceed the regulated concentrations of methane? 

Interviews with relevant State regulatory authorities were undertaken.  SMEC contacted the Victorian 

EPA regulator who confirmed that landfills in their jurisdiction are required to monitor and report on 

compliance on a yearly basis.  Unfortunately, data on exceedances is not available but suggested to 

review the landfills’ annual performance statements in the EPA Interaction Portal6.  Additionally, the 

EPA Victoria provided a list of 69 landfill licences numbers.   

                                                           
 
6 Information obtained from the EPA Interaction Portal accessed on 12 September 2017 from: 
https://portal.epa.vic.gov.au/irj/portal/anonymous?NavigationTarget=ROLES://portal content/epa content/e
pa roles/epa.vic.gov.au.anonrole/epa.vic.gov.au.searchanon&trans type=ZAPS  
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Large landfills close to highly urbanised areas are at higher risk of giving rise to odour complaints, and 

are consequently likely to be subject to stricter levels of regulatory enforcement.  Wet periods can lead 

to pulses of gas and odour which are not predicted by NGER modelling.  Landfills that are owned by 

local governments – the norm in regional areas – may be subject to community expectations in terms 

of odour management so that State enforcement is of secondary consideration.  

Because of the inherited variability between sites, the 30% default baseline cannot, in practice, be 

considered accurate for all sites.  However, there is a need for one or more default values. 

We are advised by the DoEE that the 30% default baseline was supported by modelling by GHD 

Australia Pty Ltd (GHD) using relevant values in State and Territory regulations (such as upper limits 

for methane emission rates from landfill surfaces), and some draft information from that review is 

available.  We are also informed it was also a compromise value agreeable to both the DoEE and the 

industry.  Based on our industry experience, it represents a reasonable and conservative average.   

This issue could be investigated at greater depth.  It is anticipated that the best way to assess the 

appropriateness of the 30% regulatory default would be to:    

▪ Compare site gas capture rates (through NGER data) with State and Territory advice on levels 

of compliance, to the extent this is available.  This would highlight the extent of compliance 

with gas management requirements; or 

▪ Consider the different State and Territory regulatory requirements to determine a 

State/Territory-specific baseline percentage; or 

▪ Measure the accuracy of a default 30% baseline (i.e. regulatory requirements might represent 

a different percentage). 

2.2.4.3 Case study – why are there few new landfill gas projects in Victoria? 

Victoria’s best practice environmental management guideline7 sets default landfill gas action levels 

(summarised in Table 3).  The action level includes 100 ppm methane concentration above the landfill’s 

final cap.  This has been interpreted in the Methodology as the basis for the regulatory limit.   

The guideline states (p.33) that “EPA need not be advised of an excursion above an action level where 

only an onsite location was affected and the matter is rectified within 24 hours”. 

As noted by the DoEE, where an exceedance occurs and is rectified within 24 hours, the exceedance 

will have an immaterial effect on the calculations for the whole reporting period.  Therefore, the 

Methodology’s approach would appear to be reasonable.   

  

                                                           
 
7 EPA Victoria, Best Practice Environmental Management Guide, “Siting, design, operation and rehabilitation of 
landfills” (2015), retrieved on 1 August 2017 from www.epa.vic.gov.au/~/media/Publications/788%203.pdf  
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 Energy generation projects 

The costs for energy generation projects greatly exceed those for flaring.  Capital costs for the 

reciprocating engines are typically AUD$1.8m per megawatt electrical (MWe) (refer to section 6.3).   

As the power generation engines are modular (i.e. additional power generation engines are installed 

as the gas build-up allows for their operation), the costs are predominantly linearly scalable.  It is noted 

that most of the projects are implemented in a staged manner.  In consideration of additional required 

electrical infrastructure (i.e. connection systems), these costs could escalate to ~AUD$2.5m per MWe.   

The sale of electricity and LGCs provides an incentive for electricity generation which will vary by site 

and on the stage of the landfill (or project) lifecycle.  Specific project data could not be obtained as this 

information is not public and the project owners were not willing to share the details.   

Nevertheless, to illustrate how the value of ACCUs relate to the total project income, a high-level 

assessment was performed.  These figures consider the most recent estimate (i.e. 2017) and a 2013 

estimate.  The 2013 estimate was selected for illustrative purposes and it is noted that this period was 

when compliance ACCUs had a fixed price.   

2.3.2.1 ‘Bundled’ Power Purchase Agreements consideration 

To assess how the incentives correlate given the volatility in price, the electricity and LGCs values were 

‘bundled’.  These incentives covered both electricity and LGCs, which are based on long term power 

purchase agreements (PPAs).  It is noted that the PPAs value has been declining.  Figure 3 shows that 

these prices have approximately halved since projects commenced in 2012.   

 
Figure 3: Annual trend, PPA prices8   

                                                           
 
8 Vorrath, S. and Parkinson G. (2017), “Origin signs up for 200MW solar plant in S.A, as PPA prices tumble”, 
retrieved from http://reneweconomy.com.au/origin-signs-up-for-200mw-solar-plant-in-s-a-as-ppa-prices-
tumble-86240/  

0

40

80

120

160

FY12 FY13 FY14 FY15 FY16 H1 FY17

$
/M

W
h

 (
u

p
p

er
 a

n
d

 lo
w

er
 r

an
ge

)

Bundled PPA Prices







 

Deliverable 2: Performance of the LFG method against the OIS – DoEE –FINAL – April 2018 | SMEC Australia | 27 

 

Figure 6: ACCUs sensitivity vs ‘bundled’ PPA 

As shown in Figure 6, a price of $15 per ACCU would represent approximately 46% of the financial 

incentives of a project.  Similarly, a price of $8 per ACCU would represent approximately 30%.   

This correspond to a 2 or 3% variance in the financial incentive for every dollar varied in the ACCU 

price. More information on the financial performance is provided in section 6.3.   

2.3.2.3 Relation between the value of ACCUs and the abatement 

This section explores the potential impact of ACCU income on the volume of landfill gas destroyed.  

Figure 7 shows the annual trend since 1990 for both flare and electricity projects combined.   

The following periods are highlighted: 

▪ From 1990 to 1995 there is a small increase (i.e. from an almost zero baseline in the amount 

of landfill gas destruction to nearly 1,000 ktCO2-e).  

▪ From 1995 to 1998 there is a steep increase of nearly 2,000 ktCO2-e in abatement.   

This increase is driven presumably mainly by the ability to sell electricity.  Also, other factors 

may be the odour regulations, guidelines and community concerns and the introduction of 

‘green’ tariffs in some States and the Renewable Energy Target (RET) in 1997.  

▪ From 1998 to 2002 the growth appears to level off, until 2003 when the GGAS scheme was 

introduced. 

▪ In 2003, a significant increase in capture rates occurred, until another flat period from 2005 

when GGAS prices and regulatory certainty ‘stalled’ during CPRS (carbon tax) discussions, until 

the introduction of the CFI and carbon tax in 2011.  

▪ The growth stalled with the loss of the carbon tax value in 2014.  

▪ The commencement of ERF auctions in 2015 continued to marginally increase recovered GHG 

emissions.   
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Figure 7: Annual trend, emissions reductions at landfill sites11 

It is noted that two types of drivers have been identified that may have influenced the GHG emissions 

abatement, these are: 

▪ Sudden changes: three sudden changes can be perceived as indicated in Figure 7.   

As highlighted above, these changes coincide with: 

o Financial drivers, such as: 

▪ Ability to sell electricity in 1995; 

▪ GGAS introduction in 2003; and  

▪ Carbon tax introduction in 2011.  

▪ Gradual changes: other drivers that may influence the abatement of GHG emissions, albeit in 

a more gradual manner (i.e. cannot be pinpointed in Figure 7) are:  

o Regulations; whilst no specific requirements of the abatement required, the 

introduction of State and Territory regulation affects the amount abated; 

o Community complaints / concerns over odour;  

o Other incentives: 

▪ Modular power generation technology (i.e. technology improvement / cost 

decrease of power generation and flaring equipment); 

▪ Landfill management intent (including reputational benefits, environmental 

values, quality objectives and susceptibility to public perception); 

▪ Health and safety issues or concerns (including impacts to the environment, 

human health and amenity); and 

▪ Risk Management (e.g. mitigate asphyxiation, explosion and migration 

potential). 

                                                           
 
11 Department of the Environment and Energy, National Greenhouse Gas Inventory, “Recovered CO2e Emissions 
(Gg) for Australia from Managed Waste Disposal Sites”.  Retrieved from:   
http://ageis.climatechange.gov.au/Chart KP.aspx?OD ID=70067876761&TypeID=2  
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2.4.1.2 General Policy and Guidelines 

Each State and Territory13 has developed its own specific set of guidelines (refer to Appendix B for 

details).  The guidelines are designed to: 

▪ Provide guidance and set aspirational targets of how an optimal landfill should operate; and 

▪ Assist landfills meet specific State or Territory environmental objectives.  

