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Abstract:



The purpose of this paper is to study consumer acceptance of the Home Energy Management System, which is the next generation electronic management system that the Korean government plans to implement in households. The Home Energy Management System is a critical device in maximizing the efficiency of electric energy consumption for each household by using a smart grid. Because it can visualize real-time price information on the electricity, households can easily monitor and control the amount of electricity consumption. With this feature, the Home Energy Management System can contribute to consumers’ total energy savings. This is a major reason why the Korean government wishes to implement it nationwide. Since the Home Energy Management System is a product that applies new technology that has not yet been directly encountered by consumers, there may be a difference in the level of public perception of the Home Energy Management System. Therefore, the impact of consumers’ awareness of the Home Energy Management System on their intention to use is important. To do this, the Technology Acceptance Model is utilized in this study. Traditional research on the Technology Acceptance Model includes awareness of usefulness and ease of use as well as intention to use. In contrast, in this research, an extended Technology Acceptance Model with four additional factors—economic benefit, social contribution, environmental responsibility, and innovativeness—that may affect the consumer’s awareness of usefulness and ease of use, is proposed. To collect the data, the survey was conducted with 287 respondents. As a result, the proposed model proved to be suitable in explaining the intention to use with a 70.3% explanation power. It is found that economic benefit (0.231) and innovativeness (0.259) impact on usefulness of the Home Energy Management System. Moreover, usefulness (0.551) has a bigger effect on intention to use than ease of use (0.338) does. Based on this, it is desirable for the Korean government to pursue a public relations strategy that emphasizes the economic benefits, social contributions, and environmental responsibility that will be gained when introducing the Home Energy Management System. It is effective to focus on consumers who are inclined to accept innovation. In addition, more effective results can be obtained by referring to the usefulness of the Home Energy Management System rather than referring to ease of use.
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1. Introduction


The Korean government is pursuing a plan to foster a smart grid aimed at exchanging information among its members in real time within the IT infrastructure after the electricity industry restructuring in 2001 [1]. A smart grid is an intelligent power supply network that can transmit information on power generation and consumption to power suppliers and consumers in real time by combining information and communication with the existing power grid [2]. The purpose of the Home Energy Management System (HEMS), which is a product utilizing the smart grid, is to induce consumers to select the cheapest time period based on real-time information of supplied electricity price [3]. To this end, HEMS provides information on the electricity consumption of each household and the electricity rate of each household that can be understood by the consumer in real time. In addition, when a limit value is set in advance for the amount of used electric power, it includes a function of generating a warning sound or automatically turning off the power to prevent unnecessary power use. With this function, the HEMS enables consumers to use electric power efficiently by inducing behavior that saves electricity consumption [4].



In 2009, the Korean government installed the Smart Grid Demonstration Complex on Jeju Island, which is promoting the construction of an eco-friendly living infrastructure, such as the activation of renewable energy and the popularization of electric vehicles. Through this, the government examined the operating infrastructure required for intelligent power grids such as technology and policy support for smart grid introduction and industry activation. As a result, the government decided to install the HEMS system nationwide [5].



HEMS has the potential to enable consumers to consume power efficiently and to reduce power generation costs based on this, but consumers must actually use HEMS to realize this effect. In addition, the more households use HEMS, the greater the effect [6]. Therefore, it is necessary to explain the functional merits of HEMS to consumers and to understand the acceptance intentions of consumers have in order to spread introduction of HEMS. Based on this, government efforts such as establishing an effective public relations strategy for the introduction and utilization of HEMS are required, but not much research has been conducted on this.



Recently, Kim [7] proposed a consumer acceptance model for HEMS. This study examined consumer acceptance intention based on two factors influencing consumer acceptance: belief in attitude and belief in norm. The attitudinal beliefs were largely classified into the factors that positively influence the acceptance of HEMS and those that negatively affect the acceptance of HEMS. Positive factors include suitability, economic benefits, usefulness, and ease of use. Negative factors include security risks and costs. In addition, beliefs about norms are divided into social influence and responsibility. These variables are independent of each other and only the relationship with the intention to accept, which is a dependent variable, is examined. In other words, there is no mediating relationship between these variables.



