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EXECUTIVE SUMMARY

With the assistance of effective public policies, the cement industry can play a multi-faceted
role in California’s efforts to build an environmentally and economically sustainable future.
Although cement manufacturing is an energy-intensive process that accounts for approximately
2.5% of California’s greenhouse gas (“GHG”) emissions, it is also an essential ingredient in
concrete — a durable, indispensible building block of modern economies with many “green
qualities” that directly contribute to reducing California’s carbon footprint. Consequently, any
successful program to regulate GHG emissions must not only incentivize cost-effective emissions
reductions throughout the cement-concrete supply chain, but must also incentivize those
reductions that result from the increased use of concrete products in California’s buildings,
roads, bridges, and other infrastructure.

The expanded use of supplementary cementitious materials (“SCMs”) represents one pathway
for achieving the twin objectives of reducing the GHG footprint associated with cement
production while expanding the deployment of concrete products in California. SCMs include a
wide range of industrial byproducts and mined materials (e.g., coal fly ash, steel blast furnace
slag, silica fume, and pozzolonic materials), all of which have inherent cementitious properties or
develop cementitious properties when hydrated in the presence of portland cement. When
blended with cement in concrete, SCMs contribute important environmental, economic, and
performance benefits.

Despite these potential benefits, however, a variety of technical, market, regulatory, legal, and
policy barriers continue to limit the deployment of SCMs in the California marketplace beyond
existing levels. In the short and medium terms, some of these barriers can be addressed through
regulatory modifications and policy instruments that encourage all stakeholders within the
cement-concrete supply chain - including environmental regulators, SCM suppliers, cement
manufacturers, concrete manufacturers, architects, engineers, specifiers, and owners of the
constructed environment — to optimize SCM usage.

In the long term, however, fundamental economic and policy trends are likely to create an
environment of extreme uncertainty in SCM markets. For instance,

e The adoption of federal climate change policy is likely to simultaneously decrease the supply
and increase the demand for fly ash and slag - resulting in exceedingly tight market
conditions for the two most commonly used SCMs. Supplies would be particularly tight in the
California market, given its distance from sources of key SCM supplies.

¢ Increasingly stringent mercury emissions controls at coal-fred power plants are likely to
reduce the quantity of fly ash suitable for use in concrete.

e The development and deployment of cost-effective beneficiation technologies may provide
an “upside surprise” for fly ash supplies in the long term, though beneficiation also requires
greater costs and environmental burdens due to processing.

This environment of uncertainty has recently been compounded by a large-scale coal ash spill in
Tennessee, which has prompted the U.S. EPA to consider labeling fly ash as a hazardous waste.
Even if such a ruling does not legally, technically, or economically preclude the use of fly ash in




concrete, the public stigma alone could effectively compromise the viability of fly ash
substitution strategies.

Within this backdrop of uncertainty, California regulators must endeavor to design policies that
remove impediments to increased SCM consumption and optimize SCM utilization in a manner
that is equitable and consistent with evolving market conditions in the short, medium, and long
terms. In the absence of a deliberate and coordinated effort to align policy instruments
throughout the cement-concrete supply chain - including carbon price incentives, codes,
standards, procurement guidelines, and consumer education — SCM utilization in California is
likely to fall short of its full potential, regardless of prevailing market conditions. In the presence
of supportive policies that remove barriers to deployment and leverage flexible market-based
mechanisms to provide incentives throughout the cement-concrete supply chain, however, the
environmentally and economically efficient use of SCMs in California is likely to be optimized in a
manner consistent within highly dynamic, uncertain, and evolving market conditions.
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[. INTRODUCTION

With the assistance of effective public policies, the cement industry can play a multi-faceted
role in California’s efforts to build an environmentally and economically sustainable future.
Although cement manufacturing is an energy-intensive process that accounts for approximately
2.5% of California’s greenhouse gas (“GHG”) emissions?, it is also an essential ingredient in
concrete - a durable, indispensible building block of modern economies with many “green
qualities” that directly contribute to lowering California’s GHG emissions through:

e Enhanced Building Energy Efficiency: Concrete’s high thermal mass allows it to store heat
better than other building materials, resulting in enhanced energy efficiency for buildings
constructed with concrete walls.2 As such, concrete structures require less energy to heat
and cool than other building types with similar insulation levels, thus lowering energy-related
CO:2 emissions.

