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Abstract-Coal fly ash is an industrial by-product produced from the burning of pulverized coal, during electricity
generation in the thermal power plants. Fly ash is considered a major global pollutant due to the surplus amount of
generation and hazardous nature. With the advancement in the techniques and various Government policies, it has
acquired a status of value-added materials. Based on their mineralogical, elemental properties it can be used for the
recovery of minerals like alumina, silica and ferrous. India is one of the major producers of coal and as well as fly ash.
In India, around 70-75% electricity is generated by the coal-based thermal power plants. Every year nearly 40-50% fly
ash remain unutilized in India. In the present work a current scenario and trend of coal-based thermal power plants, fly
ash production and utilization with a focus in India has been considered. The government policies, initiatives towards fly
ash handling, production, utilization and future prospects are also focused.
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I. Introduction

Energy is the backbone for any country and their industries for the sustainable development and growth [1]. Energy plays
a vital role in the economic development of a nation [2]. A proverb is best fitted in this context “Power is the key to the
prosperity and development of a nation”. Today, energy is being required by each and every sectors- agriculture,
industry, transport, domestic purposes and commercial. No matter the country is developed or developing both of them
requires a continuous source of energy for their growth and development. India being a developing country, energy plays
a very important role in its economy [3]. A developing country like India is still dependent on the natural reserves for the
generation of energy [4]. India have sufficient reserves of both coal and nuclear. Even though India is rich in Thorium
and Uranium resources but still we have very few nuclear power plants. Still, India is lacking in utilization, handling and
of nuclear resources as a source of energy. Today even in the 21% century, coal is the first choice as a fuel, both in India
and China for the electricity generation [5]. For about more than 100 years, coal is being used for the production of
electricity at coal-fired thermal power plants worldwide [6]. For electricity generation, India depends mostly (70-75%) on
coal-based thermal power plants which annually generates 235 MTs fly ash (2016) and is projected to exceed 1000
million ton by 2031-32.

I1. Current Status of Thermal power plants in India

About 70-75% of total power generated in India is produced by coal-based thermal power plants [7]. Globally, among all
the fuels coal is the largest single source of energy for electricity production and their share is rapidly growing [8]. Coal-
based thermal power plants currently provide over 42% of global electricity supply [9]. Globally, coal is the world’s most
abundant and widely distributed fossil fuel. The coal reserves for all types of coal estimated to be about 990 billion
tonnes in the whole world, which is sufficient for 150 years at current consumption (BGR, 2009) [10]. Coal-based energy
generation is likely to remain a key component of the fuel mix for power generation to meet electricity demand,
especially in the developing countries. From all the available, CEA reports India from 2010-11 to 2016-17 it has been
found that, in the year 2011 there were about 88 Thermal power plants only whose total installed capacity was 80458
MW, which consumed about 407.61 MTs of coals. In the year 2011-2012, there were about 124 TPPs and installed
capacity was 105925.3 MW which consumed about 437.41 MTs of coal. In the year 2012-2013 there were about 138
TPPs and installed capacity was 120312.30 MW which consumed 482.97 MTs of coal. In the year 2013-2014 there were
about 143 TPPs and installed capacity was 133381.30 MW which consumed 523.52 MTs of coal. In the year 2014-2015
the total strength of TPPs increased to145 and installed capacity was 138915.80 MW which consumed 549.72 MT of
coal. In the year 2015-2016 there were about 151 TPPs and installed capacity was 145044.80 MW which consumed
536.4 MT of coal. In the year 2016-17 there were about 155 TPPs and installed capacity was 157377.00 MW which
consumed 509.46 MT of coal. This statistics shows that there is progressive growth in the installation of thermal power
plants and coal consumption, due to the increase in demand of electricity by the increasing population. Table no.1 shows
the year wise installed TPPs, newly installed TPPs, coal consumption and percentage ash content during 2010-11 to
2016-17 [11] [CEA Reports 2017 December]
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Table no.1

Descriptions 2010-2011 | 2011-2012 | 2012-2013 | 2013-2014 | 2014-2015 | 2015-16 | 2016-17

