
Journal Pre-proof

Ranking of thermal power plants focusing on air pollution: A
Neutrosophic assessment

Tuhin Bera, Nirmal Kumar Mahapatra

PII: S0959-6526(21)02466-5
DOI: https://doi.org/10.1016/j.jclepro.2021.128250
Reference: JCLP 128250

To appear in: Journal of Cleaner Production

Received date : 17 February 2021
Revised date : 20 June 2021
Accepted date : 6 July 2021

Please cite this article as: T. Bera and N.K. Mahapatra, Ranking of thermal power plants focusing
on air pollution: A Neutrosophic assessment. Journal of Cleaner Production (2021), doi:
https://doi.org/10.1016/j.jclepro.2021.128250.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the
addition of a cover page and metadata, and formatting for readability, but it is not yet the definitive
version of record. This version will undergo additional copyediting, typesetting and review before it
is published in its final form, but we are providing this version to give early visibility of the article.
Please note that, during the production process, errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Ltd.

https://doi.org/10.1016/j.jclepro.2021.128250
https://doi.org/10.1016/j.jclepro.2021.128250


Ra

Dept.
1

Abst
on the
tor of
pollut
TPP o
vary u
as unc
period
and is
emph
numb
conce
betwe
lution
power
unit o
is furn
coal fi
posed

Keyw
and it
grade

1

Electr
It enh

Revised Manuscript - Clean Version Click here to view linked References

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Journal Pre-proof
nking of thermal power plants focusing
on air pollution : a Neutrosophic

assessment

Tuhin Bera1 and Nirmal Kumar Mahapatra2

of Mathematics, Panskura Banamali College, Panskura RS-721152, WB, India
E-mail : tuhin78bera@gmail.com 2 E-mail : nirmal hridoy@yahoo.co.in

ract This study aims to rank a number of thermal power plants (TPP) based
emission rate of different air pollutants. It will encourage the managing direc-

the respective plant to make more attention to lower down the emission rate of
ants. Since it is almost impossible to assess the emission of pollutants from a
n daily basis and as the rate of pollutant discharge from a particular TPP may
nder several grounds, so the emission rates of pollutants are characterized here
ertain parameter. The discharge rate of air pollutant is assessed in three divided
s instead of taking a unique rate throughout the year to have a fair justification
expressed by single valued triangular neutrosophic number (svtrn-number) to

asize the hesitancy of experts independently in experimental data. The huge
er of data of an svtrn-number is manipulated using graded mean integration
pt. A methodology is developed to find the rank of plant by making a co-relation
en its emission rate of air pollutants and the permissible norm specified by Pol-
Control Board of the respective country. A TPP may have several number of
generation units with different capacity. So an importance is also given to each
f a TPP in measurement of its overall emission rate. A user friendly algorithm
ished to sketch the methodology and it is illustrated to find the rank of four
red power plants at different locations in India. The potentiality of the pro-
methodology is claimed after comparing it with some of the existing literatures.

ords Impact of air pollution on environment; emission in thermal power plants
s standard; neutrosophic set; single valued triangular neutrosophic number;

d mean integration; ranking methodology.
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sed as power generation fuel in terms of both cost and energy security over
d, especially in Asian countries. But its combustion releases severe air pol-
ike Sulphur dioxide (SO2), Nitrogen oxide (NOX), Carbon monoxide (CO),
te matters (PM), Carbon dioxide (CO2), Ozone (O3), Mercury (Hg), Lead
which call an adverse impact to environment and human health. These are
nature and so the ecosystem is being gradually destroyed due to increase of
stances. The gaseous emissions like NOX , SO2 etc are converted into parti-
resence of air moisture. These particles are the key source of air pollution.
inistry of Power in India has expressed that about 80 percent of electricity re-
ts in the country is met from coal based power plants. Centre for Science and
ent, India shows in a study [29] that coal fired thermal power plants (TPP)
nsible for 60 percent of PM emission, 50 percent of SO2, NOX emission

e than 80 percent of mercury emissions among all industries. Government of
tes by the Economic Survey (Vol. 2) in the year 2016-2017 that the number
s linked to coal based power plants pollution is around 115000 annually by
impact on the respiratory system, cardiovascular diseases, neurological ef-
. Hence it is urgent to minimize and control the emission of pollutants from
TPPs through some proper environmental managements. Central Pollution
oard (CPCB) in India suggests to reduce PM emissions by 40 percent, SO2

X emissions by 48 percent each, Hg emissions by 60 percent and water con-
by 40 percent [30]. Ministry of Environment, Forest and Climate Change,

ught the new emission standard [31] for TPPs acted on 07.12.2015.
ay assessment of the pollutant discharge from a plant is a very tough job.

y, a single assessment is done monthly basis or in a certain period. Also
demand of power generation as well as the fuel consumption in a plant

ique but its capacity is fixed. Hence, there is a much possibility to have
tion on the rate of pollutant discharge, and thus the emission rate of a
ompletely uncertain by nature throughout a period. The notion of Zadeh’s
[28] and Attanasov’s intuitionistic fuzzy set [2] were generalised by Smaran-

1] in the field of uncertainty measure. Fuzzy set [28] defines an object by
hip value while Intuitionistic fuzzy set [2] addresses it by membership and
bership value simultaneously. Between acceptance and rejection, there may

tral stage as seen in the result of sports event, decision making etc. Neutro-
t (NtS-set) theory [21,22] describes an object in light of three independent
mely acceptance, hesitation and rejection. Thus measurement of uncertainty
ealistic and in a more precise way using NtS-set theory than the others.
llution was assessed under fuzzy environment from coal-fired power plants by
[17]. Rumenjak and Stambuk [20] developed a fuzzy modelling in air protec-
g linguistic variables. The sources and control of air pollution was described
ohn and Kabel [13]. Two fuzzy modelings for environmental pollution poten-
ing of industries were innovated by Lad et al. [15,16] based on air pollution.
ya and Dashore [26] designed a fuzzy model for monitoring air quality index.
zzy multi-criteria decision making approach, assessments of air quality were
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Chitnis et al [4], Sowlat et al. [24]. Kahyaoglu-Koracin et al. [14] applied
o-based modeling to evaluate the air quality impacts of future growth. Soni
la [23] predicted the air pollution in urban areas using neuro-fuzzy concept.
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[11] brought a fuzzy based decision making on application to air pollution.
on making for personal selection under fuzzy environment was approached by
n and Karsak [10], Mammadova and Jabrayilova [18]. Deli and Subas [5,6]
ped solution approaches of multi-criteria decision making problems using sin-
lued neutrosophic numbers. Further, two group decision making models were
ed by Deli [7,8] under neutrosophic atmosphere. Deli and Ozturk [9] proposed
single-valued neutrosophic multiple-attribute decision-making method based

