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Abstract: In this paper, the problem of selecting an oil 

recycling technology to implement in a recycling center is 

discussed. Selection is made from four different technologies, 

and the technologies are ranked based on five real criteria. 

Proposed solutions are produced by applying the traditional 

AHP method of multicriteria decision making.  
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1. INTRODUCTION  
 

The increase of global material flow and 

dispersal of natural resources caused the 

generation of large quantity of waste. This 

phenomenon led to a great amount of negative 

effects on man and on the environment. A new 

ecological system was created in which the 

regeneration of natural resources is slower than 

their consumption. This state of the 

environment, in many countries caused the 

limitations or even restriction in usage of 

natural resources [1]. This made man 

reconsider his consumer habits and increase his 

environmental responsibility. One of the main 

ways in which environmental responsibility can 

be expressed is recycling, or processing and 

reuse of used products. In the last couple of 

decades awareness of the importance of 

recycling has drastically improved. As one of 

the blooming industrial branches, the waste 

processing in the recycling centers has become 

an interesting topic for discussion and analysis. 

Choosing the optimal technology for the 

specific recycling center is one of the key 

problems and requires detailed evaluation. The 

problem is complex and when choosing, all the 

aspects, social, economic, and environmental 

impact must be considered [2]. 

 Oil is and has been one of the greatest 

environmental contaminants on the planet. It is 

the most used nonrenewable resource, so it is of 

the critical importance that it is recycled 

properly. Oil recycling means creating the new 

product or semi-finished product from used 

engine oil or hydraulic oil. This process can be 

executed in several different ways using several 

different technologies that differ in complexity, 

duration, process quality, etc. In this paper, four 

different technologies are chosen for evaluation 

and ranking. The properties and characteristics 

of the recycled materials greatly depend on 

chosen technologies, therefore the selection of 

the optimal technology must be properly 

performed. 

 

 

2. METHODOLOGY 
 

 Analytic Hierarchy Process (AHP) is one 

of the most used methods of multicriteria 

decision making [3]. AHP is a structured 

technique for organizing and making complex 

decisions, and their analysis. This method is 

based on mathematics which makes it precise, 

but at the same time it takes into consideration 

the personal assessment of the decision makers 

which adds a psychological dimension to the 

process. The main point of the AHP method is 

to find a solution that best fits the purpose, or to 

solve a problem in relation to the set goals. In 

AHP method, decision-making problem is 

broken down into smaller, easier-to-understand 

problems (subproblems) which are separately 

evaluated and analyzed. The first step is to 

build a hierarchy for the discussed problem. 

After the hierarchy is structured, each element 

is compared to one another with respect to their 

impact on an element above them in the 

hierarchy. Relative importance of the compared 
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elements is assigned by the decision makers. In 

the next step every element is assigned a 

numerical value which represents the priority 

level of an element in relation to the other. 

After every relative importance of each 

hierarchy element has been compared the 

results are aggregated in the last step. In the end 

all elements are ranked based on the global 

priority vector. Values of these ranked results 

represent the probability that the alternative can 

fulfill the goals set by the decision makers. 

AHP computer software can be used to speed 

up the calculations. 

 AHP method is chosen because it takes 

into account all the aspects and it compromises 

between a perfect model and a realistic 

decision-making problem. 

 

 

3. PROBLEM STATEMENT 
 

In this paper the problem of assessment 

and choice of an oil recycling technology that 

can be applied to the designed detoxification 

device respecting the given criteria is discussed. 

The number and type of criteria by which the 

assessment is made, is determined by the 

management team of the recycling center. 

Estimations of the management team are based 

on knowledge, experience, preexisting data and 

results of long practice.  

The management team consists of top 

manager, quality manager, and environmental 

safety manager. It can be said that the decisions 

are made by reaching a consensus, respecting 

the scale of the problem. Formally, the criteria 

can be presented by a set: K={1,…,k,…,K}, 

where k represents the criterium identification 

index, k=1,…,K; K represents the total number 

of identified criteria.  

The criteria for assessing recycling 

technologies generally do not have the same 

relative importance. The relative importance 

can be determined in several ways: by direct 

assessment, comparing the relative importance 

of pairs, combined methods and more. In this 

paper, the relative importance of each pair of 

identified criteria is assessed by the 

management team.  

n this evaluation, the usual scale defined in 

the AHP (Saaty, 1990) [4], is used. The scale 

uses integers in the range [1-9], as shown on 

the table (Table 1). 

 

 

Table 1. AHP relative importance scale 

Values of 

importance 

Definition 

1 Equal importance 

3 More important 

5 Much more important 

7 Very important 

9 Extremely important 

2,4,5,6,8 Intermediate values   

 

 A matrix of the evaluated criteria can be 

constructed. The value of matrix elements 

below the main diagonal is the reciprocal to the 

value of corresponding elements above the 

main diagonal. The weight of the criteria is 

determined by applying the eigenvectors. 

Potential oil recycling technologies are 

defined based on the preexisting data 

(databases). The management team selects 

those technologies that can best be applied in a 

given recycling center. In general,  recycling 

technologies can be represented by a set 

I={1,…,i,…,I}, where i represents the 

technology identification index, for i=1,…,I; I 

is the total number of identified technologies. 

