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Abstract: Climate change affects agriculture, the water supply, health, and the sustainability of
the environment, and is largely due to greenhouse gases produced by human activities and power
production. In order to reduce greenhouse gas emissions, the usage of renewable green energy must
be promoted. The International Energy Agency showed that renewables have surpassed coal as the
largest source of installed power capacity; half a million solar panels are installed every day around
the world. The Taiwanese government has planned to block its fourth nuclear power plant, and is
closing Taiwan’s three operating nuclear power plants since solar energy is the best way to solve
power shortages. This study defined a solar-energy building as a Building-Attached Photovoltaic
(BAPV) system in which the solar modules can be attached to and detached from the building
without any structural damage; then, we proposed the Technology Acceptance Model (TAM) to
forecast and explain public acceptance of BAPV. Last, we explored consumers’ intentions to use the
BAPV systems and their purchasing behavior. The analytical results are fairly consistent with the
proposed hypotheses. We find that when perceived ease of use (PEOU) is the antecedent of perceived
usefulness (PU) and attitude toward using (AT), the model fit shows a positive influence. However,
when PEOU directly affects AT, it shows a negative influence. These two opposing results show
that consumers lack an awareness of PEOU. In order to get a positive AT, PEOU and PU have to be
synergized. Further, the PEOU also has a negative influence on the antecedent of AT, but positively
affects purchasing behavior.

Keywords: green energy; green awareness; technology acceptance model; purchasing behavior

1. Introduction

With its protective atmosphere, the Earth is able to sustain and nurture life. Yet, the burning
of fossil fuels by humans has caused the Earth’s surface temperature to rise, worsening the already
irreversible effects of global warming. As the planet gets warmer, the ice caps of both poles are
melting rapidly, discharging large volumes of water into the oceans. This has led to the rising of
the sea level, causing massive disruptions and destructions to coastal residents [1,2]. The reduction
in livable land areas creates many climate refugees among the coastal residents [3,4], forcing them
to relocate from their place of residence, temporarily or permanently. Scholars looking into climate
governance have indicated that the Asia Pacific region may suffer a stronger effect from climate
change due to its geographical environment and population distribution [5,6]. Based on these reports,
the possibility of becoming climate refugees is higher in Asia than in any other region, and since
Taiwan is an island surrounded by water, it is much more vulnerable to the threat. As more people
are made aware of the devastation caused by climate change and the extent of resource scarcity,
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environmental issues and crises have gained massive international attention. Together with the topic
of sustainable development, environmental awareness is spreading fast and wide. Countries all over
the world are trying to strike a balance between economic and sustainable development. The green
revolution is sweeping across the globe, and has become an important initiative in the 21st century.
Governments try to adhere to the 3R principles (Reduce, Reuse and Recycle) to improve resource
utilization and maximize resource efficiency. Moreover, governments also seek to adapt their policies
to ensure sustainable development for their national economy [7]. As a country heavily dependent
on its manufacturing industry, Taiwan has long been relying on thermal power as its main source of
electricity. This reliance on thermal power has led to the rising greenhouse gas emissions, as coal-fired
power generation remains the cheapest and easiest power source. According to the statistical data
from the Environmental Protection Administration of Taiwan, the total greenhouse gas emissions
for 2014 was 284.51 million tons. Direct emission by the Taiwan Power Company was found to be as
high as 37.36%, making it the largest emission sector in Taiwan [8]. Thus, in order to slow the rate of
global warming, it is imperative to change the method of power generation. Taiwan needs to find
new means of power generation, as the use of coal, oil, or natural gases produces prodigious amounts
of methane, carbon dioxide, and other waste gases. Meanwhile, hydropower generation will cause
ecological damage to the biological habitat of the upper reservoir areas. Furthermore, hydropower
generation is also subjected to the seasonality of rainfall. Maintaining steady power generation is
paramount. Another possible source of renewable energy in Taiwan is wind power. Wind turbines
require unobstructed access to strong winds, which is something quite that is difficult to find in a
small island such as Taiwan. Also, those huge rotating blades could cause damage to the nearby
areas, posing a huge noise hazard and harming flying animals. In addition, its generation capacity
is relatively smaller than other power sources, and thus cannot be used as a base load power source.
Since 1978, the Taiwanese government has been constructing nuclear power plants to meet the demand
for electricity. Nevertheless, residents located in the vicinities of these nuclear power plants have had
to live with the daily threat of radiations. The classic ‘not in my backyard’ theory [9–11] showed that a
dilemma remains. If there is any radiation leakage or other unwanted incidents within these nuclear
power plants, their devastating effects will be felt for many generations to come. In view of the fear and
expectation of the public, the government has amended the policy of electricity generation, and forced
the suspension of the fourth nuclear power plant in July 2015. The government has also agreed
to decommission all of the nuclear power plants and become totally nuclear-free by the year 2025.
Without these nuclear power plants, the existing power generation will not be able to meet the demand,
and will result in a higher electricity price. Thus, if the government were to ensure an sufficient power
supply, the government must develop policies and/or subsidies to encourage the public to invest in
renewable energy.

