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ARTICLE INFO ABSTRACT
Keywords: The current literature suggests that a lack of integration between engineering for performance
Success factors shaping factors (PSFs) and workplace energy management (WEM) is a significant barrier to

Decision-making
Integrated system
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Energy efficiency

improving energy management practices (EMP) and power plant efficiency. The study identified
three research objectives in response to this research gap: (1) conduct a systematic literature
review to analyze current studies; (2) develop a novel integrative model capable of predicting
EMP; and (3) test the novel model’s validity and reliability through an empirical study in thermal
power plants. In this study, a group of academic and energy experts designed research in-
struments to achieve the study’s objectives, which were then pilot-tested. Partial least square
structural equation modeling was utilized to analyze the data in this study. The study successfully
developed a new model for future sustainable energy management in power plants and a new
model integrating the PSFs and WEM to predict power plant energy performance, aiming to
enhance communication between operators and EMP in power plants. The model exhibited
exceptional explanatory and predictive abilities, yielding a strong fit. Furthermore, the incor-
poration of success factors associated with PSFs positively influenced the EMP. The data set
followed a normal distribution, confirming the model’s reliability and validity. Significantly, this
study achieved a breakthrough by being the first to integrate success factors for PSFs and WEM in
thermal power plants, thus effectively addressing an unexplored area of research. However, the
inconsistencies in the current studies emphasize the necessity for additional investigations into
the strategy of PSFs in EMP within power plants.

1. Introduction

Performance in power plants is becoming an important issue, especially in maintenance and operation, as it significantly impact
future sustainable energy management practices (EMP) [1]. Performance shaping factors (PSFs) play a crucial role in the maintenance
of power plants, making them valuable indicators for improving EMP [2,3]. Additionally, PSFs are used to assess human factors, whose
negligence can lead to increased human errors, diminished human reliability, and heightened human risk within power plant oper-
ations [4]. Consequently, further studies and investigations are imperative to enhance human factors and minimize human errors in
power plant environments [5]. PSFs could be used as success factors to improve performance reliability, improve power plants’
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Nomenclature

WEM Workplace energy management
PSFs Performance shaping factors
EMP Energy management practices
SLR Systematic literature review
PLS-SEM Partial least squares structural equation modeling
IBM-SPSS Statistical Package for the Social Sciences
CR Composite reliability

CA Cronbach’s alpha

AVE Average variance extracted
HTMT  Heterotrait-monotrait ratio
EMS Energy management sustainable
T™MS Top management support

TE Teamwork

EP Energy policy

EE Energy efficiency

CO Commitment

MO Motivation

WO Work overload

SF Skill flexibility

RM Risks management

™ Teamwork

AW Awareness

TP Time pressure

CI Continuous improvement

NOS Newcastle Ottawa Scale

COM Communication

performance, and reduce human errors [6] it also could be use it as failure factors such as NPP fields. Accordingly, PSFs, especially
human factors, can improve the personnel’s behavior performance toward EMP in power plants [7]. The poor performance of PSFs in
power plants has resulted in increased human errors, which can have long-term negative effects [8-13]. Furthermore, unlike nuclear
power generation systems that require high levels of automation, thermal power plants typically operate with lower levels of
automation.

EMP refers to the systematic approach and set of strategies employed to optimize energy use and improve energy efficiency within a
given context, such as an organization or facility. EMP involves the planning, implementation, monitoring, and evaluation of energy-
related activities, including energy conservation, energy procurement, energy audits, and the adoption of energy-efficient technologies
and practices. It focuses on reducing energy consumption, minimizing waste, and maximizing the overall energy performance of a
system or operation. WEM, on the other hand, specifically pertains to the management of energy use and efficiency within a workplace
or work environment. WEM involves the application of energy management practices within the organizational setting, aiming to
optimize energy consumption and promote sustainable energy practices among employees and stakeholders. This includes activities
such as energy awareness campaigns, employee engagement, energy-efficient equipment and lighting, and the implementation of
energy-saving policies and procedures. While both EMP and WEM share the goal of improving energy efficiency, they differ in scope.
EMP encompasses a broader perspective, considering energy management across various contexts, sectors, and operations. WEM, on
the other hand, narrows the focus specifically to energy management within the workplace setting, addressing energy-related issues
and practices relevant to employees and operations within an organization.

Consequently, human errors, energy wastage, and insufficient attention to PSFs are more likely to occur in these settings [14].
Addressing issues related to EMP is a global priority, as they are directly related to enhancing organizational and personnel perfor-
mance. To accomplish this, we must integrate EMP principles into decision-making processes, thus promoting improved sustainable
energy management [15]. Therefore, additional research is required to investigate the use of PSFs, including individual factors, in
enhancing energy management practices. Existing research has primarily examined the role of personal performance in providing
energy for homes, but there is a dearth of research in industrial sectors. In addition, few studies and projects have implemented
strategies to modify personnel behavior to conserve energy and enhance EMP [16]. Despite the importance of PSFs in improving
sustainable energy management, the systematic literature review (SLR) indicated a lack of literature that used PSFs to improve EMP.

