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Abstract: This paper focuses on total quality management (TQM) processes and their applications
to increase the management performance of enterprises in the renewable energy sector (RES).
TQM is a modern tool used by enterprises to increase their management performance. We start
with a description of Edwards Deming’s conceptualized model, highlighting different phases of its
development as described in the literature. The TQM process is then used for an application to the
RES in Romania. The quantitative model analyzes the influence of TQM process implementation in
achieving competitive advantage and the management performance of the undertakings in the RES.
Data was collected through a survey based on a questionnaire addressed to employees and managers
in the RES. Structural equation modeling (SEM) was used and the research hypotheses were tested
with the partial least squares path method (PLS). Data analysis was performed with the statistical
software SmartPLS 3.2.8. The main contribution of this article is to evaluate the relationship between
the management performance of enterprises in the RES sector in Romania and TQM process indicators.
The results underline the fact that the most important attributes of a TQM process to increase the
management performance are: integrated operational processes, policies and trading strategies,
integrated operational management, company social responsibility, motivated workforce, knowledge,
and competencies. The conclusions of the research are in line with the latest findings in the area,
underlining that management performance is the direct result of the association between a group
of factors and processes, such as the integrated operational processes, trade strategies and policies,
integrated operational management, corporate social responsibility (CSR), motivated workforce,
knowledge, and competencies.

Keywords: total quality management; management performance; renewable energy sector; energy
systems; PLS; SEM

1. Introduction

The founders of total quality management (TQM) theory were Walter Shewhart and Edwards
Deming. In the first part of the previous century, Shewhart [1] introduced a probabilistic model
for managerial processes to statistically control production. The model was further developed by
Deming [2] who introduced the concept of “quality of cycles” which could help management to identify
real solutions to work-related problems. This “Deming method” was firstly used in 1950 in Japan in
factory production, where quality control programs were used by the managers to better intervene in
operational processes [3]. Kaori Ishikawa, one of Deming’s disciples, applied the TQM concept in the
economy of Japan, which involved all the company’s employees, independent of the position held.
The author [4] designed one of the TQM tools, known as the “Ishikawa diagram”, which is a concept
of “quality control cycles”, formed by employees who voluntarily identified and found real solutions
to the problems faced by the company.
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In 1951, Armand Feigenbaum further developed Deming’s TQM model by generating a link
between the supplier and the customer, which emphasized the implication of the employees in
obtaining high-performance results to satisfy the needs of the final customers [5]. Another researcher,
Joseph M. Juran, published the Quality Control Handbook volume in 1951. The paper [6] represents
the ‘ABC’ of quality control and it is considered a landmark for the definition of the three basic pillars
of the TQM, also known as the “Quality Trilogy”. In that handbook [7], the three basic directions refer
to procedure, control, and quality improvement. Procedure is the identification of the objectives and
the framework of the activity in order to refine the quality. Control is to apply the TQM techniques.
Quality improvement focuses on the correction and removal of defects. As opposed to Deming,
who emphasized the importance of the role of employees in achieving quality, Juran points out the role
of management’s influence on staff and conducted his research by evaluating the tools used, focusing
on how to present the products or services offered, their compliance with quality standards, availability
in stock, comfort offered, and safety in use. Thus, the concept of total quality in the Juran approach
embodies the vision of the final consumer. Its management methods are concentrated on evaluation,
compliance, and remediation.

The conceptualization of TQM models is nowadays being carried out by scientific organizations
in the field of standardization, innovation, and research, such as the European Foundation for Quality
Management (EFQM) in Europe, the Japanese Union of Scientists and Engineers (JUSE) in Japan, or the
National Institute for Standardization and Technology (NIST) in the USA, a list which is not exhaustive.
Conceptual modeling needs to be based on empirical data in order to produce the expected results.