The International Energy Agency (IEA) defines renewable energy as being “derived from natural
processes that are replenished constantly. In its various forms, it derives directly or indirectly from
the sun, or from heat generated deep within the Earth. Included in the definition is energy generated
from solar, wind, biomass, geothermal, hydropower, and ocean resources, and biofuels and hydrogen
derived from renewable resources” [12]. These resources are inexhaustible, do not produce any
contaminants, and do not require billions of years to be replenished, unlike fossil fuels. Nonetheless,
huge obstacles remain in the production of renewable energy, including high development costs
and a high technology threshold. These problems cannot be resolved within a short period of
time; thus, we need assistance from the government to help promote and support renewable energy
production. In 2012, the Bureau of Energy (BOE) of the Ministry of Economic Affairs (MOEA) has
established the promotion office of the “Million Rooftop Photovoltaic Program”. Other than fostering
a photovoltaic-friendly environment in Taiwan, the program promotion office aimed to actively assist
local governments and industries in achieving a PV installed capacity of 6200 MW by 2030 [13].
Based on the Regulations on the Management of Renewable Energy Power Generation Equipment,
the photovoltaic (PV) power system is defined as power generation equipment that uses solar cells to
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convert solar energy [14]. From the degree of solar-energy building integration, a photovoltaic power
system can be categorized as either Building-Integrated Photovoltaic (BIPV) or Building-Attached
Photovoltaic (BAPV), which have been increasing the demand for green power [15]. This study
defined a solar-energy building as a BAPV system in which the solar modules can be attached to and
detached from the building without any structural damage. The BAPV that is referenced here is most
commonly recognized as the solar panels placed on building roofs. Davis [16] proposed the Technology
Acceptance Model (TAM) to forecast and explain public acceptance of new information technology.
This model has since been adopted by many researchers, as it can be used in many industrial categories,
and can be combined with various theories and research methods. Many empirical case studies have
used this theory to extend their argument and research. However, few studies have applied this theory
to the usage of renewable power in Taiwan. In this study, other than the traditional TAM dimensions of
perceived usefulness (PU), perceived ease of use (PEOU), attitude toward using (AT), and purchasing
behavior, three external variables are included, namely perceived safety (PS), electricity price trend,
and green awareness, to explore consumers’ intention of using the BAPV system. In order to halt the
speed of global warming and satisfy the demand for electricity, there is an urgency to improve the
installation rate of the photovoltaic power system. So far, the government has initiated the ‘Million
Rooftop PVs’ program so as to provide subsidies and guidance to help residents install solar cells in
their homes. With this program, the government hopes to raise the installation rate of the BAPV system
equipment in the country. Since these residents are crucial for the successful of this program, this study
decided to adopt the TAM model in order to investigate the acceptance and purchasing behavior
of these residents. The main dimensions of the TAM model [16] were adapted from the Attitude
model and the Theory of Reasoned Action (TRA) model [17]. The TAM model utilized the subjectively
perceived usefulness (PU) and perceived ease of use (PEOU) to analyze consumer intention and
predicted purchasing behavior. Other researchers further expanded this model or combined it with
other theories to explore diverse issues. Due to the difference in references, data collection methods,
and theoretical backgrounds, each research draws their own assumption and conclusions. The main
theoretical framework of this study is the TAM model, with new external variables, namely consumers’
perceived safety (PS) of the BAPV system, electricity price trend, attitude toward using (AT) the
solar generation equipment, and consumers’ green awareness. Lastly, this study will explore the
consumers’ intention to use the BAPV systems and their purchasing behavior. In summary, this study
will investigate the following:

� Consumers’ perceived usefulness (PU), perceived ease of use (PEOU), and perceived safety (PS)
of the BAPV systems.

� Whether consumers’ perceived usefulness (PU), perceived ease of use (PEOU), and perceived
safety (PS) of the BAPV system will positively affect their attitude toward using (AT) and
purchasing behavior.

� Whether external variables, such as electricity price trends and consumers’ green awareness,
will positively affect consumers’ attitude toward using (AT) and purchasing behavior.

� Whether consumers’ attitude toward using (AT) will directly affect their purchasing behavior.

2. Hypothesis Developments and Research Model

This study referenced the original structure of the TAM to explore consumers’ perceptions
regarding the BAPV. The study included three new external variables as latent variables to analyze the
modified model. Thus, the model proposed by this study aims to find out: (1) the effects of the TAM
model, with consumers’ green awareness as the mediator and perceived safety (PS) as the moderator;
(2) the effects on the new model, with the electricity price trend as the latent variable.
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2.1. Grid-Connected Photovoltaic Power System

A photovoltaic system, which is also called a PV system or solar power system, is used to supply
usable solar power. The system consists of photovoltaic modules, one DC/AC inverter, a charge
controller, and a lithium-ion battery. Standardized at six inches of polysilicon, each solar cell is able to
generate 6.5A to 8.5A of galvanic current output. When the current has been generated continuously
for an hour, the panel capacity will be between 0.72–0.94 kWh. After the power regulator converts the
DC current into AC current and feeds it into the power grid, consumers can use the generated current
together with the current provided by the utility companies. There are two types of photovoltaic power
system: building-integrated photovoltaic systems (BIPV) and building-attached photovoltaic systems
(BAPV). BIPV power systems consist of solar cells that are integrated into the building structures,
such as glass facade buildings. Conversely, most of the BAPV power systems are regular solar cells
that are installed on the rooftops of buildings. Furthermore, dismantling BAPV systems will not pose
any risk to the building. Thus, in the mind of consumers, BAPV systems are cheaper and easier to
install than BIPV systems, hence the motivation to use BAPV systems as the target of this study.

2.2. Technology Acceptance Model (TAM)

Davis [18] originally formulated the Technology Acceptance Model (TAM) in an attempt to
understand if people are willing to accept a new technology system, and why. The model is based on
the Theory of Reasoned Action (TRA) [17] and the Theory of Planned Behavior (TPB) [19].

