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Abstract 

Fly Ash is the fine particulate residue from the burning of pulverized coal, mostly from power plants that use coal 

to generate electricity. The demand for electrical energy is currently at an all-time high due to the exponential 

increase in population, and coal-based power plants are responsible for satisfying a significant portion of this 

demand, particularly in developing nations. The production of fly ash from coal-based plants has significantly 

increased as a result of this additional load, and the disposal of fly ash, which is thought to be bad for the milieu, 

is becoming a concern for everyone. In this paper, a short survey about the piece, creation and use has been 

furnished with exceptional reference to India. Additionally, a number of options have been presented for the 

efficient application of fly ash in trade fields such as geotechnical engineering, agriculture, and the construction 

sector. 
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Introduction 

The machinery that drives economies around the world, in particular, is directly or indirectly dependent on 

electricity. Electricity is the foundation of the modern world. Since 1920, coal has been the primary fuel for power 

generation. Since then, billions of tons of fly ash and other byproducts have been produced, which has had a 

significant negative impact on the environment due to improper disposal. Fly ash pollutes water, air, and soil if it 

is not properly managed, but recent engineering advancements have made it a useful resource in many areas, 

particularly the construction industry. When pulverized coal is placed in the boiler's combustion chamber, it 

immediately ignites, resulting in molten mineral residue. Subsequent to removing heat from the evaporator, the 

liquid buildup cools, solidifies and debris is framed. The coarser piece of this buildup alluded to as base debris 

tumbles to the lower part of ignition chamber while as the better debris particles stay suspended inside the pipe 

gas and these better particles are eliminated by particulate outflow control gadgets like electrostatic precipitors 

(ESPs). After China and the United States, India generates the most coal-based power. Due to the low grade and 

high ash content of Indian coal (30-45%) in comparison to imported coal (10-15%), a significant amount of fly 

ash is produced, 217.04 million tons in 2018-19. The fly ash that is made still pollutes the environment and needs 

to be disposed of in large quantities. In India an area of 65000 sections of land of land is being involved by debris 

lakes and is its age is supposed to cross 225 million tones constantly 2020. The local ecosystems are impacted by 

the heavy metal pollution generated by erosion and leachate from FA disposal in an unscientific manner. Fly ash 



 
 

 

can become airborne if it is not properly managed, in addition to occupying large areas. By mobilizing its 

hazardous metals, dumped FA contaminates surface and groundwater, soils, and vegetation. Therefore, coal-based 

thermal power plants face two major constraints: (1) the need for land to dispose of fly ash; and (2) controlling 

pollution, suspended particulate matter (SPM), and the movement of heavy metals into groundwater and the food 

chain. Various notifications have been issued by the Ministry of Environment and Forest to achieve 100% fly ash 

utilization in order to minimize the environmental impact of fly ash and the need for disposal land. Starting around 

1994, under the Service of Science and Innovation , various advances have been adjusted for protected and useful 

use of fly debris and this expanded the usage of fly debris from 6.64 million tons in 1996-97 to 168.40 Million 

tons in 2018-19. Because of multiple factors including, counteraction of natural contamination, decrease in 

removal cost as well as unloading region, substitution of other exorbitant assets and to acquire monetary returns, 

fly debris has been utilized as an option in contrast to another modern asset, cycle, or application. The edifice 

industry, structural fill and pavement use, soil reclamation, soil ameliorant, an additive in anaerobic digestion and 

composting, zeolite synthesis, metal recovery, and a low-cost adsorbent for various gaseous and aqueous 

applications are all possible applications for coal fly ash. 

Fly Ash Properties 

Physically, fly ash is made up of very small, average-sized particles with a low to medium bulk density, a large 

surface area, and a light texture. Fly Ash is chemically categorized as an amorphous mixture of Ferro-

alluminosilicate minerals. However, the type of coal used, the method of combustion used, the temperature 

regulation during combustion, and the collection method all affect the chemical and physical properties of fly ash. 