o Improved Fuel Efficiency: Due to its rigidity, concrete pavement enhances fuel efficiency of
vehicles when compared to more flexible and rough surface alternative pavement
materials.3 Improved vehicle highway mileage directly reduces CO2 emissions.

e Reduced Road Maintenance: Concrete pavements are more durable than asphalt
pavements, and require less energy intensive repair, maintenance, and refurbishment.
Additional CO: emissions are reduced from a lower incidence of construction-related
congestion and bottlenecks.

e Reduced Electricity Demand: Light-colored concrete reflects light better than dark materials,
and evidence suggests that concrete sidewalks, parking lots, and streets need 36% less
lighting at night than asphalt equivalents.4

e Mitigated Urban Heat Island Effect: Improved reflectivity also means that concrete reduces
the absorption of solar energy and lowers ambient temperatures, particularly in urban
environments.5 According to the U.S. Environmental Protection Agency (“EPA”), concrete
exhibits significantly more favorable “cooling” characteristics than any other material
examined, including asphalt.¢

e GHG Absorption Upon Recycling: Several studies indicate that 28%-39% of the volume of CO:
emitted during the cement calcination process is reabsorbed by concrete during its service
life, with this percentage increasing significantly if concrete is crushed prior to recycling.”

In short, environmental assessments that focus exclusively on the cement production process are
likely to significantly overestimate the net GHG emissions associated with the full cement
product lifecycle, including its use in concrete and its ultimate removal from service. Policy
frameworks that fail to accurately account for these “cradle-to-grave” impacts are likely to
incentivize the consumption of environmentally inferior alternatives to concrete. Simply put, an
effective regulatory program must not only incentivize GHG reductions throughout the cement-
concrete supply chain in a manner that is technically feasible, cost effective, and minimizes the
risk of leakage, but must also incentivize reductions that result from the increased use of
concrete products in California’s buildings, roads, bridges, and other infrastructure.




The expanded use of supplementary cementitious materials (“SCMs”) represents one pathway
for achieving the twin objectives of reducing the GHG footprint associated with cement while
expanding the deployment of concrete products in California. SCMs include a wide range of
industrial byproducts and mined materials (e.g., coal fly ash, steel blast furnace slag, silica fume,
and pozzolonic materials), all of which have inherent cementitious properties or develop
cementitious properties when hydrated in the presence of portland cement. When blended
with cement for use in concrete, SCMs contribute several important environmental, economic,
and performance benefits, including:

e Environmental Benefits: SCMs can reduce requirements for cement clinker, the principle
binding agent in concrete and the primary source of GHG emissions in the cement-concrete
supply chain. Furthermore, SCMs can increase the quantity of cementitious material in the
marketplace, which expands the potential supply chain for concrete. Finally, given that
many SCMs are waste byproducts, SCM usage can reduce landfill requirements and the
associated environmental impacts.8

e Economic Benefits: SCMs serve as “extenders” for locally produced cement, enabling
cement manufacturers to cost-effectively meet consumers’ needs during construction booms
without undertaking expensive investments in new production facilities that may prove
uneconomic as demand decreases.

e Performance Benefits:. When used properly, SCMs can significantly augment concrete
performance, improving finishability, workability, and pumpability of unhardened concrete,
as well as enhancing the strength and durability of hardened concrete. Although not a
“one-size-fits-all” solution, the performance benefits of SCM substitution are recognized within
certain construction parameters.

The California cement industry is acutely aware of these benefits, and continues to be a
proponent of the use of SCMs in concrete.

Despite its benefits, however, a variety of factors continue to limit the deployment of SCMs in the
California marketplace beyond existing levels, including technical, market, regulatory, legal,
and policy barriers. In the short and medium terms, many of these barriers can be addressed
through regulatory modifications and policy instruments that encourage all stakeholders within
the cement-concrete supply chain - including environmental regulators, SCM suppliers, cement
manufacturers, concrete manufacturers, architects, engineers, specifiers, and owners of the
constructed environment - to optimize SCM usage.

