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Abstract: The electric power industry today is regarded as the engine of growth and development of 
other sectors. The technology-based nature of the electric power industry has caused its physical 
asset to be of particular importance. This study aims to develop a model for increasing the 
productivity and energy production of small-scale power plants using multi-criteria decision making 
in fuzzy environments. Productivity of manpower, capital, energy and quality, as the criteria affecting 
the purpose of the research, and ten activities of the uptime physical asset management model as a 
solution to meet the goal of the research have been considered. 

Based on the obtained results, it can be said that teamwork-based methods are the most 
important strategy for improving the productivity of small-scale power plants. The importance of 
teamwork is to the extent that other areas of physical asset management fail to function properly 
without relying on teamwork-based methods. The results of the study indicate that the proposed 
model is suitable for real-world problems and increases the productivity and uptime at small-scale 
power plants. 
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1. Introduction 

One of the characteristics of the power supply, its continued maintenance and continuity for 
consumers. This feature has brought about the importance of the proper operation of equipment in 



1010 

AIMS Energy  Volume 6, Issue 6, 1009–1024. 

this industry. Therefore, the reliability of the electricity grid for electricity companies is crucial. 
Therefore, proper management of physical equipment and assets of power generation companies 
is of particular importance, which requires the efforts of all units and organizational units. In 
order to increase productivity, companies should consider measures for the proper use of their 
network equipment. 

The management of these assets and the proper maintenance of these huge assets to achieve 
organizational goals and increase productivity put many challenges ahead of organizations. These 
challenges include preventing the sudden failure of machinery and equipment [1], maintaining 
production consistency [2], availability of machinery, maintaining production quality, preventing 
delays in product delivery, and the direct or indirect loss of profitability [3]. 

One of the most widely used solutions in recent years is the implementation of physical asset 
management systems in industrial companies. These systems operate on the basis of the management 
of each physical asset of the company, from the smallest to the greatest assets, and get aware of their 
status by monitoring the assets in the planning, design, purchase, construction and commissioning, 
maintenance, and destruction stages, and make the right decision in each stage with complete 
information. This process not only reduces the time of purchase, construction and commissioning 
stages, but it also reduces the time of stopping the operation and consequently increases the sales 
volume. In addition, it reduces maintenance costs through optimal maintenance [4]. 

Although many still believe that physical asset management is equivalent to maintenance, this 
view is not correct, because physical asset management includes a wider range of activities than 
mere maintenance. Maintenance is mainly related to keeping equipment in operational condition, 
while physical asset management is a combination of technical and financial aspects along with 
management decisions [5,6]. The objective of physical asset management is to optimize a 
combination of costs, risks and performance over the lifetime of an asset to ensure that the 
organization gains maximum value from its physical assets. In asset-based organizations, physical 
assets play an important role in creating value [7], and physical asset management is considered a 
key criterion for organizational performance measurement [8], and supporting the decisions of 
physical asset management processes is critical for improving operations and increases productivity 
and uptime [7]. 

Standards such as PAS 55 [9] (by the Institute of Asset Management and Standardization of 
the United Kingdom) and ISO55000 [10] have been released in recent years, which can provide 
the basis for the creation of appropriate asset management for organizations [8,11]. Besides, 
many researchers in the field of industries have studied various areas for improving the 
productivity of corporations and asset-based organizations, some of which are mentioned below. 

Chiacchionv applied the dynamic reliability approach, a well-known modeling paradigm for 
reliability engineering, to model and evaluate the performance of a renewable power plant. This 
method is generally used to evaluate the reliability properties of an engineering system in non-static 
work conditions [12]. Shiu and Lam studied the efficiency and productivity in China’s electric power 
industry using the Data Envelopment Analysis (DEA) and Malmquist index [13]. Rácz & 
Vestergaard used the DEA1 method to measure the productivity of the Danish electricity biogas from 
2005 to 1992 [14]. Barros & Wanke’s studies on the evaluation of the efficiency of Angola’s thermal 
power plants indicated the absence of a learning curve for increasing efficiency in energy 

                                                              
1 Data envelopment analysis. 
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generation [15]. Lee & Leem studied changes in the concept of productivity as a longstanding and 
important factor in studies about manufacturing so that it can serve as a practical guideline for 
managers in industry, and as an academic foundation for future research into productivity [16]. On 
the other hand, Alsyouf showed how an effective maintenance policy could influence the 
productivity and profitability of a manufacturing process [17]. Nachlas showed that the use of proper 
maintenance planning would increase industrial productivity and production [18]. Raouf used the 
TPM2 maintenance method instead of the traditional system to increase capital productivity [19]. 

