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Summary of Revisions 

Version Date Summary of Revisions 

2.0 September 2016 • Quantification Methodology was updated to reflect the use of 
the Avoided Landfill and Stockpile Methane Emissions 
Methodology and to include references to the Carbon Offset 
Emission Factors Handbook. 

• Records requirements were updated to better clarify documents 
and records. 

1.0 May 2008 • Quantification Protocol for Aerobic Landfill Bioreactor Projects 
was published for use in the Alberta carbon offset system. 
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1.0 Offset Project Description 
The opportunity for generating carbon offsets with this protocol arises from directly avoiding methane emissions 
from materials anaerobically decomposing in landfills. Specifically, this protocol covers landfills or landfill 
cell(s) which are at capacity, will not be accepting more waste materials and are covered. Rather than the content 
of these landfills or landfill cell(s) decomposing anaerobically and producing methane, wells are drilled for the 
purposes of aerating the waste and recirculating leachate. Conditions are maintained to support aerobic 
decomposition of the waste. The resulting carbon dioxide emissions are considered as biogenic.  

1.1 Protocol Scope 
The project condition is that of an aerobic landfill bioreactor. This protocol can be applied to existing landfills 
or landfill cells that are retro-fitted to incorporate an aerobic landfill bioreactor, as well as to landfills or 
landfill cells that were originally designed and constructed to employ the use of aerobic landfill bioreactor 
technology. 

Wells are drilled at various depths throughout the landfill or landfill cell(s). Some of these wells are used for 
pumping air into the waste material and recirculating leachate, while the rest are used as vents for the 
escaping gases. This provides the conditions to support aerobic decomposition and thus the production of 
carbon dioxide as the main product of decomposition. This carbon dioxide then follows a preferential escape 
pathway that is metered up and out of the venting wells. 

1.1.1 Protocol Approach 

Typically, in the baseline condition, landfill gas (LFG) is passively emitted due to the anaerobic 
decomposition of the organic components within a landfill. The aerobic landfill bioreactor may be 
installed at sites where there was previously a landfill gas collection and destruction system. This would 
indicate that the previously installed system was not meeting the operational objectives for the site and 
the technology addresses the remaining methane potential at the site. Therefore, the baseline condition 
would revert to the passive emission of landfill gas generated under anaerobic conditions unless otherwise 
mandated by law. 

1.2 Protocol Applicability 
To meet the requirements under this protocol, the project developer must supply sufficient evidence to 
demonstrate that: 

(1) The landfill facility is being operated under the conditions of its operating license. 
(2) The monitoring of the methane concentration and flow in the venting wells are maintained 

consistently and that gaps in automated or manual monitoring do not exceed 5 days. 
(3) During shut-downs of the system, such that the system is not being metered, monitoring must be 

maintained on a minimum frequency of every 5 days, to account for any methane emissions that may 
occur should the bioreactor revert back to anaerobic conditions in the absence of air flow and that 
there are no material fugitive emissions of methane. 

(4) The landfill or landfill cell(s) are covered as per the operating requirements to manage passive landfill 
gas migration, and therefore minimal fugitive release of methane. 

(5) Fugitive emissions are measured four times per year using a flux chamber so as to calculate the flow 
rate and concentration of passive landfill emissions during project operation. Quarterly measurements 
must be conducted approximately three months apart to account for seasonal variations, and the 
methodology used for flux chamber measurements must ensure accuracy and be robust enough to 
provide uncertainty ranges in the measurements. 

(6) The quantification of reductions achieved by the project is based on actual measurement and 
monitoring (except where indicated in this protocol) as indicated by the proper application of this 
protocol. 
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1.3 Protocol Flexibility 
Flexibility in applying the quantification protocol is provided to project developers in the following ways: 

(1) During extended shut-down periods, alternative monitoring and/or modelling procedures may be 
implemented that must be shown to conservatively measure or estimate the methane emissions that 
may result during these periods should the bioreactor revert back to anaerobic conditions in the 
absence of air flow. 

(2) During extended shut-down of the aeration or blower system, continuous metering of the site can 
ensure that the system has not reverted to an anaerobic state. 

(3) Site-specific emission factors may be substituted for the generic emission factors indicated in this 
protocol document. The methodology for generation of these emission factors must ensure accuracy 
and be robust enough to provide uncertainty ranges in the factors. 

(4) For fugitive emissions sampling, alternative monitoring and/or metering procedures may be 
implemented that must be shown to conservatively measure or estimate the methane that may be 
released from the landfill during regular operations. 

If applicable, the proponent must indicate and justify why flexibility provisions have been used.  

1.4 Glossary of Terms 

Aerobic Landfill 
Bioreactor 

A landfill or landfill cell(s) that is(are) specifically engineered to enhance the 
aerobic decomposition of wastes through careful manipulation of site conditions 

Anaerobic 
Decomposition 

The decomposition of organic matter in the absence of oxygen. 

Landfill A landfill is a site at which materials are disposed of or stored. This may include 
the materials being buried, piled, mixed with other waste materials, or 
otherwise. Landfills, classified as either controlled or uncontrolled, are included 
in this definition. The designation of controlled or uncontrolled refers to the 
level of permitting and technical controls in place at the disposal site. 
Uncontrolled landfills may exist, where there is no expressly stated goal to leave 
the materials in place and there is a track record of material residing in that place 
for extended periods (greater than 10 years) with no plans or regulatory 
requirements for the material to be transferred to another disposal site. 

Landfill Cell A landfill cell is a designed or designated area of a landfill. 

Landfill Gas Gas resulting from the decomposition of wastes placed in a landfill typically 
comprised primarily of methane, carbon dioxide and other trace compounds. 

Landfill Gas System Installation of infrastructure that in operating causes a decrease in GHG 
emissions through the collection and destruction of the methane component of 
LFG. 

Project Period The period of time in between methane generation potential measurements, also 
known as the reporting period. The crediting cycle is eight years with possible 
renewable for five years. 
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2.0 Baseline Condition 
The baseline condition represents the emissions of greenhouse gases (mainly methane) from the organic 
component of the waste decomposing in a landfill or landfill cell(s) that would have resulted had the aerobic 
landfill bioreactor not been implemented. The baseline is therefore dependent upon the methane generation 
potential (Lo) of the landfill or landfill cell(s), the value of which is determined through direct landfill sampling 
and analysis using the biochemical methane potential assay approach. Had the landfill employed landfill gas 
capturing technology prior to the project, this system can be assumed to no longer be either technically or 
economically feasible given that it is being replaced with this technology, and thus landfill gas collection is not 
appropriate as a baseline. 

The approach to quantifying the baseline is direct sampling of the landfill providing the highest level of certainty 
available. 

The baseline condition is defined, including the relevant sources/sinks and processes, as shown in Figure 1. More 
detail on each of these sources/sinks is provided in Table 1. 
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Figure 1: Process Flow Diagram for Baseline Condition 

 

 

 

B1 

Waste Generation 

B2 
Collection and 
Transportation 

B3 
Off-site Waste 

Processing 

B4 
Waste 

Transportation 

B5 

Waste Disposal 

B6 
Waste 

Decomposition 

B7 
Methane 

Generation 
Potential 

B8 
Fuel Extraction / 

Processing 
B16 
Site 

Decommissioning 
B9 

Fuel Delivery 

B10 

Electricity Usage 

B12 
Building 

Equipment 

B14 
Construction On 

Site 

B11 
Development of 

Site 

B13 
Transportation of 

Equipment 

B15 
Testing of 
Equipment 

Sep 2016 Quantif ication Protocol for Aerobic Landfill Bioreactor Page 9 of 45 
AEP, Climate Change, 2016, No. 2 

© 2016 Government of Alberta 



 

2.1 Identification of Baseline Sources and Sinks 
The identification of sources and sinks in the baseline condition is based on ISO 14064-2: Specification with 
guidance at the project level for quantification, monitoring and reporting of greenhouse gas emission 
reductions or removal enhancements (International Organization for Standardization, 2006). Sources and 
sinks are determined to be either controlled, related or affected by the project and are defined as follows: 
Controlled: The behaviour or operation of a controlled source and/or sink is under the 

direction and influence of a project developer through financial, policy, 
management or other instruments. 