 

 

4. ILLUSTRATIVE MODEL 
 

 In this paper the choice is reduced to four 

technologies, i=1,…,4. Considered technologies 

are: 

1. Filtration 

2. Chemical separation 

3. Biological separation 

4. Chemical and biological separation 

 

The technologies are evaluated based on 

five criteria k, k=1,...,5. The considered criteria 

are: 

1. The costs of technology adoption 

2. Safety at Work 

3. The quality of the recyclates 

4. Impact on the environment 

5. The life of recyclates 

 

Process is carried out through the 

following algorithm: 

Step 1. Criteria relative importance matrix 

is constructed and the weight vector of each 

element Wk, is determined. 

Step 2. Technology relative importance 

matrix is constructed and local technology 

preference vector Pi, is determined. 
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Step 3. Coefficient of total recycling 

technology preference is calculated. 
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Step 4. Based on the obtained results 

technologies are ranked in non-increasing 

sequence. 

Relative importance of the criteria matrix 

is constructed. The weights of the criteria are 

determined by eigenvector (Table 2) 

 

Table 2. Relative importance and weight of the 

criteria matrix 

K k1 k2 k3 k4 k5 Wk 

k1 - 3 0.33 4 7 0.259 

k2 0.33 - 0.2 2 4 0.118 

k3 3 5 - 7 9 0.517 

k4 0.25 0.5 0.14 - 0.5 0.052 

k5 0.14 0.25 0.11 2 - 0.053 

 

Consistency index of the results in table 

4.1, CI=0.065. 

Oil recycling technology relative 

importance and preference vector matrix with 

in all of the criteria are constructed. 

 (Table 3 to Table 7): 

 

Table 3. Recycling technology relative 

importance and preference vector matrix for 

k=1 

I i1 i2 i3 i4 P1 

i1 - 3 3 5 0.518 

i2 0.33 - 2 4 0.258 

i3 0.33 0.5 - 2 0.147 

i4 0.2 0.25 0.5 - 0.077 

 

Consistency index of the results in table 

4.2, CI=0.034. 

 

Table 4. Recycling technology relative 

importance and preference vector matrix for 

k=2 

I i1 i2 i3 i4 P2 

i1 - 3 4 7 0.559 

i2 0.33 - 2 4 0.235 

i3 0.25 0.5 - 3 0.144 

i4 0.14 0.25 0.33 - 0.061 

 

Consistency index of the results in table 

4.3, CI=0.022. 

Table 5. Recycling technology relative 

importance and preference vector matrix for 

k=3 

I i1 i2 i3 i4 P3 

i1 - 0.25 0.25 0.125 0.053 

i2 4 - 1 0.25 0.175 

i3 4 1 - 0.25 0.175 

i4 8 4 4 - 0.597 

 

Consistency index of the results in table 

4.4, CI=0.023. 

 

Table 6. Recycling technology relative 

importance and preference vector matrix for 

k=4 

I i1 i2 i3 i4 P4 

i1 - 0.33 0.33 0.2 0.078 

I2 3 - 1 0.33 0.2 

i3 3 1 - 0.33 0.2 

i4 5 3 3 - 0.522 

 

Consistency index of the results in table 

4.5, CI=0.016. 

 

Table 7. Recycling technology relative 

importance and preference vector matrix for 

k=5 

I i1 i2 i3 i4 P5 

i1 - 0.2 0.2 0.14 0.051 

i2 5 - 1 0.25 0.191 

i3 5 1 - 0.33 0.203 

i4 7 4 3 - 0.555 

 

Consistency index of the results in table 

4.6, CI=0.042. 

 

Coefficients of total recycling technology 

preference: 

 

1. Chemical and biological separation 

C4=0.392  

2. Filtration C1=0.235 

3. Chemical separation C2=0.206 

4. Biological separation C3=0.162 
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Figure 1 - Coefficients of total recycling 

technology preference 

 

Oil recycling technology that best fits the 

observed recycling center, respecting all criteria 

simultaneously, as well as their weight, is the 

chemical and biological separation technology. 

Filtration technology is in the second place , 

and in the third is chemical separation 

technology. These last two technologies have 

values of the coefficient of preference 

approximate enough, so it can be stated that 

their preference is equal. In the last place there 

is the biological separation technology, with a 

preference coefficient value significantly lower 

than the others. 

Based on these results we can conclude 

that technology and i=4, chemical and 

biological separation, should have a high 

priority, and should be applied first. If 

conditions for the application of this technology 

are not suitable, the suitable ones should be 

provided as soon as possible. If it is impossible 

to provide conditions for the implementation of 

chemical and biological separation technology, 

filtration or chemical separation technology 

may be applied. Biological separation 

technology can be used as the last resort, but 

only as long as it is absolutely impossible to 

implement any of the preceding technologies.  

 

 

5. CONCLUSIONS 
 

In this paper, the selection and ranking of 

optimal oil recycling technologies at the 

recycling center is shown. Based on preexisting 

data and previous experiences, five most 

important criteria by which preference of the 

four possible technologies are assessed, are 

defined. The algorithm of the classic AHP 

method is set. Relative importance and weight 

matrixes are constructed. The relative 

importance of the technologies is defined by 

consensus by the management team of the 

recycling center. The values of the weight of 

the criteria, and of the technologies within each 

of the criteria are determined by the 

eigenvectors. Local and overall oil recycling 

technology preferences are also calculated. 

The results show that one chemical and 

biological separation technology, respecting all 

the criteria, has a significantly higher overall 

preference coefficient than others, which makes 

it the most desirable for the implementation in a 

recycling center. Calculations are made and 

results shown are based on real working 

conditions. 
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