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Abstract 

The production of liquefied natural gas can be divided into four stages: production, preparation and 
transportation of natural gas by pipeline to the liquefaction plant; processing, liquefaction, storage 
and loading onto specialized liquefied natural gas (LNG) tankers; maritime transport of the LNG, 
usually over long distances, to the country of sale; unloading of the LNG from the receiving terminal, 
regasification, storage and delivery to end users by pipeline. These four stages are interconnected 
and form a chain from the gas well to the end user. Any weak link in the chain can jeopardize the 
entire LNG project. The ranking of jobs (from most to least risky) are: LNG plant operators (highest 
exposure to cryogenic hazards, high-pressure systems); pipeline maintenance workers (risk of gas 
leaks, explosions); cryogenic storage technicians (risks from LNG tanks, potential spills); LNG tanker 
crews (transportation risks, but controlled environments); safety inspectors (least direct exposure, 
but high responsibility). The AHP-ELECTRE method systematically ranks jobs based on risk severity, 
with LNG plant operators typically having the most hazardous role due to their direct handling of 
liquefaction processes, while safety inspectors face the least direct physical risk. 

Keywords: liquefied natural gas (LNG); analytical hierarchy process (AHP); elimination and (Et) 
selection of reality translation (ELECTRE); mathematical modeling; mellitah; criterion; weighting 
coefficients 
 

1. Introduction 

Natural gas is characterized by the fact that it is extremely bulky and cannot be transported 
across oceans in its natural state by pipeline; even where long-distance transport is technically 
possible, gas oil and coal are wasteful, as this involves the so-called distance costs. 

In liquid form, however, natural gas is much more compact and occupies only 1/600 of its 
original volume. This fact, together with the need to transport gas over long distances, literally ̋ across 
oceans and seasʺ, formed the basis for the development of the industry. The production of liquefied 
natural gas (LNG) is a very fast-growing industry in the world energy system. 

Liquefied natural gas (LNG) storage requires strict application of regulations and standards 
when designing and constructing tanks. Spherical tanks with a high degree of durability, volume 200 
m3, wall thickness 24 mm, working pressure 1.7 MPa are most often used. This tank construction has 
been found to be resistant to microcracks and shell deformation with minimal change in shell wall 
thickness. A spherical gas storage tank with a concrete foundation is shown in Figure 1. 
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Figure 1. Spherical LNG storage tank. 

Analytic Hierarchy Process (AHP) is one of the most widely used multi-criteria decision-making 
methods, developed by Thomas L. Saaty in the 1970s. This method combines qualitative and 
quantitative aspects of decision-making, allowing the structuring of complex problems through a 
hierarchy of objectives, criteria and alternatives. The main advantage of the AHP method is its ability 
to capture the subjective evaluations of decision makers and convert them into numerical values that 
can be further analyzed. Therefore, it is very suitable for solving problems in the field of management, 
engineering, safety and occupational safety.  

The AHP method is used to ensure objectivity in decision-making, and at the same time includes 
the subjective assessment of respondents or experts. This enables making strategic decisions based 
on reliable foundations, even in complex conditions such as the oil and gas industry, where there are 
a large number of risks and factors that are difficult to compare with each other. 

In the process of assessing risks at work in the company Melitah, which deals with the 
exploration, production and processing of oil and gas in Libya, this work uses the ELECTRE 
(Elimination and (Et) Choice Translating Reality) methodology for multi-criteria analysis, which is 
one of the most well-known approaches in the field of multi-criteria decision making (MCDM, Multi-
Criteria Decision Making). This method enables the analysis and ranking of workplaces based on 
several risk criteria, such as the probability of an accident, the severity of injuries, as well as other 
relevant factors related to occupational safety. 

The Melitah company faces specific risks characteristic of the oil and gas industry, such as 
working with explosive and flammable substances, difficult working conditions in remote locations, 
adverse weather conditions and the constant threat of oil and gas leaks. By using the ELECTRE 
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method and defined criteria, different workplaces can be effectively evaluated and ranked according 
to the level of risk 

2. Mathematical Modeling 

The mathematical model of the AHP method includes a decision problem that is decomposed 
into a hierarchical structure and consists of: defining the goal and structure of the hierarchy, forming 
a pairwise comparison matrix, normalizing the matrix and determining the priority vector and 
consistency checks. 

