o ey 4
<@ sustainability ﬂw\p\py

Article

A Behavioral Model of Managerial Perspectives
Regarding Technology Acceptance in Building Energy
Management Systems

Jacky Chin 12 and Shu-Chiang Lin *

1 Department of Industrial Management, National Taiwan University of Science and Technology, Taipei 106,

Taiwan; d10301801@mail .ntust.edu.tw

Department of Mechanical Engineering, Christian University of Indonesia, Jakarta 13630, Indonesia;
chin_jack777@yahoo.co.id

*  Correspondence: slin@mail.ntust.edu.tw; Tel.: +886-2-2737-6330

Academic Editor: Andrew Kusiak
Received: 6 June 2016; Accepted: 5 July 2016; Published: 7 July 2016

Abstract: The Building Energy Management System (BEMS), a well-known system that has been
implemented in some energy corporations, has become attractive to many companies seeking to
better monitor their energy consumption efficiency. This study investigated the external factors that
influence acceptance of the BEMS from managerial perspectives. An extended model based on the
Technology Acceptance Model (TAM) was created to evaluate the implementation of the BEMS in the
manufacturing industries. A structural equation modeling (SEM) approach was used to analyze the
model by adopting compatibility, features, technology complexity, and perceived risk as the external
variables, and integrating the five dimensions of perceived ease of use, perceived usefulness, attitude,
user satisfaction, and behavioral intention. The analysis results indicated that the external factors
positively influenced users’ behavioral intention to use the BEMS through expected satisfaction,
perceived ease of use, and perceived usefulness. Suggestions for BEMS developers are provided
as well.
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1. Introduction

In 2014, the industrial sector became the leading sector among all sectors in Southeast Asia
in terms of total energy consumption, with the sector’s consumption rising by an average of 4.2%
per year [1]. Indonesia is currently the largest energy consumer in southeast Asia, accounting for 36% of
the region’s total primary consumption [2]. As noted, the sector with the greatest share of total energy
consumption is the industrial sector, which accounts for 33% of the total, followed by the residential
sector and the transportation sector, at 27% each, and then the commercial sector combined with other
sectors at 10% [3]. As a result of the competitive environment of the energy industry in the look of the
current global economic challenges [4], Indonesia faces numerous challenges including the growing
demand for energy and the increased costs associated with the energy. Achieving energy efficiency
is undoubtedly one of the best strategies for companies to run and maintain sustainable processes.
With a good monitoring system for controlling energy usage, companies can reduce the cost of energy
consumption while also helping to preserve the environment. To mitigate the issues of high-costing
energy and the growing demand for the energy, many industries have been seeking to increase the
role of energy efficiency in their cost-saving program. There has also been a considerable amount of
attention placed on the integration of energy-efficient technologies, including the transformation of
the traditional energy control system to the smart building energy management system. However, the
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lack of the Indonesian companies that comply with the changes in industries also becomes a problem,
and would thus affect the stability of the energy consumption in this industrial sector. The Indonesian
Energy Council Report of 2014 revealed a lack of integration within energy management systems
among industries. As a result [5], researchers, such as Maulidevi et al. [6], also explained how the
low efficiency affects the acceptance of the technology within an industry. Another set of research
data by Kim indicates that company decisions would be directly affected by the manager’s intention
to use a new system [7]. In the end, a strong managerial intention to use an energy management
system would attract potential employees with similar intention to use the new technology and thus,
positively affecting the industry.

Success in implementing a new technology depends largely on the behavioral responses of
users [8,9]. Within a company, individuals at the managerial level play an important role, not only
in the direct implementation of a new technology, but also in ensuring that related systems are run
successfully. In fact, leadership at the managerial level is the most critical factor for supporting the
implementation of a system, particularly with regard to employees’ behavioral intention in terms of
using the system. The aim of the present study was to investigate the factors that may influence
managerial perspectives toward a particular energy management system that has been widely
implemented in various industries.

