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Summary of Revisions  
Version Date Summary of Revisions 

2.0  October 2014 • The Protocol Scope and Quantification Methodology have 
changed to reflect the Renewable Fuels Standard Regulation, 
which requires eligible biofuels to have a minimum 25 per cent 
greenhouse gas (GHG) reduction compared to conventional fossil 
fuels. The Baseline has been updated to reflect this minimum 
GHG reduction for biofuels produced and sold in Alberta. 

• The Baseline has been updated to remove the co-product effect 
on intensity as this activity is excluded from the Protocol Scope. 

• The Protocol Scope has changed from Alberta sourced feedstock 
to include North American sourced feedstock. 

• Three Protocol Flexibility mechanisms have been added. 
Flexibility mechanism 3 has been added to allow project 
developers to propose inclusion of other feedstock types for the 
production of biofuel. Flexibility mechanism 4 has been added to 
allow project developers to use project specific emission factors for 
feedstock transportation where detailed records are available. 
Flexibility mechanism 5 has been added to allow project 
developers who sell biofuel to dedicated fleets for use within 
Alberta to be considered for inclusion by ESRD. 

• Sources and Sinks have been updated to reflect a full lifecycle 
analysis. Specific changes include: 
o Energy content of the produced biofuel must be measured to 

determine the energy equivalent volume of baseline fuel; and 
o Emissions associated with the biofuel production process must 

be quantified and subtracted from emission reductions 
quantified from biofuel production.  

• Sources and Sinks have combined P12 Electricity Generation, 
P13 On-Site Heat and Power Generation and P14 Facility Operation 
into P11 Biofuel Production. 

• The Quantification Methodology is revised to include emissions 
associated with an increase in project electricity use for biofuel 
production. 

• The Quantification Methodology for reductions from landfill 
diversion is being revised by a separate review process to reflect 
current science and quantification requirements. Final 
quantification methodology developed through that process will 
apply to all protocols that generate offset credits from landfill 
diversion.  

• Updated Record Keeping requirements to prove that the biofuel 
was sold into Alberta’s market.  

• Updated the feedstock and conventional fuel Emission Factors.  
1.0 September 

2007 
Quantification Protocol for Biofuel Production and Usage was 
published for use in the Alberta Offset System. 
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1.0 Offset Project Description 
Greenhouse gas (GHG) emissions are released to the atmosphere during petroleum based fuel 
extraction, processing and use. Use of biofuels (biodiesel and renewable alcohol) sourced from lower 
GHG intensive feedstock can decrease the GHG emissions footprint for fuel use based on full 
lifecycle accounting. 

1.1 Protocol Scope 
In Alberta, the Renewable Fuels Standard Regulation (RFS) mandates an average of two per 
cent renewable diesel in diesel fuel and five per cent renewable alcohol in gasoline sold in the 
province. Biofuels used to meet the blending requirement must be at least 25 per cent less GHG 
intensive than conventional fossil fuels. Biofuel producers who are able to produce biofuels below 
regulatory GHG intensity requirements stated in the Renewable Fuels Standard Regulation and 
who are able to quantify their emission reductions according to this protocol are eligible to 
generate offset credits for use in Alberta’s emissions offset system.   

Emission reductions achieved from the use of co-products such as dry distiller grains are 
excluded from the scope of this protocol. Project developers that are interested in developing an 
offset protocol for the quantification of emission reductions from co-product usage must follow 
the Technical Guidance for Offset Protocol Developers. 

For the purposes of this protocol, the emission reduction is deemed to be created at the point of 
biofuel production. The project developer (biofuel producer) must be able to provide 
documentation that proves placement into the Alberta market consistent with the requirements 
of this protocol. Further, records must be provided to demonstrate clear ownership when the 
emissions offsets are used for compliance consistent with Section 7 of the Specified Gas Emitters 
Regulation.  

GHG emission reductions in this protocol are calculated using energy equivalent units, taking 
into account the lower energy density of biofuels compared to conventional fuels. This 
consideration has been integrated into the equations provided in Section 4.  

The project developer is responsible for obtaining all records required to track the biofuel over 
the lifecycle of the fuel as outlined in Section 5. Biofuel sold and therefore consumed outside of 
Alberta is not eligible for offset credits. These volumes must be removed from offset 
calculations1. 

Baseline Conditions for Biofuel Production and Usage 

The baseline condition is defined as the use of conventional fossil fuels, primarily gasoline and 
diesel, that is blended with renewable alcohol or renewable biofuel respectively, as required by 
the Renewable Fuels Standard Regulation.  

1 Carbon reductions credited under this protocol must result in reductions in provincial GHG emissions. Biofuel 
sold outside of Alberta may be sold into jurisdictions that have regulatory requirements for renewable fuel 
content or other forms of recognition for biofuel use. Crediting these exported fuels could result in instances of 
double counting of emissions reductions achieved, which is contrary to Section 7(2)(b) of the Specified Gas 
Emitters Regulation. 
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Project Condition for Biofuel Production and Usage 

The project condition requires the project developer to demonstrate that biofuels have been 
produced and placed into Alberta’s market. Table 1 provides a list of eligible biofuel feedstock. 

Table 1: Eligible and Ineligible Feedstock 

 
The GHGs affected by the activities described in this protocol include methane (CH4), carbon 
dioxide (CO2) and nitrous oxide (N2O). A complete list of perfluorocarbons and 
hydrofluorocarbons regulated under the Specified Gas Emitters Regulation and the applicable 
Global Warming Potential (GWP) for each gas is available in the Handbook of Emission Factors 
for Alberta Offset Projects (the Handbook). 

1.2 Protocol Applicability 
Project developers must be able to demonstrate the offset project meets the requirements of the 
Alberta Offset System, the Specified Gas Emitters Regulation, this quantification protocol, and 
related guidance documents. In particular, the project developer must provide sufficient 
evidence to demonstrate that:  

• The biofuel was produced in Alberta; 

• The biofuel was used for compliance with Alberta’s Renewable Fuels Standard Regulation; 

• Reductions achieved by the project are based on actual measurement and monitoring as 
required by this protocol; and 

• The project meets the offset system eligibility criteria specified in the Specified Gas 
Emitters Regulation and guidance documents for the Alberta Offset System. 

Eligible Ineligible 

• Corn  
• Wheat  
• Canola  
• Soybean  
• Barley 

• All feedstock sourced outside North 
America 

Other Feedstock (Justification Required – See Flexibility Mechanism 3): 

• Municipal waste materials diverted from landfill 
that complies with the Municipal Solid Waste 
Guideline 

• Tallow 
• Animal Yellow Grease 
• Waste wood   
• Camelina 
• Pennycress  
• Algae  
• Triticale  
• Rye 
• Carinata 

• All feedstock sourced outside North 
America 
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1.3 Protocol Flexibility 
Flexibility in applying the quantification protocol is provided to project developers as follows: 

(1) Diversion of waste from baseline disposal in a landfill. The project developer must be able 
to demonstrate that the waste stream was being disposed of in a landfill for a period of 
three years prior to project initiation. See Section 5.1 for minimum records requirements. 

(2) Site-specific emission factors calculated on the basis of fuel analysis may be used if the 
project developer has the supporting documentation.  

(3) Feedstock that is included under “other feedstock” in Table 1 may be proposed for 
inclusion by the project developer. The project developer is required to submit 
justification to ESRD as to why the feedstock should be allowed, including an emission 
factor for the feedstock developed using the same assumptions as the emissions factors 
included in the protocol prior to applying this flexibility mechanism. ESRD will review and 
determine whether the proposed feedstock is acceptable. 

(4) Site-specific emission factors for feedstock transportation may be used in the case where 
the project developer has detailed records and invoices documenting the origin and 
transportation route for each feedstock shipment during the project period. 

(5) Biofuel produced in Alberta may be sold to and used by dedicated fleets within Alberta 
that are not subject to the Renewable Fuels Standard Regulation. If this is the case, the 
project developer must contact ESRD to assess project eligibility. 
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1.4 Glossary of Terms 

Biofuel Renewable alcohol or renewable diesel, derived from biomass. 

Biomass Organic material both above and below ground, and both living and 
dead (e.g., trees, sphagnum peat, agriculture and energy crops, 
grasses, tree litter, roots, etc.), not including fossil fuels. 

Biomass CO2 The direct emissions of carbon dioxide released as a result of the 
decomposition or combustion of biomass including plant materials 
or animal waste. 

Co-Product  Any by-product from the biofuel production process that can be 
used as an input into another industry’s system. Examples of co-
products are glycerin, dried distillers grains, etc. GHG emission 
reductions associated with the use of co-products are excluded 
from the scope of this protocol. 

Emissions Eligibility 
Standard 

The Greenhouse Gas Emissions Eligibility Standard incorporated 
into and forming part of the Renewable Fuels Standard Regulation. 

Feedstock The raw material from which fuel is produced. 

Fossil Fuel Any natural gas, condensates, crude oil, bitumen, coal or products 
derived from these feedstocks. 

Landfill A waste management facility for the intentional placement of waste 
on or in land as the waste’s final resting place, as per Section 
2(1)(i) of the Environmental Protection and Enhancement Act 
Activities Designation Regulation. 

Municipal Solid Waste Non-hazardous waste materials picked up by a municipality or self-
hauled to depots, transfer stations and disposal facilities for final 
disposal in a waste management facility. Municipal solid waste can 
include household wastes, construction, renovation and demolition 
wastes, and commercial and institutional wastes. 

Municipal Solid Waste 
Guideline 

 

Developed under Section 62 of the Climate Change and Emissions 
Management Act. The Municipal Solid Waste Guideline must be 
followed when using municipal solid waste as feedstock for 
Renewable Fuels Standard Regulation purposes. 

Organic Matter Organic matter is the term used to describe materials that are 
readily biodegradable or easily broken down with the assistance of 
microorganisms. Organic wastes consist of materials that contain 
molecules based on carbon. 

Power Electric power, unless explicitly mentioned otherwise. 
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Renewable Alcohol Fuel produced from one or more renewable fuel feedstock types 
and meets the requirements set:  

• for ethanol in ASTM International Standard ASTM D4806, 
Standard Specification for Denatured Fuel Ethanol for 
Blending with Gasoline for Use as Automotive Spark – 
Ignition Engine Fuel; 

• for ethanol in National Standard of Canada CAN/CGSB 
3.511, Oxygenated Unleaded Automotive Gasoline 
Containing Ethanol; or  

• for alcohols in a standard of ASTM International or the 
Canadian General Standards Board.  