In order to ensure methodological validity, the consistency of the decision makersʹ ratings is 
checked. The following are calculated: the maximum eigenvalue of the matrix (λ_max), the 
consistency index (CI), the consistency ratio (CR). (if CR < 0.1, the results are considered acceptable 
and consistent) For the matrix A = [a_ij] of dimension n × n, where a_ij represents the relative 
importance of criterion i according to criterion j: 

Normalization:          𝓪𝒊𝒋𝒊  =  𝓪𝒊𝒋𝚺𝒊స𝟏𝒏   𝓪𝒊𝒋  (1)

Weight vector:           𝝎𝒊  =  𝟏𝒏  𝒏𝚺𝒋 = 𝟏 𝓪𝒊𝒋𝒊  (2)

Consistency check:         𝝀𝐦𝐚𝐱  ୀ   𝒏𝚺𝒊 = 𝟏 ሺ𝑨𝝎ሻ𝒊 / 𝝎𝒊 (3)

CI = 𝝀𝒎𝒂𝒙ି𝒏𝒏ି𝟏  (4)

CR = 𝑪𝑰𝑹𝑰 (5)

where RI is the index for the given matrix dimension (eg for n=4, RI=0.90).  
Mathematical model of the ELECTRE method. In order to precisely conduct a multi-criteria risk 

analysis using the ELECTRE method, the following mathematical framework was used: 
A = ൛𝜶𝟏,   𝜶𝟐,…𝜶𝒎,ൟ - set of alternatives (jobs), 
C = ൛𝒄𝟏, 𝒄𝟐,…  𝒄𝒏ൟ - a set of risk criteria, 𝔀𝒋— a set of risk criteria: 𝔀𝒋 ≥ 𝟎,∑ 𝔀𝒋 = 𝟏𝒏𝒋ୀ𝟏   (6)𝒙𝒊𝒋- alternative value 𝜶𝒊 according to the criterion 𝒄𝒋 

Decision matrix 𝒏𝒊𝒋 = 𝒙𝒊𝒋ට∑ 𝒙𝒊𝒋𝟐𝒎𝒋స𝟏   (7)

where are: 𝒏𝒊𝒋  is the normalized value for criterion j and alternative i, 𝒙𝒊𝒋  is the value for criterion j and alternative i. 
Weighted normalized decision matrix. 
Normalized values are weighted by criteria weights: 𝑻𝑵 = 𝑵 ∙ 𝑻 (8)

where are : 
TN - weighted normalized decision matrix, 
N - normalized matrix, 
T - matrix of weight coefficients. 
Determining the sets of agreement S and disagreement NS. Comparing pairs of stocks p i r (p,r 

= 1,2,...,m i p≠r).  
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In the first step, a set of consents is formed Spr for shares ap i ar which consists of all the criteria 
for which it is 

action ap better than action ar. A set of consents is formed on the basis of: 𝑺𝒑𝒓 = (𝒋ห𝒙𝒑𝒋 ≥ 𝒙𝒓𝒋)      (for max) (9)𝑺𝒑𝒓 = (𝒋ห𝒙𝒑𝒋 ≤ 𝒙𝒓𝒋)       (for  min) (10)

depending on whether the criterion function is max or min. 
Forming a set of disagreements depending on the criterion function: 𝑵𝑺𝒑𝒓 = 𝑱 − 𝑺𝒑𝒓(𝒋ห𝒙𝒑𝒋 < 𝒙𝒓𝒋)  (for  max) (11)𝑵𝑺𝒑𝒓 = 𝑱 − 𝑺𝒑𝒓(𝒋ห𝒙𝒑𝒋 > 𝒙𝒓𝒋)  (for min) (12)

MS Consent Matrix 𝑺𝒑𝒓ୀ∑ 𝒕𝒋𝒋∈𝑺𝒑𝒓  (13)𝑺𝒑𝒓 = 𝟎 (14)

For p≠r 
Disagreement matrix MNS: 

𝑵𝑺𝒑𝒓 = 𝒎𝒂𝒙𝒋∈𝑵𝑺𝒑𝒓ห𝒕𝒏𝒑𝒋 − 𝒕𝒏𝒓𝒋ห𝒎𝒂𝒙𝒋∈𝑱ห𝒕𝒏𝒑𝒋 − 𝒕𝒏𝒓𝒋ห  (15)

Disagreement matrix MSD 
Based on the agreement index threshold, the agreement dominance matrix is determined. 
The agreement index threshold is defined as the average agreement index: 𝑷𝑰𝑺 = ∑ ∑ 𝑺𝒑𝒓𝒎𝒓ୀ𝟏𝒎𝒑ୀ𝟏𝒎(𝒎− 𝟏)  (16)

where p≠r.  
We form the consent matrix based on the following criteria: 𝒎𝒔𝒅𝒑𝒓 = 𝟏 𝒇𝒐𝒓 𝑺𝒑𝒓 ≥ 𝑷𝑰𝑺 (17)𝒎𝒔𝒅𝒑𝒓 = 𝟎 𝒇𝒐𝒓 𝑺𝒑𝒓 < 𝑷𝑰𝑺 (18)