In Southeast Asia, and in Indonesia in particular, a smart monitoring system has been introduced
at a variety of companies in recent years [1,10]. In order to evaluate the effectiveness of energy
consumption efficiency efforts, it is essential that a smart monitoring system be installed on-site at the
location of interest. In industrial facilities, operators must continuously monitor and control many
different utilities to ensure the proper operation of the facilities. The development of networking
technology has made such monitoring and control increasingly feasible [9]. These industrial monitoring
and control systems are commonly called Supervisory Control and Data Acquisition (SCADA) systems,
with the Building Energy Management System (BEMS) being a prominent example. Some recent articles
have described that the practical implementation of the BEMS strongly supports reducing energy
consumption when compared to conventional approaches [11-15]. The present study investigated
various factors that could potentially influence managerial acceptance of such systems. There have
been several similar studies that successfully examined user behaviors toward a smart BEMS through
the Technology Acceptance Model (TAM), although those studies were focused on residential housing,
commercial housing, and general-purpose energy usage [8,10,16] instead of on energy usage in the
manufacturing industry. This research, on the contrary, sought to examine the behaviors of BEMS
users in manufacturing companies. The findings of this research can serve as a reference in designing
guidelines for BEMS users, such as smart building grid meter companies, and BEMS providers and for
improving a given BEMS in terms of managerial perceptions and behaviors.

2. Theoretical Framework

2.1. Building Energy Management System

SCADA, or BEMS, is a technology that covers supervision, control, monitoring, and data
acquisition. Building energy management systems consist of a set of software, hardware, and
communication networks that control variables through the remote operation of the whole system,
as shown in Figure 1. In order to increase effectiveness and efficiency in the operation of a utility
system, a BEMS can be used to improve the relevant conditions by integrating users’ responses in the
control and monitoring of the building or buildings in question. Such a system also provides both the
prevention of and detection of failures in the utility system. With a more conventional system, the
operators would need to go to several locations in each building on an hourly basis to manually check
and control the energy consumption via metering devices [3]. The inspection monitoring items consist
of the electricity consumed in lighting, the supply of electricity to production machines, gases, water,
heating, ventilation, air conditioning, and several other items [11,13].
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In accordance with the European Committee of Standardization [17], the BEMS provides differing
levels of display security options that allow different types of users (i.e., field level users such as
technicians and engineer operators; supervisor level users such as supervisors, division heads,
or managers; and administrator automation level users such as those individuals responsible for
covering the outstation/controllers) to interact with the display information and to control the energy
consumption. These different levels of display options are essential because users need to be able
to recognize the energy consumption of their buildings and to analyze and improve their buildings’
energy performance at different user interest levels.

Some other researchers have examined the benefits of BEMS usage in companies in term of energy
efficiency [11-14,18-23]. With those benefits in mind, this study sought to investigate the related
factors that are useful to improve user responses from the perspectives of those in management.
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Figure 1. Building energy management system architecture.

2.2. Research Model

2.2.1. Technology Acceptance Model

The Technology Acceptance Model (TAM) explains the determinants of technology acceptance
in general and traces the impact of external factors on Attitude and intention. This model can be used
to investigate the factors affecting user behaviors with regard to using information technology or
adopting a new technology. Many studies have been conducted on information systems in order to
develop and predict the factors that could influence the adoption of a technology. While there are some
studies that have used other established and vigorous models, such as the Theory of Reasoned Action
(TRA), the Theory of Planned Behavior (TPB), the TAM 2, and the Unified Theory of Acceptance and
Use of Technology (UTAUT), recently reported empirical support has made the TAM widely popular
with IT researchers, and it is considered to be the most frequently used model for analyzing user
behaviors in accepting technology [3,24-26].

Past studies regarding energy management employed variations of the TAM and TAM2 models
to explain user behavior intentions toward smart grid technologies [3,27-32]. Within the most recent
research, four constructs, perceived ease of use (PEOU), perceived usefulness (PU), attitude (ATT),
and behavioral intentions (BI), are identified as internal factors of user acceptance and usage behavior.
Perceived usefulness (PU) can be defined as the degree to which a user of a technology expect that
using a particular system would enhance his or her job performance, while perceived ease of use
(PEOU) can be explained as the degree to which a user of a technology expect that using a particular
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system will not have to make any special effort [3,10,28,33]. According to Davis [25], behavioral
intention is determined by the attitude toward the PU and PEOU. Attitude (ATT) can be described as
the degree to which a user of a technology is expected to follow his or her favorable or unfavorable
feelings [3,10,27,34].