Some of fly ash's chemical and physical properties are as follows: 

• Despite the fact that there is some level of changeability of constituents attributable to the variety in coal source, 

notwithstanding, more frequently the essential constituents are SiO2, CaO, Al2O3, Fe2O3 alongside certain 

measures of MgO, Na2O, and so on. 

• Compared to lime and Portland cement, fly ash particles typically fall into the silt category and are typically 

finer. The size of fly debris particles shifts from 10 to 100 microns having a circular shape. 

• The color of fly ash can be dark, black, or tan, depending primarily on the mineral content of the coal source. 

• The coal type, particle shape, and degree of coal pulverization all influence fly ash's specific gravity. It changes 

significantly from 1.6 to 3.1. 

• Depending on the chemical composition of the ash, fly ashes from bituminous coals tend to be acidic and those 

from sub-bituminous coals tend to be alkaline. 

• Despite its larger surface area, fly ash has a lower Cation Exchange Capacity (CEC) due to its non-plastic nature; 

however, CEC can be increased by modifying fly ash. Additionally, a lower CEC indicates less water absorption, 

which can be advantageous when stabilizing expansive soils. 

Fly Ash Classification: 

• Class C Fly Debris has high abilities to solidify and these are framed from the consuming of sub-bituminous 



 
 

 

coal. According to ASTM C 618 standards, this type of fly ash does not require an activator for the formation of 

cementitious compounds. 

• Class F fly ashes are produced by burning bituminous and anthracite coals. Based on ASTM C 618 standards, 

these ashes require an activator like Portland cement, quick lime, etc. because their lime content is less than 10%. 

for the production of compounds that are cementitious. 

Fly Ash Production and Utilization in India: 

At this point, in India 72% of the complete power is created by the coal-based power age plants and this creation 

rate and reliance on such plants is supposed to continue as before very long. Due to the combustion of 667.43 

million tonne of coal/lignite, 217.04 million t of fly ash was produced in 2018-19, and 168.40 million t of fly ash 

was used, representing an effective utilization of 77.59% and 77.59%, respectively. Fly ash is currently utilized 

extensively in the construction industry, including the production of Portland pozzolana cement, the construction 

of roads, dams, slope stabilization, and other projects. Some of the official figures from the Central Electricity 

Authority's 2018-19 annual report are listed in Table 1. 

Table 1: Fly ash generation and utilization during the year 2014 to 2019* 

Description 2014-15 2015-16 2016-17 2017-18 2018-19 

Number of Thermal Power 

Stations 

145 151 155 167 195 

Installed Capacity (MW) 138915.80 145044.80 145044.80 177070.00 197966.50 

Coal Consumed (Million Tons) 549.72 536.64 536.4 624.88 667.43 

Average Ash Content (%) 33.50 32.94 33.22 31.44 32.52 

Fly Ash Generation (Million Tons) 184.14 176.74 169.25 196.44 217.04 

Fly Ash Utilization (Million 

Tons) 

102.54 107.77 107.10 131.87 168.40 

% Utilization 55.69 60.97 63.28 67.13 77.59 

*Source: CEA (Central Electricity Authority) 2014 to 2019. 

In all these years, fly ash has been used in a lot of different places, and the actual sector-by-sector usage is shown 

in the figures below (Table 2 and Figure 1). 

Table 2: Fly ash utilization during the year 2018-19* 

S.NO. Mode of utilization Utilization (Million tons) % Utilization 

1 Cement. 58.3401 26.88 

2 Mine Filling 10.1002 4.65 

3 Bricks and Tiles. 21.6097 9.96 

4 Reclamation of Low Lying Area. 29.3177 13.51 



 
 

 

5 Ash Dyke Raising 21.5734 9.94 

6 Roads and Fly Over 9.7244 4.48 

7 Agriculture. 1.3769 0.63 

8 Concrete 1.7742 0.82 

9 Hydro Power Sector 0.0000 0.00 

10 Others. 14.5809 6.72 

11 Unutilized Fly Ash 48.6405 22.41 

 Total 217.0380 100.00 

*Source: CEA annual report 2018-2019. 

