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1. Introduction 

Due to the high sensitivity and large number of equipment in 
large industrial complexes such as refineries and power plants, 

capital asset management (CAM) plays an essential role in 

economic production. Life cycle cost (LCC) assessment has been 

employed as a typical method for evaluating economic 
sustainability in capital asset management [1]. As capital assets 

are essential in the operational processes of the organizations 

involved, the downtime of the assets needs to be minimized [2]. 

In industrial factories, in order to replace the depreciated and 
defective parts, the maintenance department managers use the 

supply chain management system (SCMS) of spare parts 

proportional to their demand capacity [2]. In fact, based on the 

reliability targets and the existing conditions, decision-making 

support system (DMSS), maintenance plan, and supply chain 

management can be utilized [3, 4] so that the production line is 
always ready for service. 

Despite the advanced maintenance (corrective, preventive and 

predictive) measures in large and industrial complexes such as 

petrochemical and power plants, the equipment replacement 
program is very sensitive and complicated [5, 6, 7]. In these 

plants, the spare parts supply chain is a prerequisite for solving 

this problem [2, 8]. The problem in these plants is that most of 

them were built more than two decades ago and after many years 
of operation and maintenance, their equipment must be renovated 

simultaneously [8]. In these plants, approximately thousands of 

parts and equipment exist. Therefore, during the replacement 

time, the maintenance team will face a large number of parts that 
need to be replaced simultaneously. This is both costly and time-

consuming. Hence, a confusion will be created in selecting the 

equipment that need to be replaced. Some of these pieces of 

The management of capital assets in industrial complexes is very complicated given the large number 

of existing equipment in them. This becomes even more complicated when several equipment units 

need to be replaced simultaneously. Since the replacement program is costly and time-consuming, the 

critical equipment should be identified and prioritized. Thus, the main objective of this research is to 

develop a decision-making support system (DMSS) for prioritizing the critical equipment. A practical 

and scientific framework is developed for the optimal prioritization of the replacement of the critical 

equipment in industrial complexes. This optimization framework is multi-criteria and consists of two 

mathematical steps. In the first step, life cycle costing (LCC) is used to measure the economic life of 

the equipment and to identify the critical equipment. In the next step, the optimal time for replacing the 

equipment and their priorities are determined. An optimization application is designed for this purpose 

using an NSGA-II method and the Java software. A case study was conducted on Iran’s gas 

transmission operations in Khuzestan province. Out of 595 equipment available in this study, 110 units 

were identified as critical equipment and were prioritized.  

 

 

 

 

A R T I C L E   I N F O 

 

 
Article history: 

Received: 2021-06-11 

Received in revised form: 2021-09-02 

Accepted: 2021-09-06 

 

 

 

Keywords: 

Functional competencies  

Asset management 

Critical equipment 

Prioritizing 

Replacement of equipment 

Reliability 



International Journal of Industrial Engineering & Management Science, Vol. 8, Issue 2, (2020) 64-72 

65 

equipment have a key role in the production of these plants and 
neglecting to replace them may reduce production and 

profitability since months or even years may have passed from 

their economic life. Thus, identifying these pieces of critical 

equipment based on some particular criteria is the main challenge 
of these types of industrial plants. In other words, the research 

gap here is the development of a practical framework as a 

replacement decision support system in order to prioritize the 

critical equipment. 
In this research, it is attempted to introduce an optimal model 

for the prioritization of the replacement of critical equipment in 

large plants such as petrochemical plants. In this model, LCC 

assessment is combined with optimization in the form of 
mathematical equations. Another aim of the current research is to 

determine some criteria for the identification and evaluation of 

the critical equipment. Therefore, a model is proposed to 

prioritize the replacement of the critical equipment. Finally, a 
case study is conducted to verify the proposed model. 

2. Literature review 

The high importance of LCC assessment becomes clear when 

deciding on replacing the critical equipment [9, 10, 11, 12, 13]. 

Life cycle costing applications have been introduced in many 
papers and fields including: a) the estimation of the useful life of 

gas turbine engines [14], b) calculating the life cycle cost as a 

tool for marketing products [15], (c) the evaluation of the sales, 

repair, and exclusion options [1], and (d) determining the 
appropriate time for the repair and renovation of the equipment 

[16]. The combination of life cycle assessment (LCA) method 

with mathematical and intelligent methods such as multi-criteria 

optimization [17], fuzzy expert systems [18, 19], and genetic 
algorithm (GA) [20] has also been considered in previous papers. 

