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Abstract: In this paper, we focus on the sustainability and economic performance of the renewable
energy sector of Romania. In our analysis, we have used Total Quality Management (TQM) model,
which is an economic modern tool used for improving the quality of management for all companies.
The aim of this study is to bring into discussion the conceptualized TQM model of Edward Deming
underlying different stages of its evolution as it is described in the economic literature. Conceptual
model is applied in a case study of the renewable energy sector of Romania. The quantitative research
evaluates the impact of the total quality management to achieve the sustainable development,
performance objectives and the competitive advantage of the companies in the renewable energy
sector. Data was collected through a survey and the questionnaire was addressed to the management
and employees in the renewable energy sector. Structural equation modelling (SEM) was used and
the hypotheses were tested by partial least square (PLS) equations. Data was analyzed through the
Smart PLS 3 software. The main contribution of this paper is to identify and evaluate the relationship
among sustainable development, economic performance of the companies and TQM model indicators.
The conclusions of our research are in line with the existing literature and confirm the theoretical
assumptions, underlining the fact that the undertaking’s performance and sustainable development
is a direct consequence of the combination among a series of factors like decisional power quality,
motivated workforce as well as integrity of operational process.

Keywords: renewable energy sector; total quality management; structural equation modelling;
economic performance; sustainable development; motivated workforce

1. Introduction

The pioneers of Total Quality Management (TQM) theory were Walter Shewhart and Edwards
Deming. Shewhart [1] developed a probabilistic model for managerial processes used to statistically
control the production and give the management the chance to intervene optimally. This model was
perfected by Deming [2] who firstly introduced the “quality control cycles” concept, which reveals a
group of volunteers’ employees who identify real solutions for problems related to work.

The goal of this paper is to validate the causality relation between the TQM model and
economic performance through examining the data collected from the Romanian renewable energy
sector. As such, the causal relationship between the TQM model, economic performance and
sustainable development is evaluated by the use of structural equation modelling, tested with the least
square method.
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Armand Feigenbaum [3] has developed the Total Quality Control model by making a synapse
between the customers and suppliers, supporting the involvement of the employees in achieving
competitive results for satisfying the needs of the customers. Another economist, Joseph Juran,
published the Handbook of Quality Control [4], which is considered to be the first manual of quality
control defining a landmark of the TQM’s three pillars, which is also known as “trilogy of quality”.
According to [5], the three pillars refer to planning, controlling and quality improvement. Planning is
to identify the objectives as well as the activities deployments framework to accomplish quality criteria.
Statistical control is to apply the techniques of the total quality management. Quality improvement
is focusing on removal and correction of defects, also known as the techniques of “zero defects”.
The last concept developed in time and led to correction of errors and then identified and reported the
activities with prevention. Juran, unlike Deming who put the accent on the importance and the role
of the employees in achieving quality, highlighted the manager’s role and conducted his research by
assessing the practical methods that were used, with a focus on the presentation of services and goods,
as well as on their compliance with the standards of quality, stock’s availability, their safe utilization
and comfort provided. Therefore, the total quality model, in Juran’s opinion, incorporates the vision of
consumers. His management techniques are focused on assessment, compliance and remediation.

The conceptualization of the TQM model is currently performed by research and academic
institutions in the field of standardization, innovation and research, the Japanese Union of Engineers
and Scientists, as well as the European Foundation of Quality Management and the American Institute
for Standardization and Technology, without this enumeration to be an exhaustive one. In order to get
the expected results, conceptual modelling is applied on empirical data.

Nowadays, a managerial concept focuses on the final consumers and it determines a continuous
improvement at the level of the quality of goods and services [6,7]. The generated positive externalities
have a lot of benefits for the profitability of the company and prosperity on a horizon of time. Customer
fidelization and loyalty programs as well as the reputation of the companies on the market represent
significant issues for evaluation of its competitiveness, beyond the quantitative data of financial and
economic profitability.

The Japanese Union of Scientists and Engineers developed statistical and mathematical models
relevant to corporate management [8]. Quality control incorporates analogically different fields in the
American continent, with applicability in assessment, standardization and quantification, by means of
the Institute of American Standardization and technology [9].

