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Abstract: The use of cogeneration systems in the hotel industry leads to economic and environmental
benefits, but its acceptance in the industry remains low. Hence, this study aimed to examine the
factors that influence cogeneration system acceptance amongst hotel management. A cogeneration
system acceptance model (CoSAM) was proposed by integrating the technology acceptance model
with perceived cost, perceived benefit, risk perception, environmental awareness and facilitating
conditions. The validity of the CoSAM was investigated using structural equation modelling based
on 499 data points collected from hotel management personnel. Results showed that the intention
to use the systems of hotel management personnel was positively determined by attitude towards
using cogeneration systems, which was directly affected by perceived usefulness, risk perception
and perceived benefit. Moreover, with perceived usefulness as a mediator, facilitating conditions
and environmental awareness indirectly influenced attitude towards using cogeneration systems
positively, while perceived cost indirectly influenced the attitude negatively. Based on the findings
of this study, policy implications for promoting the adoption of cogeneration systems in the hotel
industry were provided, thus saving energy and reducing the energy costs of hotels. This study is the
first to remarkably contribute an in-depth understanding of the factors affecting cogeneration system
acceptance to the literature.

Keywords: cogeneration system; environmental awareness; facilitating conditions; hotel industry;
risk perception; technology acceptance model

1. Introduction

Numerous human activities result in an extraordinarily large amount of greenhouse
gases, such as carbon dioxide, that contaminate the atmosphere. Although global warming
is spread unevenly, the rising trend of the global average temperature shows the presence of
more warming areas than cooling areas [1]. In Hong Kong, the average rate of temperature
increase from 1990–2019 was 0.21 ◦C per decade [2]. Global warming issues have received
increasing attention from the authorities concerned because the issues will lead to an
increase in water levels, threats to ecosystems and negative effects on health problems,
the quality of life of the public and all related economic activities, such as tourism [3].
These issues are principally related to energy problems [4]. One method of addressing
such problems is to save energy in various industries. Apart from energy consumption
prediction and modelling for the hotel industry to save energy, cogeneration systems have
been designed for hotels to achieve the same purpose [5]. Compared with traditional power
generation systems that waste heat energy in the process of power generation, cogeneration
systems involve a power generation unit and a heat generation system to produce power
and heat simultaneously in a single process.
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The hotel industry is a crucial driver of global economic growth; however, hotels
are the largest energy-consuming buildings in China [6]. The energy costs of the hotel
industry are remarkably high. In Hong Kong, the commercial sector, including the hotel
industry, contributed approximately a half (44%) of the total energy consumption in 2018 [7].
Therefore, researchers have emphasised the importance of hotels’ cleaner operations [8].
They have exerted great efforts to develop different approaches to reduce hotels’ electricity
consumption. For instance, Bianco et al. [9] developed a model using long-range energy
alternatives planning to analyse energy consumption in hotels. The model can be used to
reduce 13% of the total hotel energy consumption. Meanwhile, Shao et al. [10] proposed
an innovative prediction method for hotel energy consumption with the use of support
vector machine theory. This prediction method facilitates the assessment of the actual
energy use of hotels to improve hotels’ operations and reduce the energy consumption of
these establishments.

In addition to energy consumption prediction and modelling, cogeneration systems
were proposed for hotels to achieve the same purpose [5]. Cogeneration systems generate
power and heat simultaneously in a single process and make use of the waste heat energy
to provide heat-related services, such as space-heating and hot water supply. Cannis-
traro et al. [11] conducted a study to assess the economic and technical feasibility of a
cogeneration system for a hotel in Italy and demonstrated that using the cogeneration
system can reliably and efficiently obtain energy benefits for the hotel. In addition, Salem
et al. [12] reported that using cogeneration systems can reduce carbon emissions by approx-
imately 32% in an existing UK hotel. The cost of installing a cogeneration system in a hotel
depends on the system and related facilities. According to the Energy Solutions Center [13],
the installation cost of a cogeneration system per kW ranges from USD 1250 to USD 10,000.

Although the benefits of using cogeneration systems in the hotel industry have been
illustrated, the literature continues to have insufficient theoretical knowledge on the ac-
ceptance of cogeneration systems amongst hotel management personnel. Such theoretical
knowledge is useful for implementers, concerned parties, policy makers and cogenera-
tion system developers to develop effective interventions to enhance the acceptance of
cogeneration systems in the hotel industry. Recently, Lee et al. [14] conducted a qualitative
(interview) study to identify critical factors that may influence cogeneration system accep-
tance amongst hotel management, including perceived benefit, environmental awareness,
facilitating conditions, risk perception, perceived cost, perceived ease of use, perceived
usefulness and attitude towards using cogeneration systems. However, how the factors
influence cogeneration system acceptance has yet to be quantitatively investigated in the
qualitative study. Therefore, this study developed and validated a cogeneration system
acceptance model (CoSAM) to contribute theoretical knowledge on the acceptance of co-
generation systems amongst hotel management personnel to the literature. The CoSAM
was developed on the basis of the technology acceptance model [15], perceived benefit,
environmental awareness, facilitating conditions, risk perception and perceived cost. Specif-
ically, the objectives of this study included (1) examining the suitability of the technology
acceptance model in explaining the intention to use cogeneration systems amongst hotel
management, (2) evaluating the quantitative effect of the important factors (risk perception,
environmental awareness, perceived benefit, perceived cost and facilitating conditions) on
cogeneration system acceptance amongst hotel management and (3) assessing the quan-
titative relationship amongst the factors. To the best of our knowledge, this work is the
first study to examine the acceptance of cogeneration systems amongst hotel management
personnel quantitatively. It can provide us an in-depth understanding of how the factors
influence cogeneration system acceptance amongst hotel management. This understanding
can then provide practical implications for policy makers, cogeneration system developers
and implementers in promoting the use of cogeneration systems in the hotel industry to
reduce energy cost, reduce carbon missions, enhance energy efficiency and protect the envi-
ronment. The findings of this research can help facilitate the ubiquitous use of cogeneration
systems in the hotel industry and practically benefit the hotels that use a cogeneration
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system by reducing energy cost, reducing carbon emissions and enhancing energy effi-
ciency. A literature review on the factors in the CoSAM with the related hypotheses will be
provided in the next section.

