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ABSTRACT 

 

Fly ash is one of largest industrial solid wastes from the coal combustion process. The 

total volume for global, China and USA in 2015 was reported to be about 1.143 billion 

tons, 566 million tons, and 44 million tons with the average utilization rate of 60%, 70%, 

and 52%, respectively. All fly ashes have three fundamental materials properties: 

particle size distribution and particle morphology, chemical compositions, and mineral 

compositions. These material properties depend on the coal type, combustion process, 

and environmental control process. Therefore, not every fly ash produced from each 

coal fired plant has the same values in these properties. Due to its significant variations, 

most of fly ash utilization is in the low-value applications dominated by building 

applications, more than 45% in USA, 70% in Europe, and 88% in China. Depending on 

the location of power plants, those nearby cities can reach a full utilization due to the 

high demand in building and construction, but those in remote areas have an extremely 

low utilization, even 0%.  

 

At the present, it is not possible to achieve zero solid waste of fly ash for every coal-

fired power plant, particularly located in a remote area. However, the official law or rule 

to use fly ash as a raw material, instead of a solid waste, has been established in US 

and in China. Based on these rules, there are 3 necessary efforts to achieve a full 

utilization of fly ash. This paper discusses these rules, and presents these necessary 

efforts and progresses made at NICE to achieve zero solid waste of fly ash produced 

from any coal-fired power plant, regardless of its location. 
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Introduction 

Coal-fired power generation is still the main source of energy in the world. In 

addition to the continuous improvement of ultra-low flue gas emissions, waste water 

treatment and carbon dioxide emission reduction, management and utilization of coal-

fired solid wastes is still an important issue for coal-based energy cleanliness and 

environmental governance. Fly ash is the largest solid waste from the coal-fired power 

plant. Fly ash volume in 2015 was reported to be about 1.143 billion tons, 566 million 

tons, and 44 million tons with the average utilization rate of 60%, 70%, and 52%, 

respectively, for global, China and USA. China has become the largest fly ash producer 

globally since 2008. Fly ash production and utilization in China from 1979 to 2017 is 

shown in Figure 1 with two distinct periods before and after 2001, slow growth and fast 

growth period due to its economic growth progresses. 

 

 

Figure 1 Fly Ash Production and Utilization in China from 1979 to 2017 

 

Fly ash volume was increased from 27 to 154 million tons from 1979 to 2001, and 

then to 510 million tons in 2017. The utilization volume was increased from 2.8 to 63 

million tons, and then to 370 million tons in 2017. The trend of its utilization rate is 

shown in Figure 2. It clearly shows 3 stages of fly ash disposal and utilization: Stage 
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one with disposal-focus which has the utilization rate less than 40%, Stage two with 

balance between disposal and utilization with the rate between 40% and 60%, and 

Stage three which has utilization-focus with the rate greater than 60%. The difficulty in 

further increasing utilization rate has become obvious after 2010 since more than 500 

million tons of fly ash was produced each year. It is very challenging to have enough 

market demand to achieve a 100% utilization of fly ash for every single power plant. 

 

 

Figure 2 Fly ash utilization rates in China from 1979 to 2017 

 

Currently, the major application in fly ash utilization is still in building materials, more 

than 45% in USA, 70% in Europe, and 88% in China. Therefore, the utilization rate of fly 

ash for power plants located along the eastern coast and around big cities can reach 

100% due to the large demand of building materials industry, while the utilization rate of 

fly ash for those located in remote and western areas is low or can be even zero. In 

order to break through the bottleneck of total utilization rate around 70% in China or 

solve the problem of low utilization rate of fly ash for power plants located in remote 

areas, it is necessary to develop high-value and high-fly ash-content utilizations, 

including building and non-building material applications. Massive non-building material 

applications in the remote areas include road construction, site leveling, mine backfilling, 
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ecological restoration and soil improvement, etc. However, these applications usually 

have low economic values, or even a negative value. Unless they are supported or 

funded by local government, it is hard to implement. Of course, using unique fly ash 

material properties to develop and produce high-value products without local market 

constraint can significantly improve its economic benefits, but each high-value market 

capacity is relatively small. Therefore, a sustainable solution to address the fly ash issue 

in the remote areas needs to have both high-value and local massive low-value 

utilizations to achieve both social and economic benefits.  

