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EVALUATION OF INFLUENCE 

RECYCLING DEVICE ON 

ENVIRONMENT IN PROTOTYPE 

MANIFACTURING PROCESS PHASE 

BY ELECTRE METHOD 
 
Abstract: In this work, the influence of  different types of 

waste was analized, in dependance of  their characteristic 

that affect on health and environment . The environmental 

protection will be considered, talking about three key 

elements (water, air, ground), where the waste that affects the 

environment will be assessed by ELECTRE method.In the 

process of prototype manufacturing for recycling, team 

members have the same importance, so that the waste weight 

observed has got the equal meaning.The aim is to determine 

which kind of waste has the biggest influence on environment 

in order to take steps for its protection. 

Keywords: waste, ELECTRE method, environment, 

protection. 

 

1. INTRODUCTION 
 

The waste is created in the industry the 

most often. Beside industrial waste, the waste 

from the household (home) and the commercial 

waste are recognized. These kind of waste, 

depending on caracteristics which affect the 

health and environment, are divided into: inert, 

non dangerous or dangerous. Dangerous 

materials can be found in many products that 

surround us, as if used batteries, old medicines, 

paints and varnishes, different chemicals, 

wasted motor oil and etc. That kind of waste is 

consisted of substances that can be toxical, 

cancerous, mutagenic, infective, flammable, 

which through the soil and water enter the 

biological chain and because of that people 

illness and bad influence to the rest living 

world are coused. How harmfull the waste is, 

time needed for degradation some kind of wast 

is shown: 

 Ogranic waste - 3 to 12 months 

 Aluminium cans- 10 to 100 years 

 Plastic bags- 100 to 1000 years 

 Glass bottles- 4000 years 

 Styrofoam- never!!! 

The process which is used to turn waste 

into the basic raw material, that can be used in 

manufacturing the same and some other 

productes, is called recycling. On the bassis of 

the main principle of waste controling the 

recycling is applied – rules 3R: 

 R- reduce,  

 R- reuse,  

 R- recycle. 
With recycling raw material resourses are 

spared as well. When used materials are 

recycled new products are received and therefor 

need for using new resourses is reduced. In 

protection environment recycling is given its 

contribution, because all the processes, in 

which ores and raw materials are delivered, are 

harmful to the environment.  

The environmental protection is obrained 

by recycling. Recycling represents significiant 

industrial branch where permanent economical 

benefits are generated, because even 70% of 

waste has got usable value, which mean that it 

can be recycled. 

In this work, the problem of determination 

the influents of different resourses to the 

environment has been considered. The 

influence of considered resourses corresponds 

to the rank which is determined bz usind 

ELECTRE method(Roy, 1965). This method 

has wide application in solving different 

problems of more criteria decision making. 

 There are four types of ELECTRE 

method. Other versions are based on principles 

which are set in the first version. In second and 

third version phase sets are used for suspense 



 

246                                        S., Aksentijevć, D., Tadić, S., Arsovski    

modeling.  

 

 

2. PROBLEM SETTING 
 

The process of prototype manufacturing is 

decompoused into the next processes:  

 Purchase of material and prototype parts,  

 Prototype manufacturing, 

 Prototype examination. 

For every subprocess input and waste 

which is appeared  at the output of every 

subprocess are identified. The list of waste that 

represent output of every subprocess whitin that 

process is defined.Each of these type of waste 

influence to the environment (water, air and 

ground). This work goal is to determine which 

type of waste has the biggest  influence to the 

environment. 

Types of waste can formaly  be presented 

by set I = {1,...,i,...,I}, where i is index for 

considered  type of waste, and  I is the total 

number of considered  type of waste. Every 

type of waste i, i = 1,...,I has got different 

relative influence on each environmental 

element  j, j = 1,...,J. Envronmental element 

index is marked as j, and J is the total number 

of environmental elements. 

Management team (manager for quality, 

manager for environment protection, 

production manager) is estimated relative 

importance of waste types i, i = 1,...,I to the 

environmental elements  j, j = 1,...,J.  

In this work the considered problem is 

presented as if a problem of group decision 

making. Aggregation of member evaluation of 

management team into the group consensus is 

created using different operators such as 

average value, Delphi method, OWA (Yager, 

1996) method. 

Both in the literature and in the practice 

method of aggregation called Delphi method is 

very often used. Delphi method represente 

wider method of round table and it is used the 

most often in the procces of decision making. 

Delphi method is consisted from the next 

steps: 

Step 1 – To all experts which bring 

decisions, in writing , are delivered the problem 

description and they are asked to solve the 

problem. 

Step 2 – Expert opinions, in writing, are 

delivered to analysts. 

