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Abstract: To promote efficient use of electrical energy, technology-based solutions, along with their
corresponding user acceptance assessments, have been seen to facilitate goal fulfillment concerning
desired functionality and expected benefits, in an open innovation fashion. This paper simultaneously
develops an electrical energy consumption monitoring system (EECMS) device that shall monitor and
control the use of energy in real-time and assesses its acceptability to users according to the extended
technology acceptance model (TAM) approach. This proposed EECMS device is tested in an academic
institution in the Philippines, and it is found that the device can function as desired as well as render a
significant favor from its users according to additional key constructs. As such, future developments
of the device are encouraged to enhance key constructs identified as suitable for future adoption.

Keywords: energy consumption; energy monitoring; technology development; technology acceptance
evaluation; extended TAM

1. Introduction

The use of energy has become an integral part of growing an economy [1]. As increasingly
new energy sources are explored along with the open innovation of energy industry technology,
macroeconomic growth is understood to rise [2]. With the favorable shift of economic status,
the process of urbanization, standards of living, and even climate change perspectives have prompted
the variation in energy consumption [3]. This premise holds, especially in the case of developing
countries where rural household energy consumption takes up a significant portion of total energy
consumption. Aside from rural households, school buildings are also found to be responsible for
a significant proportion of total energy consumption, which, in turn, translates into a considerable
amount of carbon dioxide emissions [4,5]. Recognizing the harmful effects of carbon dioxide, being the
primary cause of global warming and constituting 80% of the total greenhouse gas emissions [6,7],
not only to the environment but also to human health [8], the need to mitigate emissions by effective
energy consumption strategies becomes an urgent concern [9].

Several efforts have been exerted to manage energy consumption both globally and locally. Many
countries are attempting to reduce energy consumption in the building sector, particularly schools, by
pursuing an eco-school plan for educational facilities with the aid of programs on the Zero Energy
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Building (ZEB) and Zero Energy House (ZEH) [10–14]. For instance, Korea recommends instilling
institutional improvements through the use of renewable energy to reduce total energy consumption
and to develop relevant technologies at the same time [15]. In another case, improving housing design
is also perceived to produce effective strategies for energy consumption, which further brings the
necessity to better understand the use of energy, including the ownership of electrical appliances
and user behavior [16]. Nevertheless, the improvement of energy consumption through various
means has to be well-established since technical progress in this area can lead to a rebound effect [17].
That is, new demands for energy partially offset the savings in consumption, which thus leads to
increased energy consumption [18]. In developing countries such as Thailand, an Energy Efficiency
Plan (EEP) was formulated in 2015 as a master plan which sets a target of a 30% reduction in the energy
consumption of the country [19]. Further, performance indices for industry sectors such as Baseline
Energy Consumption (BEC) and Specific Energy Consumption Index (SEC) are carefully studied to
support the regulation of energy efficiency-related activities that the government has promulgated. A
similar policy is pushed forward in the Philippines under the Philippine Energy Plan, whose goal is to
create energy efficiency a way of life for the citizens [20]. Under this nationwide plan, energy efficiency
and conservation are maintained as be one of the social pillars to be achieved in 2030.

These efforts converge on the idea of engaging and empowering consumers to manage their
resources consciously through increased consumption visibility and accurate measurement [21].
Currently, the improvement of energy consumption is focused on the development of a
technology-based solution [22–25]. Such technologies make use of the Internet of Things (IoT) as one
of its earliest significant applications for energy optimization owing to its capability of controlling
and monitoring energy consumption. As a digitalization tool, IoT allows for real-time and seamless
integration of worldwide network infrastructure, enabling communication among devices and assets
via interoperable protocols possible [26–29]. Furthermore, it is imperative to note that the development
of an electricity consumption monitoring system is not a new phenomenon. In fact, a plethora
of technology-based advanced monitoring systems throughout the United States and many other
developed countries was implemented two decades ago [30,31]. Furthermore, investigations of factors
affecting users’ acceptance of the technology-based energy management innovation have also been
widely discussed separately [32–35].

The objective of this paper, therefore, is to develop a technology for energy consumption
management and investigate the factors that affect users’ acceptance via an extended TAM model
incorporating economic, social, and environmental aspects of technology adoption. While prior studies
in the literature focus on separately developing technology for energy consumption and assessing
its user acceptance, none has taken into account simultaneously these two measures despite the
essential relation between these constructs. Furthermore, as a technology for adoption is developed,
its associated impact on its potential users, as described by the user acceptance model, becomes an
imperative action. The need to describe the acceptance of technology becomes apparent, mainly for
users who have limited resources to allocate for further innovative advancement. The rest of the paper
discusses the foundation of technology development, specifically in energy consumption sector as
well as the technology acceptance model and its extensions. Then, the research issues found in the
literature are explored together with the formulation of hypotheses among user acceptance constructs.
The succeeding sections then present the case study and the key results obtained from the case. Then,
a conclusion is drawn to provide insights on the generated results.

2. Background of The Study and Hypotheses Development

2.1. Energy Consumption Management

There are different opportunities for reducing electricity consumption in buildings, but identifying
and quantifying them is often regarded as time-consuming or expensive, particularly in single-family
households [36]. The lack of information about their actual energy consumption makes it difficult
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for users who are willing to save energy to make the necessary action in effectively reducing energy
usage [37]. Typically, feedback on energy use is reported on a monthly utility bill, which does not
allow sufficient guidance for individual energy-saving actions. There are, however, several residential
electricity sensors available in the market which can aid in the monitoring of energy consumption,
thereby, suggesting an effort to save energy. Table 1 lists off-the-shelf products that depict energy
consumption in near real-time conditions. However, neither option can track the changes in energy
(electric) usage of the individual appliances as well as the aggregated load over time, not to mention its
relatively expensive acquisition cost.

Table 1. Commercially available residential electricity meters by type.

Type of Meter Meter Brand/Model

Whole-house
The Energy Detective (TED)

Power Cost MonitorTM

Plug-load meters Powerkuff Monitor
WattsUp? PRO

Packaged solutions Kill-a-watt
AlertMe

As a supplement to meter technologies, other smart power outlets, as in Table 2, provide remote
access to readings via wireless communications, thus enabling users to access the data on their mobile
phone or through the web. One limitation, though, is on the number of devices that can be directly
attached to the outlet of such systems, e.g., Kill-a-Watt and Click, and its relatively high cost [24].