Renewable Diesel Fuel produced from one or more renewable fuel feedstock types 
and meets the requirements:  

• of ASTM International Standard ASTM D6751, Standard 
Specification for Biodiesel Fuel Blend Stock (B100) for Middle 
Distillate Fuels; or  

• in a standard of ASTM International or the Canadian General 
Standards Board. 

Waste Management 
Facility 

A facility registered under the Alberta Code of Practice for Landfills 
or approved under the Environmental Protection and Enhancement 
Act or other legislation for the collection, storage, treatment or 
disposal of waste. In Alberta, all waste must be disposed in a waste 
management facility. 
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2.0 Baseline Condition 

The baseline condition is defined as the use of conventional fossil fuels, primarily gasoline and diesel 
that are blended with renewable alcohol or renewable biofuel respectively as required by the 
Renewable Fuels Standard Regulation.  

The baseline condition is a dynamic, performance-based baseline defined by the requirement of the 
Renewable Fuels Standard Regulation that eligible biofuel meets the emissions intensity limit 
excluding the effect of co-products. This calculation is outlined in Section 4. 

Projects quantifying GHG emission reductions under the landfill diversion flexibility mechanism must 
be able to establish a three year historic baseline practice for the waste disposal, based on records. 
If a three year historic baseline for disposal practices cannot be established, the project is not 
eligible to receive carbon offset credits for landfill diversion. 

The baseline condition is shown in Figure 1. More detail on the relevant sources and sinks is 
provided in Section 2.1. 

 
Figure 1: Process Flow Diagram for the Baseline Condition 
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2.1 Identification of Baseline Sources and Sinks 
Sources and sinks for an activity are assessed based on guidance provided by Environment 
Canada and are classified 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. 

Based on the process flow diagram provided, the baseline sources/sinks were organized into 
lifecycle categories in Figure 2. Descriptions of each source/sink and its classification as 
controlled, related or affected are provided in Table 2.
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Figure 2: Baseline Sources and Sinks for Biofuel Production and Use 
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Table 2: Baseline Sources and Sinks 

Source/Sinks Description Type 

Upstream Source/Sinks During Baseline Operation  
B1 - Fertilizer/Pesticide 
Production  

Fertilizer/pesticides may be applied during the production 
of a number of crops used as feedstock in biofuel 
production. Emissions from fertilizer/pesticide production 
may include CO2 emissions from ammonia plants and 
N2O emissions from nitric acid plants. 

Related 

B2 - Fertilizer/Pesticide 
Transportation 

Fertilizer/pesticides may be transported from their 
respective production facilities to feedstock growers by 
truck and/or train. The related energy inputs for fuelling 
this equipment are captured under this source. 

Related 

B3 - Crop-based 
Feedstock Production  

Emissions associated with the growing of crops to later 
be used as feedstock in biofuel production include the 
emissions resulting from the application of fertilizers to 
land and fuel/power use.  

Related 

B4 – Crop-based 
Feedstock 
Transportation  

Crop-based and other feedstock may be transported to a 
processing site by truck and/or train. The related energy 
inputs for fuelling this equipment are captured under 
this. 

Related 

B5 - Alternative Use of 
Feedstock 

Crop-based and other feedstock may not enter the 
biofuel production process as there may be a demand for 
these agricultural products other than the demand 
resulting from biofuel production.  

Affected 

B6 - Crop-based 
Feedstock Processing  

Feedstock may be processed by a number of agricultural 
and agri-food processes. Processing may include 
crushing of oil seeds such as canola and soy. Processing 
may require inputs of electrical and thermal energy. 

Related 

B7 - Other Feedstock 
Production  

Other feedstock may include products such as yellow 
grease, tallow, residues from crop harvesting and 
forestry projects. Materials destined for municipal 
landfills may also be considered an “other feedstock.” 

Affected 

B8 - Other Feedstock 
Transportation  

Other feedstock may be transported to a processing site 
by truck and/or train. The related energy inputs for 
fuelling this equipment are captured under this source. 

Related 

B9 - Feedstock Co-
Product Processing  

The processing of feedstock may result in co-products 
which have use in other industries, however, these co-
products may need to be processed prior to use. For 
example, the extraction of oil from canola seed results in 
canola cakes that are further processed using heat to 
prepare canola meal which is fed to livestock. Emissions 
may be created from the use of electrical or thermal 
energy during co-product processing.  

Related 
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B10 - Processed 
Feedstock 
Transportation  

Processed feedstock may be transported from the 
processing facility by truck and/or train. The related 
energy inputs for fuelling this equipment are captured 
under this source. 

Related 

B11 - Processed 
Feedstock Usage  

In the baseline condition, portions/components of the 
processed feedstock may be diverted to other uses. Any 
energy inputs associated with their use need to be 
captured.  

Related 

B12 - Feedstock Co-
Product Usage  

Co-products produced from the processing of feedstock 
in the baseline condition may become inputs to other 
processes, such as feed for livestock. Co-products 
generated during the project condition may displace this 
feedstock.  

Related 

On-Site Source/Sinks During Baseline Operation – Not applicable 

N/A 

Downstream Source/Sinks During Baseline Operation 

B13 - Disposal of Other 
Feedstock 

Other feedstock that has been diverted to biofuel 
production in the project condition may have been sent 
for landfill disposal in the absence of the project. A 
methane collection and destruction system may be in 
place at the landfill site. The percentage of methane 
collected and destructed for the landfill must be 
quantified in a transparent manner. Specific landfill site 
characteristics as well as characteristics of the other 
feedstock and methane collection and destruction system 
must be documented. 

Related 

 

B14 - Displaced 
Product Production  

In the baseline condition, products may be produced for 
use in other processes that are displaced by co-products 
generated through the biofuel production process. For 
example, before the implementation of a biofuel project, 
glycerin is produced to meet the market demand for the 
product. Glycerin produced as a co-product of biodiesel 
production is then used to displace a volume of glycerin 
produced from fossil fuels.  

Related 

B15 - Displaced 
Product Transportation  

In the baseline condition, products may be produced for 
use in other processes that are displaced by co-products 
generated through the biofuel production process. 
Transportation of these products has associated GHG 
emissions. 

Related 

B16 - Displaced 
Product Usage 

In the baseline condition, products may be produced for 
use in other processes that are displaced by co-products 
generated through the biofuel production process. The 
displaced products may be used as inputs to the 
agricultural, petrochemical, chemicals or other industry.  

Related 
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B17 – Conventional 
Fuel Extraction/ 
Processing  

Each of the fossil fuels combusted in the baseline must 
be sourced and processed. Emissions from various 
processes involved in the production, refinement, and 
storage of fossil fuels are captured under this source.  

Related 

B18 - Conventional 
Fuel Distribution and 
Dispensing 

Conventional fuel may be transported from the refinery 
to a blending facility or distributor by truck and/or train. 
The fuel is subsequently distributed to retail stations 
throughout the province, primarily by truck. Finally, the 
fuel is transferred into end use vehicles at retail stations. 
The related energy inputs for fuelling this equipment are 
captured under this source. 

Related 

B19 - Conventional 
Fuel Usage 

Gasoline and diesel are consumed primarily in 
transportation applications. These fuels may also be 
consumed on the biofuels production site.  

Affected 
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3.0 Project Condition 

The project condition is defined as the production of biofuels at a GHG emission intensity that is less 
than the required GHG emission intensity of the Renewable Fuels Standard Regulation, calculated 
on an energy basis. Offset credits are issued for emission reductions that are additional to the 
performance level required by the Renewable Fuels Standard Regulation. 

Note, eligible biofuel must be used for compliance with Alberta’s Renewable Fuels Standard 
Regulation. Evidence, measurement and monitoring criteria is discussed in Sections 4 and 5. 

A simplified process flow diagram of the project condition is shown in Figure 3. More detail on the 
project sources and sinks is provided in Section 3.1. 

Figure 3: Process Flow Diagram for Project Condition 
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3.1 Identification of Project Sources and Sinks 

The sources/sinks in Figure 4 represent the full scope of activities under this protocol. These 
sources/sinks have been listed according to the lifecycle categories identified in Figure 4 and 
classified as controlled, related or affected in Table 4. (See Section 2.1 for definitions). 

The project developer is responsible for ensuring that all applicable sources/sinks relevant to 
their project are included and that justification for any exclusion is provided in the Offset Project 
Plan. 
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Figure 4: Project Condition Sources and Sinks for Biofuel Production and Usage 
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Table 3: Project Condition Sources and Sinks 

Source/Sink Description Type 

Upstream Sources and Sinks During Project Operation 

P1 - Fertilizer/Pesticide 
Production 

Fertilizer and/or pesticides may be applied during the 
production of crops used as feedstock diverted to or 
dedicated for the production of biofuels. Emissions from 
fertilizer/pesticide production may include CO2 emissions 
from ammonia plants and N2O emissions from nitric acid 
plants.  

Related 

P2 - Fertilizer/Pesticide 
Transportation 

Fertilizers and pesticides may be transported from their 
respective production facilities to feedstock growers by truck 
and/or train. The related energy inputs for fuelling this 
equipment are captured under this source for the purposes of 
calculating the resulting GHG emissions.  

Related 

P3 - Crop-based 
Feedstock Production 

A variety of crops may be grown for use as feedstock in 
biofuel production processes. The generation of these crops 
may require planting of new lands, increasing yield from 
cultivated lands, or diverting crops dedicated for food to fuel 
production. These feedstock may include grains and oilseeds 
such as corn, wheat, soy and canola, etc.  

Emissions associated with the production of crops for use as 
feedstock include the emissions resulting from the fertilizer 
use, fuel used to operate farm equipment, and tillage 
activities.  

Related 

P4 - Other Feedstock 
Generation 

Other feedstock may include products such as yellow grease, 
tallow, residues from crop harvesting, and forestry projects. 
Materials destined for municipal landfills may also be 
considered an “other feedstock”.  

Related 

P5 - Feedstock 
Transportation 

Crop-based and other feedstock may be transported to a 
processing site by truck and/or train. The related energy 
inputs for fuelling this equipment are captured under this 
source for the purposes of calculating the resulting GHG 
emissions.  

Related 

P6 - Alternative Use of 
Feedstock  

There may be other uses for crop-based feedstock other than 
the production of biofuels. As such, other products or a larger 
quantity of feedstock may need to be produced to fulfill the 
multiple points of demand.  

Affected 

P7 - Feedstock 
Processing 

Feedstock may be processed as a result of a number of 
agricultural and agri-food processes. Processing may include 
crushing of oil seeds and refining of vegetable oils.    

Related 

P8 - Feedstock Residue 
Transportation 

Residues resulting from the processing of feedstock upstream 
of the biofuel production process may be transported from a 
processing facility to a disposal site by truck and/or train. 