zy graph theory and was illustrated in practical field. Angelevska et al. [1]
ed a guiding frame for urban air quality to support and assist the local au-
ies in management of road transport pollution and also to evaluate their effects
ting the changes in air pollution levels. Air quality indices are generally defined
ding on the main pollutants and ignore the compositional nature of the con-
tions of air pollutants. To improve this understanding, Gibergans-Baguena et
] brought some steps based on compositional data analysis. Qerimi et al. [19]

ed a model to use solar thermal energy in urban areas by giving a proposal on
ement of the conventional water heaters with the domestic solar water heaters.
missions related to food transportation were studied by Striebig et al. [25] to
ine what impact getting local food instead of non-local food could make on

erall emissions of the food system.
s work develops a methodology to find the rank of a number of coal fired TPPs
respect to the the emission of air pollutants. The motivation is to make a
y competition among these TPPs to lower down the emission rate which is
uch necessary for the benefit of human society and for our natural environ-
A TPP don’t emit the pollutants at a constant rate throughout a period due
ate change, fluctuation of power generation, use of upgraded technology, the

y and quantity of fuel used, etc. Also, it is almost impossible to measure the
rge rate of pollutants everyday for a TPP. In that perspective, it is intelligent
ess the emission rate of pollutants as uncertain parameter. Here, it is expressed
gle valued triangular neutrosophic number (svtrn-number) to cultivate the hes-
of experts independently in experimental data, and this matter is realistic and

table in uncertain scenario. The huge number of data of an svtrn-number is
ulated by use of Graded mean integration concept. A TPP may have multi
generation units with distinct capacity, and the emission rate of pollutants for

its may not be same. To put an importance to each unit of a TPP, this study
ers a mean discharge rate of pollutants on behalf of all units. The assessment
e in three divided periods instead of taking a unique rate throughout the year
tify it fairly, and then their average value is considered. This value acts as
ily mean emission rate of a pollutant for a TPP throughout the year. Finally,
nk of a TPP is determined by making a co-relation between this daily mean
on rate of pollutants and its norm specified by Pollution Control Board (PCB)
pective country. The methodology is illustrated to find the rank of four coal

PPs at different locations in India.
tudy is organised in the following way. Some useful definitions and information
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aced in Section 2. The feature of svtrn-number and its score are presented in
n 3. A methodology of ranking TPPs and a suitable algorithm are developed
tion 4. Section 5 illustrates the proposed methodology on behalf of four TPPs
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nt parts of India. The superiority of the proposed methodology is claimed
paring it with some of the existing literatures. In Section 6, the study is

sed along with its limitation and future aspect.

reliminary result

call some useful definitions and result to build this study.

efinition [21,22,27]

ct x in the universe U is characterised by an NtS-set Q̃ in light of three
namely acceptance (δQ̃), hesitation (ζQ̃) and rejection (λQ̃). Thus Q̃ is

as : Q̃ = {< x, (δQ̃(x), ζQ̃(x), λQ̃(x)) >: x ∈ U} for δQ̃, ζQ̃, λQ̃ : U →]−0, 1+[
δQ̃(x) + ζQ̃(x) + λQ̃(x) ≤ 3+.

δQ̃, ζQ̃, λQ̃ : U → [0, 1], then Q̃ is called single valued neutrosophic set

-set). Thus an SV NtS-set Q̃ is put as :

< x, (δQ̃(x), ζQ̃(x), λQ̃(x)) >: x ∈ U} with 0 ≤ δQ̃(x) + ζQ̃(x) + λQ̃(x) ≤ 3.

efinition [5]

tS-set p̃ is called a single valued neutrosophic number (svn-number) if it is
n the set of all real numbers R and takes the form p̃ = 〈([p1, q1, s1, t1];up̃),
2, t2]; vp̃), ([p3, q3, s3, t3];wp̃)〉 where pi ≤ qi ≤ si ≤ ti (i = 1, 2, 3) and
∈ (0, 1]. Thus an svn-number consists of three components and these corre-

o the acceptance, hesitation and rejection respectively. Here [qi, si], pi, ti are
ely called the mean interval, the lower and upper limits of three components
n-number p̃ for i = 1, 2, 3. The function of acceptance (δp̃), hesitation (ζp̃)
tion (λp̃) are respectively designed as follows :

: R→ [0, up̃], δp̃(x) =





glδ(x), p1 ≤ x ≤ q1,
up̃, q1 ≤ x ≤ s1,
grδ(x), s1 ≤ x ≤ t1,
0, otherwise.

: R→ [vp̃, 1], ζp̃(x) =





glζ(x), p2 ≤ x ≤ q2,
vp̃, q2 ≤ x ≤ s2,
grζ(x), s2 ≤ x ≤ t2,
1, otherwise.

: R→ [wp̃, 1], λp̃(x) =





glλ(x), p3 ≤ x ≤ q3,
wp̃, q3 ≤ x ≤ s3,
grλ(x), s3 ≤ x ≤ t3,
1, otherwise.
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r
ζ : [s2, t2] → [vp̃, 1], grλ : [s3, t3] → [wp̃, 1] are

us and non-decreasing functions satisfying : glδ(p1) = 0, glδ(q1) = up̃, g
r
ζ(s2) =
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t2) = 1, grλ(s3) = wp̃, g
r
λ(t3) = 1. The functions grδ : [s1, t1] → [0, up̃], g

l
ζ :

] → [vp̃, 1], glλ : [p3, q3] → [wp̃, 1] are continuous and non-increasing functions
ing : grδ(s1) = up̃, g

r
δ(t1) = 0, glζ(p2) = 1, glζ(q2) = vp̃, g

l
λ(p3) = 1, glλ(q3) = wp̃.

Definition [3]

ontinuous mappings 4,5 from [0, 1] × [0, 1] to [0, 1] are respectively called t-
and s-norm under the following disciplines.

