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Abstract: Air pollution is one of the major concerns for people all around the world, with various sources contributing to the menace
globally. Among these, Thermal power plants is one of the chief point sources of air pollution all over the world. Unfortunately, with
the ever-growing capacity of these power plants, our country is also witnessing extreme contaminations of air around their vicinities.
Release of these hazardous emissions in the atmosphere contributed by the electricity generation in the thermal power plants is a
serious concern and possesses threat to a large percentage of human life, biodiversity and environment. The present study focuses on
the various types of anthropogenic emissions that are emitted from these thermal power plants and also sheds light on its negative
impacts on environment and human health. Several solutions have been presented to prevent, control and mitigate these impacts and
possible alternatives have also been suggested. Furthermore, this study highlights the prevailing problems in the policy making and
legislations regarding air pollution in the country and also addresses the shortcomings in the management of the pollution at the plant
level. Stringent actions for the compliance of the emission standards, more transparency regarding the air quality data between the
stakeholders and general public, regular monitoring of air quality, enforcing new and stricter policies as well as revision of the
existing Environmental Impact Assessment (EIA) procedures are some of the key takeaways for dealing with the environmental

impacts of thermal power plants in the long run.
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|. INTRODUCTION plants capacity is 2,30,600 MW, as on 31March,2020 [8].
The installed capacity of Power Plants has surged to

India is one of the fastest developing countries across the
370,106 MW (as on 31 March, 2020) from a meagre 1,713

globe. It is also the second most populous country in the

world having a population of about 1.38 billion which MW in 1950 over the years [8]. More than 267 TPP
comprises of 17.7% of the world population [1] [2]. It is Projects have been running in India, owned by different
expected to reach the population of 1.72 billion around Private companies & NTPC. Fossil fuel and in particular
2060 [3] at an average growth rate of about 1.344% [4]. coal, dominates India’s electricity sector. It accounted for
Increase in population is closely followed with increase in more than 80 percent of the total electricity produced in the
people’s demand which in turn serves as a motivation for country in 2019-2020. Coal produces 88% of the thermal
drastic growth in industrialization and urbanization. power in the country and the rest is obtained from other
Development and expansion of Power sector plays a critical fossil fuel sources like diesel and gas [9].
role in the welfare and economic growth of any nation. Over Although, Coal is the most abundantly available fossil
the years, electricity has emerged as one of the biggest fuel for producing electricity but there is also this reality
blessings for modern life as well as the most basic necessity that the coal available in India is of very low quality and has
for development of every other sector. At present, India is a very low calorific value [10].High ash content of the
the world’s 3rd largest consumer as well as 3rd largest available coal and use of inefficient technologies are some
producer of electricity. The per capita consumption of of the major culprits for the particulate matter emissions in
electricity in the country has seen a gradual increase from India. When this coal undergoes combustion in thermal
15 kWh in 1950 to about 1,181 kWh in the year 2018- power plants, large amount of heat energy and pollutants are
19[5]. Similarly, the overall electricity generation saw a emitted which are extremely hazardous for the environment.
significant growth from about 5.1 Billion units in 1950 to They have various serious impacts like acid-rain, Green
1390.467 Billion units during 2019-20 [6]. house effects and global climate change, etc [11]. These
Electricity in India, is largely generated by Coal based emitted pollutants include noxious gases like oxides of
Thermal power plants (TPPs) [7]. Globally, India ranks 5th carbon, Sulphur and nitrogen, CFCs (greenhouse gases),
in installed thermal power capacity. A/c to reports of other trace gases and air borne organic matter like fly ash
Central Electricity Authority, total all India thermal power and suspended particulate matter [12]. These numerous and
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increasing number of environmental impacts by the thermal
power plants are a cause of great concern for our
government and the local people residing in the area. Not
only they adversely affect our environment and harm our
surrounding habitats but also create a series of very serious
health issues among human beings [13]. Sadly, the
dependency on coal and the repercussions of its overuse
will keep increasing in India until other renewable and
nuclear power sources are explored more.

The present study focuses on the major atmospheric
emissions that are emitted from the TPPs in India and does
a thorough analysis of its environmental and health impact.
Moreover, the solutions of these impacts is reviewed and
the corresponding alternatives are suggested. This study
elaborates the present problems in the system and points out
the shortcomings in the adopted pollution control measures
for the Thermal Power Plants in India. It also highlights the
immediate need of some concrete steps from the
government like, tighter emission standards, transparency in
the monitoring process, immediate need of revision of
present EIA procedures and strict policy making, among
other recommended solutions.

I1. AIRPOLLUTION SCENARIO IN INDIA

India has been struggling with pollution for a long
time. In fact, in February, the World Economic Forum
published a report in which it was stated that India was
home to 6 out of 10 of the world's most polluted cities. Not
only India, pollution of the air is a very serious problem
across the globe as this affects billions of the lives every
year [14][15]. As per World Health Organization (WHO)
database, air pollution is responsible for about 25% deaths
across the world [16]. Thus, it is safe to say that as
compared to the other modes of the pollution like water,
lead, soil etc., it is indeed the most detrimental type of
pollution [17]. The given Table 1 shows shocking figures
related to pollution related deaths in India where India ranks
at 10 right now.[17]

Table 1. Deaths rates in India caused by different types of pollution

Type of Pollution related deaths Death rates

Pollution Death Rate 174
Death ranking 10
Total Pollution Deaths 2,326,771
Air Pollution Deaths 1,240,529
Water Pollution Deaths 698,597
Occupational Pollution Deaths 153,528
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Continuous emissions of these deleterious elements in the
atmosphere from different sources are leading to increasing
number of pollution related deaths day by day. Automobiles
and Industries are biggest culprits when it comes to air
pollution. As per a research study, the pollution contributed
by vehicles is about 60% and industries is about 20-30% in
urban areas [18]. Leading American news channel CNN
reported that 21 of the world's 30 cities experiencing the
worst air pollution lie in India. Out of 640 districts in India,
about 27% exceeded the annual standard value i.e 40 pg/m3
in 1998 and almost 45% exceeded it in 2010 [19]

According to the data released by WHO of the 10 most
polluted cities in the world, nine out of ten cities are from
India while Delhi occupies the 6TH position on the list,
having a pretty high concentration of the PM10 [20][21].
These reports are a clear indication that the menace of air
pollution in India needs to be addressed as soon as possible
and emerging and potential techniques must be used to
maintain the air quality level in the country. Figure 1 below
shows the concentrations of PM2.5 and PM10 in some
majorly polluted countries of the world where China is
currently topping the list with PM concentrations of 405
ppm and 63 ppm, respectively [19].
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Figure 1. Concentration of PPM in major polluted
countries