Guidance and licence requirements on landfill gas management are considered in two broad 

categories:  

A. General requirements to minimise or control gas emissions and odour; and   

B. Specific requirements to prevent gas concentrations above the landfill surface exceed specified 

levels.  

Some guidelines such as those in New South Wales14 (page 31) and South Australia15 (section 8.3) do 

specifically mention GHG emissions minimisation.  However, the documents focus on other 

environmental and safety issues such as odour and methane concentrations at the boundary of the 

site. 

New South Wales and Victoria’s guidelines refer to the UK’s Guidance on the Management of Landfill 

Gas (LFTGN 03).  The Guidance requires a risk assessment focusing on the “potential impacts on local 

environment, health and amenity” (p. 17).  As such, the potential impacts relate to nearby receptors 

and potential gas migration pathways.  As these requirements are site-specific, it is not possible to 

provide a robust general formula that translates these requirements into a universal numeric gas 

capture rate.  Nonetheless, some gas collection advice is provided for example: 

▪ that an active gas extraction system be designed to achieve the maximum practicable 

collection efficiency (85% suggested); and  

▪ that a methane flow rate exceeding 50-100 cubic meters is an indication that a gas extraction 

system is required.   

There are specific requirements that relate to the size of the landfill (e.g. Tasmania’s requirement 

applies for sites that exceed 20,000 tonnes per annum in any three consecutive years – refer to 

2.4.1.3.1.7).  Furthermore, it is noted that larger landfill sites are normally better placed to install 

electricity generation engines due to economic practicability and landfill gas availability. 

Conversely, specific requirements related to proximity to population were not found.  Nevertheless, 

the landfill’s proximity to population will have a higher risk factor (e.g. health and safety, odour 

complaints, etc.) and may result in specific site restrictions.  

Table 8 provides a summary of the specific and general requirements, including the stipulated 

threshold concentration levels.  If the threshold concentration levels are exceeded, certain actions are 

triggered.  It is noted that should a landfill fail to meet its surface emissions test, it is generally cause 

                                                           
 
13 Apart from the ACT which has adopted Victoria’s Best Practice Guidelines. 
14 NSW EPA, Environmental Guidelines: Solid waste guidelines, second edition, 2016 
15 SA EPA Guidelines, Environmental management of landfill activities (municipal solid waste and commercial 
and industrial general waste), January 2007 
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Figure 8: Equation flowchart – baseline abatement (CER, 2015)31  

                                                           
 
31 Clean Energy Regulator (2015), “Participating in the Emissions Reduction Fund: A guide to the landfill gas method 2015”, retrieved on 20 August 2017 from: 
 http://www.environment.gov.au/climate-change/emissions-reduction-fund/methods/landfill-gas  
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Figure 9: Equation flowchart – project abatement (CER, 2015)  
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Further assessment of each of the parameters is assessed as follows:  

QEn h – Energy content of the landfill gas sent to combustion device h 

The energy content of landfill gas using equation 9 is estimated under Division 2.3.6 of the NGER 

(Measurement) Determination or section 6.5 using measurement criterion AAA.  Either of these 

approaches follows widely applied measurement techniques.  

Oh,a – Operation of combustion device h during hour a 
If the combustion device is a flare, operation is determined continuously or continually depending on 

the type of UV or temperature sensor in use.  The 2015 Methodology in section 5 requires “the 

combustion process ... [be one] which can be monitored on a minute by minute basis”, and in section 

33 item 2 requires if temperature is measured then temperature must be “500 degrees Celsius or 

higher for 40 minutes or more in an hour”.   Similarly, the 2012 Methodology requires in section 3.18 

“If flare operation is detected using temperature measurement, then the flare is taken not to be 

operational and the destruction efficiency taken to be zero in any particular hour if there is no record 

of the temperature of the exhaust gas of the flare or the recorded temperature is less than 500°C for 

any period exceeding 20 minutes in that hour.”   

Verification of these requirements is made difficult by the almost universal use of data loggers which 

record parameters such as temperatures each (typically) 10, 15 or 20 minutes.  It is unclear whether, 

for example, a failure (less than 500 degrees Celsius) of two temperature values 10 minutes apart 

should result in a loss of claim for that hour.  All that is certain is that (for this example) the temperature 

was unsatisfactory for some time around each of the time points ten minutes apart, and likely for 

between 10.1 and 29.9 minutes.  Verification usually involves the creation of an algorithm such as ‘fail 

if any two -10 minute data values are below 500°C’.  The algorithm details are usually debated between 

the auditors and the proponents.  

The effect of these issues is unlikely to be material to the abatement calculations but should be 

considered from a technical verification perspective.  

For all other combustion devices, operation for each minute is to be determined in accordance with 

the manufacturer’s specifications.  If the device operates according to manufacturer’s specifications 

for the entire hour then Oh,a = 1, otherwise Oh,a = 0.  This effectively means that if a combustion device 

does not operate for a small length of time (seconds or minutes) then zero (0) operating time is 

recorded for that hour.  This is likely to lead to an underestimation of calculated abatement.  

QLFG h – Landfill gas sent to combustion device h 

The energy content of landfill gas using equation 8 is estimated under Division 2.3.6 of the NGER 

(Measurement) Determination using measurement criterion AAA, which is appropriate and an 

accurate measurement approach. 

QEG,h – Electricity (supplied to the grid or used on site) generated by internal combustion engine h 

Electricity generated from internal combustion engines is estimated under Part 6.1 of the NGER 

(Measurement) Determination.  This follows widely applied industry standards and is appropriate.  

Since this only measures the electricity produced from the combustion of landfill gas (not from the 

combustion of other fuel types) there is a detection risk if other fuels are used by the engine but not 

appropriately recorded.  For example, diesel or natural gas could be used for start-up fuel and would 

therefore need to be excluded from the abatement calculations.  
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DE – Methane destruction efficiency for device h 

In most cases, it is expected that projects would apply the 0.98 default factor.  Nevertheless, with 

enclosed flares and internal combustion engines, there is the option to perform measurement by a 

NATA accredited emission stack testing company.  This must use a methodology based on the US EPA 

Method 1833.  This would be expected to produce more accurate results than using the default value 

however, as a project can choose whether to measure DE or use the default factor, there is a risk of 

‘gaming’ (i.e., applying the more beneficial destruction efficiency).  It is noted that under the 2015 

Methodology, the destruction efficiency has been changed to use the default values only.  

WCH4 – Methane fraction in the landfill gas 

Gas composition analysers are widely used in landfill gas collection systems and may be used in ERF 

projects, but are not compulsory.  Under the 2012 Methodology, it is possible to apply the default 

methane concentration of 50%.  Whilst this is likely to be a reasonable estimate, it is possible to 

operate a flare with methane concentrations lower than 40. Measuring the methane concentration is 

better than using a default value but either approach is quantifiable and verifiable.  

Electricity (Qelec) – Quantity of electricity used for abatement activity 

The electricity used can be measured using the relevant meter and sub-meter values, or estimated 

from the invoiced amount of electricity supplied to the landfill.  The use of submeter data is likely to 

be more accurate than estimates from invoiced amounts.  With either approach, there are 

complications in assessing how much electricity is used by the abatement activity and other landfill 

activities unless appropriate sub-metering is in place.  Nevertheless, electricity use is not expected to 

be a material amount in relation to the total abatement calculated in projects. 

Fuel used (Qi) – Quantity of fuel used for abatement activity 

For each fuel used for abatement activities, the amount of fuel must be estimated as a proportion of 

the total fuel used for the facility.  The estimation can be made using readings from a meter or from 

invoices which is a robust approach scientifically.  Manufacturer’s specifications must be used to 

estimate the proportion of total fuel used for the facility.  Consequently, the quantity of fuel used is 

expected to be reasonably accurate.  

EPh – Quantity of electricity produced by combustion in internal combustion engine generator h 

Electricity produced metered data can be used in the Methodology.  This data can either be: 

▪ electricity exported to the grid; or 

▪ meter data from an internal combustion engine generator (if electricity is used onsite). 

Since the accuracy of the meter used must be equivalent to a revenue meter (i.e. used for commercial 

transactions).  This is considered to be technically sound and would meet the highest industry 

standards.  

                                                           
 
33 US Environmental Protection Agency, Air Emission Measurement Center (EMC), Method 18 Measurement of 
gaseous organic compound emissions by gas chromatography, retrieved from:  
https://www.epa.gov/emc/method-18-volatile-organic-compounds-gas-chromatography.  



