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Definitions and Acronyms

ASTM International — A global standards agency with over 13,000 voluntary consensus

standards developed by industry professionals.

CCRs (Coal combustion residuals) — As defined by the EPA, byproducts produced primarily from
the burning of coal in coal-fired power plants. Includes fly ash, bottom ash, boiler slag, and flue

gas desulfurization gypsum [1]

CCPs (coal combustion products) — A term for CCRs used by ASTM international. Includes fly ash,
bottom ash, boiler slag, fluidized-bed combustion (FBC) ash, or flue gas desulfurization (FGD)

material produced from burning coal or cleaning stack gases [2]



EPA (Environmental Protection Agency) — A regulatory agency in the U.S. with the goal of

protecting human health and the environment.

TVA (Tennessee Valley Authority) — The largest public power provider in the U.S., and a producer

of CCRs.

EPRI (Electric Power Research Institute) — A nonprofit research organization with a focus on

electric power and energy.

RCRA (Resource Conservation and Recovery Act) — An act that covers the first federal solid

waste statues and all subsequent amendments [3]
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Executive Summary

As CCRs accumulate in disposal sites across the U.S. and more strict regulations are being placed
on CCR disposal, producers of CCRs turn to beneficial use to mitigate long-term risk and reclaim
space and storage costs. The 2 billion tons of CCRs disposed of in landfills and surface
impoundments are not commonly employed for beneficial uses. While novel beneficial uses are
being researched for older CCRs, markets for these CCRs are slow to develop. This is due to a
lack of confidence in CCR beneficial use from potential CCR users due to uncertainty about CCR
characterization, the risk assumed when employing novel CCR beneficial uses, unclear CCR

terminology, and a lack of a standardized, consistent CCR product.

Formal regulations are not a viable way to build confidence in CCR beneficial use, as they often
hinder innovation and do not take industry needs into account, as seen by the recent
amendments to the EPA’s CCR final rule. Stakeholders would benefit significantly by
implementing other forms of governance, such as voluntary consensus standards, to

characterize CCRs and build confidence.

Industry standards should be developed for CCR characterization and classification. Industry
standards build confidence through ensuring consistency in CCR materials, providing
methodology for CCR characterization and testing, reducing risk assumed by the industry, and
allowing all invested parties to guarantee they are fairly represented within the standardization

process.



This policy paper is advocating for creating and updating ASTM CCR characterization standards
to build confidence in the beneficial use of CCRs. This paper recommends the following three

actions:

1. ASTM subcommittee E50.03 reviews and updates ASTM E2201-Standard Terminology
for Coal Combustion Products for better clarification between pre-hydrated and
hydrated CCRs.

2. E50.03 advances some developing CCR guides into specifications, test methods, or
classifications for better industry standardization.

3. E50 advertises new CCR standards so that CCR producers and users may provide
guidance and research for the development of CCR characterization standards for the

purpose of beneficial use.

These recommendations are meant to provide clarity and consistency within CCR terminology
and classification, and to call the industry to become involved and engaged with the
standards-making process. If implemented, new CCR characterization and testing standards
would allow both CCR producers and users to advance their knowledge of CCRs and reduce the

risk of using them, thus building confidence in CCR beneficial use.

Introduction

The accumulation of CCRs is a rapidly growing issue for power plants and utilities across
America. The United States produces over 130 megatons of CCRs annually, and over 2 billion
tons of CCRs are stored in disposal units across the country [4]. EPRI estimates that the costs
over a 20-year period to producers of CCRs as a result of EPA regulation range between $54 and

$76 billion [5].

One way to reclaim space and reduce management costs associated with CCR disposal is to
beneficially use newly generated and already-disposed CCRs. The EPA has recognized select

beneficial uses for CCRs, such as a cement additive to increase strength, structural fills, and FGD
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gypsum in agriculture and wallboard [6]. Up to 69% of newly-generated CCR from US power
plants are used in these kinds of beneficial uses [7]. Older CCRs stored in landfills and surface
impoundments are not commonly employed for beneficial uses because they are often less
reactive than newly generated CCR and have undergone some geochemical changes due to
exposure to infiltrating precipitation. Out of approximately 2 billion tons of previously disposed

CCR, only about 4.5 million tons were harvested for beneficial use in 2021 [7].

