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EVALUATION OF INFLUENCE 

RECYCLING DEVICE ON ENVIRONMENT 

IN PROJECTING PROCESS PHASE BY 

PROMETHEE METHOD 
 

Abstract: In this paper a problem of influence assessment of 

every input variable in the production process of recycling 

device. In this work the considered problem is presented as if 

a problem of group decision making. The value of every 

decision matrix element is counted as if matematical product 

of relative importance of type waste on environmental 

elements, and their assesment values. The ranking of 

influence of every identified waste type on environment was 

received by using PROMETHEE method. Developed method 

will be showed, illustrated with an example where data, 

received from real production conditions, existed. 

Keywords : environment, projecting process, recycling device, 

PROMETHEE method 

 

1. INTRODUCTION 
 

In the last decades administrating the 

environmental protection has become one of 

the most compeling problems for the research. 

The problem of administrating the 

environment, in one way, is resolved by 

recycling. Besides the environmental 

component, recycling can be observed in 

economic aspect. 

There can be many different types of 

waste. Types of waste are classified depending 

on their characteristic which affect peope’s 

health and the environment. According to this, 

kinds waste 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 waste 

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: 

1. R- reduce,  

2. R- reuse,  

3. R- recycle. 
Recycling represents significiant industrial 

branch where permanent economical benefits 

are generated. With recycling raw material 

resourses are spared as well and 70% of waste 

has got usable value, which mean that it can be 

recycled. 

Environmental protection is increased by 

using the recycling process, because all of the 

processes are harmful for the environment. 

Waste types, which originate from the 

industrial process, are ranked in the subject of 

this work. Problem which is considered in this 

work can be resolved by using any more-

criteria optimization (VCO). The method 

PROMETHEE is used in this work [1]. There 
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are four variants of method PROMETHEE: I 

provides partial, II complete, and III internal 

ranking of alternatives, while type IV is 

presented as expansion of PROMETHEE III for 

continuous sets. Six types of functions of 

preferences are suggested in PROMETHEE. 

The type choice depends of knowledge and 

experience management team members. 

The work was organised as followed: in 

Section two the literature review was listed. 

Setting problem is presented in third section. 

Developed algorithm of modified 

PROMETHEE method is showed in Section 

four. Developed method is illustrated with an 

example where exists data received in real 

production terms and section five covered it. 

Discusion and conclusions are represented in 

Section six.  

  

 

2. LITERATURE REVIEW  
 

In literature there is a great number of 

methods which can be used for evaluating 

different kinds of waste impact on the 

environment. One of the most common 

methods is Life Cycle Assessment - LCA. This 

method is used to evaluate the product during 

the whole life cycle like impact that it have on 

the environment (ISO 14040:2006, SRPS ISO 

14040: 2008). Use of this method is defined by 

standard (ISO 14040:2006, SRPS ISO 14040: 

2008). One of the phases of LCA method is 

defining imputs, outputs and wastes which are 

formed in processes that the environment is 

affected by. (ISO 14041:1998, SRPS ISO 

14041:2002). Evaluating the impact of the life 

cycle. (ISO 14042:1999, SRPS ISO 

14042:2005). In the third phase of each LCA 

study, known as LCIA (Life Cycle Impact 

Assessment) is being executed throught 

establishing connections between inputs, 

outputs and the impacts on the environment. 

Determinating impact on the environment 

can be resolved by using LCA and some MCO 

method. One of the methods which has broad 

use in resolving many of MCO problems is 

called PROMETHEE [2]. Ranking factores 

which have impact on the environment has 

been executed by using the considered method 

in ([3],[4]). One of the problems when using 

PROMETHEE method is the choice of 

preferences’s funcion. This problem is 

considered in [5]. 

In comparison with works form literature, 

model which is developed in this work has 

certain differences which are presented at the 

same time like benefits. 

The LCA and LCIA methods are used for 

identification all inputs and outputs from 

projecting process which have the impact on 

the environment. 

The impact on the environment is 

considered through effect on three components 

(air, water, ground). It is considered that all the 

components of the environment have the same 

value from the aspect of saving the 

environment. 