TRA was first proposed by Fishbein and Ajzen, and was based on the theory of social
psychology [18]. The model assumes that the individual performs an action or make a decision
with their mind. Igbaria et al. [20] believed that people made the decision to take action rationally.
Besides that, it is used to predict how individuals will present themselves based on their pre-existing
attitudes and behavioral intentions. Therefore, the theory is widely used to investigate the relationship
between intentions and actual behavior. According to this framework [18], as shown in Figure 1,
both beliefs and evaluations affect Attitude toward behavior (AT) either positively or negatively.
Normative beliefs and motivation to comply affect subjective norms (SNs) positively or negatively.
The model predicts the actual behavior by behavior intention (BI), which consists of attitude toward
behavior (AT) and subjective norm (SN). In addition, the behavior intention (BI) is used to measure the
intentional strength of the individuals for particular actions. Attitude toward behavior (AT) means that
the individuals perform an objective behavior with either positive or negative feeling. Subjective norm
(SN) refers to the individuals’ feelings toward the public perception. Dulany [21,22] found that subject
of behavior is based on the cognitive effect of the interactive object regarding their knowledge, belief,
consciousness, and so on. In the TRA model, the higher the SN, the higher the AT, and vice versa.
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Figure 1. Theory of Reasoned Action (TRA).

TPB was proposed by Ajzen and based on the TRA [18,19,23,24]. The model, as shown in Figure 2,
was based on the TRA with an added dimension. Attitude toward behavior (AT) and subjective norm
(SN) are reused from the TRA model. Behavioral beliefs link the behavior of interest to expectations,
and then positively affect the AT. Further, the social interaction generates normative beliefs, and turns
to SN. In addition, Perceived Behavioral Control (PBC) was a new variable. The PBC model is defined
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as the degree of difficulty perceived by individuals as specific behavior [23]. It was a concept extending
behavior from rational control to irrational control. The autonomous control perception that was taken
from Social Cognitive Theory (SCT) will be affected by control beliefs, as they consist of cognitions of
opportunities, resources, difficulties, or barriers [25,26]. Synthesizing the above point of views, we can
conclude that the TPB model consists of behavioral action, the social environment, and self-efficacy.
The TPB model showed that the individual’s behavior intention (BI) is influenced by AT, SN, and
PBC. In addition, both behavioral control and behavioral intention directly affect the individual’s
actual behavior. From the theoretical evolution of the TRA model to the TPB model, we can see the
extension of simply investigating a specific behavior to exploring social interpersonal interaction,
before including the complex relationship between behavior intention and actual behavior.
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Figure 2. Theory of Planned Behavior (TPB).

The purpose of the TAM model is to predict and explain user acceptance of new information
or technology systems [16]. Due to its simple conceptual model, it was first used in information
systems (IS). We can utilize the TAM model to find out whether the public will accept a particular
new technology or not [27]. After that, many studies have developed extended models based on the
TAM model, such as the Unified Theory of Acceptance Use of Technology (UTAUT) [28]. The TAM
model replaces and merges the attitude measures and behavioral elements of the TRA model and the
TPB model. The core dimensions of the TAM model are perceived ease of use (PEOU) and perceived
usefulness (PU). Davis [16] defined PEOU as the degree to which a person believes that using a
particular system would be free from effort, and the PU as the degree to which a person believes
that using a particular system would enhance his or her job performance. This study postulates
that the perceived ease of use (PEOU) positively affects the PU, and both variables will positively
affect the AT. Besides, this study also posits that the external variables will affect the PEOU and PU.
Moreover, as shown in Figure 3, the AT will directly affect the BI, and the BI will affect the use of the
actual system.
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Davis (1989) adopted multiple regression models to expend on more complex analytical methods.
In the research background, the model was first used for Learning Management Systems [29] or
an educational e-Learning Management system [30]. In recent years, the model has been used to
explore people behaviors, new invention technology, and time-change thought. Chuah et al. [31]
extended the TAM model to wearable technologies, and identified usefulness as one of the drivers to
smartwatch adoption. In addition, Kardooni et al. [32] investigated the factors that influence renewable
energy technology acceptance in peninsular Malaysia, and attempted to show the impact of cost
and knowledge on the TAM model. Yet, some of the studies’ hypotheses were not proven, while
some of the dimensions or variables were improved in order to better suit the research subjects [33].
Results have shown that PEOU does not significantly affect BI and the actual system use at 50% and
36%, respectively. Thus, as shown in Figure 4, by eliminating high ratios of non-significant dimensions,
we propose the following hypothesis:

Hypothesis 1 (H1). Perceived ease of use (PEOU) positively affects perceived usefulness (PU).

Hypothesis 2 (H2). Perceived usefulness (PU) positively affects attitude toward using (AT).
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The BI means the individual’s anticipated or planned behavior in the future [34]. It represents an
individual’s expectations about a particular behavior in a given setting, and can predict the likelihood
of action [19]. Moreover, actual system use is defined as a form of external psychomotor response that is
quantified by individual users’ real actions [16]. Purchasing behavior is the decision processes and acts
of people related to buying products [35–37]. According to the above definitions, this study defined
the purchasing behavior as behavioral intention (BI) and actual system use. Therefore, intention is
determined by the person’s positive or negative attitudes toward the decision, it is expected that:

Hypothesis 3 (H3). Perceived ease of use (PEOU) positively affects purchasing behavior.

Hypothesis 4 (H4). Perceived ease of use (PEOU) positively affects attitude toward using (AT).
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Hypothesis 5 (H5). Attitude toward using (AT) positively affects purchasing behavior.