2. Literature Review
2.1. Technology Acceptance Theory

The technology acceptance theory is a prominent theory for explaining an individual’s
acceptance of a new technology. The theory was first proposed by Davis, Bagozzi and
Warshaw [15] in the context of computer acceptance. It suggests that the intention to use a
technology and the actual usage of a technology are the measures of people’s technology
acceptance. Moreover, it proposes that the factors affecting technology acceptance include
perceived ease of use, perceived usefulness and attitude towards using a technology. Specif-
ically, the intention to use a technology determines the actual usage of the technology. Such
intention is affected by perceived usefulness and attitude towards a technology. Moreover,
perceived usefulness is influenced by perceived ease of use. Attitude towards a technology
can be affected by perceived usefulness and perceived ease of use. Notably, external factors
may influence perceived ease of use and perceived usefulness. Figure 1 demonstrates the
concept of technology acceptance theory. This theory has been used to explain the accep-
tance of various technologies, such as sandbag technology [16], intelligent surveillance
systems [17], automated vehicles [18], hotel-related technology [19] and energy-related
technology [20]. Thus, this study used technology acceptance theory as the theoretical
framework with other factors of interest to develop the CoSAM.
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Figure 1. Technology acceptance theory proposed by Davis, Bagozzi and Warshaw [15].

In this study, perceived usefulness refers to the extent to which hotel management per-
sonnel believe that using cogeneration systems will enhance their hotels’ cleaner production
and service performance. Perceived ease of use is the degree to which hotel management
personnel believe that using cogeneration systems will be free of effort. Attitude towards
using cogeneration systems entails a hotel management’s negative or positive thinking
about using cogeneration systems. The intention to use these systems refers to the degree
to which hotel management personnel will use them. On the basis of the technology
acceptance model, the following hypotheses were proposed:

Hypothesis 1 (H1). Perceived ease of use has a positive influence on attitude towards using
cogeneration systems.

Hypothesis 2 (H2). Perceived ease of use has a positive influence on perceived usefulness.

Hypothesis 3 (H3). Perceived usefulness has a positive influence on attitude towards using
cogeneration systems.

Hypothesis 4 (H4). Perceived usefulness has a positive influence on intention to use cogenera-
tion systems.
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Hypothesis 5 (H5). Attitude towards using cogeneration systems has a positive influence on
intention to use cogeneration systems.

2.2. Other Identified Factors

Apart from the technology acceptance model, other factors of interest were identified in
the literature review to explain cogeneration system acceptance amongst hotel management.
These factors included identifying critical factors that facilitating conditions, environmental
awareness, risk perception, perceived benefit and perceived cost [14]. The following
sections will provide theoretical knowledge about the identified factors.

2.2.1. Facilitating Conditions

Facilitating conditions are defined as the degree to which people believe that a tech-
nical and organisational infrastructure exists to assist in using a system [21]. In the hotel
industry, facilitating conditions were used to explain the information technology accep-
tance of workers [22]. Furthermore, Mejia [23] reported that facilitating conditions can
influence the acceptance of green technology amongst hotel facility managers. In a recent
qualitative study of Lee, Man and Chan [14], facilitating conditions were found to be a
factor in determining hotel management’s perceived usefulness and attitude towards using
cogeneration systems. On the basis of the theoretical knowledge from previous studies, the
following hypotheses were proposed:

Hypothesis 6 (H6). Facilitating conditions have a positive influence on perceived ease of use.

Hypothesis 7 (H7). Facilitating conditions have a positive influence on perceived usefulness.

Hypothesis 8 (H8). Facilitating conditions have a positive influence on attitude towards using
cogeneration systems.

2.2.2. Environmental Awareness

Environmental awareness can be defined as individuals’ knowledge of and concern
for the influences of their behaviours on the environment [24]. Environmental awareness is
a crucial prerequisite of environment-protecting behaviour [25]. Given that the number of
environmental laws and competitive pressures from the counterparts are increasing, the
management of organisations tend to hold a high level of environmental awareness [26].
As the operations of hotels consume a significant amount of utility, water and disposable
products, the hotel industry is forced to concentrate on environmental issues. As a result,
researchers have paid substantial attention to the environmental awareness of hotel work-
ers and management. For instance, Chan et al. [27] investigated the role of environmental
awareness in determining workers’ ecological behaviour in hotels and reported that a
higher level of the environmental awareness of workers entails that they more frequently
display ecological behaviour, which refers to ecological actions to protect the environment.
Yucedag et al. [28] conducted a study to assess the environmental awareness of hotel work-
ers in Turkey and found that those who are males and hold a bachelor’s degree have a high
level of environmental awareness. Environmental awareness was used to explain the green
technology acceptance of people. For instance, Wang et al. [29] showed that environmental
awareness is positively associated with the intention of consumers to use ride-sharing
services. Lee, Man and Chan [14] reported that environmental awareness is a factor that
influences the attitude towards using cogeneration systems and intention to use cogenera-
tion systems amongst hotel management. On the basis of the theoretical knowledge from
the previous studies, the following hypotheses were developed in this study:

Hypothesis 9 (H9). Environmental awareness has a positive influence on perceived usefulness.