That does not mean disposed of CCRs have no potential for beneficial use. Novel beneficial uses
for these older CCRs — like ceramics, plastic pyrolysis, and water filtration — exist and are being
researched [8, 9, 10]. However, markets for these novel beneficial uses are slower to develop
due to a variety of issues, including uncertainty about CCR characteristics, the risk assumed
when employing novel CCR beneficial uses, unclear CCR terminology, and a lack of a
standardized, consistent CCR product [11]. Without standardized characterization methods or
terminology, users do not know exactly what kind of product they are receiving, which increases
the risk they accumulate from using it. Potential CCR users do not have confidence in the
knowledge they have about the CCRs being sold to them, leading them to assume additional

risk in the final CCR's beneficial use.

Background

Prior to 2015, CCR producers primarily managed CCRs in landfills and surface impoundments.
Pre-2015 EPA regulation had very few environmental guidelines on the disposal of CCRs, making

it relatively inexpensive to store CCRs.

The regulatory climate for CCRs began to change after the Kingston fly ash spill in 2008. A dike
failure at the Tennessee Valley Authority Kingston Fossil Plant caused 5.4 million cubic yards of
coal fly ash to spill into the Swan Pond Embayment, and eventually the Emory River [12].

Cleanup efforts took over six years, and monitoring of the site is still ongoing [13].



In response to this event, the EPA published the CCR Final Rule in 2015, which put strict
regulations in place managing CCR disposal sites. These provisions included monitoring and
remediating groundwater at CCR disposal sites, landfill liner requirements, and closure
procedures. Since the initial rule issuance, there have been multiple CCR regulations and
amendments, specifically the Legacy Rule in 2024, and the regulations surrounding CCRs

continue to be more restrictive [6].

With these new regulations, CCR producers were assuming both the cost and liability of on-site
disposal, and for the structural stability of landfills and surface impoundments. The CCR Final
Rule, while necessary to address environmental concerns surrounding CCR disposal, also made
the disposal and continued monitoring of CCR landfills and surface impoundments much more
expensive. Both the monitoring of legacy and closed sites and the transfer of CCRs to new
compliant sites are costly [14]. According to the Tennessee Valley Authority, TVA has invested up
to $2 billion into transferring all its CCRs into dry disposal to comply with EPA regulations [15].
The design, construction, monitoring, and maintenance of these disposal sites are a significant

financial obligation.

Closed CCR disposal sites require regular maintenance and monitoring for a minimum of 30
years — typically longer when groundwater remediation is being performed [16]. Qualified
samplers, inspectors and maintenance personnel must routinely visit the facility during this
post-closure care period. One of the primary elements of the CCR final rule was to ensure
another incident like Kingston would never occur through risk assessment and stability analysis

and reporting.

To mitigate long-term risk and the potential for more strict regulations in the future, CCR
producers began looking for alternatives to disposal. Beneficial use appeared to be a promising

option. There are a variety of benefits to using CCRs for both CCR producers and users.

CCR sales for beneficial use could help offset costs associated with long-term management and
safe storage. It is expensive to store CCRs safely for extended periods, and compliance with
federal regulatory requirements can be both costly and difficult to maintain, especially as

requirements change and environmental regulations are updated in response to new research.
8



Costs resulting from the CCR final rule range from $214-240 million per year, with potential
expenditures of $100 million or more, according to the EPA [17]. TVA estimates spending up to
$2 billion between 2026 and 2030 to comply with environmental regulations, including facility
closure requirements, maintenance, monitoring, and inspections [18]. Updating old disposal
sites or closing legacy sites to move CCRs to newer disposal sites is also expensive. Selling CCRs
instead of storing them will provide producers with a revenue stream rather than a constant
cost. The EPA is also proposing amendments to the CCR rule that would add language

promoting the recycling of disposed CCR into beneficial uses [6].