 

Deliverable 2: Performance of the LFG method against the OIS – DoEE –FINAL – April 2018 | SMEC Australia | 64 

Electrical efficiency factor (Eff) – The electrical efficiency factor of the internal combustion engine 

generator 

The Eff can be determined by either: 

▪ as specified by the internal combustion engine manufacturer (with reference to Australian 

Standard AS 4594.1 or equivalent); or  

▪ using the default value of 36% (factor of 0.36).  

Electrical efficiency can vary between different engine types, how well they are operated and 

maintained, and the load factor at which they are operated. All engines would be expected to have a 

technical specification, therefore it is not clear why the use of a default value of 36% would be 

appropriate (refer to section 4.1.3.3).   It is understood this default value comes from the GGAS landfill 

gas methodology and that it is conservatively high.  Most landfill gas engines are less efficient than 

36% and therefore require more gas to generate the same quantity of electricity, resulting in a 

decreased number of ACCUs generated for a given number of MWh.  

Volumetric measurement — Quantity of landfill gas (Qlfg h) and methane fraction (WCH4), flow computer 

requirements, and gas composition 

Sections 3.15 to 3.17 of the 2012 Methodology follow robust scientific methods and adhere to 

commonly applied national and international standards.  The description of quantity of landfill gas, 

methane concentration, and flow computer requirements are adequately specified and use references 

to external sources in an accurate and appropriate way. 

Instruments must be calibrated to manufacturer specifications.  Nevertheless, manufacturers 

generally do not specify calibration frequency for flow, temperature and pressure instruments.  

Furthermore, specifications may not be fully valid for landfill gas conditions (e.g. landfill gas can be 

moist, contain dirt particles and microbiological content).   

Operation of flares 

Methodology considerations in the case of operation of flares is addressed in section 3.2.1.1. 

 Measurement methods and the use of default values 

The primary measurement methods used in the landfill gas Methodologies include: 

▪ Measurement of methane sent to a combustion device (flow and concentration). 

▪ Measurement of energy content of landfill gas sent to combustion device. 

▪ Measurement of electricity produced by a landfill gas engine. 

There are also several parameters within the landfill gas methods where default factors can be used. 

▪ Default methane percentage.  

▪ Destruction efficiency of flares and engines. 

▪ Global warming potential of methane. 

▪ Energy content of landfill gas. 

▪ Oxidation factor. 

▪ Electrical efficiency of engines (for electricity generation). 
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Each of the project requirements defined in Part 3 of the Methodology clearly defines the scope of 

activities and circumstances for a project to generate ACCUs.  All projects must collect landfill gas 

through a landfill gas collection system at a landfill and combust the gas using a combustion device. 

4.1.1.2 2012 Methodology considerations 

The scope of activities and circumstances covered by the 2012 Methodology (section 1.3) includes the 

following types of landfill legacy emissions avoidance projects: 

a) transitioning Greenhouse Friendly projects; 

b) transitioning GGAS projects; and 

c) projects that involve the following activities:  

(i) installing, on or after 1 July 2010, a landfill gas extraction system; and 

(ii) collecting gas emitted from legacy waste from the landfill facility; and 

(iii) combusting the methane component of the gas using a combustion device to chemically 

convert it to carbon dioxide (CO2). 

In the application of the 2012 Methodology ‘installing a landfill gas extraction system’ does not include 

the reinstallation, or replacement of, upgrades to, or modifications of an existing system, where such 

systems were installed prior to 1 July 2010 (refer to Figure 7 for a graph of project volumes by year.)  

A project under the landfill gas 2012 Methodology that is not a transitioning project must include the 

installation of a new system, in entirety, where no system has previously been installed.   

Part 2 of the 2012 Methodology further defines the requirements that must be met for an offsets 

project to be eligible.  In addition to the above defined landfill legacy emissions avoidance projects, 

the projects must relate to the capture and combustion of emissions from legacy waste only  

(i.e. credits are not issued for solid waste containing biodegradable organic matter accepted by a 

landfill facility after 1 July 2012).  Furthermore, the proportion of methane that is required to be 

captured or destroyed to meet regulatory requirements must be calculated in accordance with the 

relevant guidelines (refer to section 2.4.1.2) or specific landfill licence requirements (refer to section 

2.4.1.3) for calculating regulatory baselines.  The scope of activities and circumstances covered by the 

2012 Methodology is therefore restricted.  

4.1.1.2.1 Transitioning Greenhouse Friendly and GGAS projects 

Greenhouse Friendly was the program administered by the Commonwealth Government.   

GGAS was the New South Wales Government’s Greenhouse Gas Reduction Scheme and the Australian 

Capital Territory Government’s Greenhouse Gas Abatement Scheme.  Both Greenhouse Friendly and 

GGAS projects were included in the Department of Environment’s Positive List contained in the Carbon 

Credits (Carbon Farming Initiative) Regulations 2011.  This means the activity is an emissions avoidance 

activity and such projects are not subject to permanence obligations.  The Australian Government 

reviews the Positive List periodically with a view to keeping the list current considering technological 

developments and the latest scientific research.  
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4.1.1.2.2 New projects 

A new project is required to: 

▪ install, on or after 1 July 2010, a landfill gas extraction system; and  

▪ collect gas emitted from legacy waste from the landfill facility; and  

▪ combust the methane component of the gas using a combustion device to chemically convert 

it to carbon dioxide (CO2).  

There is peer-reviewed literature that demonstrates the combustion of landfill gas will reduce GHG 

emissions through the conversion of methane (CH4) to carbon dioxide (CO2), in consideration of each 

gas’ GWP.  If a landfill has no regulatory requirement to collect and combust methane, then this 

provides a basis for defining the scope of activities that allow projects to generate ACCUs.  

 The calculation approaches used 

The calculations employed in the Methodology follow the same general format of the CDM 

Methodology, but are adjusted for the Australian regulatory and measurement environment.  Landfill 

gas project methodologies under the CDM were first published in 2004, and the approach is well tested 

and widely adopted38.  

Calculations in the Methodology do differ from the CDM methodology, as the scope of the former is 

more limited than the latter (such as not allowing for emission reductions for displaced fossil fuel 

generated electricity from the grid).  In addition, the Methodology needs to accommodate NGER 

requirements such as the non-carbon tax waste percentage, which the CDM methodology does not 

consider.  However, the combination of the similar calculations of the CDM methodology adjusted for 

NGER and the Australian regulatory environment do provide clear and convincing evidence for the 

support of the calculations used. 

Section 3.1 describes the calculations for both the 2015 and 2012 Methodologies.  The calculation 

approaches under both Methodologies follow robust scientific approaches with additional regulatory 

baseline assessment being underpinned by Federal and State Government legislation (refer to section 

4.2).  

4.1.2.1 2015 Methodology considerations  

The calculations in the 2015 Methodology are underpinned by peer-reviewed scientific literature.  For 

example, the NGER (Measurement) Determination sections that are referred to in the Methodology 

are all based on a rigorous scientific method that follows national and international standards for 

measurement of greenhouse gases.  The origins and source references used are not well documented 

within the Determination itself.  However, these should be well known by the DoEE and are 

comparable to methodology approaches used in other jurisdictions.  

The deduction of baseline abatement from project abatement is underpinned by the CDM and the 

additionality test required under the CFI Act. 

  

                                                           
 
38 UNFCCC, (2004) Flaring or use of landfill gas v1.0, 2 Sept 2017.  Accessed on 16/08/17 and available from: 
https://cdm.unfccc.int/UserManagement/FileStorage/eb15repan1.pdf  



 

Deliverable 2: Performance of the LFG method against the OIS – DoEE –FINAL – April 2018 | SMEC Australia | 77 

4.1.2.2 2012 Methodology considerations 

The calculations in the 2012 Methodology follow peer-reviewed scientific literature.  Emissions from 

the project and regulatory requirements are deducted from the emissions avoided as a consequence 

of the project (refer to section 4.1.4). 

 The appropriateness, accuracy and scientific validity of monitoring, measurement 

and data collection requirements 

The monitoring, measurement and data collection requirements in the 2015 and 2012 Methodologies 

are similar.  Both methods require certain parameters to be monitored and measured.  The most 

important (i.e. material) parameters are summarised and assessed in Table 14.  In general, the 

monitored and measured data collected is considered appropriate.  The data collected and used in the 

abatement calculations follow a scientific approach and is sufficient to calculate ACCUs.   

It is understood that the development of the NGER (Measurement) Determination has gone through 

a robust scientific peer review process.   

Most of the parameters outlined in Table 14 are underpinned by clear and convincing evidence  

(i.e. the measurements follow widely adopted national and international calculation methods 

commonly used in industry).  For example, the CDM requires similar approaches for measurement, 

monitoring and data collection.  

