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Abstract 

Electric power security is important for economic expansion in the manufacturing 

industry. This study was aimed to investigate the guidelines for integrating innovation into 

electric power management for the utmost efficiency in the manufacturing industry. Both 

qualitative and quantitative studies were conducted. The data were collected from 500 

respondents responsible for energy in the manufacturing industry in factories. Descriptive, 

referential, and multivariate statistics were used to analyze the data. 

It was found that the guidelines for integrating innovation into electric power 

management for the utmost efficiency in the manufacturing industry were of 4 components 

arranged in the order of importance recognition as follows: Process Innovation (  = 4.47), 

Teamwork (  = 4.45), Culture (  = 4.44), and Monitoring and Control (  = 4.43) 

respectively. The most important guideline item found in each aspect were: the management 

supporting the implementation of systematic energy management, all employees driving 

energy management measures together, creating corporate values in energy management, and 

monitoring the implementation of measures efficiently, respectively. The hypothesis testing 

showed, as a whole, that the respondents in both small and large factories similarly 

recognized the importance of guidelines for integrating innovation into electric power 

management for the utmost efficiency in the manufacturing industry at the statistical 

significance level of 0.05. 

The analysis of the developed structural equation model revealed that it passed the 

assessment criteria and was consistent with the empirical data. The calculated values of 

probability of chi-square were 0.120, the relative chi-square was 1.131, the index of consistency 

was 0.965, and the root means squared error of approximation was 0.016 respectively.  

Keywords: Integration, Innovation, Electrical power management, Manufacturing industry  

Introduction 

Energy Security is important for the country's economic expansion. especially in the 

manufacturing industry that can create Gross Domestic Product (GDP) is the largest in the 
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country. But on the other hand, it consumes a lot of electricity. in the country as well, as shown in 

Figure 1. 

 
Figure 1 Graph of total electricity consumption classified by economic sector 2010-2020 

Source: Department of Alternative Energy Development and Efficiency (2020) 

From Figure 1 , the manufacturing sector (Manufacturing Industry) From 2 0 1 0  to 

2020, it was found that the use of electricity was the highest for 11 years and currently there 

is a trend of continuous increase in electricity consumption. During that same period The 

electric power generation of the Electricity Generating Authority of Thailand decreased. But 

the purchase from abroad has increased, it can be seen that the electricity supply is 

insufficient to meet the domestic demand (Department of Alternative Energy Development 

and Efficiency, 2 0 2 0 ) , in line with the Power Development Plan of Thailand (PDP2 0 1 8 ) 

stated. that Thailand has an energy security problem (Department of Energy Policy and 

Planning Office, 2018) 

Research objectives 

To study the guidelines for integrating innovation into electric power management for 

the utmost efficiency in manufacturing industry. 

To develop a structural equation model(SEM), an approach for guidelines for 

integrating innovation into electric power management for the utmost efficiency in 

manufacturing industry. 
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Research hypothesis 

Derived from the research objectives and literature related to the topic, the researcher, 

therefore, formulated the hypothesis of the research according to the theory. which can be 

summarized into 7 hypotheses of the research as follows: 

1  Teamwork components Direct influence on Process Innovation components. (Elrehail 

et al., 2018) (Semuel, Siagian and Coctavia, 2017) 

2  Teamwork components Direct influence on Monitoring and Control components. 

(Ibrahim, 2015) (Yildiz, Basturk and Boz, 2014) 

3  Teamwork components direct influence on Culture components. (Bouwmans et al., 

2017) (Elrehail, 2018) 

4  Culture components Direct influence on Monitoring and Control components. 

(Muthuveloo, Shanmugam and Teoh, 2017) (Acar et al., 2017) 

5  Culture components Direct influence on Process Innovation components. (Alshanty 

and Emeagwali, 2019) (Martínez-Pérez, Elche and García-Villaverde, 2019) 

6  Monitoring and Control components Direct influence on Process Innovation 

components. (Hong et al., 2019) (Zhang, Rong and Ji, 2019) 