At the present, it is not possible to achieve a full utilization (or zero solid waste) of 

fly ash for every coal-fired power plant, particularly located in remote areas. However, 

three necessary efforts can be made to possibly achieve a full utilization of fly ash. This 

paper presents the official rule for fly ash resource utilization and these 3 necessary 

efforts as the aspects of standards, raw material quality and control, and market 

demand to achieve a full utilization of fly ash produced from any coal-fired power plant, 

regardless of its location. The progresses made at NICE are also presented. 

 

Fundamental Law or Rule for Fly Ash Resource Utilization 

In USA, “Disposal of Coal Combustion Residuals from Electric Utilities Final Rule”, 

was signed by Environmental Protection Agent EPA on December 19, 2014, published 

on April 17, 2015, and effective on Oct. 4, 2016. It regulates coal combustion residuals 

CCR for its landfills and surface impoundments under subtitle D of the Resource 

Conservation and Recovery Act (RCRA) as a solid waste, not as a hazardous waste. It 

also defines 4 criteria for CCR’s beneficial use as listed below and shown in Figure 3. 

1. must provide a functional benefit; 

2. must substitute for the use of a virgin material; 

3. meets product specifications and/or design standards; and 

4. when unencapsulated use of CCR involves placement on the land of 12,400 tons or 

more in non-roadway applications, the user must demonstrate and provide 

documentation upon request, that environmental releases to ground water, surface 

water, soil, and air are comparable to or lower than those from analogous products 
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made without CCR, or that releases will be below relevant regulatory and health-

based benchmarks for human and ecological receptors. 

 

Encapsulated uses of CCR mean binding the coal ash, such as in wallboard, concrete, 

concrete products, roofing materials, grout, and bricks in an encapsulated form that 

minimizes or prevents the CCR from escaping into the surrounding environment. Un-

encapsulated uses of coal ash are those where coal ash is used in a loose particulate, 

sludge or other unbound form, such as structural fills, embankments etc. 

 

 

Figure 3 Four criteria for beneficial use of fly ash according to US EPA Final Rule 

 

In China, there are 4 regulations related to fly ash: 1) "Management Method for 

Comprehensive Utilization of Fly Ash" issued by the National Development and Reform 

Commission in 1994 and revised in 2013, 2) the national standard GB18599-2001 

"Standard for Pollution Control on the Storage and Disposal Site for General Industrial 

Solid Wastes" implemented by the Ministry of Environmental Protection effective on July 

1, 2002, 3) the national standard GB 34330-2017 "Identification Standards for Solid 

Wastes – General Rules" implemented by the Ministry of Environmental Protection 

effective on October 1, 2017, and 4) “Environmental Protection Tax Law of the People's 
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Republic of China” promulgated jointly by the Ministry of Finance, the State 

Administration of Taxation and the Ministry of Environmental Protection and 

implemented effective on January 1, 2018. 

GB18599-2001 "Standard for Pollution Control on the Storage and Disposal Site 

for General Industrial Solid Wastes" in China, similar to subtitle D of RCRA in USA, 

defines fly ash as one of industrial solid wastes, specifies the test method to classify 

each solid waste into Class I and II, and regulates how to store or dispose each class of 

solid waste. More recently and uniquely in China, If fly ash produced by each coal fired 

power plant is not used nor properly stored/disposed according to GB18599-2001, the 

power plant will be charged by 25 RMB/ton of fly ash according to Environmental 

Protection Tax Law, and still needs to use, store or dispose fly ash. The actual cost of 

producing fly ash without utilization can be more than 25 RMB/ton.  

The fundamental law of solid waste utilization in China, GB 34330-2017 

"Identification Standards for Solid Wastes – General Rules", similar to USA EPA’s 

“Disposal of Coal Combustion Residuals from Electric Utilities Final Rule”, clearly states 

that the products produced by solid wastes satisfying the following three criteria shall 

not be managed as solid waste but managed according to the corresponding products.  