In the long term, however, fundamental economic and policy trends are likely to create new
challenges that will strain SCM markets. Forinstance,

¢ Federal climate change legislation is likely to reduce conventional coal-fired electric power
generation and integrated steel manufacturing - the two principal sources of commonly
utilized SCMs, namely coal fly ash and blast furnace slag.

o Federal climate change legislation is also likely to increase the demand for SCMs due to their
capacity to decrease GHG emissions and, therefore, reduce compliance costs.




e Similar supply and demand conditions are likely to materialize globally as the international
community endeavors to stabilize GHG concentrations in the atmosphere.

The cumulative impact of these trends on the California cement and concrete industries will only
be compounded by the state’s distance from key sources of fly ash and slag, making the state a
marginal consumer in both the domestic and international markets for SCMs.

With these issues and complexities in mind, the purpose of this study is to provide policymakers
with information and analysis necessary to develop regulations and design instruments that have
the greatest potential to remove impediments to increased SCM consumption in California and
optimize SCM utilization in a manner that is consistent with evolving market conditions in the
short, medium, and long terms. The study is organized as follows. Section Il provides
background information on the role of SCMs in the cement-concrete supply chain. Section Il
identifies key barriers to increased SCM utilization in California. Section IV examines the
implications of environmental policy trends on the future supply of fly ash in the California
market. Section V concludes with a discussion of the implications for designing policy
instruments intended to increase SCM usage in California.

II. BACKGROUND: THE CEMENT-CONCRETE SUPPLY CHAIN
2.1 Cement

Cement manufacturing is a mature, complex, and highly refined technical process. Some 80
separate and continuous operations are required to generate complex chemical reactions of a
closely controlled combination of multiple ingredients, including calcium, silicon, aluminum, iron,
and gypsum. Such precision requires that each stage in the cement manufacturing process be
closely monitored and frequently inspected, and that the finished product be routinely tested to
ensure that it meets technical specifications.

In the most elementary sense, cement manufacturing involves a four-stage process:

e Quarrying & Crushing: Limestone (i.e., calcium carbonate) and other raw materials are
extracted from a quaurry, crushed to more manageable sizes, and stockpiled for eventual use.

e Raw Material Preparation: Crushed limestone and other raw materials are recovered from
stockpiles, ground into a fine powder, proportioned to achieve the correct chemical
composition, and blended in a homogenization process to form a consistent raw meal.

e Pyroprocessing: The raw meal is heated at extreme temperatures -- separating limestone into
calcium oxide and carbon dioxide, with the calcium oxide reacting with other components
to form cement clinker and the carbon dioxide being emitted.

¢ Finish Grinding: The raw cement clinker is subjected to mechanical processes that grind it with
a small proportion of limestone and gypsum, which controls the rate of hydration, to produce
an ultra-fine powder known as portland cement (referred to hereafter as “cement”).

The heart of the cement manufacturing process is the kiln — a slightly inclined, slowly rotating
brick lined steel tube where the pyroprocessing stage takes place. Raw materials are fed into
the upper end of the kiln and heated to temperatures of 2,700-2,800 degrees Fahrenheit. Fuel is




supplied at the lower end of the kiln and the heated raw materials are transported downhill as
the kiln rotates. Many fuels can be used in the pyroprocessing stage, but coal and petroleum
coke (a byproduct of the petroleum refining process) have been the predominant fuels due to
costs, availability, and superior performance characteristics in kiln operations.

Although this basic four-stage process is common to all cement production, critical differences
in manufacturing technology exist. In the U.S., two distinct types of process technologies are
used: (1) the “wet process” and (2) the “dry process.”® The wet process consists of suspending
raw materials in water to form slurry, which is then fed into the kiln. In contrast, the dry process
consists of grinding dry raw materials into a manageable powder before being fed into the kiln.

The basic dry process technology, known as “long dry,” is significantly more energy efficient than
wet process technology. Moreover, a dry process plant can further improve efficiency by
installing a series of preheaters, which recover thermal waste gases to heat the raw materials
before entering the kiln, or diverting fuel to a calciner vessel at the base of the preheater tower.
Some cement plants also use excess waste heat to generate electricity, which further improves
plant efficiencies. Although the wet process is still used in the U.S. and throughout the world, all
cement plants in California utilize dry process technology.

