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Abstract This study aims to rank a number of thermal power plants (TPP) based
on the emission rate of different air pollutants. It will encourage the managing direc-
tor of the respective plant to make more attention to lower down the emission rate of
pollutants. Since it is almost impossible to assess the emission of pollutants from a
TPP on daily basis and as the rate of pollutant discharge from a particular TPP may
vary under several grounds, so the emission rates of pollutants are characterized here
as uncertain parameter. The discharge rate of air pollutant is assessed in three divided
periods instead of taking a unique rate throughout the year to have a fair justification
and is expressed by single valued triangular neutrosophic number (svtrn-number) to
emphasize the hesitancy of experts independently in experimental data. The huge
number of data of an svtrn-number is manipulated using graded mean integration
concept. A methodology is developed to find the rank of plant by making a co-relation
between its emission rate of air pollutants and the permissible norm specified by Pol-
lution Control Board of the respective country. A TPP may have several number of
power generation units with different capacity. So an importance is also given to each
unit of a TPP in measurement of its overall emission rate. A user friendly algorithm
is furnished to sketch the methodology and it is illustrated to find the rank of four
coal fired power plants at different locations in India. The potentiality of the pro-
posed methodology is claimed after comparing it with some of the existing literatures.

Keywords Impact of air pollution on environment; emission in thermal power plants
and its standard; neutrosophic set; single valued triangular neutrosophic number;
graded mean integration; ranking methodology.

1 Introduction

Electricity power plays a key role in industrial and agricultural growth of any country.
It enhances the economic development and improves the quality of life. Coal is com-
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monly used as power generation fuel in terms of both cost and energy security over
the world, especially in Asian countries. But its combustion releases severe air pol-
lutants like Sulphur dioxide (SOs), Nitrogen oxide (NOx), Carbon monoxide (CO),
Particulate matters (PM), Carbon dioxide (C'O3), Ozone (O3), Mercury (Hg), Lead
(Pb) etc which call an adverse impact to environment and human health. These are
acidic in nature and so the ecosystem is being gradually destroyed due to increase of
such substances. The gaseous emissions like NOy, SO, etc are converted into parti-
cles in presence of air moisture. These particles are the key source of air pollution.
The Ministry of Power in India has expressed that about 80 percent of electricity re-
quirements in the country is met from coal based power plants. Centre for Science and
Environment, India shows in a study [29] that coal fired thermal power plants (TPP)
are responsible for 60 percent of PM emission, 50 percent of SO,, NOx emission
and more than 80 percent of mercury emissions among all industries. Government of
India states by the Economic Survey (Vol. 2) in the year 2016-2017 that the number
of deaths linked to coal based power plants pollution is around 115000 annually by
negative impact on the respiratory system, cardiovascular diseases, neurological ef-
fects, etc. Hence it is urgent to minimize and control the emission of pollutants from
coal-fired TPPs through some proper environmental managements. Central Pollution
Control Board (CPCB) in India suggests to reduce PM emissions by 40 percent, SOy
and NOx emissions by 48 percent each, Hg emissions by 60 percent and water con-
sumption by 40 percent [30]. Ministry of Environment, Forest and Climate Change,
India brought the new emission standard [31] for TPPs acted on 07.12.2015.
Everyday assessment of the pollutant discharge from a plant is a very tough job.
Generally, a single assessment is done monthly basis or in a certain period. Also
the daily demand of power generation as well as the fuel consumption in a plant
is not unique but its capacity is fixed. Hence, there is a much possibility to have
a fluctuation on the rate of pollutant discharge, and thus the emission rate of a
TPP is completely uncertain by nature throughout a period. The notion of Zadeh’s
fuzzy set [28] and Attanasov’s intuitionistic fuzzy set [2] were generalised by Smaran-
dache [21] in the field of uncertainty measure. Fuzzy set [28] defines an object by
membership value while Intuitionistic fuzzy set [2] addresses it by membership and
non-membership value simultaneously. Between acceptance and rejection, there may
be a neutral stage as seen in the result of sports event, decision making etc. Neutro-
sophic set (NtS-set) theory [21,22] describes an object in light of three independent
views namely acceptance, hesitation and rejection. Thus measurement of uncertainty
will be realistic and in a more precise way using NtS-set theory than the others.
Air pollution was assessed under fuzzy environment from coal-fired power plants by
Li et al. [17]. Rumenjak and Stambuk [20] developed a fuzzy modelling in air protec-
tion using linguistic variables. The sources and control of air pollution was described
by Heinsohn and Kabel [13]. Two fuzzy modelings for environmental pollution poten-
tial ranking of industries were innovated by Lad et al. [15,16] based on air pollution.
Upadhyaya and Dashore [26] designed a fuzzy model for monitoring air quality index.
Using fuzzy multi-criteria decision making approach, assessments of air quality were
made by Chitnis et al [4], Sowlat et al. [24]. Kahyaoglu-Koracin et al. [14] applied
a scenario-based modeling to evaluate the air quality impacts of future growth. Soni
and Shukla [23] predicted the air pollution in urban areas using neuro-fuzzy concept.



CoOoO~NOOPr~WNE

DO UNUINUCNUIOUIARNNDRNMADNARNARNDNWWWWRWRWWRWWRNRNNRNNNNNNRPRRRERRRRRRP R
ARRANPRPOOONOITRWNPRPOOONDIRONROOONONERONROOCONNONRWNROOONOUNWNRO

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

Fisher [11] brought a fuzzy based decision making on application to air pollution.
Decision making for personal selection under fuzzy environment was approached by
Dursun and Karsak [10], Mammadova and Jabrayilova [18]. Deli and Subas [5,6]
developed solution approaches of multi-criteria decision making problems using sin-
gle valued neutrosophic numbers. Further, two group decision making models were
designed by Deli [7,8] under neutrosophic atmosphere. Deli and Ozturk [9] proposed
a new single-valued neutrosophic multiple-attribute decision-making method based
on fuzzy graph theory and was illustrated in practical field. Angelevska et al. [1]
designed a guiding frame for urban air quality to support and assist the local au-
thorities in management of road transport pollution and also to evaluate their effects
estimating the changes in air pollution levels. Air quality indices are generally defined
depending on the main pollutants and ignore the compositional nature of the con-
centrations of air pollutants. To improve this understanding, Gibergans-Baguena et
al. [12] brought some steps based on compositional data analysis. Qerimi et al. [19]
directed a model to use solar thermal energy in urban areas by giving a proposal on
replacement of the conventional water heaters with the domestic solar water heaters.
The emissions related to food transportation were studied by Striebig et al. [25] to
determine what impact getting local food instead of non-local food could make on
the overall emissions of the food system.