Determining the asset priority is a decision that must be taken 

in conformity with the existing maintenance strategy. When a 

certain definition of asset priority exists, the strategy that each 
asset class must follow can be determined [5]. The result of the 

prioritization process is to determine the equipment criticality for 

the factory [10]. As mentioned in the previous section, the 

present study focuses on complex industrial plants such as power 
plants, refineries, petrochemical plants, and steel, copper, and 

cement industries. There are few researches in this field focusing 

on the maintenance management of capital assets. 

On the other hand, studies related to prioritizing replacement 
and maintenance are limited and have been conducted based on 

questionnaires with a low modeling quality. Decision-making 

techniques such as analytic hierarchy process (AHP) and multi-

criteria decision analysis (MCDA) methods are helpful in solving 
such problems [5]. However, it should be noted that it is better to 

use optimization techniques based on mathematical models due 

to their higher precision. In Table 1, some information of the 

related investigations has been summarized. 
 

Table 1. A summary of previous studies. 

No. Field Objective Methodology Reference 

1 Industry 
Equipment maintenance strategy for 

critical equipment 

Cost-effective maintenance 

management and scoring 
[2] 

2 Pump 
I) Maintenance management 

II) Decision-making support system 

A quantitative graphical analysis 

based on LCC and reliability 
[3, 4] 

3 General 
Optimal maintenance and replacement 

policy of the equipment 

Discrete non-stationary Markov 

decision process 
[8] 

4 Processing plants 
Optimizing the scheduling of preventive 

maintenance 

Ranking based on the genetic 

algorithm & the Monte Carlo 

simulation 

[21] 

5 Transit 
Prioritizing the replacement of capital 

assets 
The LCC approach [22] 

6 Pump 
Selection of equipment for the lowest 

long-term cost of ownership 

LCC and reliability based on the 

Monte Carlo simulation 
[23] 

According to the methodology of previous researches, the 

critical analysis and prioritization of equipment can be divided 

into qualitative and quantitative categories. The qualitative 

analysis depends on the opinion, experience, and insight of 
individuals, whereas the quantitative method is a bit closer to 

reality and usually requires more data for analysis. Choosing one 

of these two methods depends on the maturity of the plant and 

the managers’ preferences to deal with mathematics or opinions 
[5]. Previous researches showed that multi-criteria models are 

more comprehensive. However, these models can be more 

accurate and optimal if they include mathematical operations and 

artificial intelligence methods. 

3. The proposed prioritization model 

The products of factories and industrial complexes are often 
divided into the categories of main products and by-products. 

Each product usually has one or more production stations or 

production lines. Each production station or production line also 

comprises a large number of equipment or machinery. The 
criticality of an industrial complex depends on the criticality of 
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the equipment in its production lines. Therefore, the analysis of 
the criticality of the whole plant requires a comprehensive 

framework with a hierarchical viewpoint. The proposed model in 

the present study for the prioritization of critical equipment is 

multi-criteria (multi-objective) and has two steps. The first step 
is the identification of the critical equipment. In the second step, 

optimal prioritization is done. 

The first step in modelling the prioritization of critical 

equipment for replacement is to define the variables in a 
mathematical format. All of the data can be shown as matrices 

based on the historical data for each criterion. The input variables 

are the criteria for the prioritization of the equipment. 

Replacement prioritization can be done through finding the 
optimal times for the replacement of all equipment. By sorting 

the optimal times for the replacement of the equipment, the 

priority numbers can be obtained. The equipment with less 

optimal times have a higher priority. Therefore, the output 
variables are the priority (P) number and optimal time of 

replacement (TR). In the following subsections, the proposed 

model is explained in detail. The conceptual model of this 

research is schematically shown in Figure 1 and its 
characteristics are described in the following subsections. 

 

 

Fig. 1. The general schematic of the research methodology. 

3.1. The first step: life cycle costing 

LCC can enter economic competitiveness by reducing the 
long-term costs of ownership. The objective of the LCC analysis 

is to choose the most cost-effective approach from a series of 

alternatives so that the lowest long-term cost of ownership is 

obtained considering the cost elements including the design, 
development, production, operation, maintenance, and life cycle 

support of the equipment [11, 23]. LCC uses the concepts of net 

present value (NPV) and equivalent annual cost (EAC) [10, 24]. 