Related: A related source and/or sink has material and/or energy flows into, out of, or 
within a project but is not under the reasonable control of the project developer. 

Affected: An affected source and/or sink is influenced by the project activity through 
changes in market demand or supply for projects or services associated with the 
project. 

All sources and sinks relevant to the baseline scenario must be identified including upstream, downstream and 
on-site sources and sinks. All sources and sinks have been arranged by their relation to the project site and the 
time at which greenhouse gas emissions occur, as shown in Figure 2. 
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Figure 2: Baseline Sources and Sinks for Aerobic Landfill Bioreactor Projects 
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Table 1: Baseline Sources and Sinks 

Source and Sinks Description Controlled, 
Related, 
Affected 

Upstream Sources and Sinks During Baseline Operation 

B1 - Waste Generation Waste is produced in a number ways, depending on the source of these materials. Quantities for 
each of the energy inputs related to the waste would be contemplated to evaluate functional 
equivalence with the project condition. 

Related 

B2 - Collection and 
Transportation 

Materials may be transported to the baseline site by truck, barge and/or train. The related 
energy inputs for fuelling this equipment are captured under this source/sink, for the purposes 
of calculating the resulting greenhouse gas emissions. Type of equipment, number of loads and 
distance travelled would be used to evaluate functional equivalence with the project condition. 

Related 

B3 - Waste Processing Waste may be processed using a series of mechanical processes, heavy equipment and 
conveyors. This equipment would be fuelled by diesel, gasoline, or natural gas resulting in 
GHG emissions, or electricity. Quantities and types for each of the energy inputs would be 
tracked. 

Related 

B4 - Waste Transportation Waste may be transported by truck, barge and/or train to disposal or re-processing sites. The 
related energy inputs for fuelling this equipment are captured under this source/sink, for the 
purposes of calculating the resulting greenhouse gas emissions. Type of equipment, number of 
loads and distance travelled would need to be tracked. 

Related 

B8 - Fuel Extraction and 
Processing 

Each of the fuels used throughout the on-site component of the project will need to be sourced 
and processed. This will allow for the calculation of the greenhouse gas emissions from the 
various processes involved in the production, refinement and storage of the fuels. The total 
volumes of fuel for each of the on-site sources/sinks are considered under this source/sink. 
Volumes and types of fuels are the important characteristics to be tracked. 

Related 

B9 - Fuel Delivery Each of the fuels used throughout the on-site component of the project will need to be 
transported to the site. This may include shipments by tanker or by pipeline, resulting in the 
emissions of greenhouse gases. It is reasonable to exclude fuel sourced by taking equipment to 
an existing commercial fuelling station as the fuel used to take the equipment to the site is 

Related 
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captured under other Sources/sinks and there is no other delivery. 

B10 - Electricity Usage Electricity may be required for operating the baseline facility. This power may be sourced 
either from internal generation, connected facilities or the local electricity grid. Metering of 
electricity may be netted in terms of the power going to and from the grid. Quantity and source 
of power are the important characteristics to be tracked as they directly relate to the quantity of 
greenhouse gas emissions. 

Related 

On-site Sources and Sinks During Baseline Operation 

B5 - Waste Disposal Waste may be handled at a disposal site by transferring the material from the transportation 
container, spreading, burying, processing, otherwise handling the waste using a combination of 
loaders, conveyors and other mechanized devices. This equipment would be fuelled by diesel, 
gasoline or natural gas, resulting in GHG emissions. Other fuels may also be used in some rare 
cases. Quantities and types for each of the energy inputs may need to be tracked. 

Controlled 

B6 - Waste Decomposition Waste may decompose in the disposal facility (typically a landfill site) resulting in the 
production of methane. A methane collection and destruction system may be in place at the 
disposal site. If such a system is active in the area of the landfill where this material is being 
disposed, then this methane collection must be accounted for in a reasonable manner. Disposal 
site characteristics and mass disposed of at each site may need to be tracked as well as the 
characteristics of the methane collection and destruction system. 

Controlled 

B7 - Methane Generation 
Potential 

Waste decomposes to produce methane. The amount of waste that has not yet decomposed has 
the potential to produce methane at a future period of time. This methane generation potential 
would be tracked. 

Controlled 

Other 

B11 - Development of Site The site of the waste processing and disposal facilities may need to be developed. This could 
include civil infrastructure such as access to electricity, gas and water supply, as well as sewer 
etc. This may also include clearing, grading, building access roads, etc. There will also need to 
be some building of structures for the facility such as storage areas, storm water drainage, 
offices, vent stacks, firefighting water storage lagoons, etc., as well as structures to enclose, 
support and house the equipment. 

Greenhouse gas emissions would be primarily attributed to the use of fossil fuels and electricity 

Related 
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used to power equipment required to develop the site such as graders, backhoes, trenching 
machines, etc. 

B12 - Building Equipment Equipment may need to be built either on or off site. This includes all of the components of the 
storage, handling, processing, air quality control, system control and safety systems. These may 
be sourced as pre-made standard equipment or custom built to specification. Greenhouse gas 
emissions would be primarily attributed to the use of fossil fuels and electricity used to power 
equipment for the extraction of the raw materials, processing, fabricating and assembly. 

Related 

B13 - Transportation of 
Equipment 

Equipment built off site and the materials to build equipment on site will all need to be 
delivered to the site. Transportation may be completed by train, truck, by some combination or 
by courier. 

Greenhouse gas emissions would be primarily attributed to the use of fossil fuels to power the 
equipment delivering the equipment to the site. 

Related 

B14 - Construction on Site The process of construction at the site will require a variety of heavy equipment, smaller power 
tools, and generators. The operation of this equipment will have associated greenhouse gas 
emission from the use of fossil fuels and electricity. 

Related 

B15 - Testing of Equipment Equipment may need to be tested to ensure that it is operational. This may result in running the 
equipment using test anaerobic digestion fuels or fossil fuels in order to ensure that the 
equipment runs properly. These activities will result in greenhouse gas emissions associated 
with the combustion of fossil fuels and the use of electricity. 

Related 

B16 - Site Decommissioning Once the facility is no longer operational, the site may need to be decommissioned. This may 
involve the disassembly of the equipment, demolition of on-site structures, disposal of some 
materials, environmental restoration, re-grading, planting or seeding, and transportation of 
materials off site. 

Greenhouse gas emissions would be primarily attributed to the use of fossil fuels and electricity 
used to power equipment required to decommission the site. 

Related 
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3.0 Project Condition 
The project condition is that of an aerobic landfill bioreactor. This protocol can be applied to existing landfills or 
landfill cells that are retro-fitted to incorporate an aerobic landfill bioreactor, as well as to landfills or landfill cells 
that were originally designed and constructed to employ the use of aerobic landfill bioreactor technology. 

The approach to quantifying the baseline is direct sampling of the landfill providing the highest level of certainty 
available. 

The project condition is defined, including the relevant sources/sinks and processes, as shown in Figure 3. More 
detail on each of these sources/sinks is provided in Table 2. 