However, unlike Kim’s [7] study, where economic benefits and social roles and responsibilities are independent of usefulness, Meschtscherjakov, Wilfinger, Scherndl, and Tscheligi [8] reported that economic benefits affect usefulness. In addition, Brown and Dacin [9] found that corporate social responsibility affects consumers’ perceived product efficacy. In other words, consumers have a positive image of a company that performs social responsibility activities, and use this perception as a major measure in selecting products or services. Based on the results of previous studies, it is necessary to examine whether the economic benefits of consumers through HEMS and the social contribution of HEMS affect consumers’ usefulness to HEMS.



It is also important to understand the impact of HEMS’s environmental responsibility on usefulness, which has not been reviewed in the Kim’s [7] study. This is because HEMS can affect the environment by inducing consumers to save energy through reduced, autonomous electricity consumption. Averdung and Wagenfuehrer [10] found in their study on consumers’ acceptance of eco-friendly technology that consumers tend to appreciate the usefulness of eco-friendly technology and accept the technology.



Based on these prior studies, it can be seen that economic benefits, social contributions, and environmental responsibility can have a significant impact on usefulness. However, despite this importance, few studies have examined the relationship between these variables and usefulness in the HEMS consumer acceptance model.



On the other hand, one of the characteristics of IT products is that when new products are released, many consumers are uncomfortable about accessing them. In addition, there is a lack of time to make new attempts to process knowledge about new technologies and approaches [11]. In order for most of these consumers to go beyond the negative situation and attempt to exploit the benefits of the new product, the usefulness of the product must be known by acquaintances. In the case of IT products, early adopters are usually responsible for this role. Early adopters are consumers that are optimistic about new technologies or products and are willing to take risks [12,13]. Buss [14] argues that this personality trait—innovation acceptance—may be a factor in determining the rate of diffusion of new technologies and may be the reason consumers adopt technology. In addition to the motivational factors such as economic benefits, social role, and environmental responsibility, it is also important to note that the propensity for innovation acceptance is also an important factor in the study of HEMS acceptance intention.



In this study, we propose a new model for consumer’s intention to accept HEMS considering these points. To do this, we used the Technology Acceptance Model (TAM), which is a representative model for the intention of consumers to accept new technologies and was originally proposed by Davis [15]. TAM is easy to transform and expand the research model with the simple nature of the research model and the robust theoretical basis of many existing studies [16]. It also includes the perceived usefulness and ease of use as an important factor in considering consumers’ acceptance behavior. Therefore, in this study, we propose an extended Technology Acceptance Model that adds personal motivation, social motivation, and personal tendency to innovation in order to grasp acceptance of HEMS based on TAM. As a statistical analysis method, Partial Least Squares-Structural Equation Modeling (PLS-SEM) is utilized. This study aims to help the government to draw up policies to effectively disseminate and disseminate successful HEMS by identifying the acceptance factors of HEMS.




2. Literature Reviews


The smart grid is a system that supports HEMS operations. Various research on policy support and technology development aimed at smooth implementation of smart grid is underway. In a study on smart grid deployment policy, Eisen [17] pointed out that the lack of legislative steps to build a smart grid poses an initial entry barrier and absence of incentives for consumers. In addition, he analyzed the necessity of legal review to reduce the opposition within the local autonomous entities in the introduction of a smart grid, which is a leading government initiative. In his study, in order to expand the use of smart grid, the federal government established a bill to raise R&D funding of the smart grid required by each province and spread the introduction of a smart grid through sufficient incentive for consumers. He also concluded that the new legislation should be incorporated into the market entry of new smart grid operators. In addition, the study of Gungor, Sahin, Kocat, Ergut, Buccella, Cecati, and Hancke [18] discussed the advantages and disadvantages of the detailed technology of the smart grid, the security and reliability of the information generated in the smart grid and the preceding criteria were presented. In this way, studies are being actively pursued to supplement the policy and technology for the smooth distribution of the smart grid, but research to grasp the acceptability of the consumers who are using HEMS is rarely done



In the meantime, many studies have been conducted on the factors influencing the acceptance of new products or the direction of new technology development. These studies are applied to identify factors that determine consumer behavior in social psychology or to evaluate consumer acceptance of new information and technology. These research methods include the Theory of Reasoned Action (TRA), the Theory of Planned Behavior (TPB), and the Technology Acceptance Model (TAM). TAM, introduced by Davis [15], is a model applied to examine consumer acceptance of information technology, and is a model for assessing the effects of perceived usefulness and ease of use on consumers’ intention to accept [16]. Therefore, TAM is widely used for information technology acceptance and for empirical studies to grasp consumers’ willingness to accept new products.