Legris et al. [20] explored several cases of TAM models, and found an important conclusion:
the most important variable of the external variables is system quality [38–40]. The system quality is
the preposition variable for the PU, and the PEOU and will positively affect these two variables [41].
Thus, it is conceivable that system quality will affects consumers’ evaluation of the usefulness and
ease of use of the BAPV equipment. In addition, numerous articles have pointed out that the system
quality is an important indicator for power equipment [42,43]. The operational definitions of the
system qualities are system integration, system flexibility, and system security [44,45]. Thus, the study
chooses one dimension of system qualities, system security, as it is most relevant with the consumer.
We named it perceived safety (PS). Therefore, we propose the following:

Hypothesis 6 (H6). Perceived safety (PS) moderates the relationship between perceived usefulness (PU) and
perceived ease of use (PEOU).

2.3. Green Awareness

The Intergovernmental Panel on Climate Change shows that the global average temperature has
increased by more than 1.5 ◦C per year [46]. The leading contributor to global warming is greenhouse
gas. The primary greenhouse gases in the Earth’s atmosphere are water vapor, carbon dioxide, methane,
nitrous oxide, and ozone. Without these greenhouse gases, the Earth would be too cold to sustain
any life. However, too many greenhouse gases will cause the temperature to rise, melting polar ice
caps, causing the extinction of species, and other catastrophes. The Environmental Protection Agency
reported that energy production and use (including fuels used by vehicles) represent the largest
source of greenhouse gas emissions around the world, followed by agriculture [47]. This means that
people should reduce their use of power resources, and then maybe we can halt the rate of global
warming. Several research studies have indicated that the threat from global warming has increased
and requires more attention [48]. Roughly 6.4 million refugees around the world have been displaced
because of global warming [2]. Lehne et al. [4] pointed out that the number of people displaced by
climate conflict has now risen above 65 million, and the study estimated that the vast majority lack
of clean water, safe places, and secure energy services. Besides that, higher temperatures will cause
the Arctic ice to melt. The large-scale melting of these Arctic ices will lead to rising sea levels and
cause islands or coastal countries, such as Hong Kong and Singapore, to disappear. Recognizing
the terrible catastrophe in the future, countries are trying to strike a balance between economic
development and sustainable development. Governments from many developed countries are starting
to take green consciousness seriously; for example, the Copenhagen Agreement is a climate change
accord that delegates at the Conference of Parties to the United Nations Framework Convention on
Climate Change [49] agreed upon. Green awareness is the consumer awareness of green products.
The adoption of renewable energy is a socially-oriented process in which individuals’ perceptions play
a key role [50]. Green awareness has been widely promoted in various countries. Many researchers
have looked into this issue, and a number of them have examined consumer preferences for related
products or services [51,52]. Moreover, many studies have explored the relationship between green
awareness, green energy consumption, and purchasing behavior [53]. Green purchase intention refers
to an individual’s inclination to buy and use products [54]. Consumer green marketing awareness
is achieved when customers gain confidence in the BAPV equipment, which would then influence
their green product purchase behavior [55,56]. That is, people who perceive the system as useful and
also have green awareness will change their purchasing behavior, meaning that people with a higher
green awareness will show a higher attitude toward using. In addition, there is a growing awareness
of environmental protection in the consumer market nowadays, so green awareness may affect the
attitude of consumers’ purchasing behavior [57–59]. Therefore, we propose:
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Hypothesis 7 (H7). Green awareness mediates the relationship between perceived usefulness (PU) and attitude
toward using (AT).

2.4. Electricity Price Trend

This study defined electricity pricing as the sales price of electricity to the end user provided
by the electricity business as well as the Taiwan Power Company. As electricity prices fluctuate,
this study will explore the impact of short-term (half-year) and long-term (three-year) price increases
on consumer attitudes toward using the BAPV systems. Price perception is the process by which
consumers convert prices into meaningful cognition [60–62]. The price perception of a consumer does
have an impact on their psychology, and it will be reflected in consumer behavior [36]. Prices need
to fall within the acceptable range in the mind of the consumer, as only then will the transaction be
made. Thus, electricity pricing certainly affects the attitude toward using and purchasing behavior.
Dodds and Monroe [63] pointed out the perceived value is the alternative between perceived benefit
and perceived costs [64,65]. It means that consumers will measure the difference between the
benefits that they will receive and the costs that they have to pay when they purchase the goods
or service [66,67]. The perceived value is equal to the difference between the two [68]. This study
takes electricity to have a positive influence on the perceived value, and on the other hand, takes the
electricity price to have a negative influence on the perceived value. Thus, this study wants to figure
out whether consumers of the green power generation equipment or the BAPV systems will have
higher purchasing intentions and thus improve the perceived usefulness when the negative influence
increases [69]. Therefore, we propose:

Hypothesis 8 (H8). The electricity price trend positively affects perceived safety (PS), perceived usefulness
(PU), and attitude toward using (AT).

3. Methodology

3.1. Sample and Data Collection

The sample for this study is adults older than 20 years old. The BAPV under investigation is very
difficult to understand because of its new developing equipment in Taiwan. In addition, the highly
educated respondents can easily understand and respond to the questionnaires under consideration
than those who are less educated. Therefore, most of the respondents are college graduates. Next,
the collected responses are from personal interviews and internet surveys. The two-way collection
method enables widely and averagely select a sample of every region, and can explore consumers’
thought in more detail. The collection period was from October 2015 to February 2016. Samples were
collected from residents of northern Taiwan by the convenience sampling model. In convenience
samples, responses that are more readily accessible to the researcher are more likely to be included.
In total, 483 samples were collected, including 336 paper samples and 147 internet survey samples.
The internet survey samples are collected from community websites, including Facebook, Line,
and Instagram.