The measurement of mass flow of a GHG in a gaseous stream is underpinned by the CDM’s 

methodological tool that is based on the fundamentals of thermodynamics39 and drying40.  Unlike most 

commercial gas streams in pipelines (such as natural gas and compressed air), landfill gas contains 

moisture, estimated for one ERF project as ranging on a 95% confidence interval from 2.3% (gas at 

23°C in winter) to 7.5% (gas at 38°C in summer) on a molar (and therefore approximately on a volume) 

basis41.  Flow measurement is usually done on the moist gas, but concentration measurement using a 

gas chromatograph is done on dried gas (because the instrument cannot handle moisture).   

Because water has a molecular weight different from methane and air components such as nitrogen 

and oxygen, multiplying the moist flow rate times the dry methane concentration will not give an 

accurate methane flow rate; it will be overstated by, in the case above, the 2.3% to 7.5% range referred 

to.  The Methodology is silent on how this is to be handled.   

Compliance with requirements for monitoring of parameters is important as this underpins the correct 

calculation of abatement credited by the project.  Monitoring requirements (section 33 of the 2015 

Methodology) include the process for monitoring and the standard to which monitoring must occur.  

In some cases, a project may be unable to monitor a parameter to the requirements specified.   

When this occurs, section 34 of the 2015 Methodology requires that adjustments be applied for the 

time intervals that the parameters are not being monitored in accordance with requirements (termed 

the non-monitored period).  The adjustment is necessary to ensure that all estimates or assumptions 

                                                           
 
39Van Wylen, G.J., Sonntag, R.E. and Borgnakke, C. (1994), Fundamentals of Classical Thermodynamics, Fourth 
Edition, John Wiley & Sons, Inc. 
40 Strumillo, C. and Kudra, T. (1986), Drying: Principles, Applications and Design, Gordon & Breach Science 
Publisher; Montreaux, Switzerland. 
41 Rudolph, V.  (2013), The water content of the landfill gas has been estimated using a computerised simulation 
used by Australian universities and gas companies, with data from an ERF project, and reported in unpublished 
“Equations for Water Content and Properties of Gas”, 06 May 2013. 
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4.1.3.1 Methane destruction efficiency (DE) 

The default methane destruction efficiency for a combustion device of 0.98 in the 2015 Methodology 

is based on the use of an enclosed flare.  This is the most usual arrangement for safety and control 

reasons.   

The 2012 Methodology also allows the use of 0.98 but does give the option to measure the methane 

destruction efficiency.  It is therefore likely that projects will select the most beneficial value in terms 

of total ACCUs.  Consequently, allowing the option to measure (or use default value for DE) may not 

always be conservative or appropriate (i.e. the proponent would most likely select the default value if 

it was more beneficial to ACCUs generated).   

The default methane DE for an internal combustion engine device in the 2015 Methodology is 1.00.  

This appears reasonable for large internal combustion engines such as electricity generators.  

Nonetheless, consideration should be given to research performed in Germany on uncombusted 

methane from internal combustion engines that shows all engines have some methane slip which can 

vary at different scales, see Figure 10. 

 

Figure 10: Uncombusted methane emissions from biogas engines in Germany (Clemens et al, 2014)42 

4.1.3.2 Methane fraction in the landfill gas 

The default methane percentage is set at 50% which is the same as the CDM.  The reference for the 

50% values appears to be derived from Intergovernmental Panel on Climate Change (IPCC) 2006 

guidelines for national greenhouse gas inventories.  This represents a reasonable and potentially 

conservative average estimate.  Nevertheless, it is possible to operate a flare with methane 

concentrations lower than 40%.  Low methane concentrations can occur, particularly towards the end 

of the methane generation cycle from a waste body.   

                                                           
 
42 A review of methane loss in engines from combustion of biogas in Germany, in Clemens et al, (2014).   
The diagram is taken from the presentation “Experiences from Emission Analysis as a Tool for Plant 
Optimization”, held by Dr Joachim Clemens, bioanalytic GmbH, Troisdorf at the IBBA Methane emission 
workshop in Kiel, Germany on 4 September 2014. 
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Gas composition analysers are widely used in landfill gas collection systems and may be used in ERF 

projects, but are not compulsory.  As mentioned in section 2.2.1.1, once a project has used 

measurement, it must continue to do so under section 24(3) of the 2015 Methodology.   

However, if the project commences using the default value it can continue to be used indefinitely.  

Projects still using the 2012 Methodology can change to and from the default factor as they wish.  

The use of default values for methane concentration may therefore not always be supported by clear 

and convincing evidence.  A key risk is that air may be added to the landfill gas collection system which 

would increase the flow of landfill gas whilst reducing the methane concentration.  As such, projects 

would benefit from using the default value of 50%.   

There are projects that are known to not measure the gas composition.  This can be done either on a 

continuous basis or a periodic sample basis using hand held gas analysers or bag samples.   

Nonetheless, the Methodology does not stipulate that this data is required to be used which could 

lead to an over estimation of calculated abatement.  From a reasonable assurance perspective,  

it would be questionable why you would measure methane concentration as less than 50% but then 

use the default value of 50%. 

4.1.3.3 Electrical efficiency of the internal combustion engine 

Under both the 2012 and 2015 Methodologies, it is allowable to use the default electrical engine 

efficiency of 36% which is a commonly used value.  All engines would be expected to have a technical 

specification.  Even though the variability of the landfill gas composition will dictate this efficiency,  

(i.e. the composition of landfill gas will vary in amounts of methane and carbon dioxide which may 

mean the manufacturer specification cannot always be accurately used).  

The gas composition can vary with different methane concentrations and trace gases likely to affect 

the electrical efficiency of the internal combustion engine.  Off-grid engine and gas turbine systems 

have  different default efficiencies depending on the nominal capacity of the power generation unit. 

An example from the CDM is provided in Table 15. 
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Additional potential emission sources include: 

▪ Electricity: monitoring and measurement equipment is expected to use electricity.  

Nevertheless, GHG emissions from electricity use would not be material (<1%) in relation to 

the total methane flows.   

▪ Start-up fuel: flares and internal combustion engines may require start-up fuel (e.g. diesel, LPG 

or natural gas).  Nonetheless, a very small amount of fuel would be used before switching to 

landfill gas.   

The inclusion and exclusion of major sources follows a similar format to the CDM methodology.  It is 

therefore deemed appropriate.  The materiality threshold has led to the removal of some smaller 

emission sources from the calculation.  For example, the emission of nitrous oxide (N2O) during the 

combustion of landfill gas has been removed from the abatement calculation under the ERF which is 

conservative.  It is noted the materially threshold was employed to simplify the ERF landfill gas in the 

2015 Methodology compared to the 2012 Methodology.  Given the removal of emission sources such 

as nitrous oxide are less than 1% of the emissions stemming from the project, it is considered 

appropriate given the materiality threshold employed. 

The GHG emissions assessment boundary does not include reductions in carbon dioxide emissions 

caused by displacing electricity derived from fossil fuel.  This is not an eligible source of abatement for 

crediting under the ERF.  This is considered a valid approach since it would require a consequential 

modelling approach which would not been appropriate at the individual project level45.  Furthermore, 

the electricity generation component is covered by the RET.   

GHG emissions from electricity used for gas capture and combustion are not included in the GHG 

emissions assessment boundary where that electricity is created using methane and combusted 

on-site.  This is because the emissions from the combustion process are already included in the GHG 

emissions assessment boundary. 

Carbon dioxide emissions associated with the generation and combustion of landfill gas are biogenic.  

This means that, biological capture balances over a sufficiently short time, such that release of carbon 

dioxide can be considered to have no net impact on atmospheric GHG levels.  Thus, these emissions 

are not included in the GHG emissions assessment boundary which is common practice in GHG 

emissions accounting.  

 The appropriateness and conservativeness of all estimates, assumptions, and 

projections 

4.1.5.1 Monitoring parameters 

Compliance with requirements for monitoring of parameters is important to ensure that abatement 

credited by the project is calculated correctly.  Monitoring requirements (refer to Table 14) include the 

process for monitoring and outline the standard to which monitoring must occur.  

  

                                                           
 
45 Plevin, R., Delucchi, M. & Creutzig, F. (2013) “Using attributional Life Cycle Assessment to estimate climate-
change mitigation benefits misleads policy makers, J. Ind. Ecol., 18 (1), 73-83.  
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In some cases, a project may be unable to monitor a parameter to the requirements specified.   

When this occurs, section 34 of the Methodology requires that adjustments be applied for the time 

intervals that the parameters are not being monitored in accordance with requirements  

(termed the non-monitored period).  The adjustment is necessary to ensure that all estimates or 

assumptions used in the Methodology are conservative and in accordance with the offsets integrity 

standards outlined in section 133 of the CFI Act.  