Future research should prioritize exploring the impact of PSFs on sustainable energy management. Consequently, efforts to improve
personnel energy conservation behavior and enhance EMP must be prioritized [17-20]. A lack of interest in PSFs can be disastrous,
directly impacting EMP [21]. Future research in the field of EMP in power plants should identify PSFs [22]. Accordingly, the inte-
gration between the success factors of PSFs and EMP is considered an optimal solution to improve behavior in sustainable energy
management [23]. Furthermore, the focus on integrating PSFs is regarded as one of the most prominent future works required to
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improve energy performance [24]. Academic literature currently lacks an integrative conceptual framework to integrate the success
factors of PSFs and WEMin power plants. Therefore, this study addresses the current research gap by developing a novel integrative
conceptual framework that integrates the success factors of PSFs and WEM in power plants through three approaches: conducting an
SLR to analyze current studies, developing a novel integrative model capable of predicting EMP, and testing the validity and reliability
of the novel model through an empirical study in thermal power plants. These steps are followed by discussions with arbitrators and
energy experts to construct a comprehensive and integrated smart framework.

This study makes a significant contribution to the literature on sustainability in energy management by introducing a ground-
breaking integrated framework for future trends in sustainable energy management, specifically tailored for power plants. The
framework is designed to be easily applicable. It offers a fresh approach by conducting a logical literature analysis based on success
factors for PSFs and derived from previous studies across different industries. To ensure its validity, the framework is further verified
by experts in the technical and energy fields who work in power plants. Additionally, the proposed methodology within this integrated
framework holds the potential to effectively evaluate and enhance EMP in various industrial systems within related fields. In summary,
the key contributions of this paper can be summarized as follows:

- It established a coherent research classification, uniquely identifying the appropriate performance shaping factors for thermal
power plants. This classification represents a significant advancement in the field.

- This study is the first of its kind to integrate success factors for each performance shaping factor and success factors for energy
management in the workplace. By doing so, it provides future trends and insights for sustainable energy management.

- By considering social factors, the study presents modern and sustainable solutions to address an industrial problem, ensuring the
long-term sustainability of energy management. It achieves this through the integration of performance shaping factors and success
factors for sustainable energy management.

- The study identifies and addresses various open issues related to sustainable energy management, specifically within thermal
power plants, contributing to the existing body of knowledge in the field.

- This research presented innovative solutions to an industrial problem by developing a novel approach to energy management via
performance shaping factors in power plants.

- The proposed study model demonstrates high flexibility, making it readily applicable within thermal power plants and across
different industrial sectors. This adaptability enhances its potential for practical implementation and impact.

2. Research methodology

The research methodology employed in this study encompasses two main directions. The first direction involves a systematic
theoretical investigation of the existing literature to establish a cohesive academic taxonomy. This is achieved through an SLR, which
aims to identify the research problem and address existing gaps. Of the total 535 papers, 90 were selected for an in-depth examination
of the performance architecture. The ultimate goal of this phase is to construct an integrated conceptual framework that can enhance
power plant performance. Researchers followed the recommended procedures to ensure transparency and rigor, as outlined by
Ref. [25]. This involved careful planning, conducting the SLR, and reporting the analysis results. The authors also made efforts to
overcome any data limitations and developed a strategic framework based on the SLR’s findings to enhance power plants’ performance
and profitability. To increase the reliability of their approach, they adopted a dual strategy that incorporated the perspectives of energy
experts and power plants. The second step of the research methodology is to validate the proposed model through empirical inves-
tigation. The collected data were then analyzed using two advanced stages of analysis. The overall research methodology process is
explained in Fig. 1.

The SLR process was based on three factors: (i) keywords, (ii) databases, and (iii) time frame. To minimize bias and ensure a
comprehensive search, the study selected search keywords based on the primary research questions and assessed their accuracy. Five
digital scientific databases were utilized: Science Direct, Scopus, IEEE Xplorer, Web of Science, and Springer. The study analyzed and
reviewed the filtered articles published between 2014 and 2023 and were limited to those published in English. To ensure the quality
of the SLR and reduce potential biases, the selected articles underwent three reduplication steps. Using the Newcastle Ottawa Scale
(NOS), three authors independently assessed the quality of the literature that met the criteria, and a fourth reviewer resolved any
disagreements. The rigorous and thorough filtering process resulted in the selection of 90 pertinent articles from an initial pool of 535.
The SLR findings were then utilized to conduct a case study, in which energy experts identified and evaluated critical success factors.
The validity of the model was evaluated using PLS SMART and SPSS software.