Literature shows extensive research in the area of productivity in asset-based industries. 
Despite the researchers’ attention to the field of physical asset management in recent years [20–23], 
and given its significance in improving productivity of industries, it has remained an 
under-researched field. The relationship between the productivity affecting criteria and physical asset 
management is very complex and usually affects other criteria. Evaluation and analysis of 
alternatives in different complicated conditions, especially in industrial areas affected by multiple 
criteria and alternatives, require the use of quantitative techniques and decision math models. 
Although different mathematical decision techniques are available to help the managers in the 
decision making process, these techniques are not very popular, because they are time-limited and 
inherently complex. Decision-making techniques related to physical asset management are mainly 
focused on optimizing and improving a criterion. Therefore, it is necessary to study methods in 
which several important contradictory criteria can be considered simultaneously in planning [24]. 
This is why the present study has proposed a different model to improve the productivity of 
small-scale power plants by using the uptime physical asset management model and the TOPSIS 
MCDM3 technique in the fuzzy environment. 

The present article is organized in five sections. After the introduction section, the research 
methodology is introduced. In the third section, a case study and the overall framework of the 
proposed research model are presented. In the fourth section, the findings are discussed and, finally, 
the conclusions and suggestions are presented in the fifth section. 

2. Methodology 

2.1. Fuzzy numbers and fuzzy sets 

Professor Lotfizadeh put forward the theory of fuzzy sets. This theory applies in situations of 
ambiguity and uncertainty. This theory is able to express many of the imprecise concepts with 
mathematical language and provide a ground for reasoning, inference, control, and decision making 

in conditions of uncertainty [25]. According to this theory,   XxxxA
A

 )(,
~

~  is a fuzzy set in 

which x represents the real values of the member of the R set and its membership function is of the 

form  1,0:)(~ x
A

 . 

The most commonly used fuzzy numbers are triangular and trapezoidal fuzzy numbers. 
Triangular fuzzy numbers are more commonly used for simpler computations. Hence, we have also 

                                                              
2 Total productive maintenance. 
3 Multi-criteria decision-making. 
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used triangular fuzzy numbers in this study. A triangular fuzzy number A with linear membership 
function μA is defined as Eq 1, which is represented by a triangular fuzzy number (l, m, u). Figure 1 
depicts this membership function [26]. 
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Figure 1. Triangular fuzzy number. 

2.2. Fuzzy TOPSIS4 method 

The TOPSIS technique is a multi-criteria decision analysis method, which was originally 
developed by Hwang and Yoon in 1981 [27] with further developments by Yoon in 1987 [28], and 
Hwang et al. in 1993 [29]. 

The fuzzy TOPSIS technique was first proposed by Chen to solve multi-criteria 
decision-making problems under uncertainty [30]. The TOPSIS technique in fuzzy logic has been 
used in many studies, and the fuzzy TOPSIS decision making methods have been widely used in the 
electric power industry [31,32], finance [33,34] and other affairs since the 1990s. Linguistic variables 
were used in the fuzzy TOPSIS method to rank the alternatives and weigh the criteria, because the 
use of linguistic variables instead of numerical evaluation is more realistic and tangible when dealing 
with unclassified and vague data, especially when modeling human judgments [35]. Many methods 
have been proposed for evaluating the weights of the criteria and the ranking of alternatives [36–39]. 
The weight of each criterion can be obtained by direct allocation or by pair comparison [30,40]. The 
researchers have used linguistic variables in this study to evaluate the weights of the criteria and rank 
the alternatives based on different criteria. For ease of understanding and ease of use of the pairwise 
comparison matrix [38], the weights of the criteria have been evaluated and the alternatives have 
been ranked on the basis of pairwise comparisons. The linguistic variables and fuzzy triangular 
numbers corresponding to them which have been used by decision makers (D = 1, 2 ..., K) for 
pairwise comparisons are based on Lin fuzzy triangular numbers, as shown in Table 1 [41]. 
  

                                                             
4 Technique for order preference by similarity to ideal solution. 
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Table 1. Triangular fuzzy numbers. 

Linguistic variables Triangular fuzzy numbers 

Equally important (1, 1, 1) 

Intermediate (1, 2, 3) 

Weakly more important (2, 3, 4) 

Intermediate (3, 4, 5) 

Strongly more important (4, 5, 6) 

Intermediate (5, 6, 7) 

Very strongly more important (6, 7, 8) 

Intermediate (7, 8, 9) 

Absolutely more important (9, 9, 9) 

The fuzzy TOPSIS method consists of the following steps [30]: 
When a decision group has an odd K, the weights of the criteria are added up and the 

alternatives are ranked through Eq 2 and Eq 3. jW
~

 represents the weight of the jth criterion. 

 k
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Step 1: As stated above, a fuzzy multicriteria group decision-making problem which can be 
concisely expressed in matrix format as (Eq 4 & 5):   
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In this matrix D, ijx~  represents the rank of the ith alternative (i = 1, 2 ..., m) on the basis of 

the jth criterion (j = 1, 2 ..., n), which is based on linguistic variables ( ),,(~
ijijijij cbax  ). 