MNSD discrepant dominance matrices 
Based on the average disagreement index, the disagreement dominance matrix is calculated: 𝑷𝑰𝑵𝑺 = ∑ ∑ 𝑵𝑺𝒑𝒓𝒏𝒓ୀ𝟏𝒎𝒑ୀ𝟏𝒎(𝒎− 𝟏)  (19)

whereby  p≠r. 
We form the disagreement matrix based on the following criteria: 𝒎𝒏𝒔𝒅𝒑𝒓 = 𝟏 𝒛𝒂 𝑵𝑺𝒑𝒓 ≤ 𝑷𝑰𝑵𝑺 (20)𝒎𝒏𝒔𝒅𝒑𝒓 = 𝟎 𝒛𝒂 𝑵𝑺𝒑𝒓 > 𝑷𝑰𝑵𝑺 (21)

Matrica agregatne dominacije MAD 
The elements MAD are equal to the product of the elements at the corresponding position in the 

matrices MSD and MNSD: 𝑴𝑨𝑫𝒑𝒓 = 𝑺𝑫𝒑𝒓 ∙ 𝑵𝑺𝑫𝒑𝒓 (22)

3. Application of Mathematical Modeling 
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3.1. Determination of Weight Coefficients Using the AHP Method 

The assessment of the impact of working environment factors in the oil and gas sector requires 
the application of multi-criteria methods, due to the complexity of working conditions and the variety 
of potential risks to the health of employees. Within this research, the Analytical Hierarchy Process 
(AHP) was applied with the aim of determining the weight coefficients of the relevant criteria, which 
will be used in the next phase within the ELECTRE method for multi-criteria ranking of work 
environment factors. The AHP method enables the structuring of complex decision-making problems 
in the form of a hierarchical model, which consists of the following levels: 

Objective: Evaluation of the impact of work environment factors on the health and safety of 
employees — clearly defines the purpose of the analysis, 

Criteria: Six key criteria — correspond to the modified setting, and used in the ELECTRE 
method, 

Alternative factors of the work environment: 
Factors that are not ranked in AHP, but serve as the basis for ELECTRE analysis — precisely 

explain their status. Considered factors that are not ranked by the AHP method, but serve as the basis 
for the ELECTRE analysis. 

The criteria included in the analysis are: 
C1: Presence of toxic gases, 
C2: Noise and vibrations, 
C3: Presence of dust, 
C4: Inadequate air temperature, 
C5: Inadequate lighting, 
C6: Inadequate air humidity. 
Based on the assessments of experts and employees, a matrix of pairwise comparison of criteria 

according to the AHP methodology was created. Using appropriate mathematical calculations, 
including the calculation of own (own) vectors, the weights of each criterion were determined, which 
reflect their relative importance in evaluating the impact of factors of the working environment on 
the health and safety of employees. 

Based on the opinions of experts and employees, pairwise comparison matrices were created for 
each criterion. Using mathematical calculations (eigenvectors), criteria weights were calculated that 
reflect their relative importance. The consistency coefficient (CR) was less than 0.1, which indicates 
the consistency of the assessments and the reliability of the obtained results. The obtained weights 
were then used in the ELECTRE method for ranking workplaces according to the degree of risk to 
the health of employees. 

Table 1. Pairwise comparison matrix. 

 C1 C2 C3 C4 C5 C6 
C1 1 3 5 7 9 7 
C2 1/3 1 3 5 7 5 
C3 1/5 1/3 1 3 5 3 
C4 1/7 1/5 1/3 1 3 2 
C5 1/9 1/7 1/5 1/3 1 1/2 
C6 1/7 1/5 1/3 1/2 2 1 

The matrix shows the relative importance of each criterion compared to the others, according to 
the scale of the AHP method. The values are determined based on expert assessments and the 
importance of risk factors in the oil and gas sector. The matrix is symmetric, and the reciprocal values 
indicate the less importance of the criteria in relation to the ones they compare. This matrix is the 
basis for calculating weight coefficients (weights), which reflect the relative importance of each 
criterion in the overall analysis. Further calculations are used to normalize the matrix and determine 
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the weights, as well as check the consistency of the estimates, which guarantees the reliability of the 
results. 

Based on the pairwise comparison matrix shown in Table 2, normalization and weighting 
coefficients were calculated for each of the criteria. The obtained values represent the relative 
importance of individual criteria within the AHP method and will be used as input data for further 
multi-criteria analysis using the ELECTRE method. 

Table 2. Weighting coefficients (weights) of the criteria obtained by the AHP method. 

Criterion Ponder (Weight Coefficient) 
C1 0,472 
C2 0,253 
C3 0,129 
C4 0,066 
C5 0,031 
C6 0,049 

The consistency coefficient (CR) calculated for the pairwise comparison matrix is 0.042, which is 
less than 0.1, indicating that there is no need to revise the estimates, as the consistency and reliability 
of the results have been confirmed. 

The obtained weight coefficients represent the basis for further analysis - they will be integrated 
into the ELECTRE method, which will perform a multi-criteria ranking of the factors of the working 
environment according to their potentially negative impact on the health and safety of employees. 