Cement production results in GHG emissions through three basic activities. Common to all
cement production is the chemical reaction that occurs when the calcium carbonate
(“CaCO03”) in limestone is heated and breaks down into lime (“CaO”) and carbon dioxide
(“C0O2") — a process known as “calcination.” Calcination accounts for approximately 57% of
CO:2 emissions in the California cement industry.10 Emissions from non-calcination activities,
which primarily result from the combustion of coal and other fuels in the pyroprocessing stage,
account for 37% of CO2 emissions in the California cement industry. Indirect emissions from the
consumption of electricity, which are heavily dependent on the GHG emissions profile of the
electric power generator, account for the remaining balance (6%) of CO2 emissions.

The cement industry is well aware of the energy intensity of its manufacturing processes, and has
worked diligently to innovate, invest in cutting edge technologies, and consume energy as
efficiently and responsibly as possible. Between 1974 and 2008, the U.S. cement industry
increased its use of dry process technology from 42% of total capacity to 84% of total capacity.1?
As a result of these capital investments and improved operational practices, average CO:
emissions per ton of cement decreased by approximately 33% during the same period.12 In
2006, the average U.S. cement plant emitted 0.89 metric tons of CO:2 per metric ton of cement
produced, while the average California cement plant emitted 0.86 metric tons of CO:2 per
metric ton of cement produced — making the California cement industry one of the most
energy and environmentally efficient cement industries in the nation.13

2.2 Concrete

Concrete is the most widely used building material and the second most consumed substance
on earth, after water.14 In fact, global concrete consumption is estimated to be nearly twice
that of all other building materials combined, including wood, steel, plastic, and aluminum.15
The extensive use of concrete stems from its availability, versatility, effectiveness, performance,
and economy as compared to alternative building materials.




Concrete is typically made up of 10-20% cement by weight, which functions primarily as the
“glue” that binds the remaining aggregate materials together.16 The remainder of concrete’s
content by weight consists of water, coarse and fine aggregates (e.g., sand), and air.
Importantly, there is no “standard” concrete mix. Depending on a variety of constraints, such as
the type of structure, soil conditions, weather, and material reactivity, concrete suppliers and mix
designers use materials from numerous sources and in varying proportions. As a result, concrete
mixes are not identical in composition, but are designed to meet certain regulatory and
engineering specifications.

The GHG emissions embodied in concrete are primarily a function of its cement content, and
the proportion of cement to aggregates in a particular concrete mix varies according to its
intended use and performance needs, including strength and durability requirements.l” As a
result of such a highly prescriptive market, there are a wide variety of concrete mixes and there
is significant variation in the emissions embodied in different concrete products. A given
concrete manufacturer’s ability to produce relatively low-carbon concrete is heavily dependent
upon the technical specifications and performance needs of the end user. In this sense,
concrete manufacturers do not directly control the GHG emissions of concrete products, but
effectively serve as intermediaries between cement producers and end users.

2.3 Supplementary Cementitious Materials

Supplementary cementitious materials are used widely throughout the U.S. as additives to
concrete, although regional discrepancies in utilization occur based on the availability and
affordability of materials. SCMs can be introduced upstream at the cement facility to produce
“blended cement” or downstream at the concrete manufacturer to produce concrete
products. However, the point at which SCMs are introduced into the supply chain can vary
substantially based on economics and market conditions.

In many parts of the U.S., including California, virtually all SCM blending occurs at the concrete
facility. This practice provides California concrete suppliers with a high degree of flexibility in
meeting the diverse needs of their customer base - enabling them to produce a variety of
concrete designs, from the 16,000 psi concrete used in high-rise buildings to 4,000 psi concrete
used for water treatment plants, and from high early strength concretes used for road repairs to
very lean large aggregate concretes used in dams.