SLR protocol was based on five reputable databases, yielding a total of 535 scientific papers on the research topic. The SLR criteria
focused on selecting research published within the last ten years, resulting in 331 papers directly relevant to the study. After excluding
103 duplicate research papers found in multiple databases, the remaining count was 228. Since the study protocol emphasized
publications in related fields, 33 scientific research papers that were book chapters were also excluded, leaving a total of 195 articles.
Next, a title and abstract examination eliminated 45 articles that did not closely address the study’s subject, resulting in a total of 150
articles. Due to restricted access, five articles were not accessible for reading, resulting in a final count of 145 articles. In the final step,
all papers were thoroughly reviewed, and 55 articles were excluded due to content and scope issues. The SLR covered a total of 90
scientific articles. Fig. 2 illustrates the filtering steps implemented to select relevant articles based on the established criteria.
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Fig. 1. Research methodology process.
2.1. Exploring common performance shaping factors in thermal power plants

Identifying and understanding success factors play a crucial role in diagnosing errors and driving better performance in the
workplace [26]. Success factors for PSFs play an important role in the manufacturing and contribute to enhancing the managerial
planning and action that must be practiced to achieve effective performance; further investigation of the success factors, such as
motivation, skill flexibility, commitment, teamwork, communication, and leadership, in other industry sectors is needed [27,28].
However, in such studies, the PSFs’ success factors were never prioritized, as technological factors remained the primary focus.
Consequently, it is considered a research gap that requires additional studies. Hence, we must identify the success factors related to the
PSFs [29]. The success factors for human performance PSFs are no less important than other critical factors, such as technology success
factors and supply chains, but in the literature, no study has thoroughly discussed them [30-32]. The researchers developed mea-
surement tools to assess performance and recommended their use to understand critical factors better. They have identified various
success factors that contribute to enhanced workplace performance. These factors include competence, dedication, motivation, the
availability of resources, work overload, and time constraints. Table 1 provides a comprehensive overview of the scientific evidence
and rationale supporting the utilization of these success factors. It also highlights the practical contributions of these factors in
enhancing performance reliability across various industrial sectors, including thermal power plants.
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2.2. Exploring common factors of workplace energy management in thermal power plants

Workplace energy management refers to systematically optimizing energy consumption within a workplace or organizational
setting. It involves implementing strategies, practices, and technologies to monitor, control, and reduce energy usage while main-
taining operational efficiency and promoting sustainability. Enhancing workplace energy management reduces human errors, im-
proves human factors, and mitigates maintenance and operational risks [65]. The existing literature indicates a strong correlation
between the success of EMP in the energy sector and particular success factors. Identifying and comprehending these factors permits
the establishment of meaningful relationships between them and the recognition of their interdependence. Ultimately, such knowledge
contributes to improving the overall EMP [66]. The influence of personnel performance factors on EMP and energy conservation,
particularly in the context of maintenance activities, has been the subject of an extensive body of research. One key aspect involves
raising awareness among personnel and establishing clear energy policies that can effectively enhance energy utilization within the
workplace [67]. Previous literature [68-71] has investigated the role of workers in raising energy efficiency in the workplace. The
results show that interest in energy management concepts can be used to increase energy efficiency in factory operations, as energy
efficiency increases by 20% if it is related to training and raising the workers’ awareness to optimize energy use.

Table 1
Success factors of PSFs proposed by previous studies in power plants.
Performance Shaping Factors Supporting References
Teamwork [4,24,26,28,32-53]
Skills Flexibility [4,24,28,32-36,40-42,45,47-50,54-58]
Commitment [4,26,28,32,33,40-43,45,47-49,55,58,59]
Motivation [4,28,33,41-43,45,47,54,55,60]
Work overload [4,32,33,35-39,44,46,48,55,61-63]
Time pressure [4,24,26,33,34,36,37,39,40,44,46-50,62,63],
Fatigue [52,55,64],
Creativity [52,59,62]
Awareness [28,60,64]
Cognitive [36,47,58,59]
Intimidation [28,43,62,64]
Communication [28,40,45,56-58]
Stress [4,43,64]
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Table 2

Success factors of WEM proposed by previous studies in power plants.
Workplace Energy Management Supporting References
Teamwork, Energy team [29,34-36,50,75-79]
Skills, Experience [29,34-36,50,66,76,79-83]
Commitment [29,76-78,80,80,82,84,85]
Motivation [29,71,75-77,86,871
Awareness [17,66,67,71,75-77,79,80,82,83,88-91]
Risks Management [75,79,82,90,92]
Top Management Support [29,66,75,77-79,82,86,88,90]
Continuous improvement [17,67,71,75,79,80,83,90,92]
Policies [66,80,83,86,89,91,92]
Communication [75,76,79,80,87-89,91]

The results show that energy savings are achieved by switching on or off the machines according to system states [72]. Energy
management activities must be successful within the electricity sector to gain top management’s clear and official commitment.
However, the literature lacks quantitative studies on energy management [73].

