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Abstract 
Pollution of air and water is increasing day by day, as the number of industry is in-
creasing and sometimes emission of pollutants in air and water exceeds the norms. 
So the pollution potential of industries based on the emission of pollutants needs to 
be assessed. In proposed method, based on the weights and emission of the pollu-
tants, the final score of industries has been calculated which indicates the polluting 
potential of the industry. In this paper, attempt has been made to evaluate the score 
and the rank of industries using TODIM decision making process, in which higher 
score of particular industry is an indicator of higher pollution load imparted by par-
ticular industry and vice versa. 
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1. Introduction 

In developing country, the development of nation depends on industrial growth. The 
numbers of industries are increasing, which will help in economical growth of nation. If 
we look other side, increasing in numbers of industries will also increase the pollution 
of air, water and soil. We should think about the emission from the different industries. 
There are a number of pollutants emitted by different types of industries in surround-
ing environment. It may happen that the emission of pollutants will exceed the norm 
provided by government. For some typical industry, it may happen that out of total 
pollution load, only some pollutants emission may exceed norms but others are within 
the prescribed limits. It may be the case in the industrial sector that primary industry 
may not emit any harmful pollutants in the environment but compared to those small 
scale or secondary industries, emission load will be closed to norms but more harmful. 

How to cite this paper: Soni, N., Christian, 
R.A. and Jariwala, N. (2016) Pollution Po-
tential Ranking of Industries Using Classic-
al TODIM Method. Journal of Environ-
mental Protection, 7, 1645-1656. 
http://dx.doi.org/10.4236/jep.2016.711134  
 
Received: February 12, 2016 
Accepted: October 28, 2016 
Published: October 31, 2016 
 
Copyright © 2016 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/ 

   
Open Access

http://www.scirp.org/journal/jep
http://dx.doi.org/10.4236/jep.2016.711134
http://www.scirp.org
http://dx.doi.org/10.4236/jep.2016.711134
http://creativecommons.org/licenses/by/4.0/


N. Soni et al. 
 

1646 

If the pollutant load will be more than prescribed limit, it will be always considered in 
the category of polluting industries. It is very difficult to judge the potentiality of pollu-
tants in terms of different emission load. In proposed method, impact of each pollutant 
treated separately and later on ranking of industry will be calculated after combining 
impact of all pollutants together for each industry.  

The sections in this paper are arranged as follows. Section 2 describes environment 
pollution associated with the industries. Section 3 gives brief introduction of the clas-
sical TODIM method. In Section 4, two examples are evaluated with the help of the 
proposed method. Lastly, the conclusion of this paper is presented in Section 5. 

2. Environment Pollution 

Industrial growth is required for every nation in this 21st century to be with recent 
technology and also for human comfort. Industrial growth is directly connected with 
environment pollution. As the growth in industries increasing rapidly the pollution of 
environment also increase in proportion. Before few decades there were less number of 
industries and the working hours of industries were also less. In present scenario in-
dustries are increasing in number and majority of industries are operated for 10 - 12 
hours in day. Finally all these affect environment pollution. The issue of industrial pol-
lution has taken on grave importance for agencies trying to fight against environmental 
degradation. Nations facing sudden and rapid growth of such industries are finding it 
to be a serious problem which has to be brought under control immediately.  

Pollution is mainly related to air, water and land. Surrounding environment of any 
industry is depending on emission of that industry. Some industries may pollute air and 
water more compare to land. In this paper we are considering few industries which are 
only responsible for air and water pollution emission. To analyze proposed method the 
data has been collected data of three chemical industries and three thermal power plant 
units from consultant who are doing the regular monitoring of the industries for envi-
ronmental audit purpose. 

There are many pollutants emitted from above said industries. Among all those con-
siderations have been given to pollutants which are more hazardous to living things. 
Pollutants like SOx, NOx, SPM and Cl2 emitted in air and SS, TDS, COD, BOD, Chlo-
rides, Sulphates, Phosphates, Oil & Grease, Total Chromium and Total Iron emitted in 
water are more harmful to living things are considered for calculating the pollution po-
tential. 