Step 2: The fuzzy decision matrix must be converted to a comparable scale and be 
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normalized. There are several methods for normalization, for which Chen has used the linear 

regression method. Therefore, we can obtain the normalized fuzzy decision matrix denoted R
~

 (Eq 6). 
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           (6) 

Where B and C are the set of benefit criteria and cost criteria (Eq 7), respectively, and 
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Step 3: We obtain the fuzzy weighted normal matrix using Eq 8. 

  njmivV
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where jijij wrv ~.~~  . 

Step 4: Then, we can define the fuzzy positive-ideal solution (FPIS, A+) and then, we can define 
the fuzzy negative-ideal solution (FNIS, A−) as (Eq 9): 
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where 
jv~  = (0, 0, 0) and *~

jv  = (1, 1, 1). 

Step 5: Distance is calculated at this stage. The distance of the ith alternative or positive ideal 
(A+) and the negative ideal alternative (A−) is obtained from Eq 10 and Eq 11 and the distance 
between the two triangular fuzzy numbers is calculated using Eq 12. 

  njmivvdd
n

j
jiji ,...,2,1,,...,2,1~,~

1

** 








 


    (10) 

  njmivvdd
n

j
jiji ,...,2,1,,...,2,1~,~

1










 


     (11) 

])()()[(
3

1
)

~
,

~
( 2

33
2

22
2

11 nmnmnmBAd      (12) 

Step 6: Calculation of the relative closeness coefficient of the ith alternative of CCi using Eq 13. 
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The ranking of alternatives is arranged based on the closeness coefficient of CCi in a descending 
order. The best alternatives are the closest alternative to FPIS and the furthest alternative to FNIS. In 
other words, the greater the relative closeness, the more ideal its corresponding alternative. 

3. Case study 

The power industry has undergone major changes in management and ownership in recent 
decades as an attempt to increase the operation efficiency and encourage investors, so that different 
parts of the power system, including production, transmission and distribution, have become 
independent so that an appropriate competitive environment can be created. These developments on 
the one hand, and factors such as the problems of the construction of new lines on the other hand, 
have increased the use of small production units under the name of Distributed Generation (DG) or 
small-scale products (with a production capacity up to 25 MW). This industry is important due to its 
close relationship with the factors affecting economic growth, industrialization, and increasing 
productivity and efficiency are of great importance. 

This research is a case study conducted on the small gas-fired power plant in Mazandaran 
province (Iran). As mentioned earlier, the purpose of this study is to develop a model for increasing 
the productivity and energy production of small-scale power plants using a multi-criteria 
decision-making technique. These techniques help us choose the best alternative, taking into account 
different quantitative or qualitative criteria. Multi-criteria decision making is a set of methods and 
procedures that try to make an appropriate analysis on several often incompatible indicators or 
criteria in order to select the best alternative. The researchers used the fuzzy TOPSIS technique in 
this research so as to solve the decision problem. The proposed model has three levels of goal, 
criteria and alternatives. The purpose of this study is to investigate the improvement of the 
productivity of small-scale power plants and the criteria used in the research are criteria that affect 
productivity. Alternatives are used as solutions which can be used to achieve the research goal and 
include the ten activities of the uptime physical asset management model, which we will describe 
them in detail. 

3.1. Selection of criteria 

Studies conducted in the area of productivity have identified and introduced various criteria as 
indicators that affect the productivity of manufacturing industries, including labor, capital, and other 
inputs such as energy, raw materials, etc. [42]. One of the most important studies conducted in this 
area is a study by Lee & Leem, which explored the productivity of manufacturing industries from 
1890 to 2009. After reviewing 11237 articles in this field and identifying 95 keywords in these 
articles, the author classified them into 9 categories of automation, quality, process, information, 
innovation, cost, labor, energy, and environment [16]. Some studies have also examined the productivity 
indicators such as labor [43–45], energy [42,46], and capital [19,47–49] and many studies have 
investigated the impact of quality on productivity [50–52], which are among the most important 
criteria affecting productivity. 
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Therefore, considering the previously conducted studies and the views of the experts of the 
decision-making team, the researchers selected labor productivity, energy, capital and quality in the 
present study as the most important and effective measures of productivity, which are briefly 
described in Table 2. 

Table 2. Definition of the productivity-affecting criteria. 

Productivity-affecting criteria Definition Code 

labor The value-added to number of employees ratio [43] C1 

energy The value-added to energy value ratio [42] C2 

capital The value-added to the cost value ratio [43] C3 

quality Management activities and techniques for improving 

product quality [16] 

C4 

 

3.2. Defining a set of alternative 

Different models and methods such as the Terry Wireman model [53] and John Campbell 
model [54] are used for planning, implementation, monitoring and improvement in the area of 
physical asset management. These models have similar structure and tools, which differ only in 
details and how they are implemented. Since the John Campbell model (Uptime) has such features as 
comprehensiveness, integration, introduction of the process and sequence of successful 
implementation, and most importantly compliance with ISO 55000 standards [10] and PAS 55 [9]. 
The researchers have examined the Uptime Model of Excellence (Pyramid) in the present study. 