Hypothesis 10 (H10). Environmental awareness has a positive influence on attitude towards
using cogeneration systems.
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2.2.3. Risk Perception

Risk perception is defined as people’s intuitive risk judgment to assess hazards [30].
This study defined risk perception as the degree to which hotel management personnel
believe that they are exposed to danger when using cogeneration systems. Risk per-
ception is a crucial psychological factor that determines people’s attitude, intention and
behaviour [31,32]. In addition, risk perception has been widely found to serve as an im-
portant obstacle for individuals to adopt a new technology, such as fintech [33], mobile
payment [34] or nuclear energy technology [35]. Generally, risk perception negatively
influences attitude towards using a technology and perceived usefulness. For cogeneration
system acceptance research, Lee, Man and Chan [14] also reported that risk perception
is a reason for hotel management personnel not to use cogeneration systems. However,
previous studies did not investigate the quantitative effect of risk perception on attitude
towards using cogeneration systems and perceived usefulness amongst hotel management.
Thus, this study proposed the following hypotheses:

Hypothesis 11 (H11). Risk perception has a negative influence on perceived usefulness.

Hypothesis 12 (H12). Risk perception has a negative influence on attitude towards using cogener-
ation systems.

2.2.4. Perceived Benefit

Perceived benefit is the extent to which people believe they can obtain benefits when
performing a behaviour [36]. In this study, perceived benefit means the extent to which
hotel management personnel believe they can obtain benefits for their hotels when using
cogeneration systems. Perceived benefit has been considered an important factor in hotel
management’s decision-making [37]. Moreover, perceived benefit can drive people to ac-
cept a new technology [38]. For energy-related technology, Tsujikawa, et al. [39] found that
perceived benefit positively influences the technology acceptance of the public regarding
nuclear power generation. Sonnberger and Ruddat [40] examined the role of perceived
benefit in the technology acceptance of the public for wind energy and found that perceived
benefit is a significant positive predictor of the acceptance. The benefits of using cogen-
eration systems in hotels include saving energy, energy reliability enhancement and low
energy cost. Lee, Man and Chan [14] reported that perceived benefit influences perceived
usefulness and attitude towards using cogeneration systems amongst hotel management.
On the basis of the theoretical knowledge, the following hypotheses were developed in
this study:

Hypothesis 13 (H13). Perceived benefit has a positive influence on perceived usefulness.

Hypothesis 14 (H14). Perceived benefit has a positive influence on attitude towards using cogen-
eration systems.

2.2.5. Perceived Cost

Perceived cost is defined as an individual’s judgments and evaluations on the costs
related to a technology [41]. Different from financial benefit, perceived cost has been found
as one of the most important barriers that influence people’s technology acceptance [42].
This concept has been used to explain the acceptance of renewable energy technology
amongst Malaysian citizens [43]. Kardooni, Yusoff and Kari [43] found that perceived cost
negatively influences perceived usefulness towards using renewable energy technology.
Lee, Man and Chan [14] reported that perceived cost is an important factor that influences
the attitude of hotel management personnel towards using cogeneration systems and
perceived usefulness. In adopting cogeneration systems, hotel management personnel are
concerned about the maintenance cost and the system’s initial setup cost [14]. Although
previous studies showed that perceived cost is a barrier in various technology acceptance,
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no studies have been conducted to examine quantitatively how perceived cost influences
the attitude of hotel management personnel towards using cogeneration systems and
their perceived usefulness. Therefore, on the basis of the theoretical knowledge, we
hypothesised that:

Hypothesis 15 (H15). Perceived cost has a negative influence on perceived usefulness.

Hypothesis 16 (H16). Perceived cost has a negative influence on attitude towards using cogenera-
tion systems.

On the basis of the above hypotheses, the CoSAM was proposed to be tested in this
study (Figure 2).
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3. Methodology
3.1. Study Design and Questionnaire Development

A self-administered questionnaire survey was conducted for data collection. Conve-
nience sampling was used to distribute the questionnaire to hotel management personnel
(including engineers and managers) at 50 Hong Kong hotels during site visits. The 50 hotels
involved in this study were three-, four- and five-star hotels, which provided a certain
representation of hotels in Hong Kong. The numbers of three-, four- and five-star hotels
were 25, 15 and 10, respectively. The questionnaire was designed on the basis of a literature
review to measure the constructs (i.e., factors) in the CoSAM. The questionnaire consisted
of 45 items. Specifically, 5, 4, 4 and 3 items were used to measure perceived usefulness,
perceived ease of use, attitude towards using cogeneration systems and intention to use
cogeneration systems, respectively [44]. Meanwhile, 3, 5, 6, 6 and 6 items were used to
measure facilitating conditions [21], environmental awareness [29,45], risk perception [18],
perceived benefit [14] and perceived cost [46], respectively. A pilot study was conducted
in which 10 experts (who had over 20 years of work experience in hotel management and
engineering) were asked to comment on the readability of the items. The pilot study was
conducted between 6th September 2021 and 17th September 2021, taking two weeks to
complete. On the basis of the comments, the items were improved to be understandable to
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the participants. For instance, the original content of FC1 item “Having technical support
is important in the use of cogeneration systems” was improved and revised as “Having
technical support is important to tackle the problems in the use of cogeneration systems.”
The item details are shown in Table 1. A five-point Likert-type scale, which ranged from
1 = strongly agree to 5 = strongly agree, was used for all the items. In addition to the items,
the demographic information of the participants, such as age, gender, job nature, education
level and work experience in the hotel industry, was collected. Before the participants started
to complete the questionnaire, they were told that the collected data would be handled
and analysed anonymously and confidentially to minimise possible social desirability bias.
Written consent was obtained from them. The average time to complete the questionnaire
was 20 min. The survey took place during the participants’ lunch time in a quiet conference
room of the hotels where the participants worked. The survey was conducted between
20 September 2021 and 19 December 2021, taking three months to complete.