Based on the obtained weight coefficients, it can be concluded that the criteria ʺpresence of toxic 
gasesʺ and ̋ noise and vibrationsʺ have the greatest importance in the assessment of risk factors, while 
the criterion ʺinadequate lightingʺ has the least relative impact. 

The hierarchical structure of the model includes key factors that directly affect worker health. 
Based on the weighting and ranking obtained by applying the AHP method, it is possible to identify 
the factors with the greatest impact on the safety of the working environment, which enables more 
effective risk management. 

The results of the analysis indicate that factors such as the presence of toxic gases, noise and 
vibrations and the presence of dust are among the most important risks, and it is necessary for the 
company to prioritize preventive measures to reduce these risks. On the other hand, factors such as 
inadequate air temperature and humidity, as well as the presence of dust, although less critical, also 
require improvement in order to create a safer and healthier working environment. 
Recommendations arising from this analysis include increased investment in worker training, 
proactive implementation of safety procedures for high-risk workplaces, as well as adjustment of 
protective measures, in accordance with the risk ranking. Also, contoured monitoring and 
adjustment of protective measures, in accordance with dynamic changes in the field, will be key for 
long-term safety and efficiency in work. The implementation of the AHP method in the risk 
management process at the Melitah company represents a solid basis for further development and 
application of international standards, such as ISO 45001. 

This approach enables sustainability in the field of safety and health at work, as well as 
continuous improvement of the working environment. Through effective risk management, not only 
are injuries and accidents reduced, but overall productivity, work efficiency and employee 
satisfaction are simultaneously increased — factors that are key to a companyʹs long-term survival 
and competitiveness in the marketplace. 

The application of the methodology of multi-criteria analysis, such as the AHP method, brings 
concrete and measurable results that can significantly contribute to the improvement of protection 
and safety at work, thus ensuring a safe and productive working environment for all employees. 

3.2. Defining Alternatives and Criteria as a Prerequisite for Applying the ELECTRE Method 
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Before applying the ELECTRE methods, it is necessary to clearly define the alternatives and the 
criteria that will be used to rank them. This step is the basis for a precise and consistent multi-criteria 
analysis. 

In this research, alternatives represent specific jobs in the oil and gas industry, not risk factors. 
The goal is to identify workplaces with the greatest risk to the health and safety of employees. 

Accordingly, the following alternatives, i.e. jobs, have been defined: 
A1: A workplace on an oil production platform, 
A2: Workplace in the refinery (process area), 
A3: Workplace in a chemical warehouse, 
A4: Job in the transport sector (e.g. tanker drivers), 
A5: Equipment maintenance workplace, 
A6: Laboratory work position, 
A7: Job in administration, 
A8: Workplace on the well, 
A9: Workplace in the ventilation and air conditioning system, 
A10: Job in the occupational safety sector. 
The risk assessment for each of these workplaces was carried out using previously defined 

criteria, and based on the obtained data, an ELECTRE analysis was performed to identify the 
workplaces with the highest risk. 

In accordance with the previously conducted AHP analysis, in which six defined criteria were 
evaluated and weighted, the same criteria were used in the ELECTRE method to ensure 
methodological consistency. For the purposes of applying the ELECTRE method, ten jobs 
(alternatives) were defined in the oil and gas sector in the Melitah company in Libya. 

Based on those ten alternatives and six criteria, a matrix of preferences was formed (Table 3), in 
which each criterion was evaluated on a scale from 1 to 5 — with 1 indicating the lowest and 5 the 
highest degree of presence or influence of a certain criterion on a specific workplace. 

This matrix is the basis for multi-criteria ranking of workplaces using the ELECTRE method, 
taking into account the weighting coefficients obtained by AHP analysis. 

Table 3. Matrix of preferences for hazards in the work environment according to risk criteria. 

Alternatives/Criteria C1 C2 C3 C4 C5 C6 
A1 5 4 2 3 4 5 
A2 4 5 3 3 3 4 
A3 5 2 3 2 2 4 
A4 2 4 3 2 1 3 
A5 3 5 2 3 3 4 
A6 3 2 4 2 1 3 
A7 1 1 4 1 1 1 
A8 5 4 3 3 3 5 
A9 2 3 3 5 2 3 

A10 1 2 4 2 1 2 

The criteria used to rank the alternatives within the ELECTRE method are identical to those 
previously defined and applied in the AHP analysis, thus ensuring methodological consistency. The 
criteria represent key aspects of the work environment that can have a negative impact on the health 
and safety of employees, namely: 

C1: The presence of toxic gases - assessment of the level of exposure of workers to dangerous 
chemicals in the gaseous state. 

C2: Noise and vibrations – degree of exposure to physical influences that can cause hearing 
damage, fatigue and other physical ailments. 
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C3: The presence of dust - the concentration of particles in the air that can have a harmful effect 
on the respiratory system. 

C4: Inadequate air temperature - conditions that can contribute to discomfort, the appearance of 
dizziness, nausea and deterioration of the health condition. 