At the beginning of this century, the view was that the main objective of the workforce was to
increase the performance of the company and its profitability for the benefit of the shareholders or
the management personnel. It was observed that these desires did indeed bring short-term benefits,
but over a longer time horizon, the objectives pursued would have negative effects if they are not
followed by secondary actions in correlation with the customer preferences [8–10]. In order to increase
the quality of products and services of a company, some authors [11,12] used methods of statistical
control to analyze the processes of production. Other authors used Ishikawa and Pareto diagrams
to identify errors in the industrial sector [13–15]. Currently, the methods of statistical control have
been replaced by those of quality assurance. Therefore, statistical charts are currently used with a
preventive scope to increase the quality, rather than using these charts to diagnose and correct the
deficiencies in the quality through control process [16].

Currently, the managerial vision is focused on the consumer and aims at continuously improving,
in the long run, the quality of the services and products offered [17,18]. The positive externalities thus
generated are beneficial for the profitability and prosperity of the company over a long time horizon.
Customer loyalty enhanced through the company’s reputation on the market as well as the loyalty
programs are important aspects in estimating its strengths and managerial performance [19,20].

The long-term instruction of the staff members in order to obtain quality and the creation of a
friendly working place through the motivation of the employed personnel are particularly important
aspects in consolidating a strategy for managers for the expansion of the enterprise on the market and,
ultimately, for sustainable economic growth.

To analyze the interaction between the TQM model and achieving high managerial performance
in a certain industry, statistical data is required for a minimum period of 5 years. An example [21,22] is
that of the Mercadona business management model. The TQM concept was introduced by Mercadona
in 1993, who opened a renowned supermarket, with loyal customers, by offering them high quality
products at minimum prices. The TQM model was applied and, hence, Mercadona avoided negative
financial results and eventually bankruptcy during the economic crises in 2008 [23]. Also of relevance
is the study of Khanam et al. [24], which shows the importance of applying TQM and IT resources
for the satisfaction of consumers in the information technology and renewable energy industries.
Of particular interest is the work examining how the undertakings could influence the loyalty of its
customers through the engagement of its customers by using two quality constructions of services: the
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assurance and reliability of services [25]. Another example of the application of the TQM model in the
footwear manufacturing sector is presented by Abrunhosa et al. [26]. This vision was the foundation
of the common standards of company performance as described by the International Organization for
Standardization (ISO) [27–29].

The concept of TQM has attracted many researchers from a variety of disciplines. Akgun et al. [30],
based on a sample of 193 firms in Turkey, demonstrated that there is an interconnected relationship
among TQM, organizational learning capability (OLC), business innovativeness, and a firm’s financial
performance and proposed that OLC and business innovativeness mediate the relationship between
TQM and a firm’s financial performance. Other authors [31] reviewed the critical success factors of
TQM, and ranked these in the Indian manufacturing industry using a technique for order preference
by similarity to an ideal solution. Using a sample of TQM companies operating in mainland China,
Hong Kong, and Taiwan, Noronha [32] found that adaptiveness, harmony with people, harmony with
the universe, interdependence, and respect for authority have important influences on four quality
dimensions, namely climate, processes, methods, and results. Other researchers [33] examining the
discourse produced by an elite group of corporate executives to legitimate TQM at the national level in
Turkey demonstrated that the legitimating agencies largely used ethos justifications exploiting the
macrocultural discourse prevalent in the Turkish context. Based on a combination of quantitative
and qualitative research approaches, Psychogios [34] argues for the adoption of a region-specific view
of TQM that is applicable to particular regional business systems. While some authors [35] argue
that managers’ familiarity with the “hard” side of TQM seems to both positively and negatively
influence career development and job security, while being influenced by employment sector and
educational background, other researchers [36] underline that there are two antithetical business-cultural
‘forces’—conservatism and reformism—that seem to substantially affect the awareness and application
of total quality concepts. Some economists [37] provide conceptual clarity and new empirical findings
for the question of whether or not TQM is universal in its applicability. The authors used Multivariate
analysis of variance (MANOVA) and regression analysis to derive relevant empirical results—empirical
results that have implications not only for the question of whether or not TQM is universal in its
applicability, but also for the theoretical tension between the convergence hypothesis argument and the
national specificity argument. Nevertheless, Shafiq et al. [38] indicate that TQM has a highly positive
effect on organizational performance based on a study on 210 textile companies in a developing country
in South Asia.