Potential users of CCRs are receptive to using them because they can serve as inexpensive
alternatives to virgin materials or more costly compounds, lowering costs for manufacturers
across a variety of areas. The EPA set four requirements for beneficial use, one of which is that
CCRs must act as an equivalent substitute for a virgin material [13]. In many cases, CCRs can
serve as an equivalent or superior material for use in products. Fly ash used as a cement
replacement in concrete increases the concrete’s workability, strength, and durability, as well as
reducing carbon emissions from Portland cement manufacturing [19]. FGD gypsum is equivalent
to raw gypsum and is the primary ingredient used for manufacturing wallboard. Both fly ash and
bottom ash can be used as gravel and sand replacements in structural fills and, in some cases,

can strengthen and stabilize the fill [20, 21].

As discussed previously, some CCR beneficial uses have already been approved by the EPA and
widely implemented. Pozzolanic fly ash has been used as a cement replacement in concrete
since the 1930’s [15], and the ASTM standard for it was published in 1978 [22]. FGD gypsum,
meanwhile, has been used in wallboard for over 30 years and had its own ASTM codified in
2000 [23]. The EPA also noted in its final rule that CCRs used in structural fills could be
considered a beneficial use as long as the structural fill complied with the beneficial use criteria
[24]. Despite there being very few regulations surrounding CCR beneficial use, beneficial use is
encouraged by the EPA; the CCR final rule was implemented under the RCRA, which harbors

programs that encourage beneficial use.

Overall, there is a wide range of benefits to the beneficial use of CCR for producers and users.



Key Findings and Stakeholders

So, it is generally agreed that CCRs can and should be used beneficially. CCR beneficial use can
provide extensive benefits and economical value to both producers and users of CCRs. The EPA
describes how CCR beneficial use can yield positive environmental, economic, and performance

outcomes, and CCRs have been used beneficially since at least 1968 [25].

Despite these benefits, as mentioned previously, potential CCR users do not have confidence in

the CCRs they are receiving for beneficial use.
CCR Users

There are very few standards for CCR beneficial use. A lack of standards places the liability for
using the CCRs on the industry, particularly CCR users. Companies testing novel beneficial uses
lack regulations or standards to demonstrate the soundness of their methodology or the safety
of their product. Many “proof of concept” testing phases for CCR beneficial uses are
unsuccessful due to research data gaps. If the metals contained within the CCR leach into the
environment and impact environmental or human health, the only responsible party is the

company that employed it.

There is also a lack of classification for CCRs. CCRs vary in chemical composition depending on
coal type, combustion and flue gas cleaning methodologies, and disposal methods. This means
that not all CCRs are suitable for a single beneficial use, necessitating their characterization.
Only one guide, ASTM E3355-23-Standard Guide for Characterization of Coal Combustion
Products (CCPs) in Storage Area(s) for Beneficial Use, gives generic guidance of how to harvest
CCRs (or, as defined by ASTM, CCPs) in disposal areas for beneficial use. It does not provide
details for testing, sampling, or identification and characterization of CCRs. Currently, only ASTM
C618/C311 characterizes one type of CCR — fly ash — for beneficial use. There are no other

standards characterizing CCRs.
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Additionally, most of the tests currently used to characterize CCRs are derived from ASTM
standards for soils, and in recent years, it has been found that many soil characterization tests
do not accurately characterize CCRs. There are currently very few verifiable tests for CCR

characterization, and the trusted methods are very new.

Before the CCR final rule, there was very little reason to unearth CCRs from disposal sites.
Because of this, many CCR storage facilities lack reliable historical records of where CCRs are
stored. Mapping CCR landfills by CCR chemical composition is a long and costly process, and in
lieu of novel field testing methods. Generally, producers have very little idea of the quality and
composition of the CCR that is stored in their long-term landfills, and without reliable testing

methods, it can be difficult to market any stored CCRs.