Table 1. Measurement of the constructs.

Construct Item Content

Perceived usefulness (PU)

PU1 Cogeneration systems will be useful in setting energy
usage goals.

PU2 Cogeneration systems will provide useful information,
such as real-time charge information.

PU3 Cogeneration systems will be useful to save time on
checking the usage history.

PU4 Cogeneration systems will be useful to help understand
the need for electricity conservation.

PU5 Cogeneration systems will be useful in providing power
and heat reliably.

Perceived ease of use (PEOU)

PEOU1 Learning to use cogeneration systems will be easy for me.

PEOU2 It will be easy for me to become skilful at using
cogeneration systems.

PEOU3 I will find using cogeneration systems easy.

PEOU4 Interacting with cogeneration systems would not require
a lot of my mental effort.

Attitude towards using
cogeneration systems (ATUCS)

ATUCS1 Using cogeneration systems is a good idea.

ATUCS2 Using cogeneration systems is a wise idea.

ATUCS3 I like the idea of using cogeneration systems.

ATUCS4 Using cogeneration systems will be a
pleasant experience.

Intention to use cogeneration
systems (ITUCS)

ITUCS1 I want to use cogeneration systems.

ITUCS2 I predict I will use cogeneration systems in the future.

ITUCS3 I plan to use cogeneration systems in the future.

Facilitating conditions (FC)

FC1 Having technical support is important to tackle the
problems in the use of cogeneration systems.

FC2 Training practice is useful and important for the use of
cogeneration systems.

FC3 Statutory requirement is useful and important for the use
of cogeneration systems.
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Table 1. Cont.

Construct Item Content

Environmental awareness (EA)

EA1 I consider the potential environmental impact of my
actions when making my decisions.

EA2 I am concerned about wasting the resources of my planet.

EA3 I would like to describe myself as
environmentally responsible.

EA4 I am willing to be inconvenienced to take actions that are
more environmentally friendly.

EA5 I have the responsibility to protect my planet.

Risk perception (RP)

RP1 I am worried that the failure or malfunctions of
cogeneration systems may cause accidents.

RP2 I am worried about the general safety of using
cogeneration systems.

RP3 It is unsafe to use cogeneration systems.

RP4 The risk of the malfunctions of cogeneration systems
is high.

RP5 The safety of using cogeneration systems is worse than
that of using other energy systems.

RP6 In general, using cogeneration systems is less safe than
using other energy systems.

Perceived benefit (PB)

PB1 I think using cogeneration systems can reduce
electricity consumption.

PB2 I think using cogeneration systems can improve
brand image.

PB3 I think using cogeneration systems can save fuel costs.

PB4 I think using cogeneration systems will have a positive
impact on my hotel economically.

Perceived cost (PC)

PC1 I think the cost of cogeneration systems is more
expensive than that of other energy systems.

PC2 I think the cost of using cogeneration systems is
very unreasonable.

PC3
I think the maintenance cost of using cogeneration

systems is more expensive than that of other
energy systems.

PC4 Using cogeneration systems entails financial barriers.

PC5 I think the initial cost of using the cogeneration systems
is more expensive than that of other energy systems.

PC6
I think the running cost of employing cogeneration

systems is more expensive than that of other
energy systems.

3.2. Participants

A total of 600 hotel management personnel were invited to participate in this study.
Out of the personnel invited, 499 individuals agreed to be involved in this study (reflecting
approximately 83% response rate). Kline [47] suggests a minimum sample size for structural
equation modelling (SEM) is 200. Thus, the sample size of this study was sufficient. Table 2
summarises the demographic information of the participants. Most of the participants were
aged above 31 years (80.4%) and male (73.1%). Out of these participants, 46.5% and 53.5%
were engineers and managers, respectively. Moreover, 86.4% of the participants received a
bachelor’s degree or above, and 93.6% of the participants had more than five years of work
experience in the hotel industry.
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Table 2. Demographic information of participants (n = 499).