Proposed method is used to rank all such industries which described in next sec-
tion, and accordingly government can take the strict action against this type of in-
dustries. 

3. The Classical TODIM Method 

There are number of methods by which we can solve the multiple attribute problems [1] 
[2] [3] [4]. Almost all methods used expected utility theory to solve MADM problems, 
in which the strict assumption of the decision maker (DM) is required regarding com-
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plete rationality, but behavioral experimental of DM is bounded in such decision 
process [5]. So in such a case DM’s psychological behavior is used to solve the MADM 
problem in ongoing research topic. 

Many useful multiple attribute methods are available to researchers in decision aid-
ing at present. These methods are based on different mathematical assumptions. A 
number of accomplishments have been achieved since the late 1970s and new develop-
ments and application fields are constantly emerging. Behavioral decision theory is 
considered to have formally begun with Ward Edwards in Psychological Bulletin, al-
though it went through some major advances in the 1970s and 1980s [6] [7] [8]. 

TODIM (Interactive and Multiple Attribute Decision Making, acronym in Portu-
guese) was first introduced by Gomes and Lima. Later on it was applied on many 
practical MADM problems, like residential properties evaluation, selection of the 
destination of natural gas and so on [9] [10] [11] [12]. The classical TODIM method, 
based on Prospect Theory, is used to select best alternative among all available alter-
natives. In this method the dominance degree of each alternative over the others are 
measured first, which reflects DM’s behavioral characteristic like reference depen-
dence. Then after by calculating the overall score of each alternative ranking can be 
assign to each alternative. TODIM is used to solve the MADM problem by consider-
ing DM’s behavior.  

The main idea behind the classical TODIM is to calculate the dominance degree of 
each alternative over all the others alternatives by considering a multi-attribute func-
tion based on Prospect Theory [13] [14] [15] [16] [17]. The ranking of alternatives will 
be observed by this obtained dominance degree. The classical TODIM method used to 
solve only MADM problem which crisp numbers. The TODIM method does not deal 
with risk directly, the way the decision maker evaluates the outcomes of any decision 
can be expressed by their risk attitude: for instance, a cautious decision maker will un-
dervalue a superior result more than a braver one. The algorithm for the TODIM me-
thod is described as follows. 

Step 1: Decision matrix  

ij m n
x

×
 =  X  is normalized into j ij m n

Y y
×

 =    by normalizing method 

where ijx  = crisp number, i M∈ , j N∈ . 
Many methods are available for normalizing the matrix. But here we use the follow-

ing method for normalizing the decision matrix. 

1

m
ij ij iji

y x x
=

= ∑ .                          (1) 

Step 2: Now relative weight jrw  of each attribute jC  calculated by taking rC  as a 
reference attribute. 

, ,jr j rw w w j r N= ∈                        (2) 

where { }max |r jw w j N= ∈ . 

Step 3: Now the dominance degree of alternative iA  over alternative kA  is calcu-



N. Soni et al. 
 

1648 

lated by concerning attribute jC . 
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∑

         (3) 

where θ = losses attenuation factor. 

ij kjy y−  = gain of alternative iA  over alternative kA  concerning attribute jC  if 
0ij kjy y− >  and the loss if 0ij kjy y− < . 

θ stands for the degree of loss. The greater θ is, the lower the degree of loss is. Be-
cause of that sensitivity analysis should applied to affirm the stability of the calculated 
results by considering decision makers’ preferences. So sensitivity analysis should carry 
out on θ, on the criteria weights, on the choice of the reference criterion, and on per-
formance evaluations. 

Apart from parameter θ, the attenuation factor of the losses, function Φc does not 
offer other parameters to delineate the behavior of diverse decision makers, therefore a 
generic formulation is proposed. 

Step 4: Now the overall dominance degree of alternative iA  over alternative kA  is 
calculated. 

( ) ( )1
, , , ,n

i k j i kj
A A A A i k Mδ

=
= Φ ∈∑ .                (4) 

Step 5: Now the overall value of alternative iA  is calculated. 

