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Abstract
Fly Ash is the fine particulate residual outcome of pulverized coal burning
obtained primarily from the coal-based electricity generation plants. Considering
the exponential increase in population around the world, the electrical energy
demand as of now is at an all-time high and coal-based power plants are
responsible for satisfying major part of this demand especially in developing
countries. Owing to this extra load on coal-based plants, there is a significant
increase in the production of fly ash from these plants and the disposal of fly ash
which is considered a deleterious product for environment is becoming a concern
for everyone. In this paper, a brief review about the composition, production and
utilization has been provided with special reference to India. Also, several options
have been provided regarding the effective usage of fly ash in fields like the
Construction industry, Agriculture sector and Geotechnical field of engineering.

1.( Introduction
Electricity is the backbone of modern world and particularly the machinery which acts as a driving
force for economies globally has direct or indirect dependence on electricity. Since 1920, coal is being
used as a basic fuel for power generation and billions of tons of fly ash and other by-products have been
created till now and the improper disposal of these by-products has had a considerable negative influence
on the environment. Fly ash, if not managed properly pollutes water, air and soil, however the recent
advancements in engineering have made it a useful resource in many areas especially in construction
industry. When pulverised coal is placed in combustion chamber of boiler it immediately ignites
producing mineral residue which is in molten state. After extracting heat from the boiler, the molten
residue cools, hardens and ash is formed. The coarser part of this residue referred to as bottom ash falls
to the bottom of combustion chamber while as the finer ash particles remain suspended within the flue
gas and these finer particles are removed by particulate emission control devices like electrostatic
precipitors (ESPs). India is the third-largest generator of coal-based power after China and the United
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States [1]. The Indian coal is low grade and has high ash content (30-45%) as compared to imported
coals (10-15%), so large quantities of fly ash are generated, 217.04 Million tons in 2018-19 [2]. The
generated fly ash requires large areas for disposal as well as remains a source of environmental pollution
[3]. In India an area of 65000 acres of land is being occupied by ash ponds and is its generation is
expected to cross 225 million tones by the year 2020 [4]. FA disposal in an unscientific way affects the
local ecosystems due to the heavy metal pollution through erosion and leachate generation. Apart from
occupying large areas, fly ash, if not managed well, by virtue of its weightlessness can become airborne.
Dumped FA contaminates surface and groundwater, soils and vegetation by mobilization of its
hazardous metals [5]. So, there are two major constraints of coal-based thermal power plants, (1) land
requirement for fly ash disposal, and (2) controlling the pollution, suspended particulate matter (SPM)
as well as the movement of heavy metals into groundwater and food chain [6]. In order to reduce the
impact of fly ash on the environment and to lower the the requirement of land for its disposal, various
notifications have been issued by Ministry of Environment and Forest to achieve 100% utilization of fly
ash [7]. Since 1994, under the Ministry of Science and Technology (GOI), different technologies have
been adapted for safe and productive utilization of fly ash and this increased the utilization of fly ash
from 6.64 million tons in 1996-97 to 168.40 Million tons in 2018-19 [8]. For various reasons including,
prevention of environmental pollution, reduction in disposal cost as well as dumping area, replacement
of other costly resources and to gain financial returns, fly ash has been used in the form of an alternative
to another industrial resource, process, or application [9]. Coal fly ash can be used in the construction
industry, structural fill and pavement utilization, soil reclamation, soil ameliorant, an additive in
anaerobic digestion and composting, zeolite synthesis, metal recovery, low-cost adsorbent for various
gaseous and aqueous applications [10].
2.( Fly Ash Properties
Physically, fly ash occurs as very fine particles having minute average diameter, and has low to
medium bulk density, high surface area and light texture. Chemically, Fly Ash is considered as
amorphous and mixture of Ferro-alluminosilicate minerals. However, the chemical and physical
properties of fly ash depend on the type of coal used, combustion methodology adopted, and temperature
regulation during combustion and method of collection. Following are some of the physical and
chemical properties of fly ash:
•!

•!
•!
•!
•!

Even though there is some degree of variability of constituents owing to the variation in coal
source, however, more often the primary constituents are SiO2, CaO, Al2O3, Fe2O3 along with
some amounts of MgO, Na2O, etc.
Fly ash particles generally fall in silt range and are typically finer as compared to lime and Portland
cement. The size of fly ash particles varies from 10 to 100 microns having a spherical shape.
Colour of fly ash principally depends on the mineral composition of coal source, it may have a
dark or black shade or tan colour.
The specific gravity of fly ash depends on the degree of coal pulverization, particle shape, and
coal type. It varies considerably from 1.6 to 3.1 [11].
Fly ashes sourced from bituminous coals tend to be acidic and those from sub-bituminous tend to
be alkaline, this is heavily dependent on the chemical composition of ash [12,13].
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•!