The TQM model should also incorporate statistical techniques of quality control. The evolution of
the TQM model from the Deming definition to the contemporary model determined the change of the
optic regarding the aim of quality control activities.

As it was recently observed, the TQM model reveals the main relevant factors, which contribute
to the sustainable development, quality assurance, motivated workforce, strategies of marketing
and policies of trade directed towards performance, as well as the operational process emerged
in the informatics flows. Another important factor is that of the final consumer satisfaction.
Their works [10,11] have highlighted the importance of the techniques of marketing plot to the needs
of satisfying the customers.

The correlation between the economic performance achieved by the companies, which are active
in a particular sector and the application of TQM model, requires statistical data that covers a time
period of at least five years in order to examine the evolution of the profitability and the impact of
the implemented TQM model. This comes from the examples provided by several economists [12,13],
who have analyzed the Mercadona management business model. Back in 1993, Mercadona introduced
the TQM model and it became a well-known supermarket, having made the TQM concept to attract
new clients, through high quality of products, customer loyalty and minimum prices. By using the
TQM model of management, Mercadona eluded the bad consequences of the world economic crisis
during 2008 [14]. Khanam has recently conducted a study of the importance of applying IT resources
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and TQM in order to meet the customers’ demands, with direct application in the renewable energy
sector and IT industry [15].

A highly interesting research paper is that of Izogo [16] in which the author examines how
companies could influence the loyalty of its customers’ engagement by insuring reliability. Another
example that reflects the application of the TQM model is presented in the paper of the economists
in the manufacturing sector [17]. Examples continue with the use of International Organization for
Standardization (ISO) standards as models of performance used by companies [18–20].

Other studies are focused on the economic performances of the companies producing various
types of renewable energy on the stock market [21,22]. Other types of analysis, such as the Bohl et al.
study [23], could not be replicated for the Romanian market since there are a few companies operating
in the renewable energy sector that are listed on the stock exchange. An overview of the sustainability
and financial performance of the companies in the energy sector in Romania [24] has been recently
undertaken, so the authors of this paper decided to take a different approach by investigating the
economic performance of the companies in this sector. Energy and clean energy have been one of the
most widely debated issues in the last years. Many countries from all over the world are still using coal,
nuclear or other types of non-green energy that could affect the health of the population in the long
run. Although producing non-green energy is still cheaper than producing energy from renewable
energy sources, it is worth paying the price and investing in renewable energy. The determinant
factors to switch to renewable energy, at the European level, was Agenda 2020, which has energy
among its priorities. Additionally, it could be seen that, in many countries, the energy sector has
become of great interest. Besides the already mentioned energy independence, there is also a demand
for finding solutions for sustainable development and to approach the impact of fossil fuels on the
environment [24].

The main contribution of this paper is to analyze the sustainability of the renewable energy sector
in Romania and to evaluate the relationship among sustainable development, economic performance
of the companies in this sector and TQM model determinants. A second objective was to examine
whether there are significant differences in the economic performances of the companies in the sector.
This paper is structured as follows: firstly, we present an overview of the Romanian renewable energy
sector. Secondly, the research hypotheses are presented and tested. The conceptual structural model
based on a survey questionnaire is analyzed using Partial Least Square equations. The application
results show the promising computational advantage of the TQM model. Finally, we can draw up the
conclusions deriving from the testing of hypotheses.

2. The TQM Model Applied in the Renewable Energy Sector

2.1. Short Description of the Romanian Renewable Energy Sector

In the past 30 years, hydropower plants were the most important source of clean energy in
Romania [25]. By 2012, other renewable sources represented only a very small share of electricity
produced in Romania. In 2014, the situation started to change abruptly in favour of renewable energy
sources, especially wind.

Figure 1 is presenting the shares of renewable energy in gross final energy consumption in EU
member states in 2015.

From Figure 1, we could see that the renewable energy consumption share in Romania is 24.8%,
which is above the EU average. In 2015, the countries with the largest share of renewable energy
consumption of green energy were Sweden (53.9%), Finland (39.3%) and Latvia (37.6%). In the
meantime, the countries with the lowest green energy consumption were the Netherlands (5.8%),
Luxembourg (5.05%) and Malta (5%).