Item Description Number of Participants Percentage (%)

Age

21–30 98 19.6

31–40 145 29.1

41–50 167 33.5

Above 50 89 17.8

Gender
Female 134 26.9

Male 365 73.1

Job nature
Engineer 232 46.5

Manager 267 53.5

Education level

Higher secondary 68 13.6

Bachelor’s degree 334 67.0

Master’s degree 92 18.4

Doctoral degree 5 1.0

Work experience in
the hotel industry
(Number of years)

1–4 32 6.4

5–10 154 30.9

11–20 273 54.7

Above 20 40 8.0

3.3. Data Analysis

SEM is a commonly used multivariate technique in scientific research to test and
evaluate multivariate causal relationships. In this study, SEM was used to test and evaluate
the hypotheses of the CoSAM. Before conducting SEM, confirmatory factor analysis (CFA)
was used to assess the construct validity, convergent validity and discriminant validity
of the measurement [48]. Construct validity can be reflected by model fitness indices,
including the ratio of the chi-square value to the degree of freedom (χ2/df ), comparative
fit index (CFI), non-normed fit index (NNFI), root mean square error of approximation
(RMSEA) and standardised root mean square residual (SRMR) [47]. A good-fit model is
achieved when the values of χ2/df, SRMR and RMSEA are smaller than 5, 0.08 and 0.08,
respectively. In addition, the values of CFI and NNFI should be greater than 0.9 [49,50].
According to Man, et al. [51], convergent validity is the extent to which two measurements
of constructs that are theoretically related should be actually related, while discriminant
validity refers to the extent to which measurements that are not designed to be related are,
in fact, not related. The convergent validity of the measurement can be confirmed when the
item factor loading, composite reliability (CR) and average variance extracted (AVE) of each
construct are greater than 0.7, 0.7 and 0.5, respectively [52]. According to the suggestions
made by Fornell and Larcker [52], the square root of AVE (SAVE) for each construct
exceeding the correlations amongst the constructs reflects acceptable discriminant validity.

Cronbach’s alpha was used to measure the internal consistency reliability of the
measurement (i.e., whether items that are designed to measure a construct can generate
comparable scores) [53]. When the value of Cronbach’s alpha is higher than 0.7, the internal
consistency reliability of the measurement is considered acceptable [53].

After the acceptable construct validity, convergent validity, discriminant validity and
reliability of the measurement were confirmed, SEM was used to test the hypotheses in the
proposed model. SEM has been widely applied to various research areas, such as workers’
behaviour [31], consumers’ intention [54] and technology acceptance [55,56]. The structural
model was assessed using the same model fitness indices (χ2/df, CFI, NNFI, RMSEA and
SRMR) and the same model fitness index requirements as CFA.
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To examine the relationship between the factors in the CoSAM, meditation analysis
was conducted with the use of a statistical method developed by Falk and Biesanz [57].
This method could be used to infer the significance of the indirect effects of interest. The
perceived benefit, environmental awareness, facilitating conditions, risk perception and
perceived cost were hypothesised to influence perceived usefulness directly. Meanwhile,
facilitating conditions were hypothesised to influence perceived ease of use directly. Fur-
thermore, perceived usefulness and perceived ease of use were important antecedents
of attitude towards using cogeneration systems amongst hotel management personnel.
Therefore, the indirect effect of perceived benefit, environmental awareness, facilitating
conditions, risk perception and perceived cost on attitude towards using cogeneration sys-
tems needed to be investigated with the meditation of perceived usefulness and perceived
ease of use. The standardised indirect effect of an independent variable (X) on a dependent
variable (Z) mediated by a mediator (Y) is the product of the standardised direct effect of X
on Y and the standardised direct effect of Y on Z. The details of the statistical method can
be found in the article by Falk and Biesanz [57].

4. Results
4.1. Measurement Model

The results for the assessment of measurement model are summarised in Table 3. The
values of χ2/df, RMSEA, SRMR, CFI and NNFI were 2.173, 0.049, 0.034, 0.958 and 0.953,
respectively, thus indicating that the construct validity of the measurement was acceptable.
Table 4 shows that all factor loading values, composite reliability values and AVE values
were greater than 0.7, 0.7 and 0.5, respectively. These results suggested that the convergent
validity of the measurement was acceptable. In addition, the value of Cronbach’s alpha for
each construct exceeded 0.7, thus indicating that the internal consistency reliability of the
measurement was appropriate. Table 5 shows that the SAVE for each construct exceeding
the correlations amongst the constructs reflects the acceptable discriminant validity of the
measurement. Given the acceptable construct validity, convergent validity, discriminant
validity and reliability of the measurement, SEM can be conducted to test the hypotheses
in the CoSAM.

Table 3. Results of model fit indices for the measurement model.

Model Fit Indices Values Recommended Values Results References

χ2/df 2.173 <5 Acceptable [48,49]
RMSEA 0.049 <0.08 Acceptable
SRMR 0.034 <0.08 Acceptable

CFI 0.958 ≥0.9 Acceptable
NNFI 0.953 ≥0.9 Acceptable

Table 4. Results for convergent validity and reliability assessment of the measurement.

Construct Item Mean Standard Deviation Factor Loading AVE CR Cronbach’s Alpha

PU

PU1 3.976 0.975 0.921 0.918 0.964 0.964

PU2 3.978 0.968 0.918

PU3 3.986 0.956 0.915

PU4 4.014 0.997 0.919

PU5 3.986 1.015 0.918

PEOU

PEOU1 3.808 1.180 0.830 0.825 0.895 0.892

PEOU2 3.711 1.224 0.783

PEOU3 3.691 0.982 0.852

PEOU4 3.749 1.014 0.836
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Table 4. Cont.