( )
( ) ( ){ }
( ){ } ( ){ }

1 1

1 1

, min ,
,

max , min ,

m m
i k i kk k

i m m
i k i kk k

A A A A
A i M

A A A A

δ δ
ξ

δ δ

= =

= =

−
= ∈

−

∑ ∑
∑ ∑

.        (5) 

Step 6: Now give rank to all alternatives and select the most suitable one(s) according 
to the overall scores of alternatives. The higher ( )iAξ  the better alternative iA . 

Obviously value of ( )iAξ  is between 0 and 1 ( ( )0 1iAξ≤ ≤ ). Therefore arranging 
overall values of all the alternatives in descending order, we can obtain the ranking of 
given alternatives or we can select the most suitable alternative(s). 

4. Numerical Examples 

In this section, two examples are used to explore the use of the extended TODIM me-
thod and finally to rank industries. 

Example 1. On the basis of weight established for the sub criteria, the Environmental 
Pollution Potential Hazard Index was developed for three chemical industries having 
monitored emission data are taken for study analysis. The three industries are Industry 
1, Industry 2, and Industry 3. Here analysis of data is divided in two parts. 1) Score us-
ing attributes of air 2) score using attributes of water. Using the TODIM method the 
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calculations are carried out in following manner.  
Score using attributes of air: First decision matrix is formed and is shown in Table 

1. Here the attributes are the emission of SOX, NOX, SPM and Cl2. Increase in the values 
of the attributes will increase the air pollution potential. Attribute weight vector pro-
vided by the DM is ω = (0.222, 0.203, 0.221, 0.187). To rank the industries, the method 
proposed in this paper is used and the procedure is summarized below. 

Step 1: The decision matrix is normalized using Equation (1) and is shown following 
Table 2. 

Step 2: Relative weights of each attributes are calculated using Equation (2) and 
shown below. 

{ }1.0000,0.9144,0.9955,0.8423 .jrw =  

Here, in the calculation process, { }max 0.222,0.203,0.221,0.187 0.222rw = = . 
Step 3: Using Equation (3) the dominance degree matrices concerning attributes SOX, 

NOX, SPM and Cl2 are constructed, respectively, i.e. 

1 2

0.0000 3.2115 1.6122 0.0000 2.0290 0.0201
0.1900 0.0000 0.1643 , 0.1098 0.0000 0.1116
0.0954 2.7775 0.0000 0.3717 2.0627 0.0000

− − −   
   Φ = Φ =   
   − − −   

 

3 4

0.0000 1.0073 2.4639 0.0000 0.2232 0.2232
0.0593 0.0000 2.2486 , 4.4795 0.0000 0.0000
0.1451 0.1324 0.0000 4.4795 0.0000 0.0000

− −   
   Φ = − Φ = −   
   −   

 

Here θ = 1 is taken which indicates that the losses are equally contribute with their 
real value to the global value [13]. 

Step 4: Using Equation (4) the overall dominance degree matrix δ  built, i.e. 
0.0000 6.0245 3.8328
4.1204 0.0000 1.9727 .
4.6106 4.7078 0.0000

δ
− − 

 = − − 
 − − 

 

 
Table 1. The decision matrix. 

Alternatives 
Attributes 

SOX NOX SPM Cl2 

Industry 1 9.59 29.1667 65 4.0233 
Industry 2 83.9667 54 85 0 
Industry 3 28.3333 28.3333 184.6667 0 

 
Table 2. The normalized decision matrix. 

Alternatives 
Attributes 

SOX NOX SPM Cl2 

Industry 1 0.07867 0.2615 0.1942 1 

Industry 2 0.6888 0.4843 0.2539 0 

Industry 3 0.2324 0.2541 0.5517 0 
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Step 5: Using Equation (5) the overall value of each alternative can be obtained, i.e., 
ξ(industry 1) = 0, ξ(industry 1) = 1, ξ(industry 3) = 0.1431. 

Step 6: According to the overall values, the ranking order of the three industries is 
determined, industry 2 > industry 3 > industry 1. Obviously, industry 2 is the most de-
sirable industry. 

