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Abstract: Most of the countries globally depend on the 

energy-related industries in daily and economic activities. Due to 
the perpetual population growth and the fast economic 
development, the development of energy generation model is 
crucial in availing the economic planning strategy of the country. 
The study developed and evaluated the energy generation model 
of Al-Zawiya Steam Power Plant, Libya.  Specifically, the study 
focused on the causal relationship between input and output of 
the energy generation model using the Partial Least 
Squares–Structural Equation Model (PLS-SEM) method as the 
sample size was too small to utilize Structural Equation 
Modelling-Analysis of Moment Structure (SEM-AMOS).  A data 
was gathered from  Al-Zawiya Steam Power Plant, Libya which 
consisted of 12 indicator variables with 60 observations. The 
analysis revealed that most of the causal relationships in the 
developed model were significant at p<0.005. The results 
indicated that the developed model was strengthened by empirical 
analysis and in parallel with the preceding findings and 
theoretical framework. Apart of input and output structural 
model, the study also prosperously validated all the indicator 
variables depicted in input and output measurement model. In 
conclusion, this study had successfully developed and evaluated 
energy generation model and corroborated the causal relationship 
of several input and output latent variables by betokens of 
structural equation model through PLS-SEM approach.  
 

Index Terms: Energy generation model, input and output 
structural and measurement model, Partial Least 
Squares-Structural Equation Model (PLS-SEM).  

I. INTRODUCTION 

The Libyan oil and gas industry has contributed to its 
economic development significantly. Hence, the economic 
planners in the country have highlighted the development of 
the energy-related industries from an early economic planning 
stage. Electricity is one of the most important energy sources 
currently. A majority of the devices and facilities used in 
developed or developing countries are powered by electric 
energy.  
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In comparison to other energy sources, the storage of electric 
energy is difficult, which makes it a transient energy form, and 
hence, it has to be used as soon as it is generated. Due to these 
factors, electricity is seen to be an indispensable and 
important economic product and was difficult to understand 
from an economic viewpoint [1].  The Libyan power sector 
comprises of major power plants, which are distributed in six 
geographically-isolated regions, i.e. Tripoli, West 
(Al-Zawiya), Eastern (Zwitina Benghazi), Central (Zelten), 
and South (Jakhira). Furthermore, these regions are not well 
connected to the other areas.  In this study, the researchers 
aimed to develop and evaluate energy generation model and 
incorporated the electrically-induced resource externalities 
for Libyan energy generation plant. The study investigated the 
Libyan energy generation model, at the Al-Zawiya Steam 
Power Plant. Many studies discuss the energy generation on 
the aspect of efficiency, see [2],[3],[4] and [5]. A little focus 
on the input and output relationship. This study withal strive 
on the causal relationship between input and output of energy 
generation in the form of a structural equation model (SEM) 
by utilizing PLS-SEM. 

II. PURPOSE OF THE STUDY 

The purport of this study is to develop and evaluate a 
structural model that illustrate the causal relationship between 
several input latent variables and output latent variables of 
energy generation plant. Specifically, the study developed the 
energy generation model in which the data was gathered from 
Al-Zawiya Steam Power Plant, Libya. In consummating the 
study, the PLS-SEM approach is implemented and SmartPLS 
3.0 software is utilized to analyze the data.   

III. METHODOLOGY 

A. Data Collection and Energy Generation Variables 

Data collection was a vital step as it helped in achieving 
the major study objectives. The data in this study was 
compiled from the secondary data sources.  These data was 
gathered several sources such as the Registration Reports; 
Economic survey of Libya and Power Research Centre; and 
General Directorate of the Power Plant Productivity report. 
The vital variables in energy generation plant as stated by 
[6],[7],[8],[9],[10],[11],[12] and [13], were electricity (MW), 
freshwater (m3), desalination water (seawater (m3/day) and 
amount of steam needed for freshwater production 
(tons/day)),  
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steam power (steam turbine (tons/day) and boiler (m3/day 
of distilled water)), chemical additives (Phosphate (kg/day), 
Hydrazine, Morphine and anti-scale (L/day)), and 
maintenance and operation cost (fuel and chemical treatment 
costs (LYD/day)). 