Construct Item Mean Standard Deviation Factor Loading AVE CR Cronbach’s Alpha

ATUCS

ATUCS1 2.044 1.025 0.916 0.922 0.958 0.958

ATUCS2 1.976 1.025 0.933

ATUCS3 1.962 1.016 0.922

ATUCS4 1.902 0.996 0.918

ITUCS

ITUCS1 2.497 1.141 0.910 0.906 0.932 0.932

ITUCS2 2.603 1.188 0.917

ITUCS3 2.535 1.160 0.892

FC

FC1 3.607 0.981 0.852 0.861 0.896 0.896

FC2 3.709 1.007 0.895

FC3 3.583 1.019 0.837

EA

EA1 4.050 0.873 0.850 0.851 0.929 0.929

EA2 4.010 0.884 0.822

EA3 4.104 0.876 0.859

EA4 4.052 0.870 0.870

EA5 4.038 0.883 0.854

RP

RP1 4.088 0.994 0.828 0.878 0.953 0.952

RP2 4.232 0.879 0.897

RP3 4.248 0.902 0.901

RP4 4.226 0.931 0.900

RP5 4.355 0.892 0.857

RP6 4.251 0.929 0.886

PB

PB1 2.691 1.198 0.942 0.902 0.946 0.947

PB2 2.649 1.178 0.939

PB3 2.689 1.185 0.876

PB4 2.543 1.132 0.849

PC

PC1 1.824 0.706 0.837 0.802 0.916 0.916

PC2 1.832 0.717 0.852

PC3 1.796 0.716 0.850

PC4 1.798 0.706 0.829

PC5 1.790 0.710 0.755

PC6 1.764 0.671 0.691

Note: AVE means average variance extracted; CR means composite reliability.

Table 5. Results for discriminant validity assessment of the measurement.

PU PEOU FC EA RP PB PC ATUCS ITUCS

PU 0.958
PEOU 0.367 0.908

FC 0.665 0.336 0.928
EA 0.727 0.543 0.673 0.922
RP 0.254 0.110 0.179 0.283 0.937
PB −0.130 −0.005 −0.109 −0.109 −0.452 0.950
PC −0.449 −0.157 −0.401 −0.431 −0.162 0.126 0.802

ATUCS −0.081 −0.037 −0.110 −0.171 −0.629 0.513 0.151 0.960
ITUCS −0.015 0.179 −0.013 0.020 −0.431 0.468 0.076 0.643 0.952

Note: The diagonal bold values are SAVE; the off-diagonal values are correlations.
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4.2. Structural Model

The results of the structural model (i.e., CoSAM) assessed by SEM showed that all
model fit indices complied with the recommended values, thus implying that the pro-
posed research model represented the hypothesised relationships effectively (Table 6). The
hypothesis testing results were summarised in Table 7. Two hypotheses related to the tech-
nology acceptance model were supported. Specifically, perceived usefulness had a positive
influence on attitude towards using cogeneration systems (H3, β = 0.204, p < 0.001), which,
in turn, positively affects intention to use cogeneration systems (H5, β = 0.651, p < 0.001).
As for facilitating conditions, two hypotheses were supported. Facilitating conditions
have a positive influence on perceived ease of use (H6, β = 0.369, p < 0.001) and perceived
usefulness (H7, β = 0.302, p < 0.001). Environmental awareness was found to influence
perceived usefulness positively (H9, β = 0.450, p < 0.001), while perceived cost was found
to influence perceived usefulness negatively (H15, β = −0.124, p < 0.001). Additionally, risk
perception has a negative influence on attitude towards using cogeneration systems (H12,
β = −0.506, p < 0.001), while perceived benefit has a positive influence on attitude towards
using cogeneration systems (H14, β = 0.293, p < 0.001). For illustration, Figure 3 shows the
results of SEM with solid lines (significant paths) and dotted lines (non-significant paths).
For the predicted constructs (perceived ease of use, perceived usefulness, attitude towards
using cogeneration systems and intention to use cogeneration systems) in the CoSAM,
13.6% of the variance in perceived ease of use and 59.9% of the variance in perceived
usefulness were explained (Figure 3). Moreover, the CoSAM could explain 48.6% and
42.1% of the variance in attitude towards using cogeneration systems and intention to use
cogeneration systems, respectively (Figure 3).

Table 6. Results of model fit indices for structural model.

Model Fit Indices Values Recommended Values Results References

χ2/df 2.331 <5 Acceptable [48,49]
RMSEA 0.052 <0.08 Acceptable
SRMR 0.055 <0.08 Acceptable

CFI 0.951 ≥0.9 Acceptable
NNFI 0.947 ≥0.9 Acceptable

Table 7. Hypothesis-testing results.

Hypothesis Standardised Path Coefficient p-Value Result

H1: Perceived ease of use has a
positive influence on attitude

towards using cogeneration systems.
0.032 0.421 Not supported

H2: Perceived ease of use has a
positive influence on
perceived usefulness.

0.004 0.900 Not supported

H3: Perceived usefulness has a
positive influence on attitude

towards using cogeneration systems.
0.204 <0.001 Supported

H4: Perceived usefulness has a
positive influence on intention to use

cogeneration systems.
0.041 0.275 Not supported

H5: Attitude towards using
cogeneration systems has a positive

influence on intention to use
cogeneration systems.

0.651 <0.001 Supported

H6: Facilitating conditions have a
positive influence on perceived ease

of use.
0.369 <0.001 Supported
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Table 7. Cont.

Hypothesis Standardised Path Coefficient p-Value Result

H7: Facilitating conditions have a
positive influence on
perceived usefulness.

0.302 <0.001 Supported

H8: Facilitating conditions have a
positive influence on attitude

towards using cogeneration systems.
−0.037 0.53 Not supported

H9: Environmental awareness has a
positive influence on
perceived usefulness.

