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1.0 Project and Methodology Scope and Description 
 
This quantification protocol is written for those familiar with the production of cement and 
use of fly ash, a coal combustion product recovered from air pollution control devices at 
coal power plants or other coal combustion facilities, as a substitute for cement products 
(e.g. Portland Cement) used to produce concrete and other cement based products. 
 
The opportunity for generating carbon offsets with this protocol arises from the avoidance 
of process emissions associated with the production of cement clinker from carbonate 
materials such as limestone and from the avoidance of fossil fuel combustion normally 
required to process raw materials and to operate cement kilns during the production of 
clinker and blended cement products. The baseline practice would be the production of an 
equivalent quantity of cement clinker at the average GHG emissions intensity of cement 
production plants operating in Alberta to match the quantity of fly ash used at mixing sites 
in the project condition.  The baseline emissions would be defined based on the GHG 
emissions intensity of cement production in Alberta, which is expressed as the combined 
GHG emissions from fossil fuel combustion and from process (CO2) emissions per unit of 
clinker produced at all cement production plants in the province. Therefore the GHG 
savings are quantified on the basis of the tonnes of cement displaced by the use of fly ash. 
 

1.1 Protocol Scope and Description 
 
This protocol is applicable to projects that involve the mixing of fly ash with other cement 
products to decrease the quantity of cement required in concrete applications and therefore 
reduce GHG emissions associated with the production of cement products from raw 
materials.  GHG emissions from cement production are primarily process CO2 emissions 
that occur during the calcination of carbonate materials as well as emissions from the 
consumption of fossil fuels to provide heat and power for the operation of cement kilns and 
other material processing equipment.   
 
In the project condition the fly ash may enter the cement product supply chain at a variety 
of points, which may include transportation to cement production plants, product mixing 
facilities, intermediate distribution centres or transported directly to the site of concrete 
application.  The fly ash may ultimately be used in many different applications as a cement 
replacement and therefore the quantification of GHG emissions is focussed on the tonnes 
of cement product displaced by fly ash.  
 
This protocol is NOT applicable to fly ash that is directly used at cement production plants 
subject to the Alberta Specified Gas Emitters Regulation or other applicable provincial or 
federal climate change regulations, where the GHG intensity (tonnes of CO2 equivalent 
from direct emissions per unit of cement product output from the plant) of the cement 
production plant is calculated on an intensity basis that includes the tonnes of fly ash used 
in the denominator. The project proponent would be responsible for tracking fly ash 
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distribution to ensure that fly ash used at regulated cement plants is not included, to avoid 
double counting of GHG emission reductions. 
Recognizing that there may be many different uses of fly ash which may have relatively 
complicated supply chains, the protocol is generic in nature to account for possible 
distribution and mixing facilities included in the project boundary, as illustrated in 
FIGURE 1.1.  The project boundary is built around the fly ash distribution chain as the 
cement production processes will not be impacted by the project activity, although these 
processes constitute most of the upstream sources GHG emissions displaced by the project 
activity.  It is therefore up to the project proponent to define their specific fly ash 
supply/distribution chain to fully account for all incremental GHG emissions associated 
with the distribution and mixing of fly ash.  
 
The scope of the protocol does not fully account for GHG emissions associated with raw 
material processing or other activities in the baseline that occur upstream of cement 
production plants (ie at quarries), which represents a conservative approach to 
quantification.  The project proponent may choose to add in additional sources and sinks 
related to upstream material processing and transportation provided that they can justify the 
selection of appropriate emission factors under the protocol flexibility mechanisms.   
 
FIGURE 1.1 offers a process flow diagram for a typical project. 
  
Protocol Approach 
 
The protocol quantification approach is based on the tonnes of fly ash sold/mixed that 
results in the substitution of cement in concrete applications. The baseline approach utilizes 
aggregated GHG emission intensity data from cement production facilities in Alberta to 
determine the baseline emissions that would have occurred had fly ash not been used as a 
substitute for cement and continued to be an underutilized coal combustion product (e.g. 
disposed of in landfill).   
 
To demonstrate that a project is covered by the scope of the protocol, the project developer 
must demonstrate that the implementation of a marketing/ distribution system for fly ash has 
resulted in the beneficial use of fly ash in place of conventional cement products and that the 
fly ash would normally have been managed differently (i.e. landfilled).  As evidence, the 
project developer must provide historical records of fly ash sales and/or utilization/mixing to 
demonstrate that this baseline condition, illustrated in  
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ash diverted to productive use as a cement substitute has increased relative to a baseline 
period from 1999 to 2001, which is consistent with the Alberta Offset System eligibility 
criteria requiring offset project start dates to be after January 1, 2002.   
 
The process flow diagrams for the project and baseline scenarios were simplified in 
FIGURE 1.3 and FIGURE 1.4, respectively, by aggregating the activities that would occur 
at cement production plants under a single SS to be consistent with the expected format of 
the data related to fuel consumption and process emissions in the baseline scenario.   

FIGURE 1.2, was either the previous practice or most likely practice based on conventional 
industry practices.  Further, they must show that under the project activity the tonnes of fly 
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FIGURE 1.2: Process Flow Diagram for Baseline Condition 
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FIGURE 1.3: Simplified Process Flow Diagram for Project Condition 
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FIGURE 1.4: Simplified Process Flow Diagram for Baseline Condition 
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Protocol Applicability 
To demonstrate that a project meets the requirements under this protocol, the project 
developer must provide evidence that:  
 

1. The project proponent must define a project specific baseline based on historical fly 
ash usage or sales during the years 1999-2001.  The baseline can be defined as the 3 
year average of fly ash tonnes sold/mixed or as the highest value during that period 
if less than 3 years worth of data are available. Fly ash usage or sales prior to 
January 1, 2002, would not be considered eligible under the Alberta Offset System 
and therefore only the incremental quantity of fly ash sold and used in the project 
condition would be considered eligible for offset crediting;  

2. Project proponents should reasonably track the distribution of fly ash up to the point 
where the fly ash is directly added to concrete as a substitute for other cement 
products to demonstrate that the fly ash is actually displacing cement products and 
is being mixed at non-regulated facilities.  Any fly ash distributed and blended at 
cement production plants subject to the Alberta Specified Gas Emitters Regulation 
(or other relevant provincial/federal climate change regulation) and included in the 
intensity calculation for that facility is ineligible for offsets.  The GHG intensity of 
cement production plants is expressed as the tonnes of greenhouse gas emissions 
per unit of product output.  The product output would include clinker, blended 
cement, and/or additives to improve the properties of concrete.  Fly ash included in 
the total production from the cement plants (Large Final Emitter Sites) would be 
ineligible to generate offsets because the overall GHG intensity for the cement 
production plant would be decreased by having a larger value for the total facility 
output.   Project proponents must exercise reasonable diligence to ensure that the 
double counting of GHG emission reductions from fly ash mixing is avoided.  If fly 
ash is handled at a regulated facility but not included in the baseline, records must 
be available to verify this; 

3. The quantification of reductions achieved by the project is based on actual 
measurement and monitoring (except where indicated in this protocol) as indicated 
by the proper application of this protocol; and, 

4. The project must meet the requirements for offset eligibility as specified in the 
applicable regulation and guidance documents for the Alberta Offset System.  [Of 
particular note: 

a. [The date of equipment installation, operating parameter changes or process 
reconfiguration are initiated or have effect on the project on or after January 
1, 2002 as indicated by facility records;] 

b. [The project may generate emission reduction offsets for a period of 8 years 
unless an extension is granted by Alberta Environment, as indicated by 
facility and offset system records. Additional credit duration periods require 
a reassessment of the baseline condition; and,] 

c. [Ownership of the emission reduction offsets must be established as 
indicated by facility records.] 
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Protocol Flexibility 
Flexibility in applying the quantification protocol is provided to project developers in three 
ways: 
 

1. The project proponent may choose to develop a baseline GHG emissions intensity 
factor for cement production using project specific fuel consumption and process 
emissions data from one or more cement production plants in place of the 
aggregated values provided in this protocol.  The development of the baseline GHG 
intensity should follow Good Practice Guidance from Alberta Environment and 
account for all direct GHG emissions at the facility per unit of cement product 
output from the plant consistent with the quantification approaches outlined in the 
Alberta SGER Technical Guidance Document for Baseline Emission Intensity 
Applications.  There exists a wide range of other good practice guidance related to 
the quantification of GHG emissions from cement production including, but not 
limited to, the World Resources Institute (WRI) and World Business Council for 
Sustainable Development (WBCSD) GHG Protocol Initiative, California Climate 
Action Registry (CCAR) Cement Reporting Protocol and the Clean Development 
Mechanism (CDM) Methodology ACM0005.  Refer to Appendix A for the detailed 
quantification approach for this flexibility mechanism; 

2. Site specific emission factors may be substituted for the generic emission factors 
indicated in this protocol document. Some cement plants may employ Continuous 
Emissions Monitoring Systems (CEMS) or conduct frequent fuel analyses (energy 
content and carbon content) which can effectively be used to determine site-specific 
emission factors that may be more appropriate than the default emission factors in 
this protocol. The methodology for generation of these emission factors must ensure 
accuracy; and be robust enough to provide uncertainty ranges in the factors; 

3. Measurement and data management procedures may be modified by the project 
developer to account for the available equipment as long as the specified minimum 
standards for data quantity, frequency and quality are met.  Where these standards 
cannot be met, the project developer must justify why the method used represents a 
reasonable deviation to the protocol methodology provided. 

 
The project proponent will have to justify their approach in detail to apply any of these 
flexibility mechanisms. 
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1.2 Glossary of New Terms 
 
Functional Equivalence The Project and the Baseline should provide the same 

function and quality of products or services. This type 
of comparison requires a common metric or unit of 
measurement (such as the mass of cement product 
produced or blended) for comparison between the 
Project and Baseline activity.   