Enhancing EMP by leveraging success factors and overcoming barriers has emerged as a crucial and pertinent topic. Moreover,
identifying and implementing these success factors is essential to achieve success in energy management efforts [74].
Performance-Shaping Factors (PSFs) are elements that influence the performance of individuals, teams, or organizations in achieving
their goals. In the context of workplace energy management, PSFs are the factors that shape energy-related behaviors, practices, and
decision-making processes within the workplace. The relationship between WEM and PSFs is crucial. Effective workplace energy
management requires addressing and integrating the relevant PSFs into energy management strategies and initiatives. For example,
establishing a culture of energy efficiency and sustainability, providing leadership support and resources, engaging employees in
energy-saving practices, and providing training and incentives can all positively influence energy-related behaviors and performance.
As shown in Table 2, previous studies have helped researchers identify success factors for EMP that can be integrated with personnel
performance to improve overall performance.

2.3. Integration of the success factors for PSFs and WMP in a novel model

In this study, we aim to explore integrating PSFs and WEM into a management system called IPSFEM. The goal is to improve the
performance of energy management in power plants. Table 3 provides a comprehensive overview of multiple studies examining
success factors for PSFs and WEM. The table contains an analysis of 24 research papers (numbers 1 through 24) focusing on PSFs and
25 articles (numbers 25 through 49) investigating WEM success factors. The study identified success-producing factors in industries
and power plants through this analysis. For example, one of the success factors identified is the frequency (F) of (TW), which appeared
in 26 of the 49 studies. This factor is equally important in both energy management studies and shaping factors. In addition, a 53%
alignment rate demonstrates its suitability for integration. By analyzing the selected studies, the present study identifies and presents
the success factors demonstrated to be effective in relevant industries and power plant contexts. These findings contribute to a greater
comprehension of the success factors in PSFs and WEM. Table 3 compares the integrated PSFs and WEM to determine the factors that
the studies agree on for use in the present study.

Table 3 provides an overview of the evaluation metrics utilized to manage PSFs in the workplace. The findings reveal that
teamwork TW was the most frequently employed metric (53%). Other metrics, including skill flexibility (51%), commitment (49%),
motivation (39%), time pressure (29%), work overload (27%), top management support (33%), awareness (18%), policy (16%),
communication (16%), continuous improvement (16%), risk management (12%), cognitive (10%), stress (4%), creativity (2%), and
fatigue (2%), were also utilized. However, the usage of these metrics varied among the reviewed studies, with some conflicting sub-
metrics. Notably, no known studies have used these metrics collectively, indicating a lack of standardized guidelines for evaluating
different metrics. Each study adopted metrics that aligned best with their specific objectives.

This variation presents a challenge in establishing specific metrics for evaluating and benchmarking performance detection and
classification. Empirical studies proved useful in providing a deeper understanding of the research community, particularly in areas
that have not been extensively explored. Consequently, the identified success factors are summarized in Fig. 3.

2.4. Differences in PSFs between thermal and nuclear power plants

Extensive analysis of the previous literature reveals a lack of consensus regarding the specific number of Performance-Shaping
Factors (PSFs). The varying nature of these factors is attributed to the diversity of work environments and conditions. On the other
hand, the literature investigated the important and effective role of PSFs in nuclear power plants such as [93-95]. This literature
indicated PSFs play a crucial role in nuclear power plants as they significantly influence human performance and energy management
practices. These factors encompass a wide range of aspects, including workload, fatigue, stress, situational awareness, and teamwork,
which can have a substantial impact on operator performance and contribute to either error or success. Furthermore, organizational
factors are of utmost importance within nuclear power plants. These factors encompass the management systems, processes, and
culture within the plant, directly affecting overall performance and WEM. Elements such as leadership, communication, training,



Table 3
Comparison of success factors with the integration of PSFs and WEM
PSFs *Performance Shaping Factors (PSFs) **Workplace Energy Management (WEM) F %
123456 7 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

TE XXXXXXXXXX X X X X X X X X X X X X X X X X 26 53
SF X X X X X X X X X X X X X X X X X X X X X X X X X 25 51
Cco X X XX XX X X X X X X X X X X X X X X X X X 24 49
MO X X XX X X X X X X X X X X X X 19 39
T™MS X X X X X X X X X X X X X 16 33
TP X X X X X X X X X X X X X 14 29
WO X X X XX X X X X X X X 13 27
A X X X X X X 9 18
P X X X X X X X 8 16
C X X X X X 8 16
CI X X X X X 8 16
RM X X X X X X 6 12
C X X X X 5 10
S X X 2 4
I X X 2 4
CR X 2 4
F X 1 2
*Performance Shaping Factors (PSFs) **Workplace Energy Management
1- [32] 13- [49] 25- [35] 37- [66]
2- [42] 14- [40] 26- [4] 38- [90]
3- [26] 15- [41] 27- [34] 39- [80]
4- [28] 16- [56] 28- [50] 40- [24]
5- [44] 17- [58] 29- [75] 41- [87]
6- [37] 18- [57] 30- [79] 42- [71]
7- [38] 19- [55] 31- [85] 43- [88]
8- [39] 20- [59] 32- [76] 44- [89]
9- [45] 21- [60] 33-[77] 45- [67]
10- [43] 22- [63] 34- [78] 46- [17]
11- [47] 23- [64] 35- [83] 47- [91]
12- [48] 24- [36] 36- [82] 48- [92]