The Uptime Model has been classified into ten distinct areas. In the model presented in this 
study, we will use these ten activities as alternatives or solutions to improve the productivity of 
small-scale power plants. Table 3 presents each of these areas briefly. 

Table 3. Definitions of the criteria (Uptime Model) [54]. 

code Description 10 activities of the Uptime Model 

A1 The strategy is a road map containing alternatives and, in 

case of location change, the maintenance strategy is also 

changed. 

Maintenance strategy 

A2 Achieving organizational goals requires more than just 

physical assets. An organization needs knowledgeable, 

competent, and motivated personnel for the effective 

maintenance of the equipment. 

Personne 

A3 Work management means doing the right thing in the right 

way and at the right time, which includes planning and 

scheduling. 

Work management 

A4 Physical assets should be maintained at a required 

standard and basic level so that their continued operation 

can be ensured. 

Basic care 

Continued on next page 



1017 

AIMS Energy  Volume 6, Issue 6, 1009–1024. 

 

code Description 10 activities of the Uptime Model 

A5 Suitable materials and components must be available at 

the right time required to effectively carry out 

maintenance activities. The unavailability of a part often 

prevents doing the work. 

Material and Component 

Management 

A6 Performance parameters should develop behaviors that support 

the goals and strategies of the organization and should measure 

the progress of these efforts. 

Performance management 

 

A7 Management and support systems are tools for 

information storage with the ability to retrieve and use the 

data for analysis. 

Maintenance management and 

support systems 

A8 A thoroughly proactive approach to analyzing and making 

decision about the most appropriate policy for maintaining 

each asset. 

Approaches based on equipment 

reliability 

A9 Teamwork methods focus on further use of knowledge 

and different views of employees from different 

departments and collaboration among them to improve 

maintenance operations and maintain the reliability of 

equipment. 

Teamwork methods 

 

A10 Creating changes in the work process or eliminating these 

processes, or creating more coordination among them and 

with other processes in order to the tasks more easily. 

Process optimization 

Figure 2 shows the steps involved in the proposed model of the present study. 

 

Figure 2. The stages of doing the research model. 

4. Findings and discussion 

We initially defined the ideal solutions (the ten tiers of the Uptime physical asset 
management model) in terms of the proposed criteria in order to achieve the ultimate goal of 
improving the productivity of small-scale power plants. Figure 3 shows the hierarchical analysis 
diagram of the model. 
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Figure 3. Hierarchical analysis diagram. 

After creating the hierarchy of the proposed model, the researchers collected the views of 
experts including the operation manager and supervisors of the operation and maintenance teams 
through the Fuzzy Pairwise Comparison Matrix Questionnaire using linguistic variables and their 
corresponding triangular fuzzy numbers (in nine scales as presented in Table 1). First, the fuzzy 
pairwise comparison matrix of the alternatives was formed for each of the criteria, and the average 
weight the fuzzy pairwise comparison matrix of the alternatives for the variables is presented in 
Table 4. Then, the fuzzy pairwise comparison matrix of the alternatives in relation to the main goal 
of the research was determined (Table 5). 

In the next step, the fuzzy pairwise comparison matrix was normalized based on Eq 6 (Table 5). 
After they were normalized, based on Eq 8, the weighted normal matrix, which is the result of fuzzy 
multiplication of the normal matrix by the weight of the criteria, is calculated (Table 6). After 
creating the weighted fuzzy decision matrix using Eq 10 and Eq 11, we calculated the numerical 
positive and negative ideal values and used Eq 12 to obtain the distance between the two fuzzy 
numbers (d). Finally, we determined the relative closeness of each of the alternatives to the ideal 
solution (Eq 13) and arranged them in a descending order (Table 7). 

Table 4. The average weight of the fuzzy pairwise comparison matrix of the alternatives 
in relation to the criteria. 

Code C1 C2 C3 C4 

A1 (2.08, 2.70, 3.37) (0.34, 0.48, 0.67) (0.53, 0.77, 1.06) (0.34, 0.48, 0.67) 

A2 (4.70, 5.40, 6.10) (0.53, 0.77, 1.06) (0.34, 0.48, 0.67) (0.53, 0.77, 1.06) 

A3 (2.97, 3.68, 4.45) (0.82, 1.16, 1.54) (0.82, 1.15, 1.53) (1.69, 2.23, 2.81) 

A4 (0.82, 1.16, 1.54) (4.70, 5.40, 6.10) (2.96, 3.68, 4.45) (3.06, 3.78, 4.55) 

A5 (1.21, 1.64, 2.13) (2.28, 2.91, 3.58) (2.28, 2.91, 3.58) (2.27, 2.89, 3.53) 

A6 (1.70, 2.23, 2.81) (0.26, 0.29, 0.38) (0.26, 0.29, 0.38) (0.28, 0.33, 0.46) 

A7 (0.34, 0.48, 0.67) (1.69, 2.23, 2.81) (1.69, 2.23, 2.81) (0.82, 1.16, 1.54) 