Table 2. Energy management systems.

Type Features Reference

PowerPedia

A mobile application that allows users to assess and
determine the electricity consumption of individual
devices as well as the energy efficiency of the
appliances. It also enables users to identify and
compare their consumption with that of others.

[38]

Building Energy
Management System

Integrates users’ responses in building controlling
and monitoring remotely. [39,40]

Home Energy
Management System

Home Energy Management System (HEMS) is a
product utilizing the smart grid. It provides real-time
information of supplied electricity price, the
electricity consumption of each household, and the
electricity rate of each household. It also has a
function that notifies the consumers when they have
already exceeded the limit preset by the user through
a warning sound or automatically turning off the
power to prevent unnecessary power use.

[23]

The use of IoT as a support to provide energy management systems has proved to be useful in
sensing technology and energy infrastructure, allowing information to be processed and displayed in a
fast and accurate way [41]. Note that IoT-related technologies have also proved to have an impact
on information and communications technology (ICT), particularly in academic institutions [42,43].
Presently, IoT enables the interconnection between things or devices, including, but not limited
to, electronic devices, machines, smartphones, and the internet, by using identification codes that
work uniquely to allow communications among devices [44,45]. This technology also supports other
advances such as cyber-physical systems to maintain interoperability among connected users, therefore,
permitting the exchange of information between devices [46,47]. Some typical applications of IoT
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devices in the field include that of radio-frequency identification (RFID), connectivity/communication
electronics and software, global positioning systems (GPS), context-aware networks, smartphones (e.g.,
Wi-Fi, Bluetooth, and cellular networks), sensors, actuators, and algorithms, among others [26,47–49].
With IoT, users experience significant benefits mainly in terms of shortened production cycles,
incorporation of customer needs in real-time, and automatic order and delivery schemes, to name a
few [50]. That is, a form of digitalization that revolutionizes the way organizations operate within
industrial value chains.

Additionally, in the energy sector, [51] reported that electricity sensors offer support in saving
energy for residential sectors. Note that the use of sensors and microcontrollers in the area of energy
monitoring showed varied results. For example, [52] created a power monitoring smart meter using
Arduino, which has a built-in LCD that displays the power consumption with the cost of electricity.
They recommend using wireless technology to make consumption data accessible through the internet.
Since the Arduino board has no built-in Ethernet port, a base shield should be provided. In another
work, [53] developed a wireless sensor network system using both Arduino and Raspberry Pi. With the
addition of another equipment, the cost of developing the design was relatively higher than that of [52];
nevertheless, the scalability of the sensor node connections and memory of the design developed
was favorable. A comprehensive study conducted by [51] examined different commercially available
smart meters type (i.e., whole-house meter, plug load meters, package solutions). In this work, it was
revealed that whole-house meter only reports coarse real-power readings that cannot differentiate
appliances with similar wattage. Correspondingly, while plug-load meters are designed to measure
a single device, establishing the trend of power consumption takes a considerable amount of time.
Lastly, the package solutions referred to as smart home solutions, typically leverage multiple metering
technologies to provide an all-encompassing solution but with a higher price. Similarly, [24] also
developed a smartphone application integrated into a smart meter infrastructure. It allows the user to
explore not only energy consumption but also compare it with peers. The only drawback of using this
application lies in its need to have a smart meter infrastructure.

Several scholars claimed that providing a technology-based solution increases awareness and
understanding of electricity consumption [23,30,54–56]. As such, [22] confirmed that after the
installation of real-time aggregate feedback in college dormitories, a 55% reduction of electricity
consumption was evident. Consequently, a multitude of empirical studies has examined the extent to
which feedback can reduce energy consumption, whether delivered via a monitoring system or other
means [30].

2.2. Users’ Acceptance of A Technology Supporting Energy Efficiency Management

The adoption of technology relies on the influencing factors associated with the acceptance and the
direction of such a technology. In the literature, several theoretical models aim to explain consumers’
acceptance of, in particular, information technology including the Theory of Reasoned Action (TRA)
(see for instance [57,58]), Theory of Planned Behavior (TPB) (see for instance [59,60]), Unified Theory
of Acceptance and Use of Technology (UTAUT) (see for instance [61,62]) and Technology Acceptance
Model (TAM). Among these theoretical models, TAM is considered to be one of the most accepted
models for understanding the usage and adoption of technology. This model is firstly described by [63]
under psychometric research of which variances related to users’ behavioral intention and information
technology adoption, in specific, are discussed. Note that TAM is also one of the most potent extensions
of TRA [63], which replaces several attitude measures of TRA with two other technology acceptance
measures: perceived ease of use (PEU) and perceived usefulness (PU) of technology. Furthermore, TAM
also predicts a user’s acceptance of IT and its usage on the job [64] while explaining the determinants
of user acceptance of a wide range of end-user computing technologies [63]. The core component
common to all modifications of TAM consists of three constructs: perceived usefulness (PU), perceived
ease of use (PEU), and behavior intention (BI) [65,66].
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A further extension of TAM (i.e., e-TAM) is developed to explain software and IT product behavior
perspective [23,34,35,67]. This model is recently implemented by [23] by proposing a consumer
acceptance model for the Home Energy Management System (HEMS). In this work, consumer
acceptance intention based on two factors influencing consumer acceptance—belief in attitude and
belief norm—are investigated. Belief in attitude has positive (i.e., suitability, economic benefits,
usefulness, ease of use) and negative (i.e., security risk and costs) factors that influence the use of HEMS.
Furthermore, belief about norms is divided into social influence and responsibility. These variables are
independent of each other; hence, there is no mediating relationship between these variables.

The consumer acceptance model for HEMS previously developed by [23] has been recently
referred to by [35] with a few changes. Here, they found that economic benefit, social contribution,
and environmental responsibility has a positive influence on the usefulness of HEMS. Furthermore,
it is found that the introduction of innovative IT products poses problems to consumers who are
quite pessimistic and uncomfortable with the idea of accessing or using them. Similarly, limited time
for additional attempts to process the knowledge about the new approaches and technologies also
appears to be a concern [68]. To overcome this negative outlook, the benefits of a new product are
proposed to be fully recognized in terms of usefulness. Such an action can be pioneered by early
adopters since they are already optimistic about new technology and are willing to take the risk at
the same time [69]. Clearly, evaluating technology for potential adoption may not only focus on the
technical and functional aspects of product development but also on the essentials of conducting user
acceptance testing to assess the users’ behavior intention to adopt the technology.