0.450 <0.001 Supported

H10: Environmental awareness has a
positive influence on attitude

towards using cogeneration systems.
−0.100 0.103 Not supported

H11: Risk perception has a negative
influence on perceived usefulness. 0.047 0.206 Not supported

H12: Risk perception has a negative
influence on attitude towards using

cogeneration systems.
−0.506 <0.001 Supported

H13: Perceived benefit has a positive
influence on perceived usefulness. −0.011 0.749 Not supported

H14: Perceived benefit has a positive
influence on attitude towards using

cogeneration systems.
0.293 <0.001 Supported

H15: Perceived cost has a negative
influence on perceived usefulness. −0.124 <0.001 Supported

H16: Perceived cost has a negative
influence on attitude towards using

cogeneration systems.
0.070 0.087 Not supported
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4.3. Mediation Analysis

Apart from the direct effect of facilitating conditions, environmental awareness, risk
perception, perceived benefit and perceived cost on attitude towards using generation
systems, the indirect effect of these factors on attitude towards using generation systems
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mediated by perceived usefulness and perceived ease of use was of great interest in this
study. Table 8 shows that facilitating conditions and environmental awareness indirectly
positively influenced attitude towards using cogeneration systems mediated by perceived
usefulness, while perceived cost indirectly negatively influenced attitude towards using
cogeneration systems mediated by perceived usefulness.

Table 8. Results of mediation analysis.

Independent Variable Mediator Dependent Variable Standardised Indirect Effect p-Value Result

Facilitating conditions Perceived ease of use Attitude towards using
cogeneration systems 0.012 0.412 Non-significant

RMSEA Perceived usefulness Attitude towards using
cogeneration systems 0.062 <0.001 Significant

Environmental
awareness Perceived usefulness Attitude towards using

cogeneration systems 0.092 <0.001 Significant

Risk perception Perceived usefulness Attitude towards using
cogeneration systems 0.010 0.167 Non-significant

Perceived benefit Perceived usefulness Attitude towards using
cogeneration systems −0.002 0.717 Non-significant

Perceived cost Perceived usefulness Attitude towards using
cogeneration systems −0.025 0.007 Significant

5. Discussion

The CoSAM proposed in this study involved the technology acceptance model with
other constructs, including facilitating conditions, environmental awareness, risk percep-
tion, perceived benefit and perceived cost. The model argued that a hotel management’s
cogeneration acceptance was largely determined by attitude towards using cogeneration
systems. Such attitude towards using cogeneration systems was influenced by a combina-
tion of constructs, namely, facilitating conditions, environmental awareness, risk perception,
perceived benefit, perceived cost, perceived ease of use and perceived usefulness. This
study successfully validated the model and generated meaningful findings about the ho-
tel industry’s acceptance of cogeneration systems. Additionally, this study highlighted
the importance of understanding cogeneration system acceptance in promoting the use
of cogeneration systems in the hotel industry and encouraged more research efforts to
investigate this research area. The results of this study made important contributions to the
literature and the hotel industry in multiple ways.

5.1. Theoretical Implications

The applicability of the technology acceptance model was partly supported by this
study in explaining cogeneration system acceptance amongst hotel management. Specifi-
cally, in contrast to the technology acceptance model that suggested that perceived ease of
use positively influenced attitude towards using a technology and perceived usefulness
(Davis, 1989), this study found that perceived ease of use was not a significant factor
that determined attitude towards using cogeneration systems and perceived usefulness.
This finding revealed that whether hotel management personnel considered cogeneration
systems useful and held a positive attitude towards using cogeneration systems did not
depend on the ease of use of cogeneration systems. A possible reason for this phenomenon
might have been that hotel management personnel (mangers and engineers) tended to be
well-educated (86.4% with a bachelor’s degree or above in this study) and knowledgeable
and did not think that using cogeneration systems would be difficult for them. This study
also found that perceived usefulness could positively influence attitude towards using co-
generation systems, which, in turn, determined the intention to use the cogeneration system
amongst hotel management. This finding was consistent with the technology acceptance
model [44] and similar to the findings of Ali et al. [58] in the study of solar photovoltaic
technology acceptance amongst Pakistanis. Ali, Poulova, Akbar, Javed and Danish [58]
reported that perceived usefulness has a positive effect on attitude towards using solar



Buildings 2022, 12, 1247 15 of 20

photovoltaic technology and that such attitude positively influences the intention to use
solar photovoltaic technology amongst Pakistanis.

In addition to perceived usefulness, this study found that perceived benefit had a
positive effect on attitude towards using cogeneration systems amongst hotel management.
When hotel management personnel believed that the benefits of using cogeneration systems
were satisfactory, their attitude towards using cogeneration systems became positive. This
finding could be explained by the expectancy theory of motivation proposed by Vroom [59].
The expectancy theory of motivation states that people manifest a behaviour because
they are motivated to perform an action on the basis of what they expect from doing
it. This study provided supportive evidence for the findings of Lee, Man and Chan [14]
who reported that utilitarian outcomes are one of the main reasons for hotel management
personnel to use cogeneration systems. Previous studies have affirmed that perceived
cost is an important barrier to energy-related technology acceptance [46,60]. However,
little knowledge is known about the mechanism of how perceived cost influences attitude
towards using a technology. In the context of cogeneration system acceptance amongst
hotel management, this study confirmed how perceived cost influences attitude towards
using cogeneration systems. Specifically, perceived cost negatively influences perceived
usefulness, which then determines attitude towards using cogeneration systems. This
outcome entails that the perceived cost (including initial setup cost and maintenance cost)
of the systems is an imperative factor in determining attitude towards using cogeneration
systems amongst hotel management. The findings of this study also supported the study
results of Dhirasasna and Sahin [61], who found that hotel management personnel are
sensitive to cost–benefit analysis when they consider whether to adopt a technology.