,5 are associative and commutative.
4 1 = 14m = m, m5 0 = 05m = m, ∀m ∈ [0, 1].
4 q ≤ n4 s, m5 q ≤ n5 s for m ≤ n, q ≤ s with m, q, n, s ∈ [0, 1].

= mq, m4 q = min{m, q}, m4 q = max{m + q − 1, 0} are commonly used
s and
= m + q −mq, m5 q = max{m, q}, m5 q = min{m + q, 1} are commonly

-norms.

Emission standard in India [31]

ing table (Table 1) is the new emission standard for TPPs acted on 07.12.2015
Ministry of environment, forest and climate change, New Delhi, India.

Table 1 : Emission standard of TPPs by Ministry of environment, India.
Parameter ↓ Standard Power generation Category

SO2 600 mg/Nm3 less than 500 MW installed before
200 mg/Nm3 500 MW or above 31st Dec, 2003∗

NOX 600 mg/Nm3 no limit
PM 100 mg/Nm3 no limit
Hg 0.03 mg/Nm3 500 MW or above
SO2 600 mg/Nm3 less than 500 MW installed after

200 mg/Nm3 500 MW or above 1st Jan, 2003 upto
NOX 300 mg/Nm3 no limit 31st Dec, 2016∗

PM 50 mg/Nm3 no limit
Hg 0.03 mg/Nm3 no limit
SO2 100 mg/Nm3 no limit installed from
NOX 100 mg/Nm3 no limit 1st Jan, 2017∗∗

PM 30 mg/Nm3 no limit
Hg 0.03 mg/Nm3 no limit

s (units) shall meet the limits within two years from date of publication of this
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ludes all the TPPs (units) which have been accorded environmental clearance

re under construction.
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ngle valued triangular neutrosophic number

ure of svtrn-number, its geometrical interpretation are provided here. Then
aded mean integration concept, the crisp score of svtrn-number is evaluated.

efinition

number p̃ = 〈([p1, q1, s1, t1];up̃), ([p2, q2, s2, t2]; vp̃), ([p3, q3, s3, t3];wp̃)〉 be-
single valued trapezoidal neutrosophic number (svtn-number) when the
an intervals are equal i.e., when [q1, s1] = [q2, s2] = [q3, s3] holds. Thus
, q, s, t1];us̃), ([p2, q, s, t2]; vs̃), ([p3, q, s, t3];ws̃)〉 is an svtn-number. Its func-
cceptance (δs̃), hesitation (ζs̃) and rejection (λs̃) are drawn as follows :

: R→ [0, us̃], δs̃(x) =





(x−p1)us̃
q−p1 , x ∈ [p1, q),

us̃, x ∈ [q, s],
(t1−x)us̃
t1−s , x ∈ (s, t1],

0, elsewhere.

: R→ [vs̃, 1], ζs̃(x) =





(q−x)+vs̃(x−p2)
q−p2 , x ∈ [p2, q),

vs̃, x ∈ [q, s],
(x−s)+vs̃(t2−x)

t2−s , x ∈ (s, t2],

1, elsewhere.

: R→ [ws̃, 1], λs̃(x) =





(q−x)+ws̃(x−p3)
q−p3 , x ∈ [p3, q),

ws̃, x ∈ [q, s],
(x−s)+ws̃(t3−x)

t3−s , x ∈ (s, t3],

1, elsewhere.

efinition

-number s̃ = 〈([p1, q, s, t1];us̃), ([p2, q, s, t2]; vs̃), ([p3, q, s, t3];ws̃)〉 is turned
vtrn-number when the mean interval [q, s] of its three components are re-
a point. Thus q̃ = 〈([p1, q, t1];uq̃), ([p2, q, t2]; vq̃), ([p3, q, t3];wq̃)〉 is an svtrn-

whose function of acceptance (δq̃), hesitation (ζq̃) and rejection (λq̃) are put
s :

: R→ [0, uq̃], δq̃(x) =





(x−p1)uq̃
q−p1 , x ∈ [p1, q),

(t1−x)uq̃
t1−q , x ∈ [q, t1],

0, elsewhere.

: R→ [vq̃, 1], ζq̃(x) =





(q−x)+vq̃(x−p2)
q−p2 , x ∈ [p2, q),

(x−q)+vq̃(t2−x)
t2−q , x ∈ [q, t2],

1, elsewhere.

 (q−x)+wq̃(x−p3) , x ∈ [p , q),
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: R→ [wq̃, 1], λq̃(x) =



q−p3 3

(x−q)+wq̃(t3−x)
t3−q , x ∈ [q, t3],

1, elsewhere.
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of three components δq̃, ζq̃, λq̃ is a fuzzy number having two parts : left part (L)

ight part (R). We write δq̃ ⇔ [Lδq̃ , Rδq̃ ] = [
(x−p1)uq̃
q−p1 ,

(t1−x)uq̃
t1−q ] and so on. Here

ζq̃ , Rλq̃ are continuous and non-decreasing functions whereas Rδq̃ , Lζq̃ , Lλq̃ are
uous and non-increasing functions in the respective interval.

Geometrical interpretation

trn-number geometrically consists of three triangles. Here different supports
of triangles) and heights are considered for each function of svtrn-number so

ecision makers can easily chose and compare different numbers in their study.
RE 1 executes the geometrical structure of a particular svtrn-number.