Every identificated input and waste which 

are presented as outputs from projecting 

process have different impact on the 

environment. Evaluating value of inputs and 

waste are presented as if a problem of group 

decision making. It is assumed that members 

have the same importance in deciding. This 

assumption is introduced because it is 

considered projecting process. Aggregation of 

individual assessment is obtained by average 

value method. Evaluating value of inputs and 

waste are obtained by management team. In 

this case it is considered that decision is created 

by management team members who are making 

consensus. Value of the elements of the matrix 

of the determination is calculated as product of 

relative importance imputs and wastes and 

theirs values. Ranking of those values is 

presented by modificed PROMETHEE 

methode. 

 

 

3. PROBLEM STATEMENT  
 

The process of projecting is decompoused 

into the next processes:  

 Research of market and studies of 

endurance,  

 Conceptual solution manufacturing 

product, 

 Construction calculation. 

For every subprocess input and waste 

which is appeared at the output of every 

subprocess are identified. In this paper, for 

every subprocess of projecting process inputs 

and outputs are determined. Focus is determin 

types of waste which affect environment. The 

environment is considered from various 

aspects. 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 
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relative influence on each environmental 

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

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

of environmental elements. 

Relative importance of waste types i, i = 

1,...,I to the environmental elements j, j = 1,...,J 

is estimated by management team (manager for 

quality, manager for environment protection, 

projecting manager). 

In this problem management team 

members based their assements on their 

experiences, literature data and the good 

practise results and etc. In the other words, it is 

realistic to assume that the problem of 

determinating waste type impact on 

environment is appointed as group decision 

making. 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 [6] 

method. 

It is assumed that members have the same 

importance in deciding. Within this assumption 

aggregation value of weight waste type i, i = 

1,...,I on the environment elements j, j = 1,...,J 

is obtained by using average value method. 

assessment of every management team member 

is turned into the precise number which are 

defined on various measure scales. 

In the literature a great number of works 

could be found where different scale measures 

are used. The most commonly used is Saaty's 

[7] 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. 

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 VCO 

(more criteria optimisation), as for example: 

AHP (Analityc Hierarchy Process), Promethee 

(Preference Ranking Organization Method for 

Enrichment of Evaluations; Jean-Pierre Brans, 

1980. year), TOPSIS (Technique for Order 

Preference by Similarity to Ideal Solution;) and 

etc. 

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 first 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, 

literature data and the good practise results. The 

management team assesment is based on 

Saaty's [7] 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. 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 [8]. In this work the method of 

vector normalisation is used. 

Types of waste are ranked following all 

the environmental elements and is performed 

by using PROMETHEE method. 

 

 

4. SUGGESTED ALGORITHM 
 

In this paper PROMETHEE method can 

be reduced through the next steps:  

Step 1.  We determine the assessment of 

relative importance of each management team 

member, 

 

𝑊𝑖,𝑗
𝑒 , i=1,..,I; j=1,..,J;e=1,…,E; 

 

Step 2. We determine the aggregated 

relative importance assessment of management 

team members,  

 

𝑊𝑖,𝑗 , i=1,..,I; j=1,..,J;  

 

Wi,j = 
1

𝐸
  ∑ Wi,j

eE
e=1  

 

Step 3. We assess the value of influence of 

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

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

Step 4. We construct the matrix of 

determination D: 
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D = [dij]IxJ
  

 

where: di j = Wij ∙ vij is weighted value i = 1,...,I 

on every environment element j, j = 1,...,J. 

Step 5.  We normalize the values of 

determination matrix elements: 

 

ri,j = 
di,j

√(∑ di,j
2 )r

𝑖=1

, i=1,…,I; k=1,..,J 

 

Step 6. We determine index of preferences 

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

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

The courses of the preferences are 

introduced: 

  Positive course : ∅𝑗
+(aj) = ∑ П(𝑎𝑗,𝑎𝑚)

𝐽
𝑚=1  

 Negative course:  ∅𝑗
−(aj) = ∑ П(𝑎𝑗,𝑎𝑚)

𝐽
𝑚=1  

Types of preferences for every 

environment element are determined by 

management team members. 