Studies based on TAM can be divided into three categories as follows. The first category includes the analysis of the usefulness of TAM as to whether the intention of acceptance of each object to be studied is transferred to actual consumer behavior. The next is the study proving the advantages and disadvantages of TAM compared with other theories. Finally, it is a study to measure the effect of extended variables on existing variables by adding various variables to existing TAM [19].



The research that was done to analyze the usefulness of TAM was conducted primarily as a method to verify the influence of perceived usefulness and ease of use on various products’ acceptance intention of consumers. Taylor and Todd [20] analyzed the determinants that affect their intention to use by dividing them into experienced users and inexperienced users of specific information technology. The results showed that the usefulness and ease of use had a significant effect on the acceptance intention of both experienced and inexperienced users, and the acceptance intention was shifted to actual use behavior. Gillenson and Sherrell [12] analyzed consumers’ intention to accept virtual stores. The results of the analysis using TAM showed that using the virtual store influences the acceptance intention based on the consumers’ attitude and proves that the research method through TAM is useful for predicting consumer behavior.



A more sophisticated and extended form of Technology Acceptance Model (e-TAM) was proposed by Venkatesh and Davis [21], including various types of factors affecting information technology acceptance processes. The proposed extended Technology Acceptance Model added the subjective norm, social image, job relevance, result quality, and the possibility of proving the result to consumers as a factor affecting the usefulness of the existing TAM. In addition, experience and spontaneity were set as control variables. The results of their study are as follows: first, TAM has a significant effect on the acceptance process of the technology, and the experience and the spontaneity are control variables. Furthermore, this is an extended form of a Technology Acceptance Model that can measure other variables besides the recognized ease of use. Shih [22] analyzed the intention to accept the Internet by selecting users’ search ability that can reflect characteristics of the Internet as an extended variable. As a result of analysis, it was analyzed that large-scale corporate Internet users showed higher acceptance intention than individual and small-scale Internet users. In addition, Celik and Yilmaz [23] added variables such as information volume, service quality, system quality, reliability, and enjoyment of shopping to the existing TAM in order to measure the influence of the service dimension of Internet shopping in accommodating a new technology for Internet shopping. As a result of the analysis, it was found that all the external variables used had an influence on the intention of acceptance. The extended Technology Acceptance Model with external variables is used to develop concrete policy models.



Mert, Suschek-Berger, and Tritthart [24] found that economic benefits could be an important motive for using smart appliances. In addition, a study by Powers, Swan, and Lee [25] found that incentives for power savings could be a strategy that could save consumers electricity use and ultimately reduce energy consumption. Selman [26] analyzed in his research that individuals have a sense of belonging as members of society through socialization and that such social relationships are effective in changing individuals’ lifestyles and attitudes. Therefore, the individual pursues social contribution as well as individual economic benefit through such energy saving [27]. Kranz and Picot [28] studied consumers’ intention to accept information technology to help them live an eco-friendly life. According to the results of the study, consumers’ interest in eco-friendly information technology is influenced by their interest in environmental protection and the degree of influence they receive from society. Arkesteijn and Oerlemans [29] argue that although environmental awareness is crucial to environmental responsibility, if environmental information technology does not have a specific knowledge of the effects of energy conservation and climate change, environmental responsibility will influence the intention to adopt eco-friendly information technology. It was found that it was insufficient. As with personal or social motivation, personal inclination toward innovation acceptance also appears to influence the intention to accept information technology [30]. Lewis et al. [30] examined whether the willingness to accept information technology is influenced by the organization and social phenomena to which the individual belongs. As a result, the organizational and social situation did not have a major influence on the consumer’s intention to accept, but the individual’s tendency toward acceptance of innovation and self-efficacy were influenced. In addition, Leung and Wie [31] also showed that consumers’ high acceptance of innovation has a positive effect on acceptance of new technologies.



In summary, from the prior studies, it can be seen that economic benefits, social contributions, and environmental responsibility can have a significant impact on consumers’ acceptance of new technology. In addition to the motivational factors such as economic benefits, social role, and environmental responsibility, it is also important to note that the propensity for innovation acceptance is also an important factor in the study of HEMS acceptance intention. However, despite this importance, few studies have examined the relationship between these variables in the HEMS consumer acceptance model.