Figure 2 below presents the evolution of renewable energy shares in gross final energy
consumption in Romania between 2007 and 2015.
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Figure 1. Share of the renewable energy in gross final energy consumption in EU Member States in 
2015. Source: Romanian Energy Regulatory Authority (ANRE). 

 
Figure 2. Share of renewable energy in gross final energy consumption in Romania between 2007 and 
2015. Source: Romanian Energy Regulatory Authority (ANRE). 

From Figure 2, we could see that 24.8% of Romania’s energy consumption was covered by 
alternative energy in 2015, which represents a 36% increase from 2007. Alternative energy includes: 
wind energy, photovoltaic, hydro energy and biomass energy. 

At the end of 2016, the produced electricity in Romania was 64.15 TWh (terawatt hour), which 
was split into:  

• wind power; 
• conventional thermal power;  
• nuclear power; 
• hydropower and  
• other renewable energy sources. 

Figure 3 shows the share of each sector in total electric energy, which was produced in Romania. 
From Figure 3, we could conclude that the most green energy produced in Romania was from 

Hydro resources (35.4%), followed by Wind power (9.77%), Solar energy (2.08%) and Biomass 
(0.07%). The high level of hydro energy produced in Romania explains the good ranking from Figure 
1 that Romania has among the EU renewable energy ranking countries. 

53.9

39.3
37.6

24.8
16.7 - EU average

5 5

0

10

20

30

40

50

60

Sw
ed

en
Fi

nl
an

d
La

tv
ia

Au
st

ria
De

nm
ar

k
Cr

oa
tia

Es
to

ni
a

Po
rt

ug
al

Li
th

ua
ni

a
Ro

m
an

ia
Sl

ov
en

ia
Bu

lg
ar

ia
ita

ly
Sp

ai
n

Gr
ee

ce
Fr

an
ce

Cz
ec

h 
Re

pu
bl

ic
Ge

rm
an

y
Hu

ng
ar

y
Sl

ov
ak

ia
Po

la
nd

Cy
pr

us
Ire

la
nd U

K
Be

lg
iu

m
N

et
he

rla
nd

s
Lu

xe
m

bo
ur

g
M

al
ta

18.3
20.5

22.7 23.4
21.4

22.8 23.9 24.8 24.8

0.0

5.0

10.0

15.0

20.0

25.0

30.0

2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 1. Share of the renewable energy in gross final energy consumption in EU Member States
in 2015. Source: Romanian Energy Regulatory Authority (ANRE).
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Figure 2. Share of renewable energy in gross final energy consumption in Romania between 2007
and 2015. Source: Romanian Energy Regulatory Authority (ANRE).

From Figure 2, we could see that 24.8% of Romania’s energy consumption was covered by
alternative energy in 2015, which represents a 36% increase from 2007. Alternative energy includes:
wind energy, photovoltaic, hydro energy and biomass energy.

At the end of 2016, the produced electricity in Romania was 64.15 TWh (terawatt hour), which
was split into:

• wind power;
• conventional thermal power;
• nuclear power;
• hydropower and
• other renewable energy sources.

Figure 3 shows the share of each sector in total electric energy, which was produced in Romania.
From Figure 3, we could conclude that the most green energy produced in Romania was from

Hydro resources (35.4%), followed by Wind power (9.77%), Solar energy (2.08%) and Biomass (0.07%).
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The high level of hydro energy produced in Romania explains the good ranking from Figure 1 that
Romania has among the EU renewable energy ranking countries.Sustainability 2018, 10, 8  5 of 15 
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2.2. Research Methodology

A survey analysis was conducted based on a questionnaire and the structural modelling
hypotheses were tested by using the Partial Least Square model. Data was analyzed by using SmartPLS
3 software (SmartPLS GmbH, Boenningstedt, Germany) [26]. The main goal was to analyze the
influence of the implementation of TQM in achieving the competitive advantage and the performances
of the companies in the renewable energy sector.