This work develops a methodology to find the rank of a number of coal fired TPPs
with respect to the the emission of air pollutants. The motivation is to make a
healthy competition among these TPPs to lower down the emission rate which is
too much necessary for the benefit of human society and for our natural environ-
ment. A TPP don’t emit the pollutants at a constant rate throughout a period due
to climate change, fluctuation of power generation, use of upgraded technology, the
quality and quantity of fuel used, etc. Also, it is almost impossible to measure the
discharge rate of pollutants everyday for a TPP. In that perspective, it is intelligent
to assess the emission rate of pollutants as uncertain parameter. Here, it is expressed
by single valued triangular neutrosophic number (svtrn-number) to cultivate the hes-
itancy of experts independently in experimental data, and this matter is realistic and
acceptable in uncertain scenario. The huge number of data of an svtrn-number is
manipulated by use of Graded mean integration concept. A TPP may have multi
power generation units with distinct capacity, and the emission rate of pollutants for
all units may not be same. To put an importance to each unit of a TPP, this study
considers a mean discharge rate of pollutants on behalf of all units. The assessment
is done in three divided periods instead of taking a unique rate throughout the year
to justify it fairly, and then their average value is considered. This value acts as
the daily mean emission rate of a pollutant for a TPP throughout the year. Finally,
the rank of a TPP is determined by making a co-relation between this daily mean
emission rate of pollutants and its norm specified by Pollution Control Board (PCB)
of respective country. The methodology is illustrated to find the rank of four coal
fired TPPs at different locations in India.

The study is organised in the following way. Some useful definitions and information
are placed in Section 2. The feature of svtrn-number and its score are presented in
Section 3. A methodology of ranking TPPs and a suitable algorithm are developed
in Section 4. Section 5 illustrates the proposed methodology on behalf of four TPPs
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in different parts of India. The superiority of the proposed methodology is claimed
after comparing it with some of the existing literatures. In Section 6, the study is
summarised along with its limitation and future aspect.

2 Preliminary result

Let us recall some useful definitions and result to build this study.

2.1 Definition [21,22,27]

An object x in the universe U is characterised by an NtS-set Q in light of three
functions namely acceptance (J5), hesitation ((z) and rejection (A5). Thus @ is

presented as : Q = {< x, (8 a(2),(5(x), Ag(x)) > x € U} for 65, (5, Ag : U —]70,17]
and ~0 < d5(z) + (5(x )+)\ (x) < 3T,

When 5Q,CQ, 5 : U — [0,1], then @ is called single valued neutrosophic set

(SVNtS set). Thus an SV NtS-set Q is put as
Q= {< 2, (65(), (5(7), Ag(x)) >z € U}t with 0 < d5(2) + (5(x) + Ag(x) < 3.

2.2 Definition [5]

An SV NtS-set p is called a single valued neutrosophic number (svn-number) if it is
defined on the set of all real numbers R and takes the form p = (([p1, ¢1, 1, t1]; up),
([p2, a2, 52, t2);v5), ([p3, @3, 83, t3];wp)) where p; < ¢ < 53 < t;(i = 1,2,3) and
ug, vz, ws € (0,1]. Thus an svn-number consists of three components and these corre-
sponds to the acceptance, hesitation and rejection respectively. Here [g;, s;], ps, t; are
respectively called the mean interval, the lower and upper limits of three components
in the syn-number p for i = 1,2,3. The function of acceptance (d5), hesitation ((3)
and rejection (\;) are respectively designed as follows :

95(z), m<w<aq,
B ) g . Up, q1 <z< 81,
6;0 R — [O,Up], 5P<T) — gE((L‘)7 S1 <z < tl?
L 0, otherwise.
( gé(l‘)7 p2 S xr S Q27
B . ) . U, G2 < x < So,
CP : R — [Upy 1] p(x) - gg(]j)’ S92 S T S t?a
L 1, otherwise.
( gf\(m), P3 < & < g3,
N ) N B u}ﬁ7 q3 g X S 837
Aot R g 1L M(#) = ) sy < a < b,
[ 1, otherwise.
The functions g5 : [p1, 1] — [0, uz], 9¢ [2,t2] = [05,1], 65 : [s3,85] = [wp, 1] are

continuous and non-decreasing functions satisfying : g(p1) = 0, gk(q1) = ug, 9t (s9) =
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v, 9i(ta) = 1,95(s3) = wp, g5(ts) = 1. The functions g5 : [s1,t1] — [07%],92 :
[p2, 2] = [vp, 1], 6% © [ps,qs] — [w,1] are continuous and non-increasing functions
satisfying : g5(s1) = uz, g5(t1) = 0, gt(p2) = 1, g-(q2) = v5, 9\ (ps) = 1, 9 (a3) = wp.

2.3 Definition [3]

Two continuous mappings A, 57 from [0, 1] x [0, 1] to [0, 1] are respectively called t-
norm and s-norm under the following disciplines.

(i) A, are associative and commutative.

{)mAl=1Am=m, my0=0ym=m, Vme][0,1].

(i) mAg<nAs, myqg<nys for m<n,q<s with m.,q,n,se€|0,1].
m A q=mqg, mA q=min{m,q}, m A g =max{m + g — 1,0} are commonly used
t-norms and

m</q=m-+q—mq, myy q=max{m,q}, msy ¢ =min{m + ¢,1} are commonly
used s-norms.