Most often, the Deming principles at the basis of the TQM are revealed in the ISO quality
standards, introduced by the ISO and the International Electrotechnical Commission (IEC), respectively.
In Romania, based on the ISO accreditation, domestic enterprises are perceived on the market by
the quality of the products and services offered, which associates them with the top companies in
European Union (EU).

In Romania, the TQM model has been analyzed in many specialized works, including Stanciu [39],
Ilies [40], and Busu and Busu [41,42]. Capizzi et al. [43] introduced a neural network-based model to
improve the production workflow of organic solar cells (OSCs). The authors proved that the use of a
neural model could be an important key for improving the OSC manufacturing process.

The present paper aims to validate the causal relationship between the managerial performance
and the TQM model by performing an analysis of the data collected in the renewable energy sector
(RES) of Romania. The relationships between the determinant characteristics of the TQM model and
the managerial performance of the enterprises in this sector have been evaluated using structural
equation modeling (SEM) and tested by the partial least squares (PLS) method.

The main contribution of this paper is to analyze the TQM processes to increase the management
performance of the enterprises in the RES in Romania and to discuss the main managerial attributes
which could lead to an increase of those performance. The novelty of this paper is the TQM processes
analysis for increasing the management performance of the companies in the RES in Romania. A second
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result is given by the examination of the differences in the managerial performance of the undertakings
in the sector.

This paper is structured as follows. In the first section, an overview of the Romanian RES is
presented. In the second section, the research question and hypotheses are presented and tested.
Quantitative computations based on a survey questionnaire analyzed by the PLS and SEM equations
are described in the third section. Finally, further research and the limitations of the study are presented
in the last section of the article.

2. Materials and Methods

2.1. Short Description of the RES in Romania

Increasing renewable energy consumption is one of the main important factors in all EU countries.
In the EU, the available energy comes from the energy produced in the EU member states and from
the energy imported from other non-EU countries. In 2017, the EU imported around 55%, mostly
from the Russian Federation, while only 45% was produced in the EU. The energy mix was manly
made up of five different sources: natural gas, nuclear energy, petroleum products, solid fossil fuels,
and renewable sources. In Figure 1 presents the share of each type of energy at the EU level.
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Figure 1. Energy mix produced in the European Union (EU) in 2017. Source: Statistical Office of the
European Union (EUROSTAT) [30].

In Figure 1, we can see that the renewable energy produced in EU accounted for only 14% of
the total energy production. Figure 2 presents the proportion of renewable energy in the final energy
consumption of EU countries in 2017.
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Figure 2. Share (%) of renewable energy in gross final energy consumption in EU Member States,
in 2017. Source: EUROSTAT.

From Figure 2, we can see that the renewable energy production share in Romania was 24.5%
in 2017, which was above the EU average. At the same time, the EU member states with the largest
share of RES consumption were Sweden (54.5%), Finland (41.0%), and Latvia (39%). The EU countries
with the lowest level of RES were Malta (7.2%), Netherlands (6.6%), and Luxembourg (6.4%).

For the past decades, Romania’s most important renewable source was large hydro power
plants [44]. At the outset of 2000, other sources of green energy accounted for a small proportion of
energy supplied in Romania. In 2011, the picture changed in favor of RES (other than large hydropower
plants), especially in terms of aeolian energy.

Figure 3 presents the evolution of the RES in the final energy consumption in Romania, from 2008
to 2017.
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As shown Figure 3, in 2017, 24.5% of Romania’s total energy consumption came from green energy.
Compared to 2008, this is a 19.5% increase, but a 2% decrease from the previous year. Alternative energy
includes: aeolian energy (the major contributor), hydro energy, biomass, and photovoltaic energy.

At the end of 2016, the electricity produced in Romania was 61.32 TWh (terawatt hour), which
is split into: hydro, nuclear power, natural gas, aeolian power, coal energy, photovoltaic, biomass,
and naphtha.