1. To conform to the quality standards, issued by national, local or industry authorities 

for the production of substituted raw materials;  

2. To meet the requirements of relevant national pollutant discharge (control) 

standards or technical specifications, including the limits of harmful substances 

discharged into the environment during the production process of the product and 

the limits of harmful substances content in the product; when there is no national 

pollution control standards or technical specifications, the contents of harmful 

ingredients in the product produced with substituted raw materials should not be 

higher than those in the original product. In the production process of the product, 

the concentration of harmful substances discharged into the environment in the 

production process of the substituted raw materials should not be higher than the 

original concentration of harmful substances discharged into the environment. 

3. There is a stable and reasonable market demand. 
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Figure 4 Three criteria for products made of solid wastes in GB 34330-2017 

 

“Management Method for the Comprehensive Utilization of Fly Ash” promotes fly 

ash utilization and encourages the ash producers to separate and process fly ash to 

produce finished fly ash which meets the national or industrial standards. If fly ash 

meets these three criteria of a product made from a solid waste defined in GB 34330-

2017 “Identification Standards for Solid Wastes – General Rules”, fly ash is considered 

as a substituted raw material and managed as a product, instead of a solid waste. 

Either the “Final Rule” in USA or “General Rule” in China is the fundamental law of 

resource utilization to turn fly ash into a raw material of a product. This is the basis to 

achieve a full utilization or zero solid waste of fly ash, regardless of the location of each 

power plant.  

 

Standards  

Since fly ash is widely used in concrete applications, two most famous application 

standards GB/T 1596-2017 “Fly Ash Used for Cement and Concrete” in China and 

ASTM C618-2012 “Standard Specification for Coal Fly Ash and Raw or Calcined 

Natural Pozzolan for Use in Concrete” in US have similar but slightly different property 

requirements as compared in Table 1 to support fly ash used in concrete applications. 
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Table 1 Comparison of requirements between GB/T 1596-2017 and ASTM C618-2012 

Fly ash physical-chemical 
property requirements 

GB/T 1596-2017 for mortar and concrete ASTM C618-2012 

fly as type Class I Class II Class III Class F/Class C 

Fineness, retained on 45 µm; % F or C class fly ash 12 30 45 34 

Water demand; % F or C class fly ash 95 105 115 105 

LOI (Loss of Ignition); % F or C class fly ash 5 8 10 6 

Water content; % F or C class fly ash 1 3 

SO3 ; wt. % F or C class fly ash 3 5 

Strength activity index; % F or C class fly ash 70 75 

SiO2+Al2O3+Fe2O3; wt.% 
F class fly ash 70 70 

C class fly ash 50 50 

Ca+ ; wt.%  
F class fly ash 1   

  

  

  

C class fly ash 4 

Density (g/cm3) F or C class fly ash 2.6 

Le Chatelier Stability; mm C class fly ash 5 

 

Among 41 existing fly ash related standards in China, there are 9 national 

standards, 17 industrial standards, and 15 local standards as listed in Tables 2, 3, and 4, 

respectively. In terms of applications, there are 24 related to building materials including 

concrete, cement, and bricks, etc., 7 related to tests, 2 related to harbor construction, 2 

related to road, and 6 for others. 

Obviously, it is lack of classification standards for fly ash as raw materials for 

resource utilization, as well as application standards for road construction, site leveling, 

mine backfilling and agriculture, etc., particularly for those critical in remote areas.  