2.4 Emission standard in India [31]

Following table (Table 1) is the new emission standard for TPPs acted on 07.12.2015
by the 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
SO, 600 mg/Nm?® | less than 500 MW installed before
200 mg/Nm? | 500 MW or above | 31st Dec, 2003*
NOx 600 mg/Nm? no limit
PM 100 mg/Nm? no limit
Hg 0.03 mg/Nm?* | 500 MW or above
SO, 600 mg/Nm? | less than 500 MW installed after
200 mg/Nm? | 500 MW or above | 1st Jan, 2003 upto
NOx 300 mg/Nm? no limit 31st Dec, 2016*
PM 50 mg/Nm? no limit
Hg 0.03 mg/Nm? no limit
SO, 100 mg/Nm? no limit installed from
NOx 100 mg/Nm? no limit st Jan, 2017
PM 30 mg/Nm? no limit
Hg 0.03 mg/Nm? no limit

« TPPs (units) shall meet the limits within two years from date of publication of this
notification.

s Includes all the TPPs (units) which have been accorded environmental clearance
and are under construction.
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3 Single valued triangular neutrosophic number

The feature of svtrn-number, its geometrical interpretation are provided here. Then
using Graded mean integration concept, the crisp score of svtrn-number is evaluated.

3.1 Definition

An svn-number p = (([p1, g1, 51, ta];up), ([p2, G2, 52, t2);05), ([ps, g3, 53, 3]s wp)) be-
comes a single valued trapezoidal neutrosophic number (svtn-number) when the
three mean intervals are equal i.e., when [q1,s1] = [g2, 2] = [gs, s3] holds. Thus
5= (([p1,¢, s, t1];uz), ([p2,q, s, t2);vs), ([ps,q, s, t3];ws)) is an svtn-number. Its func-
tion of acceptance (dz), hesitation ((5) and rejection ()\;) are drawn as follows :

(

s g € [pr, q),
. € [q, 5]
0z : R — [0,ug], d5(x) = G ]
[0, ug] () B=rlus g e (s, ],
\ 0, elsewhere.
( —x vs(T—
lmahbusteope) g [y, q),
Vs S [q 5]
§:R_>'U§’]_7 §x — Z’—S Vs —x ’ )
¢ otl GO = et g ()
1, elsewhere.
( —x wz(r—
lemntuslems) g ¢ [y q),
W xr € [q 5]
As R = |wg, 1], As(z) = o SRt - )
otk =) e g (o)
1, elsewhere.

3.2 Definition

An svtn-number § = (([p1,q, s, t1];uz), ([p2,q,s,ta];v5), ([ps,q, s, t3];ws)) is turned
into an svtrn-number when the mean interval [q, s| of its three components are re-
duced to a point. Thus G = (([p1.q,t1];ug), ([p2, ¢, t2]; v4), ([ps,q, ts); wg)) is an svtrn-
number whose function of acceptance (d;), hesitation (¢;) and rejection (\;) are put
as follows :

( %7 S [ph Q)v

65 : R — [Ovué]~ 5é(x) = wv 4y E [qa tl]a

t1—q
L 0, elsewhere.

~

— + ~ —
(¢ $)q_7);1)i$ PZ)’ VIS [p27Q)7

Cq R — [’Uq, 1], q(x) = (qu):;i)#’ VIS [Q7t2]7

1, elsewhere.

( —x)twg(z—p3)
%7$6[p37q)7

Nt R [wg 1], Agle) = ¢ 0l e g g,

L 1, elsewhere.
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o A B C X

FIGURE 1 : An example of svirn-number

Each of three components dg, (5, A is a fuzzy number having two parts : left part (L)
and right part (R). We write 03 < [Ls,, Rs,| = [Lopug (B-2)ug) 40q s on. Here

q=p1 t1—q
Ls;, R¢,, Ry, are continuous and non-decreasing functions whereas Rs_, L., Ly, are

continuous and non-increasing functions in the respective interval.

3.3 Geometrical interpretation

An svtrn-number geometrically consists of three triangles. Here different supports
(bases of triangles) and heights are considered for each function of svtrn-number so
that decision makers can easily chose and compare different numbers in their study.
FIGURE 1 executes the geometrical structure of a particular svtrn-number.

3.4 Definition

Consider two svtrn-numbers a = (([a1,a, b1]; p1), ([az, a, bs]; p2), ([as, a, bs]; p3)) and
¢ = ([er, ¢, di]; 1), ([ea, ¢, dol; 12), ([e3, ¢, ds]; 3)) and 5 being any real number. Then
its addition and scalar multiplication are defined as :

a®c = ((lar+er,a+c¢,by+di];pr Am), ([az + ca,a+ ¢,by + do]; p2 7 T2),
(las + c3,a + ¢, bs + ds]; ps 7 7))
Ba = (([Bay, Ba, Bbi; p1), ([Bag, Ba, Bbal; pa), ([Bas, Ba, Bbs]; ps)), B>0
(([Bb1, Ba, Bayl; pr), ([Bba, Ba, Bas]; p2), ([Bbs, Ba, Bas]; p3)), B <0

3.5 Score of svirn-number

Let us consider the svtrn-number ¢ presented in Definition 3.2; For a € [0, 1] and
z € [0, ug], the Graded mean integration of d; is defined as :
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Go(57) = /qux[aL(;;() (1 - a)R; da:// vdz

apy +2q+ (1 —a)ty
3

where qul( r)=p + = (q 1), R‘ql(ag):tl—u%(tl—q).

For b € [0,1] and y € [v;, 1], the Graded mean integration of (4 is expressed as :

GulG) = [ (L=l = DL )+ R )y [ (1 )y

(1 —b)py + 2q + bty
3

- 1- —Yq - 1— Y—vg
where chl(y) — M’ RC 1<y) (1-y)g+(y— )tz

1-vg q 1-vg

For ¢ € [0,1] and z € [wg, 1], the Graded mean integration of \; is drawn as :

1

Gm(A) = / (1—2)[(1—c)Ly. ( )+ R, ( dz/ | (1—z)dz

(1 — C)p3 + 2q + cts
3

where L;;(z) = W’ R;;(z) (1 Z)q1+(uz;q wgts

Now finally the Graded mean integration of svtrn-number ¢ is defined as :

Gnl@) = {Gn(57) + GlG)+ Gnlrg)}

1
= §{kp1 +2¢+ (1 — k)t + (1 — k)pa + 2q + kty + (1 — k)p3 + 2q + kt3}

(taking a=0b=c=Fk say)
1
= glk(pr +t2 - t5)+ 6g + (1 = K)(ts + p2 + )}

(4)

Expression (4) provides the score of ¢ for a pre-assigned k. This score will not be
biased from left or right if k = I is chosen. Expression (4) then takes the form as :