Score using attributes of water: First decision matrix is formed and is shown in 
Table 3. Here the attributes are the emission of SS, TDS, COD, BOD, Chlorides, Sul-
phates, Phosphates and Bio-assay. Increase in the values of the attributes will increase 
the water pollution potential. Attribute weight vector provided by the DM is  

( )0.119,0.135,0.144,0.149,0.123,0.095,0.109,0.125w = . To rank the industries, the 
method proposed in this paper is used and the procedure is summarized below. 

Step 1: The decision matrix is normalized using Equations (1) and (2) is shown in 
Table 4. 

Step 2: Relative weights of each attributes are calculated using Equation (2) and 
shown below. 

{ }0.7987,0.9060,0.9664,1.0000,0.8255,0.6376,0.7315,0.8389 .jrw =  

Here, in the calculation process,  
{ }max 0.119,0.135,0.144,0.149,0.123,0.095,0.109,0.125 0.149rw = = . 

Step 3: Using Equation (3) the dominance degree matrices concerning attributes SS, 
TDS, COD, BOD, Chlorides, Sulphates, Phosphates and Bio-assay are constructed, re-
spectively, i.e. 

1 2

0.0000 0.0445 0.0754 0.0000 0.0708 0.0905
2.5064 0.0000 0.0609 , 3.5182 0.0000 0.0564
4.2498 3.4320 0.0000 4.4967 2.8004 0.0000

   
   Φ = − Φ = −   
   − − − −     

3 4

0.0000 1.9533 0.0406 0.0000 2.1617 0.0434
0.0420 0.0000 0.0584 , 0.0480 0.0000 0.0647
1.8913 2.7189 0.0000 1.9513 2.9121 0.0000

− −   
   Φ = Φ =   
   − − − −   

 

 
Table 3. The decision matrix. 

Alternatives 
Attributes 

SS TDS COD BOD Chlorides Sulphates Phosphates Bio-assay 

Industry 1 91.333 4500 86.3333 28.3333 375.287 1525 0 0.7 

Industry 2 70 2468.667 107.6667 37.3333 121.6667 0.5867 5.3167 0.6167 

Industry 3 30 1181.667 66.3333 21 366.6667 541.6667 0 0.9833 

 
Table 4. The normalized decision matrix. 

Alternatives 
Attributes 

SS TDS COD BOD Chlorides Sulphates Phosphates Bio-assay 

Industry 1 0.4774 0.5521 0.3316 0.3269 0.4346 0.7377 0.0000 0.3043 

Industry 2 0.3659 0.3029 0.4136 0.4308 0.1409 0.0003 1.0000 0.2681 

Industry 3 0.1568 0.1450 0.2548 0.2423 0.4246 0.2620 0.0000 0.4275 
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5 6

0.0000 0.0734 0.0135 0.0000 0.1022 0.0821
4.0010 0.0000 3.9324 , 7.2141 0.0000 4.2980
0.7376 0.0721 0.0000 5.7940 0.0609 0.0000

   
   Φ = − − Φ = − −   
   − −   

 

7 8

0.0000 7.8429 0 0.0000 0.0260 2.5704
0.1275 0.0000 0.1275 , 1.3938 0.0000 2.9239
0.0000 7.8429 0.0000 0.0479 0.0545 0.0000

− −   
   Φ = Φ = − −   
   −   

 

Here θ = 1 is considered. 
Step 4: Using Equation (4) the overall dominance degree matrix δ  built, i.e. 

0.0000 11.6410 2.2248
18.4160 0.0000 10.7864 .
19.0728 19.5188 0.0000

δ
− − 

 = − − 
 − − 

 

Step 5: Using Equation (5) the overall value of each alternative can be obtained, i.e., ξ 
(industry 1) = 1.0000, ξ(industry 1) = 0.3797, ξ(industry 3) = 0. 

Step 6: According to the overall values, the ranking order of the three industries is 
determined, industry 1 > industry 2 > industry 3. Obviously, industry 1 is the most de-
sirable industry. 

Here the attributes of air and water are calculated separately. But finally ranking of 
any industry will be combination of both, attributes of air and water. And then we can 
get final score. Based on that final score we can give the rank to industries. And so it is 
calculated and shown in Table 5. 