Step 7. Determine net course of 

preferences : 

 

∅𝑗(aj) = ∅𝑗
+(aj) - ∅𝑗

−(aj) , j = 1,....., J 

 

Step 8. 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. 

 

      J- broj alternativa  
5. 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. 15 types of waste have 

been identified by the management team. 

 

 

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

water) 

 Waste Types Ground Water Air 

1. Paper for work 2,2,3 2,3,3 2,1,1 

2. Paper 3,3,4 4,5,6 3,2,2 

3. Paper 3 7,6,6 7,7,7 5,5,6 

4. Toner metal 5,4,3 6,7,7 4,4,2 

5. Toner plastic 5,6,5 6,7,7 5,4,4 

6. Toner with remains dangerous waste 7,7,7 7,7,7 6,6,5 

7. Electric energy of solar energy 1,1,2 3,2,2 1,1,1 

8. Hydroelectric power plant 2,3,2 3,4,3 1,2,2 

9. Power plant 4,5,4 5,4,4 3,2,3 

10. Water from production 1,2,2 1,1,1 2,1,3 

11. Battery 3,2,2 3,3,3 2,1,2 

12. Chemical and biological treatment 4,3,5 5,2,4 3,3,4 

13. Dagnerous waste- metal 2,2,1 2,2,2 1,2,2 

14. Dangerous waste-rubber 6,7,7 7,7,7 5,6,5 

15. Dangerous waste- plastic 4,3,2 5,4,2 3,3,1 

 

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 4 of developed algorithm).. 

Using procedure which is presented in 

(Step 2 to step 5) of developed algorithm, 

weighted values of every identified type of 

waste are obtained. The matrix of determination 

is showed in Table 2. 
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Table 2. Normalized determination matrix 

 Waste Types Ground Water Air 

1. Paper for work 0,0642 0,0462 0,0416 

2. Paper 0,0918 0,0867 0,0729 

3. Paper 3 0,1746 0,1215 0,1669 

4. Toner metal 0,8829 0,9259 0,8346 

5. Toner plastic 0,0882 0,0694 0,0813 

6. Toner with remains dangerous waste 0,1931 0,1215 0,1773 

7. Electric energy of solar energy 0,0367 0,0404 0,0313 

8. Hydroelectric power plant 0,0643 0,0577 0,0416 

9. Power plant 0,1195 0,0751 0,0833 

10. Water from production 0,0461 0,0173 0,0626 

11. Battery 0,0643 0,0521 0,0501 

12. Chemical and biological treatment 0,1103 0,0636 0,1043 

13. Dagnerous waste- metal 0,2936 0,2776 0,4186 

14. Dangerous waste-rubber 0,0736 0,0485 0,0668 

15. Dangerous waste- plastic 0,0496 0,0382 0,0438 

 

In this example, the first criterion of 

preference is used.  

In step 6 to step 8 of developed algorithm 

it is determined net preferences and ranking of 

waste types. 

 

Table 3. Waste ranking 

 Waste Types i, i=1,...15 
Net course of preference 

∅𝒋(aj) 
RANK 

1. Paper for work -28 12 

2. Paper 7 8 

3. Paper 3 22 4 

4. Toner metal 42 1 

5. Toner plastic 10 7 

6. Toner with remains dangerous waste 24 3 

7. Electric energy of solar energy -39 14 

8. Hydroelectric power plant -19 11 

9. Power plant 12 5 

10. Water from production -28 12 

11. Battery -17 10 

12. Chemical and biological treatment 10 6 

13. Dagnerous waste- metal 35 2 

14. Dangerous waste-rubber -11 9 

15. Dangerous waste- plastic -31 13 

 

From table 3 it can be determend that the 

biggest influence has toner metal, and the last 

is elektric energy of solar energy. 

 

 

6. DISSCUSION AND CONCLUSION 
 

The work has showed that on exact way it 

could be determined the influence of projecting 

process of detoxification device on 

environment. The importance of every 

identified product is estimated by those who 

bring decisions. An assumption is introduced so 

that management team members have equal 

importance. The aggregation of decision from 

those who worked on this problem is calculated 

by average value 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 

presents the subject of future researches.  
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