49- [86]

Note: Details and sequencing of the literature are presented in Table 3.
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Fig. 3. Summary of identified success factors.

procedures, and safety culture have a profound influence on the effectiveness of energy management practices and the overall
functioning of the plant. By recognizing and addressing these PSFs, nuclear power plants can identify potential performance challenges
and implement strategies to enhance safety, efficiency, and the effective management of energy. This may involve optimizing training
programs, improving communication and procedures, fostering a strong safety culture, and incorporating efficient energy manage-
ment practices into the organizational framework. The integration of these PSFs ensures that the plant operates at its best, minimizing
risks and maximizing performance in terms of energy management and overall operations.

The differences between PSFs for thermal power plants and traditional PSFs in nuclear power plants can be attributed to the unique
characteristics and operational requirements of each type of power generation facility. Here are some reasons why the PSFs for thermal
power plants may differ from those in nuclear power plants:

i. Operational Environment: Thermal power plants primarily rely on the combustion of fossil fuels, such as coal or natural gas, to
generate electricity. In contrast, nuclear power plants utilize nuclear reactions to generate heat. The operational environments,
safety considerations, and associated challenges in each type of plant differ significantly. As a result, the factors influencing
human performance and energy management practices may also vary.

ii. Risk Factors: Nuclear power plants are associated with inherent risks due to the presence of radioactive materials and potential
for catastrophic events. Consequently, PSFs in nuclear plants often emphasize factors such as radiation safety, strict adherence
to procedures, and specialized training to ensure the safe operation of nuclear reactors. Thermal power plants, while still
requiring safety protocols, may place relatively greater emphasis on factors such as fire safety, emissions control, and equipment
maintenance.

iii. Technological Complexity: The technical aspects and complexity of the systems and equipment used in thermal power plants
and nuclear power plants differ significantly. This disparity can lead to variations in the PSFs relevant to each type of plant. For
example, nuclear power plants may focus on factors related to reactor control, radiation protection, and emergency response,
while thermal power plants may prioritize factors related to heat management, turbine operations, and fuel efficiency.

iv. Regulatory Framework: The regulatory frameworks governing nuclear power plants and thermal power plants often differ due
to the distinct risks and considerations associated with each type of plant. These regulatory variations can influence the
emphasis and requirements placed on different PSFs, tailored to the specific industry regulations and guidelines.

It is essential to recognize and address these differences when studying and implementing PSFs in thermal power plants. Tailoring
PSFs to the unique characteristics and challenges of thermal power generation helps ensure the safe and efficient operation of these
facilities while promoting effective energy management practices.

3. Empirical study

The systematic review of the literature served as the foundation for developing a model focused on the sustainable integration of
energy management in thermal power plants. This model was formulated based on the identified factors contributing to success and
was subsequently validated by a group of energy experts and academic professionals. To evaluate the effectiveness of the proposed
study model, an experimental study was carried out specifically in thermal power plants located in Iraq. The authors obtained official
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permissions from the electricity ministry to collect reliable data. Considering Iraq’s numerous ongoing obstacles in supplying sufficient
energy to its expanding population and the prevalent performance issues in Iraqi power plants, we deemed them an ideal subject for
this study. In accordance with ethical standards, the instruments of the study were reviewed and approved by the academic and energy
experts from various power plants, including the head engineers Yasser Abbas Hammadi and Ahmed Rasim Mahammed from Iraqi
power plants, as well as Professor Syed Ali Raza Shah, the Dean of the Faculty of Engineering at Pakistan UET, and Professor Nik
Hasnaa Mahmood from Universiti Teknologi Malaysia (UTM). Prior to participating in the experiments, informed consent was ob-
tained from all participants, ensuring their voluntary participation, and understanding of the study’s objectives and potential risks
involved.

3.1. Data collection

Data collection was carried out at four thermal power plants in Iraq, involving multiple sources such as engineering staff, managers,
technicians, and operators. These individuals provided the necessary information and insights crucial for the study. This study’s unit of
analysis was the organizational level exemplified by thermal power plants. The questionnaires used in this study were adapted from a
previous study [1,24] and developed as closed-ended questions. The descriptive research design was chosen because it facilitates
immediate comparative analysis. As a result, we conducted a series of meetings with relevant personnel to gain deeper insights into the
problem at hand. These meetings proved instrumental in validating and cross-checking the issues and success factors identified for our
study’s model. In addition, they ensured that the factors outlined in the literature were aligned with the experiences and EMP of
experts working in thermal power plants in Irag. We conducted an empirical study to better understand the actual challenges faced by
EMP in Iraqi thermal power plants. These steps allowed us to observe and comprehend the real issues firsthand, fostering a more
comprehensive understanding of the subject matter.

