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TOPSIS as one of MCDM methods considers both the distance of each alternative from the positive ideal and the distance of each alternative from the negative ideal point. In other words, the best alternative should have the shortest distance from the positive ideal solution (PIS) and the longest distance from the negative ideal.
In this study there are 5 criteria and 4 alternatives that are ranked based on TOPSIS method. The following table describes the criteria
Characteristics of Criteria
	
	name
	type
	weight

	1
	Implementation Cost
	+
	0.2

	2
	Energy Savings
	+
	0.2

	3
	Ease of Implementation
	+
	0.2

	4
	Impact on Product Quality
	+
	0.2

	5
	Return on Investment (ROI)
	+
	0.2



The following table shows the decision matrix.
Decision Matrix
	
	Implementation Cost
	Energy Savings
	Ease of Implementation
	Impact on Product Quality
	Return on Investment (ROI)

	Installing Optimization Equipment
	1
	3
	4
	3
	3

	Employee Training
	3
	2
	4
	4
	5

	Process Improvement
	4
	2
	3
	4
	6

	Fuel Switching
	4
	3
	2
	4
	2




 The Steps of the TOPSIS Method:

STEP 1: Normalize the decision-matrix.
The following formula can be used to normalize.

The following table shows the normalized matrix.
The normalized matrix
	
	Implementation Cost
	Energy Savings
	Ease of Implementation
	Impact on Product Quality
	Return on Investment (ROI)

	Installing Optimization Equipment
	0.154
	0.588
	0.596
	0.397
	0.349

	Employee Training
	0.463
	0.392
	0.596
	0.53
	0.581

	Process Improvement
	0.617
	0.392
	0.447
	0.53
	0.697

	Fuel Switching
	0.617
	0.588
	0.298
	0.53
	0.232




STEP 2: Calculate the weighted normalized decision matrix.
According to the following formula, the normalized matrix is multiplied by the weight of the criteria.

The following table shows the weighted normalized decision matrix.
The weighted normalized matrix
	
	Implementation Cost
	Energy Savings
	Ease of Implementation
	Impact on Product Quality
	Return on Investment (ROI)

	Installing Optimization Equipment
	0.031
	0.118
	0.119
	0.079
	0.07

	Employee Training
	0.093
	0.078
	0.119
	0.106
	0.116

	Process Improvement
	0.123
	0.078
	0.089
	0.106
	0.139

	Fuel Switching
	0.123
	0.118
	0.06
	0.106
	0.046




STEP 3: Determine the positive ideal and negative ideal solutions.
The aim of the TOPSIS method is to calculate the degree of distance of each alternative from positive and negative ideals. Therefore, in this step, the positive and negative ideal solutions are determined according to the following formulas.



So that 


where j1 and j2 denote the negative and positive criteria, respectively.
The following table shows both positive and negative ideal values.
The positive and negative ideal values
	
	Positive ideal
	Negative ideal

	Implementation Cost
	0.123
	0.031

	Energy Savings
	0.118
	0.078

	Ease of Implementation
	0.119
	0.06

	Impact on Product Quality
	0.106
	0.079

	Return on Investment (ROI)
	0.139
	0.046




STEP4: distance from the positive and negative ideal solutions
TOPSIS method ranks each alternative based on the relative closeness degree to the positive ideal and distance from the negative ideal. Therefore, in this step, the calculation of the distances between each alternative and the positive and negative ideal solutions is obtained by using the following formulas.


The following table shows the distance to the positive and negative ideal solutions.
Distance to positive and negative ideal points
	
	Distance to positive ideal
	Distance to negative ideal

	Installing Optimization Equipment
	0.119
	0.075

	Employee Training
	0.055
	0.114

	Process Improvement
	0.049
	0.137

	Fuel Switching
	0.11
	0.104




STEP 5: Calculate the relative closeness degree of alternatives to the ideal solution
In this step, the relative closeness degree of each alternative to the ideal solution is obtained by the following formula. If the relative closeness degree has value near to 1, it means that the alternative has shorter distance from the positive ideal solution and longer distance from the negative ideal solution.

The following table shows the relative closeness degree of each alternative to the ideal solution and its ranking.
The ci value and ranking
	
	Ci
	rank

	Installing Optimization Equipment
	0.387
	4

	Employee Training
	0.674
	2

	Process Improvement
	0.736
	1

	Fuel Switching
	0.485
	3




The following figure shows the ci values.
The ci value
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Ci values

Installing Optimization Equipment	Ci	0.387	Employee Training	Ci	0.674	Process Improvement	Ci	0.736	Fuel Switching	Ci	0.485	
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