B 1
Gm(q) = R (p1+p2+p3) +12¢+ (8 +to +13)}

4 Ranking of thermal power stations

(5)

It describes the methodology for ranking of a number of TPPs of a country in virtue of
air pollutants discharge. A suitable algorithm is also drawn to sketch that description.
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4.1 Description of methodology

Environmental experts think that coal fired TPPs play a great role to pollute the air,
water, soil by emitting many harmful gases, fly ash, waste water etc. Ranking of a
number of coal based TPPs in a country are generally established under the amount
of release of these pollutants. Suppose in a country X there are m coal fired TPPs
T1,T,,--- ,T,, to be ranked with respect to the emission of air pollutants. The do-
mestic and industrial power consumption in a country may be based on the diversity
of climate and consequently the discharge rate of pollutants are not unique through
out the year due to the fluctuation of energy production, variation of the quantity
and quality of fuel to be used, etc. The assessment year Y (say) of discharge is here
divided into three periods P;, P, P3, each of which consists of four months. Such divi-
sion is taken as three major seasons (i.e., Summer, Rainy, Winter) are generally seen
in a country. Further the periodical assessment of pollutant discharge from a TPP
may not be at a constant rate, it may oscillate in a range usually and this range is
not presupposed, it again may have a slight variation. It is almost impossible for the
experts to assess the emission quantity everyday for a period. So, experts compel to
use an average rate of emission of pollutants for individual period. Thus, as a whole,
there is a vagueness and uncertainty in the emission quantity of pollutants. Based on
the observed data, the rate of pollutant discharge is here expressed by svtrn-number
so that experts can get an opportunity to include their hesitancy independently in
setting of experimental data. But this assessment should obey the standard permit-
ted by PCB of the respective country. Moreover this specification will be modified
(here it is reduced) from time to time because of the gradual degradation of natural
environment and have a scope of reducing emission by using new technology.

A TPP has more than one unit, all of which may have not equal power genera-
tion capacity and may not be installed from a same date. When a new unit runs, it
should obey the revised emission standard acted on or before its journey. Clearly, all
units of a TPP in such case may not follow the same emission standard. Treating all
units of that TPP as the single, a mean standard is here set following the generation
capacity and commencement date of plant. For instance, we consider a TPP Z in
India described in Table 2. Now from Table 1, it is seen that the standard of SO,
emission for Unit 1, Unit 2 and Unit 3 in the TPP Z are respectively 600 mg/Nm?,
200 mg/Nm? and 100 mg/Nm®. Thus the mean standard of SO, emission for the
TPP 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

Similarly, instead of taking different emission rates of a pollutant for all units in a
period, an average emission rate is considered on behalf of a TPP. Suppose, there be
k number of units in the TPP T,,, and they emit a particular pollutant in a period at
the rates mq, Mo, -+ ,my (presented by svtrn-numbers). Then the average emission
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FIGURE 2 :Furzy number for non-acce ptability of PM discharge

rate of this pollutant on behalf of £ number of units in the TPP T,, for that period
is designed by an svtrn-numbers m as :

1
o= i @i @ @ iy} (6)

To manipulate the huge number of data of an svtrn-number, its score is evaluated
by the expression (5) of Graded mean integration. Then daily discharge rate of each
pollutant throughout the year Y is calculated by the mean score of three periods
for each TPP. Now, as directed in FIGURE 2, these mean values are converted to
the fuzzy numbers for non-acceptability (with membership functions p;;, ¢ indicates
the number pollutants to be considered and j refers the number of TPPs to be
ranked) depending on the norm specified by PCB of the country in order to put the
emission in a common standard scale. For instance, if the norm of PM emission
be 80 mg/Nm? for a TPP and its daily mean discharge be 64 mg/Nm3, then the
respective membership function of fuzzy number for non-acceptability is 0.8. For each
TPP, the sum S; of the membership functions for non-acceptability (i.e., Y. p1;;) over
the pollutants is worked out. The normalized weight NW;; of each pollutant is now
derived to divide y;; by S;. Finally the full score F'S; of j®* TPP based on the
emission rates of pollutants is evaluated by the expression ) .(1;; x NW;;). The rank
of TPPs are hence arranged with the descending order of all F'S;.

4.2 Algorithm for ranking of TPSs

The methodology of ranking TPPs is based on the following steps.

Step 1 : Find the latest emission standard specified by PCB.

Step 2 : Sketch the generation capacity and installation date of all units in each TPP
to be ranked as shown in Table 2.

Step 3 : Set the mean standard of emission rate for all units in a TPP following the
information gathered in Step 1 and Step 2.

Step 4 : For every unit of a TPP, express the discharge rate of a pollutant in a period
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by svtrn-numbers and take their average as described in (6). This refers the average
discharge rate of the pollutant on behalf of all units of this TPP in that particular
period. Perform the same for each pollutant to be considered and also for each of
three periods in the year.

Step 5 : Repeat the Step 4 for all TPPs to be ranked.

Step 6 : Find the score of all svtrn-numbers using the expression (5) of Graded mean
integration to manipulate its several data.

Step 7 : For a TPP, calculate the mean values of all three periodical scores of each
emission. This is the daily mean rate of emission of a pollutant for a power plant
throughout the year.

Step 8 : Evaluate the membership function of fuzzy number for non-acceptability of
each mean value calculated in Step 7 upon the respective mean standard of emission
rate drawn in Step 3.

Step 9 : Find the normalised weight of all pollutants for individual TPP using the
data obtained in Step 8.

Step 10 : Multiply the membership function for non-acceptability of each pollutant
with its respective normalised weight and then taking the sum over all pollutants to
determine the full score of each individual TPP.

Step 11 : List the rank of TPPs using the full score obtained in Step 10. The
maximum full score indicates the worst TPP and the least score indicates the best
TPP based on the emission rate of pollutants.

4.3 Graphical overview of methodology

] Sketch the power generation capacity and installation date of all units in each TPP. ‘

e

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

Y

Set the average discharge rate (by means of svtrn-number) for each of pollutants to
be considered 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.

Y

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

4

Evaluate the membership function of fuzzy number for non-acceptability of daily
mean emission rate upon the respective mean standard assigned for a TPP and then
calculate the normalized weight of each membership function.