Sep 2016 Quantif ication Protocol for Aerobic Landfill Bioreactor Page 15 of 45 
AEP, Climate Change, 2016, No. 2 

© 2016 Government of Alberta 



 

Figure 3: Process Flow Diagram for Project Condition 

 

 

 

P1 

Waste Generation 

P2 
Collection and 
Transportation 

P3 

Waste Processing 

P4 
Waste 

Transportation 

P5 

Waste Disposal 

P6 
Aerobic Landfill 

Bioreactor 
Operation 

P7 

Venting 

P9 
Fuel Extraction/ 

Processing 
P17 
Site 

Decommissioning 
P10 

Fuel Delivery 

P11 

Electricity Usage 

P13 
Building 

Equipment 

P15 
Construction On 

site 

P12 
Development of 

Site 

P14 
Transportation of 

Equipment 

P16 
Testing of 
Equipment 

P8 

Fugitive Emissions 
P18 

Methane 
Generation 
Potential 

Sep 2016 Quantif ication Protocol for Aerobic Landfill Bioreactor Page 16 of 45 
AEP, Climate Change, 2016, No. 2 

© 2016 Government of Alberta 



 

3.1 Identification of Project Sources and Sinks 
The identification of sources and sinks in the project condition is based on ISO 14064-2: Specification with 
guidance at the project level for quantification, monitoring and reporting of greenhouse gas emission 
reductions or removal enhancements (International Organization for Standardization, 2006). Sources and 
sinks are determined to be either controlled, related or affected by the project and are defined as follows: 
Controlled: The behavior or operation of a controlled source and/or sink is under the direction and 

influence of a project developer through financial, policy, management or other 
instruments. 

Related: A related source and/or sink has material and/or energy flows into, out of, or within a 
project but is not under the reasonable control of the project developer. 

Affected: An affected source and/or sink is influenced by the project activity through changes in 
market demand or supply for projects or services associated with the project. 
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Figure 4: Project Sources and Sinks for Aerobic Landfill Bioreactor Projects 
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Table 2: Project Sources and Sinks 

Source and Sinks Description Controlled, 
Related, 
Affected 

Upstream Sources and Sinks During Project 

P1 - Waste Generation Streams of solid waste are produced in a number ways, depending on the source of these residues. 
Quantities for each of the energy inputs related to the generation of the waste streams would be 
contemplated to evaluate functional equivalence with the baseline condition. 

Related 

P2 - Collection and 
Transportation 

Solid waste may be transported to the project site by truck, barge and/or train. The related energy 
inputs for fuelling this equipment are captured under this source/sink, for the purposes of 
calculating the resulting greenhouse gas emissions. Type of equipment, number of loads and 
distance travelled would be used to evaluate functional equivalence with the baseline condition. 

Related 

P3 - Waste Processing Solid waste may be processed using a series of mechanical processes, heavy equipment and 
conveyors. This equipment would be fuelled by diesel, gasoline, or natural gas resulting in GHG 
emissions, or electricity. Quantities and types for each of the energy inputs would be tracked. 

Related 

P4 - Waste Transportation Solid waste may be transported to the project site by truck, barge and/or train. The related energy 
inputs for fuelling this equipment are captured under this source/sink, for the purposes of 
calculating the resulting greenhouse gas emissions. Type of equipment, number of loads and 
distance travelled would be used to evaluate functional equivalence with the baseline condition. 

Related 

P9 - Fuel Extraction and 
Processing 

Each of the fuels used throughout the on-site component of the project will need to be sourced and 
processed. This will allow for the calculation of the greenhouse gas emissions from the various 
processes involved in the production, refinement and storage of the fuels. The total volumes of fuel 
for each of the on-site sources/sinks are considered under this source/sink. Volumes and types of 
fuels are the important characteristics to be tracked. 

Related 

P10 - Fuel Delivery Each of the fuels used throughout the on-site component of the project will need to be transported 
to the site. This may include shipments by tanker or by pipeline, resulting in the emissions of 
greenhouse gases. It is reasonable to exclude fuel sourced by taking equipment to an existing 
commercial fuelling station as the fuel used to take the equipment to the site is captured under 
other Sources/sinks and there is no other delivery. 

Related 
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P11 - Electricity Usage Electricity may be required for operating the baseline facility. This power may be sourced either 
from internal generation, connected facilities or the local electricity grid. Metering of electricity 
may be netted in terms of the power going to and from the grid. Quantity and source of power are 
the important characteristics to be tracked as they directly relate to the quantity of greenhouse gas 
emissions. 

Related 

On-site Sources and Sinks During Project 

P5 - Waste Disposal Waste may be handled at a disposal site by transferring the material from the transportation 
container, spreading, burying, processing, otherwise handling the waste using a combination of 
loaders, conveyors and other mechanized devices. This equipment would be fuelled by diesel, 
gasoline or natural gas, resulting in GHG emissions. Other fuels may also be used in some rare 
cases. Quantities and types for each of the energy inputs may need to be tracked. 

Controlled 

P6 - Aerobic Landfill 
Bioreactor Operation 

Landfill bioreactors require compressors and other equipment for the gathering and distribution of 
the water and air at the project facility. This equipment may be fuelled by diesel, gasoline or 
natural gas, resulting in GHG emissions. Other fuels, such as landfill gas, may also be used in some 
rare cases. Quantities and types for each of the energy inputs may need to be tracked. 

Landfill bioreactors produce greenhouse gases which are vented to the atmosphere. The gases 
generated are preferentially vented through venting wells as the applicable cells are capped. 

Controlled 

P7 - Venting and/or Flaring Quantities and concentrations of methane must be tracked. The carbon dioxide vented is biogenic 
and therefore needn’t be measured. The methane may be partly destroyed in a combustion device 
such as a flare, in which case the destruction efficiency of the device will determine the actual 
methane emissions under P7. 

Controlled 

P8 – Fugitive Emissions The preferential escape route for the gases generated is through the venting wells. However, some 
of these gases may passively escape through the landfill cover. The flow rate and concentration of 
these fugitive emissions would be tracked. 

Controlled 

P18 - Methane Generation 
Potential 

Waste decomposes to produce methane. The amount of waste that has not yet decomposed has the 
potential to produce methane at a future period of time. This methane generation potential would 
be tracked. 

Controlled 

Other 
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P12 - Development of Site The site may need to be developed. This could include civil infrastructure such as access to 
electricity, gas and water supply, as well as sewer, etc. This may also include clearing, grading, 
building access roads, etc. There will also need to be some building of structures for the facility such 
as equipment storage areas, offices, leachate storage containers, etc., as well as structures to enclose, 
support and house the equipment. 

Greenhouse gas emissions would be primarily attributed to the use of fossil fuels and electricity used 
to power equipment required to develop the site such as graders, backhoes, trenching machines, etc. 

Related 

P13 - Building Equipment Equipment may need to be built either on or off site. This includes all of the components of the 
storage, handling, processing, air quality control, system control and safety systems. These may be 
sourced as pre-made standard equipment or custom built to specification. Greenhouse gas emissions 
would be primarily attributed to the use of fossil fuels and electricity used to power equipment for the 
extraction of the raw materials, processing, fabricating and assembly. 

Related 

P14 - Transportation of 
Equipment 

Equipment built off site and the materials to build equipment on site, will all need to be delivered to 
the site. Transportation may be completed by train, truck, by some combination or by courier. 

Greenhouse gas emissions would be primarily attributed to the use of fossil fuels to power the 
equipment delivering the equipment to the site. 

Related 

P15 - Construction on Site The process of construction at the site will require a variety of heavy equipment, smaller power tools, 
and generators. The operation of this equipment will have associated greenhouse gas emission from 
the use of fossil fuels and electricity. 