7  Importance of an innovative integrated approach to the most efficient management of 

electric power in the manufacturing industry as a whole. When classified according to 

the size of the controlled factory, there are evident differences. (Petruzzelli, Ardito 

and Savino, 2018) 

Research method 

This research was conducted to create a new body of knowledge using mixed research 

1  Qualitative Research’ with in-depth interview techniques inclusive of nine  

experts that comprised of 3 industrial business administration experts, 3 government 

or  related executives experts, and 3 academic experts. The nine experts were 

interviewed  with open-ended questions based on the 4 components reviewed from 

relevant theories and literature, of which 4 components. They are 1). Teamwork , 2). 

Culture, 3). Process Innovation, and 4). Monitoring and Control. The Index of Item 

Objective Congruence (IOC) was between 0.80–1.00 (accepted at > 0.5) when 100 

questions in all 4 components were tested and analyzed. The confidence value of the 

questionnaire by finding Cronbach's Alpha Coefficient was 0.990 (accepted > 0.8). 

with standard deviation analysis, The values were between 0.45–1.74 and the question 

scale was estimated. By analyzing the Corrected Item–Total Correlation values, the 

values were between 0.45–0.89, respectively. 

2  Quantitative Research’ was conducted by sending a questionnaire to people in 

charge of energy in the manufacturing industry in large and small designated factories 

in the manufacturing industry. The three-month process involved collecting data from 

a total population of 5,899, of which the sample size of 500 (Comrey and Lee, 1992, 

referenced in Thanin, 2020) comprised 250 from large disignated factories and 250 

from small disignated factories. The questionnaire was formed to have a checklist and 

a rating scale. The criterion for the weight value was defined as 5  levels according to 

the Likert method. Data analysis was done using both descriptive statistics. Statistics 

were referenced by the SPSS software package. A (SEM) Structural Equation Model 
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was developed using AMOS software and thus there were 4 criteria for Evaluating the 

Data-Model Fit: 1). Chi-square probability greater than 0.05, 2). Relative chi-squared 

less than 2 .00 , 3 ). Conformity index greater than 0 .90  and 4 ). Root mean squared 

index of estimation error less than 0.08. 

3 Further, A ‘Qualitative research’ that used  Focus Group Techniques, in which 11 

experts certified the SEM for the innovative integration into electric power 

management with the highest efficiency in the manufacturing industry. 

Research Results 

Table 1 The research results on the importance of integrating innovation into the most 

efficient management of electric power in the manufacturing industry were classified by the 

size of the disignated factory. 

Guidelines for integrating 

innovation into electric power 

management for the utmost 

efficiency in manufacturing 

industry 

Small 

Disignated Factory 

Large 

Disignated Factory 

𝐗̅ S.D. 

 

priority 

 

𝐗̅ S.D. 

 

priority 

 

Overview 4.44 0.44 high 4.45 0.40 high 

1. Teamwork 4.47 0.42 high 4.44 0.43 high 

2. Culture 4.43 0.47 high 4.44 0.460 high 

3. Process Innovation 4.45 0.48 high 4.48 0.41 high 

4. Monitoring and Control 4.42 0.50 high 4.44 0.464 high 

Table 1 shows the overall importance level and the four components of the structural 

equation model, the approach of integrating innovation towards the most efficient 

management of electric power in the manufacturing industry. The small disignated factory  

found that overall, it was at a high level. The mean was 4.44 and when considering each 

aspect, it was found that all aspects were of high importance. in terms of Teamwork The 

highest mean ( =4.47), followed by Process Innovation ( =4.45), Culture ( =4.43), and 

Monitoring and Control ( =4.42), respectively. 

The large disignated factory found that overall, it was at an extremely higher level. It 

had an average of 4.45 and when considering each aspect, it was found that all aspects are of 

great importance. in terms of Process Innovation The highest mean (  = 4.48), followed by 

Teamwork ( =4.44), Culture ( =4.44), and Process Innovation ( =4.44), respectively. 