2.2.2. Expected User Satisfaction

Previous research investigations found that user expected satisfaction (UES) significantly affects
behavioral intention to use, which is an important indicator of successful acceptance of new
technology [10,35]. UES can be described as the degree to which a user expects that the information
provided will meet their needs [10]. Son et al. [30] argued that UES has a significant amount of influence
on behavior intention in using new technology of mobile computing devices. However, according to
Chin and Lin’s study in 2015, Compatibility (C) and technological complexity (TC) have a positive
influence on PU, PEOU, and ATT, which have direct positive influences on the operator’s behavioral
intention to use Energy Management System (EMS) [3]. Thus, we include the UES variable in our
proposed model based on previous research.

2.2.3. External Factors

Compeatibility (C), features (F), technological complexity (TC), and perceived risk (PR) are used as
additional or external latent factors in this study, as shown in Table 1.

Compeatibility

Compeatibility (C) processes a technology’s consistency with the existing users’ values, past
experience, and needs [36]. Although Lowry (2002) identified the relationship between PEOU and
complexity of building management system, the study did not explore the relationship between PU
and compatibility. As a result, the relationship between PU and compatibility is still unclear, and it
was suggested by Lowry for further investigation in future implementation of various information
systems [8]. In our recent research, it is revealed that the correlation between compatibility and PU
was consistent with high correlations [3]. In the development of our previous model, compatibility has
been shown to be related to the BI through PU, and has significant relationship with PU, rather than
PEOU [3]. Based on the results, we propose that C has a positive influence on PU (H1).

Table 1. Research hypothesis.

Item Hypothesis

H1:  Compeatibility (C) positively affects the Perceived Usefulness (PU) of using the BEMS [3,36].

H2:  Features (F) positively affect the Perceived Usefulness (PU) of using the BEMS [10,29,34].

H3:  Technological complexity (TC) positively affects the Perceived Ease of Use (PEOU) of using the BEMS [3,35].
H4:  Perceived Ease of Use (PEOU) positively affects the Perceived Usefulness (PU) of using the BEMS [3,24,37].
H5:  Perceived Usefulness (PU) positively affects the User Expected Satisfaction (UES) of using the BEMS [10,38].
Hé6:  Perceived Ease of Use (PEOU) positively affects Attitude (ATT) towards using the BEMS [3,10,25].

H7:  Perceived Usefulness (PU) positively affects Attitude (ATT) towards using the BEMS [3,10,25].

HS8:  Perceived Ease of Use (PEOU) positively affects the User Expected Satisfaction (UES) of using the BEMS [10,35].
H9:  Perceived Risk (PR) positively affects the Perceived Ease of Use (PEOU) of using the BEMS [10,39,40].

H10: Perceived Risk (PR) positively affects the User Expected Satisfaction (UES) of using the BEMS [10,41].

H11:  User Expected Satisfaction (UES) positively affects Behavioral Intention (BI) toward using the BEMS [10,35,42].
H12:  Attitude (ATT) positively affect Behavioral Intention (BI) toward using the BEMS [3,24,42].

Features

Features (F) can be explained as the abilities of a designed system to complete user requested
tasks [10]. Kim et al. (2009) found that when advanced features were implemented, PU had a stronger
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impact on system usage [29]. As a result, this investigation assumes that system’s features significantly
and positively affect the adoption of technology through PU. Since BEMS can be used to online monitor
and control energy consumption [21], this research further argues that features increase PU and so
increase users acceptance of energy management technology (H2).

Technological Complexity

Technological complexity (TC) represents as individual users perceptions regarding the effort of
understanding a new technology or system [3,35]. The influence of technological complexity on PEOU
has been confirmed in previous studies [3]. Due to the difficulties of working with the new system as
well as difficulties of understanding information from the system displays [35], TC has become a major
issue in the acceptance of the new system. In this BEMS study, we argue that TC positively affects
PEOU (H3).

Perceived Risk

From a managerial perspective, since the BEMS is connected with the IT networking within
a company, and there are many forms of confidential data in the IT systems, perceived risk (PR)
is an essential factor affecting BEMS acceptance [40]. According to Chou and Gusti (2014), PR can
be defined as uncertainty that affects individuals’ confidence in their decisions to use a system
regarding the confidentiality and accessibility of information [10]. This study argues that perceived
risk is a consideration in BEMS adoption decisions. Previous studies have argued that PR, in turn,
significantly affects BI through PEOU (H9) and UES (H10).