The fig.2 and fig.3 below show the global death rates due to
different causes and total deaths from the individual
pollution risk factor, respectively [17].From these 2 bar
graphs, we can have a clear idea of how pollution and
specifically, air pollution is one of the major cause of deaths
all around the world.
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Figure 3. Deaths due to different sources of pollution
I1l. ROLE OF THERMAL POWER PLANTS (TPPS)

The power sector in India has flourished considerably
since we got our independence in 1947.The reason why this
sector is considered so important is because, it plays a key
role in the development across all the others sectors of the
economy, for example infrastructural, agricultural,
commercial , Industrial and railways etc. Through the
enactment of Electricity Act, 2003, revolutionary changes
have been brought to every area of the sector, favorable
environment has been created to promote the participation
of private sector and enhance the competition in the sector.
The result of these efforts has led to noteworthy investment
in generation, transmission and distribution areas.
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Figure 4. Electricity Generation by conventional sources in the
country during 2009-10 to 2019-20
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The per capita consumption of electricity in the
country has also seen a gradual increase from 15 kWh in
1950 to about 1,181 kWh in the year 2018-19[5].Similarly,
the overall electricity generation (Including generation from
grid connected renewable sources) saw a significant growth
from about 5.1 Billion units in 1950 to 1390.467 BU during
2019-20 [22]. During the 2018-19 fiscal year, about 1,547
TWh of total electricity generation (utilities and non-
utilities) was done in the country [5].The figure given below
shows the growth in electricity generation by conventional
sources in the country over the decade [22].

TPPs are power stations in which heat energy is
converted to electric power. They generate electricity by
using fossil fuels like Coal, gas and oil and work on the
principle of Rankine cycle. In TPPs, the solid fuel (usually
coal) undergoes combustion to produce heat energy which
is then used to convert water into steam. This high pressure
and temperature steam rotate the turbine blade. After that,
the turbine shaft connected to the generator then converts
the kinetic energy of the turbine impeller into electrical
energy. So basically, the chemical energy of fuel converts
into the heat energy in the boiler. The turbine converts this
heat energy into kinetic energy which is then further
converted into electrical energy with the help of an
alternator (Synchronous generator). On the basis of the fuel
that is used to generate the steam, mainly 3 different types

of TPPs are running in India:
Table 2. Types of TPPs in India and major features

S.No Type of TPPs | Features
in India

These TPPs act as the backbone of Indian
power sector. Luckily, India has vast coal
reserves that are able to meet more than 75%
of India's electricity demand [23].

These plants are generated by Public sector
undertaking  National Thermal  Power
Corporation (NTPC) and several other state
level powers generating companies.

The total installed capacity of Natural gas-
based power plants in India, in 2020, is
nearly 1,98,525 MW.

1. Coal based

2. Gas based The total installed capacity of Natural gas-
based power plants in India, in 2020, is

nearly 24,956 MW [24].

3. Diesel based The total installed capacity of diesel-based
power plants in India, in 2020, is about 510

MW [24].

As shown in Table 3,the installed capacity of Power Plants
(Utilities) has surged to 370,106 MW (as on 31 March,
2020) from a meagre 1,713 MW in 1950, over the years
[8].A/c to reports of Central Electricity Authority, total all
India Thermal power plants capacity is 2,30,600 MW, as on
31March,2020 [8].Globally, India ranks 5th highest in
installed thermal power capacity .More than 267 TPP
Projects have been running in India, owned by different
Private companies & NTPC, each of which project in turn
comprises of a number of units. As shown in Figure 5, Coal
produces 88% of the thermal power in the country and the
rest is obtained from other fossil fuel sources like diesel and
gas. About 45.2% of India's thermal power is generated by

© 2020, IJREAM All Rights Reserved.



International Journal for Research in Engineering Application & Management (IJREAM)
ISSN : 2454-9150 Mol-06, Issue-08, NOV 2020

private sector alone whereas States and Centre have a share boilers, by the wet disposal method in the form of the slurry
of approximately 24.6% and 30.2%, respectively [9]. [33]. Fly ash is the fine-grained fraction is of the particle
size of 0.2-90 um [34] [35]. This fly ash releases into the
surrounding atmosphere from the stack because of the

Electricity generation (utility sector) by source in India in FY Lo . .
unavailability or poor working of the emissions control

2018-19

¥ Coal: 1,021,997 GWh (74.5%) devices. During the process of combustion, trace elements
s Large Hydro: 135040GWh 98%)  can be transferred to this waste, especially fly ash, from the
Small Hydro: 8,703 GWh (0.6%) coal because of the fine size of the particles and larger

surface area absorbs this trace elements from the coal [36].
In the central part of India, states like Jharkhand,

Madhya Pradesh, Odisha, Chhattisgarh etc. are highly

* Biomass &other RE:167S0GWh | o |lyted due to the particulate matter emissions from the

1.2%

Wind Power: 62,036 GWh (4.5%)
® Solar Power: 39,268 GWh (2.9%)

o Kt 37706 Gwh 2.7%) large number of coals based thermal power plants in these
B Gas: 49,88 GWh (3.6%) areas. Other reasons for pollution in such areas is the
% Diesel: 129 GWh (0.0%) proximity to coal mines and higher generation capacity of
the power plants. The northern part of India including
Figure 5. Contribution of all the different major and minor sectors in Delhi, Haryana etc. is also struggling with the substantial
Electricity generation in India.[23] concentrations of the particulate matter in the atmosphere
Table 3. Total sector wise Installed Capacity as on 30 April, 2020[24]. due to coal fired thermal power plants. Although the
inhabitants situated in the coastal areas are relatively
Fuel used for power generation Installed % of Total suffering less from the PM emissions from power plants
Capacity (MW) because of the land to sea breezes which disperses the
TOta'CTOZfrmal i‘gg'ggg 2421'22//2 pollution over sea but on the other hand, it has become
o ' threatening to the water and soil quality in the area due to
_ the pollution from the coal washery and ash dumps. Power
Lignite 6,610 1.7% P . P .
Gas 24,956 6. 9% plants in inlands are in majority in the country and
Diesel 510 0.1% possesses a very serious concern for the human health and
surrounding environment. It has been seen that under
Hydro (Renewable) 45,699 12.4% normal condition, the impacts of the emission can be seen
Nuclear 6,780 L.9% within 200 km and if the condition is windy, the impacts is
RES” (MNRE) 38776?12086 23.5% in the radius of the 400 km [37].
Table 4. Estimated emissions from TPPs for different states of India in
IV. HEALTH AND ENVIRONMENTAL IMPACTS OF 2o
States PM2.5 SO2 NOX co co2
THERMAL POWER PLER#IS Andhra 21 172 160 129 85
As per TERI analysis, of the total environmental Eriz:g?h 30 120 07 89 59
pollution in 2016, power sector reportedly accounted for Chhattisgarh 57 223 250 166 110
51% of SO2, 43% of carbon dioxide (CO2), 20% of oxides Delhi 12 17 23 13 9
of nitrogen (NOXx), and 7% of PM2.5 emissions. Coal based Gujarat 107 309 275 231 152
Thermal power plant is one of the major contributors in the Barydna 15 124 165 92 61
contamination of the air. The major emissions from thermal ﬂ‘;ﬂgﬂg gg ;gg gi g; gg
power plants are NOx, SOx, COZ2, fly ash, SPM, soot and Madhya 30 250 281 186 123
other trace gas species. A/c to Garg et al., Coal and lignite Pradesh
Fired TPPs are among the Largest Point Sources of air Maharashtra 78 373 449 316 209
pollution. They contribute significantly in the total LPS Odhisa 36 229 305 171 113
emissions in India i.e. about 47% each for SO2 and CO2 Punjab 11 95 117 £ adl
Rajasthan 62 148 167 111 73
[25]. The coal used, not only generates power but also Tamil Nadu 20 189 250 141 93
produces hazardous substances and anthropogenic Telangana 17 110 146 82 54
emissions like slag and ash as a waste, non-combustible Uttar Pradesh 64 317 423 237 156
hydrocarbon, heavy metals like As, Cr, Ba, Sr, Zn, Pb, Mo, West Bengal 56 247 330 185 122
etc. as well as water contaminated with radio nuclide Total 695 3147 | 3774 | 2402 | 1584