3.2. Measure Scale

This study adopted multiple questions to analyze each dimension of the model with a seven-point
Likert scale to denote the preference of items. A scale score of one denotes ‘Strongly Disagree’,
and seven denotes ‘Strongly Agree’. As shown in Table 1, the items used consist of the PU and the
PEOU as adopted from Davis [23], the PS from DeLone and McLean [44], the AT and purchasing
behavior from Taylor and Todd [70], green awareness adopted to New Environmental Paradigm (NEP)
as developed by Dunlap et al. [71], and electricity price trend from Petrick [72]. We combined and
adapted their scales to fit the context of this study.
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Table 1. Operational definition and measurements.

Variable Operational Definition Measurement

Perceived usefulness The degree to which the user-satisfaction of the individual
was achieved Davis [13]

Perceived ease of use The degree to which the equipment was easy to use Davis [13]

Perceived safety The degree to which the equipment was used safely DeLone & McLean [44]

Electricity price trend The degree to which the electricity pricing fluctuated
up/down Petrick [72]

Attitude toward using A feeling or opinion about solar power systems that led to
an action Taylor & Todd [70]

Purchasing behavior The intention to which the user was willing to
buy/recommend solar power systems or not Taylor & Todd [70]

Green awareness The public awareness of environmental awareness and
maintained behavior toward the natural environment Dunlap et al. [71]

3.3. Statistical Data Analysis

The sample size required for this study was computed based on the recommendation of
Hair et al. [73] for a desired level of 15–20 observations per studied variable. Our study has seven
constructs (two items for PU, two items for PE, three items for PS, two items for EP, three items for
AT, three items for PB, and three items for GR, totaling 18 items), resulting in an ideal sample size of
360 (=18 × 20) respondents. In this study, the surveyed area consists of cities in the north area of Taiwan
with a total sample data set of 510 responses. After eliminating 27 incomplete questionnaires, a total of
483 usable sample sets were collected, with an effective response rate of approximately 94.7%. Table 2
shows the socio-demographic profile of the samples. According to the Directorate-General of Budget,
which is attached to the Accounting and Statistics branch of the government, the individual disposable
income rate in Taiwan is approximate 78.8% [74]. The average monthly salaries of the individual with
a college degree and one-year work experience is between NT$20,001–60,000. Therefore, a person
may have a disposable income of around NT$15,760 to NT $47,280 per month. Thus, the average
disposable income per month is NT$31,520. Assuming a household of four, they will be able to save a
NT$240,000 prepay deposit for 24 square foot roof-type solar panels in two years [35]. In conclusion,
92% of respondents had a degree above college. Approximately 41.6% of the participants indicated
that they had a monthly income of NT$20,001 to NT$60,000, and 23.6% of the participants responded
that they earned a monthly income of more than NT$60,001. Structural equation modeling was utilized
to test the hypotheses, which consists of a measurement model and a structural model. The purpose
of the measurement model is to figure out the relationship between the observed variables and the
potential variables. Besides, the structural model uses path analysis to explore the potential variables’
relationship and examine the significance of the coefficient [75].

Table 2. Socio-demographic profile.

Variables Frequency Percent (%) Variables Frequency Percent (%)

Gender (n = 483)
Male 222 46.0 Master graduate 161 33.3

Female 261 54.0 PhD graduate 10 2.1
Age Monthly personal income

20–29 195 40.4 Less than NT$20,000 168 34.8
30–39 73 15.1 NT$20,001–$40,000 83 17.2
40–49 84 17.4 NT$40,001–$60,000 118 24.4
50–59 91 18.8 NT$60,001–$80,000 52 10.8

60 years and older 40 8.3 NT$80,001–$100,000 28 5.8
District NT$100,001–$150,000 28 5.8

Taipei City 183 37.9 Over NT$150,001 6 1.2
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Table 2. Cont.

Variables Frequency Percent (%) Variables Frequency Percent (%)

New Taipei City 171 35.4 Career
Other Northern Area 129 26.7 Traditional occupation 1 0.2

Marital status Manufacturing industry 18 3.7
Single or not married 267 55.3 Information technology 66 13.7

Married 215 44.5 Service industry 52 10.8
Education Financial industry 30 6.2
Freelance 24 5.0 Civil servants 67 13.9

Others 19 3.9 Student 157 32.5
Junior high school 1 0.2 Housekeeper 21 4.3

High school graduate 37 7.7 Retired 28 5.8
College graduate 274 56.7

4. Results

4.1. Descriptive Statistics and Covariance Matrix

The study originally received a total of 612 questionnaires from all of the cities of Taiwan. However,
as the southern cities in Taiwan adopted large-scale built solar panels (ground-type solar panels) instead
of the BAPV systems, questionnaires from the southern cities were omitted. The demographic profile
of consumers’ experience and understanding collected from the questionnaires is shown in Table 3.
More than 87.4% of the respondents never used solar power generation equipment before. More than
50% of the participants had used the equipment for less than three years, and over 60% in this group
used it for less than a year. Based on questions #3 and #4 in the survey, over 40.6% of respondents were
not familiar with the related regulations, and almost 57% of respondents had never received or had
any information from the government or Taiwan Power Company on this topic.

Table 3. Using experience and understanding.

Variables Frequency Percent (%)

Using experience (n = 483)
Yes 61 12.6
No 422 87.4

Using period
Never 422 -

<1 year 24 39.3
1–3 years 18 29.5
3–5 years 4 6.6

Over 5 years 15 24.6
Awareness degree of recovery-pricing regulation

Completely understand 12 2.5
Partially understand 196 40.6

None 275 56.9
Awareness degree of the government subsidy regulation

Completely understand 12 2.5
Partial understand 196 40.6

None 275 56.9

In addition to that, the covariance scores among variables were calculated in Table 4. It showed
the raw covariance scores for structural equation modeling (SEM) analysis. The covariance scores were
significant (p < 0.01). The covariance matrix shows the relationship among the sets of random variables.
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Table 4. Covariance matrix and descriptive statistics.