NPV and EAC are important economic techniques for projects or 
equipment considering such factors as discount rate, cash flow, 

and time. 

In this research, the equipment units whose economic life has 

passed but are still in service are considered as critical equipment 
because using them is economically unjustified. The 

maintenance manager must inspect and list the equipment 

suspected of being critical in the industrial complex. After the 

implementation of LCC for all the suspected equipment, the list 
of the critical equipment can be determined. According to the 

proposed framework of this research, the equipment whose 

economic life has passed are considered critical and must go to 

the second step to be prioritized. To implement LCC for any 
suspected equipment, the following annual data are required: cost 

of energy consumption, cost of consuming supplies and spare 

parts, salaries of human resources, overhaul costs, miscellaneous 
costs, equipment procurement costs, depreciation costs, taxes, 

insurance, etc. [10, 24]. The diagram of LCC is shown in Figure 

2. 

 

Fig. 2. Determining the economic life of an asset by LCC. 

 

3.2.  The second step: the criteria and prioritizing 

After the equipment units whose economic life has passed and 

whose performance is considered to be economically unjustified 

are identified, they should be prioritized based on some operating 

criteria. The equipment units with a lower critical number have a 
higher priority for replacement. The priority criteria of this 

research which are key performance indicators (KPIs) in 

maintenance management [25, 26] are efficiency and 

effectiveness, energy consumption, reliability (or mean time 
between failures), financial loss (time passed after economic 

life), and strategic and political issues. In the following 

subsections, the mentioned criteria are described in detail. 

3.3.3. The lost production (effectiveness and 

efficiency) 

Effectiveness is the extent to which the performance of a 

system fulfills its predetermined and expected goals. In 

manufacturing and service systems, this concept often refers to 
the quality of the products or services from the customer’s point 

of view [10, 27]. In terms of maintenance management, 

effectiveness can show the satisfaction of the organization with 

using the full capacity of its equipment and assets. Effectiveness 
can also indicate the reduced overall cost of the organization due 

to its access to a large number of equipment. Effectiveness, in the 

general sense, is defined as manufacturing or providing services 

with the least cost, loss, and effort. The efficiency level can 
affect the extent of progression [5]. 

The equipment will naturally be depreciated with the passage 

of time. One of the effects of this depreciation is the reduction of 

efficiency and effectiveness which ultimately reduces the 
production of the industrial complex. Reduced production will 

lead to lost production which is not desirable. The amount of lost 

production can also be calculated [28, 29]. Based on the model of 

this research, the increase in lost production over time indicates 
the criticality of the equipment which should have been replaced 

at the optimum time. In order to verify this criterion, the 
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historical data or the performance function of the equipment is 
required during the baseline period. Based on the present study, 

the effectiveness of an equipment is equal to the amount of its 

contribution to total production and its effect on the overall 

performance of the production line. The performance of the 
equipment is also defined by comparing its actual performance 

with its expected nominal performance. Therefore, the equipment 

whose efficiency and effectiveness in a production line are 

reduced have a higher priority for replacement. 

3.3.4. Energy consumption 

Considering energy consumption as a criterion for 

prioritization means taking environmental considerations into 

account, because the increased consumption of energy will 
increase the emission of greenhouse gases (GHG) (especially 

CO2) [30]. Therefore, by analyzing the historical data or the 

energy consumption function of the equipment over time, the 

equipment whose energy consumption is not economically and 
environmentally justifiable should be replaced at the optimum 

time. Based on the proposed model of the current research, the 

performance of the equipment in terms of energy consumption is 

obtained by comparing its actual energy consumption with its 
nominal energy consumption. In other words, the equipment 

units which consume more energy should be replaced as soon as 

possible to prevent additional costs. 

3.3.5. Reliability 

Listing and modeling the critical failure of repairable 

equipment can be an opportunity to improve the reliability (R) of 

the system [31]. Reliability (probability of system failure) can be 
depicted by a graphic trend [3, 4] and depends on identifying the 

root causes of failure. This goal is realized only when a 

comprehensive database of maintenance records exists [32]. By 

calculating the function of the mentioned graph, the equipment 
can be prioritized based on the reliability criterion. 