For parameters listed in item 1 of the table in subsection 34(1) of the Methodology (i.e. WLFG,CH4), the 

consequence for not monitoring in accordance with the requirements is to use the default emissions 

factor for that parameter.  This is considered conservative as is included in the lower order monitoring 

option for the parameter.  Furthermore, the proponent need to apply a 10 per cent adjustment to the 

default emissions factor (i.e. the factor is multiplied by 0.9) for a period of up to three (3) months in 

any 12-month period.  For any period in excess of these three (3) months, then the adjustment is  

50 per cent (i.e. the factor is multiplied by 0.5). 

For parameters listed in item 2 of the table, (i.e. QEn,h, QLFG,h and QEG,h) the consequence for not 

monitoring these parameters in accordance with the monitoring requirements is for the proponent to 

make a conservative estimate of the parameter for the duration of the non-monitored period.  

The need for a proponent to apply section 34 arises from failure to meet monitoring requirements. 

When section 34 is used, the project will be required to include information relating to the monitoring 

failure in its offsets report for the relevant reporting period (set out in section 31).  This is to provide 

the CER with evidence that will allow them to determine the nature, and frequency, of the failure to 

meet the monitoring requirements of the Methodology.  The approach taken for non-monitored 

periods should be conservative otherwise ACCUs will not be issued which is appropriate. 

4.1.5.2 Baseline determination 

As depicted in section 2.2.4, the baseline determination is one of the main estimates and assumptions 

included in the abatement calculations.  This is determined following legislative and regulatory 

published information.  However, it is not apparent that this is based on clear and convincing 

peer-reviewed scientific evidence.  Different landfill gas projects may receive different baselines.   

The baseline applied to a project is the main factor when assessing the risk of under- or over-crediting.  

If a baseline is too high, a project would not be credited ACCUs for abatement additional to regulatory 

requirements, and may mean the project does not go ahead.  By contrast, if a baseline is too low, a 

project will receive ACCUs for abatement that would have occurred regardless because of regulatory 

requirements.  This is further assessed in section 4.2. 

4.1.5.3 Landfill gas calculator 

Refer to section 2.5.2 for a discussion on the landfill gas calculator and its use in the exclusion of 

emissions from waste deposited during the carbon tax period.  Modelling emissions from solid waste 

deposited at a landfill as several uncertainties, however the use of the NGER landfill emissions 

calculator is required and therefore is appropriate.  There is no evidence to suggest that this calculator 

is not conservative. 
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4.1.5.4 Methane oxidation factor 

As landfill gas passes through the landfill cover or cap, methanotrophic bacteria oxidise some of the 

methane. The extent of oxidation varies with the type and thickness of cover material, moisture levels, 

temperature and the gas flux rate46,47,48.  The IPCC (2006) guidelines sets a default value of zero for 

national greenhouse gas inventories but indicates that a value of 10% may be appropriate where 

landfills are well managed.  The Australian national inventory uses the 10% value and requires this in 

NGERS reporting.  All but one of the reviewed life cycle assessments (LCAs) put oxidation factors to 

10%.  

Methane oxidation rates can be estimated in laboratory experiments and in situ through carbon 

isotopes measurements in gases below and above the cap.  This work shows that oxidation greater 

than 10% are readily possible.  A literature review49 concludes that up to 30% could be expected.  

Another, more recent literature review50 of 42 studies found a mean oxidation factor value of 36% and 

only four reporting values of 10% or less.  In clayey soil covers the average oxidation factor was 18%.  

The field studies, on average, had a lower oxidation factor than the laboratory studies, probably 

because “cracks and fissures … in the field allow some CH4 to bypass oxidation51”. 

4.1.5.5 Non-carbon tax percentage 

Emissions of landfill gas start a year after waste deposit and continue for occur over a long period, 

based on the model set by the NGER (Measurement) Determination.  For example, based on this 

Methodology, a Victorian landfill that accepted an equal quantity of waste during the carbon tax years, 

only 2.3% of the emissions would have arisen during those years.    

There does not appear to be sufficient and appropriate peer-reviewed scientific evidence to support 

the inclusion of the non-carbon tax percentage estimation, however the calculations used in the landfill 

gas model are considered to be appropriate.  

Where landfills report under NGER, this calculation is not overly difficult, as the required information 

is already collected and collated, and such landfills are familiar with the solid waste calculator.   

For smaller sites that do not report under NGER, however, the data requirements are onerous. 

4.1.5.6 Historical waste data 

The project participant must report annual tonnages, and the proportional split across waste type, 

since the landfill opened.  The project proponent does not generally have access to this historical data, 

and it is often incomplete, based on low quality estimates, and difficult to compile to a standard 

acceptable to auditors.   

                                                           
 
46 Streese, J. and Stegman, R., (2003) Design of biofilters for methane oxidation. In Proceedings of Sardinia. 
47 Gómez, K.E., Gonzalez-Gil, G., Lazzaro, A. and Schroth, M.H., (2009) Quantifying methane oxidation in a landfill-
cover soil by gas push–pull tests. Waste Management, 29(9), pp.2518-2526.  
48 Schuetz, C., Bogner, J., Chanton, J., Blake, D., Morcet, M. and Kjeldsen, P., (2003) Comparative oxidation and 
net emissions of methane and selected non-methane organic compounds in landfill cover soils. Environmental 
science & technology, 37(22), pp.5150-5158. 
49 Jensen, J.E.F. and Pipatti, R., (2002) CH4 emissions from solid waste disposal, background paper on good 
practice guidance and uncertainty management in national greenhouse gas inventories. 
50 Chanton, J.P., Powelson, D.K. and Green, R.B., (2009) Methane oxidation in landfill cover soils, is a 10% default 
value reasonable?. Journal of Environmental Quality, 38(2), pp.654-663. 
51 Ibid. p.658. 
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from landfill operations.  Key assumptions within the solid waste calculator have not changed during 

the non-carbon tax years, hence when working out the fraction to be removed from calculated 

abatement, the modelling approach is the same.  Further assessment on the appropriateness of the 

non-carbon tax percentage is included in section 2.2. 

 Methane fraction in the landfill gas 

The methane fraction in landfill gas has a default value of 50% which is the same is in the NGER 

(Measurement) determination and as used in the CDM, it could therefore be deemed appropriate. 

Whether this is conservative or not will depend on the age and composition of waste deposited at the 

landfill. The amount of air drawn into the gas capture system will also impact the methane 

concentration. It is therefore possible that the default value is not always conservative.   

However, there will also be many circumstances where methane concentration in landfill gas is higher 

than 50% and can be as high as 60% or more.  This would make the methane fraction conservative. 

 Energy content of landfill gas 

The energy content of landfill gas is based on robust measurement methods as defined in the NGER 

(Measurement) determination. These can be considered to be conservative but also are likely to be 

an accurate measure of energy content as they are based on scientific methods. 

 Oxidation Factor 

The oxidation factor provided in the NGER (Measurement) Determination subsection 5.4(1) is 0.1  

(or 10%).  It is unclear from the Determination what the reference or basis for this is, although we are 

informed that it is based on the IPCC’s waste guidance.  Regardless, it is an important estimate and 

assumption that is used in the abatement calculations.  If, for example, a higher oxidation factor of 

15% or 20% was assumed, then the calculated abatement could be over-estimated for the period that 

the methane destruction device is offline. 

5.2 In giving consideration to the above, an assessment of the baseline 
calculations is required. In particular, the assessment should examine 
equation 12 of the method to determine whether it will result in a 
conservative estimation of abatement. Where a problem is identified the 
service provider should identify an appropriate solution. 

The landfill gas project baseline abatement (net abatement) for the reporting period is determined 

using Equation 12 in section 28 (Part 4 Division 4) for the 2015 Methodology.  The baseline abatement 

is the methane combusted during the project and generated by non-carbon tax waste, multiplied by 

the proportion of methane that would have been combusted without the project.   

The baseline reduces the number of ACCUs the project receives, based on the volume of gas that would 

have had to be captured for regulatory purposes had the project not been accredited under the ERF.   

The application of a baseline effectively forms part of the regulatory additionality test.  It determines 

how many ACCUs can be created based on how much gas would need to be captured to meet 

regulatory requirements.  It is noted that it is not possible to capture all the gas from a landfill  

(refer to section 6.2).  Regulatory requirements for gas capture vary greatly between jurisdictions and 

between sites, as described in section 2.1.3.   
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The net abatement therefore requires: 

a) determination of the regulatory proportion,  

b) default baseline proportion and  

c) baseline proportion. 

The determination of the abovementioned proportions depends on the type of project, as shown in 

Figure 12:  

▪ Equation 12 refers to equations 13 to 16, and  

▪ Equation 14 refers to equations 17 to 19.   