There are four primary types of SCMs: (1) coal fly ash, (2) blast furnace slag, (3) silica fume, and
(4) natural pozzolans, such as metakaolin. For a variety of reasons, including availability and
affordability of supply, SCM utilization varies greatly across material type. In a 1998 survey
conducted by the National Ready Mixed Concrete Association (“NRMCA”), respondents
reported using fly ash in a majority of the concrete produced (54%), with significantly less
utilization of slag (9%), natural pozzolans (0.4%), and blended cement (0.3%).18 The NRMCA
study also showed that 94% of respondents used fly ash in at least some of their concrete and,
on average, 15% of concrete consumed in the U.S. is comprised of SCMs.

The following sections provide an overview of the four primary types of SCMs used in concrete,
including the unique benefits, challenges, and limitations associated with each.




2.3.1 Fly Ash

Fly ash, the most widely-used SCM in the U.S., is a fine mineral ash that is produced as a
byproduct of coal-fired electric power generation. There are two main types of fly ash:

e “Class C” fly ash, which hardens when hydrated, typically consists of 10%-30% calcium oxide
by content.

e “Class F” fly ash, which hardens only when hydrated in the presence of cement or lime,
typically consists of less than 10% calcium oxide by content.1®

When mixed with concrete, fly ash can actually improve the performance of the finished
product - such as enhanced workability, strength, and durability — although characteristics may
vary significantly depending on the coal source. Under certain conditions, however, fly ash may
result in diminished performance, particularly when the replacement rate for cement exceeds
the standard practice of 20-30%.2° Furthermore, the addition of fly ash prolongs both the setting
time of concrete and the rate at which it initially gains strength, although long-term strength
gains can be greater. As a result, fast-track construction projects, which typically require greater
levels of strength in the early stages of construction, use concretes with little or no fly ash.

The amount of fly ash produced as a byproduct of electric power generation depends heavily
on the ash content of the coal combusted, which typically varies between 5-10%.21 Generally
speaking, approximately 80% of the ash content of coal is expelled in the exhaust gasses in the
form of fly ash. In 2008, U.S. power plants generated approximately 65.7 MMT of fly ash.22 Of this
amount, approximately 17% (11.4 MMT) was used as an additive in concrete, roughly 24% (15.9
MMT) was beneficially used in other applications, and 58% (38.4 MMT) was disposed of in
landfills.2® In light of this high disposal rate, however, it must be noted that most fly ash deposited
in landfills would not otherwise have been suitable for use in concrete.

Coal-fired electric power generation and, thus, supplies of fly ash are highly concentrated in
regions east of the Mississippi River, including states such as Georgia, lllinois, Indiana, Ohio, North
Carolina, and West Virginia. West of the Mississippi River, significant fly ash production occurs in
Texas and New Mexico. Virtually no fly ash is produced in California, as there is no coal-fired
electricity produced in California.

2.3.2 Slag Cement

Slag cement, also known as ground granulated blast furnace slag (“GGBFS”), is a byproduct of
the steel refining process. As iron ore is melted in a blast furnace, molten slag rises to the top.
The molten slag is then skimmed off and quenched with water to produce granulated blast
furnace slag, which is finally ground into slag cement. Slag cement is classified by its reactivity,
which is mainly a function of its fineness.

Slag is usually mixed with cement in larger amounts than fly ash, comprising 25-50% of concrete’s
cementitious material by weight, although in special limited cases (such as mass concrete
manufacture) it can account for up to 70%.24 Slag contributes additional beneficial properties
to concrete in the form of enhanced workability and reduced permeability, which also slows the
corrosive process on steel in reinforced concrete. Additionally, slag lightens the color of cement,




which improves its light reflectivity and enhances energy efficiency. At elevated dosages,
however, slag can retard the setting time of concrete and lessen its early strength, although
slag-blended concretes typically gain greater strength over the long run than concretes
containing only cement.2s

Although approximately 16.5 MMT of slag are produced in the U.S. annually, only 15% of the
blast furnaces possess the refining equipment necessary to generate the properties required for
use in concrete.26 |t is estimated that approximately 4.0 MMT of slag cement was used in
concrete in the U.S. in 2007, with 2.4 MMT originating from domestic blast furnaces and 1.6 MMT
originating from foreign sources.2?