TPPs 88 124 138 143 145 151 155

Installed capacity

(MW) 80458 105925.3 | 120312.30 | 133381.30 | 138915.80 | 145044.8 | 145044.8

Coal consumed
(MTs)

Average ash
content (%)

407.61 437.41 482.97 523.52 549.72 536.4 536.4

32.16 33.24 33.87 33.02 33.50 32.94 33.22

Thermal power plants, installed capacity, coal consumption & ash content during year 2010-11 to 2016-17

In India, National Thermal Power Corporation (NTPC), a public sector undertaking and several other state-level power
generating companies are the major stakeholders, which are engaged in coal-based thermal power plants. In spite of these
two there are several private companies also who are operating the power plants in India. The zone wise list of thermal
power plants units, their installed capacity and energy production in MW is given below in the table no. 3. Here is some
list of operating coal-based thermal power plants in India. [12] (CEA monthly reports, Power sectors January 2017).

I Southern Region

I Eastern Region

[ Western Region
33% I Northern Region

24%

19%

Fig.1 Power Generation in India by Thermal Power Stations Region-wise: Break —up
Table no.2

Thermal power plants distribution in India zone wise (31.01. 2018)

Region Total TPPs Units Units MW
Western region - - 69508.62
Northern region - - 52489.20
Eastern region - - 26921.64
Southern region - - 44382.02

North-Eastern - - 520.02
Grand total 155 - 193821.50

I11. FLY ASH AND THEIR PROPERTIES

Fly ash is the finest of coal ash particles produced as a byproduct during the production of electricity in the thermal
power plants (TPPs). It is called “fly” ash because it is being transported from the combustion chamber by the exhaust
gases [13]. Fly ash is a fine, spherical shape, glass-like particles, heterogeneous in nature whose size varies from 0.01-
150 pm [14]. These micron-sized earth elements primarily consist of silica, alumina and iron along with the traces of
oxides of Na, Mg, Ca, P, K, Ti and also the noncombustible matter in coal and a small amount of carbon that remains
from incomplete combustion of coal. Fly ash is light in color and mostly consists of silt and clay-sized glassy spheres
which provides fly ash a consistency somewhat like talcum powder [15]. The mineralogy and composition of fly ash vary
from one sample to next depending on the source of the coal; design, type and operation of the power plant boiler unit
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[16]. In comparison, bituminous coals fly ashes, lignite and sub-bituminous coal fly ashes have a higher calcium oxide
content and a lower loss on ignition (LOI). Also, lignite and sub-bituminous coal fly ashes have a higher concentration of
sulfate compounds than the bituminous coal fly ashes [17].

Fig. 2 Fly ash (Source: PYR fly ash suppliers)

As the origin of fly ash is coal whose major qualitative compositions are similar to the natural earthy materials.
Generally, all other elements (except Al, Si, Ca, Ti, Na, Mg, C, O) occur in the parts per million range and collectively,
seldom exceed 1% of the bulk composition. Fly ash is associated with various useful constituents, such as Ca, Mg, Mn,
Fe, Cu, Zn, B, S, and P, along with appreciable amounts of toxic elements such as Cr, Pb, Hg, Ni, V, As, and Ba. The
concentrations of trace elements in ash are extremely variable and depend upon the composition of the parent lignite,
conditions during lignite combustion, an efficiency of emission control devices, etc [18]. Fly ash has gained much
attention from the construction industry as a useful and increasingly important raw material. Once considered a nuisance
waste product with a disposal problem, fly ash is now recognized as a valuable substance which confers certain desirable
characteristics in its many applications. Fly ash is utilized in cement manufacturing, ceramics making, etc.; and more
recently in wastewater treatment [19] [20] [21]. It has also a great potential to be used as a source of major and micro-
nutrient elements required for healthy plant growth. In view of the potential of fly ash as a health hazard and as a useful
industrial raw material, thereafter recovery of radioactive and valuable elements, studies of its elemental composition are
highly desirable [22]. The applications of fly ash depends on the elemental and mineralogical properties which can be
achieved by the characterization of fly ash by instrumental analysis. There are two classes of fly ash namely class F and
class C which are primarily based on the amount of silica, alumina, iron and calcium, content in the ash. Besides these,
the two types vary in their applications, mineralogy and content which has been summarized in the table no.3