 

Figure 1: Major modes of fly ash utilization during the year 2018-19 

The production and use of fly ash from 1996-1997 to 2018-19 are shown below (Table 3 and Figure 2). 

Table 3: Fly ash generation and utilization during the period 1996-97 to 2018-19 

 

S. NO. Year. 
Fly ash generation (Million 

ton). 

Fly ash utilization 

(Million ton). 
% Utilization 

1 1996-97 68.88 6.64 9.63 

2 1997-98 78.06 8.43 10.80 

3 1998-99 78.99 9.23 11.68 

4 1999-00 74.03 8.91 12.03 

5 2000-01 86.29 13.54 15.70 

6 2001-02 82.81 15.57 18.80 

7 2002-03 91.65 20.79 22.68 



 
 

 

8 2003-04 96.28 28.29 29.39 

9 2004-05 98.57 37.49 38.04 

10 2005-06 98.97 45.22 45.69 

11 2006-07 108.15 55.01 50.86 

12 2007-08 116.94 61.98 53.00 

13 2008-09 116.69 66.64 57.11 

14 2009-10 123.54 73.33 62.60 

15 2010-11 131.09 73.13 55.79 

16 2011-12 145.41 85.05 58.48 

17 2012-13 163.56 100.37 61.37 

18 2013-14 172.87 99.62 57.63 

19 2014-15 184.14 102.64 55.69 

20 2015-16 176.74 107.77 60.97 

21 2016-17 169.25 107.10 63.28 

22 2017-18 196.44 131.87 67.13 

23 2018-19 217.04 168.40 77.59 

*Source: Central Electricity Authority. 

 

Figure 2: Fly ash generation and utilization (percentage) from 1996-2019 

I.Utilization of Fly Ash in diverse fields: 

II.Utilization of Fly Ash in Construction Industry: 

5.1.1: Use of Fly Ash in Concrete Made with Portland Cement: Fly Ash is added to concrete as an admixture to 

reduce the risk of cracking and enhance its performance. Portland cement typically contains more than 60 percent 

lime. During the hydration process, some of this lime remains as free lime, which chemically reacts with fly ash 

silicates to form cementitious compounds. In the cement industry, fly ash is used for about 60.11 million tons of 

the country's total production in 2018-19. In addition to the financial benefits, using fly ash in Portland cement 

results in an increase in workability, durability, and ultimate strength in addition to a significant reduction in 

bleeding, shrinkage, and heat of hydration. 



 
 

 

5.1.2. Application of Fly Ash to Bricks and Other Building Materials: Utilizing fly ash for the production of bricks, 

tiles, and other building materials has two advantages. The first is the preservation of topsoil, which can be used 

for agricultural purposes instead of brick-making, and the second is the efficient use of fly ash, whose disposal 

would otherwise pose a problem. Bricks made from fly ash are known to have a higher compressive strength and 

to be light. As per the authority figures of Focal Power Authority 0.70 million-ton of fly debris was utilized for 

block/tile/block making in 1998-99 while as in 2018-19 it has expanded to 21.61 million ton comprising 9.96 % 

of the absolute fly debris age. 

5.1.3. Fly Ash on a stable base path: Road construction greatly benefits from using fly ash. A settled base course 

can be delivered by combining as one fly debris, lime or Portland concrete, and totals in unmistakable extents. 

Typically, lime and 12 to 14 percent fly ash are combined. When the mixture is put in place, it looks like a stabilized 

base made of cement. Pozzolanic-stabilized mixtures is another name for this kind of road base. These street bases 

major areas of strength for are, solid, and less expensive when contrasted with other base materials. Additionally, 

these can be placed with standard tools. However, seasonal variations necessitate proper asphalt sealing and 

protection, so care must be taken. 

5.1.4. Pavements with Fly Ash: Fly ash can be used as a filler in asphalt pavements, improving mortar mix stiffness, 

rutting resistance, and overall asphalt mix durability. Aside from being an efficient other option, it will likewise 

help in decreasing the stripping capability of black-top asphalt. By appropriately drilling and injecting ground 

under pavements, fly ash can be used to fill voids under pavements or assist in supporting concreting pavements 

at specific grades. 