The R criterion depends on the mean time between failures 

(MTBF) and is used for the evaluation of maintenance [4] so that 

systems with low MTBF have low R values and high failure rates 
[10]. The relationship between R and frequency of failures (or 

the average failure rate) (ƛ) is shown in Equation (1) [4, 5]. 

Equation (2) indicates the relationship between MTBF and ƛ [4, 

5]. With the increased depreciation rate or the reduced 
effectiveness of the maintenance plan over time, the reliability of 

the equipment is reduced. Therefore, based on the proposed 

model of the present study, the equipment should be replaced at 

the optimal time. 

)( teR −=               (1) 

MTBF

1
=                  (2) 

3.3.6. Economic life (financial loss) 

One of the goals of maintenance is profitability (i.e. the 
reduction of losses or costs) [10, 25]. According to the results of 

the first phase of the current study (LCC implementation), there 

is a point for critical equipment called ‘‘economic life’’. The 

activity of the equipment after this point is economically 
unjustified. Therefore, depending on the economic life point of 

any equipment, early or late replacement will impose 

extraordinary costs which are considered financial losses. In 

other words, based on the proposed model of this research, the 
optimal point for replacing the critical equipment should be the 

point or time that is closest to the economic life of the 

equipment. The optimal life of the equipment can be calculated 

by taking advantage of LCA. 

3.3.7. Strategic and political issues (SPI) 

In large refinery plants, there are several products and several 

production stations or production lines. For example, in these 

plants, several products such as gasoline, ammonia, petrol, and 
gas are produced. For national strategic reasons (such as 

sanctions), replacing the equipment (or part of the equipment) in 

a production line may be given priority even if manufacturing a 

product in that production line is an economic loss. 

4. Optimization model 

4.1.  Mathematical modeling 

So far, various frameworks and tools such as the Monte Carlo 

simulation [33] and AHP [34] have entered the field of 

maintenance management [35]. However, the proposed tool for 

optimization in the present research is genetic algorithm (GA). 
As was mentioned in previous sections, identifying the critical 

equipment is a basic step for planning and prioritizing their 

replacement. According to the above-mentioned criteria, the 

critical equipment is characterized by high lost production (Z1), 
high energy consumption (Z2), low reliability (Z3), and high 

financial loss (Z4). Therefore, the critical function (FCr) of an 

equipment can be defined as Equation (3). The description of the 

used parameters as well as the symbols in the mathematical 
optimization model are summarized in Table 2. 

Cr ∝ (𝑍1 ), (𝑍2), (𝑍3), (𝑍4)                         (3) 

The main aim of optimization and prioritization is to reduce the 

criticality of the industrial plant. Therefore, the optimization 
function is of the minimizing type as shown in Equation 4. 

According to the principles of optimization and modeling, 

assigning relevant constraints could change the boundaries of the 

feasible region. The first four prioritization criteria introduced in 
sections 3 and 4 are the objectives. It is wiser to consider the 

remaining criterion (the strategic and political issues) as a 

constraint due to the conditions imposed by the government, the 

owner, and the managers of the industrial plant. In the model of 
the present research, the multi-objective functions are presented 

in Equations 5 to 8 and the constraints can be observed in 

Equations (9) to (15). 
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Table 2. The parameters used in the mathematical optimization model. 