 

Table 2 National Fly Ash Standards in China 

9 National Standards (6 for building materials, 3 for test) 

GB/T 50146-2014 Technical code for application of fly ash concrete 

GB/T 1596-2017 Fly ash used for cement and concrete  

GB/T 27974-2011 Methods for chemical analysis of fly ash and coal gangue as building material  

GB/T 29423-2012 Alkali-activated slag-fly ash concrete for anticorrosive cement products 

GB 26541-2011  Autoclaved fly ash perforated brick 

GB/T 36535-2018 Autoclaved Fly Ash Hollow Brick and Hollow Block  

GB/T 18736-2017 Mineral Admixture for High Strength and High Performance Concrete  
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GSB 08-2056-2018 Standard sample for fineness of fly ash  

GSB 08-2539-2016 Standard Sample for Component Analysis of Free Calcium Oxide from Fly Ash  

 

Table 3 Industry Fly Ash Standards in China 

17 Industry Standards (8 building materials, 4 tests, 2 harbor, 3 others)  

DL/T 867-2004 
Analysis methods on arsenic cadmium chromium copper nickel lead 
and zinc in fly ash (Atomic absorption spectrometry) 

DL/T 498-1992 Method for the determination of free calcium oxide in fly ash 

DL/T 1656-2016 
Determination of mercury content in fly ash and slag of coal-fired 
power plant 

DL/T 5532-2017 Rules for Fly Ash Test 

CECS 256-2009 Technical code for autoclaved fly ash brick buildings  

DL/T 5055-2007 Technical specification of fly ash for use in hydraulic concrete 

JC 238-1991 Fly ash block 

JC 239-2001 Fly ash brick 

JC/T 239-2014 Autoclaved fly ash brick 

JC/T 409-2016 Fly ash for silicate building products 

JC/T 862-2008 (2015) Small hollow block of fly ash concrete 

YS/T 786-2012 Shaped refractory insulating products-Red mud and fly ash bricks 

JTJ/T 260-1997 Code for pulverized-fuel ash backfill technique in harbor engineering 

JTJ/T 260-1997 commentary Code for pulverized-fuel ash backfill technique in harbor engineering 

SY/T 4075-1995 
Technological process of coal ash cement mortar lining of steel 
Pipeline with centrifugal lining sets 

SY/T 7290-2016 
Technical Requirements for Comprehensive Utilization of Fly Ash in 
Petroleum Enterprises 

JB/T 11649-2013 Separation system for fly ash 

 

Table 4 Local Fly Ash Standards in China 

15 Local Standards (10 for building materials, 2 for road, 2 for types, 1 for filling) 

DB13(J) 41-2003 Technical code for Fly ash block masonry structure 

DB13/T 1057-2009 Modified fly ash brick and hollow brick 

DB13/T 1058-2009 Modified fly ash solid insulation wall 

DB13/T 1510-2012 Technology guide for construction of flow pattern of fly ash cement mixture 

DB21/T 1837-2010 Codes for Autoclaved fly ash brick building 

DB35/T 1130-2011 Fly ash (ceramic) small hollow block 

DB42/T 268-2012 Technical specification for blocks engineering of autoclaved aerated concrete  
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DB22/T 470-2009 
Technical specification for pavement base and sub-base using lime fly ash 
stabilized materials 

DB21/T 2031-2014 Fly Ash Activator  

DB14/T 1217-2016 
Technical Specification for Ecological Filling of Mixed Fly Ash and Coal 
Gangue  

DB15/T 1225-2017 
Specification for Pavement Base Application of Silicon Calcium Slag and Fly 
Ash Stabilized Material  

DB52/T 1037-2015 Non-bearing Autoclaved Fly Ash Porous Brick  

DB53/T 739-2016 Fly Ash of Pulverized Coal Furnace in Power Plant (Category F)  

DB31/T 932-2015 Technical Specification for the Application of Fly Ash in Concrete  

DG/TJ 08-230-2006 
(2011) 

Technical Specification for Application of Fly Ash Concrete  

 

Raw Material Quality and Control 

From the point of view of material science, fly ash has three fundamental material 

properties: 1) particle size distribution and morphology, 2) chemical composition and 3) 

mineral composition as shown in Figure 5. Among them, the most significant difference 

is the particle size distribution (particle size) which is ranged from 0.1 to 600 micron. 

The finer the particles, the larger the specific surface area and the higher the glass 

phase content, so the higher the activity and the higher the utilization value.   