Items PU1 PU2 PE1 PE2 PS1 PS2 PS3 EP1 EP2 AT1 AT2 AT3 PB1 PB2 PB3 GR1 GR2 GR3 Mean Std. Dev.

PU1 1.15 5.92 1.07
PU2 0.62 1.78 5.36 1.34
PE1 0.50 0.84 2.61 3.96 1.62
PE2 0.36 0.61 1.52 2.86 4.17 1.69
PS1 0.50 0.85 0.88 0.64 2.05 4.77 1.43
PS2 0.51 0.86 0.89 0.65 1.48 1.74 4.97 1.32
PS3 0.38 0.65 0.67 0.49 1.12 1.13 1.75 5.33 1.32
EP1 0.33 0.55 0.32 0.23 0.54 0.54 0.41 1.88 5.11 1.37
EP2 0.33 0.55 0.32 0.24 0.54 0.55 0.41 1.57 1.80 5.25 1.34
AT1 0.43 0.73 0.42 0.31 0.59 0.60 0.45 0.59 0.59 1.26 5.75 1.13
AT2 0.45 0.75 0.44 0.32 0.61 0.62 0.47 0.61 0.61 1.04 1.53 5.40 1.24
AT3 0.33 0.55 0.32 0.23 0.45 0.45 0.34 0.45 0.45 0.76 0.79 1.03 6.00 1.02
PB1 0.41 0.78 0.53 0.38 0.58 0.59 0.44 0.58 0.58 0.89 0.93 0.68 1.49 5.60 1.23
PB2 0.46 0.77 0.59 0.43 0.65 0.66 0.50 0.65 0.65 1.00 1.04 0.75 1.11 1.53 5.48 1.24
PB3 0.47 0.69 0.60 0.43 0.66 0.67 0.50 0.66 0.66 1.01 1.05 0.76 1.12 1.26 1.67 5.23 1.30
GR1 0.10 0.17 0.14 0.10 0.14 0.15 0.11 0.09 0.09 0.24 0.24 0.18 0.21 0.24 0.24 0.70 6.38 0.83
GR2 0.07 0.12 0.10 0.08 0.11 0.11 0.08 0.07 0.07 0.17 0.18 0.13 0.16 0.17 0.18 0.31 0.50 6.59 0.71
GR3 0.09 0.15 0.13 0.09 0.13 0.13 0.10 0.08 0.08 0.21 0.22 0.16 0.19 0.21 0.21 0.38 0.28 0.50 6.55 0.70
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4.2. Confirmatory Factor Analysis (CFA)

Confirmatory factor analysis (CFA) is employed to test the reliability and validity, and the
results are shown in Table 5. Cronbach’s alpha is used to analyze the internal consistency of the
construct and the reliability of the items. The highest reliability test is the factor of the electricity price
trend (0.92), and in descending order, the reliability report shows the factors of purchasing behavior
(0.90), attitude toward using (0.87), perceived safety (0.86), green awareness (0.80), perceived ease
of use (0.71), and perceived usefulness (0.63), wherein the acceptable Cronbach’s alpha coefficient
reliability is between 0.60–0.70 (Peterson [76]). The results of CFA were indicated as at an excellent
level (χ2 = 288.432, df = 121, χ2/df = 2.384, p-value = 0.000, GFI = 0.938, AGFI = 0.912, NFI = 0.945,
CFI = 0.967, RMSEA = 0.054).

Table 5. Results of confirmatory factor analysis (CFA). AVE: average variance extracted, CCR: composite
construct reliability, SMC: squared multiple correlation.

Scale Items Standardized Loadings p-Values SMCs CCR AVE

Perceived usefulness (α = 0.63) 0.62 0.45
PU1 0.57 - 0.33
PU2 0.76 *** 0.58

Perceived ease of use (α = 0.71) 0.74 0.59
PE1 0.89 - 0.79
PE2 0.62 *** 0.38

Perceived safety (α = 0.86) 0.87 0.69
PS1 0.84 *** 0.71
PS2 0.93 *** 0.87
PS3 0.70 - 0.49

Electricity price trend (α = 0.92)
EP1 0.83 *** 0.69 0.85 0.73
EP2 0.88 - 0.77

Attitude toward using (α = 0.87) 0.87 0.69
AT1 0.89 - 0.80
AT2 0.84 *** 0.71
AT3 0.75 *** 0.56

Purchasing behavior (α = 0.90) 0.90 0.75
PB1 0.82 - 0.67
PB2 0.90 *** 0.81
PB3 0.87 *** 0.76

Green awareness (α = 0.80) 0.81 0.58
GR1 0.78 *** 0.39
GR2 0.68 *** 0.54
GR3 0.82 - 0.33

Model fit statistics: CMIN(χ2) = 288.432, df = 121, CMIN/df = 2.384, p-value = 0.000, GFI = 0.938, AGFI = 0.912,
NFI = 0.945, CFI = 0.967, RMSEA = 0.054. *** significant at p< 0.001.

For evidence of convergent validity [77], the standardized loadings and squared multiple
correlation (SMC) are examined. SMC reflects the extent to which individual measurement variables
are affected by potential variables. The SMC value that was obtained was greater than 0.5, which exceed
the recommended convergent validity and was also accepted at 0.4 [70]. If the SMC is less than 0.4,
any value above 0.2 is still valid [78,79]. The result of composite construct reliability (CCR) is the
ratio of true variance to total variances; therefore, the higher the values of CCR, the higher internal
consistency. Fornell and Larcker [80] suggested that the CCR value of potential variables is preferred
to be over 0.60. (CCR; 0.62 for perceived usefulness, 0.74 for perceived ease of use, 0.87 for perceived
safety, 0.85 for electricity price trend, 0.87 for attitude toward using, 0.90 for purchasing behavior,
and 0.81 for green awareness).