[26][27][28][29]. However, among all the pollutants SO2
and fly ash are the major pollutants from thermal power
plant [30]. These pollutants not only have a massive impact
on the biotic and abiotic components of the ecosystem but
also have detrimental effects on the world community as a
whole [31][32].

Coal Fired thermal plants produce the solid waste in
the form of fly ash and bottom ash. The particle size of the
bottom ash is relatively coarse and it is disposed of to the
waste disposal sites, after collecting from bottom of the
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emissions ,ranging from mild symptoms of nausea and

2030 headache, etc. to serious cases of respiratory diseases and
States PM25 | SO2 NOx | CO co even cancer.
2
Andhra Pradesh | 94 687 514 513 338 Table 6. Anticipated health impacts due to ambient PM2.5 pollution
from the planned coal-fired TPPs in India [43]
Assam 3 25 34 19 12
Bihar 83 512 560 421 282 Year Premature mortality Asthma  attacks
Chhattisgarh 149 973 1008 726 479 (millions)
Delhi 12 17 23 13 9 2017 112,500-126000 23.4
Gujarat 173 689 557 522 344 2020 132,500-153,500 28.4
Haryana 16 175 170 101 67 2025 164000-197,500 36.7
Jharkhand 93 553 511 412 272 2030 186,500-229,500 42.7
Karnataka 61 319 317 267 176
Kerala 3 23 11 17 11 Table 7. Associated health impacts of the emitted pollutants [42]
Madhya 87 673 653 502 331
Pradesh Pollutants Associated health hazards
Mabharashtra 144 764 860 622 410 — -
Sulfur dioxide Eye burning, pulmonary emphysema,
Meghalaya 2 15 20 1 7 cancer, headache, heart diseases,
Odisha 151 682 810 631 416 irritation of the respiratory tract, tract
Punjab 26 217 228 162 107 infections, coughing, mucus secretion,
Rajasthan 101 282 235 210 139 causing aggravates conditions like
- asthma and chronic bronchitis.
Tamil Nadu 92 453 461 379 250 Resmirabi Particutate | Heart di hronic bronchit
espirable articulate ea iseases, chronic bronchitis,
Telangana 35 192 197 143 95 T asthma
Uttar Pradesh 110 699 715 522 344 Suspended particulate | Asthma, cancer,  pneumoconiosis,
West Bengal 82 467 558 349 230 matter restrictive lung diseases.
Total 1514 8447 8440 6547 431 Nitrogen dioxide Viral infection, lung irritation, airways
8 resistance, chest tightness,

The table 4 and table 5 above shows the
actual emissions and estimated emissions of major air
pollutants from TPPs in different states of India for the year
2014 and 2030, respectively [39].From the tables, we can
see shocking figures from all the bigger states where most
of the major TPPs are based. It also tells us that how the
pollution problem from these TPPS needs to be dealt with
as soon as possible, otherwise the air in more than half part
of the country will become unbreathable by 2030.According
to a study of 2011, about 503 million tons of coals was
being used in nearly 111 thermal power plant. This
enormous consumption of coal leads to production of about
580 kilotons of PM2.5, 2100 kilotons of Sulphur dioxide
(S02), 2000 kilotons of NOx,1100 kilotons of CO and 100
kilotons of volatile organic compounds [37]. It has also
been seen that huge quantity of the fly ash is generated as a
waste material from the TPPs due to burning of the coal.
Nearly about 131 million tons of fly ash is generated in
India per year [38].

Another study reported that about 115 thousands
premature deaths and about 21 millions of asthma cases
were reported in India because of the exposure of the fly ash
and coal dust during 2010 and 2011[40].The Table 6 below
shows the present and forecasted data of the number of
premature deaths and Asthma attacks that are expected to
come up due to breathable PM 2.5 in air that is released
from the TPPs. The estimated cost incurred by the
government and the public due to these health impacts were
about 16000 crore and 23000 crore rupees, respectively
which is an absolutely crazy figure. Epidemiological studies
conducted in India, have regularly demonstrated higher
rates of respiratory and cardiovascular diseases in
population due to the exposure of PM, NOx and ozone
pollution. [41]. The table 7 below lists all the harmful
health impacts of these anthropogenic and hazardous
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inflammation of lining of lungs, causes
lung infections, wheezing, coughing,
colds, flu and bronchitis

Benzene Asthma, anemia, unconsciousness,
carcinogencity, Immonotoxicity

Ozone Chest pain, irritation in eyes and nose,
coughing, impaired lung functions

Lead Anemia, reduces  synthesis  of
haemoglobin, damage the nervous and
renal system

Carbon monoxide Asphyxiation, cherry lips,

nonconsciousness.