C5: Inadequate lighting – lighting conditions in the workplace that can cause eye strain, falls and 
reduced efficiency. 

C6: Inadequate air humidity - conditions that can contribute to discomfort, the appearance of 
fungus, infection and deterioration of the health condition. 

The mentioned criteria are the basis for a multi-criteria comparison and ranking of workplaces 
using the ELECTRE method, with the aim of identifying those with the highest degree of risk. 

4. Research Results at the Melitah Company in Libya 

The following criteria were used for risk assessment in the Melitah company: 
C1: Presence of toxic gases, 
C2: Noise and vibrations, 
C3: Presence of dust, 
C4: Inadequate air temperatures, 
C5: Inadequate lighting, 
C6: Inadequate air humidity. 
The combination of multi-criteria AHP analysis and application of the ELECTRE method enables 

the Melitah company to systematically identify, rank and prioritize workplace risks. This analytical 
approach contributes to more precise directing of resources to the most critical positions, which 
significantly increases the level of protection and reduces the number of injuries at work. It is essential 
for safe and efficient operation in the complex conditions of the oil and gas industry. 

4.1. Analysis of Experimental Research Results 

The results of the experimental part of the research, which relate to the assessment and ranking 
of factors of the working environment with a negative impact on the health of employees in the oil 
and gas industry, were analyzed. The application of the multi-criteria AHP and ELECTRE methods 
enabled a systematic and objective evaluation of complex working conditions and the identification 
of the most significant risks. 

The analysis carried out by surveying employees and experts indicated the importance of 
various risk factors in the working environment, especially those related to the presence of toxic 
gases, noise, vibrations, inadequate lighting, increased humidity and the presence of dust. These 
factors were identified as key elements for risk assessment, and statistical tests confirmed their 
relevance in the context of employee safety and health.. 

Using the AHP method, weighted criteria for the evaluation of workplaces were defined, 
namely: the presence of toxic gases, noise and vibrations, the presence of dust, inadequate air 
temperature, inadequate lighting and inadequate air humidity. The obtained weight coefficients 
indicate the relative importance of each of these criteria, which achieved methodological consistency 
and the basis for further ranking of workplaces using the ELECTRE method. 

Application of the ELECTRE Method 

After the weighted criteria were defined, the ELECTRE method was applied to rank workplaces 
according to total risk. This method enables the analysis of complex criteria and decision-making 
based on agreement and disagreement among alternatives (jobs). The ELECTRE method will be 
applied to the data from Table 3. according to the following decision matrix: 
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𝑂 =
⎣⎢⎢
⎢⎢⎢
⎢⎢⎢
⎡5 4 2 3 4 54 5 3 3 3 45 2 3 2 2 42 4 3 2 1 33 5 2 3 3 43 2 4 2 1 31 1 4 1 1 15 4 3 3 3 52 3 3 5 2 31 2 4 2 1 2⎦⎥⎥

⎥⎥⎥
⎥⎥⎥
⎤
 

The process of applying the ELECTRE method includes the following steps: 

(A) Data normalization (matrix N): 

In the first step, all data were normalized to allow comparison of criteria with different units of 
measure. Normalization means bringing the values of all criteria to the same scale, which eliminates 
the influence of differences in measurement units between different criteria (eg height, number, 
weight, etc.). 

Normalization allows the values of all criteria to be brought to the same scale, eliminating the 
scale of differences between criteria and allowing a fair comparison. The normalized matrix is shown 
below. 

𝑁 =
⎣⎢⎢
⎢⎢⎢
⎢⎢⎢
⎡0,4583 0,3653 0,1990 0,3398 0,5391 0,43860,3666 0,4566 0,2985 0,3398 0,4043 0,35090,4583 0,1826 0,2985 0,2265 0,2695 0,35090,1833 0,3653 0,2985 0,2265 0,1348 0,26320,2750 0,4566 0,1990 0,3398 0,4043 0,35090,2750 0,1826 0,3980 0,2265 0,1348 0,26320,0917 0,0913 0,3980 0,1133 0,1348 0,08770,4583 0,3653 0,2985 0,3398 0,4043 0,43860,1833 0,2740 0,2985 0,5663 0,2695 0,26320,0917 0,1826 0,3980 0,2265 0,1348 0,1754⎦⎥⎥

⎥⎥⎥
⎥⎥⎥
⎤
 

B) Weighted Scoring (TN Matrix) 

Following normalization, the data are weighted using weighting coefficients obtained via AHP 
analysis. These weighted values represent the relative importance of each criterion, and the weighted 
matrix (TN) is calculated by multiplying the normalized values by their corresponding weighting 
coefficients. 