Average variance extracted (AVE) includes an explanatory ability of potential variables to observe
variables; in short, it is the average of the SMC. Key measurement research studies have suggested
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that the AVE should be greater than 0.5 [80,81]; however, it is not easy to reach in practical research.
Therefore, for a study with seven AVE values, it is acceptable to have five to six items meeting
the standard value [73]. In this study, the following AVE values were obtained: 0.45 for perceived
usefulness, 0.59 for perceived ease of use, 0.69 for perceived safety, 0.73 for electricity price trend,
0.69 for attitude toward using, 0.75 for purchasing behavior, and 0.58 for green awareness.

4.3. Structural Equation Model Analysis and Hypothesis Test Results

The model fit for structural equation is good with χ2 = 288.432, df = 121, χ2/df = 2.384, p-value = 0,
GFI = 0.938, AGFI = 0.912, NFI = 0.945, CFI = 0.967, RMSR = 0.067, and RMSEA = 0.054, indicating a
strong predictive validity. The standardized path coefficients with associated p-values for relationships
in the model are shown in Table 6. The purpose of this study is to examine the below effects: perceived
ease of use on perceived usefulness (H1), perceived usefulness on attitude toward using (H2), perceived
ease of use on purchasing behavior (H3) and attitude toward using (H4), attitude toward using
on purchasing behavior (H5), perceived safety on perceived ease of use and perceived usefulness
(H6), perceived usefulness on green awareness and green awareness on attitude toward using (H7),
and electricity price trend on perceived safety, perceived usefulness, and attitude toward using (H8).
Among these hypotheses, H4 was supported significantly with p < 0.05 *, and H3 was supported
significantly with p < 0.01 **. The rest of the hypotheses were also supported significantly with
p < 0.001 ***. The results of hypotheses are depicted in Table 5, which also included standardized
loadings, p-values, SMCs, CCR, and AVE. H1 was supported (β = 0.13), meaning that perceived ease
of use positively affects perceived usefulness. Perceived usefulness was shown to positively affect
attitude toward using, as H2 was supported (β = 1.11). H3 was supported (β = 0.08), meaning that
perceived ease of use positively affects purchasing behavior. H5 was proved (β = 0.83), showing
that attitude toward using does positively affect purchasing behavior. H6 was supported (β = 0.3,
β = 0.79), meaning that perceived safety is the moderator between perceived usefulness and perceived
ease of use. Both paths of H7 were supported (β = 0.26, β = 0.34), meaning that perceived usefulness
is the antecedent of green awareness. Two out of three paths for H8 were also supported (β = 0.26,
β = 0.15), meaning that the electricity price trend positively affects both perceived safety and attitude
toward using. One path of H8 was supported (β = −0.11), showing that the electricity price trend
negatively affects perceived usefulness. Lastly, H4 was also supported (β = −0.11), meaning that
perceived ease of use negatively affects attitude toward using. Figure 5 describes the constructs of all
of the structural paths.

Table 6. The Results of the hypotheses.

Hypothesized Paths Coefficient p-Values Remarks

H1 Perceived ease of use→ perceived usefulness 0.13 *** Supported
H2 Perceived usefulness→ attitude toward using 1.11 *** Supported
H3 Perceived ease of use→ purchasing behavior 0.08 0.002 ** Supported
H4 Perceived ease of use→ attitude toward using −0.11 0.035 * Supported
H5 Attitude toward using→ purchasing behavior 0.83 *** Supported
H6 Perceived safety→ perceived usefulness 0.30 *** Supported

Perceived safety→ perceived ease of use 0.79 *** Supported
H7 Perceived usefulness→ green awareness 0.26 *** Supported

Green awareness→ attitude toward using 0.34 *** Supported
H8 Electricity price trend→ perceived safety 0.26 *** Supported

Electricity price trend→ perceived usefulness −0.11 *** Supported
Electricity price trend→ attitude toward using 0.15 *** Supported

* Significant at p < 0.05, ** Significant at p < 0.01, *** Significant at p < 0.001.
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5. Conclusions and Policy Implications

The government in Taiwan has agreed to decommission all of the nuclear power plants and
become totally nuclear-free by the year 2025. Without these nuclear power plants, existing power
generation will not be able to meet the demand for electricity. In order to halt the speed of global
warming and satisfy the demand for electricity, there is an urgency to improve the installation rate of
photovoltaic power systems. So far, the government has initiated the ‘Million Rooftop PVs’ program
so as to provide subsidies and guidance to help residents install solar cells in their homes. In this study,
we adopt the TAM model to investigate the acceptance and purchasing behavior of the consumers’
intention to use the BAPV systems. Three external variables are included—namely perceived safety
(PS), electricity price trend, and green awareness—to explore consumers’ intentions of using the BAPV
system. The most significant contribution of this study is applying a theoretical model with various
variables to understand the unknown cognition and using attitude toward solar power systems.
Unlike previous studies, we modified the original main structure of the TAM model and added new
observed variables such as perceived safety, green awareness, and electricity price trend to explore the
relationships among these dimensions. Besides, the observed variables can be divided into two parts.
The first part refers to the intrinsic perception in consumers’ minds such as green awareness, and the
other part refers to the inner cognition driven by external influences such as electricity price trend
and perceived safety. These explorations not only provide future research studies with knowledge
about consumer attitude with respect to building-attached photovoltaic equipment, they also give
managerial suggestions to the government or related enterprises. The hypotheses are supportable
in terms of overall model fit, paths’ significance, and literature explanation. The objective of this
study was to provide an integrated approach to better understand purchasing behavior and the
relationships between perceived usefulness, perceived ease of use, perceived safety, attitude toward
using, green awareness, and electricity price trend in the BAPV system. According to the model
fit results, the study found purchasing behavior to directly affected by perceived ease of use, and
indirectly affected by perceived usefulness and attitude toward using. Overall, the results of this study
are fairly consistent with the proposed hypotheses. We found that when PEOU is the antecedent of PU
and AT, the model fit shows a positive influence. However, when PEOU directly affects AT, it shows
a negative influence. These two opposing results show that consumers lack an awareness of PEOU.
Thus, in order to get a positive AT, PEOU and PU had to be synergized. Further, the PEOU also has a
negative influence on the antecedent of AT, but it affects purchasing behavior positively.