3. Methodology


3.1. Research Methods


The purpose of this study is to examine the effect of consumers’ economic benefits, social contribution, environmental responsibility, and innovativeness on the acceptance of HEMS through the usefulness and ease of use. HEMS is a device to induce consumers to select the cheapest time period based on real-time information of supplied electricity price. To this end, HEMS provides information on the electricity consumption of each household and the electricity rate of each household that can be understood by the consumer in real time. In addition, when a limit value is set in advance for the amount of used electric power, it includes a function of generating a warning sound or automatically turning off the power to prevent unnecessary power use. With this function, HEMS enables consumers to use electric power efficiently by inducing behavior that saves electricity consumption. Thus, the proposed model for this is shown in Figure 1.


Figure 1. Proposed conceptual model.
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In prior studies on technology acceptance intention, usefulness has a direct effect on attitude, and therefore usefulness and attitude have a significant relationship [15]. However, in recent studies on acceptance of technology, attitude has no direct effect on intention to accept, and therefore, only variables that directly affect intention to accept have been set up, such as usefulness and ease of use [21,32,33]. Therefore, in this study, we try to use a model that excludes the attitude variables to simplify the model.




3.2. Hypothesis


In this study, personal and social motives and consumers’ personal characteristics which are expected to affect HEMS’s usefulness and ease of use are added to the original TAM. In other words, personal motivation includes economic benefit, and social contribution and environmental responsibility mean social motivation. As a personal characteristics, innovativeness was considered. Based on this, the following hypotheses were set.



Economic Benefits → Usefulness: Meschtscherjakov et al. [8] addressed that potential consumers were attracted to eco-friendly in-car interfaces which enable users’ fuel efficient driving. That is, economic benefits caused by efficient driving impact significantly on consumer’s acceptance of the system through usefulness. In addition, Slavin, Wodarski, and Blackburn [34] interpret that the use of HEMS technology reduces the electricity used, resulting in a reduction in electricity bills. Economic benefits from monetary incentives are a major motivation for energy conservation. Therefore, the following hypothesis is established to examine whether this economic benefit affects the usefulness of HEMS.



Hypothesis 1 (H1).

Economic benefits will have a positive impact on usefulness.





Social contribution → Usefulness: Brown and Dacin [9] found that consumers have a positive image of services and products of social enterprises, and these images also affect consumers’ actual purchasing behavior. In other words, the social contribution pursued by the social enterprise influences the usefulness. In addition, according to Selman [26], an individual is effective in changing his or her behavior consciously to achieve a feeling of belonging as a part of society. McKenzi-Mohr [27] argues that, based on rationality, it is difficult to change energy use behavior only by seeking economic benefits, and that the social influence that individuals express must be combined to improve energy efficiency. The recognition of social contribution from the viewpoint of HEMS increases the usefulness of HEMS by encouraging the sense of belonging as a member of society as a positive recognition of the development of the industry caused by the use of technology and the reduction of social costs due to utilization of related technologies. Therefore, the following hypothesis is established to confirm that social contribution affects usefulness.



Hypothesis 2 (H2).

Social contributions will have a positive impact on usefulness.





Environmental Responsibility → Usefulness: Averdung and Wagenfuehrer [10] argued that the consumers who desire to preserve and improve the environment—that is, consumers who value environmental responsibility a great deal—are more positive about environment-friendly technology and have high usefulness. Also, according to Stern [35], energy saving behavior, which is a positive factor for the environment, is an environmental responsibility that consumers perceive, even if the incentive that brings economic benefits is excluded. Since HEMS is meaningful in reducing power consumption and producing less carbon dioxide [36], it can be judged that environmental responsibility positively affects the usefulness of HEMS. Therefore, the following hypothesis is set.



Hypothesis 3 (H3).

Environmental responsibility will have a positive impact on usefulness.





Innovativeness → Usefulness: Individual characteristics such as innovativeness have been important variables in measuring the usefulness of technology [13]. People with the ability to acquire new skills in research recognize the high usefulness of technology and are willing to accept it. In addition, according to Innovative Diffusion Theory, individuals with a high acceptance of innovation tend to be more active in finding information, exploring new ideas, and positively behaving in accepting technology [37]. In this study, the following hypothesis is set.