It can be seen from Table 6 that the ranking orders of alternatives are: 
Example 2. On the basis of weight established for the sub criteria, the Environmental 

Pollution Potential Hazard Index was developed for three Thermal Power Station Units 
having monitored emission data are taken for study analysis. The three Thermal Power 
Station Units are Unit 1, Unit 2, and Unit 3. Here analysis of data is divided in two 
parts. 1) Score using attributes of air 2) score using attributes of water. Using the 
TODIM method the calculations are carrying out in following manner. 

Score using attributes of air: First decision matrix is formed and is shown in Table 7. 
Here the attributes are the emission of SOX, NOX, and SPM. Increase in the values of 

the attributes will increase the air pollution potential. Attribute weight vector provided  
 
Table 5. Overall Score of attributes of air and water. 

Criteria Industry 1 Industry 2 Industry 3 Weight 

Air Pollution 0.0000 1.0000 0.1431 0.5 

Water Pollution 1.0000 0.3796 0.0000 0.5 

Overall Pollution 0.5000 0.6898 0.0715  

 
Table 6. Ranking of industries 

Chemical Industries Rank 

1 2 

2 1 

3 3 
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Table 7. The decision matrix. 

Alternatives 
Attributes 

SOX NOX SPM 

Unit 1 7.36 8.0333 3.6 

Unit 2 9.18 137.3333 3.0333 

Unit 3 5.0333 7.5 0 

 
by the DM is w = (0.329, 0.317, 0.355). To rank the industries, the method proposed in 
this paper is used to rank thermal power station units. 

Step 1: The decision matrix is normalized using Equations (1) and (2) is shown in 
Table 8. 

Step 2: Relative weights of each attributes are calculated using Equation (2) and 
shown below. 

{ }0.9268,0.8930,1.0000 .jrw =  

Here, in the calculation process, { }max 0.329,0.317,0.355 0.355rw = = . 
Step 3: Using Equation (3) the dominance degree matrices concerning attributes SOX, 

NOX, and SPM are constructed respectively, i.e. 

1 2

0.0000 0.8503 0.1122 0.0000 2.7429 0.0198
0.0992 0.0000 0.1498 , 0.3084 0.0000 0.3090
0.9614 1.2835 0.0000 0.1762 2.7486 0.0000

− −   
   Φ = Φ =   
   − − − −   

 

3

0.0000 0.1037 0.2614
0.8238 0.0000 0.2399 .
2.0762 1.9058 0.0000

 
 Φ = − 
 − − 

 

Step 5: Using Equation (5) the overall value of each alternative can be obtained, i.e., 
ξ(industry 1) = 0.6419, ξ(industry 1) = 1, ξ(industry 3) = 0. 

Step 6: According to the overall values, the ranking order of the three industries is 
determined, industry 2 > industry 1 > industry 3. Obviously, industry 2 is the most de-
sirable industry. 

Score using attributes of water: First decision matrix is formed and is shown in 
Table 9. 

Here SS, TDS, BOD, Phosphates, Oil & Grease, Total Chromium, Total Iron are 
attributes. Attribute weight vector provided by the DM is w = (0.151, 0.118, 0.209, 0.135, 
0.113, 0.134, 0.140). To rank the industries, the method proposed in this paper is used 
to rank thermal power station. 

Step 1: The decision matrix is normalized using Equation (1) and is shown in Table 10. 
Step 2: Relative weights of each attributes are calculated using Equation (2) and 

shown below. 

{ }0.7225,0.8660,1.0000,0.6459,0.5407,0.6411,0.6699jrw =  

Here, in the calculation process, 
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Table 8. The normalized decision matrix. 

Alternatives 
Attributes 

SOX NOX SPM 

Unit 1 0.3412 0.0524 0.5427 

Unit 2 0.4255 0.8986 0.4573 

Unit 3 0.2333 0.0491 0.0000 

 
Table 9. The decision matrix. 

Alternatives 

Attributes 

SS TDS BOD Phosphates Oil & Grease 
Total  

Chromium 
Total 
Iron 

Unit 1 26.6667 780.6667 15.8 1.6833 0.4667 0.0127 0.0287 

Unit 2 47 912.6667 13.3333 1.14333 0 0.0143 0.036 

Unit 3 30.1333 838.6667 0 0.746 0 0.0127 0.0313 

 
Table 10. The normalized decision matrix. 