Figure 4 shows the proportion of each energy source in the total energy produced in Romania.
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In Figure 4, we see that the hydro resources (29.06%) represent the greenest energy produced
in Romania, followed by aeolian power (10.70%), photovoltaic energy (1.31%), and biomass (0.09%).
The good ranking for Romania within the EU countries in Figure 4 is explained by the high level of
hydro energy produced.

2.2. Research Methodology

To analyze the impact of the TQM model to increase the managerial performance of the enterprises
in the RES, a quantitative analysis questionnaire-based survey was performed, and the hypotheses
were tested using the partial least squares (PLS) method. Data was analyzed using SmartPLS 3.8.2
software (SmartPLS GmbH, Bönningstedt, Germany).

The main objective of the research paper is to analyze the causal relationship between the
managerial performance and the TQM model by performing an analysis of the data collected from the
RES in Romania. We also examine the impact that the motivation of the employees, the quality of the
management, the strategies and the commercial policies, the operational processes, and the satisfaction
of the employees have on the performance of the organization.

Data collection was done with the support of an opinion poll for RES employees and management.
The number of respondents was chosen in proportion to the market shares of the four players on the
market and the sample was random. The volume of the sample was calculated as the number of
indicators multiplied by 5–10 [45]. Thus, the sample must have a minimum of 22 indicators × 5 = 110
respondents. The author collected data from 140 respondents, of which 130 were valid.
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The questionnaire has open questions with binary answers (“YES = 1” and “NO = 0”), or using
a seven-point Likert scale, from “very little = 1” to “very much = 7”. To ensure that it has the right
format and the order of questions is appropriate, the questionnaire was pretested several times.

The aim of this study is to analyze the effects of TQM on the performance of RES organizations in
Romania. Starting with the model conceptualized by Edwards Deming, as described in Section 2.1,
we considered six proxy variables, which are success factors in terms of TQM implementation:
Integrated operational processes, Policies and Trading Strategies, Integrated Operational Management,
Company Social Responsibility, Motivated Workforce, and Knowledge and Competencies. They were
the independent variables in the study, while the dependent variable was Management Performance.
Tables 1 and 2 present the definitions of these variables.

Table 1. Description of the independent (formative) variables.

Integrated Operational Processes (PROCESSES)

processes_1 Existence of technical facilities for functioning/operationalization
processes_2 The functioning/operating processes have a resilience capacity
processes_3 Errors are identified in the operational processes

Trade Strategies and Policies (STRATEGIES)

strategies_1 Managers are adapting their strategies based on a competitive market model
strategies_2 Managers are planning their activities according to the evolution of the market
strategies_3 Managers are adapting their strategies oriented to consumers

Integrated Operational Management (OPERATIONAL)

operational_1 Existence of a procurement and strategy department to respond adequately to external
requests (business partners, public authorities etc.)

operational_2 The existence of an integrated data flow of data, available to the structures within the
organization

operational_3 Existence of assessment programs to improve quality

Company Social Responsibility (RESPONSIBILITY)

responsib_1 Campaigns of social involvement are carried out by presenting the benefits of using
renewable energy

responsib_2 Ethics and corporate social responsibility programs at the organization level
responsib_3 Incentives given to employees for compliance

Motivated Workforce (MOTIVATION)

motivated_1 Existence of professional training programs for employees
motivated_2 Existence of assessment programs to improve quality
motivated_3 The employees are encouraged to take part in the process of decision-making

Knowledge and Competencies (COMPETENCIES)

compet_1 Participation in exchanges of information and discussion forums with profile organizations,
in order to transfer expertise and knowledge of developments in the RES

compet_2 Training courses for training specialists in the field of environmental policy and RES

compet_3 Knowledge of specific and/or functional criteria in the field renewable energy that ensures
compliance with the legislation in the field

compet_4 Research in the field of innovative technologies to extend product life, reduce energy
consumption, and/or reuse resources

Table 2. Construction of reflective variables (dependent variable).