The results of the comparison of the importance level of the guidelines for integrating 

innovation into electric power management for the utmost efficiency in manufacturing 

industry. Overall, when classified by the size of the disignated factory, it was found that there 

was no statistically significant difference at the 0.05 level. 

Criteria to assess the conformity of the SEM, the approach of guidelines for 

integrating innovation into electric power management for the utmost efficiency in 

manufacturing industry. Shown below in Table 2.  

  





  
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Table 2 Criteria for conformity assessment of the Structural Equation Model (SEM) 

comparasion before improvement and after improvement. 

Evaluating the Data–Model Fit Criteria 
Before 

Improvement 

After 

Improvement 

CMIN-p (Chi-square Probability Level) Value > 0.05 0.000 0.120 

CMIN/DF (Relative Chi-square) Value < 2.00 1.958 1.131 

GFI (Goodness of Fit Index) Value > 0.90 0.708 0.965 

RMSEA (Root Mean Square Error of 

Approximation) 
Value < 0.08 0.044 0.016 

From Table 2 , the results of the model before improvement. it was found that passes 

only 2 criterias are namely Chi-square Probability Level is 1.958, which is less than 2.00, and 

The Root Mean Square Error of Approximation was 0.044, which is less than 0.08. 

Therefore, the researcher had improved that the model with accordance to Arbuckle's (2011) 

recommendation, that considers the value of the resulting program to eliminate some 

improper observational variables one by one. Upon updating the model, it was found that the 

Chi-square Probability Level is 0.120 which is greater than 0.05, the Relative Chi-square is 

1.131, which is less than 2.00, the Goodness of Fit Index is 0.965, which is greater than 0.90, 

and the Root Mean Square Error of Approximation was 0.016, which is less than 0.08. It was 

concluded that the model passed the assessment criteria and was aligned with the empirical 

data. 

 
Figure 2 Guidelines for integrating innovation into electric power management for the 

utmost efficiency in manufacturing industry in Standardized Estimate model. 

From Figure 2, the results of the analysis of the causal influence between the variables 

in the approach of integrating innovation towards the most efficient management of electric 

power in the manufacturing industry using the Standardized Estimate Mode, it was found that 

research hypothesis No. 1: Teamwork components: Direct influence on Process Innovation 
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components with a statistical significance at the 0.001 level, was weighted equal to 0.26. 

Research hypothesis No. 2: Teamwork components: Direct influence on Monitoring and 

Control components with a statistical significance at the 0.001 level, was weighted equal to 

0.33. Research Hypothesis No. 3: Teamwork Components: direct influence on Culture 

elements with a statistical significance at the 0.001 level was weighted equal to 0.76. 

Research hypothesis No. 4: Culture components: Direct influence on Process Innovation 

components with a statistical significance at the 0.001 level was weighted equal to 0.36 and 

the research hypothesis No. 5: Culture components: Direct influence on Monitoring and 

Control components with a statistical significance at the 0.001 level was weighted equal to 

0.54. Research hypothesis No. 6: Monitoring and Control components: Direct influence on 

Process Innovation components with a statistical significance at 0.01 level was weighted 

equally to 0.34. The statistical value obtained from the model analysis after model 

improvement is shown in Table 3.            

Table 3 Statistical values obtained from structural equation model analysis after model 

improvement 

Variables 
Estimate 

R2 Variance C.R. P 
Standard Unstandard 

Teamwork    0.20   

TW15 0.70 1.00 0.48 0.21   

TW16 0.66 0.88 0.44 0.20 13.21 *** 

TW19 0.69 0.93 0.47 0.20 13.65 *** 

TW22 0.70 1.00 0.50 0.20 13.98 *** 

TW24 0.74 1.03 0.54 0.18 14.53 *** 

Culture   0.58 0.10   

CU37 0.75 1.00 0.57 0.21   

CU38 0.75 1.02 0.56 0.18 16.61 *** 

CU39 0.77 1.08 0.60 0.19 17.11 *** 

CU40 0.71 0.95 0.51 0.21 15.74 *** 

CU41 0.72 0.97 0.52 0.19 15.92 *** 

Process Innovation   0.78 0.05   

PI53 0.70 0.89 0.50 0.18   

PI55 0.68 0.92 0.47 0.21 14.62 *** 

PI56 0.75 1.05 0.56 0.19 16.07 *** 

PI57 0.71 0.99 0.50 0.21 15.19 *** 

PI70 0.73 1.00 0.54 0.19 15.05 *** 

Table 3 (continued) 