3.2. Sample size

The sample size was drawn from four thermal power plants, representing 186 individuals out of a total population of 360, according
to the equation developed by Ref. [96]. The study employed a 5-point Likert scale and a cross-sectional design, as recommended by
Ref. [97]. The current investigation employed a simple random sampling technique: the respondents were randomly selected from the
target population.

3.3. Data analysis

The study was carried out through two stages of analysis. In the first stage, preliminary data analysis was performed using IBM-
SPSS. The preliminary test results proved that the study constructs do not have a problem in terms of outliers, skewness, kurtosis
and common bias method. This stage aimed to thoroughly examine the data for potential issues and ensure its readiness for advanced
analysis by the Partial least squares structural equation modeling (PLS-SEM).

4. Results and discussion
4.1. Measurement model analysis

To accomplish research objectives, this study follows the PLS-SEM guidelines proposed by Ref. [95] to investigate the causal
relationship between the exogenous (independent) variable and the endogenous (dependent) variable. This involves thoroughly
examining the measurement model to assess the reliability and validity of the measurements. In partial least squares structural
equation modeling (PLS-SEM), the measurement model is crucial for assessing the reliability and validity of the measurement in-
struments used to represent the latent constructs or variables in the research model. This model includes the following essential steps:

4.1.1. Examining model reliability

Previous studies have outlined the initial step in assessing the reflective measurement model by examining indicators through
factor loadings. The existing literature has provided guidelines for calculating factor loadings, suggesting that values above 0.6 are
desirable [98]. All items within the indicator exhibit satisfactory reliability. The results of the factor loadings and detailed results of the
model testing are presented in Fig. 4.

In the context of Smart-PLS, load factor values refer to the strength of the relationships between the observed variables (indicators)
and the latent construct in a structural equation model. Good load factor values indicate a strong and reliable connection between the
indicators and the underlying construct. Based on Fig. 4, it is evident that all loading values for the construct meet the criteria
established by previous studies. The experimental test results further demonstrate that the study model exhibits exceptional load
factors, surpassing the threshold of 0.6 set by previous research for each indicator, as shown in Table 4.

4.1.2. Examining internal consistency reliability of model

Internal consistency reliability analysis is a statistical technique that is employed to evaluate the reliability and consistency of
measurement items within a scale or instrument. It helps researchers determine to what extent the items consistently measure the same
construct or concept. By evaluating internal consistency, researchers can establish the dependability and coherence of the instrument’s
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Fig. 4. Measurement model via the PLS smart algorithm.

measurements, thereby enhancing the validity and reliability of the collected data. Composite reliability (CR) and Cronbach’s alpha
(CA) are commonly used metrics to evaluate internal consistency. Acceptable values for these metrics typically range from 0.60 to
0.70, with values above 0.70 considered good [98]. In assessing the reliability of the constructs model, the CR measure should ideally
exceed 0.7 [99]. In this study, the CA value surpasses the recommended threshold of 0.70 [100], and the CR value is higher than the
cutoff of 0.7 [101]. The CR and CA can be observed in Figs. 5 and 6, respectively.

4.2. Examining model validity

Assessing the validity of the model is of utmost importance when evaluating the quality and reliability of a measurement model.
The convergent and discriminant validity tests are two widely used tests to evaluate the model’s validity. The convergent validity test
focuses on determining the extent to which different indicators within a construct converge or agree. Typically, this is evaluated using
the average variance extracted (AVE) metric, which measures the amount of variance captured by the indicators. The higher the AVE,
the greater the convergent validity, indicating that the indicators measure the same construct effectively. On the contrary, the
discriminant validity test aims to examine the uniqueness of the measurement model’s various constructs. It involves analyzing the
correlations between indicators of distinct constructs to ensure that these correlations are lower than those between indicators of the
same construct. The heterotrait-monotrait (HTMT) ratio of correlations is commonly employed to quantitatively assess discriminant
validity. A value below 1 suggests sufficient distinctiveness between the constructs. By conducting these tests, researchers can thor-
oughly evaluate the validity of the measurement model.

The findings and conclusions derived from the subsequent data analysis are bolstered by establishing a strong model validity,
providing a solid foundation for research results [98]. According to the literature, each construct within itself should be higher than
others in the same column. For example, the results in Table 5 show the indicator CO with CO = 0.722 which it higher than others in
the same column, and so on. The results show that each variable’s AVE exceeded 0.5 (50%) on average. This suggests that each item
within the construct explains more than 50% of the variance within the respective construct. Table 5 demonstrates that the square root
of AVE for each construct should be greater than its correlation with other constructs.