Table no. 3

Summarized properties of Class F and class C types of fly Ash

S.No Class F- Fly Ash Class C-Fly Ash
1. Produced from burning harder, older anthracite and | Produced by burning younger lignite
bituminous coal and sub-bituminous coal
2. Contains less than 20% lime Contains more than 20% lime
- o -
3. Calcmm ranges from 1-12%, in the form of calcium Calcium content: 30-40%
hydroxide, calcium sulfate and glassy components
4. Higher amount of alkali and sulfate Less amount of alkali and sulfate
5. Requires cementing agent like PC, quicklime, hydrated lime | Self-cementing properties
6. Addition of air entrainer needed Does_ not require activator & air
entrainer
7 Used in high sulfate exposure conditions Can’t be wused in high sulfate
conditions
8. Limited to low fly ash content

Useful in high fly ash content concrete mixes -
concrete mixes

9. Used for structural concretes, HP concretes, high sulfate | Primarily residential construction
exposure concretes

3.1 Physical characteristics of fly ash
The color of fly ash can vary from tan to grey to black, depending on the amount of unburned carbon in the ash [23].

Lighter the color of fly ash, lesser the carbon content [24]. Fly ash produced from lignite or sub-bituminous coals have
usually light tan to buff in color [25], indicating relatively low amounts of carbon as well as the presence of lime or
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calcium [26]. Bituminous coal gives rise to grey shades of fly ash, fly ashes are usually some shade of grey, and lighter
shades of grey indicates generally a higher quality of ash [27]. Fly ash, which constitutes 85% - 90% of the overall ash, is
a fine, a light grey powder made up of glassy spheres of size 0.01-150 microns (W) in size. The specific gravity of fly ash
varies from 1.9 to 2.4 [28] and the bulk density of about 0.8-1 ton per cubic meter and a maximal density of 1,000 - 1,400
kg/m°. Fly ash specific surface area (measured by the Blaine air permeability method) falls in between 2,000 to 6,800
cm?/gram [29]. The particle size of U.S. and Indian fly ash is given below in table 4.

Table no. 4
Size distribution in fly ash

Category based on grain size Size (mm) U.S. Fly ash (%)
Very coarse sand 2.00-1.00 0.2
Coarse sand 1.00-0.50 0.9
Medium sand 0.50-0.25 3.4
Fine sand 0.25-0.10 14.8
Very fine sand 0.10-0.05 131
Silt 0.05-0.002 63.2
Clay <0.002 4.3

The particle size distribution of most bituminous coal fly ashes is generally similar to that of silt (less than a 0.075 mm or
No. 200 sieve). The fly ashes of sub-bituminous coals also have silt-sized, but they are slightly coarser than bituminous
coal fly ashes in general. Eighty to 99% of a fly ash sample by weight passes a No. 200 sieve, which has a 0.074 mm (74
Arm) screen size.

3.2 Chemical properties

The pH of the fly ash varies depending on the source of the coal. Fly ash is known to be both acidic and alkaline in
nature. Fly ashes with pH ranging from 4.5 to 12.0 have been identified due to differences in particle size and subsequent
concentration of trace metals. Similarly, EC, which reflects the quantitative estimate of soluble cations and anions, varies
between 0.177 to 14 mmhos/cm [30]. There exists a direct correlation between EC and total salt concentration in fly ash.
Bituminous coal ashes are mostly acidic, whereas sub-bituminous coal gives rise to alkaline ash with a lower content of
S, but a higher content of Ca and Mg than the bituminous coal. It must be noted that the Indian coal is lower in S, and the
corresponding ash is alkaline in nature in contrast to most of the Europeans Coals [31]. Fly ash varies in its chemical
composition depending on the parent coal and the operating conditions of the furnace. As fly ash is a by-product
material, so chemical constituents may vary considerably but all fly ash commonly includes silicon dioxide (SiO5,), Iron
(1) oxide (Fe,03, Aluminum oxide (Al,O3) and calcium oxide (CaO) also known as lime. In general, approximately 95-
99% of fly ash consists of oxides of Si, Al, Fe, Ca and Ti and about 0.5% to 3.5% consists of Na, P, K, Mg, Mn and S.
The remainder of the fly ash is composed of trace elements (in alphabetical order): As, B, Ba, Br, Cd, CI, Co, Cu, Cr, Fe,
Ga, Hg, I, In, Mo, Ni, Pb, Po, Rb, Sh, Sc, Se, Sr, TI, W, V and Zn [32].