Given that the weighting coefficient matrix T is: 𝑇 = ሾ0,472 0,253 0,129 0,066 0,031 0,049ሿ 
Weighted Scoring TN Matrix 

𝑇𝑁 =
⎣⎢⎢
⎢⎢⎢
⎢⎢⎢
⎡0,2163 0,0924 0,0257 0,0224 0,0167 0,02150,1731 0,1155 0,0385 0,0224 0,0125 0,01720,2163 0,0462 0,0385 0,0149 0,0084 0,01720,0865 0,0924 0,0385 0,0149 0,0042 0,01290,1298 0,1155 0,0257 0,0224 0,0125 0,01720,1298 0,0462 0,0513 0,0149 0,0042 0,01290,0433 0,0231 0,0513 0,0075 0,0042 0,00430,2163 0,0924 0,0385 0,0224 0,0125 0,02150,0865 0,0693 0,0385 0,0374 0,0084 0,01290,0433 0,0462 0,0513 0,0149 0,0042 0,0086⎦⎥⎥

⎥⎥⎥
⎥⎥⎥
⎤
 

C) Sets of agreement and disagreement: 
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This step is used to analyze the interrelationships between the alternatives. The sets of agreement 
and disagreement are determined based on the comparison of weighted values: 

Agreement between alternatives is defined if one alternative recognizes most of the criteria as 
better than another. 

Disagreement occurs when alternatives do not agree on key criteria. 
The set of consents is formed because it is necessary to rank the workplaces (alternatives) 

according to the greatest risks. The sets of agreement and disagreement are shown in Table 4. 

Table 4. Agreement and disagreement sets. 

Couples p≠r Consensus set Disagreement set 
p=1, r=2 1,5,6 2,3,4 
p=1, r=3 2,4,5,6 1,3 
p=1, r=4 1,4,5,6 2,3 
p=1, r=5 1,5,6 2,3,4 
p=1, r=6 1,2,4,5,6 3 
p=1, r=7 1,2,4,5,6 3 
p=1, r=8 5 1,2,3,4,6 
p=1, r=9 1,2,5,6 3,4 

p=1, r=10 1,2,4,5,6 3 
p=2, r=1 2,3 1,4,5,6 
p=2, r=3 2,4,5 1,3,6 
p=2, r=4 1,2,4,5,6 3 
p=2, r=5 1,3 2,4,5,6 
p=2, r=6 1,2,4,5,6 3 
p=2, r=7 1,2,4,5,6 3 
p=2, r=8 2 1,3,4,5,6 
p=2, r=9 1,2,5,6 3,4 

p=2, r=10 1,2,4,5,6 3 
p=3, r=1 3 1,2,4,5,6 
p=3, r=2 1 2,3,4,5,6 
p=3, r=4 1,5,6 2,3,4 
p=3, r=5 1,3 2,3,4,5 
p=3, r=6 1,5,6 2,3,4 
p=3, r=7 1,2,4,5,6 3 
p=3, r=8 / 1,2,3,4,5,6 
p=3, r=9 1,6 2,3,4,5 

p=3, r=10 1,5,6 2,3,4 
p=4, r=1 3 1,2,4,5,6 
p=4, r=2 / 1,2,3,4,5,6 
p=4, r=3 2 1,3,4,5,6 
p=4, r=5 3 1,2,4,5,6 
p=4, r=6 2 1,3,4,5,6 
p=4, r=7 1,2,4,6 3,5 
p=4, r=8 / 1,2,3,4,5,6 
p=4, r=9 2 1,3,4,5,6 

p=4, r=10 1,2,6 3,4,5 
p=5, r=1 2 1,3,4,5,6 
p=5, r=2 / 1,2,3,4,5,6 
p=5, r=3 2,4,5 1,3,6 
p=5, r=4 1,2,4,5,6 3 
p=5, r=6 2,4,5,6 1,3 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 March 2026 doi:10.20944/preprints202603.1890.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.1890.v1
http://creativecommons.org/licenses/by/4.0/


 11 of 15 

 

p=5, r=7 1,2,4,5,6 3 
p=5, r=8 2 1,3,4,5,6 
p=5, r=9 1,2,5,6 3,4 

p=5, r=10 1,2,4,5,6 3 
p=6, r=1 3 1,2,4,5,6 
p=6, r=2 3 1,2,4,5,6 
p=6, r=3 3 1,2,4,5,6 
p=6, r=4 1,3 2,4,5,6 
p=6, r=5 3 1,2,4,5,6 
p=6, r=7 1,2,4,6 3,5 
p=6, r=8 3 1,2,4,5,6 
p=6, r=9 1,3 2,4,5,6 

p=6, r=10 1,6 2,3,4,5 
p=7, r=1 3 1,2,4,5,6 
p=7, r=2 3 1,2,4,5,6 
p=7, r=3 3 1,2,4,5,6 
p=7, r=4 3 1,2,4,5,6 
p=7, r=5 3 1,2,4,5,6 
p=7, r=6 / 1,2,3,4,5,6 
p=7, r=8 3 1,2,4,5,6 
p=7, r=9 3 1,2,4,5,6 