A8 (0.51, 0.77, 1.06) (3.83, 4.55, 5.30) (4.70, 5.40, 6.10) (4.70, 5.40, 6.10) 

A9 (3.85, 4.55, 5.30) (2.96, 3.68, 4.45) (3.83, 4.55, 5.30) (3.83, 4.55, 5.30) 

A10 (0.26, 0.29, 0.38) (1.21, 1.64, 2.13) (1.21, 1.64, 2.13) (1.43, 2.02, 2.60) 

a-     

c+ (6.10, 6.10, 6.10) (6.10, 6.10, 6.10) (6.10, 6.10, 6.10) (6.10, 6.10, 6.10) 

 

  

Alternative

Criterion

GOAL GOAL

C1

A1 A2 A3

C2

A4 A5

C3

A6 A7

C4

A8 A9 A10
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Table 5. The fuzzy normalized decision matrix. 

Code C1 C2 C3 C4 

A1 (0.34, 0.44, 0.55) (0.06, 0.08, 0.11) (0.09, 0.13, 0.17) (0.06, 0.08, 0.11) 

A2 (0.77, 0.89, 1.00) (0.09, 0.13, 0.17) (0.06, 0.08, 0.11) (0.09, 0.13, 0.17) 

A3 (0.49, 0.60, 0.73) (0.13, 0.19, 0.25) (0.13, 0.19, 0.25) (0.28, 0.37, 0.46) 

A4 (0.14, 0.19, 0.25) (0.77, 0.89, 1.00) (0.48, 0.60, 0.73) (0.50, 0.62, 0.75) 

A5 (0.20, 0.27, 0.35) (0.37, 0.48, 0.59) (0.37, 0.48, 0.59) (0.37, 0.47, 0.58) 

A6 (0.28, 0.37, 0.46) (0.04, 0.05, 0.06) (0.04, 0.05, 0.06) (0.05, 0.05, 0.08) 

A7 (0.06, 0.08, 0.11) (0.28, 0.37, 0.46) (0.28, 0.37, 0.46) (0.13, 0.19, 0.25) 

A8 (0.09, 0.13, 0.17) (0.63, 0.75, 0.87) (0.77, 0.89, 1.00) (0.77, 0.89, 1.00) 

A9 (0.63, 0.75, 0.87) (0.48, 0.60, 0.73) (0.63, 0.75, 0.87) (0.63, 0.75, 0.87) 

A10 (0.04, 0.05, 0.06) (0.20, 0.27, 0.35) (0.20, 0.27, 0.35) (0.24, 0.33, 0.43) 

Weight of 

criteria 

(1.08, 1.63, 2.25) (0.45, 0.52, 0.71) (1.75, 2.50, 3.25) (0.65, 0.96, 1.38)    

Table 6. The fuzzy weighted normalized decision matrix. 

Code C1 C2 C3 C4 

A1 (0.37, 0.72, 1.24) (0.03, 0.04, 0.08) (0.15, 0.32, 0.56) (0.04, 0.08, 0.15) 

A2 (0.83, 1.44, 2.25) (0.04, 0.07, 0.12) (0.10, 0.20, 0.36) (0.06, 0.10, 0.24) 

A3 (0.53, 0.98, 1.64) (0.06, 0.10, 0.18) (0.23, 0.47, 0.81) (0.18, 0.35, 0.63) 

A4 (0.15, 0.31, 0.57) (0.34, 0.46, 0.71) (0.85, 1.51, 2.37) (0.32, 0.59, 1.03) 

A5 (0.22, 0.44, 0.79) (0.17, 0.25, 0.42) (0.65, 1.19, 1.19) (0.24, 0.45, 0.80) 

A6 (0.30, 0.59, 1.04) (0.02, 0.03, 0.04) (0.07, 0.12, 0.20) (0.03, 0.05, 0.10) 

A7 (0.06, 0.13, 0.25) (0.12, 0.19, 0.33) (0.49, 0.91, 1.50) (0.09, 0.18, 0.35) 

A8 (0.09, 0.21, 0.39) (0.28, 0.39, 0.62) (1.35, 2.21, 3.25) (0.50, 0.85, 1.35) 

A9 (0.68, 1.21, 1.95) (0.22, 0.31, 0.52) (1.10, 1.86, 2.82) (0.41, 0.71, 1.19) 

A10 (0.05, 0.08, 0.14) (0.09, 0.14, 0.25) (0.35, 0.67, 1.13) (0.16, 0.32, 0.58) 

FPIS (2.25, 2.25, 2.25) (0.71, 0.71, 0.71) (3.25, 3.25, 3.25) (1.38, 1.38, 1.38)

FNIS (0.05, 0.05, 0.05) (0.02, 0.02, 0.02) (0.07, 0.07, 0.07) (0.03, 0.03, 0.03)

Table 7. The distance measurement, closeness coefficient and rank order of alternatives. 