Even though fly ash has greater surface area but the Cation Exchange Capacity (CEC) is on the
lower side due to the non-plastic nature, however, CEC can be increased by modifying the fly ash.
Also, lower CEC signifies lesser water absorption and this property can be and has been used
favourably while stabilizing expansive soils.
3.( Fly Ash Classification:
•! Class C Fly Ash has high cementing abilities and these are formed from the burning of subbituminous coal. This kind of fly ash has lime in excess of 20% and also does not need an
activator (based on ASTM C 618 standards) for the formation of cementitious compounds
•! Class F Fly Ashes are generated from the combustion of bituminous and anthracite coals. These
ashes have less than 10% lime content and need an activator (based on ASTM C 618 standards)
like Portland cement, quick lime, etc. for the formation of cementitious compounds.
4.( Fly Ash Production and Utilization in India:

As of now, in India 72% of the total electricity is produced by the coal-based electricity generation
plants and this production rate and dependence on such plants is expected to remain the same in the
coming years. The fly ash generation during 2018-19 is 217.04 million tonnes due to combustion of
667.43 million tonne Coal/Lignite and fly ash utilization is around 168.40 million tonne which suggests
an effective usage of 77.59% respectively [8]. Presently, fly ash is used in the construction industry on
a large scale like in the manufacturing of Portland pozzolana cement, construction of roads, dams,
stabilization of slopes, etc. The following are some of the official figures (Table 1) published by the
Central Electricity Authority in the annual report of 2018-19 [8].
Table 1: Fly ash generation and utilization during the year 2014 to 2019*
Description
Number of Thermal Power
Stations

2014-15

2015-16

2016-17

2017-18

2018-19

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)
Fly Ash Utilization (Million
Tons)

184.14

176.74

169.25

196.44

217.04

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.

There are a number of areas where fly ash has been used in all these years and some figures outlining
the actual sector-wise usage have been mentioned below (Table 2 and Figure 1).
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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.

Unutilized Fly Ash
22.41%

Cement
26.88%

Others
6.72%
Hydro Power Sector
0.00%

Mine filling
4.65%

Concrete
0.82%
Agriculture
0.63%

Roads and Flyovers
4.48%

Bricks and Tiles
9.96%

Ash Dyke Raising
9.94%

Reclamation of low
lying areas
13.51%

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

Fly ash generation and utilization during the period 1996-97 to 2018-19 are given below (Table 3 and
Figure 2).
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Table 3: Fly ash generation and utilization during the period 1996-97 to 2018-19

1
2
3
4

1996-97
1997-98
1998-99
1999-00

Fly ash generation
(Million ton).
68.88
78.06
78.99
74.03

5

2000-01

86.29

13.54

15.70

6
7
8
9
10
11
12

2001-02
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08

82.81
91.65
96.28
98.57
98.97
108.15
116.94

15.57
20.79
28.29
37.49
45.22
55.01
61.98

18.80
22.68
29.39
38.04
45.69
50.86
53.00

13

2008-09

116.69

66.64

57.11

14
15
16
17
18
19
20

2009-10
2010-11
2011-12
2012-13
2013-14
2014-15
2015-16

123.54
131.09
145.41
163.56
172.87
184.14
176.74

73.33
73.13
85.05
100.37
99.62
102.64
107.77

62.60
55.79
58.48
61.37
57.63
55.69
60.97

S. NO.

Year.

Fly ash utilization
(Million ton).
6.64
8.43
9.23
8.91

% Utilization
9.63
10.80
11.68
12.03

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.
250
200
150
100
50
0

Fly!Ash!generation!(Million!Ton)

Fly!Ash!utilization!(Million!Ton)