Related 

P16 - Testing of Equipment Equipment may need to be tested to ensure that it is operational. This may result in running the 
equipment using test anaerobic digestion fuels or fossil fuels in order to ensure that the equipment 
runs properly. These activities will result in greenhouse gas emissions associated with the 
combustion of fossil fuels and the use of electricity. 

Related 

P17 - Site Decommissioning Once the facility is no longer operational, the site may need to be decommissioned. This may involve 
the disassembly of the equipment, demolition of on-site structures, disposal of some materials, 
environmental restoration, re-grading, planting or seeding, and transportation of materials off site. 

Greenhouse gas emissions would be primarily attributed to the use of fossil fuels and electricity used 
to power equipment required to decommission the site. 

Related 

Sep 2016 Quantif ication Protocol for Aerobic Landfill Bioreactor Page 21 of 45 
AEP, Climate Change, 2016, No. 2 

© 2016 Government of Alberta 



 

4.0 Quantification 
Each of the sources/sinks from the project and baseline condition were compared and evaluated as to their 
relevancy using the guidance provided in Annex VI of the Guide to Quantification Methodologies and Protocols: 
Draft, dated March 2006 (Environment Canada). The justification for the exclusion or conditions upon which 
sources/sinks may be excluded is provided in Table 3. All other sources/sinks listed previously are included. 
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Table 3: Comparison of Sources/Sinks for Baseline and Project 

Identified Sources and 
Sinks 

Baseline 
(C, R, A) 

Project 
(C, R, A) 

Include or 
Exclude 

Justification 

Upstream Sources and Sinks 

P1 Waste Generation N/A Related Exclude Excluded as the generation of waste is not impacted by the implementation of the 
project and emissions are likely functionally equivalent in both scenarios. B1 Waste Generation Related N/A Exclude 

P2 Collection and 
Transportation 

N/A Related Exclude Excluded as the emissions from transportation are likely functionally equivalent in both 
scenarios. 

B2 Collection and 
Transportation 

Related N/A Exclude 

P3 Waste Processing N/A Related Exclude Excluded as the emissions from Waste Processing are a component of an integrated 
waste management plan and would therefore be functionally equivalent in both 
scenarios. B3 Waste Processing Related N/A Exclude 

P4 Waste Transportation N/A Related Exclude Excluded as the emissions from transportation are likely functionally equivalent in both 
scenarios. B4 Waste Transportation Related N/A Exclude 

P9 Fuel Extraction / 
Processing 

N/A Related Include N/A. Limited to fuel use under P6 Landfill System Operation. 

B8 Fuel Extraction / 
Processing 

Related N/A Exclude Exclude as these sources/sinks are not material. The emissions in other baseline 
sources/sinks are excluded. 

P10 Fuel Delivery Related N/A Exclude Excluded as these sources/sinks are not relevant to the project.  

B9 Fuel Delivery N/A Related Include 

P11 Electricity Usage N/A Related Include N/A 

B10 Electricity Usage Related N/A Exclude Excluded as these sources/sinks are not relevant to the project. 

On-site Sources and Sinks 

P5 Waste Disposal N/A Controlled Exclude Excluded as the disposal of waste is not impacted by the implementation of the project 
and emissions are likely functionally equivalent in both scenarios. B5 Waste Disposal Controlled N/A Exclude 
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P6 Aerobic Landfill 
Bioreactor Operation 

N/A Controlled Include N/A 

B6 Waste Decomposition Controlled N/A Include N/A 

P7 Venting N/A Controlled Include N/A 

P8 Fugitive Emissions N/A Controlled Include N/A 

B7 Methane Generation 
Potential 

Controlled N/A Include N/A 

P18 Methane Generation 
Potential 

N/A Controlled Include N/A 

Other 

P12 Development of Site N/A Related Exclude Emissions from site development are not material given the long project life and the 
minimal site development typically required. 

B11 Development of Site Related N/A Exclude 

P13 Building Equipment N/A Related Exclude Emissions from building equipment are not material given the long project life, and the 
minimal building equipment typically required. 

B12 Building Equipment Related N/A Exclude 

P14 Transportation of 
Equipment 

N/A Related Exclude Emissions from transportation of equipment are not material given the long project life 
and the minimal transportation of equipment typically required. 

B13 Transportation of 
Equipment 

Related N/A Exclude 

P15 Construction on Site N/A Related Exclude Emissions from construction on site are not material given the long project life and the 
minimal construction on site typically required. B14 Construction on Site Related N/A Exclude 

P16 Testing of Equipment N/A Related Exclude Emissions from testing equipment are not material given the long project life and the 
minimal testing of equipment typically required. 

B15 Testing of Equipment Related N/A Exclude 

P17 Site Decommissioning N/A Related Exclude Emissions from decommissioning are not material given the long project life and the 
minimal decommissioning typically required. B16 Site Decommissioning Related N/A Exclude 
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4.1 Quantification Methodology 
Baseline and project conditions were assessed against each other to determine the scope for reductions 
quantified under this protocol. Sources and sinks were either included or excluded depending how they were 
impacted by the project condition. Sources that are not expected to change between baseline and project 
condition are excluded. It is assumed that excluded activities will occur at the same manner and magnitude 
during both the baseline and project conditions. This consistency between the baseline and project condition 
justifies the exclusion of these emissions sources for projects implemented under this protocol. Project 
developers must assess these emissions sources for their specific project. If these assumptions are valid for a 
specific project, the associated emissions must be quantified and documented in the Project Plan and Project 
Report. 

All sources and sinks are identified in Table 1 and Table 2 and listed in Table 3. Each source and sink is listed 
as included or excluded. Justification for these choices is provided. 

4.1.1 Quantification Approach 

Emission Reduction = Emissions Baseline – Emissions Project 

Emissions Baseline = Emissions Methane 

Emissions Project = Emissions Landfill Bioreactor Operation + Emissions Venting + Emissions Fugitive + Emissions 
Fuel Extraction/Processing + Emissions Methane Generation Potential 

Where: 

Emissions Methane  = emissions under B6 Waste Decomposition and B7 Methane Generation Potential 

Emissions Aerobic Landfill 

Bioreactor Operation  
= emissions under P6 Aerobic Landfill Bioreactor Operation 

Emissions Venting  = emissions under P7 Venting Emissions 

Emissions Fugitive = emissions under P8 Fugitive Emissions 

Emissions Fuel 

Extraction/Processing  

= emissions under P9 Fuel Extraction and Processing 

Emissions Methane 

Generation Potential 
= emissions under P18 Methane Generation Potential 
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Further, as detailed below, the following equations complete the methodology for each individual 
source/sink: 

Emissions Methane = Wc * Lo( i-1)* (1-R) * (1-OX) * (1-e-40k) 

Emissions Aerobic Landfill 

Bioreactor Operation 
= Σ (Vol.Fuel i * EF Fuel i CO2); ∑ (Vol.Fuel i * EF Fuel i CH4) ; ∑ (Vol.Fuel i * EF 

Fuel i N20) 

Emissions Venting = [CH4] * Q * t 

Emissions Fugitive = [CH4] * Q * A * t 

Emissions  Fuel Extraction / 

Processing 
= ∑ (Vol.Fuel i * EF Fuel i CO2) ;  ∑ (Vol.Fuel i * EF Fuel i CH4) ; ∑ (Vol.Fuel i * EF 

Fuel i N2O) 

Emissions  Methane 

Generation Potential 
= Wc*Loi*(1-R)*(1-OX)*(1-e-39k) 

Parameters and variables are defined in Table 4. 
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Table 4: Quantification Methodology for Conventional Application 

Project / 
Baseline 

Sources and 
Sinks 

Parameter / 
Variable Unit Measured / 

Estimated Method Frequency 
Justify Measurement or 

Estimation and 
Frequency 

B6 - Waste 
Decomposition 
and Methane 
Collection / 
Destruction and 
B7 -Methane 
Generation 
Potential 

Emissions Methane= Wc*Lo(i-1)*(1-OX)*(1-R)*(1-e-40k) 

Emissions Methane kg of CH4 N/A N/A N/A Quantity being calculated. 