2.3. Research Issues and Hypotheses

The extended TAM introduces external variables such as economic benefit, social contribution,
environmental responsibility, and innovativeness [35] in addition to the original TAM constructs,
perceived ease of use, perceived usefulness, and behavior intention. Economic benefits refer to the
monetary incentives that the consumer gains when using a technology. On the other hand, a social
contribution is characterized by having a positive view of services and products in terms of social
impact. Environmental responsibility is defined as an energy-saving behavior, which is a decisive
factor in the environment, and innovativeness pertains to the attitude of an individual who wants to
acquire and use technology more quickly than others. Recall that the key constructs of the original
TAM are perceived usefulness, perceived ease of use technology, and behavioral intention. Perceived
usefulness (PU) explains the extent to which a person believes that using the system shall enhance job
performance. Perceived ease of use (PEU) denotes the belief that using the system is effortless. Then,
behavior intention refers to users’ perception of the intention to use the system.

These constructs are significant in understanding users’ adoption of a new technology [63,70].
Also, the relationship between perceived ease of use and user behavior is widely regarded in the
literature, whereas usefulness showed a significant influence on behavioral intention [71]. Several
research works have also presented an explicit discussion on the relationship among these constructs
under various domains (see [66,72–74]).

The development of a technology that can support the effective management of energy consumption
and the implementation of user acceptance has not yet been carried out in the literature despite its
potential individual contribution. Thus, as a contribution to the body of knowledge, particularly in
open innovation domain, this paper aims to develop a novel device that can monitor and measure
the energy consumption in a building via the use of sensors and at the same time, validate the
corresponding hypotheses related to the constructs of extended TAM. Note that the integration of
additional key constructs to the traditional TAM proves to be of high regard, particularly for users
whose decision-making process for technology adoption also considers the areas of economic benefits,
social contribution, environmental sustainability, and innovativeness. This direction encourages
an open innovation platform, which is crucial in the promotion of sustainability in today’s fourth
industrial revolution [75]. As the technology adoption decision becomes more complex as it proceeds,
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it only fits to comprehensively consider other key aspects that decision-makers also factor in to ensure
the success of the adoption.

Hypotheses

As an essential part of collaborative consumption, the economic benefit is believed to represent a
specific instrumental value, along with convenience, which users can obtain from using a technology [76].
Such economic benefit is thus classified as extrinsic motivation and an antecedent of perceived usefulness.
A mediating role has been found between perceived usefulness and economic benefit. That is, when
consumers achieve an increased economic benefit through savings (e.g., discounts and free strategy),
their usage habits and loyalty are enhanced. Thus, organizations are encouraged to provide more
value and benefits in services (e.g., technology) offered to enhance the level of perceived usefulness,
which, in turn, translates into loyalty [77]. Some economic benefits may come in forms of incentives
such as convenience, information, entertainment, and interactivity [78].

While technology is developed for the specific purpose of advancement, users tend to find
products useful when no detrimental results are evident in the environment due to its future use [79].
It is essential to consider that perceived usefulness has a considerable positive impact on their attitude
towards sustainable use. In other words, increasing consumer awareness of sustainability issues
of certain products aids in the continuation of its use due to the favorable perception attached to
it [80,81]. Notably, consumers are more drawn to support products that are more environmentally
and socially responsible [79]. At a broader scope, [26] found that people tend to favor services,
particularly restaurants, which adopted sustainable practices leading towards a responsible economic,
social, and environmental use of resources. That is, as a set of elements including, but not limited
to, energy efficiency, waste reduction, and safety are satisfactorily utilized in the delivery of service,
a corresponding sense of usefulness becomes apparent to users. As a result, service providers
aimed at adopting strategies that encompass environmental, social, and economic sustainability by
considering the classical variables of the theory of planned behavior. Specifically, sustainable practices
generate positive impacts on all three dimensions of sustainability from the environment to social and
economic aspects [79]. In another case of agricultural advancement, [82] noted that through modern,
innovative production techniques which are viewed as essential for ensuring economic profitability
and sustainability among young farmers, its eventual adoption becomes a major decision for farmers
to make. In the case of the energy sector, [35] also emphasizes that savings in electricity consumption
dramatically affect the perceived usefulness of the system, which leads consumers to continue using
such a system. Thus, hypotheses regarding the relationship of economic benefits, environmental
responsibility, social contribution to perceived usefulness, respectively are presented as follows:

Hypothesis 1 (H1). Economic benefits have a positive impact on perceived usefulness.

Hypothesis 2 (H2). Environmental responsibility has a positive impact on perceived usefulness.

Hypothesis 3 (H3). Social contribution has a positive impact on perceived usefulness.

To increase the level of perceived usefulness, and even perceived ease of use, a significant positive
role is played by innovativeness [83–85] in such a way that it engages in the process of adoption and
use of new products [86]. Innovativeness, defined as the willingness of an individual to try out any
new technologies made available in the market [35], influences users to exhibit a strong motivation
to use new technology provided that the perceived ease of use is readily evident. The degree of
innovativeness substantially improves the explanatory power of the TAM approach as it does not
only directly and positively influence users’ future intentions to use technology-based products but
also relates to its corresponding perceived ease of use. Furthermore, it has been found that the role of
innovativeness entices consumers to have more intrinsic utilities for utilizing such a system [87]. It is,
furthermore, imperative to note that the innovativeness serves as the central element in the concept
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of diffusion of innovation theory, which mainly relates to the tendency of adopting innovations [88].
Thus, the following hypothesis can be made:

Hypothesis 4 (H4). Innovativeness has a positive impact on perceived usefulness.

A widely accepted notion presents that for users to be more motivated to adopt a technology,
they should perceive such technology not to be complicated for them to find it more useful and
easier to use [86,88]. In a particular case of the probable continuance intention of using e-government,
both perceived usefulness and perceived ease of use have been theorized as primary constructs to
determine the adoption of e-government [89]. Apparently, a significant relationship is found between
these two constructs, and the continuance intention of using e-government only revealed that the
correlation between perceived usefulness and technology involved a higher magnitude of relationship
over perceived ease of use [90]. Such a relationship highlights the premise that when the technology
is considered useful, not to mention its ability to provide an added feature to users, then a tendency
for users to continue using the technology becomes evident. As such, the following hypothesis
is formulated:

Hypothesis 5 (H5). Perceived ease of use has a positive impact on perceived usefulness.

