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Use of Fly Ash in Concrete and Other Cement Based Products Protocol

1.0 Project and Methodology Scope and Description

This quantification protocol is written for those familiar with the production 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 partial substitute for cement (e.g. Portland
Cements) used to produce concrete and other cement based products (e.g. pre-cast pipe, oil
well slurries, paving stones, soil cement, etc.).

The opportunity for generating carbon offsets with this protocol arises from the avoidance
of process emissions associated with the production of 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 and other equipment during the
production of clinker and other cement products. The baseline practice would be the
production of an equivalent quantity of cement 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 (CO,) emissions
per unit of cement 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 cement to
decrease the quantity of cement required in concrete or other cement based products and
therefore reduce GHG emissions associated with the production of cement from raw
materials. GHG emissions from cement production are primarily process CO, 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
pouring or other end use. The fly ash may ultimately be used in many different
applications as a replacement for cement and therefore the quantification of GHG
emissions is focussed on the tonnes of cement displaced by fly ash.

This protocol is NOT applicable to fly ash that is directly used at cement plants subject to
the Alberta Specified Gas Emitters Regulation or other applicable provincial or federal
climate change regulations, where the GHG intensity (tonnes of CO, equivalent from direct
emissions per unit of cement product output from the plant) of the cement 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 distribution to ensure that
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Use of Fly Ash in Concrete and Other Cement Based Products Protocol

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 the responsibility of 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 project proponent may be from
one of many positions in the fly ash supply chain (e.g. fly ash user, marketer, blender, etc.).
The one commonality among all project proponents is the likely need for co-operation
between fly ash producers, distributers, and users to share information.

For consistency with other Alberta Offset System protocols this protocol does not explicitly
assign ownership, but instead states the minimum data collection requirements in order to
adequately quantify the net GHG benefit of the project activity. It is therefore up to each
project proponent to provide proof of ownership of all offsets claimed at the time of third
party verification or upon request by Alberta Environment (e.g. through contracts with
other participants in the fly ash distribution chain).

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 these 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. The dashed line around
SS’s P17, P18 and P19 represents the typical points within the fly ash supply chain at
which information may need to be collected by the project proponent.

Protocol Approach

The protocol quantification approach is based on the tonnes of fly ash used that result in the
substitution of cement used in the production of cement blends, concrete or other cement
based products. 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 based products.

To demonstrate that a project is covered by the scope of the protocol, the project proponent
must demonstrate that his/her activities (e.g. the implementation or expansion of a
marketing/ distribution system for fly ash, changes in mixing facility operating practices,
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Use of Fly Ash in Concrete and Other Cement Based Products Protocol

construction of a fly ash storage silo or increased purchase or use of fly ash in place of
cement products) have resulted in the incremental use of fly ash in place of conventional
cement products and/or that the fly ash would normally have been managed differently. As
evidence, the project proponent must provide historical records of fly ash sales and/or
utilization/mixing to demonstrate that this baseline condition, illustrated in 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 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 GHG lifecycle element, herein referred to as a
source or sink (SS) of GHG emissions, to be consistent with the expected format of the
data related to fuel consumption and process emissions at cement plants.
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FIGURE 1.1: Process Flow Diagram for Project Condition
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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
proponent 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;

Project proponents should track the distribution of fly ash up to the point where the
fly ash is added to other materials to produce concrete or other cement based
products in order to demonstrate that the fly ash is actually displacing cement 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
(SGER) (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 that are added to the primary facility outputs
within the cement production facility fence line as defined by the Alberta SGER.
Fly ash included in the total production output from the cement plants defined as
Large Final Emitter Sites under the SGER would be ineligible to generate offsets
because the overall GHG intensity for the cement production plant would have been
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 annual SGER reporting, records must be
available to verify this;

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,

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,]
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c. [Ownership of the emission reduction offsets must be established as
indicated by facility records.]