Quantity of Waste / 
Wc 

kg or tonnes 
wet waste 

Measured Direct measurement 
of waste received at 
the landfill, or 
estimated based on 
historical records. 

Once at start of 
project 

Direct Measurement is 
standard practice and 
highest level possible. 

Measured Methane 
Generation Potential, 
/ Lo(i-1) 

kg of CH4 / 
tonne of waste 

Measured Direct measurement 
using a Biochemical 
Methane Potential 
Assay, with a 
statistically relevant 
number of samples 
taken from across the 
landfill cell(s). 

Annual Direct Measurement is 
standard practice and 
highest level possible. 

Oxidation Factor / 
OX 

% Estimated From Carbon Offset 
Emission Factors 
Handbook. 

Annual Reference values may be 
updated at various times. 
Each project period should 
use the most current 
default. 

Methane Collection 
and Destruction 
Factor / R 

% Taken as zero. From Carbon Offset 
Emission Factors 
Handbook. 

Annual If the bioreactor is 
replacing a previous 
landfill gas capture 
system, it is assumed that 
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Project / 
Baseline 

Sources and 
Sinks 

Parameter / 
Variable Unit Measured / 

Estimated Method Frequency 
Justify Measurement or 

Estimation and 
Frequency 

the landfill gas capture 
was no longer effective. 
Therefore it is not a 
relevant baseline.  

k-value / k N/A Estimated From Carbon Offset 
Emission Factors 
Handbook. 

Annual Reference calculation may 
be updated at various 
times. If required, most 
recent annual average 
precipitation for the region 
must be applied. 

P6 - Aerobic 
Landfill 
Bioreactor 
Operation  

Emissions Aerobic Landfill Bioreactor Operation  = ∑ (Vol. Fuel i * EF Fuel i CO2); ∑ (Vol. Fuel i * EF Fuel i CH4) ; ∑ (Vol. Fuel i * EF Fuel i 
N20) 

Emissions Aerobic 
Landfill Bioreactor 
Operation 

kg of CO2 ; 
CH4 ; N2O 

N/A N/A N/A Quantity being calculated 
in aggregate form as fuel 
and electricity use on site 
is likely aggregated for 
each of these sources / 
sinks. 

Volume of Each Type 
of Fuel / Vol. Fuel i 

L, m3 or other Measured Direct metering or 
reconciliation of 
volume in storage 
(including volumes 
received). 

Continuous 
metering or 
monthly 
reconciliation. 

Both methods are standard 
practise. Frequency of 
metering is highest level 
possible. Frequency of 
reconciliation provides for 
reasonable diligence. 

CO2  Emissions 
Factor for Each Type 

kg CO2 per L, 
m3 or other 

Estimated From Environment 
Canada reference 

Annual Reference values adjusted 
annually as part of 
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Project / 
Baseline 

Sources and 
Sinks 

Parameter / 
Variable Unit Measured / 

Estimated Method Frequency 
Justify Measurement or 

Estimation and 
Frequency 

of Fuel / EF Fuel i 
CO2 

documents. Environment Canada 
reporting on Canada's 
emissions inventory. 

CH4  Emissions 
Factor for Each Type 
of Fuel / EF Fuel i 
CH4 

kg CH4 per L, 
m3 or other 

Estimated From Environment 
Canada reference 
documents. 

Annual Reference values adjusted 
annually as part of 
Environment Canada 
reporting on Canada's 
emissions inventory. 

N20 Emissions Factor 
for Each Type of Fuel 
/ EF Fuel i N2O 

kg N2O per L, 
m3 or other 

Estimated From Environment 
Canada reference 
documents. 

Annual Reference values adjusted 
annually as part of 
Environment Canada 
reporting on Canada's 
emissions inventory. 

P7 - Venting and 
/ or Flaring 

Emissions Venting/Flaring = [CH4] * Q * t*(1-DCH4) 

Emissions Venting / 
Flaring 

kg of CH4 N/A N/A N/A Quantity being calculated. 

Concentration of 
methane exiting the 
vents or delivered to 
the flare / [CH4] 

kg / m3 Measured Direct metering of 
concentration of 
methane in a 
statistically relevant 
number of monitoring 
wells. 

Continuous Direct measurement is 
standard practice and 
highest level possible. The 
monitoring wells may be 
tied together such that the 
flow is aggregated and a 
single measurement point 
is established, or it may be 
averaged across multiple 
measurement points. 
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Project / 
Baseline 

Sources and 
Sinks 

Parameter / 
Variable Unit Measured / 

Estimated Method Frequency 
Justify Measurement or 

Estimation and 
Frequency 

Flow rate of air being 
blown out of the 
system / Q 

m3 / day Measured Direct metering of 
gross airflow out of 
the landfill cell(s). 

Continuous Direct measurement is 
standard practice and 
highest level possible. 

Time of system 
operation / t 

Days Measured Direct metering. Continuous Direct measurement is 
standard practice and 
highest level possible. 

Destruction 
Efficiency of 
Combustion Device 
e.g. Flare / DCH4 

% Estimated To be obtained from 
manufacturer or 
vendor specifications 
from combustion 
equipment (or from 
Carbon Offset 
Emission Factors 
Handbook). If no 
flare, use 0. 

 The manufacturer or 
vendor’s specifications 
represent the industry 
practice and highest level 
of detail. 

If there are multiple 
combustion devices, a 
weighted average of the 
devices’ efficiencies must 
be used. 

Default efficiency can be 
used when there is no 
better information. 

P8 - Fugitive 
Emissions 

Emissions Fugitive = [CH4] * Q * A * t 

Emissions Fugitive kg of CH4 N/A N/A N/A Quantity being calculated. 

Concentration of 
methane escaping 
from the landfill / 
[CH4] 

kg / m3 Measured Direct metering of 
concentration of 
methane in a 
statistically relevant 

Quarterly Direct measurement is 
standard practice and 
highest level possible. 
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Project / 
Baseline 

Sources and 
Sinks 

Parameter / 
Variable Unit Measured / 

Estimated Method Frequency 
Justify Measurement or 

Estimation and 
Frequency 

flux chamber 
sampling locations. 

Flow rate of gas 
escaping from the 
landfill to the 
chamber / Q 

m3 / m2 / hr Measured Direct measurement 
using a flux chamber. 

Quarterly Direct measurement is 
standard practice and 
highest level possible. 

Surface area of the 
landfill / A 

m2 Estimated Area of landfill 
surface measured 
from aerial photos or 
other maps, in 
consideration of 
topography. 

Annual Most reasonable means of 
assessing area. 

Time in a Quarter / t Hr Measured Set as 2190 hours Annual Constant. 

P9 - Fuel 
Extraction and 
Processing 

Emissions Fuel Extraction/Processing = ∑ (Vol. Fuel i * EF Fuel i CO2) ;  ∑ (Vol. Fuel i * EF Fuel i CH4) ; ∑ (Vol. Fuel i * EF Fuel i N2O) 

Emissions Fuel 
Extraction / 
Processing 

kg of CO2e N/A N/A N/A Quantity being calculated 
in aggregate form as fuel 
and electricity use on site 
is likely aggregated for 
each of these sources / 
sinks. 