B. Energy Generation Model 

The energy generation model in this study was developed 
based on [1],[7],[14] which highlighted the significant 
relationship between the input and output of the related 
variables in the energy generation plant.  This model 
consisted of four measurement models representing the input 
and output of the energy generation. The input measurement 
model were desalination water (DW) (seawater and steam), 
steam power (SP) (boiler and steam turbine), chemical 
additives (CA) (sodium tri-phosphate, hydrazine, morphine 
and anti-scale), and maintenance and operation cost (MO) 
(fuel and chemical treatment costs). The technique that was 
used for the proposed model was further described by 
applying to the output measurement model which consists of 
fresh water and electricity. The developed energy generation 
model is depicted in Fig. 1 
 

 
Fig 1.  Input and Output of Energy Generation Model 

C. Partial Least Squares-Structural Equation Model 
(PLS-SEM) 

 In assessing the energy generation model, the study 
employed PLS-SEM. Two different stages were engaged in 
the PLS-SEM model evaluation.  In the first stage, the 
measurement model, the latent variable characteristics and 
measurement items that denote them were examined. While 
the structural model and its relationship was analysed in the 
second stage to determine the causal relationship between 
latent variables as indicated in the research model.  As 
suggested by [15], the procedure of assessing the developed 
research model in PLS-SEM inclusive of (i) specify the 
structural model; (ii) identifying the measurement model; (iii) 
data collection; (iv) estimation of path model;  (v) assessing 
the the measurement model; (vi) assessing the structural 
model; and (v) interpretation of the results. 

The empirical data used in testing the developed research 
model was gathered from Al-Zawiya Steam Power Plant, 
Libya. The data consists of 12 indicators variables with 60 
observations. The indicator variables are listed in Table 1.  
The empirical data was analyzed by utilizing SmartPLS 3.0.  

 
 
 
 

Table 1. Indicator Variables of Energy Generation Model 

 

IV. FINDINGS AND DISCUSSIONS 

A. The Input and Output Measurement and Structural 
Model 

The research model comprised of measurement and 
structural model. There were six measurement models in this 
study that describe the relationship between latent variables 
and indicator variables. The measurement model with its 
indicator variables shown in Fig. 2 was DW (D1 and D2); SP 
(S1 and S2); CA (C1, C2, C3 and C4); MO (M1 and M2); and 
Output (O1 and O2).  The structural model was the path 
diagram that linked DW and Output; SP and DW; SP and CA; 
SP and Output; CA and DW; CA and Output; MO and DW; 
MO and SP; MO and CA; and MO and Output.   

 
 

 
     

Fig 2. PLS-SEM Input and Output Causal Relationship of 
Energy Generation Model 

 

B. Assessing the Reliability and Validity of the 
Measurement Model 

The measurement model of energy generation model was 
assessed by means of its reliability and validity. As stated by 
[15] the reliability of the measurement model in PLS-SEM 
can be evaluated based on (i) internal consistency by 
examining the values of Alpha Cronbach (α) and Composite 
Reliability (CR); and (ii) reliability of each indicator variables 
by examining the outer loading value.  While the validity of 
the measurement model can be evaluated based on (i) 
convergence validity by examining the value of Average 
Variance Extracted (AVE); and (ii) discriminant validity 
based on cross-loading of indicator variables and 
Fornell-Larcker criterion.  

The finding revealed that the α  and CR value  for DW, SP,  
CA,  MO, and Output constructs exceeded 0.70 as shown in 
Table 2.  
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This shows that the indicator variables in each construct 

are sufficient to measure the respective constructs.  
Meanwhile the reliability value based outer loading value for 
each indicator variable (scale-item) were also greater than 
0.70. This indicates that the indicator variables (D1, D2, S1, 
S2, C1, C2, C3, C4, M1, M2, O1, and O2) are sufficient to 
represent their respective constructs.  

In assessing the the convergence validity of DW, SP,  CA,  
MO and Output, the AVE was utilized.  The study revealed 
that the value of AVE for all the latent variables were 
exceeded 0.50.  As stated by [16], the AVE value of greater 
than 0.50 indicates the validity of each construct is achieved.  