Protocol Flexibility
Flexibility in applying the quantification protocol is provided to project proponents 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 ACMO0005. Refer to Appendix A for the detailed
quantification approach for this flexibility mechanism;

2. The project proponent may define and justify a project specific cement to fly ash
replacement ratio based on measured fly ash and cement usage data from at least
one year of operations for the specific application of fly ash. This factor may be
substituted for the conservative replacement ratio (referred to as an equivalence
factor) used in Table 2.4. The methodology for generation of this factor must
ensure accuracy; and be robust enough to provide an uncertainty range;

3. Site specific emission factors may be substituted for the generic emission factors
indicated in this protocol document in Appendix B. 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;

4. Measurement and data management procedures may be modified by the project
proponent 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 proponent must justify why the method used represents a
reasonable deviation from the protocol methodology.

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

Blended Cement:

Cement:

Cement Plant:

Clinker:

Fly Ash:

Functional Equivalence

Blended cement is cement that contains
supplementary cementing materials such as fly ash,
blast furnace slag, and silica fume.

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.

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.

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.

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% Ca0O). A maximum of 5% SOj; for all types
is permitted for use in cement.

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
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produced or blended) for comparison between the
Project and Baseline activities.
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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 practice
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, the project SS’s were
organized into life cycle categories in FIGURE 2.1. Descriptions of each of the SS’s and
their classification as controlled, related or affected are provided in TABLE 2.1.

The criteria for classifying SS’s, based on Guidance provided by Environment Canada, are
as follows:

Controlled: The behaviour or operation of a controlled SS is
under the direction and influence of a Project
Proponent through financial, policy, management, or
other instruments.

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

Affected: An affected SS is influenced by the project activity

through changes in market demand or supply for
projects or services associated with the project.
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FIGURE 2.1: Project Element Life Cycle Chart
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TABLE 2.1: Project SS’s

1.SS

2. Description

3. Controlled,
Related or
Affected

Upstream SS’s during Project Operation

P1 Fuel Extraction /
Processing

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.

Related

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 additives used in the cement production process of the project 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 additives. Volumes and types of additives are the important characteristics to be tracked.

Related

P4 Additive Delivery

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 of
additive delivery as well as the tonnes of additives delivered are the important characteristics to be tracked.

Related

P5 Material Extraction /
Processing

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 characteristic
to be tracked.

Related

P6 Material Delivery

The materials 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 of
material delivery as well as the volumes of materials delivered are the important characteristics to be tracked.

Related

P7 to P9 and P11 to P13
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

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, resulting in the emission of greenhouse gases. The quantities,
heating values and (fossil) carbon contents of each type of fuel are the important quantities to track.

Related

The cement plant may generate electricity on-site to provide power for the cement production processes and

Related

will result in the combustion of various conventional and possibly alternative fuels, resulting in the emission of
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greenhouse gases. The type, quantity and (fossil) carbon content of each fuel should be tracked in addition to
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
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 should be accounted for here.

Related

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 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 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 to be
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 leakage
of GHG emissions if it isn’t recycled at the plant and blended into the final products. The industrial process
emissions from the cement plant may be quantified based on 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, the quantity recycled/blended and the tonnes sent for disposal.

Related

P10 Electricity
Generation (off-site)

Electricity may be required for operating a variety of equipment at the cement production facility in the project.
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.

Related

P14 Transportation of
Cement

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

Related

P15 Production of Fly
Ash

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 processes
that would require energy inputs and therefore consume fossil fuels as part of those processes. GHG emissions
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
operations of the power generation facility) and are already subject to regulation under the Specified Gas
Emitters Regulation.