 Step 3 – Processing of data is made by 

analysts, middle value of shown opinions is 

found and recived value is delivered to the 

experts in writing. 

Step 4 – Expert opinions, due to the 

calculated middle value, should be corrected, 

should not be, and those corrected opinions are 

delivered to analysts in writing. 

Step 5 – The data are being analysed by 

analysts, and it is considered that decision 

which is received in the second analyse as well 

as final decision of given problem. 

In this work Delphi method is used to 

determine aggregated waight value of every 

waste type  i, i = 1,...,I; on environmental 

element  j, j = 1,...,J. 

School measure scale is used by 

anagement team members [1-5]. In other 

words, assessment of every management team 

member is turned into the precise number. 

Following this, aggregated values of 

management team members assessment are 

calculated in easy and simple way. This way of 

thinking is based on assumption of 

conventional method MCO (more criteria 

optimisation), as for example: AHP (Analityc 

Hierarchy Process; Thomas L. Saaty, 1990. 

year), Promethee (Preference Ranking 

Organization Method for Enrichment of 

Evaluations; Jean-Pierre Brans, 1980. year), 

TOPSIS (Technique for Order Preference by 

Similarity to Ideal Solution; Yoon, Hwang, 

1981. year) and etc. 

In the literature  a great number of works 

could be found where different scale measures 

are used. The most commonly used is Saaty's 

(Saaty, 1990) measuring scale . It is often used 

measuring scale [0-1] and school measuring 

scale [1-5]. In this work the assumption is 

introduced in order to use school measuring 

scale, because only three environmental 

elements are being considered. 

The value of influence each type of waste 

i, i = 1,...,I on every environmental element j, j 

= 1,...,J, generally can be achieved in two 

ways.The firs way is by measuring and the 

second way is by assesment. In considered 

problem it is almost impossible that the value 

of influence each type of waste i, i = 1,...,I on 

every environmental element j, j = 1,...,J is 

defined by measuring. Because of the nature of 

the problem, the assumption is introduced so 

that value of each type of waste  i, i = 1,...,I on 

every environmental element j, j = 1,...,J is 

determined due to management team members 

assesment, their decision is made by consensus. 

In this problem management team members 

based their assements on their experiences, 
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literature data and the good practise results. The 

management team assesment is based on  

Saaty's (Saaty, 1990) measuring scale [1-9], 

where the value 1, i.e. value 9, is represented to 

have small valuation, i.e. extreme valuation. 

The value of every decision matrix 

element is counted as if matematical product of 

relative importance of type waste i, i = 1,...,I on 

environmental elements j, j = 1,...,J,and their 

assesment values. Types of waste are ranked 

following all the environmental elements and is 

performed by using  ELECTRE method. Using 

normalisation procedure  all matrix elements 

values of decision-making are copied into the 

set of real numbers [0 - 1] and they are 

comparable. In the literature there are many 

develop types of normalisation  (Pomerol and 

Barba-Romeo, 2000). In this work the method 

of linear normalisation is used. 

 

 

3. SUGGESTED ALGORITHM 
 

The ranking of influence of every 

identified waste type on environment was 

received by using modified ELECTRE method, 

which can be reduced through the next steps:  

Step 1. The assessment of relative 

importance of each management team member, 

 is determined . 

Step 2. Aggregated relative importance 

assessment of management team members is 

determined using Delphi method. 

Step 3. the value of influence of , i= 1,., 

I  on j , j= 1,...J, is assessed. 

vi,j. 

Step  4. The matrix of  determination D,  

 

D =  is constructed 

where  . 

 is weighted value i, i = 1,...,I on every 

environmental element j, j = 1,...,J. 

Step 5. The values of determination matrix 

elements using linear normalization method are 

normalized.  . 

 

ri,j =  

 

Step 6. The sets of  consensus  and the 

sets of dissension   . 

Step 7. The matrix of consensus C is 

constructed.  

Step 8. The middle value of coefficient of 

consensus is calculated. 

 

  = *  

 

Step 9. The matrix of dissension N, is 

constructed.       J- broj alternativa  

Step 10. The middle value of coefficient of 

dissension is calculated. 

 

   

 

Step 11. The matrix of consensus 

domination M is constructed. 

Step 12: We rank waste types due to neto 

preference.The first place in ranking there is 

type of waste which affects environment the 

most. The same goes for revers. 

 

 

4. ILLUSTRATED EXAMPLE 
 

In this section developed method will be 

showed, illustrated with an example where 

data, received from real production conditions, 

existed. 