The objective of the research paper is to validate the relationship between the TQM model,
sustainable development and the economic performance by analyzing the data which was collected
in the renewable energy sector in Romania. The paper also analyses the impact of TQM model,
represented by quality of management, employee motivation, trade policies and strategies, employee
satisfaction, and integrated operational processes on the organizational performances.

The collection of the data was performed through a survey which was addressed to the employees
and the managers in the renewable energy sector. The renewable energy companies were selected
proportionally with the size. The number of people who answered the survey was chosen according
to each type of renewable energy produced by the selected companies and the sample was random.
The sample volume was computed by multiplying the number of indicators with 5–10 [27]. Hence,
the sample size must have at least 15 indicators × 5 = 75 respondents. The authors collected data from
90 respondents and only 80 questionnaires were valid.

The questions were either binary, with answers (Yes = 1, No = 0), or used a Likert 7-point scale,
where the choices were from “very little = 0” to “very much = 1”. The questionnaire was pretested
several times to make sure that the language, the format and the question order are adequate.

Starting with Deming’s conceptualized model, which was described in the previous chapter,
the following five proxy variables were considered important factors in terms of the TQM
implementation: the motivated workforce, trade strategies and policies, quality of the managerial
activities, integrated operational processes and satisfaction of the customers. Some authors have used
these proxy variables as important factors of the TQM model: the motivated workforce, quality of the
managerial activities, and satisfaction of the customers [28], trade strategies and policies [29] and the
motivated workforce, quality of the managerial activities and integrated operational processes [30].

The economic aspect of the factors used in our model has been previously discussed by many
economists. Juran [31] considers that a critical part of the management of quality is the strategic and
systematic approach to achieving an organization’s vision, mission, and goals. This process, called
“trade strategies and policies”, includes the formulation of a strategic plan that integrates quality as a



www.manaraa.com

Sustainability 2017, 10, 8 6 of 16

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 economic performance is motivation. According to Ishikawa [32], motivation of employees is
a key success factor for the innovative and challenging organization. He also argues that the customer
ultimately determines the level of management quality. No matter what an organization does to foster
quality improvement—training employees, integrating quality into the design process, upgrading
computers or software, or buying new measuring tools—the customer’s satisfaction determines
whether the efforts were worthwhile. Feigenbaum [3] underlines that the quality of the managerial
activities is a critical component in the successful management and it should be the center point of any
TQM model.

The economic performance of an organization is fundamental to comprehend the organization
and its foundation for sustainability. Nowadays, this information could be seen in financial accounts
and annual reports in many countries. Financial statements are providing information regarding the
changes in the financial position as well as data on performance and financial position of the company.
Economic Performance Indicators are designed to measure the economic outcomes of the company’s
activities and the effect of these results on a broad range of stakeholders.

Regarding the performance variables used in this model, we focused on one financial performance
variable (return on assets) and one operational performance variable (product quality). Using Return
on Assets (ROA) as a key performance metric, the attention of the management is drawn on the
assets required to run the business. Some economists [23] consider that ROA is a better metric of
analyzing financial performance than income statement profitability measured by return on sales.
ROA explicitly takes into account the assets used to support management activities. It determines
whether an undertaking is able to generate a suitable return on these assets instead of showing a
robust return on sales. Although the quality of a product is an operational measurement, there is a
linkage between product quality and the economic performance of firms [29]. Product quality is a
direct responsibility of the managers and it is one of the most important reflections of the economic
performance of a company [24].

These 15 variables are the latent variables in the formative model, while the variables in the latent
reflective model, i.e., the dependent variables, are the two proxy variables: “return on assets” and
“quality of the product” [33]. Return on assets (ROA) is an indicator of how profitable a company is
based on its total assets. It was calculated for each company in the sample by dividing company’s
annual earnings by its total assets. ROA is also referred to us as “return on investment” and it is used in
the model as a proxi variable for economic performance [34]. “Quality of the product” is a non-financial
operational performance measure and is part of the internal activities of a company. According
to Carton [35], the advantage of using operational measurements takes place when the available
information related to the opportunities already exists, but they have not yet been valued financially.

The enumerated five independent variables in the above table, which were described previously,
build the structural model, which will be tested and then validated in this paper. This conceptual
model could be seen in Figure 4.