Code d+ d− CCi Rank 

A1 6/37537 1/24657 0/16355 9

A2 5/84767 1/95311 0/25037 6

A3 5/64059 2/10912 0/27215 5

A4 4/73903 3/16295 0/40027 3

A5 5/20054 2/66589 0/33889 4

A6 6/74506 0/81092 0/10732 10

A7 6/10385 1/52904 0/20032 7

A8 4/17778 3/93397 0/48497 2

A9 3/66056 4/49305 0/55105 1

A10 6/30477 1/30347 0/17132 8
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Considering the weights shown in the fuzzy weighted normalized decision matrix (Table 6), 
the prioritization of each of the alternatives studied (the areas of physical asset management) in 
relation to the criteria under study (productivity indicators) can be specified. For example, in the 
power plant under consideration, according to the labor productivity index, the prioritization of the 
physical asset management areas is such that staff is ranked the first and then, in a descending order, 
the teamwork-based methods, work management, maintenance strategy, performance management, 
material and component management, basic care, equipment reliability-based approaches, 
maintenance management and support systems, and ultimately, process optimization sit in the next 
positions. Furthermore, according to the energy Productivity criterion, the basic care alternative 
becomes the first priority; based on the capital productivity criterion, the teamwork-based methods 
alternative is the first priority; and regarding the quality criterion, the alternative involving 
approaches based on the equipment reliability is in the first priority. 

Based on the results of the analysis of experts’ views, the alternatives used to improve the 
productivity of small-scale power plants were prioritized in the following order: Teamwork methods 
(0.551) was ranked first, equipment-based approaches (0.484) was ranked second, basic care (0.400) 
was ranked third, and material and component management (0.338), work management (0.272), 
personnel (0.250), maintenance management and support systems (0.200), process optimization 
(0.171), maintenance strategy (0.163) and performance management (0.107) were ranked fourth to 
tenth respectively. 

Each of these concepts can bring significant value and enhance the reliability and effectiveness 
of assets, thereby improving productivity. However, none of them is a complete solution for 
productivity and energy production enhancement, and each one may not have the desired effect if 
used alone. Firms often use teamwork methods to achieve the best results. The reason for that is the 
optimal performance of humanistic approaches. Equipment-based approaches are among teamwork 
approaches that focus on assets. Basic care also employs teamwork approaches, so that the operators 
can perform simple maintenance tasks and help the maintenance staff to work on more complex 
systems that have been stopped. The key to success in work management is also the timely 
presentation of materials and components, because operations and supply chain play an important 
role in this process in line with maintenance. The lack of even one part or component may change the 
planning and scheduling. Therefore, there is a need for good relationship and communication 
between the material and component management team and the work management team. The 
multiple skills of the maintenance staff allow them to work in smaller teams or even individually, 
while simultaneously cooperating well with production. Management and support systems also 
support the functions expected of the material and component and maintenance management, and 
require collaboration with other domains. The organization’s employees do their work through the 
daily performing of processes in order to achieve the desired results. Maintenance is one of the 
business processes that should be optimized, integrated and collaborated with materials management, 
supply chain, human resources etc. for the best performance. Creation of an effective strategy and its 
follow-up will depend entirely on teamwork among the staff of the maintenance, operation, finance, 
human resource and supply chain units. Performance management also requires managing a number 
of measures related to work management processes, material and component management, employee 
training, reliability approaches, and so on. Therefore, performance management, like other domains, 
cannot have the desired efficiency and will not increase productivity without effective 
communication with other groups [54]. Therefore, it should be noted that small-scale power plants 
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are not separated from this principles. One characteristic of electrical energy is its continuous and 
uninterrupted supply to consumers. The key priority of small-scale power plants is to ensure the 
reliable, safe, efficient, and cost-effective operation of equipment and machinery. Small-scale power 
plants can have a significant positive impact on distribution networks. Considering the installation of 
small-scale power plants at the consumption locations, the reliability of the sub-transmission and 
transmission networks will be improved, distribution and transmission losses will be reduced, and 
the quality of power provided to the final consumer will be better relative to that of large power 
plants. These characteristics have led to a particular importance of the proper function of equipment 
and assets in providing reliable and high-quality electricity in this industry. Therefore, considering 
the technology-oriented nature of the power industry, physical assets management plays a critical 
role, which itself requires the collective effort of all units and organizational units. 

5. Conclusion 

With regard to the asset-based nature of the power industry and the high importance of 
equipment and physical assets in it, the present study focused on improving the productivity and 
energy production of small-scale power plants, and to do so, the uptime physical asset management 
model was utilized. In the proposed model, fuzzy TOPSIS multi-criteria decision-making method 
was used. This model is capable of considering different criteria and the relationships among them at 
different levels and therefore can play an important role in helping small-scale power plants achieve 
their goal, i.e. increasing available time, thus increasing productivity. Given the space of ambiguity 
and uncertainty surrounding the judgment of the decision-making team, the proposed model was 
evaluated in a fuzzy environment. 