Based on experiences, literature data and 

good practice results,the management team 

memebers (manager of quality, manager of 

environment and manager of production) bring 

out their assessment of influence value of each 

waste type i, i = 1,...,I on every environmental 

element j, j = 1,...,J. 9 types of waste have been 

identified by the management team. 

Using Delphi method (Step 2) aggregated 

assessment values of those who make decision 

have been calculated. Obtained values are 

shown in Table 2. 
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Table 1.  The assessment of influence value of each waste type on every environmental (ground, air and 

water) 

 Waste Types 
Ground Air Water 

Q E P Q E P Q E P 

1. Fuel (petrol) 3,3,2 3,2,1 1,4,4 5,4,3 4,3,1 1,2,3 3,2,2 2,1,1 2,2,1 

2. Diesel 5,4,4 4,4,2 2,2,2 8,7,5 6,5,3 3,6,7 5,3,3 3,3,1 3,2,1 

3. 
Organic 

waste 
1,1,1 2,2,1 3,2,1 3,3,2 3,1,1 2,1,2 2,1,1 1,1,1 2,2,2 

4. 
Synthetic 

waste 
4,5,3 3,4,4 4,5,6 6,5,3 4,4,3 3,4,5 3,3,2 2,3,3 4,4,3 

5. 
Polisynthetic 

waste 
2,1,3 2,3,2 3,3,3 3,3,1 1,2,1 1,1,2 2,1,2 1,1,1 

2,2,2 

 

6. Metal waste 3,2,2 2,3,4 4,5,5 1,1,2 1,1,3 4,4,1 3,3,4 2,4,5 6,7,3 

7. Plastic waste 2,3,3 3,4,4 5,5,6 1,2,2 2,3,3 4,4,2 2,2,2 1,1,2 1,3,1 

8. 
Rubber 

waste 
3,2,2 4,5,3 5,6,7 2,3,2 1,2,1 1,1,4 3,4,5 3,4,3 2,3,5 

9. 
Cleaning 

substances 
4,2,2 3,2,2 1,2,2 8,4,3 5,4,4 3,2,2 7,6,5 4,3,3 4,4,3 

Q – Manager of quality 

E – Manager of environment 

P – Manager of production 

 

Table 2. The aggregated values of influence of each waste type on every environmental. 

 Waste Types Ground Air Water 

1. Fuel (petrol) 3 2,9 2 

2. Diesel 3,11 5,56 2,78 

3. Organic waste 2 2 2 

4. Synthetic waste 4 4,56 3 

5. Polisynthetic waste 3 2 2 

6. Metal waste 3,7 2,22 3,78 

7. Plastic waste 4,22 2,67 2 

8. Rubber waste 4,22 2,22 3,89 

9. Cleaning substances 2,44 4 4,67 

 

The value of each waste type depends on 

assessment of quantity. Based on literature data 

one can assume that the value of metal waste is 

0,8, plastic waste 0,06, rubber 0,04, and other = 

0,1 (Step 3) 

Using procedure which is presented in 

Step 4 of developed algorithm, weighted values 

of every identified type of waste are obtained. 

The matrix of determination is showed in Table 

3. 

 

Table 3.  The matrix of determination. 

 Waste Types Ground Air Water 

1. Fuel (petrol) 0.3 0,291 0,2 

2. Diesel 0,311 0,556 0,278 

3. Organic waste 0,2 0,2 0,2 

4. Synthetic waste 0,4 0,456 0,3 

5. Polisynthetic waste 0,3 0,2 0,2 

6. Metal waste 2,96 1,779 3,024 

7. Plastic waste 0,2532 0,1602 0,12 

8. Rubber waste 0,1688 0,0888 0,1556 

9. Cleaning substances 0,244 0,4 0,467 
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Using linear (Step 5 of developed 

algorithm) normalized values of matrix of 

determinations are received.(see Table 4). An 

example of calculating the first member of 

normalized determination matrix: 

 

 

 
 

Table 4.  Normalized determination matrix 

Waste 

Types 
Ground Air Water 

i=1 0,9530 0,8804 0,9724 

i=2 0,9490 0,7236 0,9456 

i=3 0,9888 0,9342 0,9724 

i=4 0,9172 0,7827 0,9380 

i=5 0,9530 0,9342 0,9724 

i=6 0 0 0 

i=7 0,9698 0,9696 1 

i=8 1 1 0,9877 

i=9 0,9731 0,8159 0,8805 

In step 6 the sets of consensus and the 

sets of dissension  are determined. 

The example of determining sets of consensus 

and sets of dissension. 

 

=  =0              = =1 

= =0,667  =  

 = =0              = =1 

= =0,333        =  

= =0               = =1 

= =1   = =0 

 = =1  = =0 

 = =0,333       =                      

 

In step 7 the matrix of consensus is 

coustructed. 