Now, we will formulate the statistical hypothesis, tested with SMART-PLS, which come to fill the
gaps [36,37] in the literature, which were mentioned in the introductory part.

Hypothesis 1 (H1). The employees’ motivation has a positive impact on the performance of the undertakings.

Hypothesis 2 (H2). The quality of the management is positively correlated with the undertakings’ performances.

Hypothesis 3 (H3). The commercial policies and the strategies have a positive influence on the performance of
the undertakings.

Hypothesis 4 (H4). Operational integrated processes are positively related to the performances of the undertakings.
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Hypothesis 5 (H5). Employees’ satisfaction has a positive impact on the performance of the undertaking.
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3. Model Estimation and Results

The construction of the formative variables is described in Table 1.

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

Motivated Workforce (MOTIVATED)

motivated_1 There exist professional training programs
motivated_2 The employees are motivated to participate in decision-making processes
motivated_3 Assessment programs existing to improve quality

Trade Strategies and Policies (STRATEGIES)

strategies_1 Activities are planned according to market evolution
strategies_2 Managerial strategies are adapted to market model of competition
strategies_3 Marketing strategies are adapted to consumers

Quality of Managerial Activities (QUALITY)

quality_1 Quality of the managerial activities
quality_2 Control actions used in management policy
quality_3 Periodic evaluation for employees through managerial programs

Integrated Operational Processes (PROCESSES)

processes_1 Existence of technical facilities needed for operationalization/functioning
processes_2 Resilience capacity of the functioning/operating processes
processes_3 Error identification in operational processes

Consumers’ Satisfaction (SATISFACTION)

satisfaction_1 Acquiring quality for training programs
satisfaction_2 Quality performance
satisfaction_3 Motivation of the employees to achieve quality

In Romania, at the end of 2015, there were 482 undertakings activating in the renewable energy
sector [21]. In Table 2, we could see the split of these companies by type of renewable energy produced.

The questionnaires were addressed to both execution staff and the management of the companies
in the first month of 2017 and were completed by the end of trimester of this year. In Table 2 we
could see the distribution of the renewable companies, while in Table 3 we have the distribution of
the respondents, grouped by the undertaking renewable energy type, based on the location of the
respondents. They were selected proportionally with the values from Table 2 and we obtained a
sample approaching the optimal theoretical combination.
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Table 2. Distribution of the renewable energy companies, by type, in 2015.

Companies Hydro Power Wind Power Solar Energy Biomass Energy Total

Small to Medium Enterprises (SMEs)
(up to 250 employees) 161 119 94 82 456

Big companies (over 250 employees) 12 7 4 3 26
Total 173 126 98 85 482

Source: Romanian Energy Regulator Authority (ANRE).

Table 3. Distribution of respondents.

Level Hydro Eolian Solar Biomass Total

Executive 21 18 15 10 64
Management 5 4 4 3 16

Total 26 22 19 13 80

Source: Data analysis was done by the authors valuing SmartPLS 3 software.

The analyzed sample was comprised of 80 executive and managers from companies from the
renewable energy sector in Romania, stratified by gender, age, income, employment status and level of
education, which were directly interviewed, the questionnaire containing 25 items.

In designing the questionnaire, the stratified sample method was applied. Data were collected
during 1 February–30 March 2017, using an open questions questionnaire, and the main limitation
of data collection process was the lack of cooperation of the persons surveyed. The main objectives
of the study were to: identify the level of motivation of the respondents, based on their educational
level, gender, age and interests; evaluate the main reasons for the quality of the managerial activities
in the respondents’ opinion; determine the advantages and disadvantages of implementing integrated
operational processes; assess the degree of consumer’s satisfaction; and observe the trade strategies
and policies in the renewable sector in Romania in order to increase companies’ sustainability.

The degree of significance of the formative variables is verified before the model is analyzed.
Therefore, Dillon–Golstein s ρ and Cronbach’s alpha coefficients will be performed [38]. The results
are shown in Table 4.

Table 4. Reliability and validity of the formative variables.