4

Multiply the membership function for non-acceptability of a pollutant with its
respective 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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5 Application of methodology

Let us consider four coal fired TPPs (TPP1, TPP2, TPP3, TPP4) situated at different
locations in India. This study only considers the scope of air pollution with respect
to the major emission of five acidic pollutants SOs, NOx,CO, PM, Hg only. The
different steps of methodology are illustrated as follows.

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

Step 2 : Table 3 describes the four TPPs along with the generation capacity of power
and the commencement date of all its units.

Table 3 : Description of four coal fired thermal power plants
TPP1 TPP2
Unit Capacity Commencement | Unit Capacity Commencement
U1l 210 MW Sep, 1990 U1l 300 MW Sep, 2008
U2 210 MW Mar, 1986 U2 300 MW Nov, 2009
U3 210 MW Oct, 1985 U3 500 MW Dec, 2015
U4 210 MW Apr, 1996 U4 500 MW Jan, 2017
Ubs 210 MW May, 1991
U6 210 MW Jan, 1994

TPP3 TPP4
Unit Capacity Commencement | Unit Capacity Commencement
Ul 210 MW Nov, 2000 Ul 225 MW Jan, 1986
U2 210 MW Apr, 2001 U2 225 MW Dec, 1987
U3 210 MW Oct, 2004 U3 225 MW Aug, 1988
U4 210 MW Mar, 2009 U4 500 MW Sep, 1992
Us5 210 MW Jun, 2010 U5 550 MW Feb, 1994
U6 500 MW Apr, 2012

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

Table 4 : Mean standard for the emission rate of pollutants from TPPs.

Pollutant — SO, NOx o(CO PM Hyg
(mg/Nm?®)  (mg/Nm?) (mg/Nm?®) (mg/Nm?) (mg/Nm?)

TPP1 600 600 200 100 0.03

TPP2 375 250 200 45 0.03

TPP3 600 480 200 80 0.03

TPP4 400 550 200 92 0.03

e Source (standard for the pollutant CO) : Authors
Step 4 and Step 5 : The rate of emission is assessed in three periods viz. P;
(March, April, May, June), P, (July, August, September, October), P; (November,
December, January, February) for the year. Table 5 provides the average discharge
rate of pollutant 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.

Criteria | TPP1 TPP2 TPP3 TPP4
P1 P2 P3 |P1 P2 P3| Pl P2 P3| Pl P2 P3
SO, (mg/Nm ) ai; G2 a3 1311 1312 {)13 i1 Ci2 (13 Céu C{lz 6{13
N OX (mg/ Nm? ) a1 Qgo  do3 (321 (322 (323 Co1 Coa  Co3 C§21 @2‘2 @23
O (mg/ Nm? ) | 31 Gs2  ds3 1331 {)32 1333 C31 C32 (33 Cé:n ({32 ({33
P M (mg/ Nm? ) aq1 Qg2 Q43 1341 1342 (343 Cq1 Ca2 Cy3 6{41 @42 @43
Hg (mg/ Nm? ) | Gs1 @sp  Gs3 | bsi bsy  bsy | 51 Csa Coz | dsi dsy  dsg

The different svtrn-numbers of emission quantity in Table 5 are described below.
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470,500, 515; 0.6), ([490, 500, 530];
375,420, 450]; 0.5), ([365, 420, 460];
500, 540, 570]: 0.8), ([510, 540, 555];
520, 555, 570]: 0.7), ([530, 555, 560]:
455,480, 500]; 0.4), ([465, 480, 495
450,535, 500]; 0.3), ([440, 535, 510];
150, 170, 175]; 0.6), ([160, 170, 180];
130, 150, 170]: 0.4), ([135, 150, 160];
140, 160, 180]; 0.2), ([150, 160, 175];
60,75, 83]:0.2), ([65, 75, 85]: 0.7), (
55, 60, 75]; 0.7), ([50, 60, 70]; 0.2), (
75,80, 90]; 0.6), (|70, 80, 85]; 0

0.
0.
0.
0.
; 0.
0.
0.
0.
0.

55

4
5
6
2
6),

9
4
5
7

’

?

7

Y

Y

’

Y

(
(
(
(
i
(
(
(
2

480, 500, 550]; 0.3) >
355, 420, 440]; 0.7) >
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470, 480, 510]; 0.3) >
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140, 170, 185];0.2) >
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335, 350, 355]; 0
330, 340, 350]; 0.
345, 360, 367]; 0.
230, 235, 250]; 0.
200, 210, 215]; 0.
220, 230, 240]; 0.
140, 175, 175]; 0.
[125, 145, 175]; 0.
175, 180, 190]; 0.
35,38];0.2) >
20,30, 45];0.5) >
,([38,40,43];0.3) >
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2) >
4) >
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3) >
4) >
6) >

3), ([.022,.025, .027];0.5), ([.02,.025, .026]; 0.8) >
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6

: b = < ([.02,.026,.026];0.8), ([.022,.026,.028]; 0.3), ([.024, .026,.03]; 0.6) >
2 b, = < ([00,.01,.015];0.5), ([.00,.01,.02]; 0.3), ([.00,.01,.018]; 0.6) >

11 bss = < ([.021,.022,.028];0.4), ([.022,.022,.027]; 0.4), ([.02, 022, .026]; 0.2) >
e &n = < ([500,530,555];0.4), ([490, 530, 540]; 0.5), (515, 530, 550]; 0.4) >

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

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

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

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

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

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

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

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

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

29 & = < ([52,60,65;0.3), ([50,60,70]; 0.4), ([55, 60, 75; 0.6) >

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

gg és1 = < ([.019,.023,.025];0.4), ([.016,.023,.026]; 0.7), ([.018,.023,.028];0.2) >
34 Gp = < ([.013,.018,.022];0.7), (|.015,.018,.021]; 0.6), (|.017, .018, .024]; 0.3) >
s s = < ([.017,.024,.029]; 0.5), ([.020,.024,.025]; 0.4), ([.023,.024, .026]; 0.1) >
37 din = < ([345,360,375]; 0.3), (350,360, 380]; 0.7), ([340, 360, 370]; 0.4) >