The particle morphology depends on the furnace type. Fly ash produced from the 

pulverized coal furnace consists of spherical particles which can improve the fluidity. Fly 

ash produced from the circulating fluidized bed has irregular particles with a reinforcing 

effect. Some chemical compositions in fly ash can be enriched in different particle size. 

If trace valuable elements reach industrial mineral core levels, they are suitable for 

element extraction. If the content of trace harmful elements exceeds the limits specified 

by the application standard, the application shall be avoided. For mineral compositions, 

higher glass phase content has higher activity and cementing ability.  
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Figure 5 Fundamental material properties of Fly Ash and Three Examples 

 

Figure 5 also has 3 examples. In terms of chemical composition, fly ash from power 

plant #1 is ordinary fly ash, high calcium fly ash from power plant #2, and high alumina 

fly ash from power plant #3. In the aspect of particle size fineness, fly ash from power 

plant #3 is finest.  In terms of mineral compositions, fly ash from power plant #3 has 

lower glassy content with higher mullite content. Fly ash from power plant #1 and #2 

has higher glassy content and crystalline phase dominated by mullite and quartz, 

respectively. 

The fundamental material properties of fly ash also directly depend on the coal 

selection and the coal-combustion process and environmental improvement process run 

by the power plant, as shown in Figure 6.  
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Figure 6 Power Plant Operational Factors Affecting Fundamental material properties of Fly Ash 

 

Mineral compositions of fly ash are determined by the inorganic compositions in coal 

and the burning temperature of the boiler. Chemical compositions of fly ash are 

determined by the inorganic compositions in coal, the combustion efficiency of the boiler 

(carbon) and extra chemicals from the environmental protection process. Incomplete 

combustion results in high carbon content. Desulfurization inside furnace results in high 

sulfur and calcium content. The improper control of denitrification results in high 

ammonia content, and the treatment of desulfurization wastewater by flue gas 

evaporation can increase chloride ion content in fly ash. The particle morphology of fly 

ash depends on the furnace type as mentioned before, while the particle size 

distribution depends on the coal pretreatment, combustion conditions of boiler and dust 

removal system. Therefore, each coal-fired power plant must realize that its operating 

conditions determine the fundamental material properties of fly ash which is directly 

related to its utilization. Only with the participation and concerted efforts from the power 

plant, fly ash with stable quality can be provided for high-value utilization and massive 

non-building materials applications to achieve a full utilization with its maximum 

economic benefit. 
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Market Demand 

In the field of applications, a 20/80 rule is usually used to apply for large quantities of 

raw materials, such as fly ash. It means that 20% of the total volume is used for high-

value applications to generate 80% of the total value, while 80% of the total volume is 

used for low-value applications to generate 20% of the total value. Then a full utilization 

can be sustainably achieved with the maximum economic benefit.  The market demand 

for high-value products is usually small, while the market demand for low-value products 

is large. This is the so-called market supply-demand curve. The relationship between 

product volume and its price for each existing market or application using fly ash as raw 

material is shown in Figure 7. 

 

Figure 7 Price versus volume relationship for fly ash-based products 

 

It is very difficult to sell low-value products from a remote area to another distant area 

due to its transportation cost. Therefore, creating local low-value market demand, 

typically more than 1 million tons, is critical for a remote area. Since building material 

market demand is limited in the remote area, the focus should be in massive low-value 

non-building applications, such as road construction, mine refilling, site levelling, soil 

improvement, agricultural use, and ecological restoration, etc. 

For high-value fly ash-based products, the product price should be no less than 800 

RMB/ton with the product cost less than 50% of the product price to cover its 

transportation cost, particularly in a remote area. The market size for high value 

products shall be no less than 100,000 tons/year, preferably no less than 1 million tons 
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globally or domestically. Higher volume is better for high-value products. This is the 

general guidance for high-value products and their market size and value.  

By applying the 20/80 rule to the current fly ash utilization status in China, a new 

focus shall be given to massive low-value non-building applications and high-value 

applications to achieve a full utilization. Low-value non-building material application is 

expected to increase from 9% to 20%, while high value application to increase from 1% 

to 20% as shown in Figure 8. 