Definition

der two svtrn-numbers ã = 〈([a1, a, b1]; ρ1), ([a2, a, b2]; ρ2), ([a3, a, b3]; ρ3)〉 and
[c1, c, d1]; τ1), ([c2, c, d2]; τ2), ([c3, c, d3]; τ3)〉 and β being any real number. Then
dition and scalar multiplication are defined as :

ã⊕ c̃ = 〈([a1 + c1, a+ c, b1 + d1]; ρ14 τ1), ([a2 + c2, a+ c, b2 + d2]; ρ25 τ2),

([a3 + c3, a+ c, b3 + d3]; ρ35 τ3)〉
βã = 〈([βa1, βa, βb1]; ρ1), ([βa2, βa, βb2]; ρ2), ([βa3, βa, βb3]; ρ3)〉, β ≥ 0

= 〈([βb1, βa, βa1]; ρ1), ([βb2, βa, βa2]; ρ2), ([βb3, βa, βa3]; ρ3)〉, β < 0

Score of svtrn-number
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s consider the svtrn-number q̃ presented in Definition 3.2; For a ∈ [0, 1] and
, uq̃], the Graded mean integration of δq̃ is defined as :
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(δq̃) =

∫ uq̃

0

x[aL−1
δq̃

(x) + (1− a)R−1
δq̃

(x)]dx/

∫ uq̃

0

xdx (1)

=
ap1 + 2q + (1− a)t1

3

here L−1
δq̃

(x) = p1 + x
uq̃

(q − p1), R−1
δq̃

(x) = t1 − x
uq̃

(t1 − q).
0, 1] and y ∈ [vq̃, 1], the Graded mean integration of ζq̃ is expressed as :

(ζq̃) =

∫ 1

vq̃

(1− y)[(1− b)L−1
ζq̃

(y) + bR−1
ζq̃

(y)]dy/

∫ 1

vq̃

(1− y)dy (2)

=
(1− b)p2 + 2q + bt2

3

L−1
ζq̃

(y) =
(1−y)q+(y−vq̃)p2

1−vq̃ , R−1
ζq̃

(y) =
(1−y)q+(y−vq̃)t2

1−vq̃ .

0, 1] and z ∈ [wq̃, 1], the Graded mean integration of λq̃ is drawn as :

(λq̃) =

∫ 1

wq̃

(1− z)[(1− c)L−1
λq̃

(z) + cR−1
λq̃

(z)]dz/

∫ 1

wq̃

(1− z)dz (3)

=
(1− c)p3 + 2q + ct3

3

L−1
λq̃

(z) =
(1−z)q+(z−wq̃)p3

1−wq̃
, R−1

λq̃
(z) =

(1−z)q+(z−wq̃)t3
1−wq̃

.

lly the Graded mean integration of svtrn-number q̃ is defined as :

=
1

3
{Gm(δq̃) +Gm(ζq̃) +Gm(λq̃)}

=
1

9
{kp1 + 2q + (1− k)t1 + (1− k)p2 + 2q + kt2 + (1− k)p3 + 2q + kt3}

(taking a = b = c = k say)

=
1

9
{k(p1 + t2 + t3) + 6q + (1− k)(t1 + p2 + p3)} (4)

on (4) provides the score of q̃ for a pre-assigned k. This score will not be
om left or right if k = 1

2
is chosen. Expression (4) then takes the form as :

(q̃) =
1

18
{(p1 + p2 + p3) + 12q + (t1 + t2 + t3)} (5)

anking of thermal power stations
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es the methodology for ranking of a number of TPPs of a country in virtue of
tants discharge. A suitable algorithm is also drawn to sketch that description.
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Description of methodology

onmental experts think that coal fired TPPs play a great role to pollute the air,
, soil by emitting many harmful gases, fly ash, waste water etc. Ranking of a
er of coal based TPPs in a country are generally established under the amount
ase of these pollutants. Suppose in a country X there are m coal fired TPPs
, · · · , Tm to be ranked with respect to the emission of air pollutants. The do-

and industrial power consumption in a country may be based on the diversity
ate and consequently the discharge rate of pollutants are not unique through
e year due to the fluctuation of energy production, variation of the quantity

uality of fuel to be used, etc. The assessment year Y (say) of discharge is here
d into three periods P1, P2, P3, each of which consists of four months. Such divi-
taken as three major seasons (i.e., Summer, Rainy, Winter) are generally seen

ountry. Further the periodical assessment of pollutant discharge from a TPP
ot be at a constant rate, it may oscillate in a range usually and this range is
esupposed, it again may have a slight variation. It is almost impossible for the

ts to assess the emission quantity everyday for a period. So, experts compel to
average rate of emission of pollutants for individual period. Thus, as a whole,

is a vagueness and uncertainty in the emission quantity of pollutants. Based on
served data, the rate of pollutant discharge is here expressed by svtrn-number
t experts can get an opportunity to include their hesitancy independently in

g of experimental data. But this assessment should obey the standard permit-
PCB of the respective country. Moreover this specification will be modified

it is reduced) from time to time because of the gradual degradation of natural
nment and have a scope of reducing emission by using new technology.
PP has more than one unit, all of which may have not equal power genera-

apacity and may not be installed from a same date. When a new unit runs, it
obey the revised emission standard acted on or before its journey. Clearly, all

of a TPP in such case may not follow the same emission standard. Treating all
of that TPP as the single, a mean standard is here set following the generation
ity and commencement date of plant. For instance, we consider a TPP Z in
described in Table 2. Now from Table 1, it is seen that the standard of SO2

on for Unit 1, Unit 2 and Unit 3 in the TPP Z are respectively 600 mg/Nm3,
g/Nm3 and 100 mg/Nm3. Thus the mean standard of SO2 emission for the

Z (assuming to have a single unit) is 300 mg/Nm3.

Table 2 : Description of TPS Z
Unit → Unit 1 Unit 2 Unit 3

Commencement 20th April, 10th September, 4th January,
date 1998 2011 2018

Generation
capacity 400MW 600MW 250MW

ilarly, instead of taking different emission rates of a pollutant for all units in a
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of
, an average emission rate is considered on behalf of a TPP. Suppose, there be
ber of units in the TPP Tm and they emit a particular pollutant in a period at
tes m̃1, m̃2, · · · , m̃k (presented by svtrn-numbers). Then the average emission



10

rate of t
is design

m̃

To mani
by the ex
pollutan
for each
the fuzzy
the num
ranked)
emission
be 80 m
respectiv
TPP, the
the pollu
derived
emission
of TPPs

4.2 A

The met

Step 1 :
Step 2 :
to be ran
Step 3 :
informat
Step 4 :

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Journal Pre-proof
Bera and Mahapatra

his pollutant on behalf of k number of units in the TPP Tm for that period
ed by an svtrn-numbers m̃ as :

=
1

k
{m̃1 ⊕ m̃2 ⊕ · · · ⊕ m̃k} (6)

pulate the huge number of data of an svtrn-number, its score is evaluated
pression (5) of Graded mean integration. Then daily discharge rate of each

t throughout the year Y is calculated by the mean score of three periods
TPP. Now, as directed in FIGURE 2, these mean values are converted to
numbers for non-acceptability (with membership functions µij, i indicates

ber pollutants to be considered and j refers the number of TPPs to be
depending on the norm specified by PCB of the country in order to put the
in a common standard scale. For instance, if the norm of PM emission
g/Nm3 for a TPP and its daily mean discharge be 64 mg/Nm3, then the
e membership function of fuzzy number for non-acceptability is 0.8. For each
sum Sj of the membership functions for non-acceptability (i.e.,

∑
i µij) over

tants is worked out. The normalized weight NWij of each pollutant is now
to divide µij by Sj. Finally the full score FSj of jth TPP based on the
rates of pollutants is evaluated by the expression

∑
i(µij×NWij). The rank

are hence arranged with the descending order of all FSj.

lgorithm for ranking of TPSs

hodology of ranking TPPs is based on the following steps.