DOI : 10.35291/2454-9150.2020.0668

Major environmental impacts of the emissions from the
TPPs are as:

1) Changes in the characteristics of soil: - The sites having
the high pollution load increases alkalinity of the
surrounding soil due to deposition of the fly ash emitted
from TPPs. These plants also have emissions of the larger
and heavy solid particles which results in the increases of
bulk density and consequently decreases the porosity of
the soil. It has been found that concentration of the total
nitrogen and bicarbonate extractable phosphorus contents
of the soil were low at the polluted sites. The total S,
sulphate S, and organic S accumulation in the soil were
greater at the sites receiving higher annual SO2,
concentrations as compared to those sites having low
annual SO2, averages. Due to pollution of the soil, trace
elements like Fe, Cd, Cu, Pb and Ni significantly decrease
in concentration [44]

2) Accumulation of the heavy metals/metalloids in vicinity
of the power plant: Some volatile heavy
metals/metalloids like Pb, Fe, Cr, Cd, Zn, Ni, V, Co and
Cu etc. are released from the combustion operation in the
power plant and associated with fly ash after the
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condensation. This fly ash accumulates these heavy metal
and metalloids in the surrounding area and makes the soil
contaminated. Fly ash deck is another source, present in
the vicinity of the plant, of the polluting surrounding soil
by these heavy elements where this get contaminated with
these elements and move through wind and storm.[45]

3) Generation of the Solid Waste: Coal based TPPs all
around the world, generate huge amount of the solid waste
in the form of fly ash, bottom ash, and gypsum (produced
from FGD cleaning process). The properties of the solid
waste generated from plant depend on the type of the coal
used and technology used for handling and storing. The
Solid waste of the thermal power plant usually contains
valuable metals and hence metals can be extracted by
using the suitable technology. For analyzing the extraction
efficiency of the metals from solid waste, and in order to
classify the waste or to know the next step of utilization,
many countries has established different standards for
their test studies.[11]

4) Effects of fly ash on vegetation: - Fly ash generation
has huge impact on the vegetation in many ways.

» The deposition of the fly ash on the surface of the leave
may causes the stomatal opening close and hence effects
the respiration and photosynthetic rate.

» Under the certain humidity, the fly ash dust may stick to
the surface of the leaves and fruits and causes the
chemical and physical injuries and leave the necrotic
dark brown spot on surface on many vegetables. [46]

> Transpiration rate of the plant is also get effected due to
the foliar deposition of the fly ash.

> The deposition causes the creation of the thicker layer on
surfaces of the leaves and may also affect photosynthetic
rate of the plant due the in adequate receiving of the
light.

» Microbial activity and root growth of the plant may be
affected by changing the property of the soil due to fly
ash.

> If the fly ash deposition is very high in the sowing season
of the seeds, germination and growing of the seeds gets
reduced.

» Due to high amount of fly ash, contains the soluble
elements, may induce the hazardous effects on the roots
and rhizosphere.

> Fly ash increases the pH of the soil and the increased pH
may loss the applied and indigenous N.

5) Contamination of the ground water due to heavy metal:
Fly ash contains various heavy metals and these heavy
metals may percolate down to the groundwater through
soil (unlined pond) when fly ash present in the slurry
form. The concentration of the heavy metals is found very
high in the rainy season [47].

6) Radioactive elements in the vicinity of Thermal Power
Plant: - Coal contains radioactive elements like uranium,
thorium and “°K. When coal burns in the thermal power
plant, it releases the radionuclides into the surroundings
and enhances the natural radiation in the vicinity of the
thermal power plants [33]. The radiation emitting from the
coal are carcinogenic and may have developmental effects
causing impaired functions of brain and even severe
mental retardation due ionization of the radiation, if
emitting at higher percentage [48]. Lungs and bones are
the most targeted organs of the body of the nuclides U and
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Th. Radiotoxicity of thorium causes severe health effects
like leukemia, bone sarcomas and chromosomal
aberrations, etc.

7) Acid Rain - Oxides of the Sulphur and nitrogen reacts
with the moisture present in the atmosphere and form
weak solutions of the sulfuric and nitrous acids which is
responsible for the acid rain [49].

8) Greenhouse Effect and Climate change - The ozone in
the atmosphere that protects us from the harmful
ultraviolet radiations of the sun, can be depleted due to
increase in the concentration of the nitrogen oxides.
Furthermore, chlorine, fluorine and their derivatives,
generally toxic and carcinogenic in nature are emitted
from the thermal power plant from the combustion
products [50]. The carbon dioxide and carbon monoxide
is also released in the atmosphere which causes the green
houses effect and also leads to the climate change [51].

V. GOVERNMENT INITIATIVES AND
LEGISLATIONS OF INDIAN AIR QUALITY

The Air Prevention and Control of Pollution Act was
approved by the Indian parliament in 1981 with the
objective to work for the prevention, control, and abatement
of air pollution. The Central Pollution Control Board
(CPCB) of India, established in 1974, has been given
powers and duties under the same act. This constitutional
body works under the Ministry of Environment, Forest and
Climate Change (MoEF & CC). CPCB has set National
Ambient Air Quality Standards (NAAQS) for all major air
pollutants like PM10, PM2.5, SO2, NO2 and other
greenhouse gases for different types of areas, be it
commercial, industrial, residential or ecologically sensitive
ones [52].The MoEF & CC issued some directives in 1999
under the Environment (Protection) Act of 1986 which
include: utilization of Pulverized Fuel Ash by the thermal
power plants in all sorts of construction activities in and
around the plant. Under an amended notification issued on
3rd Nov-2009, the MoEF, Govt. of India has made it
mandatory to utilize fly ash in various construction projects
that occur within 100 Km radius of any TPP [53].

Ministry of Environment further issued a
notification titled ‘Environmental Protection’ in December,
2015 setting air pollution standards for TPPs with the aim to
reduce suspended particulate matter (SPM) emissions, Sox,
NOx and mercury at TPPs. This order has made installation
of FGD (Flue gas Desulphurization) system and NOx
burner as compulsory in all the existing and upcoming
thermal power plants. As shown in Table 8,under the new
norms introduced in 2015, power plants commissioned
between 2003 and 2016 which account for 65% of India’s
total coal capacity will have to cap their NOx emissions at
300 mg/Nm3 (‘N’ refers to standard temperature and
pressure) while the new plants commissioned from 2017
onwards that comprise 5% of total coal-based thermal
power capacity must limit NOx emissions to 100
mg/Nm3.1In a surprising move in May 2019, the Ministry of
Environment has approved to dilute the emission limit of
nitrogen oxides from 300 mg/Nm3 to 450 mg/Nm3.The
move to increase the standards comes after the government
of India has already shifted the implementation deadline for
NOx norms in power plants by five years to 2022. The
deadline had been further pushed to December 2022 for all
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the power stations in the country citing complexity of the
whole implementation process and the critical need of
continuous and smooth electricity supply.

Table 8. Emission norms for coal based thermal power plants
applicable from December 2017 onwards (Source: Centre for Science
and Environment, New Delhi, India)

Concentration | Unitsize Installed Installed Installed
of pollutants before between 2017
(mg/Nm3) 2003 2004 and | onwards
2016
PM All 100 50 30
SO2 Less than | 600 600 100
500 MW
SO2 Greater 200 200 100
than  or
equal to
500MW
NOx All 600 300 100
Hg All 0.03 0.03 0.03

Despite adjournment of timelines for compliance of the
new norms from December, 2017 to December 2022 for all
TPPs, power stations are still lagging behind in the pace of
implementation of emission control systems. To this date,
there are no specific pollution standards for individual
power plants. Although, the extent of air pollution and
quality of emitted pollutants is different for every type of
industry but still the ambient air quality standards for all
industrial areas is same. This reason is the major culprit in
compromising the govt. efforts to control any pollution.
There is an immediate need to regulate the standards at the
level of plant source. After we are able to ensure that, then
we can proceed to our second step of monitoring the
pollutants and then to our final step of enforcing rules and
reducing the environmental and health impacts of the power
plants [54]. Prayas health group stated in his study that
unless good alternatives are found, power generation
through coal will remain high through the 2030s and so will
be the environmental and health impacts due to the
pollution emitted by it [55].