Performance of Managerial Activities (MANAGEMENT PERFORMANCE)

perform_1 Managerial activities are of high quality
perform_2 Managers are using control actions
perform_3 Managers are evaluated periodically through managerial performance programs
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The six formative variables, together with the reflective variables described above, lead to the
formation of the structural model to be tested and validated within this work.

In Figure 5 we could see the conceptual structural model with the TQM effects on
management performance.
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management performance.

The management performance factors used in our model have been previously analyzed by many
researcers. Juran [46] argues that an important part of management performance is the integrated
operational management for achieving an organization’s mission, vision, and goals. This process
includes the formulation of a strategic plan that integrates operational management as a core component.
In his opinion, although an organization may consist of many different functional specialties, the process
of integrating the operations should be the focus of TQM. Another important aspect of management
performance is a motivated workforce. According to Ishikawa [47], motivation of the workforce is
a key success factor for a challenging and innovative workforce environment. He also argues that a
motivated workforce ultimately determines the level of management performance. Knowledge and
competencies are also important drives for a managerial performance. Feigenbaum [5] underlines that
the knlowledge and competencies are critical components in the successful management and should be
the center point of any TQM model. Last but not least, implementing CSR is a key factor for increasing
the management performance of the undertakings [48,49].

Thus, we can set up the statistical assumptions, which come to fill in the gaps in the articles
mentioned before and will be tested using the SMART-PLS 3.2.8. software. These are:

• H1: Integrated Operational Processes have a significant influence on the management performance
of the organization
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• H2: Trade Strategies and Policies is positively correlated with the management performance of
the organization

• H3: Integrated Operational Management has a significant impact on the management performance
• H4: Company Social Responsibility is positively correlated with the management performance
• H5: Motivated Workforce is positively correlated with the management performance
• H6: Knowledge and Competencies has a significant impact on management performance.

3. Results and Discussions

At the end of 2017, there were 490 companies active in the RES in Romania [36]. The distribution
of these enterprises by type is presented in Table 3.

Table 3. Distribution of the RES enterprises by type in 2017.

Enterprises Hydro Power Wind Power Solar Energy Biomass Energy Total

SMEs 157 123 93 77 450
Big companies 15 10 8 7 40

Total 172 129 101 84 490

Source: ANRE.

The questionnaires were sent to both management and employees at the executive level,
in June 2019, and the replies were completed and conveyed by the end of July. The distribution
of the respondents, grouped by type of RES, can be observed in Table 4. The selection was made
proportionally with the data provided in Table 3.

Table 4. Distribution of the respondents.

Level Hydro Aeolian Photovoltaic Biomass Total

Executive 41 29 28 20 118
Management 4 3 3 2 12

Total 45 32 31 22 130

Source: Author’s own computations.

The sample size was 130, representing managers and executives from the RES in Romania.
The method used was random sampling, stratified by age, gender, income, and the educational level.
The respondents were interviewed directly and the questionnaire contained 30 items.

The questionnaire was designed using the funnel method. The collection of the data took place
from May 1st to June 30th, 2019, using a questionnaire with closed questions. The main aims of the
study were to: identify the motivation level of the respondents, based on their age, gender, income,
and level of education; determine the motivation of implementing integrated operational processes;
evaluate the quality of the managerial activities; observe the trade strategies and policies in the
renewable sector in Romania; and assess the degree of employees’ satisfaction in order to increase
managerial performance.

Before passing to the model evaluation, we have to check the significance level of each formative
variable. This will be done using Cronbach’s alpha and Dillon–Golsteins’ ρ [50]. Table 5 reveals the
output of these indicators.
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Table 5. Validity and reliability of the independent variables.

Construct Dillon Golsteins’ Rho Cronbach’s Alpha Composite Reliability AVE VIF

Processes 0.907 0.948 0.945 0.928 2.245
Strategies 0.985 0.918 0.928 0.943 1.896

Operational 0.886 0.803 0.885 0.786 2.467
Responsibility 0.785 0.768 0.742 0.703 3.348

Motivation 0.768 0.756 0.690 0.721 2.874
Competencies 0.792 0.765 0.704 0.804 3.238

Source: Author’s own computations.