In addition, Chou and Gusti [10] have focused on developing an acceptance model for use
in residential areas, and these factors have been proven to affect user acceptance of a smart grid
technology. However, since that research only focused on residential users [3], it cannot be regarded as
representative of industrial users. The present study, in contrast, did focus on industrial users,
with particular attention given to managerial perspectives. To fill this research gap, we also
added compatibility to the TAM (Figure 2) and empirically evaluated this model using a sample
of 157 employees at the managerial level.
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Figure 2. Proposed model.
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3. Methods

The framework of this study employed the Technology Acceptance Model (TAM) in order to
examine the implementation of BEMS in the manufacturing industries. The proposed research model is
shown in Figure 2. This study performed Structural Equation Modeling (SEM) testing for confirmatory
factor analysis and goodness-of-fit for the model [43] to confirm our hypotheses.

The respondents of this study were selected from among the managerial workers of several large
scale Indonesia-based manufacturing companies that have implemented the BEMS for monitoring
their energy consumptions. Although a few respondents were expatriate workers from other countries
such as Nigeria, Vietham, and India, most of the managerial respondents were of Indonesian origins.
This study contacted the companies and distributed 200 online questionnaire surveys from January
2015 to April 2015, with 157 valid surveys retrieved. Some of the questionnaire items were removed,
due to the content failing to meet the recommended minimum measurements for either reliability or
validity. The measurement items for research variables are shown in Table 2, the responses to which
were viewed as representative of the nine latent factors of technology acceptance towards the BEMS.
All the responses to the questions were made and scored using a five-point Likert scale, with the
individual responses ranging from “I strongly disagree” to “I strongly agree”.

Table 2. The questionnaire items regarding the research constructs.

Construct Measurement Items
C1 Using the BEMS is compatible with all aspects of my subordinates” work [3]
C C2 I think using the BEMS fits well with the way my subordinates like to work [3]
C3 I believe my subordinates” work style is in line with the BEMS [3]
F1 Management can control the energy consumption
F F2 Management can see the effectiveness of the energy consumption
F3 Management can compare the efficiency of the energy consumption
TC1 I'have no difficulty using the BEMS menus to check records [3]
TC TC2 I'have no difficulty working with the BEMS [3]
TC3 I'have no difficulty importing and exporting data from other devices [3]
PR1 I do not worry about internet access risk to use of the BEMS
PR PR2 Using the BEMS is not a risky decision
PR3 I do not worry about cyber attacks

UES1 Using the BEMS meets management needs
UES UES2 Using the BEMS is a wise decision for management
UES3 Using EMS is the right thing for management

PEOU1 I believe the BEMS is easy to understand
PEOU PEOU2 Overall, I believe that the BEMS is easy to use
PEOU3 Learning to operate the BEMS is easy for my subordinates

PU1 Using the BEMS improves the quality of my subordinates” work
PU PU2 The BEMS is useful for improving my work
PU3 Using BEMS to measure the energy usage is useful for management
ATT1 I'have a positive view toward using the BEMS for monitoring energy usage
ATT ATT2 I feel that using the BEMS is a wise idea for monitoring energy usage
ATT3 Using BEMS is positive for management
BI1 Using the BEMS is a very wise idea
BI BI2 I'am positive toward the idea of using the BEMS
BI3 Using BEMS is a good idea to support management program

4. Results Analysis

The analysis was carried out based on the 157 valid surveys, which were properly filled out by
the managerial professional respondents. All of the respondents were from manufacturing companies
in Indonesia that use the building energy management system for energy consumption monitoring.
In terms of age, 24% of the respondents were 25-34 years old, while 76% were older than 34 years old.
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In terms of work experience, 19% of the respondents had between one and five years of experience at
their current workplace, while 81% had more than five years.