Type 

 (input/output-constant/function) 
Description Character 

Input-constant The number of the products of the plant K 

Input-constant 
The number of the production stations (production 

lines) of product k 
J 

Input-constant 
The number of the equipment units in the production 

station (production line) j 
I 

Objective Lost production Z1 

Objective Energy consumption Z2 

Objective Reliability Z3 

Objective Financial loss Z4 

Input-constant 
The starting operation year of equipment i in 

production line j of product k 
TSijk 

Input-constant 
The finishing operation year of equipment i in 

production line j of product k 
TFijk 

Output-constant 
The replacement year of equipment i in production 

line j of product k 
TRijk 

Input-constant 
The economic life of equipment i in production line j 

of product k 
ELijk 

Input-function 
The actual production of equipment i in production 

line j of product k over time 
APijk 

Input-function 
The total actual production in production line j of 

product k over time  
APLjk 

Input-constant 
The nominal production of equipment i in 

production line j of product k 
NPijk 

Input-function 
The energy consumption of equipment i in 

production line j of product k over time 
ECijk 

Input-function 
The mean time between the failures of equipment i 

in production line j of product k over time 
MTBFijk 

Input-function 
The equivalent annual cost of equipment i in 

production line j of product k over time 
EACijk 

Intermediate-constant 

The minimum of the diagram of the equivalent 

annual cost of equipment i in production line j of 

product k over time 

MinEACijk 

Intermediate-constant 
The equivalent annual cost of equipment i in 

production line j of product k at replacement time 
EACR-ijk 

Input-constant 
The maximum production reduction factor of 

equipment i in production line j of product k 
FMPDijk 

Input-constant 
The maximum effectiveness reduction factor of 

equipment i in production line j of product k 
FMED ijk 

Input-constant 
The maximum energy loss factor of equipment i in 

production line j of product k 
FMEWijk 

Input-constant 
The nominal energy consumption of equipment i in 

production line j of product k 
NECijk 

Input-constant The importance weight of objective Z1  WZ1 

Input-constant The importance weight of objective Z2 WZ2 

Input-constant The importance weight of objective Z3  WZ3 

Input-constant The importance weight of objective Z4  WZ4 

Input-constant  The strategic and political issues  SPI 

Output-constant  The priority of equipment i  Pi 
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{𝑖|𝑖 = 1, 2, 3, … , 𝑚} (13) 

{𝑗|𝑗 = 1, 2, 3, … , 𝑛} (14) 

{𝑘|𝑘 = 1, 2, 3, … , 𝑣} (15) 

4.2. The optimization method 

In order to optimize the multi-criteria prioritization of critical 

equipment, the NSGA-II genetic algorithm has been used in this 

research. The multi-objective optimization with non-dominated 

sorting genetic algorithm (NSGA) is a well-known algorithm. 
The abbreviation for the multi-objective genetic algorithm is 

NSGA-II which is used in multi-objective optimization 

algorithms because of its unique characteristics. Due to its 

unique approach in dealing with multi-objective optimization 

problems, this algorithm has been used by different researchers 

to create newer multi-objective optimization algorithms. 

Undoubtedly, this algorithm is one of the most fundamental 
evolutionary multi-objective optimization algorithms and can be 

considered as their second generation. 

Since there are contradictions between the goals, there is no 

single solution for multi-objective problems in which all the 
goals are completely optimal. At the end, a set of dominant 

solutions will be presented as the optimal solutions which are 

archived in the Pareto solutions. 

In this research, the chromosome length was assumed to be 4 
which was equal to the number of the criteria (Figure 3). After 

the necessary evaluations, the values of the genetic algorithm 

operators (the number of generations, probability of mutation 

(pm), and probability of crossover (pc) were selected as follows: 
max generation number=200, pm=0.15, and pc=0.8. The number 

of iterations in the algorithm was considered 100. 

 

Fig. 3. The definition of the chromosome in the current study. 

4.3.  The generated computer program 

In order to create a graphical user interface (GUI) for the users, 

Java software was used since it has good graphics capabilities. 
Therefore, NSGA-II was coded and run in this software. By 

receiving inputs from the user and assigning the required 

settings, the generated program performs the prioritization and 

optimization steps and presents the expected data outputs and the 
corresponding diagrams to the user. The picture of the created 

graphical program is shown in Figure 4. 

 

 

Fig. 4. The generated software (via Java) for optimal prioritization. 

5. Case study 

The first region of Iran’s gas transmission operations was 

selected as the industrial complex for the case study due to its 

Criteria (number) 1 2 3 4 5 6

Chromosome length
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comprehensive database. This region is located in Khuzestan 
province, south of Iran. This plant has 2 products including high 

pressure gas and full flow gas. The first product has 5 production 

stations (production lines) and 310 equipment units. The second 

product has 3 production stations (production lines) and 285 
equipment units. Out of a total of 595 existing equipment units, 

350 units were suspected of being critical and were selected for 

LCC analysis according to the maintenance manager’s opinion. 

The implementation of the LCC indicated that 110 equipment 
units were critical in a way that about 12 to 20 years had passed 

from their economic life. In the second phase, these 110 units 

were evaluated for optimal prioritization. The input data were 

entered into the generated program and optimization was done. 
Regarding the SPI criterion, the government did not have any 

limitations to be assigned. 