From this table, we can see that the values related to the six independent indicators are greater
than 0.7, which means that all six independent variables are viable for the model. Also, the collinearity
between the independent was tested. According to Hair et al. [51], if the variance inflection factor
(VIF) values are greater than 5, then collinearity between the independent variables is present. In this
case, since all VIF values in Table 5 are smaller than 5, it can be concluded that there is no collinearity
between the explanatory variables in the model.

Statistical analysis was performed using the PLS–SEM method. The method consists of two
models, the formative (quantification) model and the inner (structural) model. PLS–SEM method was
used because it is more robust than other methods and less sensitive to small samples and asymmetric
distributions [52].

3.1. Formative Model

The formative (independent) model was evaluated through the convergent and discriminant
validity. Statistically, the relationships between independent and dependent variables are determined
by the following systems of equations:

{y = Φy δ + uy (1)

{x = Φx σ + ux (2)

where,

• δ is the endogenous latent variable, while σ is latent independent variable
• x and y are the measurement variables
• Φx and Φy are the linear equation system matrices related to the latent variables
• ux and uy are the residuals.

3.1.1. Convergent Validity

The first formative model with the path coefficients could be seen in Figure 6.
Chin [53] asserts that those variables for which the coefficients are less than 0.5 should be

removed from the model. Thus, we will exclude the following variables from the model: processes_3,
operational_2, motivated_3, and compet_1. All these have coefficient values lower than 0.5.

Model 2 is obtained from the first model, excluding the variables listed above. The remaining
variables underpin a new analysis. In Figure 7, we could see the second formative model with the path
coefficients, after the mentioned variables were excluded.



Processes 2019, 7, 685 11 of 17

Processes 2019, 7, x 12 of 18 

 

 
Figure 6. Partial least squares-structural equation modelling (PLS–SEM) Model 1. 

Chin [53] asserts that those variables for which the coefficients are less than 0.5 should be 
removed from the model. Thus, we will exclude the following variables from the model: processes_3, 
operational_2, motivated_3, and compet_1. All these have coefficient values lower than 0.5. 

Model 2 is obtained from the first model, excluding the variables listed above. The remaining 
variables underpin a new analysis. In Figure 7, we could see the second formative model with the 
path coefficients, after the mentioned variables were excluded. 

Figure 6. Partial least squares-structural equation modelling (PLS–SEM) Model 1.
Processes 2019, 7, x 13 of 18 

 

 

Figure 7. PLS–SEM Model 2. 

We can observe, from this model, that all the indicators are valid and significant, the value of 
the coefficients is greater than 0.5 in each case, and, thus, the convergent validity of the model is 
confirmed. 

3.1.2. Discriminant Validity 

Discriminant validity could be performed by calculating the average variance extracted (AVE) 
indicator [54]. The discriminant validity is confirmed when the value of AVE is greater than the 
values of the correlation coefficients between the square of the latent variables. These values are 
presented in Table 6. 

Table 6. Correlation coefficients among the latent variables. 

Latent Variables AVE 
The Square of the Correlation Coefficients  

Motivated Strategies Quality Processes Satisfaction  

Processes 0.937 1      
Strategies 0.978 0.741 1     

Operational 0.736 0.702 0.645 1    
Responsibility 0.706 0.689 0.549 0.483 1   

Motivated 0.696 0.612 0.548 0.528 0.591 1  
Competencies 0.783 0.635 0.586 0.569 0.579 0.602 1 

Source: Author’s own computations. 

Figure 7. PLS–SEM Model 2.



Processes 2019, 7, 685 12 of 17

We can observe, from this model, that all the indicators are valid and significant, the value of the
coefficients is greater than 0.5 in each case, and, thus, the convergent validity of the model is confirmed.