IV. FLY ASH: PRODUCTION AND UTILIZATION

India has a large amount of coal reserve and coal based thermal power plants for the electricity production. There are
several government organizations which continuously keeps a track on the TPPs operations, Installations, their life, CO,
emissions and fly ash production & utilization. Central Electrical Authority of India (CEA) collects the data from all the
thermal powers plants and publishes the half-yearly and annually data in the month of June and December respectively.
So based on the CEA reports during the period of 2010-11 to 2016-17 following information has collected, which is
given below in the table no 5.

Table no. 5

Fly ash, production, utilization in India during the period of year 1998-99 to 2016-17 (CEA reports 2017)

Descriptions | 2010-11 | 2011-12 | 2012-2013 | 2013-2014 | 2014-2015 | 2015-16 201176'
Fly ash 131.09 | 145.42 163.56 172.87 184.14 176.74 | 169.25
production
Fly ash 73.13 85.05 100.37 99.62 102.54 107.77 | 107.10
utilization
9% Utilization | 55.79 58.48 61.37 57.37 55.69 60.97 63.28

@IJAERD-2018, All rights Reserved 771



International Journal of Advance Engineering and Research Development (IJAERD)
Volume 5, Issue 04, April-2018, e-ISSN: 2348 - 4470, print-ISSN: 2348-6406

From the above table no.5, it is concluded that there is a progressive increase in the fly ash generation and utilization
from the year 2010-11 to 2016-2017. The increased production of fly ash might be due to the installations of new super
thermal power plants. While the increased utilization of fly ash might be due to the strict government directions, rules,
awareness, government policies and by the technologies. The instruments help in the determination of the detailed
properties of fly ash which also may play an important role in the increased utilization rate of fly ash. There is a
continuous increase in the fly ash utilization from the year 1996-97 to the year 2016-17 from the above table no 6. (CEA
report December 2017). In the year 1996-97, there was a utilization of only 9.63% after which there is a progressive
increase in the utilization of various forms given (below) in the table no.6. While in the year 2016-17 the fly ash
utilization percentage has increased up to 63.28% which is highest of all since 1996 to 2017. By looking at these figures
it is expected that the future of fly ash utilization is better in India. In near future it will be no more a major pollution in
the form of hazardous waste which is could be possible due to the advances in the techniques, Government initiatives &
policies and awareness. Government have estimated that there will be production of approximately 240 and 300 MTs of
fly ash by the year, 2020 and 2025 respectively.

Table no. 6
Progressive fly ash production & utilization during the period from 1996-97 to 2016-2017(CEA reports Dec, 2017)
S. No Year Fly ash production Fly ash utilization Percentage
(Million Tonnes) (Million Tonnes) (%)

1 1996-97 68.88 6.64 9.63
2 1997-98 78.06 8.43 10.80
3 1998-99 78.99 9.22 11.68
4 1999-2000 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 77.33 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 2014-15 184.14 102.54 55.69
20 2015-16 176.74 107.77 60.97
21 2016-17 169.25 107.10 63.28
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Fig. 3 Progressive production and utilization of fly ash from year 1996-97 to 2016-17
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V. VARIOUS MODES OF UTILIZATION OF FLY ASH