This is, the baseline abatement for the reporting period, in tonnes CO2-e, is (equation 12): 

𝐴𝐵 = 𝑀𝐶𝑜𝑚,𝑁𝐶𝑇×𝑊𝐵 

where: 

 AB means the baseline abatement for the reporting period, in tonnes CO2-e. 

 MCom,NCT means the methane combusted during the reporting period that was not generated 
from carbon tax waste, in tonnes CO2-e, worked out using equation 3. 

 WB means the proportion of the methane combusted during the reporting period that would 
have been combusted without the project worked out using whichever of equations 13 to 16 
applies. 

For the proportion of methane that would have been combusted without the project, this is either: 

A. For new or recommencing project 

If the project is a new project or a recommencing project, the proportion of the methane 

combusted during the reporting period that would have been combusted without the project 

is worked out using the formula (equation 13): 

𝑊𝐵 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚(𝑊𝐵,𝑅𝑒𝑔, 𝑊𝐵,𝐷𝑒𝑓) 

where: 

 WB means the proportion of the methane combusted during the reporting period that would 
have been combusted without the project. 

 WB,Reg means the regulatory proportion of the methane combusted during the reporting 
period that would have been combusted without the project as determined using Schedule 1 
to this determination. 

 WB,Def means the default proportion of the methane combusted during the reporting period 
that would have been combusted without the project, which is as follows: 

(a) 0% if the project proponent can demonstrate that, since 24 March 2011, the landfill 
concerned has not been subject to: 

(i) legislation or regulatory guidelines for landfill; or 

(ii) a licence condition or development approval that includes any form of general or 
specific qualitative requirement to collect, control, manage or limit landfill gas, 
methane odour or greenhouse gases; 

(b) otherwise—30%. 
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B. Upgrade project 

If the project is an upgrade project, the proportion of the methane combusted during the 

reporting period that would have been combusted without the project is worked out using the 

formula (equation 14): 

𝑊𝐵 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚(𝑊𝐵,𝑅𝑒𝑔, 𝑊𝐵,𝐷𝑒𝑓 , 𝑊𝐵,𝐸𝑥) 

where: 

 WB means the proportion of the methane combusted during the reporting period that would 
have been combusted without the project. 

 WB,Reg means the regulatory proportion of the methane combusted during the reporting period 
that would have been combusted without the project determined using Schedule 1 to this 
determination. 

 WB,Def has the same meaning as in subsection (1). 

 WB,Ex means the proportion of the methane combusted during the reporting period that would 
have been combusted without the upgrade project worked out using equation 17. 

Equations 17 to 19 detail the proportion of methane that would have been combusted without 
upgrade.   

C. Transitioning projects 

If the project is a transitioning project that was operating under the Carbon Credits (Carbon 

Farming Initiative) (Capture and Combustion of Methane in Landfill Gas from Legacy Waste) 

Methodology Determination 2012 (the legacy determination), the proportion of the methane 

combusted during the reporting period that would have been combusted without the project 

is worked out using the formula (equation 15): 

𝑊𝐵 = 𝑅𝑃 

where: 

 WB means the proportion of the methane combusted during the reporting period that would 
have been combusted without the project. 

 RP means RP as worked out under the legacy determination. 

If the project is a transitioning project that was operating under the Carbon Credits (Carbon 

Farming Initiative) (Capture and Combustion of Methane in Landfill Gas from Legacy Waste: 

Upgrade Projects) Methodology Determination 2012 (the legacy upgrade determination), the 

proportion of the methane combusted during the reporting period that would have been 

combusted without the project is worked out using the formula (equation 16): 

B PW B 𝑊𝐵 = 𝐵𝑃 

where: 

 WB means the proportion of the methane combusted during the reporting period that would 
have been combusted without the project. 

 BP means Bp as worked out under the legacy upgrade determination. 
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Figure 12: Equation flowchart – baseline abatement (CER, 2015)52  

                                                           
 
52 Clean Energy Regulator (2015), “Participating in the Emissions Reduction Fund: A guide to the landfill gas method 2015”, retrieved on 20 August 2017 from: 
 http://www.environment.gov.au/climate-change/emissions-reduction-fund/methods/landfill-gas  
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6 PROVIDE DATA AND AN ANALYSIS OF LANDFILL GAS 
CAPTURE AND COMBUSTION PROJECTS 

6.1 For as many Australian landfills as reasonably possible, a table providing:  

 Landfill size (tonnes waste received per year and tonnes emissions in CO2-e per year) 
and location (state and city/town)  

Landfill size data (tonnes waste received per year) does not appear to be collected on a routine basis 

by either the Federal or State Governments.  Therefore, to obtain this information it was necessary to 

conduct a detailed literature review to collate data for relevant landfill sites in Australia.  This section 

provides the main findings and highlights from this literature review.  Additional supporting 

information, assumptions, and data analysis is provided in a separate excel file provided to the DoEE 

(Annexe C). 

Information on waste management facilities was obtained from the Australian Government 

(Geoscience Australia).  The information considers different site types and include multi-purpose 

facilities, landfills, transfer stations and reprocessing facilities.  A summary of this information is 

provided in section 6.1.1.1. 

Furthermore, the Waste Management Association of Australia (WMAA) undertakes surveys of landfills 

in Australia. SMEC understands that surveys were undertaken in 2006-07; in 2008; and in 2010.   

The surveys were similar but extra questions were added each time.  Response rates have varied.  

Relevant results from analysis of the landfill survey data are provided in section 6.1.1.2 as derived from 

the Blue Environment53 report to the DoEE.  It should be noted that this data is several years old and 

therefore some of this may be out of date (e.g. new and closed landfills).  Nonetheless, it provides 

useful context to the landfills in Australia and highlights potential data gaps.  

6.1.1.1 Waste Management Facilities in Australia 

This data includes a total of 2,291 waste management facilities in Australia, as shown in Table 16.   

It is noted that the database accounts for all facilities in Australia, including: 

▪ non-operational sites; 

▪ different landfills in the same site (i.e. a site can account for multiple facilities); and 

▪ considers sites which used to be a landfill and ceased landfilling activities but are operating 

transfer stations (i.e. considered as two different facilities).   

As such, there are some differences with the data provided in section 6.1.1.2, in particular the NT and 

QLD.  

  

                                                           
 
53 Blue Environment (2013).  Analysis of landfill survey data. Prepared for WMAA. Available from:  
https://www.environment.gov.au/system/files/resources/91763f0e-f453-48d0-b33e-
22f905450c99/files/landfill-survey-data.pdf  
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correlate to the landfill name.  Wherever possible we have matched the emissions data with 

other relevant data on the landfill (see sections 6.1.2 and 6.1.3). 

SMEC was provided with emissions data for 273 landfills.  This was filtered down to remove outliers 

such as a single reported year or where sites needed to be merged (as reported under more than one 

name).  This gave a total of 75 landfills with reasonable emissions data of 2 or more years.  All of these 

landfills were researched using online searches to try and ascertain the tonnes of waste received per 

year.  Of the 75 landfills, it was found that 22 had data on waste received, 15 had closed, 6 were mines, 

and for the remaining 39, the annual tonnages received at the landfill were unknown.  

For the landfills with data, Figure 17 shows the annual average GHG emissions per year (tCO2-e) 

compared to the tonnes of waste received for the 22 landfill sites analysed.  This data can be further 

analysed to estimate the GHG emissions per tonne of waste received: 

Figure 17: Annual average GHG emissions compared to tonnes of waste received per year (22 landfills) 

Analysis of this data shows a reasonable correlation between landfill size and scope 1 GHG emissions. 

This is in line with expectations as larger landfills have more waste and bigger surface area, hence 

fugitive emissions would likely be higher.  

Another metric assessed is the ratio of GHG emissions divided by the tonnes of waste received.   

This gives an indication of the relative GHG emissions of different sized landfills, as shown in Figure 18. 

To obtain this data the 22 landfill sites were categorised into those receiving less than 100 kt/yr, 

100-300 kt/yr, and greater than 300 kt/yr.  These tonnages relate to the small/medium, large, and very 

large size respectively.  

 

Annual average GHG emissions compared to tonnes of waste received per year

s47E(d)
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Figure 18: Emissions per tonne of waste received by landfill size 

Using this data, the GHG emissions per tonne of waste was categorised by State.  This shows that 

Western Australia has the largest emissions per tonne received, whilst Victoria has the lowest  

(see Figure 19). 

 

Figure 19: Emissions per tonne of waste received by State 

The data obtained for the 22 sites where waste received tonnes were determined is provided in Table 

19.   
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Table 19: Landfills by name and location with tonnage and emissions data 

s47E(d)
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4. The volume of landfill gas flared data was very limited.  Only a few sites had this data for more 

than one year.  Therefore, this data was not further assessed. 