As SEM is appropriate for testing the proposed model, we used the maximum likelihood method
to test the fit of the model. The first step was to test the reliability and convergent validity of the survey
items [43]. As illustrated in Table 3, every single value of the factors loading in the proposed model
was satisfactory and exceeded the recommended minimum measurement (0.7) [44—46]. The resulting
values indicated that our model was an appropriate explanation for the dimensionality of all the factors.
The next measurement was Cronbach’s o. Testing results showed that all questionnaire items exceeded
the recommended minimum measurement of the Cronbach’s « value (0.7). The measurements of
composite reliability for all items exceeded the minimum requirement (>0.6), showed that all the
items pass the reliability test. All of the nine factors showed an adequate convergent validity, as they
exceeded the recommended minimum measurement for the AVE measures.

In order to check the discriminant validity among the constructs, the AVE square root must be
greater than the correlations with all constructs [47-50]. Table 4 presents the square root of the AVE and
the correlations among the constructs. The given values indicate the adequate discriminant validity of
the measurements [51].

The experimental results showed that our model surpassed the requirements of model fit. All of
the indicator results meet five conditions for the recommendation of model fit. As mentioned in the
measurement model testing in Table 5, the chi-square test (X2/df) [52], the root mean square error
approximation (RMSEA) [53], the goodness of fit statistic (GFI) [54], the Tucker-Lewis index (TLI) [55],
and the comparative fit index (CFI) [56], and these indices were chosen in order to determine how well
the model fits the data [57,58].

Table 3. Reliability and validity analysis results.

Factor Ttem Factors Loading Cronbach’s «  Composite Reliability AVE (>0.5)

(>0.7) [43,48] (=>0.7) [43,48] (CR) (=0.6) [43,48] [43,48]
c1 0.796

Compatibility c2 0.814 0.780 0.824 0.610
C3 0.709
F1 0.78

Features F2 0.815 0.818 0.861 0.674
F3 0.867
Technolo TC1 0.701

Com 19)(% TC2 0.767 0.752 0.768 0.536
P TC3 0.784
Perceived of PU1 0.799

Src?vle ° PU2 0.730 0.763 0.781 0.588
setulness PU3 0.751
Perceived PEOU1 0.732

ercelf"é ase PEOU2 0.771 0.771 0.787 0.602
ot Use PEOU3 0.823
PR1 0.734

Perceived Risk PR2 0.767 0.746 0.739 0.562
PR3 0.754
UES1 0.791

Uge:,EfXPteFted UES2 0.743 0.763 0.792 0.614
atistaction UES3 0.769
ATT1 0.832

Attitude ATT2 0.792 0.789 0.818 0.625
ATT3 0.768
Behavi BIl 0.788

ehavior BI2 0.713 0.739 0.734 0.561

Intention BI3 0.704
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Table 4. The correlations among the constructs.

TC F C PR PEOU PU UES ATT BI
TC 0.603
F 0.000 0.935
C 0.000 0.000 0.843
PR 0.000 0.000 0.000 0.934
PEOU 0.333 0.000 0.000 0.261 0.632
PU 0.000 0.555 0.505 0.000 0.196 0.782
UES 0.125 0.181 0.164 0.493 0.347 0.254 0.611
ATT 0.023 0.061 0.077 0.001 0.022 0.14 0.364 0.437
BI 0.074 0.107 0.0.98 0.293 0.207 0.151 0.364 0.312 0.517

Table 5. Model fit test.

Goodness of Fit Model Index Minimum Value [57] Result
X2/df <2 1.436
RMSEA <0.05 0.045
GFI >0.90 0.911
TLI >0.90 0.920
CFI >0.90 0.932

As shown in Table 6, all nine of the factors of this study have positive path correlations.
However, out of the 12 proposed hypotheses, two were rejected (H6 and H7), and the rest were
accepted. Furthermore, other findings indicated that C, F, TC, and PR would be positive predictors of
behavior intention to use BEMS toward PU and PEOU.

Table 6. Test results of hypothesis.

Hypothesis Est. (B) Sig. (p) Result
H1: PU - C 0.599 0.001 *** Supported
H2: PU < F 0.536 0.001 *** Supported
H3: PEOU « TC 0.551 0.001 *** Supported
H4: PU «— PEOU 0.342 0.001 *** Supported
H5: UES < PU 0.325 0.001 *** Supported
Hé6: ATT « PEOU 0.014 0.921 Not Supported
H7: ATT « PU 0.190 0.159 Not Supported
H8: UES « PEOU 0.375 0.001 *** Supported
H9: PEOU « PR 0.279 0.002 ** Supported
H10: UES «— PR 0.423 0.001 *** Supported
H11: BI — UES 0.476 0.001 *** Supported
H12: Bl «— ATT 0.450 0.001 *** Supported

“p < 0.01; ** p < 0.001.