  

 
 

Figure 8 Current Status and 20/80-Rule-based Full Utilization Target of Fly Ash in China 

 

In order to develop and produce high-value products, the material properties of fly 

ash as raw material must be stable. However, the large amount of fly ash produced by 

power plants has the significant differences in three fundamental material properties 

causing the instability of raw materials quality due to differences in operational 

conditions. Fly ash is hard to be used as raw material for high value products due to raw 

material quality issue. GB/T 1596-2017 is the most well-established quality standard for 

fly ash specifically used for cement and concrete applications in China. Therefore, fly 

ash utilization rate can reach 100% for power plants located in metropolitan or east 

coast areas due to high building material demand, but not for those in remote areas.   

Fly ash by its nature of fundamental properties can be aggregates or fillers due to 

its wide particle size distribution, cementing material under an alkaline condition due to 

its glassy aluminosilicate, and valuable element or mineral source due to its chemical 

and mineral compositions. The power plants in remote areas do not have enough 

market demand for building materials. Without the large-scale use of non-building 

material applications, such as road construction, site leveling, soil improvement, mine 
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backfilling and agricultural applications, it will be very difficult to achieve a full utilization, 

resulting in very low utilization rate, in the remote area. The current impact of 

environmental protection tax of 25 RMB/ton will not be enough, but operational safety 

without enough disposal land for fly ash issue will be the driving force for each power 

plant to address fly ash issue in a remote area. Only if we can produce high-value 

products to create value but also there is strong support from the local government and 

enterprises including power plant itself to create and secure local massive non-building 

applications to consume most of fly ash, a sustainable circular economy for fly ash can 

be established to achieve a full utilization. 

 

Progresses at NICE 

   NICE has been adapted material science for fly ash resource utilization since 2012. 

Below are the selected progresses in raw material quality standard as well as high value 

product and technology development. In the future, NICE will collaborate with the 

selected coal-fired power plant to implement raw material standard and high value 

products coupled with local massive non-building applications supported by local 

government through existing technologies to demonstrate a full utilization of fly ash is 

possible even in a remote area.   

 

 

1) Raw Material Quality Standard 

Each power plant can produce fly ash with different material properties due to its 

different operational conditions. Even the same power plant may produce fly ash with 

different material properties at different times. Therefore, it is necessary to classify fly 

ash as raw material according to its fundamental material properties related to resource 

utilization, so as to raise the awareness of the influence of power plant on the fly ash 

property to its utilization and financial impact, including the disposal cost and utilization 

benefit of fly ash. An Electrical Power Industry Standard of "Classification Specification 

for Resource Utilization of Fly Ash from Coal-fired Power Plants" submitted by NICE in 

November 2017 has been approved by the National Energy Administration in July 2018. 

This standard is expected to be completed by the end of 2019. The basic principle of 
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classification in this standard includes 6 major classification and 6 auxiliary 

classifications as shown in Figure 9.  

 

 

Figure 9 Major and Auxiliary Classifications of Fly Ash Resource Utilization 

 

Firstly, fly ash made by the pulverized coal furnace or circulating fluidized bed furnace is 

distinguished, and then followed by 6 major classifications and 6 auxiliary classifications. 

The major classifications are based on carbon content, iron oxide content, alumina 

oxide content, calcium oxide content, sulfur trioxide content. The auxiliary classifications 

include harmful element, ammonia and valuable element contents, particle size, particle 

morphology, and glassy content.  

According to the above classification of resource utilization, through physical 

methods (such as powder sorting, grinding, drying and mixing technology) and chemical 

methods (such as surface treatment, acid or base chemical treatment, and forming and 

calcination technology), each specific classified fly ash can be used to produce high-
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value products, and the remaining fly ash can be used in local massive low-end 

applications to achieve a full (100%) utilization as shown in Figure 10.  

 

 

Figure 10 Classification-based Examples for Fly Ash Resource Utilization 

 

 

2) High-Value Product and Technology Development 

Below are two examples of using high alumina oxide content fly ash and ordinary 

fly ash to develop high-value products at NICE.    