The second criterion utilized to evaluate the discriminant validity is the HTMT, which provides more precise results according to
previous studies. According to Ref. [95], an HTMT threshold value must be less than 0.85 to be acceptable. The HTMT results presented
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Table 4
Results of factor loading for indicators.
Indicators Factors loading >0.6 Average Indicators Factors loading >0.6 Average
SF1 0.652 0.739 Co1 0.831 0.791
SF 2 0.704 CO2 0.778
SF 3 0.703 CO3 0.78
SF 4 0.815 CO4 0.772
SF 5 0.725 CO5 0.821
SF 6 0.753 CO6 0.804
SF7 0.821 Co7 0.753
MO1 0.72 0.768 TMS1 0.725 0.742
MO2 0.738 TMS2 0.741
MO3 0.78 TMS3 0.65
MO4 0.772 TMS4 0.782
MO5 0.801 TMS5 0.701
MO6 0.825 TMS6 0.884
MO7 0.745 TMS7 0.713
wo1 0.732 0.735 TP1 0.785 0.726
WO02 0.605 TP2 0.823
WO3 0.721 TP3 0.63
WO04 0.701 TP4 0.723
WO5 0.841 TP5 0.711
WO6 0.751 TP6 0.682
wo7 0.798 TP7 0.732
TW1 0.835 0.741 EMP1 0.835 0.749
TW2 0.821 EMP2 0.821
TW3 0.64 EMP3 0.64
TW4 0.845 EMP4 0.845
TW5 0.723 EMP5 0.723
TW6 0.625 EMP6 0.625
T™W7 0.701 EMP7 0.701
EMP8 0.804

in Table 6 demonstrate that this study met the criteria and threshold established by previous research. Accordingly, the results of
Table 6 were higher than 0.85, which is the threshold set by theories for an acceptable model.

In summary, the measurement model results demonstrate that the constructs included in the model exhibit high reliability, validity,
and strong internal consistency. The analysis confirms that the model meets the criteria established in previous studies and surpasses
the specified thresholds for these measures. In particular, the results indicate that all constructs possess discriminant validity.

4.3. Normality test

To enhance reliability and ensure the normal distribution of the data, this study examined the regression standardized residual
histograms and normal probability P-P plots. These visual tools are commonly used to assess normality. Regression standardized
residual histograms are frequency distribution graphs where the rectangles’ widths are proportional to the class intervals, and their
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Table 5
Validity of the measurement model.
(ee] EMP MO SF TE TMS TP wo
Cco 0.722
EMP 0.712 0.788
MO 0.545 0.717 0.808
SF 0.405 0.562 0.434 0.713
™ 0.450 0.664 0.563 0.345 0.736
TMS 0.560 0.690 0.521 0.396 0.569 0.734
TP 0.597 0.778 0.606 0.500 0.563 0.606 0.811
wo 0.519 0.658 0.513 0.417 0.494 0.525 0.568 0.720

Table 6
Results of discriminant validity by HTMT criterion.
CcO EMP MO SF TE TMS TP WO
Cco
EMP 0.809
MO 0.619 0.784
SF 0.473 0.636 0.492
TE 0.524 0.748 0.632 0.396
TMS 0.656 0.778 0.587 0.460 0.661
TP 0.677 0.849 0.662 0.566 0.633 0.682
WO 0.610 0.747 0.584 0.489 0.573 0.607 0.647

heights represent the corresponding frequencies [102]. The objective of inspecting these histograms is to ensure that the curve is
centered on the line, indicating that the tails on either side of the curve are symmetrical mirror images of one another. This symmetry
indicates that the data have a perfect normal distribution.

In addition, P-P plots of normal probability were utilized to assess normality. These graphs compare the observed cumulative
probabilities of the data with the cumulative probabilities expected from a normal distribution. If the points on the plot align closely
with the diagonal line, it indicates that the data closely follow a normal distribution. By analyzing the regression standardized residual
histograms and normal probability P-P plots, researchers can ensure the normal distribution of the data, thereby increasing the
reliability of subsequent analyses and interpretations. The examination results confirm the normal distribution of the data.

Fig. 7 depicts the regression standardized residual histogram, whereas Fig. 8 displays the normal P-P plot. Both figures display
symmetric bell-shaped curves with no significant deviations from the norm. These results provide solid evidence that the relationship
between the set of independent variables and the dependent variable is significant and normally distributed [103].