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

P dis = < ([365,380,395];0.1), (1370, 380, 385]; 0.9), ([375, 380, 300]; 0.4) >

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

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

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

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

P dy — < ([110,130,150]: 0.5), ([120, 130, 145]: 0.6), ([125, 130, 140]; 0.3) >

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

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

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

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

57 dsy = < ([.011,.019,.02];0.8), ([.015,.019,.021];0.4), ([.013, 019, .025];0.3) >
28 dp = < ([.010,.013,.017;03), ([011,.013,.015];0.8), (1.012,.013, 019; 0.4) >
co dss = < ([.019,.023,.027);0.4), ([.020,.023,.025); 0.3), (|.015,.023, .029]; 0.8) >
62

63 Step 6 : The Graded mean values (taking two decimal places) for the rate of
64  emissions in different periods are evaluated from the expression (5) and are arranged
65  in Table 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

SO, (mg/Nm®) | 501.94 415.83 539.17 | 349.17 340.00 359.5

NOy (mg/Nm?) | 552.22 480.83 516.39 | 235.00 210.28 230.00

CO (mg/Nm?®) | 168.33 149.72 160.00 | 171.28 146.38 179.56

PM (mg/Nm?) | 073.78 060.39 080.00 | 035.61 030.72 039.72

Hg (mg/Nm?®) |0.0194 0.0145 0.0247 | 0.0257 0.0100 0.0227
Criteria | TPP3 TPD4

P1 P2 P3 P1 P2 P3

SO, (mg/Nm®) | 528.33 485.00 548.06 | 360.00 319.72 380.00

NOy (mg/Nm?) | 445.00 431.11 459.17 | 500.83 470.00 496.39

CO (mg/Nm?®) | 184.17 150.00 189.33 | 160.00 130.56 170.28

PM (mg/Nm?) | 069.50 060.39 074.33 | 079.17 069.61 084.56

Hg (mg/Nm?®) |0.0227 0.0182 0.0238 | 0.0185 0.0133 0.0228

Step 7 : The average emission rate of each pollutant is now calculated over the
three periods and is executed in Table 7. Clearly this quantity refers the daily mean
emission rate of pollutant for a power plant throughout the year. For convenience of
the entries in Table 7, the daily mean emission rate of SO throughout the year for
TPP1 is (501.94 4 415.83 4 539.17) + 3 = 485.65.

Table 7 : Daily average emission rate and mean standard of TPPs.

Criteria | TPP1 = Standard | TPP2  Standard
SO, (mg/Nm?) | 485.65 600 349.58 375
NOx (mg/Nm?) | 516.48 600 225.09 250
CO (mg/Nm?) | 159.35 200 165.74 200
PM (mg/Nm3) | 71.39 100 35.35 45
Hg (mg/Nm?) | 0.01953 0.03 0.01947 0.03

Criteria | TPP3 Standard | TPP4 Standard
SO, (mg/Nm?) | 520.46 600 353.24 400
NOx (mg/Nm?) = 445.09 480 489.07 550
CO (mg/Nm?) | 174.5 200 153.61 200
PM (mg/Nm?) | 68.07 80 77.78 92
Hg (mg/Nm?) | 0.02157 0.03 0.01820 0.03

Step 8 : The membership function of fuzzy number for non-acceptability of daily
average emission rate is derived upon the mean standard and is displayed in Table
8. One calculation is drawn to make out the entries of Table 8. The membership
function for non-acceptability of SO; for the TPP2 is (349.58 + 375) = 0.932.

Table 8 : Membership function for non-acceptability of emission rate

15
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Criteria | | TPP1 TPP2 TPP3 TPP4
SO, 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
Step 9 : The normalised weight of pollutants for each TPP is now calculated and

is arranged in Table 9. For instance, the normalised weight of NOx for the TPP3 is
(0.927 + 4.237) = 0.219.

Table 9 : Normalised weight of pollutants for four TPPs

Step 10 :

Criteria | | TPP1 TPP2 TPP3 TPP4
SO, 0.211 0.228 0.205 0.221
NOx 0.225 0.220 0.219 0.223
coO 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
below. The 1st array represents the data of Table 8 and 2nd array tells about the
normalised weight (NW;) for the emissions from j* TPP, j = 1,2, 3,4.

TPP1 TPP2 TPP3 TPP4 NW; NWy, NWs; NW,
0.809 0.932 0.867 0.883 0.211 0.228 0.205 0.221
0.861 0.900 0.927 0.889 0.225 0.220 0.219 0.223
0.797 0.829 0.873 0.768 “ | 0.208 0202 0206 0.192
0.714 0.786 0.851 0.845 0.186 0.192 0.201 0.212
0.651 0.649 0.719 0.607 0.170 0.158 0.170 0.152
Step 11 : The rank of power plants with the full score is now drawn in Table 10.

The score of TPP4 is calculated in detail as : (0.883 x 0.221 +0.889 x 0.223 + 0.768 X
0.192 + 0.845 x 0.212 + 0.607 x 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

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

5.1 Potentiality of proposed method

Let us find the rank of four TPPs in intuitionistic fuzzy atmosphere. Then hesitation
part of all svtrn-numbers projected in Table 5 are discarded. Then Table 6 is now
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implemented as in Table 11. Corresponding Graded mean value is evaluated by the
following expression :

Cul@) = o {oa+ps) + 80+ (ra 7)) @
Table 11 : Graded mean value of emission rate in different periods
Criteria | TPP1 TPP2
P1 P2 P3 P1 P2 P3
SO, (mg/Nm?) | 501.25 415.00 540.00 | 346.67 340.00 359.33
NOyx (mg/Nm?3) | 552.50 481.25 517.08 | 235.00 210.00 230.83
CO (mg/Nm?) | 167.50 ,150.00 159.58 | 170.25 146.67 180.00
PM (mg/Nm?) | 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
SO, (mg/Nm?) | 530.00 484.58 547.50 | 359.17 320.00 380.42
NOx (mg/Nm?) | 444.17 430.00 459.58 | 501.25 470.83 519.00
CO (mg/Nm?) | 183.33 149.17 188.58 | 159.58 130.42 170.83
PM (mg/Nm?) | 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

The rank of power plants with its full score is now available in Table 12 under intu-
itionistic 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

Hence, the attention should be paid on TPPs to lower down the emission rate in
descending order as : TPP3 > TPP2 > TPP4 > TPP1. The order is identical as
seen in neutrosophic environment for this particular example but in general it may not
be occurred. As intuitionistic fuzzy climate does not provide the scope to cultivate
the hesitancy of experts independently in setting of experimental data of decision
making, so the emission rates are not precisely measured here. Experts compel to
undergo to a limitation in fuzzy and intuitionistic fuzzy climate. In neutrosophic
ground, experts have a scope to measure the emission in a more flexible way. As
NtS-set is the generalised form of fuzzy and intuitionistic fuzzy set, so the algorithm
proposed here may be practiced also in fuzzy and intuitionistic fuzzy climate.