R? values indicate the amount of variance in the construct from the path model [47,59]. The results
indicate that the model explained 65.6% of the variance in behavior intention to use the BEMS.
Similarly, 99.3% of the variance in user expected satisfaction, 2.7% of the variance in attitude, 72.6%
of the variance in perceived of usefulness and 40.1% of the variance in perceived ease of use were
explained by the result of paths model.

The relationship between the TAM and the external factors of BEMS is supported by the data
given within Table 6. The result shown is consistent with the previous finding within Chin and Lin’s
study (2015) in predicting users” intention through the PU and PEOU. All of the relationships between
C(p=0.599, p <0.001), F (3 =0.536, p < 0.001) and PU were positive and statistically significant,
and thus support H1 and H2. Furthermore, these antecedents explained 72.6% of the variance in
perceived usefulness as well. The large variance of PEOU is explained by the perceived ease of
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use (R? = 0.401) being affected significantly and positively by technological complexity (p = 0.551,
p < 0.001) and perceived risk (3 = 0.279, p < 0.005), thus supporting H3 and H4. This meant that high
compatibility, features, perceived risk, and technological complexity were strongly associated with
perceived usefulness and perceived ease of use.

The results showed that neither PU (3 = 0.014; p = 0.921) nor PEOU (f = 0.190; p = 0.159) had
a significant effect on attitudes. In other words, since there was no sufficient statistical evidence to
confirm the influence of PU and PEOU on ATT, H6 and H7 were not supported. Other findings
showed that PU (3 = 0.325, p < 0.001), PEOU (3 = 0.375, p < 0.001), and PR (3 = 0.423, p < 0.001)
had significant influences on user expected satisfaction, which largely explains the large variance of
user expected satisfaction (R? = 0.993). Similarly, the results also showed that there is a positive and
significant relationship between PU, PEOU, PR, and UES, and thus H5, H8 and H10 were supported.
The coefficient in between behavioral intention, user expected satisfaction (H11), and attitude (H12)
were also found to be significant with a value of UES ( = 0.476, p < 0.001) and ATT (3 = 0.450,
p < 0.001), which again largely explained the large variance of BI (R? = 0.656).

5. Conclusions

This study addresses nine variables from the extended technology acceptance model regarding
the building energy management system, and explores their causal relationships from a managerial
perspective. The potential factors of compatibility, features, technological complexity, and perceived
risk were incorporated as external factors into our proposed model. All of those factors influence
user intention through the user expected satisfaction, perceived ease of use, and perceived usefulness
factors. The results of the theoretical TAM from a managerial perspective were very useful for
providing an understanding of aspects of user acceptance of BEMS technology in the manufacturing
industry in Indonesia.

Overall, the SEM results supported the major hypotheses of this study and that the model
adoption of the TAM was positively related to all the external factors, including compatibility, features,
technological complexity, and perceived risk. These findings are consistent with previous findings
related to the interactions of users with a smart grid [10,16]. In the proposed model, most of the
direct relationship hypotheses between C, F, TC, PEOU, PU, UES and BI were supported, except those
regarding direct relationships with ATT. The high positive correlation between external factors and
original TAM factors are consistent with previous studies [8,10,16]. This shows that the managerial level
recognizes compatibility, features, technology complexity, and perceived risk as the dominant factors in
the acceptance of BEMS. Through the factor analysis, we found that there were only insignificant direct
relationships between perceived ease of use and perceived usefulness and attitude. Perceived ease of
use and perceived usefulness did, however, have significant impacts on the UES. Another significant
finding is that both PU and PEOU have a direct influence on user satisfaction, despite the absence of
a direct relationship observed between PU, PEOU, and ATT. This result suggests that both factors, UES
and ATT, were gained through PU and PEOU, differing from a prior study by Chou and Gusti [10].
In other words, this finding specifically emphasizes the importance of developing a smart-building
energy management system with a satisfactory decision-maker, which was not addressed in previous
studies. Nevertheless, the attitude still significantly influenced the behavior intention in line as
described in TAM by Davis [24]. In our previous study, we have explored the factors affecting the
acceptance of BEMS from the operator’s perspective in the manufacturing sector, and concluded that
compatibility and technology complexity influenced the user’s intention through attitude, perceived
usefulness and perceived ease of use [3]. Although all were conducted in the same industry, these
studies, which were conducted at different job levels, showed different conclusions, indicating that
relationships among factors are affected by differences within the job level. This is due to managers’
behaviors varying from that of the operators or the field engineers, as they are the decision-makers of
the industry. As a result, in our current study, the respondents are employees in managerial position.
Based on the results of the present study, it clearly shows that, from a managerial perspective, user
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satisfaction with the system is viewed as being more important than the attitude of the users with the
system. In addition, even if managerial level workers do not directly use the system, they can feel the
effects of its usability after the system is up and running.