On the relationship of perceived ease of use and perceived usefulness to behavior intention, a
positive correlation is explicitly found in the potential adoption of a learning resource [91,92]. Note
that an interesting finding between these constructs relationship exposes that the use of auxiliary
support systems in the learning environment becomes relatively harder for people with increasing
age [92]. Thus, strategic learning processes and modules are suggested to maintain the relationship
between perceived ease of use and perceived usefulness and behavior intention, even in the inevitable
aging of users. In a rather similar context regarding mobile environment knowledge management,
perceived ease of use and perceived usefulness is also found to be positively influenced by behavior
intention [78,93]. Furthermore, users tend to adopt certain behaviors based on how well a product helps
them perform an activity [26,63], often suggesting how usefulness serves as an important determinant
of any system use. In other words, perceived usefulness creates the image of product-related attributes,
which is designed to influence and eventually serve consumers. In line with this, the following
hypotheses on the impact of behavioral intention to perceived ease of use and perceived usefulness
are introduced:

Hypothesis 6 (H6). Perceived ease of use has a positive impact on behavior intention.

Hypothesis 7 (H7). Perceived usefulness has a positive impact on behavior intention.

3. Methodology

3.1. Case Study Background

In the Philippines, a developing country with minimal resources in a topographical region, the
need to efficiently make use of energy is an urgent concern, particularly for government policymakers.
In fact, an energy efficiency roadmap and a National Energy Efficiency and Conversation Program
(NEECP) vision were crafted in 2009 to promote a more energy-efficiency country across all sectors,
including the industry, transportation, commercial, and residential. Recognizing that both residential
and industrial sectors of the country significantly contributes to the increase of the overall energy
consumption, it is only imperative to regulate the use of energy in such sectors [20]. As an illustration
of the proposed theoretical framework on TAM and empirical testing of a technology that aims to
wirelessly measure and transmit real-time electricity consumption data of individual and aggregated
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electricity loads, a case study was conducted at an academic institution located in Davao City, a huge
city in the far south of the Philippines. This institution houses pre-school to junior high school programs
with rooms ventilated by air-conditioning units for approximately eight hours every school day.

3.2. Research Participants

A total of 94 respondents (n = 94) were included in this study (5 members of the board,
2 administrators, 6 non-teaching staff, 10 teaching staffs, 41 students, 30 parents). As decision-makers
of the academic institution under study, these respondents are deemed appropriate to evaluate the
proposed EECMS device introduced for energy efficiency, given that they too can influence the eventual
implementation of the technology should it be found sufficiently favorable.

3.3. Instruments

Two primary instruments are used in this work with the purpose (1) to develop the proposed
EECMS device prototype and (2) to assess the user acceptability of the device in the context of an
academic institution. First, it involves the use of sensors, current transformers, clamp ammeter, and
a database to serve as storage of electrical readings obtained during each run. The next instrument
is a 5-point survey questionnaire which aims to assess the user acceptance of the proposed EECMS
device following the extended TAM approach [35,63]. Here, the demographics of the subjects and their
evaluations in terms of technology acceptability were gathered.

3.4. Design

The proposed EECMS device is developed with aims to measure and transmit real-time electrical
consumption data in the academic institution with the use of sensors. The checking for the precision
and accuracy of the proposed EECMS device is done through a series of pilot runs and re-calibrations
on the installation of the sensors, transformers, and clamp ammeter. A detailed procedure of setting
up the proposed EECMS device is as follows:

(1) The sensor was clipped on either side of the live wire of an extension cord or directly on the
supply side of the circuit breaker panel to avoid cancellation of current that would result in a
zero measurement.

(2) The collection of data for the individual load was done for at least 30 min or until a pattern of
load measurement was observed. A commercial clamp ammeter was also clipped on one side
of the live wire to get an independent measure of the current flowing in the wire. Furthermore,
readings obtained from the commercial clamp ammeter shall be compared to that of the proposed
EECMS device for revalidation purposes. In testing the precision of the proposed EECMS device,
only the measured current was considered since the clamp ammeter can only display current and
not power consumption.

(3) To check the accuracy of the proposed EECMS device, the sensor was clipped on one wire of the
supply side of the panel. Taking note of the time it was clipped, an initial reading of the electric
meter was made and recorded. Another reading obtained after two hours was noted to get the
total kilowatt-hour consumption. These readings are then compared to the reading results taken
from the electric meter and the output generated by the EECMS to check whether discrepancies
of output were evident.

(4) The proposed EECMS device was installed for approximately two weeks, while the reading of
the electric meter was done every morning to test the accuracy of the device output. Note that the
device was tested using different electrical loads with the following duration of each load type
(see Table 3).
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Table 3. The total testing time for each electrical load.

Load Description EMS Device Clamp Ammeter

Appliances 360 min per appliance 6 min per appliance
Circuit breaker A 960 min per circuit breaker 6 min per circuit breaker
Circuit breaker B 960 min per circuit breaker 6 min per circuit breaker
Circuit breaker C 600 min per circuit breaker 6 min per circuit breaker

Main circuit breaker 4320 min 6 min per circuit breaker

Once the proposed EECMS device was established and is ready for use, it was then deployed
in the academic institution. The proposed EECMS device was left to run for a week in the academic
institution while the subjects were instructed to function as they usually would. Then, the survey
questionnaire was handed over the subjects to accomplish through an electronic survey form.

Results from the survey questionnaire deployed were run through partial least squares (PLS)
structural equation modeling (SEM) analyses to further evaluate the interrelationships among constructs
pertaining the user acceptability of the proposed device. PLS-SEM is deemed suitable for use in this
work since the goal is directed toward distinguishing the interrelationships among extended TAM
constructs concerning technology adoption. Correspondingly, PLS path modeling can be able to
generate reliable results given the small sample size as compared to a complex model [94,95].