The example for calculating  

 

If  = , then =w1+w2=0,667 

If  = , then  =0 

 

 

Table 5.  Matrix of consensus C. 

- 0 0,667 0 0,333 0 1 1 0,333 

1 - 1 0 0,667 0 1 1 0,667 

0 0 - 0 0 0 0,333 1 0 

1 0,667 1 - 0,667 0 1 1 0,667 

0 0,333 0,333 0,333 - 0 1 1 0,333 

1 1 1 1 1 - 1 1 1 

0 0 0,333 0 0 0 - 0,667 0,333 

0 0 0 0 0 0 0 - 0 

0,667 0,333 1 0,333 0,667 0 0,667 1 - 

 

In step 8 the middle value of coefficient of 

consensus is calculated. 

 

  = *  

  = *  

  = =0,463 

In step 9 the matrix of dissension N, is 

constructed. 

If  =0, then  =0; 

If  = , then =1; 

= , then  

=

 

Table 6.  Matrix of dissension N. 

- 1 0,170 1 0 1 0 0 1 

0 - 0 1 0,019 1 0 0 0,705 

1 1 - 1 1 1 0,780 0 1 

0 1 0 - 0,236 1 0 0 1 

1 1 0 1 - 1 0 0 1 

0 0 0 0 0 - 0 0 0 

1 1 1 1 1 1 - 0,405 1 

1 1 1 1 1 1 1 - 1 

0,218 1 0 0,972 0,170 1 0,021 0 - 
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In step 10 the middle value of coefficient 

of dissension is calculated. 

 

= *  

 

= *40,696 

 

= 0,565 

In step 11 the matrix of consensus 

domination M is constructed. 

 

=1 for   

=0 for  

Table 7.  Matrix of consensus domination M. 

- 0 1 0 0 0 1 1 0 

1 - 1 0 1 0 1 1 0 

0 0 - 0 0 0 0 1 0 

1 0 1 - 1 0 1 1 0 

0 0 0 0 - 0 1 1 0 

1 1 1 1 1 - 1 1 1 

0 0 0 0 0 0 - 1 0 

0 0 0 0 0 0 0 - 0 

1 0 1 0 1 0 1 1 - 

 

In Step 12, the ranking of identified type 

of waste is defined. Obtained ranking is showed 

in Table 4 and Table 5.  

 

Table 8.  Ranking every type of waste influence 

on all the environmental elements (ground, air 

and water). 

Waste Types Ranking 

Fuel (petrol) 5 

Diesel 2 

Organic waste 7 

Synthetic waste 3 

Polisynthetic waste 6 

Metal waste 1 

Plastic waste 8 

Rubber waste 9 

Cleaning substances 4 

 

 

 

 

 

Table 9.  The influence of every type of waste 

on environmental elements is ranked from top 

to the bottom.  

Ranking Waste Types 

1. Metal waste 

2. Diesel 

3. Synthetic waste 

4. Cleaning substances 

5. Fuel (petrol) 

6. Polisynthetic waste 

7. Organic waste 

8. Plastic waste 

9. Rubber waste 

 

The first place takes the waste which 

affects environmental elements the most, and at 

the last there is waste which affects 

environmental elements at least. 

 

 

5. DISSCUSION AND CONCLUSIONS 
 

On the basis of achieved result we could 

clearly see that the biggest affect on 

environment, with all the respect for all the 

environmental elements, simultaneously, metal 

spare parts have. The influence of all the other 

identified waste in regard to metal parts is 

significantly less than influence of metal 

parts.This result clearly shows that it is 

necessary for all appropriate measures need to 

be taken in order to lower the influence of 

metal parts. The influence of rubber waste is 

the least. 

The work has showed  that on exact way it 

could be determined the influence of 

manufacturing prototype process of 

detoxification device on environment.The 

importance of every identified product is 

estimated by those who bring decisions.Since 

the production process is difficult and could be 

decomposed into a large number of 

subprocesses, an assumption is introduced so 

that management team members do not have 

equal importance.Within this assumption, the 

importance of every product on every 

environmental element is set as if group task 

decision-making. This could be classified as 

one of the main work contribution.The value of 

each product is specified considering data from 

the record, respecting the amount of every type 

of waste.Other steps of ELECTRE method are 

the same as if  convencional ELECTRE 

method. 
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Besides advantages work has got some 

limits.The main limit refers to presentation of 

precise numbers by those who make 

decisions.The author opinion is that it is closer 

to human way of thinking if those who bring 

decisions should give their assessment with 

linguistic expressions. Modeling of linguistic 

expressions present the subject of future 

researches.  
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