Find the latest emission standard specified by PCB.
Sketch the generation capacity and installation date of all units in each TPP
ked as shown in Table 2.
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of
Set the mean standard of emission rate for all units in a TPP following the
ion gathered in Step 1 and Step 2.
For every unit of a TPP, express the discharge rate of a pollutant in a period
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rn-numbers and take their average as described in (6). This refers the average
rge rate of the pollutant on behalf of all units of this TPP in that particular
. Perform the same for each pollutant to be considered and also for each of
periods in the year.

: Repeat the Step 4 for all TPPs to be ranked.
: Find the score of all svtrn-numbers using the expression (5) of Graded mean

ation to manipulate its several data.
: For a TPP, calculate the mean values of all three periodical scores of each

on. This is the daily mean rate of emission of a pollutant for a power plant
ghout the year.

: Evaluate the membership function of fuzzy number for non-acceptability of
ean value calculated in Step 7 upon the respective mean standard of emission

rawn in Step 3.
: Find the normalised weight of all pollutants for individual TPP using the

btained in Step 8.
0 : Multiply the membership function for non-acceptability of each pollutant
ts respective normalised weight and then taking the sum over all pollutants to
ine the full score of each individual TPP.

11 : List the rank of TPPs using the full score obtained in Step 10. The
um full score indicates the worst TPP and the least score indicates the best

based on the emission rate of pollutants.

Graphical overview of methodology

ch the power generation capacity and installation date of all units in each TPP.
⇓

the mean standard of emission on behalf of all units of each TPP following its
ration capacity, installation date and the latest emission norm specified by PCB.

⇓
the average discharge rate (by means of svtrn-number) for each of pollutants to
nsidered on behalf of all units for a TPP in a period. Repeat the same for three

periods in the year and for all TPPs to be ranked.
⇓

the score of all svtrn-numbers and calculate the mean value (daily mean rate of
sion throughout the year) of three periodical scores of each pollutant for a TPP.

⇓
aluate the membership function of fuzzy number for non-acceptability of daily

emission rate upon the respective mean standard assigned for a TPP and then
calculate the normalized weight of each membership function.

⇓
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ultiply the membership function for non-acceptability of a pollutant with its
ctive normalised weight and then take the sum over all pollutants for each TPP.

Thus the full score of TPP and its rank is established.
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pplication of methodology

nsider four coal fired TPPs (TPP1, TPP2, TPP3, TPP4) situated at different
in India. This study only considers the scope of air pollution with respect
ajor emission of five acidic pollutants SO2, NOX , CO, PM,Hg only. The
steps of methodology are illustrated as follows.

As the experiment is here driven on four TPPs in India, the data regarding
sion standard will be followed by Table 1.

Table 3 describes the four TPPs along with the generation capacity of power
commencement date of all its units.

Table 3 : Description of four coal fired thermal power plants
TPP1 TPP2

nit Capacity Commencement Unit Capacity Commencement
1 210 MW Sep, 1990 U 1 300 MW Sep, 2008
2 210 MW Mar, 1986 U 2 300 MW Nov, 2009
3 210 MW Oct, 1985 U 3 500 MW Dec, 2015
4 210 MW Apr, 1996 U 4 500 MW Jan, 2017
5 210 MW May, 1991
6 210 MW Jan, 1994

TPP3 TPP4
nit Capacity Commencement Unit Capacity Commencement
1 210 MW Nov, 2000 U 1 225 MW Jan, 1986
2 210 MW Apr, 2001 U 2 225 MW Dec, 1987
3 210 MW Oct, 2004 U 3 225 MW Aug, 1988
4 210 MW Mar, 2009 U 4 500 MW Sep, 1992
5 210 MW Jun, 2010 U 5 550 MW Feb, 1994

U 6 500 MW Apr, 2012

: Each power plant has several units to generate power. On behalf of all
a TPP, a mean standard rate of pollutant emission is calculated in Table 4
the information of Table 1 and Table 3.

ble 4 : Mean standard for the emission rate of pollutants from TPPs.
tant → SO2 NOX •CO PM Hg

(mg/Nm3) (mg/Nm3) (mg/Nm3) (mg/Nm3) (mg/Nm3)
PP1 600 600 200 100 0.03
PP2 375 250 200 45 0.03
PP3 600 480 200 80 0.03
PP4 400 550 200 92 0.03

rce (standard for the pollutant CO) : Authors
and Step 5 : The rate of emission is assessed in three periods viz. P1
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April, May, June), P2 (July, August, September, October), P3 (November,
r, January, February) for the year. Table 5 provides the average discharge
ollutant periodically for four TPPs assuming each to have a single unit.
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Table 5 : Average discharge rate of pollutant periodically for four TPPs.
riteria ↓ TPP1 TPP2 TPP3 TPP4

P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3

(mg/Nm3) ã11 ã12 ã13 b̃11 b̃12 b̃13 c̃11 c̃12 c̃13 d̃11 d̃12 d̃13
(mg/Nm3) ã21 ã22 ã23 b̃21 b̃22 b̃23 c̃21 c̃22 c̃23 d̃21 d̃22 d̃23
(mg/Nm3) ã31 ã32 ã33 b̃31 b̃32 b̃33 c̃31 c̃32 c̃33 d̃31 d̃32 d̃33
(mg/Nm3) ã41 ã42 ã43 b̃41 b̃42 b̃43 c̃41 c̃42 c̃43 d̃41 d̃42 d̃43
(mg/Nm3) ã51 ã52 ã53 b̃51 b̃52 b̃53 c̃51 c̃52 c̃53 d̃51 d̃52 d̃53

ifferent svtrn-numbers of emission quantity in Table 5 are described below.