Application of fly ash in agriculture: 

For the purpose of utilizing fly-ash as an agronomic amendment, a number of workers have investigated the effects 

of fly-ash application on soil properties. Physical and synthetic properties of soil because of fly-debris correction 

change as per the first properties of soil and fly debris and in this manner, the method of purpose in farming is 

unique and relies upon the attributes of soil or soil type As per the CEA 2018-19 report, agribusiness utilization of 

fly debris is 1.38 billion tons' summarizes to 0.63% of all out fly debris age. 

5.2.1. Terrain texture: The fly debris expansion to soil changes its dirt surface due to the textural control. In order 

to measure the physical properties of a variety of soils mixed with up to 50% fly ash, a number of experiments 

were carried out. The results showed that soil mixed with fly ash typically has a lower bulk density, a higher 

capacity to hold water, and a lower hydraulic conductivity than soil on its own. Use of high paces of fly-debris can 

change the surface of soils, by expanding the residue content. Fly-debris expansion at 70 tons for each hectare has 

been accounted for to adjust the surface of sandy and clayey soil to loamy. The USDA textural class of the refuge 

was changed from sandy loam to silt loam as a result of the addition of fly ash at a rate of 200 tons per acre. 

5.2.2. Density of bulk: The water holding capacity of sandy/loamy soils increased by 8% as a result of fly ash 

amendment, and an increase in hydraulic conductivity helped reduce surface scale. In general, fly ash addition 

decreased the bulk density of soils, which improved soil porosity, workedability, and water retention capacity. 

5.2.3. Capacity for holding water: Because it alters the structure and texture of the soil, fly ash improves its capacity 

for retaining water. The limit of the dirt to hold water is connected with the surface region, pore space volume and 



 
 

 

coherence of pore space. Fly ash's higher porosity and low bulk density contribute to the expansion of the soil's 

pore space. A greater hydrophilic surface area for holding water molecules is created by the dominance of hollow 

particles of the size of silt. Pathan saw an increment from 14% to 33% of soil water content in the FA-altered soil 

when contrasted and non-corrected soil. This property is gainful to soils, particularly under downpour took care of 

farming. 

5.2.4. pH of the soil: The incredibly acidic or basic soils are enhanced with added substances having pH buffering 

ability to carry their pH to nonpartisan to boost the supplement accessibility. For these problematic soils, FA, 

which can be acidic or alkaline depending on its source, can be used as a soil buffer. One of fly-ash's primary 

beneficial chemical properties is the hydroxide and carbonate salts' capacity to neutralize soil acidity. It has been 

demonstrated that fly-ash can neutralize soil acidity and supply plant-available nutrients as a liming material. The 

majority of India's fly ash is alkaline in nature; Therefore, if applied to agricultural soils, it could raise the pH of 

the soil and neutralize acidic soils. The use of fly ash as a liming agent in acid soils has been demonstrated to 

improve soil properties and boost crop yield. 

5.2.5. Plants can get their nutrients from fly ash: It supplies micronutrients like iron (Fe), zinc (Zn), copper (Cu), 

molybdenum (Mo), and boron (B), as well as macronutrients like potassium (K), phosphorus (P), and calcium 

(Ca), as the fly ash is the reservoir of essential minerals. Fly debris has likewise been utilized as an adsorbent for 

diminishing solvency of extreme phosphorus in the dirt arrangement. Chemically, fly-ash has elements like Ca, 

Fe, Mg (magnesium), and K, all of which are necessary for plant growth. It also has other elements like B, Se, and 

Mo, as well as metals that can be harmful to plants. Lime in fly-debris promptly responds with acidic parts in soil 

prompting arrival of supplements, for example, S, B and Mo in the structure and sum great to edit plants. Yu and 

his colleagues conducted a meta-analysis on the effect of fly ash on plant biomass. They found that the toxicity of 

heavy metals caused plant biomass to increase by 11.6–29.2% at lower application rates (25% of soil mass) and 

decrease by 45.8% at higher application rates (50–100%). 