 
Table 2.  Outer Loading, Indicator Reliability, Cronbach 

Alpha, Composite Reliability and Average Variance 
Extracted Value for Energy Generation Model 

 
 

The cross loading of each indicator variables were used to 
determine the discriminating validity.  The discriminant 
validity value shows the extent to which the items used to 
measure a construct differ from the other constructs. The 
result of the study as shown in Table 3 revealed that the 
indicator’s outer loading on the associated construct were 

greater than all of its loadings on other constructs (the cross 
loading).  This indicates that the indicator variables which 
represent its constructs are distinct from each other by 
empirical standards.   In addition, the square root of AVE for 
each construct was greater than the value of the corresponding 
coefficient in the respective row and column as shown in 
Fornell-Larcker criterion.  In response to the Fornell-Larcker 
criterion, the discriminating validity for the DW, SP, CA,  
MO, and Output is achieved.  As suggested by [15], it can be 
concluded that all the measurement model is acceptable based 
on the evaluation criteria stated in PLS-SEM.  
Table 3. Fornell-Larcker Criterion and Cross Loadings 

Results 

 
 

C. Assessing of the Structural Model 

The structural model in this study was assessed by 
examining the collinearity between constructs, the 
significance of the path coefficient, the coefficient of 
determination (R2) value and the predictive relevance (Q2) 
value as suggested by [15].  

Collinearity Between Predictor Constructs in Structural 
Model 

The Variance Inflation Factor (VIF) of each set of the  
predictor constructs (latent exogenous) in structural model 
was examined in order to assess the collinearity.  According 
to [15], the VIF value of less than 5.000 indicates no 
collinearity between predictor constructs in the structural 
model.  The VIF value of this study is depicted in Table 4, 
where the VIF value for all the predictor constructs ranges 
from 1.166-2.803.  This indicates that there are  no 
collinearity (redundancy) between all the predictor constructs 
in its respective structural model. 

 
Table 4.  The Variance Inflation Factor of the Predictor 

Constructs (Latent Exogenous) 

 

The Significance of the Path Coefficient 

The significance of the path coefficient was assessed by 
utilizing  the bootstrapping method. Fig. 3 shows the result of 
PLS-SEM bootstrapping analysis of energy generation model 
in which 12 cases was run using 5000 bootstrapped samples 
as recommended by [15].   

 

 
 

Fig. 3. Bootstrapping Results for the PLS-SEM 
 
The assessment of the significance of relationships in the 
structural model as depicted in Fig. 3  and Table 5 shows that 
there was a significant relationship between SP and DW; CA 
and DW; MO and DW; MO and SP; MO and CA, MO and 
SP, DW and Output, SP and output; CA and output; and MO 
and output. 
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Table 5.  The Relationship between Latent Constructs 

                   
               * sig. at α=0.05; ** sig. at α=0.001 

The Coefficient of Determination, R2 Value 

The amount of variation in DW, CA, and Output 
endogenous latent variables described by its predictor 
variables can be evaluated by means of the R2 value.  The 
study revealed that the R2 value for DW, SP, CA, and Output 
were 0.688, 0.158, 0.591 and 0.850 respectively as depicts in 
Fig. 2. This implies that 68.8%, 15.8%, 59.1% and 85.0% of 
variation in DW, SP, CA, and Output respectively was 
explained by the variables in the respective model.  In 
conclusion, the DW, SP, CA, and Output structural models 
describe reasonably well the amount of variation explained by 
its exogenous constructs.  
Predictive Relevance, Q2 Value 

In addition to R2 value, the blindfolding procedure was 
performed to calculate the predictive relevance (Q2) of the 
model fit. The Q2 shows how well observed values/indicator 
variables are reconstructed by the model and the parameter 
estimates [17]. [15] stated that Q2 is deemed to be of 
predictive significance higher than zero. The results of 
blindfolding of the measure of predictive relevance is shown 
in Table 6.  

Table 6.  Blindfolding Results of the Measure of 
Predictive Relevance 

 
* SSO: Sum of square observations  
   SSE: Sum of square errors 

The study revealed that all the Q2 value were greater than 
zero for cross-validated redundancy.  According to [15],  Q2 
value above zero providing support for the model’s predictive 

relevance regarding to its endogenous latent variables (DW, 
SP, CA and Output).  

V. CONCLUSION 

The study successfully developed and evaluated the input 
and output causal relationship of energy generation model by 
utilizing PLS-SEM. The research data collected from 
Al-Zawiya Steam Power Plant, Libya was used to validate the 
measurement and structural model of the developed model 
and fulfilled the criterion suggested by [15]. The study withal 
designate that the relationship of input latent variables (DW, 
SP, CA and MO) and output latent variable was statistically 
significant. The research findings were in tandem with [18] 
and [19]. These findings were additionally fortified by other 

studies such as [20] and [21]. 
In conclusion, the results indicated that the developed 

model was reinforced by an empiric assessment and parallel 
to the preceding findings and theoretical framework.  
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