V1. REASONS FOR NON-COMPLIANCE OF
STANDARDS

The Emission rates of the emissions produced from thermal
power plants varies due to different factors like age of the
plant, quality of raw material (coal mixture & oil) used,
quantity of raw material (coal mixture & oil) required for
per unit generation, maintenance standard of the plants and
amount of excess air fed into the furnace[56]. These
variations make abatement of air pollutions very difficult.
Although it’s difficult to list all but some of the major
reasons can be specified as, namely [54].
» Delay in coal and air pollution control devices
supply.
> Inefficient operation and maintenance of air
pollution control devices (e.g ESPs, Cyclone
separators, bag filters, etc.)
» Huge amounts of generation of ash.
» Lack of efficient management of ash ponds
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VIl. REMEDIAL MEASURES

A. Fly Ash

Fly ash is produced as a residue by combustion of coal in
burning chamber of the TPPs. The fine particles in fly ash
rise with the flue gases and contribute to air pollution. Apart
from that, it also has significant impact on human health.
Due to its fine nature, it acts like a cumulative poison for
humans by getting deposited in the pulmonary region of the
lungs for long periods of time. Talking about the structure
of fly ash, it is a spherical fine glass powder whose
estimated particles size lies in the range of 0.5 to 100 um.
The major constituents include - silicon dioxide, aluminum
oxide and iron oxide. On the basis of its chemical
composition, it can be divided into 2 classifications i.e
Class F and Class C [57].Class F - composed of Bituminous
coal and Anthracite. Class C — composed of sub-bituminous
coal or burning lignite

Fly ash mitigation measures

As per the hazardous waste management and handling rule
of 1989, fly ash is regarded as non-hazardous because of
which, it is often disposed of in Landfills. Disposal of fly
ash is done in either wet state or dry state. The concerning
point about this type of disposal is migration of metal into
the soil which eventually leads to contamination of
ground/surface water as well as the soil. Unlike other
organic wastes, Heavy metals in the fly ash are persistent
and do not degrade easily through biological treatments
[10].

Other concerning aspect for this type of disposal is the fact
that the present approach for disposal of fly ash in ash
ponds as a slurry requires extensive areas of lands.
Increasing population and their need for electricity has put a
strain on the present sources of power. This has led to the
increase in number of thermal power plants which need
huge areas for ash disposal. A recent study stated that, at an
estimated 0.6 hectare per MW of electricity produced, the
total requirement of land for disposal of ash would be
around 82,200 ha by the year 2020, which is huge. Hence, it
is important to treat Fly ash more as a by-product rather
than waste [58].

During the last 30 years, extensive research has been carried
out to utilize fly ash in various sectors [59][60]. Right now,
Fly ash is majorly utilized in construction works, as a
fertilizer, in mine backfilling, as sub-base in roads, as a light
weight aggregate, and so on. However, researches in the
ongoing years have found that fly ash can also be useful in
removal of organic compounds, heavy metals, dyes, etc.
through adsorption as well as in zeolite synthesis. With
careful execution of these research ideas, they can help
great deal in reducing environmental degradation caused
due to fly ash [61].

Following are some of the potential areas of use of fly
ash:

i. Fly ash bricks:
The utilization of fly ash for brick manufacturing first came
into play as a result of research study done at Central Fuel
Research Institute, Dhanbad. Nowadays, a major percentage
of generated fly ash is being utilized in building bricks.
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Apart from being environment friendly, fly ash bricks also
possesses several advantages over conventional burnt clay
bricks. They are much lighter in weight and comparatively,
less costly than Clay bricks. Then there are fly ash-clay
fired bricks which are basically composite mixture of fired
clay and Pulverized fly ash. They can also be utilized to
make unglazed tiles for footpaths or pavements. Addition of
fly ash improves the physicochemical characteristics of the
bricks like high compressive strength, low water absorption,
no cracking due to lime, no frost and high resistance to
frost-melting while simultaneously saving approximately
20-30% energy [62].

Several fly ash brick manufacturing units have been set
up at Korba, both owned by Government and private
entrepreneurs and are producing over 60000 bricks/day.
Many other ash brick units are also set to be started by
several other entrepreneurs to prioritize and boost ash brick
manufacturing [63]. Administrative Building of Greater
Noida Industrial Development Authority (GNIDA) and
NTPC’s own Buildings are some of the recent projects
where fly ash bricks have been utilized. Fly ash bricks are
also being used for construction of residential complexes by
the Private real estate developers in various metro cities.
NTPC Ramagundam has conducted a research study for use
of fly ash in flux bonded bricks/tiles

ii. Fly ash in cement and concrete

Fly ash is quite suitable for use in Portland cement, mostly
as a partial replacement of pozzolana. When moisture is
present at room temperature, Fly ash reacts chemically with
Ca (OH); to form cementitious materials. High amounts of
reactive elements like Alumina and Silica complement the
chemistry of hydration of cement. Cement produces
Calcium Hydroxide and C-S-H gel through hydration. This
C-S-H gel imparts binding and strengthening properties to
the concrete. Fly ash converts the problematic free lime into
durable concrete [64].
When compared to ordinary Portland cement, the spherical
shape of fly ash particles facilitates their free blending in
mixtures. The property of Easy flowability and blending
makes fly ash desirable to be used as a concrete admixture.
There are several advantages of using fly ash in cement and
concrete which are as mentioned below:

v' Imparts strength and minimizes water demand.

v  Less heat of hydration, thus reduced thermal

cracking.

v" Reduced bleed channels.
v" High density and enhanced durability.
v" low permeability and minimized sulfate penetration.
v" Increased corrosion resistance.
v/ Saves cost on cement.