Supplies of slag are concentrated in the eastern portion of the US, consistent with the location of
the nation’s remaining blast furnace steel mills. Due to prohibitively high costs of transporting
slag cross-country, the majority of slag available on the West Coast must be imported from Asia,
ground into slag cement in Seattle, then shipped to ready-mix concrete plants. Although there
is no readily available data for slag use in California, based on the state’s relatively low number
of slag cement supply terminals and the high cost and regulatory burden to develop slag
processing facilities in California, it does not appear to be a commonly used SCM.28

According to the Portland Cement Association (“PCA”), domestic slag supply conditions are
likely to constrain its expanded use in the U.S. in the context of aging blast furnace facilities and
disincentives to modernize or invest in refining equipment.2® This suggests that an expansion of
slag as a cement substitute will depend on imported slag. State, regional, or federal climate
change legislation that results in the loss of domestic blast-furnace steel production is only likely
to compound this trend.

2.3.3 Silica Fume

Silica fume, which consists of exceptionally fine silicon dioxide particles, is a byproduct of silicon
metal manufacture. Silica fume typically comprises between 5-12% of cementitious materials in
concrete by mass.3® Approximately 50-60% of the silica fume produced in the U.S. in 2004
(100,000-120,000 MT) was used as an SCM additive in concrete.3!

Silica fume’s properties make it uniquely suited for creating high strength, high performance
concrete for very specialized applications.32 It strengthens finished concrete against
compression, reduces permeability, and enhances durability.33 It is occasionally used for
construction projects exposed to seawater and high levels of deicing chemicals, such as bridge
decks. Generally speaking, however, silica fume is rarely used in concrete due to its extremely
high cost relative to portland cement and other available SCMs, and extremely limited market
guantities. There are no known sources of silica fume in California.

2.3.4 Natural Pozzolans

Natural pozzolans are naturally-occurring SCMs, typically of volcanic origin. Commercially
available pozzolans in the U.S. include calcined shale or clay and metakaolin, a popular variety
of natural pozzolan. Metakaolin is produced by the low temperature calcination of high purity
kaolin clay. Like silica fume, metakaolin is relatively expensive and used only for special
applications where very low permeability or very high strength concretes are required. In such




concretes, metakaolin typically makes up 5-15% by mass of total cementitious materials.34
Metakaolin is used more as an additive to concrete rather than as a replacement of cement.35

To varying degrees, natural pozzolans require more mining and processing than alternative
SCMs, and most currently available sources of commercial levels of natural pozzolans entail high
energy consumption and CO:2 emissions from processing, relative to other SCMs. Also unlike
other SCMs, natural pozzolans increase water demand in concrete processing, rendering the
majority of pozzolans impractical for use in most general-use concretes. New products under
development, however, are seeking to reduce the energy intensity and high water demand of
natural pozzolans, which could potentially improve their performance and desirability as an
alternative SCM.

Natural pozzolans are not as widely used as other SCMs. There are no current production
sources of metakaolin in California, though there are over 900 known sources of mineral deposits
in the state. To date, commercial production of natural pozzolans in the U.S. has been limited to
less than ten locations.3¢

[ll. BARRIERS TO THE EXPANDED USE OF SCMS IN CALIFORNIA

As previously noted, the blending of SCMs in concrete can result in a varied and significant set
of benefits, including improved performance, decreased energy consumption, and lower GHG
emissions. Furthermore, some SCMs, such as fly ash, may cost less than cement - providing a
financial incentive for concrete manufacturers to increase usage, especially during periods of
high demand. Despite these advantages, evidence suggests that California’s SCM utilization
rate remains below national averages. For instance, in a 2007 survey, the California Construction
and Industrial Minerals Association (“CalCIMA”) found that SCMs represented approximately 9%
of the cementitious material used in concrete produced in California, nearly all of which was fly
ash (for a summary of the survey results, see Appendix A).37

Although just slightly lower than the U.S. average, California’s SCM utilization rate is surprising
given that CalTrans, which represents just over one-third of the state’s concrete consumptions3s,
has mandated a minimum SCM content of 25% of cementitious material used in concretes.
Given the apparent performance and economic advantages of SCMs, such data suggests that
other factors may be inhibiting the deployment of SCMs in the California marketplace. The
following section reviews several of the most significant barriers to more widespread SCM usage
in California.