Hypothesis 4 (H4).

Innovativeness will have a positive impact on usefulness.





Innovativeness → Ease of Use: Innovativeness is a characteristic of individuals who want to acquire and use technology more quickly than others. Innovativeness is the tendency of individuals to use technology that is easy to use [38]. In the study of Agarwal and Prasad (1998), ease of use was utilized as an indicator of the cognitive effort needed to be expended to the innovation. This means that “ease of use” is an important factor resided in innovative product like the iPhone. That is, they consider the product that is easier to use as an innovative product. They also showed evidence for the relationships between “personal innovativeness” and other constructs including “ease of use” in information technology adoption. According to their conclusions, the innovators like the convenient product in use. In other words, consumers with this tendency to accept innovation tend to be more likely to opt for products that are easier to handle with the product in mind. Therefore, in this study, the following hypothesis is set.



Hypothesis 5 (H5).

Innovativeness will have a positive impact on ease of use.





Ease of Use → Usefulness: In the Technology Acceptance Model, ease of use is a variable that influences acceptance as well as affecting acceptance [39]. In this study, we also hypothesize that ease of use has a positive effect on efficacy as is proved in various studies [15,21].



Hypothesis 6 (H6).

Ease of uses will have a positive impact on usefulness.





Usefulness → Intention to Use: Compeau and Higgins [40] found that the higher the individual performance expectation, the more positive the effect of selecting and using the product. Positive expectations for these products are considered to be motivations for the purpose of obtaining certain rewards or avoiding damages [41]. Therefore, the following hypothesis is established based on the judgment that the usefulness of the HEMS product would increase the intention to use of the product.



Hypothesis 7 (H7).

Usefulness will have a positive impact on intention to use.





Ease of Use → Intention to use: Ease of use has already been demonstrated as a variable that influences acceptance intention through several studies [21,39]. The higher the ease of use, the more positive the consumer’s intention to use [39]. Therefore, the following hypothesis is set in this study.



Hypothesis 8 (H8).

Ease of uses will have a positive impact on intention to use.





All of the variables defined in this study were selected from the existing literature for validity, and were measured using a seven point scale based on three to five items for each selected variable. Each latent variable has the following metrics as in Table 1.



Table 1. Latent variables composition for empirical analysis on the Home Energy Management System (HEMS).







	
Latent Variables

	
Items

	
Measurement Indicators

	
Literature Sources

	
Hypothesis






	
Economic Benefit (EB)

	
ECON1

	
I think HEMS helps my economic life.

	
Meschtscherjakov.et al. [8], Mert et al. [24], Powers [25], Stern [35], Winett, Kagel, Battalio & Winkler [42]

	
H1




	
ECON2

	
I think HEMS is a suitable device for reducing my electricity consumption.




	
ECON3

	
HEMS will help reduce unnecessary power consumption.




	
ECON4

	
I think HEMS will be a suitable device to achieve the economic value I seek.




	
ECON5

	
I think HEMS has a positive impact on me economically.




	
Social Contribution (SC)

	
SOC1

	
I think it is important for the related industries to develop because of the spread of HEMS.

	
Brown and Dacin [9], Selman [26], Mckenzie–Mohr [27], Oskamp, Harrington, Edwards, Sherwood, Okuda & Swanson [43]

	
H2




	
SOC2

	
I think it is important to reduce social costs by reducing unnecessary power consumption and lowering the power generation cost by spreading the use of HEMS.




	
SOC3

	
I think it is important to pursue the public interest of society members by establishing a power generation plan that utilizes my power usage information shared through HEMS.




	
SOC4

	
The use of HEMS is spreading and I think it is important that the related research is continued.




	
SOC5

	
I think it is important that the utilization of HEMS spread and the related economic market is formed.




	
Environmental Responsibility (ER)

	
ENVIR1

	
I think HEMS helps to preserve the environment.

	
Averdung and Wagenfuehrer [10], Kranz & Picot [28], Arkesteijn and Oerlemans [29], Darby [44]

	
H3




	
ENVIR2

	
HEMS will have a positive impact on global warming.




	
ENVIR3

	
I think that HEMS can promote eco-friendly energy such as renewable energy.