Related 
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Source/Sink Description Type 

P9 - Feedstock Co-
product Transportation  

Co-products with a value in other processes may be 
transported from the feedstock processing facility to a 
secondary processing facility or directly to the site at which 
the co-product is used by truck and/or train.  

Related 

P10 - Processed 
Feedstock 
Transportation 

Processed feedstock may be transported from the processing 
facility to biofuel production facility by truck and/or train. The 
related energy inputs for fuelling this equipment are captured 
under this source for the purposes of calculating the resulting 
GHG emissions.  

Related 

P12 - Purchased 
Thermal Energy 

Thermal energy may be required at some biofuel facilities as 
an energy input during the production process (e.g., thermal 
energy required during distillation of ethanol). Indirect GHG 
emissions may occur if the thermal facility is combusting 
fossil fuels during the generation process. Quantities and 
types for each of the energy inputs and exports need to be 
tracked.  

Related 

P13 - Purchased 
Electricity 

Electricity is required to operate the biofuel production 
facility. This electricity, if sourced either from the grid or a 
direct connected facility, results in GHG emissions.  

If the biofuel production facility is a net electricity generator 
and transmitting electricity to the Alberta electricity grid, this 
source may not be applicable.  

The quantity of electricity consumed and the generation 
source are important characteristics that must be tracked to 
quantify the resulting GHG emissions. 

Related 

P24 - Conventional Fuel 
Extraction / Processing 

Each of the conventional fuels used throughout the project 
must be sourced and processed. Emissions from various 
processes involved in the production, refinement, and storage 
of fossil fuels are captured under this source. The total 
volumes and types of fuels consumed in the project condition 
must be tracked in order to quantify the resulting GHG 
emissions.  

Related 

P25 - Conventional Fuel 
Transportation 

Each of the fuels used in the project must be transported to 
the production facility. This may include shipments by 
pipeline, truck and/or train, resulting in direct and fugitive 
GHG emissions.  

Related 

P26 - Chemicals 
Production  

The production of chemicals used at the biofuel production 
facility may include several material and energy inputs such 
as natural gas, diesel, and electricity. Quantities and types 
for each of the energy inputs for the production of chemicals 
must be assessed to ensure functional equivalence with the 
baseline condition.  

Related 
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Source/Sink Description Type 

P27 - Chemicals 
Transportation  

Chemicals may be transported to the project site by truck 
and/or train. The related energy inputs for fuelling this 
equipment are captured under this source for the purposes of 
calculating the resulting GHG emissions.  

Related 

On-Site Sources/Sinks During Project Operation 

P11 - Biofuel 
Production  

This source encompasses the process emissions, on-site 
heat and electricity generation, and emissions associated 
with the operation and maintenance of the biofuel facility. 
Greenhouse emissions may result from chemical, biological 
and mechanical processes used in the production of the 
biofuel. All relevant characteristics of the biofuel production 
processes and the types and quantities of energy inputs 
must be tracked. GHG emissions are associated with the 
operation and maintenance of the biofuel production facility. 
This may require any number of mechanical, chemical or 
biological processes including those related to material 
handling and other process not directly included under the 
production process. All relevant characteristics of the 
material inputs must be tracked. 

Controlled 

Downstream Sources/Sinks During Project Operation 

P14 - Biofuel 
Transportation 

Biofuels may be transported from the biofuel production 
facility to a blending facility or distributor by truck and/or 
train. Biofuel is subsequently distributed to retail stations 
throughout the province, primarily by truck. Finally, biofuels 
are transferred into end use vehicles at retail stations. The 
related energy inputs for fuelling this equipment are captured 
under this source for the purposes of calculating the resulting 
GHG emissions. 

Related 

P15 - Biofuel Usage Biofuels are most often used to generate energy in vehicle 
engines, but can also be used to displace fossil fuels in 
stationary combustion engines. The carbon dioxide emissions 
are considered biomass carbon dioxide and are excluded. The 
methane and nitrous oxide emissions from combustion are 
included and must be quantified. The quantities of biofuels 
consumed at and exported from the production facility must 
be tracked. The volume used for compliance with the 
Renewable Fuels Standard Regulation must also be tracked. 

Related 

P16 - Residue 
Transportation 

Residues generated by the biofuel production process require 
transport from the production facility to a disposal site by 
truck and/or train. The related energy inputs for fuelling this 
equipment are captured under this source for the purposes of 
calculating the resulting GHG emissions.  

Related 
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Source/Sink Description Type 

P17 - Residue Disposal Residues may be handled at a disposal site by transferring 
the material from the transportation container, spreading, 
burying, processing, or otherwise dealing with this material 
using a combination of loaders, conveyors and other 
mechanized devices. 

Related 

P18 - Residue 
Decomposition and 
Methane 
Collection/Destruction 

Residues disposed in a landfill result in GHG emissions 
resulting in the production of methane. If the landfill has a 
landfill gas capture and combustion system in place, the 
percentage of methane collected and destroyed at the landfill 
must be quantified.  Specific disposal site characteristics as 
well as characteristics of the methane collection and 
destruction system must be documented. 

Related 

P19 - Co-product 
Transportation 

Co-products produced from biofuel production processes 
require transport from the production facility site by truck 
and/or train. 

Related 

P20 - Co-product 
Processing 

Co-products produced from the biofuel production process 
may require further processing before they are useable. 
These processes may require the operation of equipment, 
which require energy inputs such as fossil fuels or heat. 
Emissions associated with co-product processing are taken 
into account in the net emissions displaced by co-product 
usage (P21).  

Related 

P21 - Co-product Usage Co-products from the biofuel process may be used as inputs 
to other processes resulting in the displacement of other 
products primarily in agricultural, petrochemical, chemicals, 
or other industries.  

Related 

P22 - Wastewater 
Treatment and 
Discharge 

Water used in the biofuel production process requires 
treatment and processing before discharge into regional 
sewer systems or surface water bodies. Wastewater 
treatment processes require energy inputs such as electricity 
and heat generated using fossil fuels.  

Related 

P23 - Biomass Process 
CO2 Emissions  

A biomass stream of carbon dioxide is produced during 
biofuel production. Although biomass CO2 emissions are not 
quantified against the project, this concentrated stream of 
CO2 can be captured and used in other applications such as 
carbon capture and sequestration projects and may be 
eligible for offset credits under other quantification protocols.  

Related 
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Source/Sink Description Type 

P28 - Direct Land Use 
Change 

Incremental production of biofuels results in feedstock 
production on existing agricultural land that was previously 
used for food production. The change in land use results in 
incremental nitrogen application leading to direct releases of 
nitrous oxide and indirect nitrogen emissions from nitrogen 
volatilization and leaching. Incremental carbon dioxide and 
methane emissions related to synthetic fertilizer and manure 
use need to be considered. 

Related 

P29 - Indirect Land Use 
Change  

The demand for crop-based feedstock may rise in response to 
increasing rates of biofuel production. As such, this can result 
in the conversion of non-agricultural lands into farmland to 
grow dedicated feedstock for use in producing biofuels. Any 
increase in new land being cropped due to the rising demand 
for crop-based feedstock for biofuel production needs to be 
assessed in order to quantify emissions associated with this 
activity.   

Affected 

Upstream Sources/Sinks Before Project 

P30 - Site Development  Site development includes civil infrastructure including access 
to electricity, gas and water supply, sewer, etc. It also 
includes site clearing, grading, building access roads, and 
facility construction including buildings, storage areas, storm 
water drainage, offices, vent stacks, firefighting water 
storage lagoons.  Greenhouse gas emissions are primarily 
attributed to the use of fossil fuels and electricity used to 
power equipment required to develop the site including 
graders, backhoes, trenching machines, etc. 

Related 

P31 - Building 
Equipment  

Equipment is built either on or off site. This includes all of the 
components of the handling, processing, combustion, air 
quality control, system control and safety systems.  
Greenhouse gas emissions are primarily attributed to the use 
of fossil fuels and electricity used to power equipment for the 
extraction of the raw materials, processing, fabrication, and 
assembly of components. 

Related 

P32 - Equipment 
Transportation  

Equipment built off site and the materials to build equipment 
on site need to be delivered to the site by truck and/or train. 
Greenhouse gas emissions are primarily from the combustion 
of fossil fuels. 

Related 

P33 - Construction On 
Site 

Site construction requires a variety of heavy equipment, 
smaller power tools, cranes, and generators. Greenhouse gas 
emission from the combustion of fossil fuel and the use of 
electricity.    

Related 
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Source/Sink Description Type 

P34 - Equipment 
Testing  

Equipment must be tested. . Testing activities result in GHG 
emissions associated with the combustion of fossil fuels and 
the use of electricity. 

Related 

Downstream Sources and Sinks After Project 

P35 - Site 
Decommissioning  

Site decommissioning occurs at the end of the facility life. 
Decommissioning involves the disassembly of the equipment, 
demolition of on-site structures, disposal of materials, 
environmental restoration, re-grading, planting or seeding, 
and transportation of materials off site. GHG emissions are 
primarily attributed to the use of fossil fuels and electricity 
used to power equipment.  

Related 
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4.0 Quantification 

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 were not expected to 
change between baseline and project condition were excluded from the baseline and project 
condition. Excluded activities are expected to occur at the same magnitude and emission rate during 
the baseline and project and will not be impacted by the project.   

Emissions that increase or decrease as a result of the project must be included and associated GHG 
emissions must be quantified as part of the project condition. 

All sources and sinks identified in Tables 2 and 3 are listed in Table 4. Each source and sink is listed 
as include or excluded. Justification is provided. 
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Table 4: Comparison of Sources and Sinks 

Identified Sources/Sinks 
Baseline  
(C, R, A) 

Project  
(C, R, A) 

Quantification Justification 

Upstream Sources/Sinks                Controlled (C), Related (R), Affected (A) 

P1 - Fertilizer/Pesticide Production N/A R Include Included as the project condition may result in GHG 
emissions from increased fertilizer/pesticide 
production. 

B1 - Fertilizer/Pesticide Production R N/A Exclude The baseline condition defines the reference for 
increased fertilizer/pesticide production emissions 
resulting from project activities. This baseline source 
is excluded from quantification.  

P2 - Fertilizer/Pesticide 
Transportation 

N/A R  Include Included as the project condition may result in GHG 
emissions from fertilizer and pesticide 
transportation. 

B2 - Fertilizer/Pesticide 
Transportation 

R N/A Exclude The baseline condition defines the reference for 
increased fertilizer/pesticide transportation 
emissions resulting from project activities. The 
baseline source is excluded from quantification. 

P3 – Crop-based Feedstock 
Production 

N/A R Include Included as the project condition may result in GHG 
emissions from increased crop-based feedstock 
production. 