 
Fly Ash:  Fly ash is generated during the combustion of ground 

or powdered coal at power generation facilities and is 
collected from the exhaust gas stream.  Fly ash is 
generally finer than cement and is pozzolanic in 
nature, which means it exhibits cementitious 
properties.  It consists mostly of silicon dioxide, 
aluminium oxide, calcium oxide, and iron oxide.  
CSA A3001 identifies three types of fly ash on the 
basis of calcium content.  Two of these types are 
produced in Canada, Type F (<8% CaO) and Type CI 
(8 – 20% CaO).  A maximum of 5% SO3 for all types 
is permitted for use in cement. 

 
Clinker:  Raw materials including minerals containing calcium 

oxide, silicon oxide, aluminium oxide, ferric oxide, 
and magnesium oxide are mined and mixed to the 
proper proportions.  This mixture is fed by either wet 
or dry process into large, heated kilns to drive off 
unwanted elements.  The remaining materials are 
called clinker. 

 
Cement Plant:  A facility that produces clinker and blended cement 

products. The main components of a cement plant are 
a high temperature kiln used to remove CO2 from 
carbonate materials to produce clinker and a mill used 
to grind materials to the appropriate size.  

 
Cement:  Cement is used as an ingredient in concrete, mortar, 

stucco, and grout.  The most common type of cement 
used is called Portland cement, which is made from 
clay, limestone, sand, and iron.  Portland cement does 
not contain any supplementary cementing materials. 
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Blended Cement Blended cement is cement that contains 
supplementary cementing materials such as fly ash, 
blast furnace slag, and silica fume. 
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2.0 Quantification Development and Justification 
 
The following sections outline the quantification development and justification. 
 

2.1 Identification of Sources and Sinks (SS’s) for the Project 
 
SS’s were identified for the project by reviewing the relevant process flow diagrams, 
consulting with stakeholders (i.e. project proponents) and reviewing good practise guidance 
and other relevant greenhouse gas quantification protocols.  This iterative process 
confirmed that the SS’s in the process flow diagrams covered the full scope of eligible 
project activities under the protocol. 
 
Based on the process flow diagrams provided in FIGURE 1.1 and  
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FIGURE 1.2, the project SS’s were organized into life cycle categories in FIGURE 2.1.  
Descripti each e SS’s and their classification as controlled, related or affected 
are prov . 
 

 

ons of 
ed in TABLE 2.1

of th
id
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FIGURE 2.1: Project Element Life Cycle Chart 
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TABLE 2.1: Project SS’s 

1. SS 
3. Controlled, 
Re
Affected 

2. Description lated or 

Upstream SS’s during Project Operation 

P1 Fuel Extraction / 
Processing 

 
Related 

Each of the fuels used throughout the project will need to be sourced and processed.  This will allow for the 
calculation of the greenhouse gas emissions from the various processes involved in the production, refinement
and storage of the fuels. The total volumes of fuel for each of the on-site SS’s are aggregated under this SS to 
account for GHG emissions associated with their extraction and processing at upstream oil and gas facilities.  
Volumes and types of fuels are the important characteristics to be tracked. 

P2 Fuel Delivery 

Each of the fuels used throughout the on-site component of the project will need to be transported to the site.  
This may include shipments by tanker or by pipeline, resulting in the emissions of greenhouse gases. Distance 
and means of fuel delivery as well as the volumes of fuel delivered are the important characteristics to be 
tracked. 

Related 

P3 Production of 
Additives  the calculation of the greenhouse gas emissions from the various processes involved in the production Related 

The additives used in the cement production process of the project will need to be produced off-site.  This will 
allow for
of additives.  Volumes and types of additives are the important characteristics to be tracked. 

P4 Additive Delivery f Related 
The additives used in the cement production process of the project will need to be transported to the site.  This 
may include shipment by truck or rail, resulting in the emissions of greenhouse gases.  Distance and means o
additive delivery as well as the tonnes of additives delivered are the important characteristics to be tracked. 

P5 Material Extraction / 
Processing cteristic Related 

The materials used in the cement production process of the project such as limestone and gypsum will need to 
be produced off-site.  This will allow for the calculation of the greenhouse gas emissions from the various 
processes involved in the production of materials.  The tonnes of each material are the important chara
to be tracked. 

P6 Material Delivery 
is 
 

. 

The materials used in the cement production process of the project will need to be transported to the site.  Th
may include shipment by truck or rail, resulting in the emissions of greenhouse gases.  Distance and means of
material delivery as well as the volumes of materials delivered are the important characteristics to be tracked

Related 

The fuels used at the cement plant to operate a variety of equipment to produce cement may require additional 
processing prior to combustion.  This is particularly true when alternative fuels such as biomass, refuse or tire 

wer 
es 

acteristics to be tracked. 

Related derived fuels are used. The processing of these fuels may require the operation of grinding equipment and 
dryers which would require additional energy inputs that may not be covered by the primary heat and po
generation systems at the cement plant, resulting in the emission of greenhouse gases.  The types and quantiti
of fossil fuels consumed are the important char

P7 to P9 and P11 to P13 
n Cement Plant Operatio

The generation of heat and/or power at the cement production plant site would be required to operate the mill 
and kiln as well as other cement production process.  The will require combustion of fossil fuels such as coal, 
petroleum coke, natural gas or alternative fuels, resulting in the emission of greenhouse gases. The quantities 
and (fossil) carbon contents of each type of fuel are the important quantities to track. 

Related 
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The cement plant may generate electricity on-site to provide power for the cement production processes a
will result in the combustion of various conventional and possibly alternative fuels, resulting in the emissio

nd 
n of 
o Related greenhouse gases. The type, quantity and (fossil) carbon content of each fuel should be tracked in addition t

the total MWh of electricity generated. 
The cement plant will require a variety of on-site material processing units such as a mill to grind the raw 
materials into the appropriate sizes.  This equipment may require the consumption of fossil fuels, resulting in 

 gas emissions. The type, quantities and (fossil) carbon cgreenhouse
for under th

ontents of all fuels not already accounted Related 

e SS for Heat and Power Generation should be accounted for here. 
The calcination of limestone and other carbonate materials to produce clinker involves heating the materials in 
a kiln at very high temperatures.  The chemical decomposition reaction (called calcination) results in the re
of CO2 for every unit of carbonate contained in the kiln feedstock (mainly limestone) based on the 

lease 

to be 

stoichiometry of the reaction.  These emissions from calcination are referred to as Industrial Process Emissions 
and they represent a major source of anthropogenic GHG emissions in the cement industry. Additionally the 
combustion of fossil fuel is required to operate the kiln.  The tonnes of clinker produced as well as the types, 
quantities and carbon contents of each fuel consumed to operate the kiln are the important characteristics 
tracked. 

Related 

Cement kiln dust (CKD) may be produced in appreciable quantities as a by-product from the kiln particulate 
matter control units (baghouses, electrostatic precipitators and cyclones).  The CKD may represent the
of GHG emissions if it isn’t recycled at the plant

 leakage 
 and blended into the final products. The industrial process 

e cement plant may be quantified based on the clinker output of facility (rather than the raw 

ack 

Related emissions from th
material composition and input to the facility) and therefore if large amounts of CKD are sent to disposal then 
the process emissions may be somewhat under estimated due to this discrepancy.  The important items to tr
are the total tonnes of CKD produced, the quantity recycled/blended and the tonnes sent for disposal. 

P10 Electricity 
Generation (off-site) 

ect. 

of electricity may be netted in terms of the power going to and from the grid. 
gram 

hey 

Related 

Electricity may be required for operating a variety of equipment at the cement production facility in the proj
The site may have on-site generation electricity, but may also source electricity from other generators or the 
local electricity grid. Metering 
This electricity would have been produced at an emissions intensity as deemed appropriate by the Pro
Authority.  Quantity and source of power are the important characteristics that may need to be tracked as t
directly relate to the quantity of greenhouse gas emissions. 

P14 Transportation of 
Cement 

The cement produced at the cement plant will need to be transported to the blending facility or directly to the 

Related end site where the concrete will be poured.  This may include shipment by truck or rail, resulting in the 
emission of greenhouse gases.  Distance and means of transportation as well as tonnes of cement transported 
are the important characteristics to be tracked. 

P15 Production of Fly 
Ash 

sses 
 inputs and therefore consume fossil fuels as part of those processes.  GHG emissions Related 

Fly ash is produced from the combustion of coal.  The facility that generates the fly ash (typically a coal fired 
power plant) would have the primary function of producing electricity and would have any number of proce
that would require energy
from coal fired electricity generation facilities are not included under the scope of this protocol as they are 
independent of the project activity (GHG emissions from fly ash blending/usage are not dependent on the 
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operations of the power generation facility) and are already subject to regulation under the Specified Gas 
Emitters Regulation. 

P16 Transportation of 
Ash to Distribution 

Fly 
s 

The fly ash produced off-site may need to be transported to the distribution facility before it is delivered to 
mixing facilities or to the end user in the project condition.  This may include shipment by truck or rail, 
resulting in the emission of greenhouse gases.  Distance and means of fly ash transportation as well as volume
of fly ash transported are the important characteristics to be tracked.  

Related 

Onsite SS’s during Project Operation 

P17 Distribution Facility 
Operation 

 
of greenhouse gases. Types and Controlled 

The operation of a distribution facility will require the consumption of fossil fuels to operate material handling
equipment such as dump trucks and loaders, resulting in the emission 
quantities of fuels should be tracked to establish functional equivalence between the project and baseline.  

P18 Transportation of Fly 
Ash to Mixing Facility ission of greenhouse gases.  Distance and means of 

ked. 
Controlled 

The fly ash may need to be transported from any distribution facilities to one or more blending facilities.  This 
may include shipment by truck or rail, resulting in the em
fly ash transportation as well as volumes of fly ash transported are the important characteristics to be trac

P19 Mixing Facility 
Operation  

portant to confirm if the project activity resulted in the addition of 
supplemental equipment in order to mix fly ash. 

Controlled 

The operations of the mixing facilities may require fossil fuels for material processing, mixing and for 
operation of other mobile equipment requiring diesel, gasoline or other fuels, resulting in the emission of 
greenhouse gases.  In the majority of cases the mixing of fly ash in the project is functionally equivalent to the
baseline.  That said, it would be im

Downstream SS’s during Project Operation 

P20 Transportation of 
Mixed  Product 

The blended product (fly ash and cement) will need to be transported from the blending facility to the final site 
using concrete. The transportation of this product will require the consumption of fossil fuels.  The distance 
should be evaluated to account for functional equivalence between the baseline and project condition. 