Over a period of last twenty years, the image of fly ash has completely changed from a “hazardous waste” to “Resource
Material”. This is achieved due to the focused thrust provided by Fly Ash Mission (FAM) & through Fly Ash Unit
(FAU), Department of Science & Technology (DST) India. Fly ash is being used in all the fields whether as whole or in
parts. It is being used in the form of cement, for road reclamation and low lying areas (RLLA), Road embankments, mine
fillings, ash dyke raising, bricks and tiles, agriculture, concrete and others. The major portions of fly ash are being used
mainly for the civil and constructions which include cement, mines fillings, concrete, bricks and tiles, Road
embankments and reclamations. Still agriculture and metallurgical purposes it is being used in very less amount.
Applications of fly ash in the field of agriculture is very less which might be due to unawareness by the farmers, or might
be due to the presence of high content of toxic elements. But from the data, it is obvious that the utilization percentage in
the field of agriculture has increased from the year 2010-11 to 2016-17 and about 2 MTs in the year 2016-17, which is
highest among all the years.
Table no. 7
Major modes of fly ash utilization from the year 2010-11 to 2016-17

Mode of Cement | RLLA | Roads & | Mine | Ash Brick | Agriculture | Concrete | Others | Total
utilization Embank | filling | dyke S&
ments raising | tiles
2010-11 35.47 9.31 8.52 6.04 4.61 1.27 7.91 73.13
2011-12 38.08 14.21 5.54 7.74 5.86 5.83 0.88 6.28 85.05
2013-14 19.56 5.20 2.20 5.37 4.27 5.03 1.47 0.68 3.32 | 47.10
2014-15 21.27 5.06 1.39 6.44 4.25 4.92 1.07 0.37 3.88 | 48.65
2016-17 | 40.586 | 11.03 6.194 11.78 | 11.88 | 14.91 1.92 0.76 7.98 | 169.2

5.1 In cements during 1996-97 to 2016-17

The compositions of fly ash are closely similar to the cements so, it is widely used by the cement industries as a
pozzolanic material in manufacturing of Portland Pozzolan Cement (PPC). The manufacturing of PPC by fly ash saves
both, precious limestone and coal. The application of fly ash for the manufacture of cement is highly value-added use.
According to CEA report 2017, there is progressive utilization of fly ash by the cement Industries during the period from
1998-99 to 2016-17. As in the year 1988-99 only 2.45 MTs of fly ash were used for cements, whereas this value
increased to 40.59 MTs during the year 2016-17 which alone constitutes 23.98 % of total fly ash utilization in the
aforesaid year.

5.2 Reclamation of Low Lying Areas

Fly ash properties makes it a potential substitute of soil/sand and widely used for the reclamation of low lying areas
thereby saving top layer of soil. CEA report 2017 reveals that during the year 1988-99 only 4.17 MTs were used for such
purposes, which increased to 11.04 MTs in the year 2016-17 by constituting 6.52% of total fly ash utilized during the
aforesaid year.

5.3 Construction of Roads/Embankments/Flyovers and raising of Ash Dykes

Fly ash is most widely used in the construction of civil works like roads/embankments/flyovers and the raising of ash
dykes. It has a large potential for the utilization of fly ash. From the CEA report 2016-17, it was revealed that during the
year 1998-99 only 1.055 MTs of fly ash was used for this applications while this value reached to 6.19 MTs in the year
2016-17 which alone constitutes 3.66% of the total fly ash utilized in the aforesaid year. However there is fall in the trend
in the recent past noticed.

5.4 Back Filling/Stowing of Mines

Among mining fly ash is mostly used for backfilling of open cast mines and stowing of underground mines which saves
the top fertile soil and precious river sand. It has large potential for fly ash utilization especially for pit head thermal
power stations. The CEA report 2016-17 reveals that in the year 1988-99 only 0.65 MTs of fly ash was used for back
filling/stowing of open cast and underground mines which increased to 11.79 MTs in the year 2016-17 which constitutes
6.96% of total fly ash used in the aforesaid year. The trend was on increasing side and increase in the latest year as
compared to the previous year.

5.5 Building Materials like Bricks, Blocks and Tiles

Nowadays all the civil materials or building materials i.e. bricks, tiles, cements blocks, etc utilizes fly ash in variable
compositions which indirectly helps in saving the fertile top soil. Fly ash amended materials are as good as clay-based
conventional building materials. It has significant potential of fly ash utilization especially for thermal power stations
positioned near load centers. CEA report 2016-17 reveals that in the year 1998-99 only 0.70 MTs fly ash was used for
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this purpose which increased to 14.91 MTs in the year 2016-17 and constitutes of about 8.81% of total fly ash used in the
aforesaid year.