B3 – Crop-based Feedstock 
Production 

R N/A Exclude The baseline condition defines the reference for 
increased feedstock production emissions resulting 
from project activities. This baseline source is 
excluded from quantification.  

P4 - Other Feedstock Generation N/A R Exclude Other feedstock is typically material diverted from 
landfill to biofuel production. This source is excluded 
from quantification.  

B7 - Other Feedstock Generation A N/A Exclude Other feedstock is typically material diverted from 
landfill to biofuel production. This source is excluded 
from quantification.  
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Identified Sources/Sinks 
Baseline  
(C, R, A) 

Project  
(C, R, A) 

Quantification Justification 

P5 - Feedstock Transportation N/A R Include Included as the project condition may result in GHG 
emissions from increased feedstock transportation. 

B4 – Crop-based feedstock 
Transportation 

R N/A Exclude The baseline condition defines the reference for 
increased feedstock transportation emissions 
resulting from project activities. This baseline source 
is excluded from quantification.  

B8 - Other Feedstock 
Transportation 

R N/A Exclude Other feedstock is typically residues diverted from 
landfill to biofuel production. Transportation 
emissions are equivalent in both the project and the 
baseline condition. This source is excluded from 
quantification.  

B13 - Other Feedstock Disposal R N/A Include Some feedstocks used for biofuel production would 
have been disposed in the baseline condition. These 
emissions are included in the quantification.  

P6 - Alternative Use of Feedstock  N/A A Exclude This source does not change from the project to the 
baseline condition. These emissions are excluded 
from quantification.  B5 - Alternative Use of Feedstock R N/A Exclude 

P7 - Feedstock Processing N/A R Include Included as the project condition may result in GHG 
emissions from increased feedstock processing. 

B6 - Crop-based Feedstock 
Processing 

R N/A Exclude The baseline condition defines the reference for 
increased feedstock processing emissions resulting 
from the project activities. These emissions are 
excluded from quantification. 

P8 - Feedstock Residue 
Transportation 

N/A R Exclude The transportation of residues from processing 
facilities also occurs in the baseline condition. 
Residues related to incremental feedstock processed 
as a result of the project activity are unlikely to 
increase transportation emissions significantly. 
These emissions are excluded from quantification. 
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Identified Sources/Sinks 
Baseline  
(C, R, A) 

Project  
(C, R, A) 

Quantification Justification 

B8 - Other Feedstock 
Transportation 

R N/A Exclude Other feedstock is typically residue diverted from 
landfill to biofuel production. Transportation 
emissions is equivalent in both the project both 
baseline condition. These emissions are excluded 
from quantification. 

P9 - Feedstock Co-product 
Transportation  

N/A R Exclude The emission reductions associated with the use of 
co-products is not considered under this protocol. 
The emission reductions from the use of co-products 
may be recognized under an existing protocol or 
may be considered for a new protocol development. 

P10 - Processed Feedstock 
Transportation 

N/A R Include Included as the project condition may result in GHG 
emissions from increased processed feedstock 
transportation. 

B10 - Processed Feedstock 
Transportation 

R N/A Exclude The baseline condition defines the reference for 
increased processed feedstock transportation 
emissions resulting from the project activities. These 
emissions are excluded from quantification. 

B11 - Processed Feedstock Use R N/A Exclude This source does not change from the project to 
baseline condition. These emissions are excluded 
from quantification. 

B12 - Feedstock Co-Product 
Usage  

R N/A Exclude The emission reductions associated with the use of 
co-products is not considered under this protocol. 
The emission reductions from the use of co-products 
may be recognized under an existing protocol or 
may be considered for a new protocol development. 

P12 - Purchased Thermal Energy N/A R Include Included as the project condition may result in GHG 
emissions from increased thermal energy usage. 

P13 - Purchased Electricity N/A R Include Included as additional electricity may be sourced 
from the grid in the project condition. 
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Identified Sources/Sinks 
Baseline  
(C, R, A) 

Project  
(C, R, A) 

Quantification Justification 

P24 - Fuel Extraction/Processing N/A R Include Included as there are increased emissions associated 
with fuel extraction and processing of project period 
fossil fuels.    

P25 - Conventional Fuel 
Transportation 

N/A R Include Included as the transportation of conventional fossil 
fuels to the production facility in the project 
condition results in incremental GHG emissions. 

P26 - Chemicals Production  N/A R Include Included as there are increased GHG emissions from 
project period chemicals production. 

P27 - Chemicals Transportation  N/A R Include Included as there are increased GHG emissions from 
the transport of chemicals from the chemicals 
production facility to the biofuels production facility 

P28 - Direct Land Use Change N/A R Include Included as there are increased GHG emissions from 
direct land use emissions associated with some 
feedstock production during the project period. 

P29 - Indirect Land Use Change  N/A A Exclude There is currently no evidence of indirect land use 
changes that can be attributed to biofuel production 
in Alberta. This source has been excluded from 
quantification. 

Onsite Sources/Sinks 

P11 - Biofuel Production  N/A C Include Greenhouse gas emissions are emitted throughout 
the biofuel production process. 

Downstream Sources/Sinks 
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Identified Sources/Sinks 
Baseline  
(C, R, A) 

Project  
(C, R, A) 

Quantification Justification 

P14 - Biofuel Transportation N/A R Include The distribution and dispensing of biofuels in the 
project condition results in GHG emissions. This 
quantity of emissions is likely similar to the 
emissions resulting from distribution and dispensing 
of conventional fossil fuels in the baseline condition. 
Since the conventional emissions are included in the 
full lifecycle emission factors used to quantify 
baseline emissions, the biofuel related emissions 
must be included in the project condition. 

P15 - Biofuel Usage N/A R Include Greenhouse gas emissions are associated with the 
combustion of the produced biofuel. 

B19 - Conventional Fuel Usage A N/A Include Included because conventional fuel is displaced by 
biofuel in the project condition. 

B17 -Conventional Fuel 
Extraction/Processing 

R N/A Include Included as emissions from baseline fuel extraction 
and processing may be displaced in the project 
condition. 

B18 - Conventional Fuel 
Distribution and Dispensing 

R N/A Include The distribution and dispensing of conventional fossil 
fuels in the baseline condition results in GHG 
emissions. These emissions are included in the 
lifecycle emission factors used to quantify baseline 
emissions. 

P16 - Residue Transportation N/A R Exclude A relatively small amount of residue is produced as a 
result of biofuel production processes. Emissions 
associated with the transportation of these residues 
to a disposal site are negligible. These emissions are 
excluded from quantification. 

P17 - Residue Disposal N/A R Exclude Residue is produced as a result of the biofuel 
production processes. Emissions associated with the 
disposal of these residues is negligible. These 
emissions are excluded from quantification. 
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Identified Sources/Sinks 
Baseline  
(C, R, A) 

Project  
(C, R, A) 

Quantification Justification 

P18 - Residue Decomposition and 
Methane Collection/Destruction 

N/A R Include Included as the decomposition of residue releases 
methane emissions.  

B13 – Disposal of Other Feedstock R N/A Include Included as the decomposition of feedstock releases 
methane. Emissions avoided by methane 
collection/destruction are potentially significant.  

P19 - Co-Product Transportation N/A R Exclude 

The emission reductions associated with the use of 
co-products are not included under this protocol. 
The emission reductions from the use of co-products 
may be recognized under an existing protocol or 
may be considered for a new protocol development. 

 

B15 - Displaced Product 
Transportation 

R N/A Exclude 

P20 - Co-Product Processing N/A R Exclude 

B9 - Feedstock Co-Product 
Processing 

R N/A Exclude 

B14 - Displaced Product 
Production 

R N/A Exclude 

P21 - Co-Product Usage N/A R Exclude 

B16 - Displaced Product Usage R N/A Exclude 

P22 - Wastewater Treatment and 
Discharge 

N/A R Exclude  A relatively small amount of wastewater is produced 
as a result of biofuel production processes. 
Emissions associated with the treatment of 
wastewater are negligible. These emissions are 
excluded from quantification. 

P23 - Biomass Process CO2 
Emissions  

N/A R Exclude Biomass CO2 emissions are excluded from 
quantification in the baseline and project condition.  

Downstream Sources/Sinks After Project 

P30 - Site/Facility Development  N/A R Exclude Emissions from site development are not material 
given the long project life and the minimal site 
development required.  
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Identified Sources/Sinks 
Baseline  
(C, R, A) 

Project  
(C, R, A) 

Quantification Justification 

P31 - Building Equipment  N/A R Exclude Emissions from the equipment use to develop the 
production facility are not material given the long 
project life and the type of site development 
required.  

P32 - Equipment Transportation  N/A R Exclude Emissions from the transportation of equipment to 
develop the production facility are not material given 
the long project life and the type of site 
development required. 

P33 - Construction On-Site N/A R Exclude Emissions from construction are not material given 
the long project life and the type of site 
development required.  

P34 - Equipment Testing  N/A R Exclude Emissions from equipment testing are not material 
given the long project life. 

P35 - Site Decommissioning  N/A R Exclude Emissions associated with the decommissioning of a 
site are negligible and are excluded.  
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4.1 Quantification Methodology 
Quantification of the reductions, removals and reversals of relevant sources/sinks for each of the 
GHGs must be completed using the methodologies outlined in Table 5 and 6. Listings of relevant 
emission factors are provided in Appendix A. 

The emission reduction is calculated as the difference between baseline emissions and project 
emissions as shown in the following equation. 

 
 
 

Baseline emissions for conventional fuel usage for the purpose of heat and electricity generation 
are calculated using a full lifecycle emission factor. Fuel Extraction and Processing and Fuel 
Transportation emissions are included in this calculation. 

Emissions Baseline =  Emissions Disposal of Other Feedstock + 
 Emissions Conventional Fuel Extraction and Processing + 
 Emissions Conventional Fuel Distribution and Dispensing + 
 Emissions Conventional Fuel Usage 

 
Emissions Project =  Emissions Fertilizer/ Pesticide Production + 
 Emissions Fertilizer/Pesticide Transportation + 
 Emissions Crop-based Feedstock Production +  
 Emissions Direct Land Use Change + 
 Emissions Feedstock Processing + 
 Emissions Feedstock Transportation + 
 Emissions Processed Feedstock Transportation + 
 Emissions Biofuel Production + 
 Emissions Use of Biofuel + 
 Emissions Purchased Thermal Energy + 
 Emissions Purchased Electricity + 
 Emissions Residue Decomposition and Methane Collection / Destruction + 
 Emissions Conventional Fuel Extraction and Processing + 
 Emissions Conventional Fuel Transportation + 
 Emissions Biofuel Transportation + 
 Emissions Chemicals Production + 
 Emissions Chemicals Transportation  
 
Where: 

 
Emissions Baseline = sum of the GHG emissions under the baseline condition 
 
Emissions Disposal of Other Feedstock = emissions under source B13 Disposal of Other Feedstock 
 
Emissions Conventional Fuel Extraction and Processing = emissions under source B17 Conventional Fuel 
Extraction and Processing 
 

Emission Reduction = Emissions Baseline – Emissions Project 
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Emissions Conventional Fuel Distribution and Dispensing =emissions under source B18 Conventional Fuel 
Distribution and Dispensing 
 
Emissions Conventional Fuel Usage = emissions under source B19 Conventional Fuel Usage 
 
Emissions Project = sum of the GHG emissions under the project condition.  
 