Related 

P21 Cement Usage 
The final blended product will be used for any number of used in the project condition.  All of the uses will 
result in greenhouse gas emissions, but are difficult to quantify due to the number and variety of end-uses and 
will be functionally equivalent. 

Related 

P22 Disposal of Fly Ash 
Not all fly ash is suitable for mixing in cement, thus fly ash disposal occurs in the project condition.  
Depending in the type of fly ash disposal method, there may be resulting greenhouse gas emissions.  The 
tonnes of fly ash disposed and type of disposal method are important characteristics to be tracked. 

Related 

Other 

P23 Development of Site 

Additional development may be required for the addition of a distribution facility in the project condition.  This 
could include civil infrastructure such as access to electricity, gas and water supply, as well as sewer etc.  This 
may also include clearing, grading, etc.  There will also need to be some construction of structures for the 
facility such as storage areas, offices, etc.  Greenhouse gas emissions would be primarily attributed to the use of 
fossil fuels and electricity used to power equipment required to develop the site such as graders, backhoes, 
trenching machines, etc. 

Related 

P24 Building Equipment Additional equipment may need to be built either on-site or off-site to accommodate the blending of fly ash at 
the blending facility.  These may be sourced as pre-made standard equipment or custom built to specification.  Related 
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he baseline condition for this protocol is defined as the GHG emissions from the 

ribution 
stem for fly ash that was previously underutilized. The baseline GHG emissions are 

ent production 
nd the historic level of fly ash 

tilization. 

 
developed using aggregated GHG emissions from fossil fuel consumption and industrial 
process emissions at all cement production plants in Alberta during 2003 to 2006. The total 
GHG emissions from these plants were divided by the total production output from the 
cement plants to arrive at a kg CO2e/tonne of product baseline emission intensity factor.  
The use of three years of historical GHG emissions data collected after the Alberta Offset 
System project eligibility start date of January 1, 2002 provides for reasonable certainty as 
to the actual GHG emissions avoided by projects initiated post 2002. The use of a static 
baseline emission factor was therefore reasonable at the time of protocol writing and 
practical given the challenges related to the transfer of potentially sensitive information 
between proponents in the cement industry and the project proponent(s) distributing and 
using the fly ash. However, it is expected that as additional Federal GHG regulations come 
into force in Canada in 2010, there will be opportunities to refine these baseline emission 
factors with more up to date data at that time.   
 
The baseline emissions from the production of a functionally equivalent quantity of cement 
are calculated based on the measured tonnes of fly ash mixed with cement in the project 
condition times the emissions intensity factor for cement production in Alberta. The 
baseline emissions are quantified on the basis that one tonne of fly ash displaces 0.88 
tonnes of blended cement product as per the October 2006 report titled Materials 
Technology Laboratory, Estimating GHG Savings from Use of Fly Ash (N. Bouzoubaa, A. 
Bilodeau, and B. Fournier).  This element of the baseline condition is dynamic in approach 
as the use of ex post fly ash data accounts for the market forces and other factors in the 
supply chain that may impact the quantity of cement displaced from year to year. 
 
In order to ensure that the project activity’s use of fly ash exceeds business as usual 
practices, the baseline scenario requires the project proponent to collect historic fly ash 
sales or usage data to establish the average tonnes of fly ash blended with cement products 
during the years 1999-2001. By quantifying a project-specific business as usual activity 
level in the baseline, only the incremental tonnes of fly ash blended in the project condition 
are credited for offsets.  
 

2.2 Identification of Baseline 
 
T
production of an equivalent mass of cement from raw materials that has been displaced by 
fly ash in the project condition due to the establishment of a marketing and dist
sy
quantified based on three main elements: the baseline GHG intensity of cem
in Alberta, the current (project) level of fly ash utilization a
u
 
The baseline condition uses a historic benchmark approach to account for the GHG 
emissions intensity of cement production in the baseline. Baseline emission factors were
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The use of measured fly ash tonnages and historical GHG emission intensities for cement 
production in Alberta provides reasonable certainty in the quantification of baseline 
emissio
 
The baseline condition is defined including the relevant SS’s and processes as shown in  

ns. 
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FIGURE 1.2.  More detail on each of these SS’s is provided in Section 2.3, below. 
 

2. dentif tion o S’s f  the selin
 
Based on the process flow diagrams provided in  

3 I ica f S or Ba e 
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FIGURE 1.2, the project SS’s were organized into life cycle categories in FIGURE 2.2.  
Descriptions of each of the SS’s and their classification as either ‘controlled’, ‘related’ or 
‘affected’ is provided in TABLE 2.2. 
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FIGURE 2.2: Baseline Element 
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TABLE 2.2: Baseline SS’s 
1. SS 3. Controlled, 

Related or Affected 2. Description 

Upstream SS’s during Baseline Operation 

B1 Fuel Extraction / Processing 

ions from the various processes involved 
 of the Related 

Each of the fuels used at the facility in the baseline will need to be sourced and processed.  This 
will allow for the calculation of the greenhouse gas emiss
in the production, refinement and storage of the fuels. The total volumes of fuel for each
on-site SS’s are aggregated under this SS to account for GHG emissions associated with their 
extraction and processing at upstream oil and gas facilities. Volumes and types of fuels are the 
important characteristics to be tracked. 

B2 Fuel Delivery gases. Related 

Each of the fuels used at the facility in the baseline will need to be transported to the site.  This 
may include shipments by tanker or by pipeline, resulting in the emissions of greenhouse 
Distance and means of fuel delivery as well as the volumes of fuel delivered are the important 
characteristics to be tracked. 

B3 Production of Additives 

ced 
lation of the greenhouse gas emissions from the various Related 

The additives used in the cement production process of the baseline will need to be produ
offsite.  This will allow for the calcu
processes involved in the production of additives.  Volumes and types of additives are the 
important characteristics to be tracked. 

B4 Additive Delivery Related 

The additives used in the cement production process of the baseline will need to be transported to 
the site.  This may include shipment by truck or rail, resulting in the emissions of greenhouse 
gases.  Distance and means of additive delivery as well as the volumes of additives delivered are 
the important characteristics to be tracked. 

B5 Material Extraction / Related Processing 

The materials used in the cement production process of the baseline (including limestone) will 
need to be produced offsite.  This will allow for the calculation of the greenhouse gas emissions 
from the various processes involved in the production of materials.  Volumes of materials are the 
important characteristics to be tracked. 

B6 Material Delivery Distance and 
means of material delivery as well as the volumes of materials delivered are the important 
characteristics to be tracked. 

Related 

Each of the materials used at the cement plant will need to be transported to the site.  This may 
include shipments by truck or rail, resulting in the emissions of greenhouse gases.  

B7 to B9 and B11 to B 13 
Cement Plant Operation 

The fuels used at the cement plant to operate a variety of equipment to produce cement may 
require additional processing prior to combustion.  This is particularly true when alternative fuels 
such as biomass, refuse or tire derived fuels are used. The processing of these fuels may require 
the operation of grinding equipment and dryers which would require additional energy inputs that 
may not be covered by the primary heat and power generation systems at the cement plant, 
resulting in the emission of greenhouse gases.  The types and quantities of fossil fuels consumed 
are the important characteristics to be tracked.   

Related 
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The generation of heat and/or power at the cement production plant site would be required to 
operate the mill and kiln as well as other cement production process.  This will require 
combustion of fossil fuels such as coal, petroleum coke, natural gas or alternative fuels, resultin
in the emission of greenhouse gases. The quantities and (fossil) carbon contents of each type of
fuel are the important quantities to track. 

d g 
 

Relate

The cement plant may generate electricity on-site to provide power for the cement production 
processes and will result in the combustion of various conventional and possibly alternative fue
resulting in the emission of greenhouse gases. The type, quantity and (fossil) carbon content of 
each fuel should be tracked in addition to the total MWh of electricity generated. 

d ls, Relate

The cement plant will require a variety of on-site material processing units such as a mill to gri
the raw materials into the appropriate sizes.  This equipment may require the consumption of 
fossil fuels, resulting in greenhouse gas emissions. The type, quantities and (fossil) carbon 
contents of all fuels not already accounted for under the SS for Heat and Power Generation sho
be accounted for here. 

d 

nd 

uld 
Relate

The calcination of limestone and other carbonate materials to produce clinker involves heating t
materials in a kiln at very high temperatures.  The chemical decomposition reaction (called 
calcination) results in the release of CO2 for every unit of carbonate contained in the kiln 
feedstock (mainly limestone) based on the stoichiometry of the reaction.  These emissions from
calcination are referred to as Industrial Process Emissions and they represent a major source of 
anthropogenic GHG emissions in the cement industry. Additionally the combustion of fossil fu
is required to operate the kiln.  The tonnes of clinker produced as well as the types, quantities a
carbon contents of each fuel consumed to operate the kiln are the important characteristics to be
tracked. 

d 

he 

 

el 
nd 
 

Relate

Cement kiln dust (CKD) may be produced in appreciable quantities as a by-product from the ki
particulate matter control units (baghouses, electrostatic precipitators and cyclones).  The CKD 
may represent the leakage of GHG emissions if it isn’t recycled at the plant and blended into th
final products. The industrial process emissions from the cement plant may be quantified based 
the clinker output of facility (rather than the raw material composition and input to the facility) 
and therefore if large amounts of CKD are sent to disposal then the process emissions may be 
somewhat under estimated due to this discrepancy.  The important items to track are the total 
tonnes of CKD produced and the quantity recycled/blended. 

d 

ln 

e 
on Relate

B10 Electricity Generation (off-
site) 

Electricity may be required for operating a variety of equipment at the cement production facility 
in the baseline. The site may have on-site generation electricity, but may also source electricity 
from other generators or the local electricity grid. Metering of electricity may be netted in terms 
of the power going to and from the grid. This electricity would have been produced at an 
emissions intensity as deemed appropriate by the Program Authority.  Quantity and source of 
power are the important characteristics that may need to be tracked as they directly relate to the 
quantity of greenhouse gas emissions. 

d Relate
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B14 Transportation of Cement T
D

The cement produced at the cement plant will need to be transported to the mixing facility site.  
his may include shipment by truck or rail, resulting in the emission of greenhouse gases.  
istance and means of t  well as volumes of cement transported are the important 

ris c

Related ransportation as
ked. characte tics to be tra
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Site 

The mixing site may need to be developed under the baseline condition.  This could include civil 
ructure as access t ity, g
clude cl g, gradin re wi

acility s orage ar es, etc.
buted to f fossil  electri

site such as graders, backhoes, trenching ma

B21 Development of 

infrast
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B22 Building Equipment 

Equipment m eed to be er on-sit
components for the storage, handling and pr

e sour ade ip
emissions would be primarily attributed to th
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ay n built eith e or off-site.  This can include the baseline 
ocessing of the cement and mixing materials.  These 
ment or custom built to specification.  Greenhouse gas 
e use of fossil fuels and electricity used to power 
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equipm the ex of the raw

B23 Transportation of 
Equipment 

Equipment built off-site and the materials to
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 build equipment on-site will all need to be delivered 
 by truck, barge and/or rail.  Greenhouse gas 
e use of fossil fuels to power the equipment Related to th sportatio ay be com
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deliveri

uld be
equip
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e site. 