Fly Ash Utilization with Special Reference to Geotechnical Engineering: 

5.3.1. As an alternative to earthen/sand backfilling, fly ash mix: A flowable fill, also known as a mixture of water, 

portland cement, fly ash, and, if necessary, some coarse and fine aggregates, can replace earthen backfills in small 

spaces like behind abutment walls, basement walls, and retaining walls (Figure 3). In addition to its increased 

strength, flowable fill is suitable for these situations due to its self-leveling and compacting properties. This 

material is likewise called a lean blend refill, flowable fly debris, controllable thickness fill. Taking into account 

the expenses related with moving, putting, and compacting of earthen inlay materials, this strategy for utilizing 

flowable fill gives an affordable option as well as expanded strength and less support. If the fly ash source is closer 

to the project location, savings may be greater. Contingent upon the venture prerequisites, a flowable blend can be 

a high fly debris content or low fly debris one. The amount of cementitious material in a flowable fill directly 

affects its strength; Class C-based fly ash flowable fill typically has a higher strength than Class F-based fly ash 

flowable fill due to the latter's higher CaO content. 



 
 

 

 

Figure 3: Bridge abutment backfill with flowable fill (Courtesy: ACAA [28]). 

5.3.1. Utilization of Fly Ash in Fills and Embankments: If properly proportioned, placed, and compacted, fly ash 

mixed with other materials can provide an economical alternative to engineered soil fills when designing a fill or 

embankment (Figure 4). In any case, a nearby control must be guaranteed on dampness content and molecule size 

conveyance. Due to its superior quality, silo-based fly ash is typically favored over ponded fly ash. A full 

subsurface evaluation, which should include material about the foundation soil's water table depth, shear strength, 

and compressibility, is necessary before designing a fill/embankment. Particle size distribution, compressibility, 

frost susceptibility, and shear strength all have an impact on embankment behavior, which is why fly ash properties 

in the laboratory are important. The use of a geotextile layer at the base to ensure that seepage is cut off can 

alleviate the concern that frost liability poses. The CEA 2018-19 report states that roads and embankments were 

constructed using 31.30 million tons of fly ash, or 14.42 percent of the total amount of fly ash produced. 

 

Figure 4: Fly Ash Utilization in Fills/Embankments (Courtesy: ACAA) 

5.3.1. Fly Ash for large-scale soil stabilization: Due to their mineral work, many soils are highly susceptible to 

changes in volume caused by changes in moisture content. Structures fail as a result of excessive settlement caused 

by these volume changes. The plasticity of the soil is thought to be the primary factor that influences changes in 

volume, and the higher the soil's plasticity index, the more likely it is that the soil will change in volume. Fly 



 
 

 

Debris when blended in with such a dirt outcomes in a resulting diminishing of pliancy and furthermore decreased 

volume changes, the essential system behind this is the adjustment of the size of soil grains i.e., a grain size progress 

happens from earth size to residue size basically because of the presence of speedy lime in fly debris. In basic 

terms fly debris concretes the dirt grains together and subsequently soil molecule developments are limited. 

Generally, the expansion rates range from 12 to 15 percent. 

Conclusion 

Fly ash generation is problematic given the issues associated with area requirements for proper disposal and the 

negative impact on the milieu. Considering the ever-increasing energy demands all over the world, it appears that 

coal-based electricity generation will see an increase in the coming years, particularly in developing countries like 

India. At this point, in India, 77.59 percent of all out fly debris produced is used in different regions. Nonetheless, 

the attention ought to be on 100% use remembering previously mentioned possible purposes of fly debris to the 

development area, farming, and modern region. In order to lessen the impact that fly ash has not only on the 

environment but also on the economy, it is essential for both individuals and governments to make the most of fly 

ash in as many places as possible. In addition to the previously mentioned application, fly ash has many other 

potential applications. 
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