The study utilized Cronbach’s alpha to test the internal consistency of the scale. According
to [96,97], a coefficient scale above 0.70 presents a valid measurement of the construct. The composite
reliability test was also performed with a threshold value of 0.60 [98]; then, the average variance
extracted was also calculated with a cut-off value of 0.50 [97]. The last two tests indicate the convergent
and discriminant validity of the data. The factor analysis testing with a minimum value of over 0.50 [99]
indicates which of the predictor variable items have the most substantial influence in the overall factors
of the model. The model was assessed using three criteria: (1) path coefficients (β), (2) path significant
(p-value), and (3) variance explain (R2). The validation of the structural model was achieved using
SmartPLS 3.2.4 The design model follows the guidelines provided in the SmartPLS Manual [100].

In testing of the hypotheses, a t-statistic of greater than 1.96 and a p-value of less than 0.01 were
used to determine acceptance or rejection. Furthermore, a 95% confidence interval was adopted for all
tests. The equivalent qualitative and quantitative scoring shows the interpretation of the acceptability
of the indicators of each construct.

4. Results and Discussion

This section presents the key results obtained from the empirical case study conducted in an
academic institution with the following general focus: first, to measure and transmit real-time
electricity consumption data using sensors through a proposed EECMS device, second, to assess the
user acceptability of the technology using the extended TAM approach, and lastly, to evaluate the
interrelationships among constructs in the user acceptability extended TAM approach.

4.1. The Proposed EECMS Device

In the development of the proposed EECMS device, the following technical requirements and
functionality are established to ensure that the technology performs as desired. Note that the proposed
EECMS device is designed to be a low cost, user-friendly electrical energy consumption monitoring
system composed of hardware and software which can measure, transmit, record, and store real-time
electricity consumption via the internet using Google spreadsheet as its data backend. The device
also utilizes a non-invasive current transformer and microcontroller to automate the measurement
and collection of individual and aggregate electricity consumption up to a maximum current rating
of 100A.

Hardware. Shown in Table 4 is the summary of the system’s hardware components and its
corresponding specifications. While there are some current transformer (CT) sensors available in the
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market, most of the sensors require tedious invasive and semi-invasive installation. To overcome these
drawbacks, the proposed EECMS device uses an SCT 013 000 current transformer that can accurately
measure electric current up to a maximum of 100A by merely clipping it directly on the insulated wire.
Moreover, the sensor is also compatible with particle photon microcontroller used to automate the
collection and transmission of electric current data measured by the sensor. The Particle Photon is
built-in with a powerful STM32 ARM Cortex M3 microcontroller and a Broadcom BCM43362 Wi-Fi
chip for fast and convenient connection to the internet. It has an available 18 mixed GPIO pins and
a web-based IDE that resembles Arduino IDE to provide easy interfacing of hardware and software
components. The photon is primarily designed for use in conjunction with the Internet of Things
(IoT) and has free access to Particle Cloud for designing and creating connected devices, including
over-the-air firmware updates, an easily operated REST API, and firmware development using the
web and local IDEs.

Table 4. The proposed EECMS device’s hardware components and its specifications.

Components Specifications

Laptop Computer

Operating System: Mac OS Sierra version 10.6.12 or later
Processor: 1.6 GHz intel core i5
Memory: 4GB, 1600 Mhz
Hard Drive: 250 GB
Networking Hardware: 10/100/1000 Ethernet adapter

Smartphone

Platform: IOS
1.3GHz dual-core Apple A7 (64-bit ARMv8) processor, 1GB of RAM.
Platform: Android 5.1
RAM. 1.5GB.

Photon particle microcontroller

Particle PØ Wi-Fi module
Broadcom BCM43362 Wi-Fi chip
802.11b/g/n Wi-Fi
STM32F205RGY6 120Mhz ARM Cortex M3
1MB flash, 128KB RAM
On-board RGB status LED (ext. drive provided)
18 Mixed-signal GPIO and advanced peripherals

SCT 013 000 current sensor

Input Current: 0~100A AC
Output Mode: 0~50mA
Non-linearity: ±3%
Turn Ratio: 100A:0.05A
Resistance Grade: Grade B
Work Temperature: −25 ◦C–+70 ◦C

Extension cord #12 Stranded copper wire
3-gang outlet

WI-FI Globe/Smart Broadband
Mobile data hotspot

In terms of hardware design, the proposed EECMS devices use a fritzing software application
(see Figure 1) with a current transformer sensor connected to the board through an audio jack. An
additional external 2 to 47 ohms burden resistor connected in parallel is further utilized to provide
a voltage proportional to the secondary current and ensure that current transformer core saturation
is prevented.
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Figure 1. Schematic diagram of the proposed EECMS device using fritzing software.

Software. In the development of the system application, particle web browser-based integrated
development environment (IDE) is used to build and flash (i.e., done using the universal serial bus
(USB) or over the air (OTA) through Wi-Fi) the source code to the photon microcontroller. A particle
web app is an open-source mobile application used to publish the sensor data. The collected sensor
data are stored in the cloud and accessed through Google sheet, particle web, and particle mobile
application. Note that the operating system is Mac OS Sierra and iOS version 10.

The functionality of the proposed EECMS device. The proposed EECMS device is supported
by non-functional requirements (also known as quality requirements), which impose constraints on
the design or implementation such as performance requirements, precision, and accuracy. In Table 5,
the results of computed descriptive statistics and confidence intervals on the measured load current of
the different electrical equipment (i.e., using EECMS and using clamp ammeter) are detailed. Here, it
shows that the confidence interval (CI) of the proposed EECMS device is within the range of clamp
ammeter values, thereby indicating statistically non-significant results. As such, data collected using
the proposed EECMS device are found to be accurate and precise, as evidenced by non-significant
differences across the electrical loads used.

Table 5. Descriptive statistical representation of the electric current measured using the proposed
EECMS device and commercial clamp ammeter (note: the sensor is connected to the extension cord).