B24 Construction on Site 
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2.
 
Ea t r   conditions were compared and evaluated as 
to their relevancy using the guidance provided in Annex D of the “Guide for Protocol 
D e 0 Environment Canada).  The 
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TABLE 2.3: Comparison of SS’s 

1. Baseline Options 2. Baseline 
(C, R, A) 

2. Project 
(C, R, A) 

4. Include or 
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ser heExclude 

Ex
it i

clude
s con

re li
ude t

y low
m. 

he project cond efore 
vative to excl

P3 Production of Additives N/A Related Exclude 
B3 Production of Additives Related N/A 

d as these SS’s a ikel er in t ition and ther
ser  theExclude 

Ex
it i

clude
s con

re l
ude

y low
m. 

he project cond efore 
vative to excl

P4 Additive Delivery N/A Related Exclude 
B4 Additive Delivery Related N/A Ex

d as th ikel wer in t ition and ther
ser  theclude 

Ex
it i

clude
s con

ese SS’s a
vative to excl

re l
ude

y lo
m. 

he project cond efore 

P5 Material Extraction / 
Processing N/A Related Exclude 

B5 Material Extraction / 
Processing Related N/A Exclud

d as th kel er in t ition and ther
r hee 

Exclude
it is conse

ese SS’s a
vative to excl

re li
ude t

y low
m. 

he project cond efore 

P6 Material Delivery N/A Related Exclude 
B6 Material Delivery Related N/A Exclud

d as these SS’s ar in t ition and ther
r ude thee 

Exclude
it is conse

e likely lower 
m. 

he project cond efore 
vative to excl

P7 to P9 and P11 to P13 
Cement Plant Operation N/A Related Include 

B7 to B9 and B11 to B13 
Cement Plant Operation Related N/A Include 

N/A 

P10 Electricity Generation 
(Off-Site) N/A Related Exclude Excluded as these SS’s are likely lower in t ition because

replacement of cement with fly ash would e electricity 
he project cond

indirectly reduc
 the 

usage 
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B10 Electricity Generation 
(Off-Site) Related N/A Exclude for material processing at cement plants as less material would be required to 

produce cement products and therefore it is conservative to exclude them. 
P ation of N/A 14 Transport
Cement Related Exclude 

B14 Transportation of Related N/A Exclud

 as the replacement  f
 transportation requirements for cement compared to the baseline and it 
fore conservative to exclude these SS’s. Cement e 

reduce
is there

Excluded of cement with ly ash in the project would 

P of Fly 
bution 

16 Transportation 
Ash to Distri N/A Related Exclude 

B19 Transportation of Fl
Ash E e 

 
nd P20) 

equivalent amount of cement to mixing facilities and end users in the baseline 
(B14 and had fly ash not be ized in

y Related N/A xclud

Excluded as in the majority of project configurations the total transportation
distance included in the project fly ash distribution chain (P16, P18 a
would be less than or equal to the total distance required to transport an 

B16) en util  the project activity. 
P15 Production of Fly As N/A Exclude h Related 

B18 Production of Fly A N/A Exclude 

Excluded as the fly ash is a waste by-product from coal power plants and all 
GHG emissions from these facilities are alrea fic 

ulation. sh Related 
dy regulated under the Speci

Gas Emitters Reg
Onsite SS’s 
P17 Distribution Facility 
Operation led Include N/A Control N/A 

P18 Transportation of Fl
As  C Exclude 

Excluded as in the majority of project configu ortation 
distance included in the project fly ash distrib 20) 

l to the total distan rt an 
nt to acilit

fly ash not been utilized in

y N/Ah to Mixing ontrolled 

rations the total transp
ution chain (P16, P18 and P
ce required to transpo
ies and end users in the baseline 
 the project activity.  

would be less than or equa
equivalent amount of ceme
(B14 and B16) had 

 mixing f

P19 Mixing Facilities 
Operation N/A Controlled 

B15 Mixing Facilities 
Operation 

Exclude 

Excluded as the mixing facilities will continu he same volume of 
materials (cement plus fly ash) using the sam xing 

e impacted by the d will 
uiva e basControlled N/A 

e to process t
e types of equipment and mi
project activity an
eline and project conditions 

operations will likely not b
therefore be functionally eq lent in th

Downstream SS’s 
P20 Transportation of 
Blended Product N/A Related 

B16 Transportation of 
Blended Product 

Exclude 

Excluded as in the majority of project configu will be no change 
in product transportation practices and therefo

duct transportation e and 
ly eq .   Related N/A 

rations there 
re no change in fossil fuel 
, making the baselinconsumption for mixed pro

project scenarios functional uivalent
P21 Cement Usage N/A Related 

B17 Cement Usage Related N/A 
Exclude 

ajority of project configu  change 
in downstream cement usage, making the ba project scenarios 

nally equivalent.   

Excluded as in the m rations there will be no
seline and 

functio
P22 Disposal of Fly Ash N/A Related Exclude 
B20 Disposal of Fly Ash Related N/A Exclude 

Excluded as in the majority of disposal scenarios greenhouse gas emissions at 
the disposal site are minimal and it is conservative to exclude them. 
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Other 

P23 Development of Site Related 
from the distribut g e 

not mate project life, and thN/A rial given the long 
typically required. 

Exclude 
Emissions ion and blendin facilities site development ar

e minimal site development 

B20 Development of Site Related  facilit re not material for the 
lly required. N/A Exclude Emissions from blending y site development a

baseline condition given the minimal site developm
 

ent typica

P24 Building Equipment N/A Related Exclude e long project 
life, and t e minimal building equipment typically required. 
Emissions from building equipment are not material given th

h

B21 Building Equipmen E e Emissions from building equipment are not material for the baseline 
condition  the minimal build uipmt Related N/A xclud  

 given ing eq ent typically required. 
P25 Transportation of 
Equipment N/A Related Exclude rtation of equipment are not material given the long 

imal transportation of equipment typically required. 
Emissions from transpo
project life, and the min

B22 Transportation of 
Equipment N/A Exclude rtation of equipment a

imal fRelated Emissions from transpo
condition given the min

re not material for the baseline 
 equipment typically required.  transportation o

P26 Construction on Sit uction m
 construc pie N/A Related Exclude Emissions from constr

life, and the minimal
 on site are not 
tion on site ty

aterial given the long project 
cally required. 

B23 Construction on Sit lated N/A Exclude truction on t m
al construction on s uired. e Re Emissions from cons

condition given the minim
 site are no aterial for the baseline 

ite typically req

P27 Testing of Equipment N/A Related Exclude  equipment are not material given the long project 
ting of equipment typically required. 

Emissions from testing of
life and the minimal tes

B24 Testing of Equipme N/A Exclude of equipment are not material for the baseline 
nimal testing of equipmnt Related Emissions from testing 

condition given the mi ent typically required. 

P28 Site Decommissioni Related Exclude issi t e, 
iss  reng N/A Emissions from decomm

and the minimal decomm
oning are not ma
ioning typically

erial given the long project lif
quired. 

B25 Site Decommission N/A Exclude mmissioni mat
ommissioni callying Related Emissions from deco

given the minimal dec
ng are not 

ng typi
erial for the baseline condition 
 required. 
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2 educ als and Reversals of 
R
 
2 he
 
Q rem of relevant SS’s for each of the 
g ted logies outlined in TABLE 2.4, 
be log te the following three equations 
for calculating the emission reductions from the comparison of the baseline and project 
conditions. 

Wh
ine condition. 

 
   

Emissions  = sum of the emissions under the project condition. 
Em Cement Plant Operation (SS P7 to P9 and P11 to P13) 

Em Distribution Facility Operation

.5 
elev

.5.1 

uantif
reenho
low. 

Quantification of R
ant SS’s 

Quantification Approac

ication of the reductions, 
use gases will be comple
These calculation methodo

tions, Remov

s 

ovals and reversals 
 using the methodo
ies serve to comple

Emission Reduction = Emissio  – Emissions Project ns Baseline

Emissions Baseline = Em ions Cement Plant Operation   iss

Em s eration issions Project = Emissions Cement Plant Operation + Emission Distribution Facility Op

ere:  
Emissions Baseline = sum of
 Emissions Cement Pla

 the emissions under the basel
nt Operation (SS B7 to B9 and B11 to B13) 

Project

issions 
issions  (SS P17) 
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T  ABLE 2.4:
1.0 Project/ 
Baseline SS 

Quantification Procedures 
2. Parameter / 
Variable 3. Unit 4. Measured / 

Estimated 5. Method 6. Frequency 7. Justify measurement or 
estimation and frequency 

Project SS’s 
P7 to P9 and P11 to 
P13 Cement Plant 
Operation 

This SS is accounted for under the baseline scenari nge in tonnes of ce
quantified.  Refer to the SS’s for B7 to B9 an ferred to under ‘Ce

o as only the incremental cha
d B11 to B13, collectively re

ment displaced by fly ash are 
ment Plant Operation.’ 