ã11 = < ([470, 500, 515]; 0.6), ([490, 500, 530]; 0.4), ([480, 500, 550]; 0.3) >

ã12 = < ([375, 420, 450]; 0.5), ([365, 420, 460]; 0.5), ([355, 420, 440]; 0.7) >

ã13 = < ([500, 540, 570]; 0.8), ([510, 540, 555]; 0.6), ([525, 540, 565]; 0.4) >

ã21 = < ([520, 555, 570]; 0.7), ([530, 555, 560]; 0.2), ([525, 555, 575]; 0.4) >

ã22 = < ([455, 480, 500]; 0.4), ([465, 480, 495]; 0.6), ([470, 480, 510]; 0.3) >

ã23 = < ([450, 535, 500]; 0.3), ([440, 535, 510]; 0.5), ([460, 535, 515]; 0.2) >

ã31 = < ([150, 170, 175]; 0.6), ([160, 170, 180]; 0.4), ([140, 170, 185]; 0.2) >

ã32 = < ([130, 150, 170]; 0.4), ([135, 150, 160]; 0.5), ([125, 150, 175]; 0.6) >

ã33 = < ([140, 160, 180]; 0.2), ([150, 160, 175]; 0.7), ([145, 160, 170]; 0.5) >

ã41 = < ([60, 75, 83]; 0.2), ([65, 75, 85]; 0.7), ([55, 75, 80]; 0.4) >

ã42 = < ([55, 60, 75]; 0.7), ([50, 60, 70]; 0.2), ([52, 60, 65]; 0.5) >

ã43 = < ([75, 80, 90]; 0.6), ([70, 80, 85]; 0.3), ([65, 80, 95]; 0.6) >

ã51 = < ([.012, .02, .025]; 0.7), ([.01, .02, .022]; 0.4), ([.015, .02, .026]; 0.3) >

ã52 = < ([.01, .015, .02]; 0.7), ([.012, .015, .022]; 0.5), ([.00, .015, .017]; 0.3) >

ã53 = < ([.021, .025, .028]; 0.3), ([.022, .025, .027]; 0.5), ([.02, .025, .026]; 0.8) >

b̃11 = < ([330, 350, 360]; 0.6), ([340, 350, 365]; 0.4), ([335, 350, 355]; 0.5) >

b̃12 = < ([325, 340, 355]; 0.4), ([335, 340, 345]; 0.7), ([330, 340, 350]; 0.2) >

b̃13 = < ([350, 360, 370]; 0.8), ([355, 360, 365]; 0.3), ([345, 360, 367]; 0.4) >

b̃21 = < ([220, 235, 240]; 0.7), ([225, 235, 245]; 0.2), ([230, 235, 250]; 0.4) >

b̃22 = < ([200, 210, 225]; 0.2), ([205, 210, 220]; 0.6), ([200, 210, 215]; 0.4) >

b̃23 = < ([225, 230, 245]; 0.5), ([215, 230, 235]; 0.3), ([220, 230, 240]; 0.6) >

b̃31 = < ([150, 175, 178]; 0.2), ([160, 175, 180]; 0.6), ([140, 175, 175]; 0.3) >

b̃32 = < ([130, 145, 170]; 0.5), ([135, 145, 160]; 0.3), ([125, 145, 175]; 0.4) >

b̃33 = < ([170, 180, 185]; 0.7), ([165, 180, 187]; 0.5), ([175, 180, 190]; 0.6) >

b̃ = < ([30, 35, 45]; 0.4), ([33, 35, 40]; 0.7), ([35, 35, 38]; 0.2) >
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b̃42 = < ([25, 30, 35]; 0.3), ([28, 30, 40]; 0.6), ([20, 30, 45]; 0.5) >

b̃43 = < ([32, 40, 45]; 0.9), ([35, 40, 42]; 0.2), ([38, 40, 43]; 0.3) >
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= < ([.02, .026, .026]; 0.8), ([.022, .026, .028]; 0.3), ([.024, .026, .03]; 0.6) >

= < ([.00, .01, .015]; 0.5), ([.00, .01, .02]; 0.3), ([.00, .01, .018]; 0.6) >

= < ([.021, .022, .028]; 0.4), ([.022, .022, .027]; 0.4), ([.02, .022, .026]; 0.2) >

= < ([500, 530, 555]; 0.4), ([490, 530, 540]; 0.5), ([515, 530, 550]; 0.4) >

= < ([465, 485, 510]; 0.5), ([475, 485, 500]; 0.6), ([470, 485, 490]; 0.2) >

= < ([535, 550, 560]; 0.6), ([530, 550, 565]; 0.7), ([520, 550, 555]; 0.3) >

= < ([435, 445, 455]; 0.3), ([440, 445, 460]; 0.7), ([430, 445, 450]; 0.5) >

= < ([420, 430, 440]; 0.9), ([435, 430, 445]; 0.3), ([425, 430, 435]; 0.1) >

= < ([450, 460, 470]; 0.4), ([445, 460, 465]; 0.5), ([440, 460, 475]; 0.8) >

= < ([160, 185, 190]; 0.2), ([180, 185, 195]; 0.6), ([170, 185, 200]; 0.3) >

= < ([140, 150, 160]; 0.5), ([145, 150, 165]; 0.3), ([135, 150, 155]; 0.4) >

= < ([180, 190, 195]; 0.7), ([185, 190, 200]; 0.5), ([175, 190, 193]; 0.6) >

= < ([65, 70, 75]; 0.4), ([60, 70, 80]; 0.3), ([55, 70, 76]; 0.4) >

= < ([52, 60, 65]; 0.3), ([50, 60, 70]; 0.4), ([55, 60, 75]; 0.6) >

= < ([70, 75, 80]; 0.8), ([68, 75, 78]; 0.5), ([65, 75, 77]; 0.5) >

= < ([.019, .023, .025]; 0.4), ([.016, .023, .026]; 0.7), ([.018, .023, .028]; 0.2) >

= < ([.013, .018, .022]; 0.7), ([.015, .018, .021]; 0.6), ([.017, .018, .024]; 0.3) >