Alternatives 

Attributes 

SS TDS BOD Phosphates Oil & Grease 
Total  

Chromium 
Total 
Iron 

Unit 1 0.2569 0.3083 0.5423 0.4712 1.0000 0.3199 0.2990 

Unit 2 0.4528 0.3605 0.4577 0.3200 0.0000 0.3602 0.3750 

Unit 3 0.2903 0.3312 0.0000 0.2088 0.0000 0.3199 0.3260 

 

{ }max 0.151,0.118,0.209,0.135,0.113,0.134,0.140 0.209rw = = . 

Step 3: Using Equation (3) the dominance degree matrices concerning attributes SS, 
TDS, BOD, Phosphates, Oil & Grease, Total Chromium and Total Iron are constructed 
respectively, i.e. 

1 2

0.0000 2.4914 1.0287 0.0000 1.4539 0.9638
0.0786 0.0000 0.0716 , 0.0359 0.0000 0.0268
0.0325 2.2691 0.0000 0.0238 1.0886 0.0000

− − − −   
   Φ = Φ =   
   − −   

 

3 4

0.0000 0.0608 0.1539 0.0000 0.0653 0.0860
1.3922 0.0000 0.1414 , 2.3145 0.0000 0.0560
3.5236 3.2369 0.0000 3.0493 1.9853 0.0000

   
   Φ = − Φ = −   
   − − − −   

 

5 6

0.0000 0.1537 0.1537 0.0000 1.1996 0.0000
6.5071 0.0000 0.0000 , 0.0336 0.0000 0.0336
6.5071 0.0000 0.0000 0.0000 1.1996 0.0000

−   
   Φ = − Φ =   
   − −   

 

7

0.0000 1.6121 0.9621
0.0472 0.0000 0.0378 .
0.0282 1.2935 0.0000

− − 
 Φ =  
 − 
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Here θ = 1 is considered. 
Step 4: Using Equation (4) the overall dominance degree matrix δ  built, i.e. 

0.0000 6.4772 2.5609
10.0186 0.0000 0.3673 .
12.9957 11.0730 0.0000

δ
− − 

 = − 
 − − 

 

Step 5: Using Equation (5) the overall value of each alternative can be obtained, i.e., ξ 
(industry 1) = 1.0000, ξ(industry 2) = 0.9592, ξ(industry 3) = 0. 

Step 6: According to the overall values, the ranking order of the three industries is 
determined, industry 1 > industry 2 > industry 3. Obviously, industry 1 is the most de-
sirable industry. 

Here the attributes of air and water are calculated separately. But finally ranking of 
any industry will be the combination of both, attributes of air and water. And then we 
can get final score. Based on that final score we can give the rank to industries. The fi-
nal score of industries are calculated and shown in Table 11. And then rank is assigned 
to all industries. 

It can be seen from Table 12 that the ranking orders of alternatives are 

5. Conclusions 

The whole study demonstrates the use of classical TODIM method for the ranking of 
the industries based on their appraisal score, here Pollution Potential, with the case stu-
dies. The classical TODIM method, used in this study, can effectively capture Decision 
Maker’s psychological behavior, to solve this type of problems under hesitant fuzzy en-
vironment. Following conclusion has been derived from the case studies. 

As the pollution level is increasing, it is suggested that the issue of pollution tax must 
be studied and evaluated by behavior of decision makers of developing countries to 
control the pollution levels in the environment. However in this method, all method all 
attributes considered as equally. It means whether attribute is benefit/beneficial or 
non-benefit/cost/non-beneficial, all will be treat same. This limitation has impact on 
considering this method in area of different attributes which include both categories. 
 
Table 11. The overall score. 

Criteria Industry 1 Industry 2 Industry 3 Weight 

Air Pollution 0.6419 1.0000 0.0000 0.5 

Water Pollution 1.0000 0.9592 0.0000 0.5 

Overall Pollution 0.5148 1.0000 0.0000  

 
Table 12. Ranking of 3 Thermal Power Station Units 

Thermal Power Station Units Rank 

1 2 

2 1 

3 3 
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