	
ENVIR4

	
I think HEMS is involved in reducing carbon dioxide emissions.




	
ENVIR5

	
I think HEMS is a device that actively participates in the environmental protection movement.




	
Innovativeness (IN)

	
INNO1

	
I prefer products that are based on the latest technology.

	
Robinson et al. [13], Lewis et al. [30], Leung and Wei [31], Agarwal and Karahanna [45], Bhatti [46]

	
H4, H5




	
INNO2

	
I try to gather up-to-date information about new products or new technologies.




	
INNO3

	
I prefer to bring improvements in life or work through new products or new technologies.




	
INNO4

	
I hope to be the first to buy a new product.




	
INNO5

	
I like new products or products with new technology more favorably than products without new ones.




	
Usefulness (US)

	
USE1

	
HEMS will be a useful tool in setting my power usage goals and making an effective power consumption lifestyle.

	
Taylor and Todd [20], Agarwal and Prasad [38], Childers [47]

	
H7




	
USE2

	
HEMS will provide useful information such as real-time charge information.




	
USE3

	
HEMS will be a useful tool to save time on checking the usage history.




	
USE4

	
HEMS will be a useful tool to help you understand the need for electricity conservation.




	
USE5

	
HEMS will be a useful tool for improving the quality of life.




	
Ease of Use (ES)

	
EASE1

	
Installing HEMS will not require much time and effort.

	
Taylor and Todd [20], Childers, Carr, Peck & Carson [47], Van der Heijden and Verhagen [48]

	
H6, H8




	
EASE2

	
It will not take much time and effort to learn how to use HEMS.




	
EASE3

	
Real-time electricity billing through HEMS will not require much time and effort.




	
EASE4

	
Setting the marginal power usage through HEMS will not require much time and effort.




	
EASE5

	
It will not take much time and effort to use HEMS to save power.




	
Intention to Use (IU)

	
INTEN1

	
I am willing to purchase the HEMS product in the future.

	
Taylor and Todd [20], Agarwal and Prasad [38], Limayem, Khalifa & Frini [49]

	
-




	
INTEN2

	
I am willing to recommend HEMS to others in the future.




	
INTEN3

	
I hope to use HEMS in the future with various functions.












4. Result


4.1. Data Collection


For this study, 337 men and women over 20 years of age were surveyed in March 2016, and 312 were collected. A total of 287 questionnaires were finally used for the analysis, except for the questionnaires that showed a low response pattern and missing values. Table 2 below shows the demographic characteristics of the collected data.



Table 2. Demographic characteristics of respondents.







	
Demographic Characteristics

	
Frequency

	
Percentage (%)






	
Gender

	
Male

	
149

	
51.9




	
Female

	
138

	
48.1




	
Age

	
20s

	
59

	
20.6




	
30s

	
92

	
32.0




	
40s

	
114

	
39.7




	
Over 50s

	
22

	
7.7




	
Employment

	
Farming

	
1

	
0.4




	
Self-employed

	
24

	
8.4




	
Sales/Services

	
27

	
9.4




	
Blue-collar workers

	
10

	
3.5




	
White-collar workers

	
140

	
48.8




	
Homemakers

	
30

	
10.4




	
Students

	
49

	
17.0




	
Unemployed

	
6

	
2.1




	
Salary (per month)

	
Less than $3000

	
90

	
31.3




	
$3000~$5999

	
142

	
49.5




	
Over $6000

	
55

	
19.2










The gender distribution of male and female respondents was 51.9% and 48.1%, respectively. The distribution of the respondents in the age group was 39.7% in their 40s, 32% in their 30s, 20.6% in their 20s, and 7.7% in their 50s and over. By occupation, white-collar workers were the most common (48.8%), followed by students (17%), and housewives (10.4%). In addition, the monthly household income of $3000~$5999 was the highest with 49.5% of household income, 31.3% less than $3000, and 19.2% above $6000.




4.2. Reliability and Validity


Table 3 below contains the indicators for confirming the reliability of the collected questionnaire data, the construct validity of the concept, and the suitability of the study model.



Table 3. Overall summary of Partial Least Squares-Structural Equation Modeling (PLS-SEM).