%!Utilization

Figure 2: Fly ash generation and utilization (percentage) from 1996-2019
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5.( Utilization of Fly Ash in diverse fields:
5.1 Utilization of Fly Ash in Construction Industry:
5.1.1: Usage of Fly Ash in Portland Cement Concrete: Fly Ash is used as an admixture to improve upon
the performance of concrete and lowering the cracking potential [14]. The lime percentage in Portland
cement is often more than 60 percent and some part of this lime exists as free lime during the process of
hydration which in turn reacts chemically with silicates of fly ash resulting in the formation of
cementitious compounds. In India utilization of fly ash by cement industry amounts to around 60.11
million-ton of the total production in the 2018-19 calendar year [8]. Using fly ash in Portland cement
we get to see a considerable decrease in bleeding, shrinkage, heat of hydration and an increase in
workability, durability and ultimate strength apart from the monetary savings.
5.1.2. Usage of Fly Ash in Building Materials like Bricks: There are two positive aspects of using fly
ash for manufacturing bricks, tiles, etc. One is the effective utilization of fly ash whose disposal
otherwise becomes a problem and second is the preservation of topsoil which can be used for agricultural
purposes instead of brick-making. The fly ash based bricks are known to have higher compressive
strength and are lightweight. According to the official figures of Central Electricity Authority 0.70
million-ton of fly ash was used for brick/tile/block making in 1998-99 while as in 2018-19 it has
increased to 21.61 million ton constituting 9.96 % of the total fly ash generation [8].
5.1.3. Fly Ash in stabilized base course: Fly Ash is greatly useful in road construction. A stabilized base
course can be produced by mixing together fly ash, lime or Portland cement, and aggregates in definite
proportions. Usually, 12 to 14 percent fly ash is mixed with 3 to 5 percent of lime. The resulting mixture
when placed looks like cement stabilized base. This kind of road base is also called as pozzolanicstabilized mixtures. These road bases are strong, more durable, and less costly as compared to other base
materials. Also, these can be placed using conventional equipment. However, care has to be taken
regarding the seasonal variations and these require proper sealing and protection with asphalt.
5.1.4. Fly Ash in Pavements: In asphalt pavements fly ash can be used as filler which in turn will increase
rutting resistance, stiffness of mortar mix and overall durability of asphalt mix. Apart from being an
economical alternative, it will also help in reducing the stripping potential of asphalt pavement. Fly ash
mixed properly with water and other minerals can be used to fill voids under pavements or help in
supporting concreting pavements at specific grades by suitably drilling and injecting ground under
pavements.
5.2 Application of fly ash in agriculture:
Soil properties, as influenced by fly-ash application, have been studied by several workers for using it
as an agronomic amendment. Physical and chemical properties of soil due to fly-ash amendment vary
according to the original properties of soil and fly ash and therefore, the mode of use in agriculture is
different and depends on the characteristics of soil or soil type [15, 16] According to the CEA 2018-19
report, agriculture use of fly ash is 1.38 billion tons’ sums up to 0.63% of total fly ash generation [8].
5.2.1. Soil texture: The fly ash addition to soil changes its soil texture due to the textural manipulation.
Several experiments have been performed to measure the physical properties for a variety of soils mixed
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with up to 50% fly-ash, which revealed that soil fly-ash mixture tends to have lower bulk density, higher
water-holding capacity and lower hydraulic conductivity than soil alone [3]. Application of high rates
of fly-ash can change the surface texture of soils, by increasing the silt content [17]. Fly-ash addition at
70 tons per hectare has been reported to alter the texture of sandy and clayey soil to loamy [10]. Addition
of fly-ash at 200 tons per acre improved the physical and chemical properties of soil and shifted the
USDA textural class of the refuge from sandy loam to silt loam [15].
5.2.2. Bulk density: Fly ash addition generally decreased the bulk density of soils, which in turn
improved soil porosity and workability and enhanced water retention capacity [3] The water holding
capacity of sandy/loamy soils increased by 8% due to fly ash amendment [18], and accompanied an
increase in hydraulic conductivity helped in reducing surface encrustation.
5.2.3. Water-holding capacity: Fly ash increases the water retention capacity of soils because it causes
structural and textural changes. The capacity of the soil to hold water is related to the surface area, pore
space volume and continuity of pore space [19]. The low bulk density and thus higher porosity of Fly
ash help to create more pore space in the soil. The dominance of silt-size hollow particles creates a larger
hydrophilic surface area to hold water molecules [20]. Pathan [21] noticed an increase from 14% to 33%
of soil water content in the FA-amended soil when compared with non-amended soil. This property is
beneficial to soils, especially under rain-fed agriculture.
5.2.4. Soil pH: The extremely acidic or alkaline soils are supplemented with additives having pH
buffering capacity to bring their pH to neutral to maximize the nutrient availability. FA, which can be
acidic or alkaline depending on the source, can be used as a soil buffering agent for such problematic
soils [10]. The hydroxide and carbonate salts give fly-ash one of its principal beneficial chemical
characteristics, the ability to neutralize acidity in soils [15]. Fly-ash has been shown to act as a liming
material to neutralize soil acidity and provide plant-available nutrients [22]. Most of the fly-ash
produced in India is alkaline in nature; hence, its application to agricultural soils could increase the soil
pH and thereby neutralize acidic soils. Researchers have shown that the use of fly-ash as liming agent
in acid soils may improve soil properties and increase crop yield [23].
5.2.5. Fly-ash as a nutrient source to plants: As the fly ash is the reservoir of essential minerals, it
provides micro-nutrients like iron (Fe), zinc (Zn), copper (Cu), molybdenum (Mo), and boron (B,) and
macro nutrients like potassium (K), phosphorus (P) and calcium (Ca) [24]. Fly ash has also been used
as an adsorbent for reducing solubility of excessive phosphorus in the soil solution [25]. Chemically,
fly-ash contains elements like Ca, Fe, Mg (magnesium), and K, essential to plant growth, but also other
elements such as B, Se, and Mo and metals that can be toxic to the plants. Lime in fly-ash readily reacts
with acidic components in soil leading to release of nutrients such as S, B and Mo in the form and
amount favorable to crop plants [26]. Yu and his associates conducted a meta-analysis on effect of flyash on plant biomass and found plant biomass was increased by fly ash application by 11.6–29.2% at
lower application rates (i.e. <25% of soil mass), and decreased by 45.8% at higher application rates (i.e.
50–100%)due to toxicity of heavy metals [27].
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5.3(Fly Ash Utilization with Special Reference to Geotechnical Engineering:
5.3.1. Fly Ash mix as a replacement for earthen/sand backfilling: A well-proportioned mix of water,
portland cement, fly ash if needed some coarse and fine aggregates also called as a flowable fill can be
effective as a replacement for earthen backfills especially in small spaces like behind abutment walls,
basement walls, retaining walls (Figure 3). The suitability of flowable fill in such cases is due to its selfcompacting and self-leveling nature apart from increased strength. This material is also called a lean
mix backfill, flowable fly ash, controllable density fill. Considering the costs associated with
transporting, placing, and compacting of earthen backfill materials, this method of using flowable fill
not only provides an economical alternative but also increased strength and less maintenance. The
potential savings can be higher if the fly ash source is closer to the project location. Depending on the
project requirements, a flowable mix can be a high fly ash content or low fly ash one. The strength of
flowable fill directly depends on the quantity of cementitious material present, usually, the Class C based
fly ash flowable fill has more strength as compared to Class F based fly ash flowable fill owing to the
high CaO content of the former one.