Previous investigations reported that 15% to 25% fly ash
replacement of cement can help in lowering the porosity of
concrete and plain cement mortars [63]. It has also been
noted that Fly ash can be substituted for up to 66% of
cement in the dam constructions. A/c to a Japanese study,
Global cement production is proving to be a major curse for
sustainable development. The study states that barren lands
which are approximately 1.5 times of the size of Indian
Territory need to be afforested to compensate for the total
global accumulation of carbon dioxide discharged into the
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atmosphere. Hence, utilization of fly ash in cement concrete
becomes more important as it also minimizes the carbon
dioxide emission problem to some extent.

iii. Fly ash based distemper

Distemper manufactured with fly ash can be used as a
replacement for white cement. Cost of this distemper is less
than half when compared to commercial distempers
available in the market. This innovative idea of a fly ash
based distemper has been already applied for several
buildings in Neyveli, Tamil Nadu and the performance has
been noted as satisfactory.

iv. Fly ash based polymer products

One of the new studies on fly ashes have deemed them
effective to be used a substitute for woods. Regional
Research Laboratory, Bhopal collaborated with Building
Materials and Technology Promotion Council (B.M.T.P.C)
and TIFAC to develop this innovative technology [60].The
idea is to use fly ash as the matrix .The Jute cloth which is
used as the reinforcement of the matrix is laminated by
passing through a polymer fly ash matrix and then cured.
The required thickness is achieved by increasing the number
of laminates. This polymer product possess a lot of
advantages like stronger, more durable, resistant to
corrosion and cost effective as compared to wood. This fly
ash based polymer product has several applications. It can
be used in door shutters, ceiling, for wall and partition
panels as well as for floor tiles too. A commercial plant has
been set up based on this technology near Chennai, India.

v. Fly ash-based ceramics

This innovative idea evolved at the National Metallurgical
Laboratory, situated at Jamshedpur. They developed a
process to manufacture ceramics from fly ash.[58].A
composite mixture of Fly ash and plastic clays from the
Teruel power station (NE Spain) and Teruel coal mining
district, respectively were used to manufacture ceramic
products. These especially developed ceramics contain up
to 50 % of mullite and 16 % of feldspars (by weight) and
hence, show superior resistance to abrasion [65]. Firing
tests were done for both fly ash and ceramic products to
determine their firing behaviour. This was done to
understand the effect of heating on the mineralogy of these
materials. It also determines the extent of influence that
heating has on the physical and chemical properties like
colour, bulk density, water absorption capacity and
shrinkage due to heating, etc., of these materials [66]. Their
physicochemical properties deem them to be fit to be used
for manufacturing paving tiles, bricks and stoneware, etc.

vi. Fly ash as a fertilizer

Fly ash utilization has limited but huge potential in
Agriculture. It is considered as a potential growth improver
and can serve as a good fertilizer. Being a good soil
modifier, fly ash enhances the fertility, moisture retaining
capacity and overall crop yield. It facilitates the uptake of
vital minerals and nutrients (Ca, Mg, Fe, Zn, Mo, S and Se)
by crops and vegetation which can lead to an average of 20
to 30 percent improvement in the Crop yield. It can be
achieved by supplying varying fly ash dosages of 20 to 100
tonne for each hectare of land area [67]. New studies have
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also suggested that, using fly-ash as an alternative of lime in

agriculture can contribute to reduction in net
CO; emissions. Thus, in the long run, this also reduces
global warming.

However, even after possessing so many advantages,
utilization of fly ash is fairly limited in agriculture due to
their heavy metal contents and radioactivity. Studies and
researches are working in this direction to provide solutions
to handle this problem.

vii. Fly ash in road and flyover embankments

This is another area which has huge potential for utilizing
large volumes of fly ash. Fly ash can be used as a good
quality stabilized base course and as borrow material for the
construction of structural fills and embankments. A /c to
U.S Federal Highway Administration, Fly ash can also be
utilized in asphalt pavements, in grouts for pavement sub-
sealing and as flowable fills too.For use of fly ash in road or
flyover embankments, demonstration projects at Raichur
(Karnataka),NTPC Dadri (U.P.) and NTPC Badarpur (New
Delhi) have been successfully completed. Using the fly ash
in large quantities for making the road base and surfacing
can result in low value-high volume utilization [63]. This
ultimately leads to reduction in earthwork costs due to
commendable amount of savings in excavation &
transportation costs [67].

In the recent few years, CRRI in collaboration with other
agencies has provided several consultancy services for fly
ash utilization in many roads and embankment projects. For
many Fly ash based embankment projects, Reinforced
Embankment Technique was adopted. Some of these
projects include: Okhla flyover , Delhi (In collaboration
with Delhi PWD);Hanuman Setu flyover , Delhi (In
collaboration with Badarpur Thermal Power Station, Delhi
and Delhi PWD);Sarita Vihar flyover ,Delhi (In
Collaboration with Delhi Development Authority and
Badarpur Thermal Power Station, Delhi);Greater Noida
Expressway project (In Collaboration with IRCON
International and Badarpur Thermal Power Station, Delhi)
and second Nizamuddin Bridge in Delhi(In Collaboration
with Delhi PWD and Indraprastha thermal power station,
Delhi).Construction of embankment)[60].

Many plant roads and rural roads have been constructed by
utilizing fly ash for their pavement construction. Some of
these projects include: NTPC Dadri (In collaboration with
National Capital Power Station, NTPC, Dadri, U.P); Budge
thermal power plant (In collaboration with CESC Ltd,
Kolkata) and rural roads at Raichur, Karnataka (In
Collaboration with Karnataka PWD and Raichur thermal
power station)[68].

viii. Fly ash in Railway Embankments

In association with the Central Road Research Institute
(CRRI), New Delhi, Research study was carried out to
demonstrate use of ash in construction of railway
embankment. This design was validated by conducting
Centrifuge Model Tests at IT Bombay. Construction of
railway embankment for NTPC’s Merry Go-Round (MGR)
rail track for coal transportation is planned at NTPC
Kahalgaon and NTPC Talcher-Kaniha.
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Environmental Impacts of Fly ash Use

Utilization of fly ash not only minimizes the disposal
problem but also creates a wonderful opportunity to derive
commercial benefits from the wastes by products produced
in the power plants thus, decreasing the potential harmful
impact that it could have on the environment to a big extent
[53].It also saves huge areas of lands which would be
otherwise be needed for conventional disposal of fly
ash,had these fly ashes were not utilised as a raw material.
Alc to a detailed EIA study by UK Quality Ash Association,
it is clear that PFA do not possess much environmental risk
due to leaching or radiation, when used as a filling material
[69]. Leaching of heavy metals is prevented by stopping
rainwater seepage into the fly ash core by adopting some
simple techniques to ensure safe utilisation of fly ash in
Road and Railway embankments. Fly ash, when used in
concrete or in stabilization work, reduces any possible kind
of leaching by reacting chemically with the cement [61].