 

High alumina oxide fly ash:  

Fly ash from a pulverized coal fired power plant in Zhungeer, Inner Mongolia, has the 

alumina oxide content about 48-50% with the annual production capacity up to 1.1 

million tons. The development of high-value products at NICE based on high alumina 

oxide content fly ash includes fracturing proppants for oil and gas wells, casting sand, 

ceramic filter membranes, refractories and silica-aluminum sol etc. High performance 
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low density fly ash-based proppant has been developed, and externally tested and 

certified to meet the international ISO13503-2 and domestic SY/T 5108-2014 product 

quality standards. Industrial scale-up production tried with 120 tons proppant was made, 

and customer validation trial was successful. Table 5 is property comparison of 

fracturing proppants based on bauxite and high alumina oxide content fly ash. It shows 

that high Al fly ash has better performance in acid dissolution and turbidity. The product 

price is about 1800-2500 RMB/ton with cost to make less than 1100 RMB/ton. 

Commercialization of high Al fly ash-based proppant with the production capacity of at 

least 100,000 tons/year is underway.  

     

Table 5 Property Comparison of Proppants made of High Al Fly Ash and Bauxite 

Product properties 
Product Domestic A Oversea B NICE 

Raw material Bauxite Bauxite High Al Ash 

20/40 mesh  Chinese Standard SY/T 5108-2014 

% Crush rate @ 52 MPa <9.00% 2.4% 2.3% 2.7% 

Bulk Density g/cm3 ≤1.65 1.59 1.56 1.58 

True Density g/cm3 ≤3.00 2.87 2.84 2.70 

Roundness 0.70 0.7 0.8 0.8 

Sphericity 0.70 0.8 0.8 0.8 

Acid dissolution, wt% 7.0% 6.1% 6.2% 3.4% 

Turbidity(NTU) 100 26 120 52 

 

Ordinary fly ash:  

NICE processing technology has been used to process ordinary fly ash from 

pulverized coal fired power plants located in Hebei or Shandong providence, China to 

produce three kinds of raw materials with stable particle size quality: ultrafine fly ash 

(about 15-30%), Class II fly ash (60-80%) and cement active mixture (5-10%). Ultrafine 

pulverized ordinary fly ash has been used to develop high value products, such as 

functional filler, multi-functional mineral admixture and mine grouting reinforcement 

material.  Functional fillers have been successful scaled up and sold to customers using 

inorganic fillers in rubber and plastics, such as superfine calcium carbonate, barium 



19 

 

2019 World of Coal Ash Conference, St. Louis, MO, USA, May 13-16, 2019.  

 

sulfate and carbon black. The price of functional filler is no less than 1500 RMB/ton with 

the product cost less than 500 RMB/ton. Commercialization of 14,000 tons functional 

fillers is under way. 

 

Conclusion 

Fly ash can be fully utilized in metropolitan area or east coast where the market 

demand for building materials is high. But it is not possible to achieve zero solid waste 

(a full utilization) of fly ash for those power plants where the fly ash production is greater 

than local market demand, particularly located in remote areas. The main focus on fly 

ash research and development must switch from building materials to non-building 

materials applications, particularly for remote areas, such as road construction, site 

leveling, mine backfilling, ecological restoration, soil improvement, etc., in order to 

achieve a full utilization and maintain a sustainable circular economics of fly ash. 

The fundamental rule in China or USA has been established to define the criteria 

to convert fly ash into useful products.  Therefore, it is possible to achieve zero solid 

waste (full utilization) of fly ash for each power plant, even at the remote area, if the 

following 3 necessary efforts are achieved. 

 

1) Awareness and participation of each coal-fired power plant in producing and 

maintaining fly ash with consistent raw material quality to meet the utilization needs. 

2) Creation and support of market demand for local massive low-value applications by 

local governments and enterprises, including coal-related enterprises. 

3) Development of suitable product technologies and standards to support high-value 

and local low-value applications by research institutes.  

 

 