Emissions Distribution Facilit on = ∑ (Vol. Fuel i * E l  * EF Fuel i CH4) ; ∑y Operati F Fuel i CO2) ; ∑ (Vol. Fue i  (Vol. Fuel i * EF Fuel i N2O) 

Emissions Distribution 

Facility Operation   

kg ; 
N/A N/A  

 of CO2
kg of CH4; 
kg of N2O 

N/A Quantity being calculated.

Volume of Fuel 
Consumed for the 
operation of the 
Distribution Facility / 
Vol. Fuel i 

L / m3 / 
other Measured  

mes 

Continuous 
metering or 
monthly 
reconciliation. r 

Direct metering or 
reconciliation of volume in
storage (including volu
received). 

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

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

kg CO2 
per L / m3 / 

other 
Estimated nment Canada 

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

From Enviro

Reference values adjusted 
annually as part of 

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

kg CH4 per 
L / m3 / 
other 

Estimated From Environment Canada 
reference documents. Annual 

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

P17 Distribution 
Facility Operation 

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

kg N2O 
per L / m3 / 

other 
Estimated From Environment Canada 

reference documents. Annual 

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

Baseline SS’s 
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1.0 Pro
Baselin

e
 t F ti

at d fre
ject/ 
e SS 

2. Param
Variable

ter / 3. Uni 4. Measured / 
Estimated 5. Method 6. requency 7. Jus

estim
fy me
ion an

asurement or 
quency 

Em n = Di ace  Ce duction

f Ce ct  E
t Displa =  1 ce r 

issions Cement Plant Operatio

Mass o
Mass of Cemen

 (Mass of Cement 

ment Displaced Proje

ced Business as Usual 

splaced Project – Mass of Cement Displ
 

= Mass of Fly Ash Mixed Project *
Average Mass of Fly Ash Mixed

 
 

d Business as Usual)* EF

quivalence Factor 
999-2001 * Equivalen

ment Pro

 Facto

 Intensity 

Emission
Operation   

s tity g calCement Plant kg of 
CO2e N/A N/A N/A Quan bein culated. 

Incremen
Cement 
Displace
/ Mass of
Displaced Pr

ta
Pr
d 
 

oject

s 
conc

of Mo
Tot

a le to e 
ale ount nt
ce a mo is
alu alcul  
ta s me n 
ad  

l Mass of 
oduct 
by Fly Ash 

Cement 
 

Tonne Calculated 

Calculated based on the 
mass of fly ash mixed at 
eligible (non-regulated) 
facilities in the project 
condition times the 
equivalence factor to 
determine the mass of 
cement displaced per mass 
of fly ash mixed. 

Re iliation 
nthly 
als 

It is re
equiv
displa
this v
ash da
per lo

sonab
nt am
d on 
e is c
 that i
 basis.

determin
 of ceme
nthly bas
ated from
asured o

the 
 
 as 
fly 
a 

Average 
Cement 
Displace
in the Ba
of Ceme
Business as U

M
Produ
d by F
selin
nt Disp

sual  

s 
conc

of Mo
Tot

asonable to e the 
alent amount nt 
ced on a mont is as 
alue is calculated  fly 
ta that is measu n a 
ad basis.  

ass of 
ct 
ly Ash 

e/ Mass 
laced 

Tonne Calculated 

Calculated based on the 
average mass of fly ash 
mixed at eligible (non-
regulated) facilities from 
1999-2001 times the 
equivalence factor to 
determine the mass of 
cement displaced per mass 
of fly ash mixed. 

Re iliation 
nthly 
als 

It is re
equiv
displa
this v
ash da
per lo

determin
 of ceme

hly bas
 from

red o

B7 to B
B13 Ce
Operati

Fly A
ith C
in th
ondit

 Mass
ed Pro

s Each

urement on a per  
represents the highest 
of diligence to a t for 
ions in moisture ent 
ulk density. 

9 and B11 to 
ment Plant 
on 

Mass of 
Mixed W
Products 
Project C
Average
Ash Mix

sh 
ement 
e 
ion/ 
 of Fly 
ject 

Tonne Measured 

The mass of fly ash mixed 
is the weight of fly ash 
received by eligible mixing 
facilities or end users as 
measured using 
conventional truck scales 
or other applicable weigh 
scales that are regularly 
maintained and calibrated.   

 load 

Meas
basis 
level 
variat
and b

 load

ccoun
cont
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1.0 Project/ 
Baseline SS 

2. Parameter / 
Variable 3. Unit 4. Measured / 

Estimated 5. Method 7. Justify m r t 
ti r nc6. Frequency easu

and f
emen
eque

or 
y estima on 

Average Mass of Fly 
Ash Mixed With 
Cement Products 
Over the 3 years 
Preceding 2002 / 
Average Mass of Fly 
Ash Mixed 1999-2001 

Tonne

Average mass of f
used or delivered g 

ilitie
during the years 1

 

fl

l se
 u io
a le to t
t. use of 
t data 
nt ence t
s ual fl
te  the 
s e tha
 r  of the
 

s Estimated 

ly ash 
to mixin
ers 
999 – 

rta 
ect start
ria).   
sents 
al rate 
on. 

fac

20
pr
O
da
T
th
of 

s or

01 (the 3 
eceding th
ffset Syste
te eligibili

his quantit
e business 

y ash su

 end 

yea
e A
m p
ty c
y re
as 
bsti

us

rs 
lbe
roj
rite
pre
usu
tuti

N/A 

Measu
stori
liver
ojec
ee 

ovid
abli

h us
rem

s oc
ojec

remen
cal fl
y reco

t propo
years of
es suff
sh busi
age an
ental f
curred
t activi

t wil
y ash

rds 
nen
 his
icie
nes

d de
ly a
 as a
ty.  

be ba
tilizat

vailab
 The 
orical 
 dilig
as us
rmine

h usag
esult

d on 
n or 

he 

o 
y 

t 
 

hi
de
pr
thr
pr
est
as
inc
ha
pr

Equivalence Factor 
to Convert from 
Mass of Fly Ash 
Used to Mass of 
Cement Displaced/ 
Equivalence Factor 

Tonne fly 
ash/ tonne 

cement 
Es

e 
ed  
t 
es
e t
fa

 0.
ch
ti
m

ouz
d 

ivalence 
 re  a conservati
d ermine the actu
e of cement per u

as  based on the 
al erties of the two
al ding strength, 
an operties etc.). 

timated 

Th
us
tha
do
on
de
is
Te
Es
fro
B
an

equivale
 to acco
one tonn
 not disp
onne of

ult equiv
88 as pe
nology 

mating G
 Use of 
oubaa, 

B. Fourn

nc
unt 
e o
lac

 ce
ale

r M
Lab
H

Fly
A. 
ier

e fa
for
f fl
e e

men
nce
ate
ora

G S
 As
Bilo
). 

ctor is 
 the fact
y ash 
xactly 
t. The 
 factor 
rials 
tory, 

avings 
h (N. 
deau, 

Once 

Th
fac
me
dis
of 
ph
ma
po

e u
tor
tho
plac
fly 
ysic
teri
zzol

se of an
prese
to det
ment 
h used
 prop
s (bin
ic pr

 equ
nts ve 

al 
nit 
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4. Measured / 5. Method 6. Frequency 7. Justify measurement or 
estim

1.0 Project/ 
S 

2. Parameter / 3. Unit Baseline S Variable Estimated ation and frequency 

Emissions Intensity 
Factor for Cement 

ment 
 

kg of 
CO2e per 
tonne of 
cement 

displaced 

Estima

te emission factor 

on plants.  GHG 
Annual 

The 
represe
indus
verif
and r
Envi
GHG
has llected for all 
cement production plants in 
Alberta. In the event that SGER 
data i
proje e is 

en
qui

estab
inten
displ

Production / Ce
Production Intensity

ted 
producti

This represents an 
aggrega
for fossil fuel consumption 
and industrial process 
(CO2) emissions per unit of 
cement product output at 
all relevant Alberta cement 

emissions intensities have 
been averaged from 3 years 
of data at the relevant 
cement production plants 
that was submitted to 
Alberta Environment under 
the Specified Gas Emitters 
Regulation (SGER) during 
2003-2006. 

Alberta SGER submissions 
nt best available cement 

try data that has been 
ied by a 3rd party auditor 
eviewed by Alberta 
ronment.  The facility 
 emission intensity data 

been co

s unavailable to the 
ct proponent, guidanc
 in Appendix A on the 
red data needed to 
lish a baseline GHG 
sity per unit of cement 
aced by fly ash.  

giv
re
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2.5.2. Contingent Data Approaches 
 
Contingent means for calculating or estimatin the required data for the equations outlined 
in section 2.5.1 are summarized in TABLE 2.5 elow.   
 

2.6 Management of Data Quality
 
In general, data quality management must incl re such that the mass 
and energy balances may be easily performed with the need for minimal assumptions and 
use of contingency procedures.  The data should be of sufficient quality to fulfill the 
quantification requirements in Table 2.4 and be substantiated by company records for the 
purpose of verification.  
 
Since this protocol relies on existing audited GHG intensity data from cement production 
plants in Alberta, the main data management requirements are focussed on the tonnes of fly 
ash utilized in the project condition as well as
the three years preceding the Alberta Offset System start date eligibility requirement 
(2002). The fly ash distribution cha ustion facility through to the end 
user may involve a number of diffe nt record keeping is important to 
ensure accurate determination of the mass of fly ash that has displaced cement. The project 
proponent would be exp ta from weigh scales 
and/or soft copies from databases or spreadsheets tracking sales and distribution records. 
 
The project proponent shall establish and apply quality management procedures to manage 
data and information. Written procedures should 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 an audit will be to conduct for the 
project.  
 