Load Source

Load Current Measured Using EECMS
(Amperes)

Load Current Measured Using Clamp
Ammeter (Amperes)

Interpretation

Mean (
¯
x)

Std. Dev
(σ)

Confidence
Interval (CI) Mean (

¯
x)

Std. Dev.
(σ)

Confidence
Interval (CI)

Lower Upper Lower Upper

1. Appliance A 0.160 0.002 0.164 0.165 0.160 0.009 0.153 0.167 Not significant
2. Appliance B 0.426 0.522 0.394 0.458 0.420 0.468 0.339 0.501 Not significant
3. Appliance C 0.494 0.017 0.486 0.501 0.486 0.005 0.483 0.490 Not significant
4. Appliance D 0.364 0.011 0.361 0.367 0.346 0.012 0.340 0.352 Not significant
5. Appliance E 0.294 0.005 0.293 0.296 0.285 0.007 0.281 0.288 Not significant

As for Table 6, the detailed descriptive statistical results and the confidence interval values of
the load current using both the proposed EECMS device and commercial clamp ammeter with the
sensor directly connected to the circuit breaker panel board are shown. Note that the confidence
interval of the proposed EECMS device and clamp ammeter shows an overlapping of values suggesting
non-significance of data points. In other words, the collected data proved to be accurate and precise.
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Table 6. A descriptive statistical representation of the electric current using the proposed EECMS
device and commercial clamp ammeter (note: the sensor is connected directly to the supply side of the
circuit breaker in the primary circuit panel).

Load Description

Load Current in Amperes Measured
Using Eecms

Load Current in Amperes Measured
Using Clamp Ammeter

Interpretation

M (
¯
x) SD (σ)

Confidence
Interval (CI) M (

¯
x) SD (σ)

Confidence
Interval (CI)

Lower Upper Lower Upper

1. CB1 (LO 2) 0.258 0.423 0.189 0.326 0.257 0.005 0.255 0.260 Not significant
2. CB 2 (LO 3) 0.701 0.222 0.658 0.745 0.700 0.008 0.694 0.706 Not significant
3. CB 3 (LO 4) 0.866 0.974 0.611 1.121 0.863 0.006 0.855 0.870 Not significant
4. CB 4 (LO & CO) 0.526 1.054 0.486 0.566 0.526 0.005 0.520 0.532 Not significant
5. CB 5 (ACU) 8.189 11.95 7.587 8.792 8.181 0.026 8.134 8.227 Not significant
6. CB 6 (LO & CO) 1.099 1.255 1.023 1.176 1.091 0.070 0.944 1.238 Not significant
7. CB 7 (ACU) 4.090 7.289 3.841 4.340 4.091 0.030 4.019 4.163 Not significant

Note: Circuit breaker (CB), Lighting outlet (LO), Convenience outlet (CO), Air conditioning unit (ACU).

4.2. User Acceptance on The Proposed EECMS Device

The proposed EECMS device is assessed in terms of user acceptance following the extended
TAM which incorporates both internal, i.e., perceived ease of use (PEU), perceived usefulness (PU),
behavior intention (BI), and external variables, i.e., economic benefits (EB), social contribution (SC),
environmental responsibility (ER), and innovativeness (IN). The succeeding sections present in detail
the perceptions of the subjects on the device according to each variable and its measurement instrument.

Perceived Ease of Use (PEU)

The user’s perception in terms of the perceived ease of use of the proposed EECMS device is
presented. The subjects agree and accept with a slight reservation that the installation of the system
will not require much time and effort to accomplish (x = 4.083), and learning how to use the proposed
EECMS device is effortless and straightforward (x = 4.021). Furthermore, they firmly believe that
acquiring skills in using the proposed EECMS device will be relatively easy (x = 4.223). However, the
subjects have a neutral perception concerning the clarity of the generated report from the proposed
EECMS device (x = 3.394); as such, difficulty in interpreting some of the reports is often evident. The
results suggest that users accept products that are perceived to be less complicated and easier to use,
that is, consistent with the interpretation of [63] on the tendency of users to choose and use products
that are free from complexity and trouble.

Perceived Usefulness (PU)

For the perceived usefulness (PU) construct, users strongly agree and ultimately accept that the
proposed EECMS device allows online monitoring of real-time power consumption (x = 4.234) and is
a useful tool to understand the need for electricity consumption (x = 4.404). Also, the subjects affirm
that the proposed EECMS device is useful in setting power usage goals as it can report the appliance
consumption while monitoring its individual and aggregated load. According to [63], perceived
usefulness is the individual’s belief that utilizing a new technique or technology will enhance the
person’s performance or routine responsibility.

Behavior Intention (BI)

On the user’s perception of the intention to use the proposed EECMS device, the results suggest that
users are very much willing to purchase (x = 4.383) and recommend the device to others (x = 4.372).
Furthermore, they also anticipate added probable features of the device as a supplement to its primary
function (x = 4.351).
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Economic Benefits (EB)

The subjects agreed and accepted; however, with a slight reservation, that using the proposed
EECMS device will benefit the academic institution economically (x = 3.809). They further affirmed
with the proposed EECMS device the economic value that they seek (x = 3.683). The result implies
that using the EECMS would help manage electricity consumption, which will, later on, translate to a
reduction in electricity bills. Furthermore, [35] stated that economic benefits have a significant effect
on the motivation to conserve energy hence reducing electricity consumption [23].

Social Contribution (SC)

Similar to EB, the subjects agreed and accepted with a slight reservation that spreading the use
of the proposed EECMS device will lower social cost through the reduction of unnecessary power
consumption and power generation charge (x = 4.05). Furthermore, the subjects also attested that
there should be a widespread utilization of EECMS through the formation of an economic market
(x = 3.745) as well as continuous research for the improvement of the device (x = 3.702). In other
words, the subjects favorably accept and agree that the device has a useful contribution to society.
Such results are consistent with that of [23,35], which showed that products and companies with high
social contributions could consciously change the perception of the user towards the acceptance of
the product.

Environmental Responsibility (ER)

In this construct, the subjects agreed and accepted with a slight reservation that the proposed
EECMS device can promote eco-friendly energy (x = 3.436), aid in the reduction of carbon dioxide
emissions (x = 3.543), and has a positive impact on global warming (x = 3.649). These results illustrate
that the device’s acceptance of users is perceived to alleviate environmental problems. In this light,
environmentally responsible consumers tend to conserve energy, thereby opting to choose products
that perceived to be clean and green [17,23,35].