Figure 3: Bridge abutment backfill with flowable fill (Courtesy: ACAA [28]).
5.3.2. Fly Ash Utilization in Fills/Embankments: While designing a fill/embankment, fly ash mixed with
other materials if properly proportioned, placed and compacted can provide for an economical
alternative to the engineered soil fills (Figure 4). However, a close control has to be ensured on moisture
content and particle size distribution. Typically silo-based fly ash is preferred over ponded fly ash
because of a better quality of the former. Before designing a fill/embankment comprehensive subsurface
evaluation has to be done, it should importantly include details about water table depth, shear strength
and compressibility characteristics of the foundation soil. The behavior of embankment typically
depends on the particle size distribution, compressibility, frost susceptibility and shear strength which
is why laboratory investigations of fly ash properties are important. Frost's susceptibility is often
considered a problem and this can be avoided by using a geotextile layer at the base to ensure seepage
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cut-off. According to the CEA 2018-19 report a total of 31.30 million-ton of fly ash was used in
roads/embankments which constituted 14.42 % of total fly ash generation [8].

Figure 4: Fly Ash Utilization in Fills/Embankments (Courtesy: ACAA [28])
5.3.3. Fly Ash for stabilization of expansive soils: Many soils due to their mineral composition are very
much susceptible to volume changes owing to changes in moisture content. These volume changes result
in the failure of structures due to excessive settlements. Plasticity of soil is considered the primary factor
governing volume changes and higher the plasticity index of soil more is the likelihood of soil to undergo
volume changes. Fly Ash when mixed with such a soil results in a subsequent decrease of plasticity and
also reduced volume changes, the basic mechanism behind this is the change in the size of soil grains
i.e., a grain size transition occurs from clay size to silt size primarily due to the presence of quick lime
in fly ash. In simple terms fly ash cements the soil grains together and hence soil particle movements
are restricted. Usually, the addition rates range from 12 to 15 percent.
Conclusion
Considering the ever-increasing energy demands all around the world It seems that coal-based electricity
generation will see an increase in corning years especially in developing countries like India and
consequently more generation of fly ash is expected Thus fly ash generation is problematic keeping in
view the issues associated with area requirements for proper disposal and also deleterious impact on the
environment. As of now, in India, 77.59 percent of total fly ash generated is utilized in multiple areas.
However, the focus should be on 100 percent utilization keeping in mind above mentioned potential
uses of fly ash to the construction sector, agriculture, and industrial area. It’s imperative for governments
as well as individuals to make maximum use of fly ash in various areas so as to lessen the Influence of
fly ash not only on the environment but also on the economy Also. There is great scope in exploring
potential usage areas of fly ash apart from the above-mentioned one.
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