Construct Dillon
Golsteins’ Rho

Cronbach’s
Alpha

Composite
Reliability

Average Variance
Extracted (AVE)

Variance Inflection
Factor (VIF)

Motivated 0.875 0.987 0.988 0.945 2.217
Strategies 0.908 0.921 0.967 0.983 1.720
Quality 0.856 0.728 0.854 0.712 1.634

Processes 0.793 0.739 0.787 0.685 2.846
Satisfaction 0.781 0.729 0.685 0.677 2.485

Source: Data analysis was done by the authors valuing SmartPLS 3 software.

The above table shows us that all values associated with the previously introduced variables
are above 0.7. This means that the five independent latent variables used in this analysis are reliable.
Moreover, we have tested the collinearity. Hair et al. [39] mentions that the collinearity is present
among the independent variables if the VIF (variance inflection factor) values of the variables is greater
than 5. In Table 4, we could see that all of these values are less than 5, so we could conclude that the
exogenous variables are not collinear.

There are a few different approaches to TQM. These refund the companies on a flow basis,
with competitors directing the process capabilities and customers and the content of the flow.
The following are major approaches to TQM:

• Just in Time: Denotes a system in which the materials are delivered before they are required and
in the amount needed.
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• Quality Circles: Management techniques used to help the employees solving their problems.
• Statistical Process Control: Quality control method used to monitor the control process.
• Total Quality Control: Applying the principles of quality management to all business areas.
• Process architecting: Re-building the workforce from zero for increasing the quality.
• Process improvement: Improving the business architecture by analyzing the process.
• Process Deployment Automation: The engineering process is automated through the organization.
• Process Execution Automation: The routine processes is automated across the entire organization.
• Total Preventive Maintenance: Scientific prevention of equipment through systematized care.

An interesting approach developed by Ragin [40] uses Qualitative Comparative Analysis (QCA)
methodology, which is a comparative technique to analyze complex causal relationships. This could
be used to analyze a relationship between environmental, social and financial performance in
companies [41]. The authors employed the fuzzy-set qualitative comparative analysis (fsQCA) to find
new evidence on the relationship between the three types of performance in a sample of undertakings
listed in the capital market of Spain. This method has also been used in other research papers [42,43]
in which the authors were analyzing the data using fsQCA 2.5 software (Irvine, CA, USA) to determine
the causal relationship between economic and environmental performances.

The authors of this paper made a quantitative analysis of the data done by PLS-SEM, which is
divided by two sub-models. The first one is the quantification model, also called the outer model
(formative model), and the second one is the inner model (structural model). In their work [44],
the authors have chosen to use PLS-SEM because this method is more robust than other methods,
like Covariance Based (CB)-SEM, and also less sensitive to distributions that are skewed, surveys with
small sizes or to the multicollinearity [45].

PLS-SEM is a data analysis method that is often used in marketing research to test theoretically
supported linear and causal models [46]. With PLS-SEM, managers could visually examine the
relationships that exist between variables of interest in order to prioritize the companies’ resources to
better serve the final consumers. The structural equation model is based on two sub models; the outer
model analyzes the relationships between the observed indicator and corresponding latent variables,
whereas the inner model analyzes the relationships between the exogenous and endogenous latent
variables. In PLS-SEM, a variable is either independent or dependent. An independent variable has
path arrows pointing outwards and none leading to it. Meanwhile, a dependent variable has one or
more paths leading to it and represents the effects of other variable(s).

3.1. The Outer Model

The outer model was analyzed by using convergent and discriminant validity. From the statistical
point of view, the congruence between the reflexive and formative variables is determined by the linear
structural equations models (SEM):

{x = Γx ϑ + εx, (1)

{y = Γy η + εy, (2)

where
• η and ϑ are the independent and dependent latent variables, respectively,
• x and y are the observed variables (measurement variables) of η and ϑ,
• Γx and Γy are matrices of the systems of linear equations related to latent variables,
• εx and εy are the measurement errors (residual variables).