Volume of Each Type 
of Fuel Combusted 
for P6 / Vol. Fuel i 

L / m3 / other Measured Direct metering or 
reconciliation of 
volume in storage 
(including volumes 

Continuous 
metering or 
monthly 
reconciliation. 

Both methods are standard 
practise. Frequency of 
metering is highest level 
possible. Frequency of 
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Project / 
Baseline 

Sources and 
Sinks 

Parameter / 
Variable Unit Measured / 

Estimated Method Frequency 
Justify Measurement or 

Estimation and 
Frequency 

received). reconciliation provides for 
reasonable diligence. 

CO2 Emissions Factor 
for Each Type of Fuel 
Including Production 
and Processing / EF 
Fuel i CO2 

kg CO2 per L / 
m3 / other 

Estimated From Environment 
Canada reference 
documents. 

Annual Reference values adjusted 
annually as part of 
Environment Canada 
reporting on Canada's 
emissions inventory. 

CH4  Emissions 
Factor for Each Type 
of Fuel Including 
Production and 
Processing / EF Fuel I 
CH4 

kg CH4 per L / 
m3 / other 

Estimated From Environment 
Canada reference 
documents. 

Annual Reference values adjusted 
annually as part of 
Environment Canada 
reporting on Canada's 
emissions inventory. 

N20 Emissions Factor 
for Each Type of Fuel 
Including Production 
and Processing / EF 
Fuel i N2O 

kg N2O per L / 
m3 / other 

Estimated From Environment 
Canada reference 
documents. 

Annual Reference values adjusted 
annually as part of 
Environment Canada 
reporting on Canada's 
emissions inventory. 

P11 - Electricity 
Usage 

Emissions Electricity Usage = MWh * Grid Factor 

Emissions Electricity Usage kg of CO2e N/A N/A N/A Quantity being calculated. 

Electricity / MWh MWh Measured Direct metering or 
reconciliation of 
electricity used on 
site. 

Annual Both methods are standard 
practise. Frequency of 
metering is highest level 
possible. Frequency of 
reconciliation provides for 
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Project / 
Baseline 

Sources and 
Sinks 

Parameter / 
Variable Unit Measured / 

Estimated Method Frequency 
Justify Measurement or 

Estimation and 
Frequency 

reasonable diligence. 

Electricity Emissions 
Factor / Grid Factor 

 kg CO2e / 
MWh 

N/A N/A N/A Carbon Offset Emission 
Factors Handbook. 

P18 - Methane 
Generation 
Potential 

Emissions Methane Generation Potential = Wc*Loi*(1-OX)*(1-R)*(1-e-39k) 

Emissions Methane 
Generation Potential 

N/A N/A N/A N/A Quantity being calculated. 

Quantity of Waste / 
Wc 

kg or tonnes 
wet waste 

Measured Direct measurement 
of waste received at 
the landfill, or 
estimated based on 
historical records. 

Annual Direct measurement is 
standard practice and 
highest level possible. 

Measured Methane 
Generation Potential, 
End of Crediting 
Period / Loi 

kg of CH4 / 
tonne of waste 

Measured Direct measurement 
using a Biochemical 
Methane Potential 
Assay, with a 
statistically relevant 
number of samples 
taken from across the 
landfill cell(s). 

Annual Direct measurement is 
standard practice and 
highest level possible. 

Oxidation Factor / 
OX 

% Estimated From Carbon Offset 
Emission Factors 
Handbook. 

Annual Reference values may be 
updated at various times. 
Each project period should 
use the most current 
default. 
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Project / 
Baseline 

Sources and 
Sinks 

Parameter / 
Variable Unit Measured / 

Estimated Method Frequency 
Justify Measurement or 

Estimation and 
Frequency 

Methane Collection 
and Destruction 
Factor / R 

% Taken as zero. From Carbon Offset 
Emission Factors 
Handbook. 

Annual If the bioreactor is 
replacing a previous 
landfill gas capture 
system, it is assumed that 
the landfill gas capture 
was no longer effective. 
Therefore it is not a 
relevant baseline.  

k-value / k N/A Estimated From Carbon Offset 
Emission Factors 
Handbook. 

Annual Reference calculation may 
be updated at various 
times. If required, most 
recent annual average 
precipitation for the region 
must be applied. 
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5.0 Documentation 
Documents and records are key elements of project development. The offset project plan must be specific and 
detail the documentation requirements for the project. The verification process relies heavily on the quality and 
availability of documentation and the project plan must be clear on the types of documentation that will be 
available to the verifier or government auditor. Verifiers and auditors will be auditing to a reasonable level of 
assurance. The project developer will need to provide the verifier/auditor with objective evidence of project 
implementation. Attestation is not considered objective evidence and will not be accepted. The types of 
documents and records required to demonstrate that an offset project meets regulatory and protocol requirements 
will vary and should be clearly outlined in the offset project plan. Documents and records are required to be: 

• legible, identifiable, traceable; 
• centrally located; 
• dated; 
• easily located/searched; 
• orderly; 
• retained for 7 years after the project offsets are used for compliance; and  
• prevented from loss. 

In the case of aggregated projects, the individual and the aggregator must both retain records. 

Project developers/aggregators are required to retain copies of all required documentation to support greenhouse 
gas assertions. The project developer shall establish and apply quality management procedures to manage data 
and information. Written procedures must be established for each measurement task outlining responsibility, 
timing and record location requirements. The greater the rigour of the management system for the data the more 
easily verification/audit will be for the project. 

5.1 Documents 
Documents are the instructions or plan on how a certain activity is carried out. Documents can be 
interdependent and are likely instructing or explaining how an activity should be carried out. Documents that 
may be required to demonstrate that an offset project meets program criteria include: offset project plan; 
procedures; specifications; drawings; regulations; standards; guidelines; etc. Documents may occasionally 
change or be updated and project developers must be able to demonstrate that they are using the most current 
(or applicable) version. The offset project documents should include a list of records that will be available to 
verifiers and auditors. The offset project documents should also indicate how records will be managed (i.e. 
retention, storage and access).  

Project documents are required to prove eligibility, baseline conditions and project quantification. Documents 
include but are not limited to the project.  
In addition to the criteria outlined in this protocol, the offset project developer will be required to provide 
documents to show that general offset criteria in the Technical Guidance for Offset Project Developers have 
been met. These criteria are summarized in Table 5, but the Technical Guidance for Offset Protocol 
Developers is the main source for this information. 
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Table 5: Documentation Requirements  

Offset Criteria Example of document 

Counted once Written explanation of where the risks of double counting may be and 
mitigation strategies to ensure that double counting does not occur. 
Mitigation strategies should include a methodology for checking for 
double counting.  

Beyond business as usual 
and sector common 
practice 

Documented regulatory review that was conducted to ensure that there 
are no regulatory requirements associated with the reduction activity. 
Should also include an analysis and justification for why the project is 
beyond business as usual.  

No leakage Written explanation of how the project ensures there is no leakage. 

Permanence Written explanation of how permanence will be addressed.  

Project eligibility Written explanation of how the project is eligible for offset criteria 
including credit ownership and project location within Alberta.  

Baseline condition Methodology used to measure baseline condition over a 3 year period 
including level of service, frequency and duration of measurement, 
units, emissions factors, energy consumed in freight modification and 
handling, quantity of fuel consumed in transportation etc.  

Project quantification Methodology used to measure the project condition over the project 
period. This should include the level of service, the frequency and 
duration of the measurement, units, emissions factors, energy 
consumed in freight modification and handling, quantity of fuel 
consumed in transportation etc. 

