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What are Coal Combustion Residues (CCRs)?

• CCRs are solid minerals that remain after 
pulverized coal is burned to generate 
electricity or steam

• US annual production: 110 million tons

• Types:
• Fly Ash
• Bottom Ash
• Boiler Slag
• Flue Gas Desulfurization (FGD) Materials
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How are CCRs generated?
Flue Gas 

Desulfurization 
(wet/dry)

Coal Boiler

Baghouse/ESP

Economizer

Coal Feed

SCR for 
removing 

NOx

BOTTOM ASH BOILER SLAG
(dry bottom boilers)   (wet bottom boilers)

FLY ASH FGD MATERIALS

Smokestack
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Flue Gas Desulfurization (FGD) Materials
• Solid / semi-solid material obtained from 

flue gas scrubbers (for SO2 control of high 
sulfur coals)

• Predominantly silt size particles

• May be wet or dry as well as sulfite or 
sulfate depending on process

• Types:
• Dry FGD Materials
• Wet FGD Materials

• Sulfite (Stabilized FGD material)
• Sulfate (FGD Gypsum)

Stabilized
FGD material

FGD
Gypsum
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Major Beneficial Uses of CCRs
• Concrete & concrete 

products

• Cement production

• Structural & flowable fills

• Road base

• Mineral fillers

• Gypsum wallboard

• Soil & waste   
stabilization

• Snow & ice control

• Blasting grit & roofing granules

• Aggregate

• Agricultural

• Mining

• Extraction of Minerals & REEs

https://ccp.osu.edu/sites/ccp.web.engadmin.ohio-state.edu/files/uploads/pervious_concrete.pdf
https://ccp.osu.edu/sites/ccp.web.engadmin.ohio-state.edu/files/uploads/pervious_concrete.pdf
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2017 Production & Use (ACAA)
• Production was slightly (4%) greater in 2017 vs. 2016

• Beneficial use increased to record level of 56% in 2016 to 64.4% in 2017

• Use of fly ash remained roughly level with prior year in spite of high 
demand. Market data - gap between supply & demand to be about 30%.

• FGD gypsum use in wallboard increased to 60%

• Use of CCRs in structural fills continued its multi-year slide mostly due to 
regulatory issues

• CCR use in pond closure activity impacted other beneficial uses as 
material normally put into other uses was diverted to closure.
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Total Production & Use
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Fly Ash Production & Use
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Bottom Ash Production & Use
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FGD Gypsum Production & Use
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- CCR beneficial use applications which will flourish 
are those that are:

- environmentally responsible
- technically sound
- commercially competitive
- sustainable

- Types of applications:
- Large volume, low value (eg. mine reclamation)
- Large value, low volume (eg. extraction of REEs)
- Medium value, large volume (eg. fly ash concrete, 

FGD gypsum wallboard)

Future Outlook
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Issues Facing CCR Industry

- USEPA Rulemaking
- Demand
- Supply
- Ash Pond Closures
- Harvesting of CCRs from ash ponds & landfills
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USEPA CCR Regulation

- Rulemaking started in 1976
- Published on April 17, 2015
- Subtitle C preference
- Litigation continues
- More rulemaking in progress: Oct 2, 2019 
Public hearing on proposed changes to CCR
regulations (eg. Boron triggers corrective action)
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Demand
- Fly ash for use in concrete & FGD gypsum use 

in wallboard products at historic levels

- FGD gypsum use in agriculture weak due to low 
crop prices

- Other CCP uses unsteady

- Cenosphere use collapsing
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Supply

- Natural gas prices
- Moderate weather
- Logistics
- Combustion injections
- Specifications
- Reclaiming of ash ponds
- Harvesting from landfills & ponds
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Specifications are Evolving
- ASTM C 618 and AASHTO M 295 used for 
concrete mixtures

- Proposals under consideration which will 
increase supply of compliant fly ash

- Combustion stream injections recognized

- Blending being considered
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Harvesting Stored Fly Ash
- Historic activity at relatively low volumes

- SEFA, Boral, and ASHCOR technologies are 
promising developments

- Pond closures creating new interest

- States have considered mandates
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Concrete Industry Interest in Reclaimed Ash
The 2016 AASHTO SOM report showed 80% (42/50) 
states experiencing supply deficiencies from 2012-2016

Fly ash use in concrete has many benefits: 
1. Increased durability (esp. ASR and joint-deterioration 

issues (joint rot)), 
2. Reduced heat of hydration (important for mass 

structures), 
3. Increased sustainability and potential for reduced costs 

(through cement replacement)

The concrete industry is interested in new approaches to 
addressing shortfalls:

1. Reclaimed ashes (beneficiated or not)
2. Comingled sources
3. Bottom ash
4. Natural pozzolans

Current efforts are aimed at re-evaluating existing fly ash 
specifications AASHTO M 295 to allow more of these 
materials.

cement 
replace

ment
35%

durability
33%

ASR 
mitigatio

n
29%

other
3%

FLY ASH USES IN 
CONCRETE
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1. Better understanding of these ‘unconventional’ materials:

1. Reactivity and effects on durability
2. Adsorption of admixtures
3. Source VARIABILITY

2. Better understanding of links between material properties 
and larger scale concrete performance

3. Better (or maybe just different?) tests and testing 
approaches to quantify material properties

4. Specifications that allow for exceptions based on 
application needs

5. Collaboration between fly ash suppliers, utilities, 
researchers, concrete producers, and owners (i.e. DOTs) 
for continued testing and knowledge creation

Existing Needs:

In progress: NCHRP 10-104: Recommendations for 
Revision of AASHTO M 295 Standard Spec to Include 
Marginal and Unconventional Source Coal Fly Ashes

NCHRP Team: Chris Shearer SDSM
Lisa Burris OSU
Prannoy Suraneni U of Miami
Doug Hooton U of Toronto
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 The trap-Extract-Precipitate (TEP) 
process uses alkaline by-products from 
coal flue gas desulfurization (sFGD) and 
lime softening in water treatment (WTP 
Sludge) to treat acid mine drainage 
(AMD) and recover rare earth elements 
(REEs). 

 We have demonstrated that these 
materials are effective in trapping AMD 
REEs (over 95%).

 Non-acid base extraction process 
extracts over 90% entrapped REEs and 
concentrated them in extract.  

 Precipitates containing over 7 wt.% total 
REE can be recovered from the extract 
using a process without addition of 
chemicals

 The process is ready to be tested in a 
larger scale. 

Recovering Rare Earth Elements
from Acid Mine Drainage Using CCRs
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