In the work [4] and [16] under fuzzy environment, some linguistic variables are
considered to arrange the data in a small scale. But it may mislead the evaluation
because the fuzzy number representing a particular linguistic variable may not be fit
suitably everywhere, it may be somewhere narrow or may be broad. So it is better to
make focus on the individual practical emission to measure it more precisely. Another
fact is that an industry or power plant may have several number of production or
power generation units. They may have different capacities of production and are
adapted by different technology. Naturally, all units don’t emit at a unique rate. In

17
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the present work, special attention is paid on this corner. Moreover, the permissible
norm by PCB in a country is critically practiced to rank the TPPs. From all these
angles, the study has a superiority than existing one and it is more realistic.

6 Conclusion

This work develops a methodology to establish the rank of a number of coal fired
TPPs with respect to its pollutant discharge rate. The motivation is to make a healthy
competition among these TPPs to lower down the emission rate which is too much
necessary for the save of our natural environment. A TPP don’t emit the pollutants
at a uniform rate throughout the year under several circumstances. Moreover, it is
almost impossible to measure the emission rate everyday. Taking into account all
these, the emission rate of pollutants are assessed as uncertain parameter and it is
here expressed by svtrn-number to include the hesitancy of experts independently in
experimental data. The proposed methodology of finding the rank of TPPs reflects
on the five major real issues : (1) a TPP may have more than one power generation
unit whose capacity and the date of installation may not be same, (2) the rate of
emission of pollutants may not be same for all units of a TPP, (3) every TPP must
obey the norm of emission rate specified by PCB of respective country but it is not
unique for all units in a TPP, (4) throughout the year, any power generation unit
don’t emit the pollutants at a constant rate, (5) to fix the discharge rate of pollutants,
experts suffer from a lot of hesitation. An attempt is taken here to overcome all these
real facts. The proposed methodology is demonstrated on the four TPPs in different
parts of India to test its efficiency.

This is a proposed model and so the data here adopted are not collected from
true sources, these are guessed values. Also the study is driven over only the five
pollutants, it needs to incorporate more. For some pollutants like C'O,, the quantity
of coal used in a TPP makes a factor. So further study is welcome in those angles.
However, the paper will bring a ray of advancement to the future research, we believe.
Inspiring from this study and getting the rank of a TPP, Managing director can take
following actions to reduce the emission rate.

e New technology and latest device for emission control system should be installed
and be operated satisfactorily at the station.

e The quality of pollutants released from the power station is within the norms
stipulated by PCB, it should be ensured.

e Any significant deterioration in environmental quality should be identified as early
as possible and be mitigated by advance planning.

e Based on a time frame, regular monitoring of emission level of power plant should
be done to assess the effectiveness of pollution controlling measures.

e There should be an well planning to recycle / utilise of emission like CO,, fly ash
etc as much as possible. For instance, C'O, may be used for farming of algal, spirulina
or to produce dry ice. Fly ash may be utilised in cement factory, bricks industry etc.
e The power plant authority should install adequate number of air quality monitoring
stations in and around the power stations.

e Routine medical checkup of the workers of a TPP and the local residant surrounding
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it should be done.

7

Declaration

There is no any funding source behind the construction of manuscript. Authors have
made the work in their own interest.

The manuscript has no any conflict of interest or any competing interest.

This work has been done in collaboration between both authors. Author Bera has
written the first draft of the manuscript and managed the literature searches in con-
sultation with the author Mahapatra. Author Mahapatra has brought the protocol
and literature searches. Both authors have read and approved the final manuscript.

References

1]

Angelevska, B., Atanasova, V. and Andreevski, I. : Urban air quality guidance
based on measures categorization in road transport, Civil Engineering Journal,
7(2), 253-267, (2021), DOI: 10.28991 /cej-2021-03091651

Atanassov, K. : Intuitionistic fuzzy sets, Fuzzy sets and systems. 20(1), 87-96,
(1986).

Bera, T., Broumi, S. and Mahapatra, N.K. : Behaviour of ring ideal in neutro-
sophic and soft sense, Neutrosophic Sets and Systems, 25, 1-24, (2019).

Chitnis, K., Sarella, G., Shrikant, R. and Khambete, A.K. : Fuzzy MCDM ap-
proach for air quality assessment, IJIRST, 1(11), 59-65, (2015).

Deli, I. and Subas, Y. : A ranking method of single valued neutrosophic num-
bers and its applications to multi-attribute decision making problems, Interna-
tional Journal of Machine Learning and Cybernetics, 8, 1309-1322, (2017), DOI:
10.1007/s13042-016-0505-3.

Deli, I. and Subas, Y. : Some weighted geometric operators with SVTrN-numbers
and their application to multi-criteria decision making problems, Journal of Intel-
ligent and Fuzzy Systems, 32(1), 291-301, (2017), DOI: 10.3233/JIFS-151677.

Deli, I. : A novel defuzzification method of SV-trapezoidal neutrosophic numbers
and multi-attribute decision making : a comparative analysis, Soft Computing,
23, 12529-12545, (2019).

Deli, I. : Operators on single valued trapezoidal neutrosophic numbers and SVTN-
Group decision making, Neutrosophic Set and System, 22, 131-151, (2018).

Deli, I. and Ozturk, E.K. : Two centroid point for SVTN-Numbers and SVTrN-
Numbers : SVN-MADM method, IGI Global (Publisher), Book chapter 10,
Source title : Neutrosophic Graph Theory and Algorithms, 279-307, (2020), DOTI:
10.4018/978-1-7998-1313-2.c¢h010.