B. Emissions

Follow-up Actions needed to Minimize Emissions from
TPPS:

To meet the requirements of the increasing demand for
power with minimal environmental impacts and sustainable
development, government needs to make the following
adaptations:

i. Transparency-There is an immediate need to
introduce new policies for more transparency and
efficient distribution of information between the
power plant agencies and the public domain. It is
absolutely necessary that the real figures and data
concerning to the emissions and their mitigation
measures adopted by the agency is open to the
public and govt. bodies for scrutiny. Lack of
transparency is undoubtedly the biggest hindrance
in controlling atmospheric emissions from power
plants.

ii. Tighter emission standards-Following the approach
of emerging and developed economies like China,
USA, EU, etc., all coal-fired power plants in India
should be subjected to tighter emission standards.
There is an immediate need to make the emission
standards for particulates more stringent, introduce
new emission standards for other pollutants and to
create awareness among the stakeholders [54]

iii. Efficiency improvement of existing, older power
plants- Several studies have suggested that
efficiencies in many countries can be improved by
10-20% by adopting better technology [70].
Continuous monitoring and mandating
technologies that reduce pollution should become a
critical component to control the atmospheric
emissions. For developing countries like India,
average net efficiency for power generation is
approximately 26 %.This also means 74% of
energy produced is lost in the production and
distribution of the electric power[70]

iv. Revision of EIA procedures-Its incredibly urgent to
enforce the stringent standards by revising the
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vi. FGD

10 | IIREAMV0610868004

International Journal for Research in Engineering Application & Management (IJREAM)

current  environmental  impact  assessment
procedures to overcome the critical shortcomings.
Present EIA drafts do not consider impact of long-
range transport of pollution from the stacks on
human health and environment. At present, EIA for
an area of only 50 km radius from the plants is
considered.

v. Continuous stack monitoring -Introducing and

enforcing continuous stack monitoring at all the
large and small power plants such that the real time
data is available in the public domain. Since, stack
emissions are point sources so, its relatively simple
to monitor them when compared to non-point
sources.

systems-  Encouraging and  monitoring
implementation of FGD systems (Flue Gas
Desulfurization) for reduction in emissions of
multiple pollutants like particulates and sulphur
oxide[71]

vii. Clean coal Technology-Adoption of clean coal

technologies (CCTs) can play a major role in
mitigating the environmental impacts of increasing
atmospheric emissions.

viii. IGCC technology -Researches and Experiments are

ongoing for use of the IGCC (Integrated coal
gasification combined cycle) technology too and it
has a lot of scope in the coming years. They are
new generation thermal power systems with
considerably enhanced efficiency of power
generation and excellent environmental
performance. They are flexible with the quality of
coal, have high power generation efficiency, have
much lower emission, hot wastewater and slag
generation as compared to conventional power
plants.

ix. Fuel switching —The idea behind the process is that

dirty, pollution causing non-renewable fossil fuels
can be replaced with low carbon intensity fuels
which are both clean and renewable. This is a
much-needed alternative especially for battling
bigger issues of global warming and climate
change due to the various atmospheric emissions.
India has a huge potential for renewable energy but
at present, a very minute portion of it is utilized for
producing electricity. Non-conventional fuel
sources like solar, wind, biomass, hydro,
geothermal, tidal energy etc. require high initial
investment and are also expensive to establish and
operate. Despite that drawback, in the coming
years these fuels can certainly replace coal or fossil
fuel fired power generation partially to some
extent. Waste to energy options can lead to
significant decrease in Greenhouse emissions too
[72].

x. Carbon Sequestration:- Another excellent idea that

has been gaining attention in the recent years for
controlling CO2 emissions from TPPs is Carbon
sequestration. The idea is to capture, store and
utilize the atmospheric CO2 which eventually
helps in reduction of Greenhouse emissions in the
atmosphere. Storage can be done in aquifers, oil or

Xi. Promoting Afforestation and

1)

2)

3)

4)
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gas fields or on the ocean floor, etc. Researches of
International Energy Agency on Greenhouse Gases
have declared Carbon capture utilization and
storage or CCUS as an important emission
reduction technology with huge potential in the
coming future [56]

Increasing the
number of forest and carbon dioxide Sinks [56]
Sathaye et al. in his researches has suggested that
Afforestation, Regeneration and Protection of
forest are undoubtedly the best and fastest
alternatives to reduce Greenhouse emissions [73].
India has large areas of available wastelands ( i.e
5,57,66.51 Sg.Kms,16.96% of Total Geographical
Area of the country) which can be used for
forestation[74].

Forests as sinks-Controlling deforestation and
planting more trees helps in enhancing the planet’s
terrestrial biomass sink, which eventually helps in
slowing down CO2 build-up in the atmosphere. At
present, Forests, shrubs and grasslands, etc. all
over the world are absorbing an estimated 5.5 Gt
CO2/year.

Carbon dioxide sinks- Globally, there are large
number of natural carbon dioxide sinks that work
to remove the gas from the planet’s atmosphere.
But of course, naturally occurring sinks have
limited capacity so, disposal of carbon dioxide into
sinks through artificial sinking can be the best
mitigation option [75].

At the plant level, several simple air pollution
control measures can be implemented during
the planning and operation stages in the power
plants to minimize the negative impacts [76].

Fly ash generation can be kept down by using
washed coal or beneficiated coal.

With the aim to restrict the dust emission to a
minimum, sprinkler systems should be installed at
all coal transfer, tipper, crushing, and screening
points, etc.Partial enclosure of coal unloading,
transfer and conveying equipment and use of
baghouses during coal storage and handling
processes[76].Simple methods of dust abatement
like wetting soils, using covers for storage piles,
and restricting operations during stormy and windy
periods can also help in minimizing the dust
emission and the resulting impacts. Before
processing of coal, a dust extraction system should
be used. Chemical Wetting agents like Calcium
chloride solutions, etc. can be used to reduce the
water demand and increase the efficiency of dust
suppression.

Use of efficient pollution control systems like
ESPs, Bag filters, Cyclones, etc. and monitoring
their proper use and maintenance.

New generation Emission control systems like
Selective Catalytic Reduction (SCR), Selective
Non-Catalytic Reduction (SNCR) and Flue Gas
Desulphurisation (FGD), etc. need to be
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implemented at all the major power plants as soon
as possible. For a typical coal-fired power station,
FGD can effectively remove more than 90% of the
Sulphur dioxide in the flue gases.

5) Besides installation of the above given latest
technologies, it is also necessary to adopt some pre
combustion modifications such as use of over-fired
air, in-situ modifications in boiler and Low NOx
burners installation.

6) For reducing NOx emissions, combustion
modification measures like reducing the
combustion temperature, adopting low nitrogen
fuel, and installing exhaust gas denitrizers can be
adopted to minimize NOx emissions and to remove
them.

7) Since Electro-Static Precipitators (ESPs) are
largely responsible for particulate matter control in
TPPs, their retrofitting from time to time is very
essential to keep the emissions within the limits
specified by MoEF & CC.

8) All boilers burning heavy oil, crude oil, and coal as
fuel should be fitted with electric bag filters to
eliminate soot particles from exhaust gas.