3.1.1. Convergent Validity

When a latent variable explains a significant part of the variance of its manifest variables,
the convergent validity should be checked [47]. Convergent validity is examined through the variance
extracted indicator (AVE), which is a measure of the variance that a latent variable captures from
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its associated manifest variables relative to the total amount of variance, including the variance due
to measurement error [48]. At a level above 0.50, the latent variable explains more than half of its
manifest variables’ variance. At this level, it may be argued that the variation is not coincidental,
i.e., error variance, and a ”true” relation between the manifest variables and the latent variable may
thus be argued to exist [49].

According to Chin [50], it should be excluded from the model the variables that have path
coefficients less than or equal to 0.5. Therefore, it the following variables will be excluded: motivate_1,
motivate_2, strategy_1 and strategy_3. As we can see in Figure 5, the path coefficients of all these
variables are less than 0.5.
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After the mentioned variables were excluded, a second model is obtained from the first one.
The SEM-PLS equations run on the left variables and are leading us to a new model.

As we could observe in Figure 6, none of the path coefficients is less than or equal to 0.5, and hence
the convergent validity is confirmed for this model.

3.1.2. Discriminant Validity

AVE could be also used for checking the discriminant validity [51]. It is stated by the authors that,
if the correlation coefficients among the latent variables squared are less than the AVE values of the
latent variables, the discriminant validity is confirmed. All of these values are given in Table 5 below.
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Table 5. Correlation coefficients among the latent variables.

Latent Variables AVE
Correlation Coefficients Squared

Motivated Strategies Quality Processes Satisfaction

Motivated 0.945 1
Strategies 0.983 0.646 1
Quality 0.712 0.691 0.485 1

Processes 0.685 0.567 0.469 0.521 1
Satisfaction 0.677 0.513 0.375 0.567 0.478 1

Source: Data analysis was done by the authors valuing SmartPLS 3 software.
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By comparing correlation coefficients among the latent variables squared with the AVE indicators,
we confirm the discriminant validity of the model.

3.2. The Inner Model

The inner (structural) model was previously described in Figure 1. It indicates the relationship
(paths) between the latent exogenous and the endogenous variables of the model. From the statistical
point of view [52], the inner model is:

η = Bη +
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4. Discussion of the Results

The inner model is evaluated through the path coefficients and the R-squared value. According
to Figure 6, the R-squared value is 0.742, which means that about 74.2% of the variability of
the undertaking’s performance from the renewable energy sector is explained by the variability
of the TQM model. Moreover, the values of the path coefficients of the inner model are all
positive, and this means that the greater the values that the latent variables have, the greater
organizational performance there will be. From the five indicators, the variable with the most impact
is “motivation” (path coefficient 0.659), followed by the “strategy” (path coefficient 0.628), and the
“resilience capacity of the functioning/operating processes” (path coefficient 0.542). The organizational
performance with the smallest impact is given by the indicators “degree of employee’s satisfaction”
(path coefficient 0.056) and “marketing strategies are adapted to consumers” (path coefficient 0.047).

The two reflective indicators calculated for the endogenous variable “organizational performance”
have positive values of the path coefficients, which are greater than 0.5. This means that these variables
from the reflective model (prod_quality and return_on_assets) are statistically significant. The high
values of the path coefficients of the reflective variables, i.e., “Return on assets” (path coefficient 0.682)
and “Quality of product” (path coefficient 0.942) shows us that the performances of the companies
in the renewable energy sector are well represented by the two reflective indicators. Multiple items
generally increase reliability and improve model performance compared to single-item measures.
In our model, the dependent variable has two reflective variables reflecting economic performance,
one financial and the other one operational variable. In addition, a construct has greater performance if
it has higher mean latent variable scores, reflecting stronger measurement paths. This is also underlined
by the high values of the two path coefficients.

Moreover, for testing the research hypothesis described before, a Bootstrap Test (300 sample) was
realized to generate the standard errors and t-values of the model parameters. Bootstrapping allows
assigning measures of accuracy to sample estimates. The results are given in Table 6.

Table 6. Research hypothesis results, after a bootstrap test was performed.

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

H1: Motivation→ Organizational Performance 0.623 0.214 3.982 0.008
H2: Quality→ Organizational Performance 0.581 0.334 2.688 0.047

H3: Strategies→ Organizational Performance 0.697 0.190 3.369 0.027
H4: Integrated methods→ Organizational Performance 0.048 0.148 0.359 0.260

H5: Satisfaction→ Organizational Performance 0.226 0.234 1.067 0.307

* t-Value 2.58 (sig. level = 5%).