Variables 
Estimate 

R2 Variance C.R. P 
Standard Unstandard 

Monitoring and Control   0.67 0.07   

MC78 0.72 1.00 0.52 0.19   

MC84 0.79 1.16 0.62 0.17 16.55 *** 

MC85 0.69 0.98 0.48 0.21 14.56 *** 

MC87 0.74 1.14 0.55 0.22 15.58 *** 

MC99 0.75 1.12 0.56 0.19 15.81 *** 

  *** It was statistically significant at the 0.001 level. 

 From Table 3, The teamwork component consists of 5  ‘Observed Variables’, 
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arranged in order of weight values. (Standardized Regression Weight) The 1st Variable: 

Leaders' ability to manage conflicts effectively to support eliminate conflict (TW2 4 ) 

(Standardized Regression Weight) of 0 .74 was statistically significant at the .001 level, the 

multiple squared correlations (R2) 0.54 the variance 0.18. The 2nd Variable: All employees 

share a mission to manage energy (TW2 2 )  (Standardized Regression Weight) 0 .7 0  was 

statistically significant at the. 001, the squared multiple correlations (R2) 0.50, the variance 

0 . 2 . The 3rd Variable: There is a good relationship between management and employees, 

(Relationship) (TW1 5 )  (Standardized Regression Weight) 0 . 7 0 , the squared multiple 

correlation (R2) 0.48, the variance 0.21. The 4th Variable: Working Atmosphere (TW19) ( 

Standardized Regression Weight) 0 .6 8  was statistically significant at the .0 0 1  level, the 

squared multiple correlations (R2 )  0 . 4 7 , the variance 0 . 2 0 . The 5th Variable: Raising 

awareness towards willingness (TW16 )  (Standardized Regression Weight) 0 . 6 6  was 

statistically significant at the .0 0 1  level, the squared multiple correlations (R2 )  0 .4 4 ,  the 

variance 0.20. 

Culture components consisted of 5 observed variables, arranged in order of weight 

values. (Standardized Regression Weight) from highest to lowest as follows: The 1st 

Variable: Activity Energy Conservation Promotion (CU39) (Standardized Regression 

Weight) 0.77 was statistically significant at the .001 level, the squared multiple correlations 

(R2) 0.60, the variance 0.19. The 2nd Variable: Training for employees to understand the 

organizational culture (Educate) (CU37) (Standardized Regression Weight) 0.75 was 

statistically significant at the .001 level, the squared multiple correlation (R2) 0.57, the 

variance 0.18. The 3rd variable: Employee acceptance of the energy management culture. 

(Acknowledge) (CU38) (Standardized Regression Weight) 0.75 was statistically significant at 

the .001 level, the squared multiple correlation (R2) 0.57, the variance 0.21. The 4th variable: 

Making all employees see the value of energy until the culture, ‘Power Management’ 

(Appreciate) (CU40) (Standardized Regression Weight) 0.71 was statistically significant at 

the .001 level, the squared multiple correlation (R2) 0.51, the variance 0.21. The 5th  variable, 

All employees had a culture of emotional expression of good energy management. 

(Expression) (CU41) (Standardized Regression Weight) 0.72, the squared multiple 

correlation (R2) 0.52, the variance 0.19. 