5. Average landfill gas capture rates were determined and compared to other data sets including 

the ERF project registry. 

From the CER data, there were 34 landfill facilities with total methane captured data.  Combining this 

data with GHG emissions data and tonnes of waste received produced results as summarised in Table 

20.   

For the 34 landfill facilities, it was possible to determine the tonnes of waste received for 15 sites, 13 

have closed, and tonnage was unknown for the remaining 6 locations.  Of the 34 sites with gas capture 

data, 18 were registered with ERF projects, the remaining 16 were labelled as unknown.   

It is noted that these unknown sites could have projects but the names of the landfill do not match the 

ERF project name.  Four (4) of the landfills have two (2) ERF projects (i.e. Eastern Creek Landfill, Lucas 

Heights, Woodlawn Bioreactor, and the Ti Tree Bioreactor).  As such, a total of 38 projects were 

considered.   

With regards to the type of combustion device at each location, it was possible to derive if it is ‘flare 

only’ from the ERF register.  It was also possible to ascertain if the site has an engine through analysis 

of the REC registry (see section 6.1.3).  Figure 20 summarises the analyse of the 38 combustion devices 

where DoEE have provided capture data. 
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Table 20: Landfill sites with gas capture data and other facility information 

s47E(d)
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Table 21: Landfill sites without landfill gas capture data but identified as ERF projects 

 

There are 102 projects on the ERF register, of these 18 were identified as included in the DoEE data for 

landfill gas capture.  A further 14 were identified has having emissions data but not gas capture data.  

There were also 4 landfills that had two ERF projects on the same landfill.  This gives a total of 36 ERF 

projects that could be matched to the emissions and gas capture data provided by the DoEE.   

It is possible that more landfills are included but that they do not have more than one year of emissions 

data or could not be identified using the ERF project name.  This does leave a significant amount of 

ERF projects that do not appear to have good quality data for emissions or gas capture collected by 

the DoEE.  A likely reason for this is that they are below reporting thresholds for NGER, or that the ERF 

project has a different name to the landfill.  There are also several ERF projects that have not yet 

generated any ACCUs. 

For the landfills with landfill gas capture data further analysis was undertaken.  Firstly, an assessment 

of the correlation between gas capture rate (%) and landfill size was conducted.  This analysis excluded 

those sites that were closed or the tonnages were unknown, so a total of 15 landfills were included in 

the sample.  The gas capture rate was determined by taking the average for each year where data was 

available.  Figure 21 shows a scatter plot comparing landfill size with the gas capture rate. 

 

s47E(d)
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Figure 21: Average gas capture rate (%) for different landfill sizes (tonnes of waste received per year) 

It is noted that it was not possible to validate the data quality of the information provided by the CER.  

For example, some outliers were included, there are missing years of data.  A key assumption was 

made; that the gas capture rate is determined by dividing “total gas captured” by “total emissions” 

(i.e. landfill emissions plus gas captured).  If the data was available, further analysis could be performed 

on the age of the landfill, emissions rates, and capture rates for open and closed landfills.  Further 

assessment is not possible based on the data available. 

6.1.2.1 ERF register and ACCU data 

An assessment was performed of the ERF register to assess the ACCUs generated by different projects. 

The available ACCU data has some limitations (e.g. the reporting period covered is not known).   

ACCUs are issued following the approval of an offsets report and all projects have different dates and 

reporting periods.  Nonetheless, it is possible to derive useful information of relevance to this 

assessment.   

Firstly, of the 102 ERF projects, it is apparent that 86 project have generated ACCUs.  A total of 13.2m 

ACCUs have been issued over the period from 2012/13 to 2016/17.  This gives an average of over 

150,000 ACCUs per project, which equates to over 30,000 ACCUs per project per year.  It is noted that 

this data set is likely to have inaccuracies as not all projects commenced in 2012/13 and not all ACCUs 

up to the current date have been issued.  Alternatively, if it is assumed that the average project length 

to date is 3 years (i.e. not 5 years) then, the average per project would be 50,000 ACCUs per year. 

If it is assumed that all projects have a 30% baseline and other project emissions are not material, then 

the total gas captured (gross abatement) is on average just over 70 ktCO2-e per annum.   

Comparing this to the DoEE data the average gas capture over the period between 2012/13 to 2015/16 

is over 150 ktCO2-e per annum.  The difference is likely to be explained by smaller landfills that do not 

report under NGER and hence would give a lower average gas capture rate.  

Average gas capture ratio compared to tonnes of waste received p.a.

s47E(d)
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rate and methane concentration will decline to the point that capture is no longer economically or 

operationally feasible, and collection percentage will decline and then become zero when collection 

ceases.   

6.2.2.2 Cell design and landfill management 

The largest source of gas leakage into atmosphere avoiding collection pipework and possibly avoiding 

oxidation in the landfill cap is generally thought to occur at the boundaries between cells.   

In most cases cells ‘lean’ on each other, and the boundary, prior to filling of the subsequent cell, is 

intermediate cover.  There is an easy (i.e. low pressure drop and high volume) path that gas can take 

straight to atmosphere, so the percentage of generated gas collected will be lower.  The degree to 

which this happens depends on the landfill design (including depth, width, type of cap, type of lining, 

etc.), construction and operation over time.   

The quality of sealing around penetrations also affects the percentage of gas not collected because of 

leakage at the penetration.  Penetrations include leachate sumps, leachate monitoring bores and gas 

bores for collection pipelines.  

When landfills or cells are deep, horizontal layers of pipes connected to risers may be installed.   

This avoids some of the leakage discussed above.  The Woodlawn site at Tarago, NSW is an example 

of a site using this technique.  

The type of cap installed will also have an effect on the potential gas collection, for example: 

▪ A clay cap can funnel emissions to cracks, allowing greater loss to atmosphere with low levels of 

oxidation.  

▪ A thick and more permeable layer, such as a phytocap, allows slow leakage, so there is less 

chance of cracks, slower percolation of gas through the cap and more oxidation.  High levels of 

organic matter in the cap increases oxidation because it provides more sites for the 

methanogenic bacteria to work.  Research based on the relative levels of C12 and C13 

components in the gas stream shows the potential for oxidation rates of 40% and more56,57.  

For a completed landfill cell, most of the uncaptured gas probably exits through cracks or edges of 

penetrations.  That means the proportion of capture is significantly dependent on the degree of 

monitoring (to find the leaks) and maintenance (to fix them).  The maximum theoretical capture rate 

is high if the operator actively manages the landfill gas.  The operator of the landfill gas collection 

equipment may not be the party determining that level of attention and expenditure.    

  

                                                           
 
56 Yoojin Jung, Paul T. Imhoff, Don C. Augenstein, and Ramin Yazdani (2009), Influence of high-permeability layers 
for enhancing landfill gas capture and reducing fugitive methane emissions from landfills. 
57 K. Spokas, J. Bogner, J.P. Chanton, M. Morcet, C. Aran, C. Graff, Y. Moreau-Le Golvan and I. Hebe (2005) 
Methane mass balance at three landfill sites: What is the efficiency of capture by gas collection systems? in Di 
Maria, F., Sordi, A. and Micale, C., (2013) Experimental and life cycle assessment analysis of gas emission from 
mechanically–biologically pretreated waste in a landfill with energy recovery. Waste Management, 33(11), 
pp.2557-2567 
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6.2.2.3 Type of waste, ambient conditions 

The velocity of gas generation will depend on the type of waste (i.e. percentage of the waste that is 

putrescible) and ambient conditions (i.e. hotter and wetter conditions create more rapid degradation 

and gas generation).  More rapid generation would lead to earlier economically feasible installation of 

collection lines.  

6.2.2.4 Leachate 

Higher leachate flow, meaning more putrescible material leaking from the cell with leachate water, 

will decrease the percentage of landfill gas collection.  This is because the leachate degrades and ejects 

gas directly to atmosphere.  Unless handled in a facility where the off gas is directed to the gas 

destruction equipment.   

6.2.2.5 Landfill gas collection efficiency 

Despite the widespread use of landfill gas collection systems in many parts of the world for over three 

decades with approximately 955 (as of 2007) landfills collecting landfill gas worldwide58, little 

information on their capture efficiency is available59.  Such an understanding would result in more 

rationally designed landfill gas collection systems that might improve methane capture efficiency.  

Whilst landfill gas collection rates are readily and accurately measured in the ERF landfill gas 

methodologies, the landfill gas generation rates (the second measurement needed for determining 

efficiency), are usually unknown or have a high degree of uncertainty.   