19



CoOoO~NOOPr~WNE

DO UNUINUCNUIOUIARNNDRNMADNARNARNDNWWWWRWRWWRWWRNRNNRNNNNNNRPRRRERRRRRRP R
ARRANPRPOOONOITRWNPRPOOONDIRONROOONONERONROOCONNONRWNROOONOUNWNRO

20 Bera and Mahapatra

[10] Dursun, M. and Karsak, E. : A fuzzy MCDM approach for person-
nel selection, Expert Systems with Applications, 37, 4324-4330, (2010),
http://dx.doi.org/10.1016/j.eswa.2009.11.067

[11] Fisher, B. : Fuzzy environmental decision making : applications to air pollution,
Atmospheric Environment, 37, 1865-1877, (2003).

[12] Gibergans-Baguena, J., Hervada-Sala, C. and Jarauta-Bragulat, E. : The quality
of urban air in Barcelona : A new approach applying compositional data analysis
methods, Emerging Science Journal, 4(2), 113-121, (2020), DOI: 10.28991 /esj-
2020-01215.

[13] Heinsohn, R.J. and Kabel, R.L. : Sources and control of air pollution, Prentice-
Hall, Inc, New jersey, 405, (1999).

[14] Kahyaoglu-Koracin, J., Bassett, S.D., Mouat, D.A. and Gertler, A.W. : Ap-
plication of a scenario-based modeling system to evaluate the air quality im-
pacts of future growth, Atmospheric Environment, 43(5), 1021-1028, (2009),
https://doi.org/10.1016/j.atmosenv.2008.04.004

[15] Lad, R.K., Desai, N.G., Christian, R.A. and Deshpande, A.W. : Fuzzy modelling
for environmental pollution potential ranking of industries, Int. J. for Environmen-
tal Progress, AIChE, 27(1), 84-90, (2008).

[16] Lad, R.K., Christian, R.A. and Deshpande, AW. : A fuzzy MCDM frame-
work for the environmental pollution potential of industries focusing on air pol-
lution, WIT Transaction on Ecology and the Environment, 116, (2008), doi :
10.2495/ATR080621.

[17] Li, D., Guo, Y., Li, Y., Ding, P., Wang, Q. and Cao, Z. : Air pollutant emissions
from coal-fired power plants, Open Journal of Air Pollution, 1, 37-41, (2012),
http://dx.doi.org/10.4236 /0jap.2012.12005.

[18] Mammadova, M. and Jabrayilova, Z. : Application of fuzzy optimization method
in decision making for personnel selection, Intelligent Control and Automation, 5,
190-204, (2014) http://dx.doi.org/10.4236 /ica.2014.54021.

[19] Qerimi, D., Dimitrieska, C., Vasilevska, S. and Rrecaj, A.A. : Modeling of the
solar thermal energy use in urban areas, Civil Engineering Journal, 6(7), 1349-
1367, (2020), DOI: 10.28991 /cej-2020-03091553.

[20] Rumenjak, D. and Stambuk, S. : Fuzzy modelling in air protection, Geofizika,
24(2), 123-135, (2007).

[21] Smarandache, F. : Neutrosophy, neutrosophic probability, set and logic, Amer.
Res. Press, Rehoboth, USA., (1998), p. 105, http://fs.gallup.unm.edu/eBook-
neutrosophics6.pdf (sixth version).

[22] Smarandache, F. : Neutrosophic set, A generalisation of the intuitionistic fuzzy
sets, Inter. J. Pure Appl. Math., 24, 287-297, (2005).



CoOoO~NOOPr~WNE

DO UNUINUCNUIOUIARNNDRNMADNARNARNDNWWWWRWRWWRWWRNRNNRNNNNNNRPRRRERRRRRRP R
ARRANPRPOOONOITRWNPRPOOONDIRONROOONONERONROOCONNONRWNROOONOUNWNRO

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

[23] Soni, A. and Shukla, S.: Application of neuro-fuzzy in prediction of air pollution
in urban areas, IOSR Journal of Engineering, 2(5), 1182-1187, (2012).

[24] Sowlat, Md.H., Gharibi, H., Yunesian, M., Mahmoudi, M.T. and Lotfi, S. : A
novel fuzzy-based air quality index (FAQI) for air quality assessment, Atmospheric
Environment, 45, 2050-2059, (2011).

[25] Striebig, B., Smitts, E. and Morton, S. : Impact of transportation on Carbon
Dioxide emissions from locally vs. non-locally sourced food, Emerging Science
Journal, 3(4), 222-234, (2019), DOI: 10.28991 /esj-2019-01184.

[26] Upadhyaya, G. and Dashore, N. : Fuzzy logic based model for monitoring air
quality index, Indian J. of Sc. and Tech., 4(3), 215-218; (2011).

[27] Wang, H., Zhang, Y., Sunderraman, R. and Smarandache, F. : Single valued
neutrosophic sets, Fuzzy Sets, Rough Sets and Multivalued Operations and Ap-
plications, 3(1), 33-39, (2011).

28] Zadeh, L.A. : Fuzzy sets, Information and control, 8, 338-353, (1965).

[29] Studies by Centre for Science and Environment, India, 2015, Heat on Power :
Green Rating of Coal-Based Thermal Power Plants.

[30] Central Pollution Control Board, India, presentation as included on 1st February,
2017, submission of Ritwick Dutta.

[31] New emission standards vide notification No. S.0. 3305(E) dated 07.12.2015,
Ministry of Environment, Forest and Climate Change, New Delhi, India.

21



Credit Author Statement

We have revised our manuscript thoroughly following the direction of respected reviewers.
As per their opinions, we have changed the title of our manuscript as “Ranking of thermal
power plants focusing on air pollution : a Neutrosophic assessment”. A detailed
response is now provided to the respected reviewers’ queries. We hope that the revised
version of the manuscript will be appropriate and suitable to mitigate the questions raised by
respected reviewers.



Declaration of Interest Statement

1. There is no any funding source behind the construction of manuscript.
Authors have made the work in their own interest.

2. The manuscript has no any conflict of interest or any competing interest.

3. This work has been done in collaboration with both authors. Author Bera has
written the first draft of the manuscript and managed the literature searches in
consultation with the author Mahapatra. Author Mahapatra has brought the
protocol and literature searches. Both authors have read and approved the
final manuscript.