3.1.2. Discriminant Validity

Discriminant validity could be performed by calculating the average variance extracted (AVE)
indicator [54]. The discriminant validity is confirmed when the value of AVE is greater than the values
of the correlation coefficients between the square of the latent variables. These values are presented in
Table 6.

Table 6. Correlation coefficients among the latent variables.

Latent Variables AVE
The Square of the Correlation Coefficients

Motivated Strategies Quality Processes Satisfaction

Processes 0.937 1
Strategies 0.978 0.741 1

Operational 0.736 0.702 0.645 1
Responsibility 0.706 0.689 0.549 0.483 1

Motivated 0.696 0.612 0.548 0.528 0.591 1
Competencies 0.783 0.635 0.586 0.569 0.579 0.602 1

Source: Author’s own computations.

According to the values from Table 6, the discriminant validity is confirmed because, for each
independent variable, the value of AVE is greater than the square of the correlation coefficients.

3.2. Structural Model

The structural model is described in Figure 5. This indicates the relationships between the
independent variables in the model, described by the path coefficients, and the dependent variable.
In statistical terms [40], the structural model is described as follows:

δ = ∆η + Φξ + ε (3)

where,

• η is the dependent latent variable
• ξ is latent variable vector
• ε is the residual variable
• ∆ and Φ are matrices of the path coefficients

The structural model is evaluated in terms of the value of R-squared and the estimated path
coefficients. As seen in Figure 7, the R-squared value is 0.762, which means that about 76.2% of the
variation of the dependent variable is explained by the model.

Also, the values of the path coefficients in the structural model are positive, which implies
that the higher the indicators of the independent variables, the higher the performance level of the
organizations in the sector. Out of the six independent indicators from our model, the greatest impact
on the organizational performance is from knowledge and competencies (factor 0.781), followed
by integrated operational processes (factor 0.770) and motivated workforce (0.677). The strategies
and policies (factor 0.557) and the integrated operational management (factor 0.553) factors have
smaller impacts.

All three reflective variables of the dependent indicator “management performance” have positive
coefficients that are greater than 0.5. This means that all three variables in the reflective model
(perform_1, perform_2, and perform_3) are statistically significant for the model.



Processes 2019, 7, 685 13 of 17

Also, to test the statistical assumptions introduced at the beginning of the chapter, a bootstrap test
(sample of 300 sample respondents) was performed to generate the t-values and standard deviations
for the estimated parameters. The results can be seen in Table 7.

Table 7. Research hypothesis results, after performing bootstrapping.

Research Hypothesis Path Coeff. Std. Error t-Value 1 p-Value

H1: Processes→Management Performance 0.770 0.220 3.286 0.017
H2: Strategies→Management Performance 0.557 0.197 2.986 0.038

H3: Operational→Management Performance 0.553 0.184 2.569 0.029
H4: Responsibility→Management Performance 0.630 0.217 2.679 0.007

H5: Motivation→Management Performance 0.677 0.225 2.702 0.005
H6: Competencies→Management Performance 0.781 0.367 3.139 0.003

1 t-value 2.58 (sig. level = 5%).

The p-values corresponding to the statistical assumptions smaller than 0.05 indicate that the
hypothesis was accepted, otherwise it was rejected. Thus, we conclude that all research hypotheses
were accepted.

In conclusion, we can affirm that the motivation of the employees, the existence of integrated
operational processes, and the quality of the management have significant impact in terms of the
performance of the organizations in the RES.

4. Conclusions and Recommendations

By using a PLS–SEM methodology in the field of TQM research, the present study identifies
and analyzes the relationships between the determinant characteristics of the TQM model and the
management performance of the enterprises in the RES sector. The analysis of the results demonstrates
that the model of evaluation is robust since a significant proportion of variation of the dependent
variable is explained by the model.

In this regard, the results underlined that the TQM model starts with staff motivation, given the
significant result between the staff motivation and the organization’s performance. As competition
pressure increases, organizations are forced to retain their outstanding employees, and this is
accomplished by the way the enterprises are managing to inspire them. Giving competitive salaries
and a performance-oriented framework are necessary attributes to motivate the employees of an
organization. By emphasizing the incentives of the employees, the organizations will succeed in
increasing their performance.