= < ([.017, .024, .029]; 0.5), ([.020, .024, .025]; 0.4), ([.023, .024, .026]; 0.1) >

= < ([345, 360, 375]; 0.3), ([350, 360, 380]; 0.7), ([340, 360, 370]; 0.4) >

= < ([300, 320, 335]; 0.5), ([310, 320, 325]; 0.3), ([315, 320, 330]; 0.6) >

= < ([365, 380, 395]; 0.1), ([370, 380, 385]; 0.9), ([375, 380, 390]; 0.4) >

= < ([480, 500, 520]; 0.4), ([485, 500, 515]; 0.5), ([490, 500, 525]; 0.6) >

= < ([460, 470, 485]; 0.6), ([455, 470, 475]; 0.4), ([465, 470, 480]; 0.5) >

= < ([490, 520, 535]; 0.5), ([500, 520, 530]; 0.6), ([510, 520, 533]; 0.4) >

= < ([145, 160, 170]; 0.6), ([150, 160, 175]; 0.3), ([140, 160, 180]; 0.5) >

= < ([110, 130, 150]; 0.5), ([120, 130, 145]; 0.6), ([125, 130, 140]; 0.3) >

= < ([150, 170, 180]; 0.3), ([160, 170, 175]; 0.5), ([175, 170, 185]; 0.6) >

= < ([65, 80, 88]; 0.2), ([70, 80, 90]; 0.4), ([60, 80, 92]; 0.7) >

= < ([60, 70, 80]; 0.4), ([55, 70, 75]; 0.7), ([58, 70, 85]; 0.2) >

= < ([70, 85, 95]; 0.7), ([80, 85, 92]; 0.2), ([75, 85, 90]; 0.4) >

= < ([.011, .019, .02]; 0.8), ([.015, .019, .021]; 0.4), ([.013, .019, .025]; 0.3) >

= < ([.010, .013, .017]; 0.3), ([.011, .013, .015]; 0.8), ([.012, .013, .019]; 0.4) >

= < ([.019, .023, .027]; 0.4), ([.020, .023, .025]; 0.3), ([.015, .023, .029]; 0.8) >
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: The Graded mean values (taking two decimal places) for the rate of
s in different periods are evaluated from the expression (5) and are arranged
6.
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Table 6 : Graded mean value of svtrn-numbers in different periods.
Criteria ↓ TPP1 TPP2

P1 P2 P3 P1 P2 P3
SO2 (mg/Nm3) 501.94 415.83 539.17 349.17 340.00 359.56
NOX (mg/Nm3) 552.22 480.83 516.39 235.00 210.28 230.00
CO (mg/Nm3) 168.33 149.72 160.00 171.28 146.38 179.56
PM (mg/Nm3) 073.78 060.39 080.00 035.61 030.72 039.72
Hg (mg/Nm3) 0.0194 0.0145 0.0247 0.0257 0.0100 0.0227

Criteria ↓ TPP3 TPP4
P1 P2 P3 P1 P2 P3

SO2 (mg/Nm3) 528.33 485.00 548.06 360.00 319.72 380.00
NOX (mg/Nm3) 445.00 431.11 459.17 500.83 470.00 496.39
CO (mg/Nm3) 184.17 150.00 189.33 160.00 130.56 170.28
PM (mg/Nm3) 069.50 060.39 074.33 079.17 069.61 084.56
Hg (mg/Nm3) 0.0227 0.0182 0.0238 0.0185 0.0133 0.0228

7 : The average emission rate of each pollutant is now calculated over the
periods and is executed in Table 7. Clearly this quantity refers the daily mean
on rate of pollutant for a power plant throughout the year. For convenience of
tries in Table 7, the daily mean emission rate of SO2 throughout the year for
is (501.94 + 415.83 + 539.17)÷ 3 = 485.65.

Table 7 : Daily average emission rate and mean standard of TPPs.
Criteria ↓ TPP1 Standard TPP2 Standard

SO2 (mg/Nm3) 485.65 600 349.58 375
NOX (mg/Nm3) 516.48 600 225.09 250
CO (mg/Nm3) 159.35 200 165.74 200
PM (mg/Nm3) 71.39 100 35.35 45
Hg (mg/Nm3) 0.01953 0.03 0.01947 0.03

Criteria ↓ TPP3 Standard TPP4 Standard
SO2 (mg/Nm3) 520.46 600 353.24 400
NOX (mg/Nm3) 445.09 480 489.07 550
CO (mg/Nm3) 174.5 200 153.61 200
PM (mg/Nm3) 68.07 80 77.78 92
Hg (mg/Nm3) 0.02157 0.03 0.01820 0.03

8 : The membership function of fuzzy number for non-acceptability of daily
e emission rate is derived upon the mean standard and is displayed in Table
e calculation is drawn to make out the entries of Table 8. The membership
on for non-acceptability of SO2 for the TPP2 is (349.58÷ 375) = 0.932.
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Table 8 : Membership function for non-acceptability of emission rate
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Criteria ↓ TPP1 TPP2 TPP3 TPP4
SO2 0.809 0.932 0.867 0.883
NOX 0.861 0.900 0.927 0.889
CO 0.797 0.829 0.873 0.768
PM 0.714 0.786 0.851 0.845
Hg 0.651 0.649 0.719 0.607∑

3.832 4.096 4.237 3.992

: The normalised weight of pollutants for each TPP is now calculated and
ed in Table 9. For instance, the normalised weight of NOX for the TPP3 is
4.237) = 0.219.

Table 9 : Normalised weight of pollutants for four TPPs
Criteria ↓ TPP1 TPP2 TPP3 TPP4
SO2 0.211 0.228 0.205 0.221
NOX 0.225 0.220 0.219 0.223
CO 0.208 0.202 0.206 0.192
PM 0.186 0.192 0.201 0.212
Hg 0.170 0.158 0.170 0.152

: The full scores of TPPs are now calculated from the two arrays as shown
he 1st array represents the data of Table 8 and 2nd array tells about the

ed weight (NWj) for the emissions from jth TPP, j = 1, 2, 3, 4.