Emissions Fertilizer/Pesticide Production & Transportation = sum of emissions under sources P1 
Fertilizer/Pesticide Production and P2 Fertilizer/Pesticide Transportation 
 
Emissions Feedstock Production & Processing = sum of emissions under sources P3 Crop-based 
Feedstock Production, P7 Feedstock Processing and P28 Direct Land Use Change 
 
Emissions Feedstock Transportation = sum of emissions under sources P5 Feedstock Transportation 
and P10 Processed Feedstock Transportation  
 
Emissions Biofuel Production = sum of emissions under sources P11 Biofuel Production, P24 
Conventional Fuel Extraction/Processing and P25 Conventional Fuel Transportation  
 
Emissions Biofuel Distribution and Dispensing = emissions under source P14 Biofuel Transportation 
 
Emissions Use of Biofuel = emissions under source P15 Biofuel Usage  
 
Emissions Purchased Thermal Energy = emissions under source P12 Purchased Thermal Energy  
 
Emissions Purchased Electricity = emissions under source P13 Purchased Electricity  
 
Emissions Decomposition, Collection and Destruction = emissions under source P18 Residue Decomposition 
and Methane Collection / Destruction 
 
Emissions Chemicals Production & Transportation = sum of emissions under sources P26 Chemicals 
Production and P27 Chemicals Transportation  
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Table 5: Baseline Quantification Methodology 

Baseline 
Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify Measurement or 
Estimation and Frequency 

B19 - 
Conventional 
Fuel Usage  
 
B17 – 
Conventional 
Fuel Extraction 
and Processing 
 
B18 - 
Conventional 
Fuel 
Distribution 
and 
Dispensing 

Emissions Conventional Fuel Usage = (Vol. Biofuel * HHV Biofuel * (EF Conventional Fuel * (1 – RFS Intensity)+EFCo-Product) 

Emissions 
Conventional Fuel 

Usage 

kg CO2e N/A N/A N/A Quantity being calculated from 
energy content of produced 
biofuel. 

Total Volume of 
Biofuel Sold 
into the Alberta 
Market under 
the RFS / Vol. 
Biofuel 

L Measured Direct metering of the 
volume of biofuel 
exported from the 
production facility for 
sale into the Alberta 
market.  

Continuous 
metering or 

monthly 
reconciliatio

n 

Frequency of metering is 
highest level possible. 

Volume-
weighted 
Average Biofuel 
Energy Content 
(Higher 
Heating Value) 
/ HHV Biofuel 

GJ / L Measured Direct Measurement 
from Produced Biofuel. 

Monthly Measuring energy content of 
produced biofuel is standard 
practice. Average should be 
volume weighted to account for 
different monthly volumes. 

Lifecycle 
Emission Factor 
for 
Conventional 
Fuel / EF 

Conventional Fuel 

kg CO2e 
/ GJ 

Estimated Value specified in the 
Emissions Eligibility 
Standard for gasoline 
and diesel. Located in 
Appendix A. 

N/A Updated in conjunction with the 
RFS Emissions Standard 

RFS Intensity % N/A Value specified in the 
Renewable Fuel 
Standard Regulation’s 
Emissions Standard. 

N/A Requirement of the Renewable 
Fuel Standard Regulation. 
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Emission Factor 
for Co-Product 
displacement  / 
EFCo-Product 

kg CO2e 
/ GJ 

Estimated Value specified 
through GHGenius 
pathway used in the 
RFS. Use of co-product 
emission factor will 
depend on the type of 
biofuel being 
produced.  

N/A Updated in conjunction with the 
RFS.  

 
 
Table 6: Project Quantification Methodology 
Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

P1 - Fertilizer/ 
Pesticide 
Production  
 
P2 - Fertilizer/ 
Pesticide 
Transportation 

Emissions Fertilizer/Pesticide Production & Transportation = Vol. Biofuel * HHV Biofuel * EF Fertilizer/Pesticide Production & Transportation 

Emissions 
Fertilizer/ Pesticide 

Production & 

Transportation 

kg CO2e N/A N/A N/A Quantity being calculated. 

Total Volume of 
Biofuel Sold into 
the Alberta 
Market under 
the RFS  / Vol. 
Biofuel 

L Measured Direct metering of the 
volume of biofuel 
exported from the 
production facility for 
sale into the Alberta 
market. 

Continuous 
metering or 
monthly 
reconciliation 

Frequency of metering is 
highest level possible. 

Volume-
weighted 
Average Biofuel 
Energy Content 
(Higher Heating 
Value) / 
HHVBiofuel 

GJ / L Measured Direct Measurement 
from Produced Biofuel. 

Monthly Measuring energy content of 
produced biofuel is standard 
practice. Average must be 
volume weighted to account 
for different monthly 
volumes. 
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

Emission Factor 
for Fertilizer/ 
Pesticide 
Production & 
Transportation / 
EF Fertilizer/Pesticide 

Production & 

Transportation 

kg CO2e 
/ GJ of 
Biofuel 

Estimated Emission Factors are 
sourced from GHGenius 
for the crop types most 
commonly grown for 
biofuel production in 
Canada. These 
emission factors are 
listed in Appendix A. . 

Protocol 
Revision 

GHGenius is updated 
regularly to accommodate 
different feedstock, process 
configurations, new biofuel 
production pathways and to 
reflect best practice guidance 
on the science of lifecycle 
analysis. The factors will be 
updated to the latest version 
of GHGenius when the 
protocol is reviewed. 

P3 – Crop-based 
Feedstock 
Production  
 
P7 - Feedstock 
Processing 
 
P28 - Direct 
Land-Use 
Change 
 

Emissions Feedstock Production & Processing = Vol. Biofuel * HHV Biofuel * EF Feedstock Production & Processing 

Emissions 
Feedstock Production & 

Processing 

kg CO2e N/A N/A  N/A Quantity being calculated. 

Total Volume of 
Biofuel Sold into 
the Alberta 
Market under 
the RFS / Vol. 
Biofuel 

L Measured Direct metering of the 
volume of biofuel 
exported from the 
production facility for 
sale into the Alberta 
market.  

Continuous 
metering or 

monthly 
reconciliation 

Frequency of metering is 
highest level possible. 

Volume-
weighted 
Average Biofuel 
Energy Content 
(Higher Heating 
Value) / HHV 

Biofuel 

GJ / L Measured Direct Measurement 
from Produced Biofuel. 

Monthly Measuring energy content of 
produced biofuel is standard 
practice. Average must be 
volume weighted to account 
for different monthly 
volumes. 
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

Emission Factor 
for Crop-based 
Feedstock 
Production and 
Feedstock 
Processing/  
EF Feedstock 

Production & Processing  

kg CO2e 
/ GJ of 
Biofuel 

Estimated Emission Factors are 
sourced from GHGenius 
for the crop types most 
commonly grown for 
biofuel production in 
Canada. These 
emission factors are 
listed in Appendix A.  

Protocol 
Revision 

GHGenius is a comprehensive 
database of lifecycle GHG 
analyses completed for 
biofuel production in Canada.  
GHGenius is updated 
regularly to accommodate 
different feedstock, process 
configurations, new biofuel 
production pathways, co-
products and to reflect best 
practice guidance on the 
science of lifecycle analysis. 
The factors will be updated to 
the latest version of 
GHGenius when the protocol 
is reviewed. 

P5 - Feedstock 
Transportation  
 
P10 - Processed 
Feedstock 
Transportation 

Emissions Feedstock & Processed Feedstock Transportation=(V Biofuel * R Local * EF Local Feedstock Transportation + V Biofuel * (1-R Local) * EF non-

Local Feedstock Transportation) *HHVBiofuel 
Local: Feedstock sourced from within Alberta 
 
Emissions 
Feedstock & Processed 

Feedstock 

Transportation 

kg CO2e N/A N/A  N/A Quantity being calculated. 

Total Volume of 
Biofuel Sold into 
the Alberta 
Market under 
the RFS  / Vol. 
Biofuel 

L Measured Direct metering of the 
volume of biofuel 
exported from the 
production facility for 
sale into the Alberta 
market.  

Continuous 
metering or 

monthly 
reconciliation 

Frequency of metering is 
highest level possible. 
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

Percentage of 
locally sourced 
feedstock / R 
Local 

% Measured Ratio calculated based 
on mass or volume of 
feedstock received by 
biofuels production 
facility 

Annual Calculation is based on actual 
measurements of mass or 
volume. 

Volume-
weighted 
Average Biofuel 
Energy Content 
(Higher Heating 
Value) / HHV 

Biofuel 

GJ / L Measured Direct Measurement 
from Produced Biofuel. 

Monthly  Measuring energy content of 
produced biofuel is standard 
practice. Average must be 
volume weighted to account 
for different monthly 
volumes. 

Emission Factor 
for Feedstock 
Transportation / 
EF Local Feedstock 

Transportation / EF 
Non-Local Feedstock 

kg CO2e 
/ GJ of 
Biofuel 

Estimated Emission Factors were 
developed in GHGenius 
based on aggregated 
emissions from the 
transportation of 
feedstock to the 
processing facility and 
from the processing 
facility to the biofuel 
production facility, and 
are a function of 
distance and feedstock 
density.  These 
emission factors are 
listed in Appendix A. 

Protocol 
Revision 

GHGenius is updated 
regularly to reflect different 
feedstock, process 
configurations, new biofuel 
production pathways and 
other best practice guidance 
for the science of lifecycle 
analysis. 

P12 - Purchased 
Thermal Energy 

Emissions Thermal Energy = ∑ (Vol. Fuel i * EF Fuel i CO2); ∑ (Vol. Fuel i * EF Fuel i CH4) ; ∑ (Vol. Fuel i * EF Fuel i N20) 

Emissions Thermal 

Energy   
kg CO2 ; 

CH4 ; 
N2O 

N/A N/A N/A Quantity being calculated. 
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

Vol. Fuel i = Total Fuel Cogen * [Heat Biofuel Production / (Heat Cogen + Electricity Cogen)] 

Equivalent 
Volume of Each 
Type of Fossil 
Fuel Consumed/  
Vol Fuel i 

L, m3 or 
other 

N/A Calculated relative to 
the metered quantity 
of thermal energy 
delivered to the biofuel 
production facility and 
converted to an 
equivalent volume of 
fossil fuel.  