Moreover, the results of the analysis reveal that the quality of management also has a direct
and strong impact on the performance of enterprises in the RES. Top management is indirectly and
directly influencing the performance of the undertakings in the sector by mediating the outcomes
of the management processes. In conclusion, the success of the TQM model is dependent on the
quality of the management. The continuous and qualitative involvement of the management in the
activity of the organization leads to the increase of the performance. The management of a RES
organization is directly responsible for determining the organizational vision, the culture, and the
policies of the organization. Managers should also establish precise, measurable targets that meet
consumer expectations and increase the organization’s performance.

The results of the survey emphasize that the existence of integrated operational processes within
an enterprise has a significant impact on the managerial performance of the companies in the RES.
Thus, the existence of the quality technical equipment, the changes in the operating procedure of
the companies in order to adapt to the continuous needs of the market and the regularly reporting
of the errors identified by the management for the purpose of remedies are important elements in
the analyzed organizations that converge towards increased performance. Given these observations,
improvement of managerial processes (including through inspections and supervision) leads to an



Processes 2019, 7, 685 14 of 17

increase in the overall quality of the enterprises. This could be an explanation of the high value of the
coefficient of management processes in the analyzed model.

Another important conclusion is that RES organizations should focus on reducing the variation of
the production processes in order to improve their performance. In order to increase performance,
there must be a close link between the motivation of the workforce, the quality of the management,
and the integration of the operational processes. For companies in the Romanian RES, targeting both
their employees and customers is the most important practice that can lead to the increase of the
organization’s performance.

Validation of the six research hypotheses leads to the conclusion that the most important factors for
increasing management performance are, from most to least important: knowledge and competencies,
integrated operational processes, motivated workforce, company social responsibility, policies and
trading strategies, and integrated operational management.

Although producing nongreen energy is still cheaper than producing energy from renewable
energy sources, it is worth paying the price to invest in renewable energy. At the European level,
the driver of the switch to renewable energy was the Agenda 2020, which includes energy among its
priorities. As we have seen in the description of the RES at the EU and the national level, Romania
is one of the main performers with respect to renewable energy. According to the graphs presented
above, Romania has a big share of renewable energy consumption (24.5% in 2017), and is one of the
very few countries who reached the target stated in the 2020 Agenda.

The novelty of this paper is the TQM process analysis for increasing the management performance
of the companies in the RES in Romania. The originality of the research also resides in the three
dependent variables of the reflective model: “managerial activities are of high quality”, “Managers are
using control actions”, and “Managers are evaluated periodically through managerial performance
programs”. Also, the independent formative variables: integrated operational processes, policies
and trading strategies, integrated operational management, company social responsibility, motivated
workforce, and knowledge and competencies have not been used before in the same TQM model.

A limitation of this study could be the number of respondents, while another limitation is related
to the fact that there was only one sector analyzed. A third possible limitation of the research, could
come from the subjectivity of the respondents’ answers when completing the questionnaire.

Further research on the impact of the TQM model on the performance of the enterprises should
be extended to other industry sectors, and the research should also include possible macroeconomic
effects. Moreover, future analyses to study the impact of the managerial performance of enterprises
through the implementation of the TQM techniques would be very useful.
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EU European Union
RES Renewable Energy Sector
PLS Partial Least Square
TQM Total Quality Management
SEM Structural Equation Modelling
AVE Average Variance Extracted
CSR Corporate Social Responsibility
OLC Organizational Learning Capability
ISO International Organization for Standardization
IEC International Electrotechnical Commission
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NIST National Institute of Standards and Technology
JUSE Japanese Union of Scientists and Engineers
EFQM The European Foundation of Quality Management
ANRE Romanian Energy Regulatory Authority
EUROSTAT Statistical Office of the European Union
MANOVA Multivariate analysis of variance
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