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US Motivations for Harvesting Ash For Beneficial Use

▪ Energy Transition Reduces CCP Production
– Cement a use is steadily growing

▪ US fly ash production down 42% 
– Increase cement use increases GHG emissions

– EPRI 3002024165 Harvested Ash in Concrete LCA

▪ US FGD gypsum production down by 38%
– Net reliance on imports doubled 

▪ 2 States Mandated Harvesting and BU 

▪ 2B tons USA stockpile

– ~4M tons per year harvesting capacity 
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US utility approaches to new harvesting projects

Competitive

▪ ~Request for Proposal

▪ Increased transparency from economic bids

– Open-ended RFPs make complex bid comparisons

▪ Best suited to established markets and 
established technologies

Example from Dominion Energy Virginia USA:

▪ 2018 Summary; Full Report

▪ 2022 Progress Report; Proposals

▪ Poffenberger 2024 Ponded Ash Beneficial Use 
Investigation and Bid Solicitation

Collaborative

▪ ~Request for Qualifications

▪ Doesn’t result in direct economic comparison 
with competing alternatives 

▪ Better suited to uncertain uses
– Easier to incorporate new technology or novel 

markets

Example from Duke Energy North Carolina USA:

▪ EPRI Phase 1 Report

▪ EPRI 3002009569 Technologies for Coal 
Combustion Product Management

▪ Oberlink 2017 Coal Ash Use Study for Duke E.

 

https://www.dominionenergy.com/-/media/pdfs/global/projects-and-facilities/electric-projects/coal-ash-archive/ccr-recycling-beneficial-use-assessment-summary.pdf?la=en&rev=6f032afb92f345b9ae97d75b49014dbf&hash=CDB8A2EF7EDB17941D3EC8DA99D2370A
https://cdn-dominionenergy-prd-001.azureedge.net/-/media/pdfs/global/projects-and-facilities/electric-projects/coal-ash-archive/ccr-recycling-beneficial-use-assessment-business-plan.pdf?la=en&rev=34c512bc32434312bd7e4eeb71521dce&hash=9D38EA100F0504FD43C0019249DA572C
https://cdn-dominionenergy-prd-001.azureedge.net/-/media/pdfs/global/projects-and-facilities/electric-projects/coal-ash-archive/ccr-closure-biennial-progress-report-2022.pdf?la=en&rev=d966fcc3c0044432ab9b790e589d1681&hash=650B7BB8E5192BEB7A901494C17E9408
https://cdn-dominionenergy-prd-001.azureedge.net/-/media/pdfs/global/projects-and-facilities/electric-projects/coal-ash-archive/ccr-beneficial-use-proposals-received-2022.pdf?la=en&rev=ca96059e688b43e38a4fecad1d37d02c&hash=196FADA8003E430C0528365916ADEB2E
https://uknowledge.uky.edu/woca/woca2024/day2/183/
https://uknowledge.uky.edu/woca/woca2024/day2/183/
https://files.nc.gov/ncdeq/Environmental%20Management%20Commission/EMC%20Meetings/2016/November2016/GWWMC/2016%20Duke%20Energy%20-%20EPRI%20Re-Use%20Technologies%20Report.pdf
https://www.epri.com/research/products/000000003002009569
https://uknowledge.uky.edu/woca/woca2017/day3/32/
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What is the objective of harvesting?

Risk Reduction

• Smaller Volume of Material; Optimization of Closure

Compliance

• Requirement for Beneficial Use 

Governance

• Corporate Waste Reduction Goals; Corporate Sustainability Goals

Cost Savings

• Revenue From Sales; Lowered Closure Cost; Reduced Post-Closure Care Expenses 
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What is beneficial use?