In order to understand technology acceptance from a managerial perspective, we developed
a revised model with reconstructed variables from the proposed model. The relationships among
the primary factors were significant in the final model, as explained in the path relation model
(Figure 3). The contribution of this study is to examine the relation of compatibility, features, technology
complexity, and perceived risk as important variables to the behavioral intention. The results of our
study support the conclusion that technical factors, such as compatibility, features, and technological
complexity, are important concerns in the BEMS acceptance study. Therefore, the BEMS are supposed to
deliver diverse duties into suitable computational systems in order to minimize their complexity, while
still providing many features to meet management needs. The BEMS corporation ought to consider
compatibility in their program application and features, as well as the technological complexity of
their interface system to enhance the user experience in using the system. In light of these results,
BEMS developers should maximize both the usefulness and ease of use of the BEMS since satisfaction
depends heavily on these two factors. Specifically, BEMS developers should improve the user expected
satisfaction of BEMS in terms of supporting energy-savings programs and government sustainability
programs. Moreover, for data safety concerns and other risks, BEMS developers must also be able to
ensure that data are secure from hackers and data error by implementing a cloud networking system
that users would be able to access in order to monitor the history of energy consumption in their
department from anywhere and at any time. The results of this managerial perspective study also
indicate that various industries, especially those in developing countries, are willing to use BEMS in
order to control, monitor, and analyze their energy consumption levels.

H1

Compatibility 0.599%***
Perceived H7

H2 0.536*** Usefulness 0.190
Az.e%) F hs
Features H4 0.325%* Attitude H12
0.342%** H6 (R?2=2.7%) 0.450%**
0.014
H3 (.551%%** \ User
Technological - | Perceived Behavioral
Complexity "| Ease of Use » Expected Intention
- HS Satisfaction | H11
(R2=40.1%)] 0.375*** / (R?=99.3%) 0.476*** (R =65.6%)
H9
0.279**
Perceived 0.423%**
Risk

Figure 3. Results of structural equation modeling.

This study gives two implications for practitioners and researchers studying BEMS. The first
implication is the ability of the extended TAM to be applied within the context of the new
smart-building energy management system. As shown in the results of our proposed model, the four
external variables have a positively significant impact on the acceptance of BEMS by those within the
managerial level. The second implication is the tendency of users within the managerial level to put
more emphasis on the amount of user satisfaction received during use of the system rather than on
their attitude of the user towards the system itself. As a result, managerial users in industry have an
increased tendency to make rational decisions based on the total satisfaction received while using the
system. However, users within the operator level put more emphasis on the technical factors of the
system such as compatibility and technology complexity on their attitudes to use a new technology.



Sustainability 2016, 8, 641 11 of 13

Therefore, the developers should factor in considerably the managerial perspective when planning to
develop smart grid technology.

There were several limitations of this study, with the most noticeable limitation being the
respondents’ demographic profiles. Since the respondents were all managerial workers in large
scale manufacturing companies, the participants may not represent all of the workers within the
industrial sector. Additionally, all of the participants were residing in Indonesia, which, although
currently the largest energy consumer country in ASEAN, is still a developing country. It may also be
noted that the results of similar studies conducted within developed countries and in sectors outside
the manufacturing sector may vary from those of this study. As a result, further research on the
implementation of BEMS, such as a comparative study, is suggested to be conducted between the
managerial level and operator level as well as within other countries and sectors in order to balance
the theoretical aspects of both management and operations, and thus be able to develop a more
comprehensive model for BEMS.
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