Monthly Quantity being calculated. 
The allocation of indirect GHG 
emissions associated with 
thermal energy purchased by 
the biofuel producer from a 
third party facility, such as a 
cogeneration plant, requires 
consideration of the total 
energy output from that 
facility. 

Total Volume of 
Each Type of 
Fossil Fuel 
Combusted at 
the 
Cogeneration 
Plant / Total 
Fuel Cogen 

L, m3 or 
other 

Measured Direct metering of the 
volume of each type of 
fossil fuel consumed by 
the cogeneration plant 
(or other third party 
energy generation 
facilities) or 
reconciliation of 
monthly fuel purchases 
and reconciliation of 
volumes in storage. 

Monthly Direct metering of each type 
of fossil fuel combusted at 
the cogeneration plant is 
standard practice. Frequency 
of reconciliation provides 
reasonable diligence.  
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

Total Quantity 
of Thermal 
Energy Supplied 
to the Biofuel 
Production 
Facility / Heat 
Biofuel Production 

GJ Measured Direct metering of 
quantity of thermal 
energy delivered to the 
biofuel production 
facility from other 
energy generation 
facilities (e.g. 
dedicated co-
generation facilities, 
other industrial 
facilities etc.). Metering 
of the thermal energy 
must account for the 
type of heat transfer 
medium (steam, hot 
water, oil etc.) and the 
net heat transfer based 
on mass/volume flow 
rates of the heat 
transfer medium to and 
from the biofuel plant 
(e.g. accounting for the 
enthalpy of feed water, 
boiler blow down and 
condensate return), 
temperatures, 
pressures for 
superheated steam and 
other relevant 
thermodynamic 
properties, as 
necessary.   

Continuous 
Metering 

Direct metering of thermal 
energy is standard practice 
when thermal energy is 
provided to a user under a 
contractual agreement.  
Frequency of metering is 
highest level possible. 
Accounting for the net heat 
transfer from the heat 
distribution system based on 
the specific temperatures and 
pressures of the heat transfer 
medium is consistent with 
best practices.  
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

Total Quantity 
of Thermal 
Energy Supplied 
to End Users by 
the 
Cogeneration 
Facility in the 
Project 
Condition / 
Heat Cogen  

GJ Measured Direct metering of 
quantity of thermal 
energy delivered to all 
end users by the 
cogeneration plant 
(including the biofuel 
production facility). 
Metering of the thermal 
energy must account 
for the type of heat 
transfer medium 
(steam, hot water, oil 
etc.) and the net heat 
transfer based on 
mass/volume flow 
rates of the heat 
transfer medium to and 
from the biofuel plant 
(e.g. accounting for the 
enthalpy of feed water, 
boiler blow down and 
condensate return), 
temperatures, 
pressures for 
superheated steam and 
other relevant 
thermodynamic 
properties, as 
necessary.   

Continuous 
Metering 

Direct metering of thermal 
energy is standard practice 
when thermal energy is 
provided to a user under a 
contractual agreement.  
Frequency of metering is 
highest level possible. 
Accounting for the net heat 
transfer from the heat 
distribution system based on 
the specific temperatures and 
pressures of the heat transfer 
medium is consistent with 
best practices.  
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

Total Quantity 
of Electricity 
Supplied to End 
Users by the 
Cogeneration 
Facility in the 
Project 
Condition / 
Electricity Cogen 

GJ Measured Direct metering of 
quantity of electricity 
delivered to all direct 
connected facilities 
from the cogeneration 
plant (including the 
biofuel production 
facility) and metering 
of the total electricity 
distributed to the 
regional electricity grid. 
Note 1 MWh = 3.6 GJ 

Continuous 
Metering 

Continuous direct metering 
represents the industry 
practice and the highest level 
of detail. 

CO2 Emissions 
Factor for Each 
Type of Fossil 
Fuel / EF Fuel i 
CO2 

kg CO2 
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. 

CH4 Emissions 
Factor for Each 
Type of Fossil 
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. 

N2O Emissions 
Factor for Each 
Type of Fossil 
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. 

GWPCH4 

Methane Global 
Warming 
Potential 

Unitless Estimated Provided in Handbook 
of Emissions Factors 

N/A Must use most current factors 
published by ESRD. 
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

GWPN2O 

Nitrous Oxide 
Global Warming 
Potential 

Unitless Estimated Provided in Handbook 
of Emissions Factors 

N/A Must use most current factors 
published by ESRD. 

P13 - Purchased 
Electricity Emissions Electricity Consumption Grid = Electricity Grid * EF Elec Grid 

Quantity of Grid 
Electricity 
Consumed at 
the Biofuel 
Production 
Facility / 
Electricity Grid 

kWh Measured Direct metering of the 
quantity of electricity 
consumed at the biofuel 
production facility that is 
imported from the 
electricity grid. 

Continuous 
metering 

Continuous direct metering 
represents the industry 
standard practice and the 
highest level of detail. 

Emissions 
Factor for 
Electricity 
Generation / EF 

Elec Grid 

kg CO2e 
per kWh 

Estimated Alberta Offset System 
guidance documents. 

Protocol 
Revision 

Reference values adjusted as 
required in Alberta Offset 
System guidance documents. 

Project Source and Sinks 
P14 Biofuel 
Distribution and 
Dispensing 

Emissions Biofuel Distribution and Dispensing = Vol. Biofuel * HHV Biofuel * EF Biofuel Transportation 

Emissions Biofuel 

Distribution and 

Dispensing 

kg CO2e N/A N/A N/A Quantity being calculated. 

Total Volume of 
Biofuel Output 
from the 
Production 
Facility / Vol. 
Biofuel 

L Measured Direct metering of the 
volume of biofuel 
exported from the 
production facility for 
sale into the Alberta 
market. 

Continuous 
metering 

Frequency of metering is 
highest level possible. 
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

Volume-
weighted 
Average Biofuel 
Energy Content 
(Higher Heating 
Value) / HHV 

Biofuel 

GJ / L Measured Direct Measurement 
from Produced Biofuel. 

Monthly Measuring energy content of 
produced biofuel is standard 
practice. Average must be 
volume weighted to account 
for different monthly 
volumes. 

Emission Factor 
for Biofuel 
Distribution and 
Dispensing 
EF Biofuel Distribution 

and Dispensing 

kg CO2e 
/ GJ of 
biofuel 

Estimated Emission Factors are 
sourced from GHGenius 
for the crop types most 
commonly grown for 
biofuel production in 
Canada. These 
emission factors are 
listed in Appendix A. . 

Protocol 
Revision 

GHGenius is updated 
regularly to accommodate 
different feedstock, process 
configurations, new biofuel 
production pathways and to 
reflect best practice guidance 
on the science of lifecycle 
analysis. 

P11 – Biofuel 
Production 
 
P24 
Conventional 
Fuel Extraction 
& Processing 
 
P25 - 
Conventional 
Fuel 
Transportation 

Emissions Biofuel Production = ∑ (Vol. Fuel i * EF Fuel i CO2); 
∑ (Vol. Fuel i * EF Fuel i CH4) + (Vol. On-site Biofuel i * EF Biofuel i CH4 * GWPCH4); 
∑ (Vol. Fuel i * EF Fuel i N20) + (Vol. On-site Biofuel i * EF Biofuel i N20 * GWPN2O) 

Emissions Biofuel 

Production 
kg CO2 ; 

CH4 ; 
N2O 

N/A N/A N/A Quantity being calculated in 
aggregate form as fuel usage 
at the biofuel production 
facility will likely be 
aggregated at the biofuel 
production facility. 

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

L/ m3/ 
other 

Measured Direct metering of 
volume of fuels 
consumed at the 
biofuel production 
facility or reconciliation 
of volumes purchased 
and in storage.  

Continuous 
metering or 

monthly 
reconciliation 

Both methods are standard 
practice.  Frequency of 
metering is highest level 
possible.  Frequency of 
reconciliation provides for 
reasonable diligence. 
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

CO2 Lifecycle 
Emission Factor 
for Each Type of 
Fossil Fuel  / 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 Lifecycle 
Emission Factor 
for Each Type of 
Fuel / EF Fuel i 
CH4 / EF Biofuel 
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. 

N2O Lifecycle 
Emission Factor 
for Each Type of 
Fuel / EF Fuel i 
N2O / EF Biofuel 
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. 

GWPCH4 

Methane Global 
Warming 
Potential 

Unit less Estimated Provided in Handbook 
of Emissions Factors 

N/A Must use most current factors 
published by ESRD. 

GWPN2O 

Nitrous Oxide 
Global Warming 
Potential 

Unit less Estimated Provided in Handbook 
of Emissions Factors 

N/A Must use most current factors 
published by ESRD. 

P15 - Use of 
Biofuel 

Emissions Use of Biofuel = ∑ (Vol. Biofuel i * HHV Biofuel * EF Biofuel i CH4 * GWPCH4) ; ∑ (Vol. Biofuel i * HHV Biofuel * EF 
Biofuel i N20 * GWPN2O) 

Emissions Use of 

Biofuel   
kg 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 
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

sources/sinks. 

Total Volume of 
Biofuel Sold into 
the Alberta 
Market under 
the RFS  / Vol. 
Biofuel 

L Measured Direct metering or 
reconciliation of 
volume shipped for 
sale in the Alberta 
market. 
 
This volume does not 
include any volumes of 
biofuels consumed at 
the production facility. 

Continuous 
metering or 

monthly 
reconciliation. 

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

Volume-
weighted 
Average Biofuel 
Energy Content 
(Higher Heating 
Value) / HHV 

Biofuel 

GJ / L Measured Direct Measurement 
from Produced Biofuel. 

Monthly Measuring energy content of 
produced biofuel is standard 
practice. Average must be 
volume weighted to account 
for different monthly 
volumes. 

CH4 Emission 
Factor for 
Combustion of 
Each Type of 
Biofuel / EF 
Biofuel i CH4 

kg CH4 

per GJ 
Estimated From Environment 

Canada reference 
documents. 

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

N20 Emission 
Factor for 
Combustion of 
Each Type of 
Biofuel / EF 

kg N2O 
per GJ 

Estimated From Environment 
Canada reference 
documents. 

Annual Reference values adjusted 
annually as part of 
Environment Canada 
reporting on Canada's 
emissions inventory. 
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

Biofuel i N2O 

GWPCH4 

Methane Global 
Warming 
Potential 

Unit less Estimated Provided in Handbook 
of Emissions Factors 

N/A Must use most current factors 
published by ESRD. 