The results of the research showed that teamwork methods are the best way to improve the 
productivity of small-scale power plants. Teamwork methods in physical asset management 
emphasize adequate communication and collaboration between teams and different groups of the 
organization. As a result, creating common goals among employees and integration among the 
operation teams, maintenance teams and other teams can help increase the reliability of equipment, 
improve the level of quality, reduce the waste, minimize the production costs, increase the uptime of 
equipment, and consequently improve the productivity of small-scale power plants. 

Conflict of interest 

The authors declare there are no conflicts of interest in this paper. 

Reference 

1. Sharma RK, Kumar D, Kumar P (2005) FLM to select suitable maintenance strategy in process 
industries using MISO model. J Qual Maint Eng 11: 359–374. 

2. Jafari A, Jafarian M, Zareei A, et al. (2008) Using fuzzy Delphi method in maintenance strategy 
selection problem. J Uncertain Syst 2: 289–298. 

3. Zaim S, Turkyılmaz A, Acar MF, et al. (2012) Maintenance strategy selection using AHP and 
ANP algorithms: A case study. J Qual Maint Eng 18: 16–29. 



1022 

AIMS Energy  Volume 6, Issue 6, 1009–1024. 

4. Mahakul TK, Baboo S, Patnaik S, et al. (2005) Implementation of enterprise asset management 
using IT tools: A case study of IB thermal power station. J Inf Technol Manage 16: 39. 

5. Hastings NAJ (2010) Physical asset management. Springer Science & Business Media. 
6. de la Fuente A, González-Prida V, Crespo A, et al. (2018) Advanced Techniques for Assets 

Maintenance Management. IFAC-PapersOnLine 51: 205–210. 
7. Greyling BT, Jooste W (2017) The application of business process mining to improving a 

physical asset management process: A case study. S Afr J Ind Eng 28: 120–132. 
8. von Petersdorff H, Vlok PJ (2014) Prioritising maintenance improvement opportunities in 

Physical Asset Management. S Afr J Ind Eng 25: 154–168. 
9. PAS-55 (2010) PAS-55: Asset management. British Standards Institute. 
10. ISO 55000 (2013) ISO 55000. International Organisation for Standardization. 
11. Kriege LK, Jooste JL, Vlok PJ (2016) A framework for establishing a human asset register for 

the improved management of people in physical asset management. S Afr J Ind Eng 27: 77–89. 
12. Chiacchio F, D’Urso D, Famoso F, et al. (2018) On the use of dynamic reliability for an accurate 

modelling of renewable power plants. Energy 151: 605–621. 
13. Lam PL, Shiu A (2004) Efficiency and productivity of China’s thermal power generation. Rev 

Ind Org 24: 73–93. 
14. Rácz VJ, Vestergaard N (2016) Productivity and efficiency measurement of the Danish 

centralized biogas power sector. Renew Energ 92: 397–404. 
15. Barros CP, Wanke P (2017) Efficiency in Angolan thermal power plants: Evidence from cost 

structure and pollutant emissions. Energy 130: 129–143. 
16. Lee CH, Leem CS (2016) An empirical analysis of issues and trends in manufacturing 

productivity through a 30-year literature review. S Afr J Ind Eng 27: 147–159. 
17. Alsyouf I (2007) The role of maintenance in improving companies’ productivity and 

profitability. Int J Prod Econ 105: 70–78. 
18. Nachlas JA (1998) Productivity Enhancement Using Analytically Based Maintenance Planning. 

IFAC Proc Vol 31: 975–979. 
19. Raouf A (1994) Improving capital productivity through maintenance. Int J Oper Prod Manage 

14: 44–52. 
20. KW Wong K, Kumaraswamy M, Mahesh G, et al. (2014) Building integrated project and asset 

management teams for sustainable built infrastructure development. J Facil Manage 12: 
187–210. 

21. Schneider J, Gaul AJ, Neumann C, et al. (2006) Asset management techniques. Int J Elec Power 
28: 643–654. 

22. Abu-Elanien AEB, Salama MMA (2010) Asset management techniques for transformers. Electr 
Pow Syst Res 80: 456–464. 

23. El-Akruti K, Dwight R (2013) A framework for the engineering asset management system. J 
Qual Maint Eng 19: 398–412. 

24. Burnett S, Vlok P (2014) A simplified numerical decision-making methodology for physical 
asset management decisions. S Afr J Ind Eng 25: 162–175. 

25. Zadeh LA (1996) Fuzzy sets. In Fuzzy Sets, Fuzzy Logic, And Fuzzy Systems, 394–432. 
26. Fattahi R, Khalilzadeh M (2018) Risk evaluation using a novel hybrid method based on FMEA, 

extended MULTIMOORA, and AHP methods under fuzzy environment. Safety Sci 102: 
290–300. 



1023 

AIMS Energy  Volume 6, Issue 6, 1009–1024. 

27. Hwang CL, Yoon K (1981) Methods for multiple attribute decision making, In: Multiple 
Attribute Decision Making, Springer, Berlin, Heidelberg, 58–191. 