Innovativeness (IN)

The subjects mostly showed a preference for the latest technology (x = 3.840) and expected to be
the first to acquire new devices available in the market (x = 3.819). Similarly, subjects also desire to
obtain up-to-date information on new technology (x = 3.862) and correspondingly see improvement
in their life and work through the use of such technology (x = 4.362). Generally, the results indicate
that users tend to accept products that are more innovative; thus, they tend to be more active in finding
information, exploring new ideas, and accepting technology.

4.3. Interrelationships Among User Acceptability Extended TAM Constructs

This section presents two major results on the examination of the interrelationships among user
acceptability in the context of extended TAM. Specifically, the structural model is presented, and
analyses on the formulated hypotheses are detailed. The general structural model is utilized to simplify
the interpretation and examination of the hypotheses and the bivariate relationship between the
construct included in the model. As shown in Figure 2, the structural model displays the computed
values of the path coefficient and the coefficient of determination

(
r2
)
. Recall that [101] emphasized that

path coefficient value determines the direct effect of a variable on another variable, and the coefficient
of determination indicates the amount of variance in the construct from the path mode. All the paths
showed the positive effect with the most substantial relationship between innovativeness and perceived
ease of use (path weight = 0.654), while the weakest is from economic benefits to perceived usefulness
(path weight = 0.048). Furthermore, the fit of the research model can be determined by r2, which is
the explanatory power of the model to use the technology. The r2 of behavioral intention to use is 0.622,
which represents a stable structural model and indicates a substantial strength or effect.
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Moreover, it is evident in the structural model that perceived usefulness (path coe f f icient = 0.564)
of the device has a more significant impact on the intention of using the proposed EECMS device
compared to its perceived ease of use.

As emphasized by [102], a structural model is used to capture the linear regression effects of the
endogenous construct upon one another, and it can specify the pattern of the relationships among
the constructs at the same time [103]. In fact, this model has become an evolving area of interest to
scholars due to its ability to perform direct testing of the theory concerned [104]. Recall that seven
hypotheses are formulated in this paper; such hypotheses are to be confirmed via the presence of
statistically significant relationships. Table 7 shows a summary of the hypotheses testing results.

Table 7. Test results of hypotheses formulated.

Hypothesized Path t-Value p-Value Result of Hypotheses

H1: economic benefits→ perceived usefulness 0.554 0.580 Not Supported
H2: environmental responsibility→ perceived usefulness 7.546 0.000 Supported
H3: social contribution→ perceived usefulness 3.794 0.000 Supported
H4: innovativeness→ perceive ease of use 19.057 0.000 Supported
H5: perceived ease of use→ perceived usefulness 2.841 0.005 Supported
H6: perceived ease of use→ behavioral intention 4.468 0.000 Supported
H7: perceived usefulness→ behavior intention 8.695 0.000 Supported

The first hypothesis posits that there is a positive relationship between economic benefits (EB) and
perceived usefulness (PU); however, this hypothesis is not statistically supported (t-statistic = 0.544;
p-value < 0.01). Surprisingly, this result is in contrast with [35]’s investigation, which revealed
that economic benefit is the most significant predictor of the user’s acceptance of the system after
usefulness. Looking closely, the demographics of the subjects (i.e., 44% are grade school and high
school students) implies that economic benefits derived from the use of the proposed EECMS device
does not significantly motivate the intention of the subjects to use the device eventually. While in
other applications such as services geared towards sustainability practices [26,79] and agricultural
advances [82], where there appears to be a significant relationship between economic benefits and
perceived usefulness, a complete contrast is found in this work in the context of adopting an energy
consumption-based technology. This can be traced back to the prior relatively reserved perception
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of users that using the proposed EECMS device will benefit the academic institution economically.
Although energy consumption can be managed, the proposed EECMS device does not further suggest
how users can arrive at an economical way of utilizing energy. Furthermore, an academic institution,
as in the case presented, does not primarily aim to generate economic benefits from the adoption of a
technology whose initial intention and design are to merely monitor and control the use of energy in
real-time. Nevertheless, perceived usefulness is found to have a significant relationship with the two
other sustainability constructs on the environmental aspect and social contribution.

Both Hypothesis 2 and Hypothesis 3 are supported with t-statistic = 7.54; p-value < 0.01, and
t-statistic = 3.794; p-value < 0.01 for environmental responsibility (ER) and social contribution’ (SC)
relationship to perceived usefulness (PU), respectively. This outcome suggests that the recognition
of social contribution combined with environmental responsibility increases the usefulness of the
proposed EECMS device. Previous studies claimed that consumers who desire a clean and healthy
environment prefer eco-friendly technology, which, in turn, they perceive as useful [35]. Similarly, [105]
interpreted that consumers’ actual purchasing behavior is pursued by social contributions.

As for Hypothesis 4, which predicted that innovativeness (IN) has a positive effect on perceived
ease of use (PEU) of the proposed EECMS device, this hypothesis is supported (t-statistic = 19.057;
p-value < 0.01) indicating that innovative products such as the proposed EECMS device are considered
to be convenient and straightforward to use. In other words, users prefer the latest technology products
that bring improvement in life or work. Furthermore, users tend to accept new technology that is easy
to handle and maintained [35,106]. Such results come in parallel with the concept introduced by [88],
which focused on the role of innovativeness as an intrinsic factor that influences the eventual utility of
a system.

Hypothesis 5, representing the relationship between perceived ease of use (PEU) on perceived
usefulness (PU), is supported (t-statistic = 2.841; p-value < 0.01). As such, when users believe that
the proposed EECMS device is easy to use, then they consider it useful. This result is consistent with
that of [32,34,63]. Notably, in the case of using an e-government system [89] perceived ease of use and
perceived usefulness is also deemed to have a positive, a strong relationship such that its continued
use even after its initial implementation is further accepted and patronized by users due to its ease of
use and usefulness in terms of record-keeping and other governance functions. Specifically, subjects of
the case environment believed that the use of the proposed EECMS device does not require much time
and effort to operate and that the process of learning how the device works are rather effortless and
straightforward. The same contention can be directed toward the users’ perceived usefulness of the
proposed EECMS device in terms of monitoring the energy consumption of the academic institution.
Here, users assert that they can further use the device in setting achievable goals on power usage,
thereby alerting users when energy consumption becomes unusually high.