Due to the broad nature of this protocol it is possible that project proponents could be from 
one of many different positions in the fly ash supply chain.  Each project proponent will 
have access to select information and data based on that position.  It is recognized that 
many fly ash utilization projects will employ different marketing and supply chains from 
producer to end user and as such the project proponent should analyze the information flow 
available to them to ensure that data quality is high.   
 
For projects applying the flexibility mechanism in Appendix A, instead of relying on data 
that has been audited by a third party for completeness and accuracy and reviewed by 
Alberta Environment, a higher level of data management is expected in order to 
substantiate the accuracy of records related to fossil fuel consumption and process 
emissions required to develop the baseline GHG intensity per unit of cement output from a 
relevant cement plant.  Rigorous data management systems at the cement plant would be 
important to track the required three years of fuel consumption records, process CO2 

g 
, b

 

ude sufficient data captu

 in the business as usual case, defined to be 

in from the coal comb
rent parties and dilige

ected to retain hard copies of measured da
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emissions data and production out t to establish the baseline GHG 
intensity.   
 
2
 
R

ch 

g 

riod of 7 years; and 
e. Keeping all records available for review by a verification body. 

2
 
Q ns have 
b

comparing redundant metered data, and detection of outstanding 
rds); 

nd 

of 

n 

put from the cement plan

.6.1 Record Keeping 

ecord keeping practises should include: 
a. Electronic recording of values of logged primary parameters for ea

measurement interval;  
b. Printing of monthly back-up hard copies of all logged data; 
c. Written logs of operations and maintenance of the project system includin

notation of all shut-downs, start-ups and process adjustments; 
d. Retention of copies of logs and all logged data for a pe

 
.6.1 Quality Assurance/Quality Control (QA/QC) 

A/QC can also be applied to add confidence that all measurements and calculatio
een made correctly.  These include, but are not limited to: 

a Protecting monitoring equipment (sealed meters and data loggers); 
b Protecting records of monitored data (hard copy and electronic storage); 
c Checking data integrity on a regular and periodic basis (manual assessment, 

data/reco
d Comparing current estimates with previous estimates as a ‘reality check’; 
e Provide sufficient training to operators to perform maintenance a

calibration of monitoring devices; 
f Establish minimum experience and requirements for operators in charge 

project and monitoring; and 
g Performing recalculations to make sure no mathematical errors have bee

made. 
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TABLE 2.5: Contingent Data Collection Procedures 
1. Project / 
Baseline SS 

2. Parameter / 
Variable 3. Unit 4. Measured / 

Estimated 5. Contingency Met e
ahod 6. Frequency 7. Justi

estimat
fy m
ion 

asurement or 
nd frequency 

Project SS’s 
P17 Distribution 
Facility Operation 

Volume of  Each 
Type of Fuel / 
Volume of Fueli 

L / m3 / other Estimated Reconciliation of vol
fuel purchased by the 
distribution facility o
within a given time p

as
 th
o
m

ume of 

perator 
eriod. 

Monthly Provide
estimat
when th
and pre
be used

s re
e of
e m
cise 
 

onable 
e parameter, 

re accurate 
ethod cannot 

Baseline SS’s 
Mass of Fly Ash 
Mixed With Cement 
Products in the 
Project Condition/ 
Average Mass of 
Fly Ash Mixed Project 

Tonnes Estimated 

Reconciliation of ma
ash sold each month 
project condition. Th
proponent must demonst
that the tonnes of fly ash
do not include any fly as
to facilities regulated un
the SGER or equivalent 
regulation as specified in
protocol applicability cri

of sa
 prov

ble es
ter wh
 and 
cann
ject p

ss of fly 
in the 
e project 

rate 
 sold 
h sold 
der 
GHG 
 the 
teria.   

Reconciliation 
of Monthly 

Totals 

Records 
facilities
reasona
parame
accurate
method 
The pro

les to eligible 
ides a 
timate of the 
en the more 
precise 
ot be used. 
roponent must B7 to B9 and B11 to 

B13 Cement Plant 
Operation Average Mass of 

Fly Ash Mixed With 
Cement Products 
Over the 3 years 
Preceding 2002 / 
Average Mass of 
Fly Ash Mixed 1999-

2001 

Tonnes Estimated 
Reconciliation of mass o
ash sold during the years 
1999-2001.   

cy of
 for 
e. Us
ta is r
e wid
l end

f fly Reconciliation 
of Monthly 

Totals 

Frequen
provides
diligenc
sales da
given th
potentia
ash. 

 reconciliation 
reasonable 
e of historic 
easonable 
e range of 
 users of fly 
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Flexibility Mechanism 

Introduction: T  m nis ended to allow the project proponent to 
quantify GHG em  individual SSRs that, when combined, represent the entire 
op s within  o ent production plants, in the event that 
ag ed GHG ni t product output from the plant(s) is not 
av  through em erta SG ) he proje roponent 
mu ine whic de art of th C ent Plant Site” as each 
sit diffe n oj ents ma ef to e A ta Specified 
Ga s g oc ironme C d ecti 1 and the 
World Resources Institute Cement Protocol, Clean Development Mechanism protocol, or 
Cal nia C n Registry protoc further gu n   
 
The in activities that result in GHG em  at th e nt Plant Site can be 
separated into direct emissions from fuel con ption d o r ss CO2 emissions, 
as discussed below. Indirect emissions from e su
site (e.g. grid electricity) are not incl a n p ch as these 
emissions would occur upstream of c h lexibility mechanism is 
used for the determination  baselin a e exclude the indirect 
emissio r electricity neratio ire onnected 
faci resulting baseline G t er it tput will be lower.    
 
Fuel Consumption: 
Fossil fuel consumption is broken down into two stre , alternative 
fu m  fuels consumed to generate high tem a e  t cement kiln and 
pre-calciner (kiln fuels) and the fossil fuels sumed to operate various other equipment 
at n ant (non-  fuels).  Non-k fossil fuels y be consum o operate 
the c equipment (e.g. dryers), po  generation st s, on-site and quarry 
vehicles, and for room heating. The SSRs in Figure 1.2 that represent the operations of 
the cem p  (B7, B nd B11) are aggregated in term  -k  and kiln 
fuel o v roject ts may account for fuel consum ti ba ndividual 
site vities or aggreg vities as app riate. The project proponent should justify 
the boundary of the cement plant to account for fossil fuel consumption rial 
handling and on-site transportation as individual cement p ts ay differ in their 

figuration. It is assume or simplici rna ass fuels are 
med as kiln fuels. 

CO2 Emissions
O2 emissions result from the on of carbonate materials (e.g. calcium 

e and magnesium carbonate) and can be quantified based on a material balance 
 and out of the cement kiln. The SS’s B12 Calcination o
 Production of Cement Kiln Dust By-Product represent the potential sources of 

 emissions from cement plant operations.  Quantification of process emissions can 
 on a raw material inp is that considers the car  materials input into the 
 their compositions (IPCC) or on a product output b onsidering the tonnes of 
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clinker and cement kiln dust produced (WRI and CCAR). The approach used in this 
ility mechanism is cons n  the d R approaches  rely 

 a ty e u  Ad nservativ s HG 
ot included in the baseline GHG intensity.   

h l req
s t produced in order to 

 fly 
or th ct 

output from the cement plant, which would include total clinker production at the plant 
a ll a mponents added either as clinker substitutes (gypsum, fly ash, 
p ola ne, slag, C ) or as direct cement substitutes (mineral additives that 
are mixed on-site and shipped as blended cement products).  The total production should 
be representative of the end products shipped from the cement plant site and be inclusive 
of additives, luding a ly ash that has been m plant or input into 
the kiln w  materi

flexib
prima
emiss
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The G
emiss
deter
denom

iste t with
 clink r prod ction.
ent kiln dust were n

: 
quantification approac
ified on an intensity ba
 benefit from the replac
GHG intensity term mu

 WRI an  CCA
ditionally, for co

 used in this protoco
is, per unit of cemen
ement of cement with
st therefore account f

that
ene s, G

uires that all 

ash.  The 
e total produ

rily on f cili
ions from cem

of Production
HG emission 

ions are quant
mine the GHG

inator of the 

nd a
uzz

miner l co
na, limesto KD

 inc
ith raw

ny f
als.   

ixed at the cement 



Fly Ash Substitution in Cement Blends Protocol 
 

Page 45 
 Blue Source Canada 

Suite 2210, 777 – 8th Avenue S.W, Calgary, Alberta T2P 3R5, T: 403.262.3026, F: 
403.269.3024  

Flexibility Quantification Approach 

atio c r the developm  a bas nsity for cement 
d aselin in Figure 1.2 for 
e ogies te the following 
f ens f output from a 

 
Where:  
E sion nt Plan sum of th GHG lant site. 
 

E ns F ion for Kil  = Su ossil fuels, 
ass fuel

and/or power to operate the cement kiln (F1) 

Em ions Fuel C ption for Other = Sum of emissions from sil fuels consumed for 
non-kiln activities including other on-site heat, power generation 
and the operation of on-site mobile equipment (F2) 

  

E ns Industrial Process = Sum of industrial process CO sions from 
ation of carbo e materials (F3) 

 
al P on = s e total annual product output from the cement plant. (P) 

 Clin facility clinke tput in tonne

i Added stitutes = Tonnes of mineral components 
d in c  cement production, including gypsum, 

limestone, slag, fly ash, puzzolana, cement kiln dust and other 
materials 

Tonnes Mineral Components Used On-Site as Cement Substitutes = tonnes of pure mineral 
components added as direct cement substitutes at the cement plant 
site before shipment of cement products off-site 
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TABLE A. 1: Flexibili  ty Mechanism
2. Parameter / 
Variable 1.0 Baseline SS 3. Unit 4. Measured / 

Estimated 5. Method 6. Frequency 7. Justify measurement or 
estimation and frequency 

Aggregated SS’s for Cement Plant Operation 

Cement Plant GHG Inten 1, F2 and F3) / (Total Production) sity = ∑ (Emissions F

Emissions  F1, F2 and F3

kg o 2; 
kg of CH4; 
kg of N2O 

N/A 

representation of facility fuel 
mix and production levels.  

f CO
N/A N/A 

Quantity being calculated. The 
baseline cement plant intensity 
should be calculated as the 
average from 3 years worth of 
data. The use of 3 years of data 
provides consistent Baseline Cement 

Plant GHG Intensity 

Total Cement Plant 
Output Including 

tal Tonnes Measured 

ords 
t 
otal 

s all 
 are 

Monthly 
Reconciliation 

Monthly reconciliation is 
 

Additives/ To
Production 

Reconciliation of facility 
clinker production rec

and facility cemen
production records. T
production include

mineral additives that
blended into cement 

reasonable since facilities keep
detailed production and 
accounting records. 