6. Analysis of the results 

As mentioned in the previous section, with the implementation 

of the LCC, 110 equipment units were identified as critical. By 
entering the data of the mentioned 110 equipment units into the 

program, the critical equipment units were prioritized. By 

running the program, the final rank or priority for replacing the 

equipment was determined. Since the number of these equipment 
units is high and their data are confidential, only the input data 

and the output results of the equipment units (rated from 1 to 10) 

are shown in Tables 3 and 4, respectively. 

Table 3. The input data in the case study.  

Product 
Station/production 

line 
Equipment 

K=1 

(High pressure 

natural gas) 

j=1 

(Makvandifar) 

i=1 

(Clark Engine Unit A) 

i=2 

(Clark Engine Unit B) 

K=2 

(Full flow 

natural gas) 

j=1 

(Bidboland) 

i=1 

(Gas Turbine EM 85 

Unit A) 

i=2 

(Gas Turbine EM 85 

Unit B) 

i=3 

(Gas Turbine EM 85 

Unit C) 

i=4 

(Gas Turbine EM 85 

Unit D) 

j=2 

Tang-e-Pirzal 

i=1 

(Gas Turbine EM 85 

Unit A) 

i=2 

(Gas Turbine EM 85 

Unit B) 

i=3 

(Gas Turbine EM 85 

Unit C) 

i=4 

(Gas Turbine EM 85 

Unit D) 

Table 4 shows that equipment unit number 2 (which is an 
engine used for producing high-pressure gas) in production line 

number 1 is the most critical equipment unit in the mentioned 

complex. Therefore, replacing this engine should be a top 

priority for the plant managers because it can cause a lot of harm 
to the complex. According to Table 4, the economic life of this 

equipment (based on LCC) ended in 2005 which is the same as 

the optimal time obtained from the output of the multi-criteria 

prioritization program in the present study. The performance 
diagrams of this equipment in terms of the prioritization criteria 

of this research are shown in Figure 5. However, due to the 

confidentiality of the data, only the historical data ranging from 

the years 1995 to 2016 have been displayed. 

Table 4. The output results of optimal prioritization in the case study. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. The performance diagrams of the prioritization criteria for the most 

critical equipment unit 
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k=1 j=1 i=1 2005 2008 - 2 

k=1 j=1 i=2 2005 2005 - 1 

k=2 j=1 i=1 2005 2012.8 - 5 

k=2 j=1 i=2 2005 2011.5 - 4 

k=2 j=1 i=3 2001 2014.4 - 8 

k=2 j=1 i=4 2002 2014 - 7 

k=2 j=2 i=1 2005 2013 - 6 

k=2 j=2 i=2 2005 2015.6 - 9 

k=2 j=2 i=3 2001 2016 - 10 

k=2 j=2 i=4 2002 2009 - 3 
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7. Conclusion 

Industrial complexes are strategically important since there are 

thousands of equipment units in them. Many of these industrial 

complexes have been exploited for decades without any 
equipment upgrades in their production lines. This can lead to 

severe financial and environmental damage. The depreciated 

equipment units of these complexes are usually considered as 

critical equipment. The main concern of the maintenance 
officials in such complexes should be prioritizing the 

replacement of the critical equipment since such complexes also 

have financial and time limitations. 

The main goal of this research was to provide a practical and 
scientific framework for the optimal prioritization of the 

replacement of critical equipment in industrial complexes. The 

proposed model of this research had two steps. In the first step, 

by implementing the theory of LCC, a list of the equipment units 
whose economic life had passed was determined. These 

equipment units are called critical equipment. In the next step, 

these equipment units were prioritized using the optimization 

program generated in this research based on the NSGA-II 
method and Java software. The proposed optimization model was 

a multi-criteria problem with 4 criteria including lost production, 

energy consumption, reliability, and financial loss. The concepts 

of effectiveness and efficiency were considered in the criterion of 
lost production. 

The case study of the present research was conducted on Iran’s 

gas transmission operations in the south of the country. Out of a 

total of 595 equipment units in the complex, 350 equipment units 
were selected by the maintenance manager as suspected of being 

critical. The LCC analysis in the first step of the proposed 

framework showed that among these 350 equipment units, 110 

equipment units were critical and their economic life had passed 
though they were still in operation. The implementation of the 

second step of the study led to the prioritization of the 

replacement of these critical equipment units. The replacement of 

the critical equipment units in this complex based on the 
proposed optimal prioritization should be on the agenda of the 

senior managers. 
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