5.2 Records  

Records are required to prove completion of the project as planned. Records show what has been done and do 
not change. They must not be altered or updated in the way that documents may be. Records include but are 
not limited to invoices, contracts, metered results, maintenance logs, calculations, databases, photographs, and 
calibrations. Records must be retained according to the requirements outlined in section 5.0 and as indicated 
in the offset project plan. In the case of an aggregated project, all project proponents and the aggregator must 
both retain sufficient records demonstrate that the offset criteria are met.  

Table 7 outlines examples of records that may be required to support this protocol. Records must be available 
and be disclosed to a verifier and/or government auditor upon request.  

Records on fuel use should be linked to project activities or a group of project activities. 
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Table 6: General Record Requirements  

Record Requirement Examples of Records 

Project in Alberta Evidence that the project has occurred in Alberta 

Project after 2002 Evidence that the project started after January 1, 2002 such as a work 
order, invoice, dated procedure.  

Fuel use (baseline and project) Commercial grade meter of fuel and/or power dispensed or used. 
Onboard computer control system data, purchase records for fuel and/or 
power. 

Ownership Evidence that the credits are clearly owned or allowed to be collected by 
the project developer.  

End of life Evidence that clearly shows that end of life is established, may include 
record or installation, manufacturer’s specification on life expectancy, 
etc. 

Measurement equipment Description of meters used and calibration records or standards of 
calibration. Meter model number, serial number, and manufacturer’s 
calibration procedures. For commercial purchases, proof of commercial 
grade metering from the supplier is required.  

Baseline calculations  Three years of raw data in database and/or spreadsheet format. If 
sampling was used, require also summary statistics and methods used to 
calculate statistics. A record of all adjustments made to raw baseline data 
with justifications. 

Project calculations Raw data and calculations in database and/or spreadsheet format.  

All calculations of greenhouse 
gas emissions/reductions and 
emission factors used. 

Spreadsheet format or hardcopy with formula and emission factors 
included. Dates and sources for all emission factors used, with special 
reference to emission factors not drawn from the Carbon Offset Emission 
Factors Handbook. 

Energy consumed Amount of energy in compost handling, meter consumption, invoices, 
onboard computer data.  

Logged data Electronic recording of values of logged primary parameters for each 
measurement interval (retain for 7 years).  

Operations and maintenance  Logs of operations and maintenance including shut-downs, maintenance 
and process adjustments 

Fuel consumed Fuel consumed in transportation, handling, data and fuel invoices.  

The baseline CO2 emissions are calculated based on the mass and methane generation potential samples of the 
landfill. The mass can be determined through historical records kept at the landfill. The methane potential 
samples can be taken from different locations of the landfill during the 8-year crediting period, since a landfill 
is not homogenous. The will also be used to ensure that the methane potential of the landfill is decrease while 
the bioreactor is in operation. 
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Direct evidence is required to determine the methane generation potential of the landfill. This can be 
substantiated through testing that is aligned with the Clean Development Mechanism (CDM) methodology 
AM0083. 

 

Table 7: Baseline Record Requirements 

Project records will at a minimum contain the information provided in Table 8. 

Table 8: Project Records Requirements 

Record Requirement Example of Records Why Required 

Methane generation 
potential  

Lab records indicating the type of test 
performed on the sample to determine the 
methane generation potential 

To establish the baseline 
emissions that would have 
resulted if a bioreactor had not 
been installed 

Mass of the landfill  Facility records indicating the amount of waste 
received over the lifetime of the facility. 

To establish the mass of the 
landfill that is converted to an 
aerobic bioreactor 

Record Requirement Example of Records Why Required 

Volume of natural gas 
used on -site  

• Direct readings from on-site meters 
• Reconciliation from supplier invoices 

To establish the project 
emissions from running the 
facility 

Volume of air going 
to the flare 

• Direct metering of the flare To establish the project 
emissions for CH4 that is not 
converted to CO2 within the 
aerobic bioreactor 

Concentration of 
methane going to the 
flare 

• Direct metering of the flare To establish the venting 
emissions for the project 

Mass of methane 
leaking out of landfill 

• Direct flux measurements of the 
different sample points of the landfill 

To establish the fugitive 
emissions for the project  

Amount of electricity 
used at the site 

• Direct metering or reconciliation of 
invoices 

To establish the emission of 
project associated with the 
facility’s electricity use 

Amount of natural gas 
used at the site 

• Direct metering or reconciliation of 
invoices 

To establish the emissions of the 
project associated with the 
facility’s natural gas use 
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5.3 Site Visits 
Sites visits are required during verification. Verifiers will typically request access to records, as well as do 
physical inspections for equipment practices and other inspections. Project proponents participating in an 
offset project should be prepared to receive a verifier. By having documentation on hand at the site, such 
visits will be easily accommodated. 
In order to support the third party verification and the potential supplemental government audit, the project 
developer must meet the record requirements. 

5.4 Quality Assurance/Quality Control Considerations 
Quality Assurance / Quality Control (QA/QC) can also be applied to add confidence that all measurements 
and calculations have been made correctly. These include, but are not limited to: 

• protecting monitoring equipment (sealed meters and data loggers); 
• protecting records of monitored data (hard copy and electronic storage); 
• checking data integrity on a regular and periodic basis (manual assessment, comparing redundant 

metered data, and detection of outstanding data/records); 
• comparing current estimates with previous estimates as a ‘reality check’; 
• provide sufficient training to operators to perform maintenance and calibration of monitoring devices; 
• establish minimum experience and requirements for operators in charge of project and monitoring; 

and 
• performing recalculations to make sure no mathematical errors have been made. 
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Table 9: Contingency Data Collection Procedures 

Project / Baseline 
Sources and Sinks 

Parameter / 
Variable Unit Measured / 

Estimated Contingency Method Frequency Justify Measurement or 
Estimation and Frequency 

P6 - Aerobic 
Landfill Bioreactor 
Operation 

Volume of Each 
Type of Fuel / Vol. 
Fuel i 

L, m3 or 
other 

Estimated Reconciliation of 
volume of fuel 
purchased within given 
time period. 

Monthly Provides reasonable estimate 
of the parameter, when the 
more accurate and precise 
method cannot be used. 

P7 - Venting Concentration of 
methane exiting the 
vents / [CH4] 

kg / m3 Estimated Linear average of the 
average concentration 
for the on the five days 
prior and post gap in 
continuous data set. 

Daily Given that the bioreactor 
systems are actively managed 
to for consistent operation, the 
averaging of these average 
concentrations will provide a 
reasonable estimate. 

Flow rate of air 
being blown into 
the system / Q 

m3 / day Estimated Weighted average of 
the average daily flow 
rate on the five days 
prior and post gap in 
continuous data set. 

Daily Given that the bioreactor 
systems are actively managed 
to for consistent operation, the 
averaging of these flow rates 
will provide a reasonable 
estimate. 

Time of system 
operation / t 

days Estimated Estimated based on 
operational data (fuel 
use, electricity 
consumption, operator 
notes). 

Daily For days when the system is 
shown to be in any part 
operational, the system is 
considered to be operational 
for the whole day as this is 
conservative. 

P8 - Fugitive 
Emissions 

Concentration of 
methane escaping 
from the landfill / 
[CH4] 

kg / m3 Estimated Estimated as the 
average of the value 
from the previous and 
following quarterly 
monitoring. 

Quarterly Given that the bioreactor 
systems are actively managed 
to for consistent operation, the 
averaging of these 
concentrations will provide a 
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reasonable estimate. 