GWPN2O 

Nitrous Oxide 
Global Warming 
Potential 

Unit less Estimated Provided in Handbook 
of Emissions Factors 

N/A Must use most current factors 
published by ESRD. 

P26 - Chemicals 
Production  
 
P27 - Chemicals 
Transportation 

Emissions Chemicals Production & Transportation =  Vol. Biofuel * HHV Biofuel * EF Chemicals Production 

Emissions 
Chemicals Production & 

Transportation 

kg CO2e 
 

N/A N/A N/A Quantity being calculated in 
aggregate form as fuel and 
electricity use is likely 
aggregated for each of these 
SS’s. 

Total Volume of 
Biofuel Sold into 
the Alberta 
Market under 
the RFS  / Vol. 
Biofuel 

L Measured Direct metering of the 
volume of biofuel 
exported from the 
production facility for 
sale into the Alberta 
market.  

Continuous 
metering or 

monthly 
reconciliation 

Frequency of metering is 
highest level possible. 
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

Volume-
weighted 
Average Biofuel 
Energy Content 
(Higher Heating 
Value) / HHV 

Biofuel 

GJ / L Measured Direct Measurement 
from Produced Biofuel 

Monthly Measuring energy content of 
produced biofuel is standard 
practice. Average must be 
volume weighted to account 
for different monthly 
volumes. 

Emission Factor 
for Chemicals 
Production /  
EF Chemicals 

Production  

kg CO2e 
/ GJ of 
Biofuel 

Estimated Emission Factors are 
sourced from GHGenius 
for the crop types most 
commonly grown for 
biofuel production in 
Canada. These factors 
are contained within 
Appendix A.    

Protocol 
Revision 

GHGenius is updated 
regularly to accommodate 
different feedstock, process 
configurations, new biofuel 
production pathways and to 
reflect best practice guidance 
on the science of lifecycle 
analysis. 

P18 - Residue 
Decomposition 
and Methane 
Collection/  
Destruction 

Emissions Residue decomposition and Methane Collection/Destruction= WtResidue * Q * GWPCH4 

Emissions Residue 

decomposition and 

Methane 

Collection/Destruction 

Tonne 
CO2e 

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

WtResidue 

Residue weight  

Tonne 
Residue 

Measured Scale used for each 
truck load delivered to 
the disposal facility or 
per-load estimate 

Per load Measurement is more 
accurate than estimation and 
must be used when available. 

Q 

Amount of 
Methane 
Emitted from 
Landfill 

Tonne 
CH4/ 

Tonnes  
Residue 

Calculated Provided in Handbook 
of Emissions Factors 

N/A Must use most recent 
methodology published by 
ESRD. 
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Project / 
Baseline 
Source/Sink 

Parameter / 
Variable 

Unit 
Measured / 
Estimated 

Method Frequency 
Justify measurement or 
estimation and frequency 

GWPCH4 

Methane Global 
Warming 
Potential 

Tonne 
CO2e/ 
Tonne 
CH4 

Estimated Provided in Handbook 
of Emissions Factors 

N/A Must use most current factors 
published by ESRD. 
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4.2 Quantification Procedures for Flexibility Mechanisms 

 
Table 7: Quantification Methodology for Flexibility Mechanisms 

Baseline 

Source/Sink Parameter/ 
Variable 

Unit Measured/ 
Estimated 

Method Frequency Justify Measurement or 
Estimation and Frequency 

B13 - Disposal 
of Other 
Feedstock 

 

B13 Flexibility Option : CH4 from Anaerobic Decomposition in Landfill 

Emissions Disposal of Feedstock= WtResidue * Q * GWPCH4 

Emissions Disposal 

of Feedstock 
Tonne 
CO2e 

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

WtFeedstock 

Feedstock 
weight  

Tonne 
Feedstock 

Measured Scale used for each truck 
load delivered to the 
disposal facility or per-load 
estimate 

Per load Measurement is more accurate 
than estimation and must be 
used when available. 

Q 

Amount of 
Methane 
Emitted from 
Landfill 

Tonne 
CH4/ 

Tonne  
Feedstock 

Calculated Provided in Handbook of 
Emissions Factors 

N/A Must use most recent 
methodology published by 
ESRD. 

GWPCH4 

Methane Global 
Warming 
Potential 

Tonne 
CO2e/ 
Tonne 
CH4 

Estimated Provided in Handbook of 
Emissions Factors 

N/A Must use most current factors 
published by ESRD. 

P5 - Feedstock 
Transportation  
 
P10 - 
Processed 
Feedstock 
Transportation 

P5/P10 Flexibility Option: Site-specific Transportation Emission Quantification 

Emissions Feedstock & Processed Feedstock Transportation=(V Biofuel * RTruck * EF Feedstock Transportation by Truck + V Biofuel * RRail* EFFeedstock 

Transportation by Rail)*HHVBiofuel 

 
Emissions 
Feedstock & Processed 

Feedstock 

Transportation 

kg CO2e N/A N/A  N/A Quantity being calculated. 
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Baseline 

Source/Sink Parameter/ 
Variable 

Unit Measured/ 
Estimated 

Method Frequency Justify Measurement or 
Estimation and Frequency 

Total Volume 
of Biofuel Sold 
into the Alberta 
Market under 
the RFS  / Vol. 
Biofuel 

L Measured Direct metering of the 
volume of biofuel exported 
from the production facility 
for sale into the Alberta 
market.  

Continuous 
metering or 

monthly 
reconciliatio

n 

Frequency of metering is 
highest level possible. 

Percentage of  
feedstock that 
is sourced by 
Truck / R Truck 

% Measured Calculated based on 
volumes of feedstock 
received by biofuels 
production facility 

Annual Calculation is based on actual 
measurements of volume. 

Percentage of 
feedstock that 
is sourced by 
Rail / RRail 

% Measured Calculated based on 
volumes of feedstock 
received by biofuels 
production facility 

Annual Calculation is based on actual 
measurements of volume. 

Volume-
weighted 
Average Biofuel 
Energy Content 
(Higher 
Heating Value) 
/ HHV Biofuel 

GJ / L Measured Direct Measurement from 
Produced Biofuel. 

Monthly Measuring energy content of 
produced biofuel is standard 
practice. Average must be 
volume weighted to account for 
different monthly volumes. 

October 2014   Quantification Protocol for Biofuel Production and Usage 
© 2014 Government of Alberta 

Page 54 of 66 

 



Quantification Protocol for Biofuel Production and Usage 
ESRD, Climate Change, 2014, No. 2  

 
Baseline 

Source/Sink Parameter/ 
Variable 

Unit Measured/ 
Estimated 

Method Frequency Justify Measurement or 
Estimation and Frequency 

Emission Factor 
for Feedstock 
Transportation 
/ EF Feedstock 

Transportation by Truck 

/ EF Feedstock 

Transportation by Rail  

kg CO2e / 
GJ of 

Biofuel 

Estimated Emission Factors were 
developed in GHGenius 
based on aggregated 
emissions from the 
transportation of feedstock 
to the processing facility 
and from the processing 
facility to the biofuel 
production facility, and are 
a function of distance and 
feedstock density.  These 
emission factors are listed 
in Appendix A. 

Protocol 
Revision 

GHGenius is updated regularly 
to reflect different feedstock, 
process configurations, new 
biofuel production pathways 
and other best practice 
guidance for the science of 
lifecycle analysis. 
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5.0 Documentation 

Documentation in the form of documents and records is a key element to 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/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 documentation 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 (easily searched); 
• Orderly; 
• Retained for 7 years after the project crediting period; 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 records and any 
additional records needed 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 conducted for the project. 

Requirements can be found in Technical Guidance for Greenhouse Gas Verification at Reasonable 
Level of Assurance. 

As a minimum, the project shall provide: 

• The name, contact information and legal location of the project developer; 
• The name and contact information of the consultant(s); 
• The year the project was initiated; and  
• Proof of ownership or right to transact the offset credits generated from 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 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 version.  The offset project document should 
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include a list of records that will be available to demonstrate to verifiers and auditors that offset 
criteria have been met. The offset project documents should also indicate how the records will 
be managed (i.e. retention, storage and access)   

Project documents are required to prove eligibility, baseline eligibility and project quantification. 
Documents include but are not limited to the project plan, procedures, specifications, drawings, 
regulations, standards, guidelines etc. Documents may occasionally change or be updated and 
project developers must use the most current versions. 

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 6. 

Table 8: Examples of Documents Required to Meet Offset Criteria 
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 doesn’t 
happen.  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. 

Offset Project Plan The name, contact information and legal location of the project 
developer; The name and contact information of the consultant(s); 
The year the project was initiated; and Proof of ownership or right to 
transact the offset credits generated from the project. 
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5.2 Records 
Records are required to prove completion of the project as planned.  Records include but are not 
limited to invoices, contracts, metered results, maintenance logs, calculations, databases, 
photographs, calibration records etc. 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, the individuals 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 

Table 9: Record Requirements 
Record Requirement Examples of Records  

Project in Alberta Evidence that the project has occurred in Alberta 

Project since 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. For 
computer control system data a description of the date, vehicle 
identifier and engine identification number.  

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.  

Proof of purchase or 
modification date for project 
vehicle 

Dated commercial transaction records and description of 
modification or purchase requirements. 

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. 
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Record Requirement Examples of Records  

Level of service Distance travelled as indicated by operations/maintenance logs, 
onboard computer and or GPS tracking data, equipment capacity, 
hauling records, weigh scale tickets, passenger capacity etc. 

Energy consumed Amount of energy in freight modification and handling, meter 
consumption, invoices, onboard computer data.   

Fuel consumed Fuel consumed in transportation, meter consumption, computer 
data, fuel invoices.   

 

For projects seeking landfill diversion methane avoidance credits, the location and characteristics 
of the disposal site in the baseline condition must be known, in such a way as to allow 
estimation of its methane emissions. 

The project developer must provide records from the waste management facility(s) or 
supplier(s) or a combination of both, depending on where the waste is sourced from, that clearly 
support the long-term disposal of the feedstock to landfill, including: 

• Proof that the project-specific waste stream was received at a waste management facility 
with an EPEA registration or approval; 

• The type of waste disposed; 
• The quantity of waste disposed by weight; and 
• Records showing how the waste was treated or disposed of at the waste management 

facility. 
 

Information provided may be sourced from specific records of disposal to landfill, including: 

• Waste management facility registration/approval numbers and sufficient records to 
support that waste handling is accordance with the waste management facility’s 
registration or approval. 