	
Constructs

	
Items

	
Factor Loading

	
Cronbach’s α

	
CR

	
AVE

	
R2

	
Redundancy






	
Economic Benefit (EB)

	
ECON1

	
0.854

	
0.898

	
0.925

	
0.711

	
-

	
-




	
ECON2

	
0.865




	
ECON3

	
0.822




	
ECON4

	
0.825




	
ECON5

	
0.848




	
Social Contribution (SC)

	
SOC1

	
0.809

	
0.875

	
0.909

	
0.667

	
-

	
-




	
SOC2

	
0.822




	
SOC3

	
0.808




	
SOC4

	
0.792




	
SOC5

	
0.850




	
Environmental Responsibility (ER)

	
ENVIR1

	
0.861

	
0.912

	
0.934

	
0.741

	
-

	
-




	
ENVIR2

	
0.893




	
ENVIR3

	
0.832




	
ENVIR4

	
0.878




	
ENVIR5

	
0.837




	
Innovativeness (IN)

	
INNO1

	
0.870

	
0.904

	
0.929

	
0.722

	
-

	
-




	
INNO2

	
0.851




	
INNO3

	
0.842




	
INNO4

	
0.865




	
INNO5

	
0.821




	
Usefulness (US)

	
USE1

	
0.887

	
0.927

	
0.945

	
0.776

	
0.814

	
0.253




	
USE2

	
0.808




	
USE3

	
0.902




	
USE4

	
0.921




	
USE5

	
0.884




	
Ease of Use (EU)

	
EASE1

	
0.858

	
0.922

	
0.941

	
0.763

	
0.486

	
0.370




	
EASE2

	
0.898




	
EASE3

	
0.894




	
EASE4

	
0.870




	
EASE5

	
0.846




	
Intention to Use (IU)

	
INTEN1

	
0.899

	
0.878

	
0.925

	
0.804

	
0.703

	
0.472




	
INTEN2

	
0.897




	
INTEN3

	
0.894




	
Goodness of fit

	
0.704










In order to measure internal consistency, Cronbach’s α and Composite Reliability (CR) were examined. As a result, all the measured variables showed a reliability of 0.7 or more. In addition, since the measured Average Variance Extracted (AVE) value is 0.5 or more, it can be said that the convergence validity is secured. As shown in Table 4, the communality is greater than 0.5, the square root of AVE is larger than the correlation index, and the value is greater than 0.7, so that the discriminant validity is satisfied [50]. As a result of confirmatory factor analysis, the explanatory power of each factor was found to be satisfied since factor loadings were found to be at least 0.792.



Table 4. Latent variable correlations for discriminant validity.







	
Constructs

	
Communality

	
EB

	
SC

	
ER

	
IN

	
US

	
EU

	
IU






	
EB

	
0.711

	
(0.843)

	

	

	

	

	

	




	
SC

	
0.667

	
0.796

	
(0.816)

	

	

	

	

	




	
ER

	
0.741

	
0.712

	
0.708

	
(0.861)

	

	

	

	




	
IN

	
0.722

	
0.788

	
0.738

	
0.730

	
(0.850)

	

	

	




	
US

	
0.776

	
0.822

	
0.800

	
0.766

	
0.822

	
(0.881)

	

	




	
EU

	
0.763

	
0.691

	
0.713

	
0.652

	
0.697

	
0.764

	
(0.873)

	




	
IU

	
0.804

	
0.719

	
0.694

	
0.640

	
0.699

	
0.809

	
0.759

	
(0.896)








Note: The numbers in brackets are the square root of AVE for each constructs.








The fit of the research model can be judged by R2, which is the explanatory power of the model on the intention to use which is the dependent variable. As shown in Figure 2, the R2 of intention to use is 0.703, which represents a stable structural model. Redundancy is all positive and goodness of fit is 0.704 and shows a high fit of the model.


Figure 2. Results of structural model.
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4.3. Hypothesis Test


The results for the hypothesis of the research model are shown in Figure 2. As shown in the figure, economic benefits, social contribution, environmental responsibility, and innovation acceptance tend to have a positive impact on usefulness, and innovation acceptance has a positive effect on ease of use. In addition, ease of use has a positive effect on usefulness, and both usefulness and ease of use have positive effects on acceptance intention. As shown in Table 5, all hypotheses are significant (p < 0.01).



Table 5. Latent variable correlations for discriminant validity.