The ‘Process Innovation’ component consists of 5 Observed Variables arranged in 

order of weight. (Standardized Regression Weight) from highest to lowest as follows: The 1st 

Variable: Search for new innovations in energy management processes (PI56) (Standardized 

Regression Weight) 0.75, squared multiple correlation (R2)  0.56 and the variance 0.17. The 

2nd Variable: There was a procedure to save energy (Procedure) (PI70) Weight (Standardized 

Regression Weight) 0.73 was statistically significant at the .001 level, the squared multiple 

correlation (R2) 0.54, the variance 0.22. The 3rd Variable: Combined electric power e.g. the 

use of main electricity combined with solar energy, etc. (Renewable energy) (PI57) 

(Standardized Regression Weight) 0.71 had a statistical significance at the .001 level, the 

squared multiple correlation (R2) 0.50, the variance of 0.19. The 4th Variable: Promote the 

application of innovation in energy management (PI53). The (Standardized Regression 

Weight) of 0.70 was statistically significant at the .001, squared multiple  correlation (R2) 

0.50, the variance 0.19. The 5th  Variable: Specific Optimization The picture of energy 

consumption to the device consuming high amounts of electricity(Specificity) (PI55) 

(Standardized Regression Weight) 0.68 was statistically significant at the .001 level, multiple 

squared correlations (R2) 0.47, the variance 0.21. 
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The Monitoring and Control component consisted of 5 Observed Variables arranged 

in order of weight value. (Standardized Regression Weight) from highest to lowest, as 

follows: The 1st variable:  Analysis of error points of the measure for improvement (MC84) 

(Standardized Regression Weight) 0.79 was statistically significant at the .001 level, squared 

correlation (R2) 0.62, the variance 0.19. The 2nd Variable: Audit report (MC99) 

(Standardized Regression) Weight 0.75 statistically significant at the .001 level, Squared 

Multiple Correlations (R2) 0.56, the variance 0.21. The 3rd  Variable: A sub-committee to 

document the auditing report (MC87) (Standardized Regression Weight) 0.74 was 

statistically significant at the .001 level, squared multiple correlation (R2) 0.55, the variance 

0.21. The 4th Variable: Reporting of assessment results and proposing a measure to correct 

problems and obstacles (MC78) (Standardized Regression Weight) 0.72 statistically 

significant at the .001 level, the squared multiple correlations (R2) 0.52, the variance 0.19 

and the 5th Variable: the budget control is in accordance with the objectives. ‘Control Budget’ 

(MC85) (Standardized Regression Weight) 0.69 was statistically significant at the .001 level, 

squared multiple correlations (R2) 0.48, the variance 0.19. 

Discuss the results of the research. 

Key points deduced from the research findings based on the approach of guidelines 

for integrating innovation into electric power management for the utmost efficiency in 

manufacturing industry. The key points are also identified as a guideline for managing 

electric power in the manufacturing industry to bring maximum efficiency in energy 

management under today's rapidly changing technological environment in order to create 

long-term success. 

From the results of this research, the researcher based on discussions, and the relevant 

research documents to support or contradict the 5 items mentioned below and thus reached a 

conclusion: 

Based on research results when comparing the components of an guidelines for 

integrating innovation into electric power management for the utmost efficiency in 

manufacturing industry. There was no significant difference in the size of the group 1 small 

designated factory (1 person responsible for energy) and group 2 large designated factory (2 

or more person responsible for energy). The statistical significance of .05 was due to the 

group 1 small designated factory (1 person responsible for energy) and group 2 large 

designated factory (2 or more person responsible for energy) had a similar management 

process, the consumed energy were similar in numbers, because both industries follow the 

energy management procedures of the Ministry of Energy. (Department of Alternative 

Energy Development and Efficiency, 2009). In addition, energy management procedures 

according to ISO50001 standards and the Energy Conservation Promotion Act B.E. 2535 

(amended 2007) do not classify procedures according to the size of the factory or control 

factors such a small designated factories vs. large designated factories. However, it must be 

identified that there is a different approach to energy management (Wongsapai, 2016). 