Several methods have been proposed to estimate the landfill gas generation rate at a landfill, amongst 

them are: 

▪ combining pneumatic well test data with assumptions about well recovery to estimate landfill 

gas generation60;  

▪ employing biokinetic models describing stages of waste decomposition61; 

▪ using simple first-order kinetic gas generation models such as the Landfill Gas Emission Model 

(LandGEM)62 and the CLEEN Model63 by Karanjekar et al (2015).  This last achieves a regression 

R2 value of 0.75 for a first-order methane generation rate constant value k as a function of 

waste composition, annual rainfall, and temperature.  

                                                           
 
58 Nickolas J. Themelis and Priscilla A. Ulloa (2007) Methane generation in landfills, Renewable Energy 32, p.1244. 
59 Jung, Y., Imhoff, P. and Finsterle, S. (2011) Estimation of landfill gas generation rate and gas permeability field 
of refuse using inverse modelling, Transp Porous Med 90, pp. 41–58. 
60 Emcon, A. (1980) Methane generation and recovery from landfills. Ann Arbor Science, AnnArbor, MI, USA. 
61 El-Fadel, M., Findikakis, A.N. and Leckie, J.O., (1996) Numerical modelling of generation and transport of gas 
and heat in landfills I. Model formulation. Waste management & research, 14(5), pp.483-504.. 
62 USEPA (2005) Landfill Gas Emissions Model (LandGEM).  Accessed 18 Aug 2017.  Available from: 
https://www.epa.gov/catc/clean-air-technology-center-products#software  
63 Karanjekar, R.V., Bhatt, A., Altouqui, S., Jangikhatoonabad, N., Durai, V., Sattler, M.L., Hossain, M.S. and Chen, 
V., (2015) Estimating methane emissions from landfills based on rainfall, ambient temperature, and waste 
composition: the CLEEN model. Waste Management, 46, pp.389-398. 
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However, these methods suffer from significant limitations.  Estimates based on pneumatic well tests 

rely on precise pressure measurements64,65.  Biokinetic modelling requires biokinetic parameters and 

detailed data about the refuse, such as mass fractions for each waste category that are often 

unavailable or estimated with limited data66.  Kinetic models also require parameters that must be 

estimated.  These methods therefore provide only limited information or quantitative understanding.  

The NGER Measurement Determination section on landfill gas uses a first order decay method to 

estimate methane generation.  The NGER model that determines gas production from a landfill is a 

model known to over and under estimate actual gas production.  In one anecdotal case, gas collection 

was more than double that modelled.    

Because the quantitative estimation of landfill gas generation is challenged, trying to determine a 

maximum gas capture proportion for operational landfills is also challenging, and quoted recovery 

percentages vary widely.  

A Life Cycle Analysis (LCA) study undertaken for the European Community found an average gas 

recovery rate in the European Union (EU) of 33%.  This recovery rate was estimated based on the 

proportion of waste thought to be sent to landfills having gas recovery, country-specific estimates of 

operational gas recovery rates and an estimated proportion of emissions that occur before or after gas 

recovery systems are installed67.  The study noted, however, that operational gas recovery of 70% to 

90% of the methane is achievable, and undertook sensitivity analysis on higher rates.   

A paper68 on the impact of landfill on GHG emissions found literature that states a range of landfill gas 

collection efficiency, such as: 

▪ Pipatti and Wihersaari69 stated efficiencies between 50% and 100%; 

▪ Oonk and Boom70 between 24% to 60%; and  

▪ Humer and Lechner71 between 40% to 60% efficiency.   

                                                           
 
64 Pierce, J., LaFountain, L. and Huitric, R., (2005) Landfill gas generation & modeling manual of practice. Solid 
Waste Association of North America. 
65 Walter, G.R., (2003) Fatal flaws in measuring landfill gas generation rates by empirical well testing. Journal of 
the Air & Waste Management Association, 53(4), pp.461-468. 
66 El‐Fadel, M., Findikakis, A.N. and Leckie, J.O., (1997) Gas simulation models for solid waste landfills. Critical 
reviews in environmental science and technology, 27(3), pp.237-283. 
67 Smith, A., Brown, K., Ogilvie, S., Rushton, K. and Bates, J., (2001) Waste management options and climate 
change: Final report to the European Commission. In Waste management options and climate change: final 
report to the European Commission. European Commission. 
68 Lou, X.F. and Nair, J., (2009) The impact of landfilling and composting on greenhouse gas emissions–a review. 
Bioresource technology, 100(16), pp.3792-3798. 
69 Pipatti, R. and Wihersaari, M., (1997) Cost-effectiveness of alternative strategies in mitigating the greenhouse 
impact of waste management in three communities of different size. Mitigation and Adaptation Strategies for 
Global Change, 2(4), pp.337-358. 
70 Oonk, H. and Boom, T., (1995) Validation of landfill gas formation models. Studies in Environmental Science, 
65, pp.597-602. 
71 Humer, M. and Lechner, P., (1999) Alternative approach to the elimination of greenhouse gases from old 
landfills. Waste Management and Research, 17(6), pp.443-452. 
 
 























 

Deliverable 2: Performance of the LFG method against the OIS – DoEE –FINAL – April 2018 | SMEC Australia | 124 

 

 

 

APPENDICES 

Appendix A: Legislation ........................................................................................................................................ 125 

Appendix B: Guidelines ........................................................................................................................................ 134 

Appendix C: Licences ............................................................................................................................................ 137 

Appendix D: Exceedance Responses .................................................................................................................... 139 

Appendix E: References ....................................................................................................................................... 142 

Appendix F: Calculations Summary ...................................................................................................................... 145 

Appendix G: Victoria Landfill Licence Compliance (L5) ........................................................................................ 148 

Appendix H: QLD Landfill licences LFG Requirements ......................................................................................... 150 

Appendix I:  Comparative theoretical analysis of the regulatory proportion in each State................................. 153 
 
 
 
 
 











 

Deliverable 2: Performance of the LFG method against the OIS – DoEE –FINAL – April 2018 | SMEC Australia | 129 

d. if a bilateral agreement requires the matters of national environmental significance to be 
considered—consider those matters. 

1A     However, the administering agency is not required to consider the matters mentioned in 
subsection (1)(d) if the Coordinator-General has, under the State Development Act, section 54Y, 
issued an environmental approval for the undertaking of all or part of the coordinated project to 
which the activity relates 

2. For an environmental management decision relating to a prescribed ERA, the administering 
authority making the decision must— 

a. carry out an environmental objective assessment against the environmental objective and 
performance outcomes mentioned in schedule 5, part 3, table 1; and 

b. consider the matters mentioned in subsection (1)(b), (ba) and (c).  

SCHEDULE 5, Part 3, Table 1 - Operational Assessment 
Air Environmental Objective:  The activity will be operated in a way that protects the environmental 
values of air. 
Performance Outcomes 

1. There is no discharge to air of contaminants that may cause an adverse effect on the environment 
from the operation of the activity 

2. All of the following—(a) fugitive emissions of contaminants from storage, handling and processing 
of materials and transporting materials within the site are prevented or minimised; 

a. contingency measures will prevent or minimise adverse effects on the environment from 
unplanned emissions and shut down and start up emissions of contaminants to air; 

b. releases of contaminants to the atmosphere for dispersion will be managed to prevent or 
minimise adverse effects on environmental values. 

Section 8-  Air quality objectives for indicators 
1. An air quality objective stated in schedule 1, column 3 for an indicator stated in column 1 and for a 

period stated in column 4, is prescribed for enhancing or protecting the environmental value stated 
in column 2 of the schedule for the objective.  

2. An air quality objective stated in schedule 1, column 3 must be worked out as an average over the 
period stated in column 4 for the objective.  

3. Despite subsection (1), an environmental value may be enhanced or protected in an area or place if 
the amount of an indicator in the air environment in the area or place is more than the amount of 
the air quality objective stated in schedule 1, column 3 for the indicator for not more than the 
number of days stated in column 5 of the schedule for the indicator.  

4. It is intended that the air quality objectives be progressively achieved as part of achieving the 
purpose of this policy over the long term.  

5. This section does not apply to an air emission that may be experienced within a dwelling or 
workplace if the air emission is released within the dwelling or workplace.  

6. In this section—  
workplace see the Work Health and Safety Act 2011, section 8.  
Section 9-  Management hierarchy for air emissions  
(1) This section states the management hierarchy for an activity involving air emissions.  
* Note— See section 51 of the Environmental Protection Regulation 2008.  
(2) To the extent that it is reasonable to do so, air emissions must be dealt with in the following 
order of preference—  

a. firstly—avoid;   
* Example for paragraph (a)— using technology that avoids air emissions  

b. secondly—recycle;  
* Example for paragraph (b)— re-using air emissions in another industrial process  

c. thirdly—minimise;  
*Example for paragraph (c)— treating air emissions before disposal  

d. fourthly—manage.  
*Example for paragraph (d)— locating a thing that releases air emissions in a suitable area 
to minimise the impact of the air emissions 
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