5.6 Agriculture

Due to the availability of numerous micronutrients in fly ash, it can be used as a manure in the agricultural sectors. It is
also being used as in the form of herbicides, to maintain the pH of the agriculture soil, or to maintain the fertility of the
soil. The progressive utilization of fly ash was observed in the agricultural sector during the period of year 1998-99 to
2016-17. As, during the year 1988-99 only 0.13 MT was used while it raised to 1.92 MTs in the year 2016-17 which
constitutes 1.14% alone of total fly ash utilization in the aforesaid year.

In the last two decades, a large number of technologies has been adapted for the complete utilization and proper disposal
of fly ash. The fly ash management would remain an important area of national concern. Due to the continuous efforts of
the Government towards the utilization of fly ash now it has acquired a status of "useful and saleable commaodity". While
a few decades ago it was considered as a hazardous waste material of the industry. Earlier, the fly ash application was
most predominantly restricted to road constructions, landfills and partly for bricks and cement. But nowadays, fly ash is
being used for cement manufacturing, road embankments, bricks & tiles manufacturing, ash-dyke raising, mine-fills,
landfills, and agriculture.

VI. DRAWBACKS OF COAL BASED THERMAL POWER PLANTS

The major drawbacks of these coal-based thermal power plants are their high maintenance and operating costs. Besides
this, they require a very long time for the erection and putting into action. Moreover, a large quantity of water is required
for its operation. During operation, there is a loss of most of the heat energy, the presence of trouble due to smoke and
heat in the plant. Handling of coal also makes the whole process more cumbersome. The continuous production of ash as
a byproduct is a one of the major problems.

VII. FLY ASH: DRAWBACKS AND DISADVANTAGES

Indian coals have high ash content about 30-50% in comparison to the coals of other countries. The quantum of fly ash
production depends on the types of coal used and the operating parameters of the thermal power plants. By the year
2013-14, about 65000 acres of land has been already occupied by the ash ponds. While in the current year, 2016-17 the
annual production of fly ash in India was about 169.25 MTs and utilization was 107.10 MTs, and about 63 MTs
remained unutilized. This huge volume of fly ash requires large areas of lands in the form of ash ponds for dumping
which may lead to encroachment on agricultural land. Such a huge volume possess a challenging threat, in the form of
usage of land, health and environmental hazards. Other problems related to fly ash disposal includes high disposal costs
and potential leaching of toxic heavy metals from the areas of dumped fly ash into surrounding soil or ground water [33],
[34]. Utmost care has to be taken to safeguard the human life, wild life and environment from the fly ash disposal and
utilization. When pulverized coal is burnt to generate heat, the residue contains 80% fly ash and 20% bottom ash [35]. A
huge volume of fly ash generated from coal-based thermal power plants may create several threats from the
environmental point of view. The ultrafine fly ash particles ranging in size from 0.5 to 300 micron in equivalent
diameter, being lighter in weight, have potential to get airborne easily and pollute the environment [36]. If the fly ash
management remained improper in sea/rivers/ponds then it could lead damage to the aquatic life also. Slurry disposal
lagoons/settling tanks can become breeding grounds for mosquitoes and bacteria. The presence of traces of toxic heavy
metals in fly ash may also contaminate the underground water resources. In order to get out the fly ash from the thermal
power plants and to the dumping sites or ash ponds requires huge expenditures.