Lastly, Hypothesis 6 and 7 are also supported, of which relationships presume that both perceived
ease of use (PEU) (t-statistic = 4.468; p-value < 0.01) and perceived usefulness (PU) (t-statistic =

8.695; p-value < 0.01) positively affect behavior intention (BI) of using the proposed EECMS device.
These results further suggest that users are motivated to use the system when it is perceived to be
useful and easy to use. In support, [35] found that the higher the individual perceived ease of use is,
the more favorable will the effect of selecting and using the product be. Furthermore, such results
confirm the argument set forth by [23] that perceived usefulness dramatically affects users’ intention
to use the technology. Note that also in related contexts such as mobile environment knowledge
management [93], both perceived usefulness and perceived ease of use have shown a positive impact
on behavior intention. It is when users find that the proposed EECMS device aids in monitoring the
energy consumption in the academic institution that they perceive it to be useful and easy to use at the
same time. Since the case environment is an academic institution, it is imperative for users to prioritize
both the ease of use and usefulness of a device to promote a high likelihood of continued use for energy
consumption monitoring.
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5. Managerial Implications

From a managerial perspective, this study can provide an empirical illustration and evidence
about the probable technology adoption of a proposed EECMS device. Developing an EECMS device
to monitor and control the use of energy in real-time becomes an increasingly significant endeavor,
particularly in the case of an academic institution in the Philippines where resources are considerably
limited at the outset. With this work, the influencing role of economic benefits, social contribution,
environmental sustainability, and innovativeness revealed that these factors are critical to the eventual
implementation of such a technology, except for economic benefits. Among these factors, users are
more drawn to adopt and appreciate the perceived usefulness of a technology provided that significant
manifestations on the social, environmental, and innovativeness aspects are immediately apparent.
Therefore, technology-based devices introduced to academic institutions are suggested to deliver the
key takeaways in several forms, such as having no detrimental effects on the environment, reduction
of unnecessary power consumption that is socially responsible, and elimination of technological
complexity. In short, focusing on such features of an EECMS should be highly considered to ensure
continuity, if not an increased manner of use of the technology. Considering that the key factors to
improve perceived usefulness of proposed technology adoption are clearly identified, more interests
should be expended by technology providers to anticipate a favorable adoption of technology.

Drawing from the given case condition that the users of the proposed technology are practically
from the academic environment, it is imperative to note based on the results of this study that the
perception toward the usefulness of the technology mainly inclines to the previous key constructs other
than economic benefits. One particular advantage of monitoring and controlling energy consumption
for the case academic institution lies in its efficiency of use rather than purposively reducing energy
consumption. Such premise provides the grounds for users to give less concern to the economic
benefits that technology can provide when used. Thus, it is useful for the technology providers to
be aware that the system should be designed to work according to the goal of optimizing energy
consumption, not so much so on the capability of the technology to reduce consumption. As such,
the perceived usefulness of the technology is enhanced as the efficiency of the technology becomes
increasingly evident.

In the context of the perceived ease of use of the technology, the results of this study revealed a
significant impact it directs to the perceived usefulness and behavioral intention of the users. Following
these results, as users are more able to understand the technology and how it practically works,
the probability of eventual adoption based on its usefulness and the intention of the users becomes
rather high. Therefore, technology developers should ascertain that the technology not only serves its
purpose of monitoring and controlling energy consumption but also deems it easy to use and operate
concerning the users’ perspectives.

Finally, it is important to note that the potential adoption of a technology depends on the contextual
description of an organization. In the case of this study, an academic institution’s mission hinges
primarily on the efficient use of energy, thereby creating a sort of anticipation for a technology that can
well serve the organization’s goal. By efficiency of energy consumption comes the user’s perception
of the technology’s environmental, social, and innovative aspects while maintaining ease of use and
usefulness. Little to no concern for the economic benefits (e.g., cost reduction) the technology can
provide is taken into account as academic institutions are generally directed toward achieving efficient
operations rather than economic ones.

6. Conclusions and Future Directions

The need to manage energy consumption, particularly in academic institutions, has become an
urgent concern for policymakers to simultaneously optimize energy efficiency and maintain satisfaction
among users. Such effort on energy optimization is addressed by introducing technology-based devices
that can support the monitoring and control of energy consumption or by investigating the factors that
influence the adoption and acceptance of technology-based devices. While such measures provide
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interestingly significant insights to the policymakers on energy optimization, no study in the literature
has looked into the opportunity of combining the two methods despite the potential collective benefit
it can provide in terms of technology development and user acceptance as a whole. This paper bridges
the research gap on introducing a novel energy control and monitoring system device and assessing its
user acceptance based on the need of the users in an academic institution in the Philippines.

Generally, the introduction of an EECMS device can perform as desired, particularly on the
real-time monitoring of energy consumption. Furthermore, it has shown favorable perceptions of users
in various constructs on perceived ease of use, perceived usefulness, behavior intention, economic
benefits, social contribution, environmental responsibility, and innovativeness. It should be noted that
while the proposed EECMS device has garnered favor among its users, policymakers delegated to
promulgate technology adoption procedures in the cases environment are further encouraged to fully
develop the device and ensure its full functionality over time. Similar to other forms of technology,
this device may also have to undergo the normal lifecycle, which demands the utmost attention for
this device to sustain popularity. Note that the results obtained from the case of this paper solely
reflect that of the given environment; hence, a similar set of results may not be apparent to the general
academic setting in the country. For instance, the interrelationships among user acceptability on the
extended TAM constructs may be supported (i.e., economic benefits to perceived usefulness) in other
cases where the perceived usefulness of technology is highly predicted by the economic benefits gained
by the users who are mainly into commercialization efforts.

Furthermore, this study also takes note of the limitations of the research approach particularly
on the instrument used and the design. For one, the survey questionnaire involved a 5-point scale
in assessing the user acceptance of the proposed EECMS device, which follows the extended TAM
approach. Limiting the subjective perception of users to numerical scales inhibits the judgment of the
research subjects on the constructs considered. As a future direction, the use of linguistic scales as in
fuzzy set theory can be engaged to comprehensively capture the judgment of the respondents. For
another, the proposed EECMS device was initially run for approximately two weeks to monitor and
control energy consumption. To ensure that no biases and irregularities relating to the environmental
conditions (e.g., humidity due to time of the year) are found in the readings, it is suggested to take the
energy consumption reading beyond two weeks ideally capturing a different environmental condition
that may affect the heating/cooling mechanism of the appliances.
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