9) Installing an exhaust gas desulfurizer to remove
SOx from exhaust gas and thus controlling SOx
emissions through both input and output measures.
Encouraging the use of low sulfur fuel like sulfur-
free LNG and low-sulfur heavy oil and crude oil.

10) Use of high-temperature, high-pressure filters
within the gasification process to collect more than
99.9 percent of PM from the syngas. Use of a
reactor containing alumina-based metal sulfide or
sulfide-activated carbon to remove more than 92
percent of mercury from the syngas. Mercury
abatement from the emission can be achieved as
co-benefit of reduction of NOx, SOx and dust.

11) Green belts with recommended flora of tall and
fast-growing trees can be created around the coal
washery plants and tailing dumps areas.

12) Taking appropriate measures for proper handling
and utilization of the waste and by products
produced.

13) Central government should encourage use of fly
ash based manufactured products (tiles, bricks,
ceramics, fertilizers, etc.) by the concerned local
government agencies and the power plant
managements. Government also needs to provide
special incentives to encourage these kinds of
sustainable and eco-friendly approaches [77].

Other Alternatives

In one of his researches, Arun et al. reported that the
implementation of World Bank Emission Guidelines (1998)
for TPPs can lead to significant reduction in concentration
of Total suspended particulates thereby, bringing the
particulate concentration within the NAAQ standards as
specified for industrial areas in India (CPCB,2001). The
study estimated decrease in Thermal power plant emissions
by about as large as 56% to 82% [78]. The guidelines stated
the following points for achieving acceptable levels of site—
specific emission standards i.e following maximum plant
emission levels to reduce pollution levels, using
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commercially proven and widely used technologies and
follow the current regulatory and technological
trends.Dmitrienko et al.’s feasibility studies have revealed
that Coal-water slurries containing petrochemicals (CWSPs)
is a very cost effective option for using as a fuel[79].When
compared to conventional options of fuel like high ranking
coal, CWSPs can help in saving over 40 to 75 million euros
in just fuel costs. Their superior energy and environmental
performance makes them a multipurpose fuel. Using
CWSPs can result in reduced fly ash production by
20%.,low combustion temperature leading to longer no-
failure operation period, reduction in key expense items by
30-40%, high energy performance indicators and last but
not the least, lower payback period for countries like India,
etc. The concentration of atmospheric emissions can be
decreased severe fold by varying the concentration and type
of waste used in the CWSP [79]

Landscaping and green belts: Plants play a significant role
in monitoring and keeping the environmental balance in
check[80].Not only they play an active role in recycling of
gases and nutrients in the nature but their metal trapping
capacity allows them to collect heavy metals (i.e. mercury,
lead, etc.) from the surrounding air too [81][82][83] Plant
have enormous surface area available for impingement
which allows absorption, adsorption and trapping of emitted
pollutants[84].Through extensive research and case studies
done around several thermal power plants, Nandita et al.
and her group concluded that Green belts around the close
surroundings of power plants and dumping spots of fly ash
can play an important role in decreasing pollution to a
considerable extent at the pollution source itself [85]. Not
only these belts will enhance the natural beauty of the
landscape but more importantly, they will act as a protective
shield for the local population by acting as a buffer zone.
For ensuring effective trapping of the particles during the
whole vyear, the green belts should include mix of
indigenous perennial, deciduous and evergreen type of fast-
growing subshrubs, shrubs as well as trees [85]. Plantations
should be done closely to ensure interception of particulate
matter and to accommodate large number of trees in less
area. Santosh et al. studied Heavy metal speciation of soil
around thermal power plant area and gave the idea of
landscaping for controlling the pollution in the area. He
reported in his studies that some species of plants (in his
study, Calotropis procera) have the property to
adsorb/absorb and accumulate heavy metals to a significant
extent. He further stated that landscaping based on Air
pollution tolerance index of plant species can be used to
minimise the soil contamination and pollution in the
ambient air [86]

VIII. CONCLUSION

With 5th highest installed thermal capacity globally,
Thermal Power Plants in India are one of the most pivotal
industries that provide electricity and support expansion and
development of all the other sectors. Coal is the most
carbon intensive fossil fuel and most emissions from coal
are emitted from the electricity sector. Despite its
innumerable and detrimental environmental and health
impacts, it is still the most extensively used fossil fuel for
power generation in India with about 88% thermal power
plants running on coal and remaining by other sources.
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Heavy Metals, Particulate matter, Greenhouse gases,
Polycyclic aromatic hydrocarbons, Sulfur dioxide, Nitrogen
oxide, Volatile organic compounds are just some of the
major emissions from these power plants. Every year, over
thousands of premature deaths and millions of cases of
cardiovascular and respiratory diseases as well as asthma
cases are being witnessed because of these hazardous
emissions. Not just that, it also has severe harmful impacts
on the physicochemical components of the environment like
quality of ground water, land use pattern, surface quality
and temperature, fertility of soil, biodiversity (flora, fauna
&wildlife). Other socio-cultural aspects like rehabilitation,
loss of lives due to accidents, aesthetics, etc. also require
our immediate attention.

Acid rain, greenhouse effects and generation of huge
amount of the sewage, fly ash, etc. are some of the few
other reasons why coal is losing its popularity all over the
world and countries are opting for cleaner alternatives of
energy. Major nations like Belgium, Canada, Germany, UK
and European countries such as Austria, Hungary, etc. have
made official commitments to stick to the phase-out
deadlines for getting rid of the fossil fuel altogether. While
completely phasing out coal altogether is not an option for a
developing country like ours but there is certainly an
alarming need for tougher regulations for the power plants,
investment in more renewable sources for -electricity
generation and gradual and partial phasing out of coal in the
country.

From the extensive study of whole thermal power plant-
based air pollution scenario, we can conclude that although
TPPs generate electricity but they are also quite
troublesome for the environment. Following is a gist of the
abatement measures mentioned in our literature that can be
utilized for achieving our objective of sustainable
development:

i. The Government of India should bring newer and
stricter legislations and revise them from time to
time to deal with the menace of air contamination
by these TPPs,

ii. Government should also discourage the overuse of
coal in the industries and encourage investment in
available sources of other alternatives like
renewable and nuclear energy,

iii. Using better quality of coal and retrofitting of the
Emission control systems of TPPs can also reduce
emissions from the plant and enhance the
electricity production in the country,

iv. Govt. should provide incentives and encourage mass
utilization of emitted by products like fly ash, etc.
for different engineering purposes,

v. Govt. should ensure that the air quality standards and
permissible limits regarding air pollution are
strictly complied,

vi. There should be transparency and easy accessibility of
air pollution monitoring data from the TPPs,

vii. EIA procedures should be revised from time to time to
deal with the challenges in the current scenario and
should be implied strictly,

viii. Activities like Afforestation, Landscaping and Green
belts should be encouraged in the near and far
surroundings of the TPPs.
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