Emissi ln Operation   =  

∑ (Vol. Fossil Fuel *HHV FF * EF Fossil Fuel i CO2); ∑ (Vol. F l Fuel i CH4); ∑ (Vol.  Fossil Fuel *HHV FF * EF Fossil Fuel i N2O);   

Alt. Fuel * HHV AF * EF Alt. Fuel i CO2); ∑ (Mass Alt. Fuel * HHV AF * EF Alt. Fuel i CH4); uel * 
 

Bioma ss * ss *  Bio

ons F1 Fuel Consumption for Ki
 

ossil Fuel *HHV FF * EF Fossi
 

∑ (Mass  ∑ (Mass Alt. F

HHV Biomass * EF

HHV AF * EF Alternative Fuel i N2O) 

mass N2O) ∑ (Mass ss * HHV Bioma EF Biomass CH4); ∑ (Mass Bioma
 

F1 Fuel Consumption 
for Kiln Operation 

Consumption for Kiln 

Operation 

kg of CO2; 
kg of CH4; 
kg of N2O 

N/A N/A N/A lated. 
Emissions Fuel 

Quantity being calcu
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1.0 Baseline SS 2. Parameter / 
Variable 3. Unit 4. Measured / 

Estimated 5. Method 6. Frequency 7. Justify measurement or 
estimation and frequency 

Quantity of Fossil 
Fuel Consumed for m3 , tonne 

or other Measured e in 
mes 

Continuous 
metering or 
monthly 
rec n. 

practise.  Frequency of 

Kiln Operation / 
Vol. Fuel i 

Direct metering or 
reconciliation of volum
storage (including volu
received). onciliatio

Both methods are standard 

metering is highest level 
possible.  Frequency of 
reconciliation provides for 
reasonable diligence. 

Higher Heating 
Value of Fossil Fuel 
/ HHV FF 

GJ/ m3 or 
GJ/tonne  Measured 

use 
 

r Annual 

Environment Canada’s 
National GHG Inventory. 
Annual fuel analysis or the use 

Annual fuel analysis or 
mof reference values fro

Environment Canada o
WRI/WBCSD GHG 
Protocol Initiative.   

The use of higher heating 
values is consistent with 

of reference values is 
reasonable since most fossil 
fuels used will have consistent 
heating values. 

CO2 Emissions 
Factor for Each 
Ty
Fuel i CO2

kg CO2 Estimated 

fuel 

Environment Canada 
default val y be 
used. 

Annual 

represent best available data for 
the fuels consumed to operate 
the kiln. Reference values 

t o
g 

on Canada's emissions 

pe of Fuel / EF 
 

per GJ should be used where 
available, otherwise 

adjusted annually as par f 
Environment Canada reportin

Site specific emission 
factors (e.g. from 
continuous emissions 

 systems or monitoring
carbon conte t analyses) n

ues ma

Site specific emission factors 

inventory. 

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

kg CH
GJ 

4 per ted 

From Environment Canada 
s. 

peratures in 
the kiln or for 
conservativeness. 

al 

ed 

orting Estima

reference document
Project proponents may 
also choose to ignore 
methane emissions due to 
the high tem

Annu

Reference values adjust
annually as part of 
Environment Canada rep
on Canada's emissions 
inventory. 
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1.0 Baseline SS 2. Parameter / 
Variable 3. Unit 4. Measured / 

Estimated 5. Method 6. Frequency 7. Justify measurement or 
estimation and frequency 

N20 Emissions 
Factor for Each 
Type of Fuel / EF 

kg N2O 
per GJ Estimated From Environment Canada Annual orting 

Fuel i N2O 
reference documents. 

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

Quantity of 
Alternative Fuel 
Consumed for Kiln 
Operation / Mass 

Tonne / 
other Measured me in 

storage (including volumes 
received). 

Continuous 
metering or 
monthly 
reconciliation. Alt. Fuel 

Direct metering or 
reconciliation of volu

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

Higher Heating 
Value of 
Alternative Fuel 
HHV AF 

/ 
GJ/tonne Measured 

Annual fuel testing or use 
Annual use 

sistent 

or GJ/ m3 of reference values from 
Environment Canada.   

The use of higher heating 
values is consistent with 
Environment Canada’s 
National GHG Inventory. 
Annual fuel analysis or the 
of reference values is 
reasonable since most fossil 
fuels used will have con
heating values. 

CO2 Emissions 
Factor for Each 
Type of Alternative 
Fuel / EF Alt. Fuel i 

 

kg CO2 
per GJ 

ns 
 fuel 

carbon c

avai rwi

WBCSD GHG Protocol 

data for 
nsumed to operate 

the kiln. Reference values 
sted periodically as part of 

e GHG Protocol Initiative. CO2

Estimated ontent analyses) 
should be used where Annual 

Site specific emission 
factors (e.g. from 
continuous emissio
monitoring systems or

lable, ot se default 
values from the WRI/ 

adju
th

he

Initiative may be used. 

Site specific emission factors 
represent best available 
the fuels co
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1.0 Baseline SS 2. Parameter / 
Variable 3. Unit 4. Measured / 

Estimated 5. Method 6. Frequency 7. Justify measurement or 
estimation and frequency 

CH4 Emissions 
Factor for Each 

ative 
 i 

kg CH per Estimated 

Site specific emission 
factors (e.g. from 
continuous emissions 
monitoring ms) 
should if available, 
otherwise default values 
from the WRI/ WBCSD 

emissions due to the high 
e kiln or 

. 

Annual 

Site specific emission factors 
represent best available data for 

Type of Altern
Fuel / EF Alt. Fuel
CH4 

4 
GJ 

 syste

GHG Protocol Initiative 
may be used. Project 
proponents may also 
choose to ignore methane 

temperatures in th
for conservativeness

the fuels consumed to operate 
the kiln. Reference values 
adjusted periodically as part of 
the GHG Protocol Initiative. 

N20 Emissions 
Factor for Each 
Type of Alternati
Fuel / EF Alt. 

ve 
Fuel i 

kg N2O 
per GJ Estimated 

t 

ol 

Annual 

for 
nsumed to operate 

the kiln. Reference values 
adjusted periodically as part of 
the GHG Protocol Initiative. N2O 

Site specific emission 
factors (e.g. from 
continuous emissions 
monitoring systems) 
should be used where 
available, otherwise defaul
values from the WRI/ 
WBCSD GHG Protoc
Initiative may be used. 

Site specific emission factors 
represent best available data 
the fuels co

Quantity of 
Biomass Consumed 

n / Measured  of masses 
Continuous 
metering or 
monthly 
re . 

thods are standard 
practise.  Frequency of 

for Kiln Operatio
Mass Alt. Fuel 

Tonnes Reconciliation
purchased and in storage. 

conciliation

Both me

metering is highest level 
possible.  Frequency of 
reconciliation provides for 
reasonable diligence. 
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1.0 Baseline SS 2. Parameter / 
Variable 3. Unit 4. Measured / 

Estimated 5. Method 6. Frequency 7. Justify measurement or 
estimation and frequency 

CH4 Emissions 
Factor Biomass / 
EF Biomass CH4 

kg C 4 per 
GJ Estimated 

e WRI/ 
WBCSD GHG Protocol 
Initiative may be used. 

Annual 

Site specific emission factors 

 consumed to operate 
the kiln. Reference values 
adjusted periodically as part of 
the GHG Protocol Initiative. 

H

Site specific emission 
factors (e.g. from 
continuous emissions 
monitoring systems) 
should be used where 
available, otherwise default 
values from th

represent best available data for 
the fuels

N20 Emissions 
Factor for Biomass 
/ EF Biomass N2O 

kg N2O 
per GJ Estimated 

Site specific emission 
factors (e.g. from 
continuous emissions 
monitoring systems) 
should be used where 
available, otherwise default 
values from the WRI/ 
WBCSD GHG Protocol 
Initiative may be used. 

Annual 

Site specific emission factors 
represent best available data for 
the fuels consumed to operate 
the kiln. Reference values 
adjusted periodically as part of 
the GHG Protocol Initiative. 

Emissions F2 Fuel Consumption for Other =  
 

∑ (Vol. Fossil Fuel *HHV FF * EF Fossil Fuel i CO2); ∑ (Vol. Fossil Fuel *HHV FF * EF Fossil Fuel i CH4); ∑ (Vol.  Fossil Fuel *HHV FF * EF Fossil Fuel i N2O);   
 

Emissions Distribution 

Facility Operation   

kg of CO2; 
kg of CH4; 
kg of N2O 

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

F2 Fossil Fuel 
Consumption for 

Other 

Volume of Fuel 
Consumed for 
Other Non-Kiln 
Operations at 
Cement Plant Site/ 
Vol. Fuel i 

L , m3, 
tonne, 
other 

Measured 

Direct metering or 
reconciliation of volume in 
storage (including volumes 
received). 

Continuous 
metering or 
monthly 
reconciliation. 

Both methods are standard 
practise.  Frequency of 
metering is highest level 
possible.  Frequency of 
reconciliation provides for 
reasonable diligence. 
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1.0 Baseline SS 2. Parameter / 3. Unit Variable 
4. Measured / 5. Method 6. Frequency 7. Justify measurement or 

Estimated estimation and frequency 

Higher Heating 
Value of Fossil Fuel
/ HHV FF 

 
GJ/ m3, 

e  

e Environment Canada’s 

fuels used will have consistent 

GJ/ L or 
GJ/tonn

Measured 

Annual fuel analysis or us
of reference values from 
Environment Canada or 
WRI/ WBCSD GHG 
Protocol Initiative.   