Further adding to the confusion regarding CCR composition, there is a lack of clear language
surrounding CCRs. There are many different terms that can refer to one or a variety of different
products. The term ‘CCR’ is becoming more common within the industry, and is also used by the
EPA. On the beneficial use side and within ASTM International, the term CCP is used to describe
similar materials, although no distinction is made between hydrated and pre-hydrated material.
There is a variety of ways to refer to both CCRs within silos and CCRs that have been stored in
surface impoundments and landfills (and thus have been exposed to water) — harvested ash and
fresh ash, pre-hydrated and hydrated ash, unweathered and weathered ash — which creates
confusion when CCR producers try to communicate exactly what CCRs they have available.
Furthermore, most of these terms do not specify the exact kinds of CCRs contained within

them.

This inconsistency in terminology regarding CCRs creates confusion and erodes confidence in
using CCRs among all parties. Regulating and creating trusted standards for CCRs becomes

difficult when there are no well-defined, specific terms for the wide variety of CCRs.

The potential liability of beneficially using CCRs, the lack of classification methods, and the lack
of consistent terminology for CCRs mean the industry is reluctant to use a product that might

bring regulatory or liability issues.

11



Regulatory Issues

The EPA’s 2026 ruling acknowledging certain beneficial uses was a step in the right direction
towards robust CCR regulation. However, noting a few widely implemented beneficial uses is
not enough to cover the variety of novel beneficial uses for CCRs that are being researched and

tested.

While the natural assumption is that robust regulations might amend many of these issues, this
is not necessarily the case. New regulations take time, effort, and extensive research. The final
rule has been available for over 10 years, but it has acknowledged only a handful of CCR

beneficial uses during that time.

Additionally, new regulations might not fully take industry needs into account. For example,
when the CCR Final Rule was implemented in 2014, it established strict requirements for
monitoring groundwater at CCR disposal sites to prevent contamination of well water. This
blanket regulation failed to account for the diversity of CCR disposal locations and methods, and
resulted in CCR producers spending thousands to monitor either nonexistent groundwater or
nonexistent wells. It was only after years of lobbying that the EPA’s groundwater monitoring

regulations shifted towards site-specific regulation and permitting.

Both users and producers of CCRs might not find it in their best interest to encourage federal
regulations, too. It has been found that regulations in an uncertain market can decrease
industry innovation [26], and strict regulations can slow down the process of using CCR
material. As WEC Energy Group’s vice president—environmental Bruce Ramme remarks in an
interview with Power, “The world doesn’t wait for you, if you have to go and get permission
every time you have a project” [27]. Neither the industry nor regulators want to hinder
innovation, especially in a market in need of novel, beneficial uses. The government’s goal is to
encourage long-term growth and economic competition [28]. If formal regulations hinder that

effort, then other methods of regulation are necessary.

12



Building Confidence Through Industry-Led Standards

Industry-led standards can alleviate many of these concerns and build confidence in the
beneficial use of CCRs. Industry-led standards, also known as voluntary consensus standards,
are guidelines developed by an industry and its stakeholders to outline voluntary requirements
for a certain product or procedure. Standards are collaborative and span a wide variety of

subjects. While standards are voluntary, they grant stakeholders who use them many benefits.

Standards can provide consistency and quality assurance in a product. In his book Wheels of
Normality: Building Trust Through Standards, Alex Gertschen describes how standards were
created to sustain a certain level of product quality by introducing rote instructions that even
unqualified individuals can follow [29]. To maintain quality—and thus confidence—in a product,
standards can be used to ensure market consistency between products produced by different
companies and internal consistency between one company’s products. Products using similar
standards then become comparable to one another. In terms of CCRs, there is very little
confidence in the consistency of CCRs available to users due to the wide range of chemical
compositions and qualities among them. Standards provide the necessary documentation to

assure users of the product's quality.