Flow rate of 
methane escaping 
from the landfill to 
the chamber / Q 

m3 / m2 / hr Estimated Estimated as the 
average of the value 
from the previous and 
following quarterly 
monitoring. 

Quarterly Given that the bioreactor 
systems are actively managed 
to for consistent operation, the 
averaging of these flow rates 
will provide a reasonable 
estimate. 

P9 - Fuel Extraction 
and Processing 

Volume of Each 
Type of Fuel / Vol. 
Fuel i 

L, m3 or 
other 

Estimated Reconciliation of 
volume of fuel 
purchased within given 

Monthly Provides reasonable estimate 
of the parameter, when the 
more accurate and precise 
method cannot be used. 
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5.5 Liability 
Offset projects must be implemented according to the approved protocol and in accordance with government 
regulations. The Alberta Climate Change Office reserves the right to audit offset credits and associated 
projects submitted for compliance under the Specified Gas Emitters Regulation and may request corrections 
based on audit findings. 

Notwithstanding any agreement between a project developer (aggregator) and the project owner, the project 
developer shall not and cannot pass on any regulatory liability for errors in design and/or use of the project 
developer’s data management system. 
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Alberta Environment and Sustainable Resources Development 2008. Quantification Protocol for Aerobic Landfill 
Bioreactor Projects, Version 1.0. 

Alberta Environment and Sustainable Resources Development 2013. Technical Guidance for Offset Project 
Developers, Version 4.0. 

Alberta Environment and Sustainable Resources Development 2015. Carbon Offset Emission Factors Handbook. 

International Organization for Standardization. 2006. ISO 14064-2: Specification with guidance at the project 
level for quantification, monitoring and reporting of greenhouse gas emission reductions or removal 
enhancements. 

 
Any comments or questions regarding the content of this document may be directed to:  
 
Climate Change Office 
Climate Change Regulatory and Compliance Branch 
12th Floor, 10025 – 106 Street 
Edmonton, Alberta, T5J 1G4 

E-mail: ESRD.GHG@gov.ab.ca 

 

 

Original signed by:        Date:  September 26, 2016  

Bob Savage, Executive Director 
Climate Change Regulatory and Compliance Branch 
Climate Change Office 
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APPENDIX A: Scholl-Canyon First Order Decay Guidance 

Bioreactor Projects: Scholl-Canyon First Order Decay Model Overview 
The Emission Factors for Quantification of Avoided Landfill and Stockpile Methane Emissions employs a first 
order kinetic decay (FOD) model to calculate the avoided methane emissions as a result of waste diversion. This 
model quantifies the rate of methane production over time, where several variables influence the shape of this 
curve. 

Q= � �k ∗W𝐶𝐶 ∗ L𝑜𝑜 ∗ 𝑒𝑒−𝑘𝑘(𝑥𝑥−1) ∗ (1 −R)� ∗ (1 −OX)40
𝑥𝑥=1  

Where: 
Q = amount of methane emitted in the years x=1 to 40 by the waste WC (t CH4/yr) under the assumed 

baseline waste disposal practice 
k = methane generation constant (yr-1) 
WC = amount of eligible waste diverted from disposal in the current year C (wet weight, t) 
Lo = methane generation potential (t CH4/ t waste) 
R = methane captured and destroyed (fraction) 
OX = oxidation of methane in cover material (fraction) 
x = iterative FOD emissions in year 1 to 40 from a given mass of waste WC 

To calculate the total projected methane emissions in years 1 to 40 from a given mass of waste, the above 
equation would require 40 iterative calculations (one for each year in the 40 year time period). It is more efficient 
and accurate to integrate the equation and solve it for the specified time span. The integration result is the 
equation: 

Equation 1: Integration result, FOD Scholl-Canyon Model 

Q (t) = [𝑊𝑊𝑐𝑐 ∗ 𝐿𝐿𝑂𝑂 ∗ (1−𝑅𝑅) ∗ (1−𝑂𝑂𝑂𝑂)] ∗ [1 −𝑒𝑒−𝑘𝑘𝑘𝑘] 
Where: 

t = time, all other variables have meanings as above. 

Equation 1 can be used to calculate the area under a curve for the FOD Scholl-Canyon model. 

Figure 5: First Order Decay Scholl-Canyon Model 

  
 

Quantification Example: Bioreactor Methane Generation Potential Reduction 
The methodology for calculating the emissions reduction associated with bioreactor operation requires solving 
Equation 1 twice – once to determine the projected baseline methane emissions, and once to determine the 
projected project methane emissions within the specified time period. The actual project emissions can then be 
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subtracted from the difference between these two results in order to estimate the net reductions. This is 
represented in Figure 6. 

Figure 6: Bioreactor Emissions Reduction – Conceptual 

 
The emission reductions can be calculated as the difference between two areas, Area Ai and Area Bi. In the figure 
above, the first year (i=1) is called out. Area A1 is itself calculated as the difference between the area under curve 
Lo (blue) and the area under Curve Lo1 (orange). As mentioned, each of these areas are calculable using the 
calculation in Table 10. Area B is the sum of actual project emissions, calculated and estimated using direct 
measurement and monitoring of parameters required to quantify each project source/sink. 

The variables required to calculate the avoided methane emissions include: 

Table 10: Variables and Example Values 

Variable Value Source / Rationale 

Measured methane generation potential, start of 
project year i (Lo(i-1)) 

0.039 See Figure 6 

Measured methane generation potential, end of 
project year I (Loi) 

0.030 See Figure 6 

Oxidation factor (Ox) 10% Default 

Landfill Gas Collection Efficiency (LFGCE) 0 No landfill gas collection 

Annual average precipitation (PCPN) mm/year 465 Northern Alberta example 

Weight (mass) of wet waste (Wc), tonnes 10,000 See Figure 6 

Actual Project Emission, Year I, t CO2e 250 See Figure 6 
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The process for calculating avoided methane emissions follows. Note that some steps may not always be required 
if, for example, landfill-specific k-values can be determined according to the MSW Landfill K-value Calculation 
methodology. 

 
1. Calculate Methane Collection and Destruction (1-R) 

R = LFGCE * LFGDE 

Where: 

LFGCE = Landfill Gas Collection Efficiency (0) 
LFGDE = Landfill Gas Destruction Efficiency (n/a) 

R = Fraction of methane captured and destroyed (0) 

2. Calculate k value (k) 

k = (0.00003 * PCPN) +0.01 
Where: 

PCPN = Annual average precipitation (465 mm/year) 

k = (0.00003*465) +0.01 

k = 0.024 

3. Calculate Emission Reduction due to Change in Methane Generation Potential (Area Ai) 

= [W(c)(1-R)(1-Ox)Lo(i-1)(1-e-40k)] - [W(c)(1-R)(1-Ox)Loi(1-e-39k)] 

= [W(c)(1-R)(1-OX)] * [Lo(i-1)(1-e-40k) – Loi(1-e-39k) 

Where: 

Wc = Eligible Waste Diverted (10,000 wet tonnes) 

Lo(i-1) = Measured Methane Generation Potential Year (i-1) (0.039) 

Loi = Measured Methane Generation Potential Year I (0.030) 
R = Methane Collection and Destruction (0) 

OX = Oxidation Factor (10%) 

k = k value (0.024) 

Ai = [10,000*(1-0)(1-0.1)]*[0.039*1-e-40*0.024)-0.03*(1-e-39*0.024)] 

Ai = 52.43 t CH4 

Accounting for methane’s GWP of 25, this equates to a gross emissions reduction of over 1,300 t CO2e. The net 
emission reduction depends upon actual project emissions as measured/estimated. 
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