Related
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P16 Transportation of Fly

The fly ash produced at coal combustion facilities would need to be transported to distribution facilities before
it is delivered to mixing facilities or to the end user in the project condition in order to be used in cement
products. Any fly ash that is not used in cement products would have to be transported to other end uses, to

Ash storage or to a disposal site (e.g. landfill). This may include shipment by truck or rail, resulting in the emission Related
of greenhouse gases. Distance and means of fly ash transportation as well as volumes of fly ash transported are
the important characteristics to be tracked.
Onsite SS’s during Project Operation
C . The operation of a distribution facility will require the consumption of fossil fuels to operate material handling
P17 Distribution Facility . o S 1
Operation equipment such as dump trucks and loaders, resulting in the emission of greenhouse gases. Types and Controlled
P quantities of fuels should be tracked to establish functional equivalence between the project and baseline.
The fly ash may need to be transported from any distribution facilities to one or more mixing or blending
P18 Transportation of Fly | facilities. This may include shipment by truck or rail, resulting in the emission of greenhouse gases. Distance Controlled
Ash to Mixing Facility and means of fly ash transportation as well as volumes of fly ash transported are the important characteristics to
be tracked.
In the project condition there may exist blending or mixing facilities (often referred to as concrete plants) that
add fly ash to cement to meet product specifications (e.g. for Ready Mix applications). These facilities, herein
P19 Mixing Facility referred to as mixing facilities, are assumed not to have mills that grind the fly ash. The operations of the
. .. e . . . . .. . . Controlled
Operation 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.
Downstream SS’s during Project Operation
. The mixed product (fly ash and cement) will need to be transported from the mixing facility to the end user
P20 Transportation of . . . . . . .
Mixed Product (e.g. the concrete pour site). The transportation of this product will require the consumption of fossil fuels. The Related
distance should be evaluated to account for functional equivalence between the baseline and project condition.
The final blended product will be used for any number of uses in the project condition such as in Ready-Mix
applications, concrete, grout, or oil and gas well development. This SS includes any further distribution of
concrete or other cement based products. All of the product end uses will require the combustion of fossil fuels
P21 Cement Product . . . . .. . .
Usage to operate equipment which will result in greenhouse gas emissions. Product usage, material properties, Related
& durability and performance should be assessed to evaluate functional equivalence between the baseline and
project conditions. It is noted that the use of fly ash may extend the service life of the concrete or cement based
product in which it is used.
In the project condition some fly ash will not be used in cement based products and will be directed to other
P22 Fly Ash Directed to end uses or to dlsposal. Other egd uses fpr .ﬂy ash may 1r}cl.ude use in the manpfacture or paints, plastlcs,
ceramics, synthetic wood and soil remediation. The remaining fly ash would either be stored indefinitely or
Other Uses / Stored / . ! L . Related
Landfilled sent to a disposal site, such as a landfill. Depending in the type of end uses and disposal methods, there may be
resulting greenhouse gas emissions. The tonnes of fly ash disposed and type of disposal method are important
characteristics to be tracked.
Other
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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.
Greenhouse gas emissions would be primarily attributed to the use of fossil fuels and electricity used to power
equipment for the extraction of the raw materials, processing, fabricating and assembly.

Related

P25 Transportation of
Equipment

Equipment built off-site and the materials to build equipment on-site will all need to be delivered to the site.
Transportation may be completed by truck, barge and/or train. Greenhouse gas emissions would be primarily
attributed to the use of fossil fuels to power the equipment delivering the equipment to the site.

Related

P26 Construction On-Site

The process of construction at the site may require a variety of construction equipment such as heavy
equipment, smaller power tools, cranes and generators. The operation of this equipment will have associated
greenhouse gas emission from the use of fossil fuels and electricity.

Related

P27 Testing of Equipment

Equipment may need to be tested to ensure that it is operational. This may result in running the equipment in
order to ensure that it is operational. These activities will result in greenhouse gas emissions associated with
the combustion of fossil fuels and the use of electricity.

Related

P28 Site
Decommissioning

Once a distribution facility is no longer operational, the site may need to be decommissioned. This may
involve the disassembly of the equipment, demolition of on-site structures, disposal of some materials,
environmental restoration, re-grading, planting or seeding, and transportation of materials off-site. Greenhouse
gas emissions would be primarily attributed to the use of fossil fuels and electricity used to power equipment
required to decommission the site.

Related
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