Hallmarks from US regulations:

▪ Provides a functional benefit

▪ Substitutes for virgin material

▪ Meets applicable standards

▪ Not used in excess quantities

Range of Ash Beneficial Uses:

▪ Cement, Concrete, and Block

▪ Alternative Cement Concrete

▪ Synthetic Aggregates

▪ Polymer and Metal Fillers

▪ Metal/Rare Earth Element Ore

▪ Engineered Materials (Proppants, Zeolites)

Distinctions between uses:

▪ Bound (Encapsulated)
– Example: Fly Ash in Concrete

▪ Unbound (Unencapsulated)
– Structural Fill for Roadway Embankment
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Key Elements In Developing New Harvesting

Market Evaluation

• Use Specifications

• Finished Product 
Safety

Resource Evaluation

• Field Sampling

• Lab Testing

• Data Interpretation

Technology Selection

• Tech. Development

• Tech. Scale-Up

Permitting/Regulatory 
Review

• Environmental 
Protection

• Worker Safety
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Market Evaluation

Primary Market

▪ Bulk of Deposit Materials
▪ Demand

– Growth

▪ Pricing
– Alternative materials

▪ Transportation
– Truck, Rail, Barge

– Existing Plant Infrastructure

▪ Seasonality
– Storage

Alternative Markets
▪ Excess materials

– Off season uses

▪ Off-spec materials
– Bottom ash

▪ Smal volume, high value uses

▪ Resources:
– Commercial Market Research

– Independent Research Organizations
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Use Specifications

▪ Construction materials rely on voluntary 
specifications

– Utilities may be able to participate 

▪ Concrete often has dated specifications

– Anticipate changing specifications 

▪ Hidden Aspects of Specifications

– Material description is underappreciated

▪ Specification limits only valid for described 
materials

– New or different test methods may be needed 
to enter market

▪ Example of systematic development of new 
concrete product: ASTM C1709-22

– Stage I — Characterization of the Material

– Stage II — Determination of Suitable Fineness

– Stage III — Testing to Specification

– Stage IV — Concrete Performance Tests

– Stage V — Field Trials and Long-Term Performance 

Specs apply to finished products but don’t predict beneficiation
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Finished Product Safety

▪ Secondary materials / wastes often attract safety 
and environmental concern

– Significant pressure for quick results

– Intuitive belief these questions can be answered by simply 
sending a sample to lab

▪ USEPA published method and compendium for 
assessing beneficial uses and compendium of 
reference values:

– Method and Compendium

▪ EPA 2014 review of ash in concrete and gypsum in 
wallboard relied on 100s of references 

– A final conclusion requires appreciable intermediate work, 
including full scale uses

– Environmental regulator support is often critical

- Often Incorrect

https://www.epa.gov/sites/default/files/2016-10/documents/methodology_for_evaluating_beneficial_use_of_secondary_materials_4-14-16.pdf
https://www.epa.gov/sites/default/files/2016-10/documents/beneficial_use_compendium_text_and_appendix_6-22-16.pdf
https://www.epa.gov/coalash/coal-combustion-residual-beneficial-use-evaluation-fly-ash-concrete-and-fgd-gypsum
https://www.epa.gov/coalash/coal-combustion-residual-beneficial-use-evaluation-fly-ash-concrete-and-fgd-gypsum
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Resource Evaluation

Resources:

▪ EPRI 3002013740 Guidance for Sampling and Mapping of Coal Combustion Products in Ponds and Landfills for 
Beneficial Use Applications

▪ EPRI 3002016509 Laboratory Assessment of Fly Ash Harvested from Ponds and Landfills for Use in Concrete

▪ ASTM E3355-23 Standard Guide for Characterization of Coal Combustion Products (CCPs) in Storage Area(s) for 
Beneficial Use

▪ Gorman 2024 Coal Combustion Residual Characterization for Beneficial Use

No Consensus on Necessary Level of Investigation 

▪ Wide range of technologies for investigation

▪ Variably of ash deposits seems to be under appreciated 
– Impacts of excess sulfur, clay on beneficiation not predicted

– More investigation may not be the solution

▪ Use specifications are often used as a checklist for lab testing
– Additional tests may be needed to support beneficiation technology 

selection and process development

▪ What sources may contribute to variability?
– Substances like clay in sluice water?