This study is in line with previous studies, such as [104] and the study by Ref. [105]. This confirmed that the integration of PSFs and
WEM contributes clearly to enhancing the sustainable EMP. Upon comparing our novel model, which integrates PSFs and WEM, with
previous studies, several key aspects of similarities, differences, and advancements emerge. In terms of similarities, our model aligns
with previous research in recognizing the significance of both PSFs and WEM in achieving sustainable energy management practices.
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Several studies have acknowledged the importance of individual factors, such as teamwork, skill flexibility, commitment, and moti-
vation, in enhancing energy management performance [106]. However, our model distinguishes itself through the integration of these
factors, aiming to overcome the challenges of sustainable energy management. While previous studies have examined individual
factors separately, our model combines them to form a comprehensive framework that considers the interplay and synergistic effects of
PSFs and WEM on energy management sustainability. This integration contributes to the advancement of existing research by
providing a holistic perspective and addressing the limitations of previous studies. By considering the combined influence of PSFs and
WEM, our model offers a more comprehensive understanding of the complex dynamics involved in sustainable energy management in
power plants.

5. Conclusions, limitations, and future work

Integrating PSFs and WEM is the optimal solution for future sustainable EMP in power plants. Previous literature suggests that the
lack of integration between these factors results in poor energy performance. This study systematically reviewed 90 articles to identify
PSF and WEM success factors. Five databases were examined between 2013 and 2023 as part of the review. Based on our findings, the
study developed a novel model to improve and integrate power plant performance. To test the model’s effectiveness, we established
research hypotheses by integrating the success factors of PSFs and EMP into a single system, as shown in Table 3. In conclusion, this
research paper has successfully built a rigorous and tight model for predicting energy management in thermal power plants. The model
considers the various factors that contribute to PSFs and EMP in thermal power plants and has been shown to accurately predict energy
management. The model provides engineers and energy managers with a valuable tool for making informed decisions regarding
energy management in thermal power plants, and it has the potential to significantly impact the energy sector.
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The research presented a groundbreaking model that outlines future directions for sustainable energy management in power plants.
One of the key strengths lies in its introduction of a novel methodology that integrates performance-shaping factors with energy
management in the workplace. This unique approach acknowledges the multifaceted nature of energy management and recognizes the
influence of various factors on overall performance. By considering performance-shaping factors such as human behavior, organi-
zational culture, and technological advancements, the research offers a comprehensive framework for effective and sustainable energy
management. This holistic perspective enables power plants to address not only technical aspects but also human and organizational
aspects that impact energy efficiency.

Furthermore, the model provides a roadmap for decision-makers to implement practical strategies and interventions. It empowers
them to optimize energy management practices, identify areas for improvement, and foster a culture of energy efficiency within power
plants. This research serves as a valuable resource for industry professionals, policymakers, and researchers seeking innovative so-
lutions to promote sustainability and enhance energy management practices in power plants.

While the study utilizing questionnaires to collect data from thermal power plants and analyzing the data using the PLS-SMART
method has several strengths, it is important to acknowledge its limitations as well. The following are potential limitations associ-
ated with this approach:

5.1. Limitations
The study has the following limitations:

i. The effectiveness of the study is dependent on a high response rate from the targeted thermal power plants. However, low
response rates can introduce a selection bias and affect the generalizability of the findings. It is important to consider the
representativeness of the sample and potential biases that may arise from non-response.

ii. Relying on questionnaires introduces the possibility of self-report bias, where respondents may provide inaccurate or biased
information. This bias can arise from memory limitations, social desirability, or subjective interpretations of the questions. It is
crucial to consider the potential impact of this bias on the validity and reliability of the collected data.

iii. The scope of the study was limited to thermal power plants in the energy sectors.

iv. The study’s sample size could be expanded to include more thermal power plants for a more comprehensive analysis.

v. The SLR revealed that most studies on improving the energy and PSF performance were focused on industrial sectors and
nuclear power plants, with a scarcity of research on thermal and gas power plants.

vi. The study may not have captured all relevant factors affecting the integration of PSFs and WEM in thermal power plants.

vii. The findings of the study may be context-specific to thermal power plants and may not be easily generalized to other industries
or settings. Factors such as organizational culture, technological infrastructure, or regulatory frameworks specific to thermal
power plants may limit the transferability of the findings.

Acknowledging these limitations allows for a comprehensive understanding of the potential constraints and considerations asso-
ciated with the study’s methodology, theory, and data analysis. Researchers should address these limitations transparently and take
them into account when drawing conclusions and making recommendations based on the study’s findings.

5.2. Future work
The following are directions for future research:

i. The SLR revealed that most studies on improving energy and PSF performance were focused on industrial sectors and nuclear
power plants, with a scarcity of research on thermal and gas power plants. Therefore, further research is recommended to
enhance the performance of thermal and gas power plants.

ii. Further research must also extend the study’s findings to other power plants and industry scenarios, validate the integrated
model in real-world situations, and improve performance in thermal and gas power plants.

iii. Future studies can also explore the potential to integrate other energy management programs, such as ISO 50001, into the
energy management process in thermal power plants.

iv. Finally, the impact of leadership style on the success of the integration of PSFs and EMP must be investigated.
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