p=7, r=10 / 1,2,3,4,5,6 
p=8, r=1 3 1,2,4,5,6 
p=8, r=2 1,6 2,3,4,5 
p=8, r=3 2,4,5,6 1,3 
p=8, r=4 1,4,5,6 2,3 
p=8, r=5 1,3,6 2,4,5 
p=8, r=6 1,2,4,5,6 3 
p=8, r=7 1,2,4,5,6 3 
p=8, r=9 1,2,5,6 3,4 

p=8, r=10 1,2,4,5,6 3 
p=9, r=1 3,4 1,2,5,6 
p=9, r=2 4 1,2,3,5,6 
p=9, r=3 2,4 1,3,5,6 
p=9, r=4 4,5 1,2,3,6 
p=9, r=5 3,4 1,2,5,6 
p=9, r=6 2,4,5 1,3,6 
p=9, r=7 1,2,4,5,6 3 
p=9, r=8 4 1,2,4,5,6 

p=9, r=10 1,2,4,5,6 3 
p=10, r=1 3 1,2,4,5,6 
p=10, r=2 3 1,2,4,5,6 
p=10, r=3 3 1,2,4,5,6 
p=10, r=4 3 1,2,4,5,6 
p=10, r=5 3 1,2,4,5,6 
p=10, r=6 / 1,2,3,4,5,6 
p=10, r=7 2,4,6 1,3,5 
p=10, r=8 3 1,2,4,5,6 
p=10, r=9 3 1,2,4,5,6 

D) Determination of the agreement matrix 
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Based on the agreement set, the agreement matrix is determined, the elements of which are the 
agreement indices  

𝑀𝑆 =
⎣⎢⎢
⎢⎢⎢
⎢⎢⎢
⎡ 0 0,552 0,399 0,618 0,552 0,871 0,871 0,031 0,805 0,8710,382 0 0,350 0,871 0,601 0,871 0,871 0,253 0,805 0,8710,129 0,472 0 0,552 0,601 0,552 0,871 0 0,521 0,5520,129 0 0,253 0 0,129 0,253 0,840 0 0,253 0,7740,253 0 0,350 0,871 0 0,399 0,871 0,253 0,805 0,8710,129 0,129 0,129 0,601 0,129 0 0,840 0,129 0,601 0,5210,129 0,129 0,129 0,129 0,129 0 0 0,129 0,129 00,129 0,521 0,399 0,618 0,650 0,871 0,871 0 0,805 0,8710,195 0,066 0,319 0,097 0,195 0,350 0,871 0,066 0 0,8710,129 0,129 0,129 0,129 0,129 0 0,368 0,129 0,129 0 ⎦⎥⎥

⎥⎥⎥
⎥⎥⎥
⎤
 

E) Determination of the MNS discrepancy matrix 

Based on the set of inconsistencies, the MNS inconsistency matrix is determined, the elements of 
which are inconsistency indices. 

𝑀𝑁𝑆 =
⎣⎢⎢
⎢⎢⎢
⎢⎢⎢
⎡ 0 0,5347 0,2771 1 0,2671 0,2971 0,1485 1 0,1485 0,14851 0 0,6248 0 0 0,2956 0 1 0,1723 0,09861 1 0 0,3559 0,8012 0,1480 0,0739 1 0,1780 0,07391 1 1 0 1 0,9372 0,1847 1 0,9697 0,27711 1 1 0,2956 0 0,3709 0,2781 1 0,3225 0,29711 1 1 1 1 0 0 1 0,5335 01 1 1 1 1 1 0 1 1 10,3281 0,5335 0 0 0,2671 0,1480 0,0739 0 0,1148 0,07391 1 1 1 1 1 0,2771 1 0 0,29561 1 1 1 1 1 0 1 1 0 ⎦⎥⎥

⎥⎥⎥
⎥⎥⎥
⎤
 

F) Determination of MSD consensus dominance matrix 

Based on the threshold of the agreement index, the MSD is determined. The agreement index 
threshold is defined as the average agreement index. The MSD matrix actually shows which 
alternative dominates which alternative.𝑃𝐼𝑆 = 37,146

90
= 0,4127  

𝑀𝑆𝐷 =
⎣⎢⎢
⎢⎢⎢
⎢⎢⎢
⎡0 1 0 1 1 1 1 0 1 10 0 0 1 1 1 1 0 1 10 1 0 1 1 1 1 0 1 10 0 0 0 0 0 1 0 0 10 0 0 1 0 0 1 0 1 10 0 0 1 0 0 1 0 1 10 0 0 0 0 0 0 0 0 00 1 0 1 1 1 1 0 1 10 0 0 0 0 0 1 0 0 10 0 0 0 0 0 0 0 0 0⎦⎥⎥