– Co-disposed wastes?

https://www.epri.com/research/products/000000003002013740
https://www.epri.com/research/products/000000003002016509
https://www.astm.org/e3355-23.html
https://uknowledge.uky.edu/cgi/viewcontent.cgi?article=2714&context=woca
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Resource Characterization
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Resource Characterization
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Technology Selection

▪ What deficiencies need addressed? 
– Excess moisture, high LOI, poor fineness, excess sulfur are common issues

▪ How will the material be excavated and processed?
– Dry processing is most common today but wet processes are promising

▪ What is the desired throughput?

▪ Which technologies are commercially available?
– Have they been applied to fly ash? 

▪ Pilot testing is often needed to address both technology and stockpile 
questions

– Novel technologies will have a longer path to commercial

▪ How will feedstock variability be accommodated?
– Blending feed, process adjustment, alternative markets may help
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Novel Technology Development and Scale Up
Ideas most often begin at lab scale

▪ 5 to 25 kg samples are common
– ~1/1,000,000,000 of full scale

▪ Lots can go wrong between field and lab

▪ Sampling and testing bias rampant:
– accessible deposits free of non-ash 

– few samples due to sampling cost and effort

– undocumented lab handling before experiment

– lack of rigor in experiments

– poor sampling of experiment outputs

– lack of test methods and poor method selection

– vested interest in positive outcome

▪ Many inventors lack experience with ash or 
beneficial use applications
– Existing publications should be reviewed

 

Scale Up

▪ Systematic scale-up based on process 
engineering principals

– What is the objective of each pilot test?

▪ Limit the integration of pilot processes

▪ Instrumentation is undervalued

– Very easy to rely on grab sampling during pilot

– Independent, automated measurements of 
key parameters helps detect blunders and 
diagnose process.

▪ Consider how full-scale operation will be 
controlled 

Novel Technologies Require Systematic Scale-up
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Environmental Considerations for Harvesting 

Key Considerations:
▪ Progressive Removal / Instant Closure
▪ Wastewater Treatment
▪ Dust Control
▪ Groundwater Impacts

– Changing redox conditions
– Exposure of fresh surfaces

Resources:
▪ EPRI 3002013741 Environmental Considerations for Coal Combustion 

Product Harvesting from Landfills and Surface Impoundments
▪ ASTM E3183-24 Standard Guide for Harvesting Coal Combustion 

Products Stored in Active and Inactive Storage Areas for Beneficial Use

https://www.epri.com/research/products/000000003002013741
https://www.astm.org/e3183-24.html
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Example: Thermal Beneficiation Plant for Concrete Use

Dry fly ash for concrete: 300,000 tons per year 

Raw Ash

Feed Drying

Carbon 
Burn Off

Dry 
Storage

Truck 
Loadout
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Key Technical Challenges in Harvesting

▪ Variability of deposit and presence of unexpected materials
– Often existing, off-the-shelf data on ash quality is limited 

▪ Sometimes knowledge of deposit is overestimated
– Field screening of composition and properties in infancy

▪ Lack of beneficiation technologies
– No commercial technologies for ash/sulfur separation

▪ EPRI 2022 Technologies to Recover High-purity Fly Ash or Gypsum from 
Mixed CCPs

▪ Difficult dewatering 
– Dryer feed limitations underestimated
– Mechanical dewatering for fly ash unproven

▪ Although: Keat 2024 Design and Commissioning of Coal Ash Filter Plant

▪ Lack of standard guidance for handling wet/moist ash

https://www.epri.com/research/products/000000003002021964
https://www.epri.com/research/products/000000003002021964
https://uknowledge.uky.edu/cgi/viewcontent.cgi?article=2635&context=woca
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