• Weigh scale receipts/invoices/tracking records or equivalent that identify: 
o Date of disposal; 
o Source of the waste material; 
o Waste material type and description; and 
o Waste material weight;  

• Proof of disposal in landfill versus other use: 
• Records showing how the waste was treated/disposed of at the waste management 

facility (load screening, on-site receiving area records, how/where disposed of on site, 
recycling and reuse records); 

• Weight and type of material removed or diverted to other disposal paths or uses including 
the quantities combusted for energy; 

• Quantities used in the production of other products; and 
• Quantities disposed to aerobic treatment processes, where the various uses shall be 

analyzed and quantified to show what percentage of waste would have remained in the 
landfill. 
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Record Keeping Requirements 

• Raw baseline period energy, fuel use and fuel production data, independent variable 
data, and static factors within the measurement boundary; 

• A record of all adjustments made to raw baseline data with justifications; 
• All analysis of baseline data used to create mathematical model(s); 
• All data and analysis used to support estimates and factors used for quantification; 
• Expected end of life date of equipment removed or renovated under the project; 
• Common practices relating to possible GHG reduction scenarios discussed in this protocol 

(such as manure management practices); 
• Metering equipment specifications (model number, serial number, manufacturer’s 

calibration procedures); 
• A record of changes in static factors along with all calculations for non-routine 

adjustments; 
• All calculations of GHG emissions/reductions and emission factors; 
• Measurement equipment maintenance activity logs; 
• Measurement equipment calibration records; and 
• Initial and annual verification records and audit results. 

 

Required Records 

The required records are as follows: 

Eligibility of biofuel produced for the Renewable Fuels Standard Regulation: 

• The data being managed is the eligibility of the biofuel for use in the Renewable Fuels 
Standard Regulation; and 

• Validation reference numbers under the Renewable Fuels Standard Regulation must be 
available to prove eligibility. 

Source location of biofuel feedstock: 

• The data being managed is the source location of the biofuel feedstock; and 
• Source location must be supported by feedstock invoices. 

 
Quantity and energy content of biofuel exported from the facility and placed into Alberta’s 
market for consumption: 

• The data being managed is the volume and the Higher Heating Value of the biofuel 
produced from the facility; 

• These variables may be quantified by direct in-line metering or based on invoices of 
volumes sold; 

• The volume of biofuel placed into the market in Alberta must be confirmed by the 
Compliance Reports submitted by the Fuel Supplier or Approved Contributor for the 
Renewable Fuels Standard Regulation; 

• These Compliance Reports list the Validation Reference Numbers for each biofuel 
shipment, which can be traced back to the biofuel production facility (the project 
proponent); and  
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• The project developer is responsible for maintaining biofuel sales invoices or bills of 

lading for the quantity of biofuel claimed to be sold to the Fuel Supplier or Approved 
Contributor. 
 

Volume of fossil fuels consumed: 

• The data being managed is the volume of each type of fossil fuel consumed for biofuel 
production, electricity generation, heat/power generation and facility operation;  

• Volumes consumed may be determined by direct metering or reconciliation of volumes 
purchased and the project developer is responsible for maintaining the monitoring 
equipment or retention of receipts for volumes purchased; and 

• If applicable, metering frequency, meter accuracy and calibration details must be 
recorded by the project developer.   
 

Mass or volume of crop-based feedstock material or other types of feedstock processed: 

• The data being managed is the mass or volume of crop-based and other types of 
feedstock processed at the biofuel production facility. Note that this volume or mass will 
be equal to the volume or mass of feedstock produced, transported to the processing 
facility, processed, and transported to the biofuel production facility; 

• This data point is measured by the biofuels facility operator using a scale or from records 
of the mass of biomass feedstock recorded on supplier invoices. The project developer is 
responsible for maintaining the scale or retaining records; and    

• If a scale is used, the measuring device must be certified under Industry Canada / 
Measurement Canada’s Weights and Measures Act, with third-party calibration, retention 
of all records by the project developer and reporting being conducted following the 
requirements of the Act.  
 

Mass of residue material sent for disposal in landfill: 

• This data point is measured by the biofuels facility operator using a scale or from records 
of the mass of residue sent to landfill recorded on invoices. The project developer is 
responsible for maintaining the scale or retaining records; and 

• If a scale is used, the measuring device must be certified under Industry Canada / 
Measurement Canada’s Weights and Measures Act, with third-party calibration, retention 
of all records by the project developer and reporting being conducted following the 
requirements of the Act. 
 

Quantity of thermal energy purchased and electricity consumed: 

• The data being managed is the quantity of thermal energy and the quantity of electricity 
consumed for facility operation and biofuel production;  

• This data point is measured by direct in-line metering or based on monthly invoices from 
the supplier/utility company; 

• The project developer is responsible for metering or retaining invoices of quantities 
consumed; and  
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• If applicable, metering frequency, meter accuracy and calibration details must be 

recorded by the facility/project developer. If determined from lab sampling, retention of 
all records by the project developer is required. 
 

Generation of heat and power exported from the project site: 

• The data being managed is the net heat load exported from the project site (i.e., the 
difference between the heat load produced and the heat load consumed on site); 

• This variable may be quantified using a steam meter or similar device, with monthly 
reconciliation of quantities imported and/or exported. If this information if not available 
typical heat loads in the project condition based on quantity of fuel consumed and typical 
net calorific value of fuel used (NCV) and average conversion efficiency may be used as a 
contingency; 

• Metering of the net heat load exported from the project site must occur downstream of 
any storage system at the point where the thermal energy is sold/delivered to end users 
to account for on-site losses; 

• Metered quantities must be reported to and/or metered by the utility operator or an 
independent third party to ensure verifiability;  

• The meter operator (i.e., project developer or utility operator) is responsible for 
maintaining metering equipment. Any meter calibration will be performed by a qualified 
party, such as a utility owner/operator, to ensure billing accuracy; and 

• If there are any discrepancies between the project developer’s records and those of the 
third party, those collected by or reported to the third party will be taken as correct.  

 
For all metered data the following also applies (unless otherwise indicated): 

• Meter calibration must be performed at a minimum, the frequency outlined in the 
manufacturer’s instructions for the equipment; and 

• If during calibration the meter is found to be inaccurate, all data captured since the last 
successful test or calibration must be compared against a previous data set if conditions 
are similar or must be captured again if a similar data set is not available for comparison. 
 

Other Procedures 

The project developer must establish and apply data quality management practices that meet all 
requirements of the Alberta Offset System. 

 

5.3 Monitoring Plan 
 

Attestations are not considered sufficient proof that an activity took place and do not 
meet verification requirements. 

 
A monitoring plan is to be established for all monitoring and reporting activities associated with 
the project.  The monitoring plan will serve as a basis for verifiers and confirm that the 
monitoring and reporting requirements have been and will continue to be met, and that 
consistent, rigorous monitoring and record keeping is ongoing at the project site. The monitoring 
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plan must cover all aspects of monitoring and reporting contained in this protocol and must 
specify how data for all relevant parameters listed above will be collected and recorded. 

At a minimum the monitoring plan shall stipulate: 

• The frequency of data acquisition;  
• A record keeping plan;  
• The frequency of instrument calibration activities; and  
• The role of individuals performing each specific monitoring activity.   
 

The monitoring plan must include QA/QC provisions to ensure that data acquisition is carried out 
consistently and with precision. 

The monitoring plan must include detailed monitoring procedures that the project developer will 
follow to demonstrate that project biofuel management practices constantly comply with the 
requirements.  

Project developers are responsible for monitoring the performance of the project and ensuring 
that the operation of all project-related equipment is consistent with the manufacturer’s 
recommendations. 

5.4 Quality Assurance/Quality Control 
Quality Assurance/Quality Control can also be applied to add confidence that all measurements 
and calculations have been made correctly. This includes, but is not limited to: 

• Ensuring that the changes to operational procedures (including feed intake etc.) continue 
to function as planned and achieve GHG reductions; 

• Ensuring that the measurement and calculation system and GHG reduction reporting 
remains in place and accurate; 

• Checking the validity of all data before it is processed, including emission factors, static 
factors and acquired data; 

• Performing recalculations of quantification procedures to reduce the possibility of 
mathematical errors; 

• Storing the data in its raw form so it can be retrieved for verification; 
• Protecting records of data and documentation by keeping both a hard and soft copy of all 

documents; 
• Recording and explaining any adjustment made to raw data in the associated report and 

files; and 
• A contingency plan for potential data loss. 

 

5.5 Liability 
Offset projects must be implemented according to the approved protocol and in accordance with 
government regulations. Alberta Environment and Sustainable Resource Development (ESRD) 
reserves the right to audit Offset Credits and associated projects submitted to ESRD for 
compliance under the Specified Gas Emitters Regulation and may request corrections based on 
audit findings. 
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APPENDIX A: Relevant Emission Factors 
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Table A1: Fertilizer/Pesticide Production and Transportation Emission Factors  
 Emission Factors (kg CO2e per tonne of feedstock) 

Corn (Manitoba) 48.6 
Corn (US Midwest) 70.6 
Wheat  87.6 
Barley 103 
Canola 162 
Soybean (Manitoba) 45.3 
Soybean (US Midwest) 43.2 
 
 
Table A2: Feedstock Production and Processing Emission Factors (including direct land use change) 

 Emission Factors (kg CO2e per tonne of feedstock) 

Corn (Manitoba) 150 
Corn (US Midwest) 243 
Wheat 166 
Barley 173 
Canola 367 
Soybean (Manitoba) 219 
Soybean (US Midwest) 408 
 
 
Table A3: Feedstock Transportation Emission Factors 

 Emission Factors (kg CO2e per tonne of feedstock) 

Local Feedstock Transportation  84.7 
Non-local Feedstock Transportation 39.9 

Flexibility Mechanism:  

Transport by Truck (per 100 km) 14.1 
Transport by Rail (per 100 km) 1.99 
 
 
Table A4: Chemicals Production Emission Factors 

 Emission Factors (kg CO2e per GJ of biofuel) 

Corn 6.47 
Wheat 6.30 
Barley 4.42 
Canola 8.02 
Soybean 17.4 
Tallow 48.0 
Animal Yellow Grease 4.46 
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Table A5: Biofuel Distribution and Dispensing Emission Factors 

 Emission Factors (kg CO2e per GJ of biofuel) 

Ethanol  3.76 
Biodiesel 2.80 
 
 
Table A6: Lifecycle Emission Factors for Conventional Fuels (includes extraction, processing, 
transportation, and use) 

 Emission Factors (kg CO2e per GJ) 

Gasoline 91.559 
Diesel 94.694 
 
 
Table A7: Co-Product Emission Factors 

 Emission Factors (kg CO2e per GJ) 

Ethanol 16.997 
Biodiesel 16.464 
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