Innovative integration approach to electric power management with the highest 

efficiency in the manufacturing industry in ‘Process Innovation’, with an average of 4.47, 

which is the highest average. ‘Process Innovation’ is very important in energy management. 

These include controlling, data collection and monitoring, performance evaluation and 

management, internal and external comparisons and benchmarking (internal & external) and 
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internal reporting, form the framework of integrative energy management (Schulze et al., 

2016) Thus process innovation, is important in energy management and therefore requires an 

effective evaluation (May et al., 2017). The advanced technology as part of process 

innovation is very important for increase the efficiency of manufacturing processes 

(Wantanakomol, 2021). 

Approaches for integrating innovations into electric power management with the 

highest efficiency in the manufacturing industry in the field of Process Innovation, found that 

executives support organizing energy management with average values that equal to 4.59 

stating the utmost importance that top management has an influence on energy management 

(Wongsapai, 2016), and top management has a direct effect on the efficiency of corporate 

management (Shao, Feng and Hu, 2017).  

From the hypothesis testing, it was found that the teamwork component directly 

influenced the cultural component and had the highest Influence Line (Standardized 

Regression Weight) at 0.76. Working together (Teamwork) plays an important role in 

creating a culture (Culture) for energy management within the organization. And it is an 

important part that allows executives to communicate with employees to give everyone in the 

organization a clear picture on how to manage energy together. Teamwork is therefore an 

important part of building a culture (Bouwmans et al., 2017). Teamwork leads to a better 

organizational culture (Naqshbandi and Jasimuddin, 2018). Teamwork is also connected to 

Energy Policy for creating Culture. (Thawornsujaritkul and Boonnual, 2017) 

According to the hypothesis testing, Teamwork has the highest overall influence on 

the ‘Process Innovation’ component, with the highest Influence Line (Standardized 

Regression Weight) at 0.78, as proven by the data found. Evidently, teamwork plays an 

important role in creating process innovation in energy management within the organization. 

Therefore, it plays an integral part and allows the executives to communicate with the 

employees and give everyone in the organization a clear picture of how to manage energy 

together. Working together (Teamwork) can drive process innovation effectively 

(Damrongsak and Wongsapai, 2017), and teamwork affects process innovation (Wongsapai, 

2016). Teamwork is also connected to digital technology, which is an co-efficient for 

improving process innovation (Silpcharu and Noongam, 2020). 

Summary of research results 

An guidelines for integrating innovation into electric power management for the 

utmost efficiency in manufacturing industry consists of 4 main components. The priorities are 

as follows: 

Teamwork components include all employees driving common energy management 

measures. The management has good leadership in implementing energy management 

measures together and the management ensures being a good role model to encourage team 

work within the organization. 

Culture components include executives and committees having clear policies to create 

a culture in energy management. Creating corporate values in energy management and 

building the understanding to support energy management. 

Process Innovation components is the review of the effective implementation of 
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measures, efficient control of energy management measures, reporting on assessment results 

and proposing measures to solve problems and obstacles. 

The Monitoring and Control components include management to support the 

implementation of systematic energy management. Employees strictly comply with energy 

management regulations thereby setting goals to measure effective measures. 

Suggestions for next research 

1 In conclusion, the researcher recommends that a similar study is conducted aligning 

other researchers or research studies from other fields of economy, namely: Residential 

and Business because the two economic sectors are correlated. As further studies are 

needed for these sectors, that consume more than half of the total electricity supply in 

the country. 

2 Recommend other interested researchers to further investigate more on the integration 

of cooperation. (Collaboration) between three sectors, namely the public sector, the 

private sector ,and the academic department for government policies to be supported; 

and further implemented by the private sector whilst receiving sound advice from the 

affiliated academic departments. 

3 Further recommending other researchers to partake in researches based on personality, 

characteristics, and practices including the form of delegation of authority towards 

those who may be responsible in the field of energy for their the organization. 

Addressing and investigating high-level executives (Top management) who are 

successful in energy management and encouraging them to create a good model for the 

higher management to manage energy consumption.  
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