7.1 Water pollutant due to heavy metals

Fly ash is considered as a “hazardous pollutant” due to the high content of toxic heavy metals in them [37]. The heavy
metals present in fly ash are Cd, Pb, As, Ni, Cu, Cr, Mo, Zn, Hg and Co which makes them severe toxic for the
environment [38]. Heavy metals are considered to be the most important pollutant in the source and treated water. The
heavy metals may leach out from the fly ash ponds or dumping sites to the nearby water bodies which may contaminate
the potable water and ultimately lead to the water pollution. Earlier several outbreaks have been reported where there was
spillage of fly ash from the ash ponds and contaminated the water reservoirs. Since water is a most crucial requirement
for life as well as the existence of all the organisms, so water pollution is a major concern. Once heavy metals from fly
ash are released into the water bodies or in the environment, there is bioaccumulation in the higher trophic levels of the
food chain. Almost all the heavy metals are toxic to the living organisms and if ingested more than the prescribed levels
then it could lead to both acute and chronic toxicity. The removal of such contaminants is considered to be a major
problem in the environmental remediation [39]. Heavy metals in wastewater have emerged as the focus of environmental
remedial efforts due to their toxicity and threat to human life [40] [41]. Water pollution is considered to be a major
environmental problem worldwide, and among the various water pollutants, heavy metals require special attention
because of their toxic effect on humans and the environment. Moreover, heavy metals form a very dangerous category
due to their toxic carcinogenic nature, non-biodegradable and persistent nature, hence tends to accumulate in the
environment for a very long time. Heavy metals thus can only be transformed from more toxic or carcinogenic to less
toxic or non-carcinogenic form. Heavy metal remediation, detoxification and assay are of significant interest because
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exposure to metals like cadmium (Cd), lead (Pb), mercury (Hg), and arsenic (As) are known to cause a range of diseases
that are detrimental to human health [42]. The presence of these toxic heavy metals limits the wider application of fly ash
as a material and also challenges a potential threat to the surrounding areas of the dumping sites of the ash ponds.
Moreover, metal mineralization is a very slow process in nature. So, for the wider applications of fly ash in the industries
for different applications, it is required to minimize the heavy metals by processes like acidic leaching or treatment [43].

IX. INDIAN GOVERNMNET LATEST INITIATIVES FOR FLY ASH

The major steps were taken by the Indian government towards fly ash utilization and the real-time data availability in the

year 2017, during which a web-based monitoring system and a mobile application were developed. By knowing the

importance of fly ash utilization and slag for reducing the burden on the environment, NITI AAYOG has conducted

several meetings regarding policies framework on fly ash utilization and slag. The meeting held on 17.03.2017, has

decided that an online repository of the fly ash generated by thermal power plants highlighting the following

measurements should be launched by Ministry of Power by 15" April 2017:

[1 Cumulative amount of fly ash availability in the ash ponds as on 31.3.2017

[ Total amount of fly ash generated for the respective month (For instance, the month of April 2017)

[ Total number of available ash ponds and their approved capacities in metric tonne

" Cumulative stock of fly ash available in the ponds for the month as on 30" April 2017

[ Total amount of fly ash disposed or distributed to the consuming industries, which are in close vicinity of 100 Kms,
101-500 Kms, etc. with the details of the consumers.

[1 Amount of fly ash left (Balance stock) or available in the ash ponds for the month ending April, 2017 accordingly, a
web based monitoring system and a mobile application (Ash Track) have been developed.

X. CONCLUSION

The fly ash particles size varies from 0.2 to 150 (i) microns. Cenospheres particles are prominent in numbers in
comparison to the ferrospheres in the fly ash particles. Indian fly ash has high ash content in comparison to other
countries. Due to high physical, chemical, mineralogical and elemental properties it has progressively gained applications
in the fields of recovery of metals, mining, road constructions and fillers. Among all one of the major application is in the
form of cement, which constitutes 30-50% total utilization of fly ash every year. Some recent applications include bricks,
tiles panels and composite materials. The government directives have also played an important role in the progressive
increase in the utilization of fly ash. Present scenario of fly ash in India assures that fly ash utilization has better scope in
future. It is possible to say that the chemical and physical properties of fly ash particles are a function of the mineral
matter in the coal, the combustion conditions, and post-combustion cooling. Fly ash will be a source for revenue
generation, reusing will conserve the natural raw materials and abridge the disposal cost. It will also generate revenues
and business opportunities while protecting the environment at the same time. If understood and managed properly, fly
ash could prove to be a valuable resource material.
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