	
Hypothesis

	
Path Coefficient (Standardized)

	
t-Value

	
Supported or Not






	
H1: EB → US

	
0.231

	
4.607 **

	
Supported




	
H2: SC → US

	
0.170

	
3.001 **

	
Supported




	
H3: ER → US

	
0.165

	
3.921 **

	
Supported




	
H4: IN → US

	
0.259

	
4.754 **

	
Supported




	
H5: IN → EU

	
0.697

	
19.049 **

	
Supported




	
H6: EU → US

	
0.195

	
4.354 **

	
Supported




	
H7: US → IU

	
0.551

	
10.960 **

	
Supported




	
H8: EU → IU

	
0.338

	
6.329 **

	
Supported








Note: Bootstrap sample = 5000. ** All t-values are significant at the 0.01 level.








The results show that the effect of usefulness on acceptance intention (H2; 0.551) is greater than the effect of ease of use on intention to use (H3; 0.338). It can be concluded that the usefulness of the product is more important than the consumers’ intention to use HEMS. In addition, the effects on usefulness were in the order of economic benefit (H4; 0.231), social contribution (H5; 0.170), and environmental responsibility (H6; 0.165). This result can be interpreted as recognizing that the economic benefit has the greatest effect on the usefulness of HEMS. That is, the economic benefit generated by the function of HEMS that automatically cuts off the power according to the power consumption in the home or grasps the power consumption in real time and induces power use at the low power time zone gives most significant effect on usefulness of HEMS.



In addition, innovativeness has a significant effect on usefulness (H7; 0.259) and ease of use (H8; 0.697). It can be concluded that the higher the consumer acceptance of innovation, the greater the usefulness and ease of use of HEMS. Therefore, it is necessary to build a strategy for enhancing the usefulness of HEMS, focusing on consumers with a tendency to accept innovation, and to develop product design and technology that can be used conveniently and functionally.





5. Conclusions


5.1. Discussion


In this study, we propose a new model that extends TAM to identify the factors affecting consumer intention to use HEMS. In other words, we have added economic benefit (individual motivation), social contribution and environmental responsibility (social motivation), and innovativeness (personal characteristics) to the two factors that influence the acceptance intention proposed by the existing TAM. The results of the analysis show that economic benefits, social contributions, and environmental responsibility affect usefulness. According to the research model of Kim [7] on the acceptance of HEMS, the economic benefits and social contribution are independent of usefulness. However, Meschtscherjakov et al. [8] and Brown and Dacin [9] found that economic benefits and social contributions have a causal relationship with usefulness rather than independence. This study confirms causality between economic benefit and social contribution and usefulness in HEMS acceptance. In addition, we examined the impact of environmental responsibility on the usefulness based on the results of Averdung and Wagenfuehrer’s [10] study on the effect of usefulness on acceptance of eco-friendly technology. HEMS is also an eco-friendly technology that enables consumers to use electric energy efficiently and positively impact environmental conservation. As a result of the analysis, it was found that environmental responsibility also had an effect on usefulness.



On the other hand, the innovative personal tendency was found to be a factor affecting usefulness and ease of use. In other words, the stronger the innovation propensity, the more meaningful the usefulness and ease of use of HEMS is.




5.2. Conclusion with Recommendations


Among the three variables including economic benefit, social contribution, and environmental responsibility that affect usefulness, economic benefit has the greatest impact on usefulness, and environmental responsibility has the least impact on it. In other words, it can be seen that the economic profit through the reduction of electric energy through saving electric energy is the most important issue to improve the usefulness of consumers. Therefore, it is most important to prepare the function collection and detailed explanatory materials and policies that can highlight the individual economic benefits of using HEMS. In particular, it is necessary to emphasize that the function of HEMS is effective in reducing electricity consumption for households considering HEMS acceptance. In addition, both social factors and environmental factors are considered to be benefits from the introduction of HEMS. Therefore, it is necessary to promote the positive characteristics of HEMS products and the social and environmental aspects of them.



As discussed above, HEMS can achieve higher electrical energy efficiency as the number of users increases, such as network effects. However, the characteristics of these IT application products are not readily accepted if they are not proven effective. Therefore, the role of early adopters who are innovative in using IT application products is important. Therefore, it is critical to establish measures to meet these expectations and to consider the ease of use in HEMS product design.
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