28. Yoon K (1987) A reconciliation among discrete compromise solutions. J Oper Res Soc 38: 
277–286. 

29. Hwang CL, Lai YJ, Liu TY (1993) A new approach for multiple objective decision making. 
Comput Oper Res 20: 889–899. 

30. Chen CT (2000) Extensions of the TOPSIS for group decision-making under fuzzy environment. 
Fuzzy Set Syst 114: 1–9. 

31. Şengül Ü, Eren M, Shiraz SE, et al. (2015) Fuzzy TOPSIS method for ranking renewable energy 
supply systems in Turkey. Renew Energ 75: 617–625. 

32. Ervural BC, Zaim S, Demirel OF, et al. (2017) An ANP and fuzzy TOPSIS-based SWOT 
analysis for Turkey’s energy planning. Renew Sust Energ Rev 82: 1538–1550. 

33. Bilbao-Terol A, Arenas-Parra M, Cañal-Fernández V, et al. (2014) Using TOPSIS for assessing 
the sustainability of government bond funds. Omega 49: 1–17. 

34. Tavana M, Keramatpour M, Santos-Arteaga FJ, et al. (2015) A fuzzy hybrid project portfolio 
selection method using data envelopment analysis, TOPSIS and integer programming. Expert 
Syst Appl 42: 8432–8444. 

35. Walczak D, Rutkowska A (2017) Project rankings for participatory budget based on the fuzzy 
TOPSIS method. Eur J Oper Res 260: 706–714. 

36. de Almeida AT, de Almeida JA, Costa APCS, et al. (2016) A new method for elicitation of 
criteria weights in additive models: Flexible and interactive tradeoff. Eur J Oper Res 250: 
179–191. 

37. Marichal JL, Roubens M (2000) Determination of weights of interacting criteria from a 
reference set. Eur J Oper Res 124: 641–650. 

38. Takeda E, Yu PL (1995) Assessing priority weights from subsets of pairwise comparisons in 
multiple criteria optimization problems. Eur J Oper Res 86: 315–331. 

39. Choo EU, Schoner B, Wedley WC (1999) Interpretation of criteria weights in multicriteria 
decision making. Comput Ind Eng 37: 527–541. 

40. Choo EU, Wedley WC (2004) A common framework for deriving preference values from 
pairwise comparison matrices. Comput Oper Res 31: 893–908. 

41. Lin HF (2010) An application of fuzzy AHP for evaluating course website quality. Comput Educ 
54: 877–888. 

42. Enflo K, Kander A, Schön L (2009) Electrification and energy productivity. Ecol Econ 68: 
2808–2817. 

43. Ratnasingam J, Ark CK, Mohamed S, et al. (2017) An Analysis of Labor and Capital 
Productivity in the Malaysian Timber Sector. BioResources 12: 1430–1446. 

44. Sauian MS, Kamarudin N, Rani RM (2013) Labor productivity of services sector in Malaysia: 
Analysis using input-output approach. Procedia Econ Financ 7: 35–41. 

45. Koch MJ, McGrath RG (1996) Improving labor productivity: Human resource management 
policies do matter. Strategic Manage J 17: 335–354. 

46. Du K, Lin B (2017) International comparison of total-factor energy productivity growth: A 
parametric Malmquist index approach. Energy 118: 481–488. 

47. Weber CM, Yang J (2014) Organizational learning and capital productivity in semiconductor 
manufacturing. IEEE T Semiconduct M 27: 316–326. 



1024 

AIMS Energy  Volume 6, Issue 6, 1009–1024. 

48. Martínez-Caro E, Cegarra-Navarro JG (2010) The impact of e-business on capital productivity: 
An analysis of the UK telecommunications sector. Int J Oper Prod Manage 30: 488–507. 

49. Zhang Q, Sun Z, Wu F, et al. (2016) Understanding rural restructuring in China: The impact of 
changes in labor and capital productivity on domestic agricultural production and trade. J Rural 
Stud 47: 552–562. 

50. Abhishek K, Chatterjee S, Datta S, et al. (2017) Integrating Principal Component Analysis, 
Fuzzy Linguistic Reasoning and Taguchi Philosophy for Quality-Productivity Optimization. 
Mater Today 4: 1772–1777. 

51. Sulaiman F, Zailani S, Ramayah T (2012) Intranet portal utilization: Monitoring tool for 
productivity-quality and acceptance point of view. Procedia-social Behav Sci 65: 381–386. 

52. Moradinaftchali V, Song L, Wan X (2016) Improvement in quality and productivity of an 
assembled product: A riskless approach. Comput Ind Eng 94: 74–82. 

53. Wireman T (2004) Benchmarking best practices in maintenance management. Industrial 
Press Inc. 

54. Campbell JD, Reyes-Picknell JV (2015) Uptime: Strategies for excellence in maintenance 
management. CRC Press. 

© 2018 the Author(s), licensee AIMS Press. This is an open access 
article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0) 