Annual 

The use of higher heating 
values is consistent with 

National GHG Inventory. 
Annual fuel analysis or the use 
of reference values is 
reasonable since most fossil 

heating values. 

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

kg CO2 
per GJ Estimated 

da 
 

ocuments. 

Annual ng 
on Canada's emissions 

From Environment Cana
or WRI/ WBCSD GHG
Protocol Initiative 
reference d

Reference values adjusted 
annually as part of 
Environment Canada reporti

inventory. 

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

F 
kg CH4 per 

GJ Estimated 

a 

Annual 
 part of 

ent Canada reporting 

From Environment Canad
or WRI/ WBCSD GHG 
Protocol Initiative 
reference documents. 

Reference values adjusted 
annually as
Environm
on Canada's emissions 
inventory. 

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

kg N2O 
per GJ Estimated 

nada 

itiative Annual nada reporting 
on Canada's emissions 

From Environment Ca
or WRI/ WBCSD GHG 
Protocol In
reference documents. 

Reference values adjusted 
annually as part of 
Environment Ca

inventory. 
Em Indu er * EF )  

EF Clinker CO2 = [(%Ca 4/56) + clinker 4

issions F3 strial Process = ∑ (Mass Clink
 

O clinker - CaO imported)*(4

Clinker CO2

%MgO  *(4 /40)] 
Emissions Industrial kg of CO2 N/A N/A N/A 
Process   

Quantity being calculated. 

F3 Industrial Process 

Mass of Clinker 
produced in Each 
Month / Mass 
Clinker 

tonnes Measured 

Reconciliation of historic
facility clinker out
records based on fac

al 
put 

ility 
weigh scales.  

 
Reconciliation 

n 
Monthly

Frequency of reconciliatio
provides for reasonable 
diligence given that these 
records will be historical. 
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1.0 Baseline SS 2. Parameter / 
Variable 3. Unit 4. Measured /

Estimated 
  5. Method 6. Frequency 7. Justify measurement or 

estimation and frequency 
CO2 Emissions 
Factor for Indust
Process Emissio
from Clinker 
Production / EF 
Clinker CO2 

rial 
ns kg of CO2 

N/A N/A / tonne 
clinker 

N/A Quantity being calculated. 

Mass Percent 
Calcium Oxide in 

ed/ 

Tonne 
CaO / Measured 

Reconciliation of clinker 
g 
s. 

Quarterly 

ing provides 
for reasonable diligence as 

Clinker Produc
%CaO clinker 

tonne 
clinker 

compositions from testin
or material specification

Frequency of test

clinker compositions will likely 
remain fairly constant for most 
operations. 

Tonnes of Non-
Carbon Bound 
Calcium Oxide 
Contained in Raw 
Materials Fed to the 
Kiln per Unit of 
Clinker Output/ 
CaO imported 

Tonne 
CaO / 
tonne 

clinker 

Measured 

composition of raw 
material mix input into the 
kiln based on material 
testing or product/kiln 
operating specifications. 

Quarterly 

Frequency of testing provides 
for reasonable diligence as raw 
material compositions will 
likely be consistent for most 
operations. 

Reconciliation of 

Stoichiometric 
Conversion Factor 
from mass of CaO 
to mass of CO2 / 
44/56 

- N/A 

Reference value based on 
molecular weights of 
carbon dioxide and 
calcium oxide, which are 
44 g/mol and 56 g/mol, 
respectively.  

N/A Molecular weights are standard 
values. 

Mass Percent 
Magnesium Oxide 
in Clinker Produced 
/ %MgO clinker 

Tonne 
CaO / 
tonne 

clinker 

Measured 
Reconciliation of clinker 
compositions from testing 
or material specifications. 

Quarterly 

Frequency of testing provides 
for reasonable diligence as 
clinker compositions will likely 
remain fairly constant for most 
operations. 
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1.0 Baseline SS 2. Parameter / 
Variable 3. Unit 4. Measured / 

Estimated 5. Method 6. Frequency 7. Justify measurement or 
estimation and frequency 

Stoichiometric 
Conversion Factor 
from mass of MgO 
to mass of CO2 / 
44/40 

- N/A 

Reference value based on 
molecular weights of 
carbon dioxide and 
magnesium oxide, which 
are 44 g/mol and 40 g/mol, 
respectively. 

N/A Molecular weights are standard 
values. 
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TABLE A. 2:  Fle lity Mechanism - Contingency 

1.0 Baseline SS mete
e 3. U M re

Es te thod Freq 7. Ju as
estim nd

xibi
2.
V

 Pa
ari

ra
abl

r / nit 4. 
/ 

easu
tima

d 
d 5. Me 6. uency stify me

ation a
urement or 
 frequency 

Aggregate ’s t Pla tid SS for Cemen nt Opera on 

Q
F
K
V

uan
uel 
iln 
ol. 

tity
Co
Op
Fu

 of F
nsum
erati

m3 , to
or oth s ted

cilia u
l pur h
t pla
or w

 period

Mont

Provi on
the p , 
accu pr
cann d

ossi
ed f

on / 

l 
or 

el i 

nne
er 

 E tima  

Re
of 
ce
op
tim

con
fue
men
erat
e

tion
chas
nt fa
ithin
. 

 of 
ed 
cil
 a 

vol
by t
ity 
give

me 
e 

n 
hly 

des reas
arameter
rate and 
ot be use

able estimate of 
when the more 
ecise method 
. 

Quanti  
Alterna Fuel 
Consu for Kiln 
Operat  Mas

Tonne / 
other Es ted 

Reconciliation of mass of 
fuel purchased by the 
cement production plant 

or w n 
eriod

Monthly 

Provides onab
the para , whe
accurate preci
cannot d. 

ty of
tive 

med 
ion /
el 

s 
Alt. Fu

tima
op
tim

erat
e p

ithin
. 

 a give

 reas
meter
 and 

 be use

le estimate of 
n the more 

se method 

F1 Fuel Consumption 
for Kiln Operation 

Mass A  

ed
en  reco
es easo

nc

Q
Bi

uan
om

for Kiln

tit
as

y o
s C
 Op
lt. 

f 
ons
er

Fuel

um
ati

ed
on / 

 Tonnes Estimat  Re
pu

co
rch

nci
ase

liat
d a

ion
nd 

 of 
in 

ma
stor

sse
ag

s 
e. 

M
co

ont
nci

hly
liati

 
onRe . 

Fr
pr
dil

equ
ovid
ige

cy of
 for r
e. 

nciliation 
nable 

F2 Fossil Fuel 
Consumption for 

Other 

Volum Fuel 
Consu for 
Other Kiln 
Operat  at 

n

L / m3 / 
other Es ted 

Reconciliation of volume 
of fuel purchased by the 
cement plant facility 

tor within a given 
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1.0 Baseline SS 2. Parameter / 
Variable 3. Unit 4. Measured 

/ Estimated 5. Method 6. Frequency 7. Justify measurement or 
estimation and frequency 

Tonnes of Non-
Carbon Bound 
Calcium Oxide 
Contained in Raw 
Materials Fed to the 
Kiln per Unit of 
Clinker Output/ 
CaO imported 

Tonne 
CaO / 
tonne 

clinker 

Estimated 

Use of industry standard 
composition of raw 
material mix in the 
relevant geographic region. 

Annual 

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

Mass Percent 
Magnesium Oxide 
in Clinker Produced 
/ %MgO clinker 

Tonne 
CaO / 
tonne 

clinker 

Estimated 

Use of industry standard 
composition of raw 
material mix in the 
relevant geographic region 

Annual 

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

18BRelevant Emission Factors 
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All values interpreted from volume 1 of the technical report: A National Inventory of 
Greenhouse Gas (GHG), Criteria Air Contaminant (CAC) and Hydrogen Sulphide (H2S) 
Emissions by the Upstream Oil and Gas Industry dated September 2004 completed by 
Clearstone Engineering Ltd. on behalf of the Canadian Association of Petroleum 
Producers (CAPP). 
 
Table A1: Emission Intensity of Fuel Extraction and Production (Diesel, Natural 
Gas, and Gasoline)  

Diesel 
Production 

Emissions Factor (CO2)            0.138  kg CO2 per Litre 
Emissions Factor (CH4)          0.0109  kg CH4 per Litre 
Emissions Factor (N2O)      0.000004  kg N2O per Litre 

Natural Gas 
Extraction 

Emissions Factor (CO2)            0.043  kg CO2 per m3 
Emissions Factor (CH4)          0.0023  kg CH4 per m3 
Emissions Factor (N2O)      0.000004  kg N2O per m3 

Processing 
Emissions Factor (CO2)            0.090  kg CO2 per m3 
Emissions Factor (CH4)          0.0003  kg CH4 per m3 
Emissions Factor (N2O)      0.000003  kg N2O per m3 

Gasoline 
Production 

Emissions Factor (CO2)            0.138  kg CO2 per Litre 
Emissions Factor (CH4)          0.0109  kg CH4 per Litre 
Emissions Factor (N2O)      0.000004  kg N2O per Litre 

 
Table A2: Emission Intensity of Combustion (Diesel, Natural Gas and Gasoline) 

Diesel 
Emissions Factor (CO2) 2.730 kg CO2 per Litre 
Emissions Factor (CH4) 0.000133 kg CH4 per Litre 
Emissions Factor (N2O) 0.0004 kg N2O per Litre 

Natural Gas 
Electric Utilities 

Emissions Factor (CO2) 1.891  kg CO2 per m3 
Emissions Factor (CH4)      0.00049  kg CH4 per m3 
Emissions Factor (N2O) 0.000049 kg N2O per m3 

Gasoline 
Heavy-Duty Gasoline Vehicles (3-way catalyst) 

Emissions Factor (CO2) 2.360 kg CO2 per Litre 
Emissions Factor (CH4) 0.000068 kg CH4 per Litre 
Emissions Factor (N2O) 0.0002 kg N2O per Litre 
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