3.1 Technical Barriers: Consistency

A key barrier to expanding the use of SCMs in concrete is the intermittent availability of
consistent materials that meet rigorous technical specifications for use. In particular, the
properties of fly ash supplies are heavily influenced by a variety of factors that make it difficult to
maintain consistency. The quality of fly ash product typically varies from one electric power
plant to another, as power generators adjust plant operations (e.g., the type of coal
combusted) in order to achieve primary objectives (e.g., generating electricity at appropriate
times, minimizing fuel prices or meeting emissions standards), which are often met at the
expense of producing a consistent quality and steady supply of fly ash.3? Fly ash quality can also




vary within a single plant, as plant operators adjust the configuration of burners and the source
of the plant’s coal, sometimes on an hourly or daily basis.

In the post-production phase, limited capacity at storage silos can require that fly ash be stored
in less than ideal conditions, where it comingles with other materials and particles.*° Recognizing
the difficulty that suppliers have in maintaining fly ash in completely separate silos and also the
potential physical implications of mixing intermingled fly ash with concrete, Caltrans permits
intermingling but places significant restrictions on the practice.

The EPA has also acknowledged the difficulties inherent in maintaining a consistent supply of fly
ash, as posed by storage capacity constraints. Citing Texas Department of Transportation as an
example, an EPA review of coal combustion products (“CCPs”) notes:

“The Texas CCP review notes that CCP generators and ash marketers each have stringent quality
assurance/quality control (QA/QC) protocols, yet the Texas Department of Transportation (TX DOT)
and ready-mix producers indicated that coal fly ash storage capacity is limited, affecting users’
ability to store consistent supplies, and the quality of coal fly ash on a truck-by-truck basis is not
consistent. If there is a change in combustion operations, there is a resulting change in ash quality,
making it difficult to produce a consistent product.”#!

The availability of consistent fly ash supplies is likely to become more challenging in future years,
as suppliers face increasingly stringent environmental regulations on coal-fired power plants.

3.2 Market Barriers
3.2.1 Widespread Market Acceptance

A critical barrier to increased SCM utilization in concrete is market acceptance. Despite the
many beneficial properties of SCMs, many specifiers commissioning or monitoring construction
projects are still largely unfamiliar with or unwilling to use the many varieties. There is consistent
bias in favor of using only well known SCMs, such as fly ash or slag, as well as for holding SCM
substitution at low rates in concrete mixtures and limiting the number of different SCMs blended
into a given batch of concrete.

In fact, some SCMs impart more beneficial properties to concrete when blended at higher rates
than others. Slag cement, for example, achieves maximum performance levels when blended
at rates of up to 50-80%, significantly higher than typical fly ash substitution rates. There is also
evidence that ternary mixtures of SCMs (i.e., mixtures comprised of three different cementitious
materials) perform at a higher level than a single SCM blended with concrete, although
specifiers are relatively unfamiliar with ternary mixtures and therefore reluctant to adopt them.

Although concretes with high SCM content have been used on many projects, convincing
specifiers of the advantages of their use on each particular project typically involves a search
for fully compatible materials, large amounts of pre-testing, and close oversight and attention by
mix design experts and engineers. While such activities may be feasible for unique and larger
scale undertakings, they are more likely to impose prohibitive costs and delays for the more
standard and smaller scale projects.




3.2.2 Availability of Supply

In the long-term, the availability of supply is perhaps the greatest concern for increased SCM
utilization in California. A significant number of new coal-fired power plants have already faced
opposition and permitting difficulties, as local and state NIMBY (“not-in-my-back-yard”)
concerns have grown in recent years. This foreshadows a challenging environment for new
plant construction even under business-as-usual conditions and existing environmental policies.

Furthermore, federal climate change legislation, if adopted, is almost certain to hinder the
growth of conventional coal-fired power generation in the coming decades, precipitating a
sharp decrease in fly ash production — the most widely used SCM in California.42 At the same
time, a federal carbon constraint is likely to increase the demand for fly ash and other SCMs in
other regions of the nation, which may crowd out demand in incremental and relatively distant
markets, such as California. A similar tightening of supply and demand conditions for blast
furnace slag might be expected under a f