To that point, Gertschen also notes how documentation of quality controls (i.e., standards) can
help transfer knowledge between companies, simplifying transactions between suppliers and
purchasers and lessening information asymmetry—the gap in knowledge between two parties
during a transaction. This is how industry-wide standards became commonplace. It ensures
users can learn about the producer’s quality-control assurances, helping to build confidence in
the final product. Users can understand the exact measures that went into processing that CCR
material, thereby reducing information asymmetry. Users can then make informed decisions
about the product, while having confidence that they know the tests and processing the
products went through. Overall, users are more likely to purchase a product if it meets
consensus-based standards. Sinicrope et al. describe how the successful deployment of a new
technology for the Plutonium Fuel Facility Risk Reduction Program was primarily enabled by

efforts to integrate consensus-based standards into the technology [30].
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Industry standards also provide methods for identifying, characterizing, and testing a product.
By adhering to industry standards, producers can provide evidence of trustworthy,
well-researched, and widely used tests and procedures. This allows users to understand the
procedures performed on products, thereby further increasing transparency and confidence.
New, CCR-specific testing and classification standards will also accelerate research into CCR
beneficial uses. Traditionally, testing standards for soils and the single ASTM CCR classification
standard have been used to test and describe CCRs, but the industry has recently been pushing
for CCR-specific standards. Creating CCR standards will reduce reliance on traditional soil
terminology and tests that are not CCR-specific. New classification standards will also allow
CCRs to be well-characterized for any future beneficial uses that might require specific CCR

characteristics.

Alongside more accurate tests and classification, standards can reduce the risk assumed by
companies implementing CCR beneficial uses. Standards inherently decrease risk by outlining
procedures for implementation. For example, a clinic in Switzerland found that using standards
to automate its surgical and post-surgery care procedures significantly increased patient
satisfaction and safety, and one surgeon described how standards help them control risks within

the facility [29].

Industry standards are often more beneficial to industry than government regulations, as
federal regulations can be either too harsh, too late or too expensive to implement. Since
industry standards are created by and for the industry itself, they are grounded in the present
industry conditions. Industry standards also lessen the need for federal regulations, as the
government can adopt widely used, trusted industry standards and incorporate them into
regulations. The National Technology Transfer and Advancement Act (NTTAA) is a law that
allows federal agencies to use technical, voluntary consensus standards, provided those
standards do not conflict with preexisting laws. Additionally, federal agencies may participate in

developing technical standards that align with their missions [31].

Industry-led standards create a win-win scenario in terms of federal regulations. The industry

can participate in the development of those standards, ensuring the standard is rooted in
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practical solutions. The U.S. government provides incentives for companies that contribute to
standards that will serve national needs, like financial, administrative, and technical support for

developing those standards [28].

As stated by the OMB Circular A-119, regulators also have many advantages to using industry
standards. Industry standards can decrease their workload and cost of developing new federal
regulations by adopting trusted industry standards into law, while simultaneously promoting
competition and long-term growth within the industry [28]. Industry standards can similarly
address outdated regulations in a much quicker timeframe than traditional federal regulations
can, sparing regulators from spending time on regulations that will not get implemented for

years anyway [30].

Industry standards, by virtue of being voluntary and consensus-based, take all perspectives into
account. The OMB Circular A-119 notes how voluntary consensus standards fairly consider all
objections to the standard and attempt to resolve all objections in a satisfactory method to all
interested parties [28]. Both producers and users of a product have unique concerns that can be
addressed in the standard. Producers put a large amount of time, money and research into
making a final product users will want, and they want the standards to reflect that effort. Users
want to ensure the product they are receiving is high-quality and consistent, and they want
transparency in the methods used to make that product. Industry standards allow both sides to
raise concerns with a standard and ensure their perspective is being fairly considered.
Regulators and agency personnel may also participate in the development of standards to
further provide a governmental perspective [28]. Industry standards allow all perspectives on a
standard to be addressed and compromised on, creating a final standard that balances all

industry voices.

Standards will kickstart innovation in beneficial uses. As described by Blind, Petersen, and Riillo,
standards lead to high innovation in markets with high uncertainty, as standards give guidance
for further technological advancements [26]. Thus, creating industry standards for CCR

beneficial use will push companies to innovate on existing beneficial uses or invent new ones, as
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they will have a framework for testing and characterization. This advances CCR beneficial use to

the ultimate goal of depleting CCR disposal sites and beneficially using all CCR material.