TPP1 TPP2 TPP3 TPP4
0.809 0.932 0.867 0.883
0.861 0.900 0.927 0.889
0.797 0.829 0.873 0.768
0.714 0.786 0.851 0.845
0.651 0.649 0.719 0.607



×




NW1 NW2 NW3 NW4

0.211 0.228 0.205 0.221
0.225 0.220 0.219 0.223
0.208 0.202 0.206 0.192
0.186 0.192 0.201 0.212
0.170 0.158 0.170 0.152



↓

: The rank of power plants with the full score is now drawn in Table 10.
e of TPP4 is calculated in detail as : (0.883×0.221 + 0.889×0.223 + 0.768×
.845× 0.212 + 0.607× 0.152) = 0.8123.

Table 10 : Full score and rank of TPPs in neutrosophic ground
Criteria ↓ TPP1 TPP2 TPP3 TPP4

Score 0.7737 0.8314 0.8539 0.8123

Rank 4 2 1 3

he attention should be paid on TPPs to lower down the emission rate in
ng order as : TPP3 > TPP2 > TPP4 > TPP1.

otentiality of proposed method
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d the rank of four TPPs in intuitionistic fuzzy atmosphere. Then hesitation
ll svtrn-numbers projected in Table 5 are discarded. Then Table 6 is now
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mented as in Table 11. Corresponding Graded mean value is evaluated by the
ing expression :

Gm(Q̃) =
1

12
{(p1 + p3) + 8q + (r1 + r3)} (7)

Table 11 : Graded mean value of emission rate in different periods
Criteria ↓ TPP1 TPP2

P1 P2 P3 P1 P2 P3
SO2 (mg/Nm3) 501.25 415.00 540.00 346.67 340.00 359.33
NOX (mg/Nm3) 552.50 481.25 517.08 235.00 210.00 230.83
CO (mg/Nm3) 167.50 ,150.00 159.58 170.25 146.67 180.00
PM (mg/Nm3) 073.16 060.58 080.00 035.67 030.42 039.83
Hg (mg/Nm3) 0.0198 0.0139 0.0246 0.0257 0.0094 0.0226

Criteria ↓ TPP3 TPP4
P1 P2 P3 P1 P2 P3

SO2 (mg/Nm3) 530.00 484.58 547.50 359.17 320.00 380.42
NOX (mg/Nm3) 444.17 430.00 459.58 501.25 470.83 519.00
CO (mg/Nm3) 183.33 149.17 188.58 159.58 130.42 170.83
PM (mg/Nm3) 069.25 060.58 074.33 078.75 070.25 084.17
Hg (mg/Nm3) 0.0228 0.0183 0.0239 0.0184 0.0135 0.0228

ank of power plants with its full score is now available in Table 12 under intu-
tic fuzzy environment following the algorithm in [4.2].

Table 12 : Full score and rank of TPPs in intuitionistic fuzzy ground
Criteria ↓ TPP1 TPP2 TPP3 TPP4

Score 0.77287 0.82932 0.88495 0.81597

Rank 4 2 1 3

, the attention should be paid on TPPs to lower down the emission rate in
ding order as : TPP3 > TPP2 > TPP4 > TPP1. The order is identical as
neutrosophic environment for this particular example but in general it may not

curred. As intuitionistic fuzzy climate does not provide the scope to cultivate
esitancy of experts independently in setting of experimental data of decision
g, so the emission rates are not precisely measured here. Experts compel to
go to a limitation in fuzzy and intuitionistic fuzzy climate. In neutrosophic
d, experts have a scope to measure the emission in a more flexible way. As
et is the generalised form of fuzzy and intuitionistic fuzzy set, so the algorithm
sed here may be practiced also in fuzzy and intuitionistic fuzzy climate.
the work [4] and [16] under fuzzy environment, some linguistic variables are
ered to arrange the data in a small scale. But it may mislead the evaluation
se the fuzzy number representing a particular linguistic variable may not be fit
ly everywhere, it may be somewhere narrow or may be broad. So it is better to
focus on the individual practical emission to measure it more precisely. Another
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that an industry or power plant may have several number of production or
generation units. They may have different capacities of production and are

ed by different technology. Naturally, all units don’t emit at a unique rate. In
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nt work, special attention is paid on this corner. Moreover, the permissible
PCB in a country is critically practiced to rank the TPPs. From all these

he study has a superiority than existing one and it is more realistic.

onclusion

k develops a methodology to establish the rank of a number of coal fired
th respect to its pollutant discharge rate. The motivation is to make a healthy
ion among these TPPs to lower down the emission rate which is too much

for the save of our natural environment. A TPP don’t emit the pollutants
orm rate throughout the year under several circumstances. Moreover, it is

possible to measure the emission rate everyday. Taking into account all
e emission rate of pollutants are assessed as uncertain parameter and it is
ressed by svtrn-number to include the hesitancy of experts independently in
ntal data. The proposed methodology of finding the rank of TPPs reflects
ve major real issues : (1) a TPP may have more than one power generation
se capacity and the date of installation may not be same, (2) the rate of
of pollutants may not be same for all units of a TPP, (3) every TPP must
norm of emission rate specified by PCB of respective country but it is not

or all units in a TPP, (4) throughout the year, any power generation unit
it the pollutants at a constant rate, (5) to fix the discharge rate of pollutants,
uffer from a lot of hesitation. An attempt is taken here to overcome all these
. The proposed methodology is demonstrated on the four TPPs in different
India to test its efficiency.

s a proposed model and so the data here adopted are not collected from
rces, these are guessed values. Also the study is driven over only the five
ts, it needs to incorporate more. For some pollutants like CO2, the quantity
sed in a TPP makes a factor. So further study is welcome in those angles.
, the paper will bring a ray of advancement to the future research, we believe.
from this study and getting the rank of a TPP, Managing director can take
actions to reduce the emission rate.
chnology and latest device for emission control system should be installed
perated satisfactorily at the station.
uality of pollutants released from the power station is within the norms
d by PCB, it should be ensured.
gnificant deterioration in environmental quality should be identified as early
le and be mitigated by advance planning.
on a time frame, regular monitoring of emission level of power plant should
to assess the effectiveness of pollution controlling measures.
should be an well planning to recycle / utilise of emission like CO2, fly ash
ch as possible. For instance, CO2 may be used for farming of algal, spirulina
duce dry ice. Fly ash may be utilised in cement factory, bricks industry etc.
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wer plant authority should install adequate number of air quality monitoring
in and around the power stations.
e medical checkup of the workers of a TPP and the local residant surrounding
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