⎥⎥⎥
⎥⎥⎥
⎤
 

G) Determination of the MNSD discordant dominance  
Based on the average disagreement index, the MNSD is calculated. The MNSD matrix shows 

which alternatives are not in agreement. 𝑃𝐼𝑁𝑆 = 57,2211
90

= 0,6358  

𝑀𝑁𝑆𝐷 =
⎣⎢⎢
⎢⎢⎢
⎢⎢⎢
⎡0 1 1 0 1 1 1 0 1 10 0 1 1 1 1 1 0 1 10 0 0 1 0 1 1 0 1 10 0 0 0 0 0 1 0 0 10 0 0 1 0 1 1 0 1 10 0 0 0 0 0 1 0 1 10 0 0 0 0 0 0 0 0 01 1 1 1 1 1 1 0 1 10 0 0 0 0 0 1 0 0 10 0 0 0 0 0 1 0 0 0⎦⎥⎥

⎥⎥⎥
⎥⎥⎥
⎤
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H) Determination of the aggregate dominance matrix MAD 
The elements of the aggregate dominance matrix are equal to the product of the elements at the 

corresponding position in the MSD and MNSD matrices. The MAD matrix consolidates all previous 
matrices to produce a final ranking of alternatives. 

𝑀𝐴𝐷 =
⎣⎢⎢
⎢⎢⎢
⎢⎢⎢
⎡0 1 0 0 1 1 1 0 1 10 0 0 1 1 1 1 0 1 10 0 0 1 0 1 1 0 1 10 0 0 0 0 0 1 0 0 10 0 0 1 0 0 1 0 1 10 0 0 0 0 0 1 0 1 10 0 0 0 0 0 0 0 0 00 1 0 1 1 1 1 0 1 10 0 0 0 0 0 1 0 0 10 0 0 0 0 0 0 0 0 0⎦⎥⎥

⎥⎥⎥
⎥⎥⎥
⎤
 

I) Elimination of less desirable alternatives 
Based on the dominance matrices, the final ranking of workplaces according to total risk was 

performed. Aggregate Dominance (MAD) takes into account all prior information about the 
interrelationships between jobs, thereby enabling accurate ranking based on overall risk. Table 5 
shows the final ranking of workplaces according to their dominance in relation to other alternatives 
and according to the total risk affecting the health of employees. 

Table 5. Ranking of alternatives. 

 A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 Rang 
A1 0 1 0 0 1 1 1 0 1 1 2 
A2 0 0 0 1 1 1 1 0 1 1 3 
A3 0 0 0 1 0 1 1 0 1 1 4 
A4 0 0 0 0 0 0 1 0 0 1 8 
A5 0 0 0 1 0 0 1 0 1 1 5 
A6 0 0 0 0 0 0 1 0 1 1 6 
A7 0 0 0 0 0 0 0 0 0 0 10 
A8 0 1 0 1 1 1 1 0 1 1 1 
A9 0 0 0 0 0 0 1 0 0 1 7 

A10 0 0 0 0 0 0 0 0 0 0 9 

4. Conclusions 

From Table 5, alternatives A7 and A10 do not dominate any of the alternatives. Alternative A1 
dominates alternatives A2, A5, A6, A7, A9 and A10. Alternative A2 dominates alternatives A4, A5, 
A6, A7, A9 and A10. Alternative A3 dominates over alternatives A4. A6, A7, A9 and A10. Alternative 
A4 dominates alternatives A7 and A10. Alternative A5 dominates alternatives A4, A7, A9 and A10. 
Alternative A6 dominates over alternatives A7, A9 and A10. Alternative A8 dominates alternatives 
A2, A4, A5, A6, A7, A9 and A10. Alternative A9 dominates alternatives A7 and A10. With this result, 
it is clear that alternative A8 has the strongest dominance, because it dominates over seven other 
alternatives and is ranked best. Therefore, alternative A8, i.e. the job on the well, is the most risky job 
in the Melitah company in Libya. Also, it is noticeable that alternatives A1 and A2 dominate over the 
same number of alternatives (over six other alternatives each), but alternative A1 is ranked second 
because its evaluations according to the criteria are higher, while alternative A2 is ranked third. 
Alternative A3 occupies the fourth position because it dominates over five other alternatives, while 
alternative A5 occupies the fifth position because it dominates over four other alternatives. 
Alternative A6 occupies the sixth position because it dominates the other three alternatives. 
Alternatives A4 and A9 dominate over two other alternatives each, but alternative A9 is in the 
seventh position because its evaluations according to the criteria are higher, so A8 is in the eighth 
position. Alternatives A7 and A10 do not dominate over any of the alternatives, but A10 is in the 
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ninth position because its evaluations according to the criteria are higher and therefore A7 is in the 
last, tenth position. Therefore, the most risky workplaces are: A8 - a workplace on a well, A1 - a 
workplace on an oil production platform and A2 - a workplace in a refinery (process area), while the 
least risky workplaces are: A10 - a workplace in the occupational safety sector and A7 - a workplace 
in administration. 
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