Recommendations

E50.03 Update ASTM E2201 - Standard Terminology for Coal

Combustion Products

My first recommendation is to have the E50.03 subcommittee review ASTM E2201-Standard
Terminology for Coal Combustion Products to add clarification and better define the difference
between various CCRs. Terminology standards are typically updated to support the use of new
terminologies used in multiple ASTMs and are not usually made independent of other
standards. However, as shown previously, there is a clear need for updated, more specific CCR
terminology in current standards. The lack of precise terminology within past CCR standards
creates confusion when researching and using CCRs, and so this terminology needs to be

revised. All stakeholders can then provide input on how CCR terminology should be updated.

The primary objective of this review should be to clarify terminology between hydrated and
pre-hydrated CCR material. The resulting terminology should provide distinct terms for that
material. It should also draw upon widely used CCR terminology for updated language while
also employing new terms to clarify points of confusion or overlap. Ultimately, new terminology
should be precise and widely agreed upon, to equip both producers and users with the

necessary language to effectively discuss CCR topics.
Advance Some Current Guides to Specifications

Currently, most new CCR standards are guides. Guides have the benefit of covering many
different methods and do not require one singular method to be followed. Standards that cover

a topic that has multiple methodologies within specific guidelines, like the current draft guide
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Describing Coal Combustion Products in Field Investigations for Beneficial Use, should remain as
the less-stringent guides. This gives the industry options for different methodologies within the

guide.

Some guides, however, deal with methods that can and should be standardized throughout the
industry. Guides like draft guide Describing Coal Combustion Products in Field Investigations for
Beneficial Use outline much more specific processes that have very little variability between
situations. Thus, subcommittee E50.03 should advance these guides to more rigorous

standards, like specifications, test methods, or classifications.

In either case, updated guides and standards would allow CCR users to feel more confident in
their knowledge about the product they are receiving, and help standardize characterization

methods across the industry.
Guidance and Research from Industry On Characterization of CCRs

Generally, one of the largest sources of a lack of confidence in CCRs comes from a lack of
knowledge about the product from all sides [11]. There is a wide variety of potential topics for
CCR research, and there are many gaps within CCR beneficial use literature. To effectively
further the creation of standards into CCR beneficial use, the industry should help focus CCR

research into the beneficial uses they are invested in.

This goal can be furthered by E50 advertising developing CCR standards at meetings and giving
presentations over standards that are currently in development. Also, some industry groups like
TVA have already begun investment into creating standards tailored to fit their needs.
Researchers from many companies are creating new tests and procedures that are necessary for

CCR characterization. However, more involvement and support from the industry is required.

Voluntary consensus standards can represent every facet of industry, but first, the industry must
involve itself in the making of those standards. By helping create industry standards, producers
of CCRs can show users they are providing a quality product, but also to ensure new standards

are not too strict or infeasible to implement. Users of CCRs can involve themselves in the
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creation of standards to guarantee the standard outlines a product that will be useful and
consistent, as their products rely on the quality of the CCRs they receive. Users can also help
develop standards that pertain to their specific beneficial use, like the concrete industry
creating standards for characterizing coal fly ash for uniformity or new fly ash reactivity

methods.

Furthermore, the industry must educate itself on current CCR issues. Knowledge builds
confidence, and so an industry that is well-informed on CCRs can make useful, reasoned

decisions on the future of CCR beneficial use.

Concluding Thoughts

Managing the large amounts of CCRs in disposal sites has been a longstanding issue for CCR
producers. Beneficial use of CCRs is a promising avenue for depleting CCRs from disposal sites,
but with the risks and lack of knowledge involved in beneficially using CCRs, CCR users lack
confidence in CCR beneficial use. Through industry-led standards, CCRs classification and
characterization can be standardized and the risk of beneficially using CCRs can be lowered
without hindering innovation. Continuous and dedicated work is necessary to build a robust,
comprehensive network of standards that can then inspire confidence in CCR beneficial use and

its future.
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