The validated hypotheses are the ones that have p-values less than 0.05, while the other ones with
p-values greater than 0.05 are not. Hence, we could conclude that H1, H2 and H3 are valid hypotheses,
while H4 and H5 are not. Table 7 shows which hypotheses are valid and which ones are not, out of the
five statistical hypotheses tested.

Table 7. Validation of statistical hypotheses.

Hypothesis Validated (Yes/No)

Hypothesis 1 Yes
Hypothesis 2 Yes
Hypothesis 3 Yes
Hypothesis 4 No
Hypothesis 5 No

Therefore, we could conclude that quality of the management and the motivations of the
employees both have positive impacts on the performances of the organizations in the renewable
energy sector.
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5. Conclusions

By using structural equation modelling SEM-PLS in the research area, this paper identifies and
subsequently evaluates the relationship among sustainable development, economic performance of the
companies and TQM model determinants. A significant proportion of the variability in the endogenous
variables is explained by the exogenous latent variables.

Hence, the results underline that TQM practices are based on the motivation of the staff, in view
of the significant and positive impact of the staff motivation and undertaking’s performance. When the
competitive pressure is growing, the organizations are forced to hire and keep the best employees,
and this is primarily achieved through the way the companies could manage to motivate them.
Offering competitive salaries and performance-oriented frameworks are necessary to motivate staff
enterprise and attributes. Focusing on the motivation of the employees, the undertakings active in
the renewable energy sector will be able to improve their performances. We could also observe that
the last two research hypotheses were not validated. This means that the integrated methods and
consumer satisfaction do not have an impact on organizational performance. Therefore, the managers
should focus more on the hypotheses that have been validated and less on the other ones.

In line with the conclusions of this paper, the management quality also has a powerful and
direct impact on the performance of the renewable energy companies. Top management indirectly
and directly affects the performance of the companies in the sector by mediating the effects of the
management processes. As a result, the success of TQM applications depends at a significant level on
the management quality.

The quality of the management and the continued involvement are leading to an increase
in companies’ performances and the sustainability of the renewable sector. The management of
an enterprise is directly responsible for the determination of corporate culture, the policies and
the organizational vision enforced by the undertaking. Managers must also develop measurable
and specific targets to achieve the needs and expectations of the final consumers and to increase
companies’ performances.

The survey used in the research emphasizes that integrated operational processes used by an
undertaking have a positive impact on its performance and sustainable development. Important factors
that are converging towards high performance regard the technical equipment’s quality, the adaptation
of the organizational procedures to the market needs and regular reporting of the errors identified
by the top management in order to have them fixed. In light of this, the significant contributions of
the processes done by the management (including supervisions and inspections) lead to increased
TQM of these corporations. This argues for the value of the high coefficients of the processes at the
management level of this model.

Another important result is that the renewable energy organizations should focus on reducing
variability in marketing processes to improve performance. To increase performance, a strong
connection between the business process integration, motivation of the workforce, and quality of
the management should exist. For Romanian renewable energy organizations, targeting both their
customers and their own employees is one of the most important practices that could increase the
performance and the sustainability development of the corporations.

A limitation of this study is given by the relatively small number of the respondents of the survey,
and also that the study is analyzing a single industry. Other limitations of this research could be related
to the subjective answers of the persons surveyed and the number of formative and reflective variables.
These limitations could be overcome in future research by increasing the sample size and the number
of formative and reflective variables, as well as by having more open- questions in the questionnaire.

Further studies in the area of the TQM effects on companies’ performances should be extended to
other sectors or industries and the research may include as such some probable macroeconomic effects.
The analysis could also be developed by analyzing the way that companies in the field have financed
themselves during this time and the efficiency for their sustainable development. A future study to
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analyze the causal relationship between financial performance of the renewable companies and their
environmental performance could be performed with QCA methodology.

In addition, future research to analyze the increase of companies’ performances and sustainable
development by using TQM techniques could be very useful.
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