In addition to the above results, the electricity price trend has a significant effect on the PU.
The operational definition of the electricity price trend is the degree to which the electricity pricing
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goes up or down. The solar electricity pricing is a substitute for normal electricity pricing [82–85].
It is easy to understand the rise in consumer attitude toward using solar power equipment when the
normal electricity prices fall. Conversely, the electricity price trend has a significantly negative effect on
the PU. As shown in Table 3, the public is not aware of the possibility of reselling the green electricity
that they generated back to the Taiwan Power Company at a higher rate. Moreover, understanding of
the recovery price among consumers is also weak. These have led the consumers to have a negative
perceived usefulness regarding the electricity price trend, which in turn was reflected as an unexpected
relationship between these two dimensions. We also found that the electricity price trend positively
affects both the PS and green awareness. The first pairing means that a higher electricity price trend will
lead to a higher PS. As the prices of electricity increase, the public will realize that decommissioning
nuclear power plants will lead to a severe electricity shortage. Coupled with the safety fears of nuclear
power plants and the ‘not-in-my-back-yard’ (NIMBY) effect, the public will perceive solar power
generation equipment, such as BAPV systems, to be safer than nuclear power generation, thus raising
their PS of the BAPV equipment. In addition, the electricity price trend will also raise the public’s green
awareness. When non-renewable energy is exhausted, it is imperative to use renewable energy for
power generation, and this will result in the highest electricity prices during peak hours. Realizing the
reasons behind the electricity price trend, an intrinsic perception of green awareness among the public
may possibly increase. The PS acts as a moderator between PU and PEOU, and has a significant effect
on the model fit. Further, green awareness played the role of mediator between PU and AT, and this
resulted in highly mediated results. The model fits of PU and PEOU are both positively affected by PS.
Products that are sufficiently safe will greatly influence consumers’ PU and PEUO, which will lead to
consumers’ purchasing behavior. Moreover, green awareness has a mediating effect between PU and
AT. The results of this study revealed that PU will positively increase consumers’ green awareness,
and will further affect their AT solar power equipment. The findings and results of SEM provided many
important insights regarding consumers’ purchasing behavior toward building-attached photovoltaic
equipment (BAPV equipment). Firstly, the study found out that consumers’ awareness of solar power
devices is severely inadequate. Few people believed that this equipment is easy to use, which caused a
lack of purchasing behavior. Although PEOU could be found in a few consumers, these consumers
were not willing to purchase this equipment. Furthermore, consumers may be unfamiliar with the
BAPV system, or they may be put off by the prices of the equipment. Lastly, the public may not be
aware of the correlation between the ban on nuclear energy and a foreseeable electricity shortage.
Thus, they may not realize that there is a need to use solar power equipment in order to combat the
electricity shortage.

In short, it is of utmost urgency to raise the perceived usefulness, perceived ease of use,
and perceived safety among the public. To encourage and promote the use of solar power equipment,
we have the following six suggestions for the government: (1) conduct face-to-face symposiums to
help resolve public queries and confusion; (2) set up solar household demonstration areas and provide
subsidies and rewards; (3) educate local area representatives so that they can inform their residents of
the benefits of solar equipment; (4) cooperate with solar technology companies to provide hands-on
classes and teach the public how to maintain the equipment; (5) publish educational manuals and
documents to promote greater awareness; and (6) shoot TV/web announcements of public interest
(APIs) to promote the benefits of installing solar power equipment. Additionally, solar technology
companies can further improve the ease of use and safety of their products so that consumers will
be more confident in using the solar power equipment. In conclusion, the hypothesized model was
found to be well constructed. Based on previous studies and theories, this model is able to explain and
predict consumers’ behavior. Many factors are found to influence consumers’ intention to purchase.
Thus, solar technology companies and the government need to pay attention to consumer demand if
they wish to increase consumers’ purchasing intention and behavior.

There were a few limitations that may affect the current study. First, the data was collected only
from the northern cities of Taiwan. Even though the original plan was to include all of the cities in
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Taiwan, the final number of questionnaires that were collected failed to reach the number of acceptable
samples. Thus, future researchers could attempt to expand the scope and area of collection to include
all of the cities in Taiwan. Secondly, this study only focused on BAPV and rooftop generation power
systems. In future, other types of building-façade power generation systems, such as BIPV, can be
included. Thirdly, this study did not address all of the potential variables, such as the range of prices
that consumers are willing to pay, and the level of government grant/subsidies. Future research can
take these variables into consideration in their exploration of the factors affecting consumer purchasing
behavior. Lastly, this study assumed that consumers installed this solar power generation equipment
willingly. However, for the sake of a sustainable future, there is a greater possibility and urgency
to adopt renewable energy. Thus in this case, future researchers may need to re-look at consumers’
intention toward using and the role of the government. In addition, for some quantitative research,
the Conjoint model and contingent valuation method (CVM) can be considered for applications.
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