Risk perception is a crucial barrier to the environmentally friendly technology ac-
ceptance [18] and the energy-related technology acceptance of the public [62,63]. For
cogeneration system acceptance, this study found that risk perception negatively influences
attitude towards using cogeneration systems amongst hotel management, which is consis-
tent with the finding of the meta-analysis study conducted by Mou et al. [64]. This finding
showed that when hotel management personnel perceive a high level of risk for using
cogeneration systems, their attitude towards using cogeneration systems becomes negative.
In the literature on energy-related technology acceptance, this study was the first to confirm
the negative relationship between risk perception and attitude towards using a technology
amongst hotel management. Thus, the current work contributes significant theoretical
knowledge to the research area. Moreover, this study affirmed that risk perception is an
important determinant of cogeneration system acceptance amongst hotel management.

In the research on energy-related technology acceptance, Yun and Lee [65] showed
that facilitating conditions can increase the perceived control of the public to use renewable
energy systems. Facilitating conditions were found to influence perceived ease of use and
perceived usefulness positively in this study. This outcome was consistent with the finding
of Li et al. [66], who discovered that facilitating conditions have a positive effect on per-
ceived ease of use in the study of the acceptance of health monitoring wearable technology
amongst the elderly. When facilitating conditions are provided to hotel management, they
find that using cogeneration systems is easy and useful. Moreover, facilitating conditions
were found to have an indirect positive influence on attitude towards using cogeneration
systems mediated by perceived usefulness. The current study made theoretical contribu-
tions by revealing the mechanism of how facilitating conditions affect attitude towards
using cogeneration systems amongst hotel management. These findings were in line with
the finding of Lee, Man and Chan [14], who reported that hotel management personnel
expressed that facilitating conditions, such as technical training, consulting staff, material
or information availability and promotion activities, were indispensable to their decision
on using cogeneration systems.

Environmental awareness has been widely considered in explaining green consump-
tion behaviour [67,68]. Additionally, Despotović et al. [69] found that farmers who have
a high level of environmental awareness tend to use cleaner production approaches for
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farming. In the hotel industry, Wan et al. [70] reported that hoteliers who have a high
level of environmental awareness actively introduce initiatives that can save energy costs.
However, knowledge about how environmental awareness influences attitude towards
using a technology amongst hotel management personnel remains lacking. This study
contributed to the literature by providing such knowledge. Specifically, this work found
that environmental awareness indirectly positively influences attitude towards using a
technology amongst hotel management personnel mediated by perceived usefulness.

5.2. Policy Implications

Policy implications of this study are provided for promoting the use of cogeneration
systems in the hotel industry. First, this study found that the perceived costs of using co-
generation systems is an important factor in determining perceived usefulness and attitude
towards using cogeneration systems amongst hotel management personnel. In the UK, the
government has provided various incentives, such as tax exemption and feed-in tariffs, to
improve the economics of developing and operating cogeneration systems [71]. In Hong
Kong, in 2011, a new energy transport fund was established to subsidise existing transport
operators experimenting with green innovative transport technologies [72]. However, no
similar fund to subsidise the hotel industry to try out cogeneration systems is available to
reduce the costs of using cogeneration systems. Therefore, to reduce carbon emissions and
improve air quality, which can consequently avert global climate change, the Hong Kong
government should learn from the UK government by providing a new energy technology
fund for the hotel industry. With such a fund, the costs of using cogeneration systems can
be reduced to make the technology more attractive to the hotel industry. Second, facilitat-
ing conditions were found to influence perceived ease of use and perceived usefulness of
using cogeneration systems positively. Facilitating conditions include technical support,
training programs and statutory requirements of using cogeneration systems. However,
all these facilitating conditions are not available in Hong Kong, thereby undermining the
acceptance of cogeneration systems amongst hotel management personnel. Meanwhile,
other regions or countries, such as Australia, have well-developed regulations and ap-
provals requirements for installing a cogeneration system [73]. However, in Hong Kong,
the existing fire service ordinance, building ordinance and electricity ordinance and the
environmental laws and regulations govern the use of electricity generation systems but
not cogeneration systems. As a result, hotel management personnel are reluctant to use
cogeneration systems [14]. Thus, the developers of cogeneration systems should provide
technical support and training programs to the hotel industry. In addition, the Hong Kong
government should modify the existing relevant laws and regulations to govern the use of
cogeneration systems.

5.3. Limitations

This study has several limitations. Firstly, the data were collected in Hong Kong.
Therefore, the research findings should be applied to other countries with considerable
caution due to cultural and economic differences. Research efforts should be made to
conduct a similar study to examine the cross-cultural validity of these study findings in the
future. Secondly, this research was a cross-sectional study. A longitudinal study should
be conducted in the future to obtain an in-depth understanding of cogeneration system
acceptance amongst hotel management. Third, the option of easy construction may be
a good aspect to help understand the acceptance of cogeneration systems in the hotel
industry. More research efforts should be made to address this research area in the future.

6. Conclusions

This study proposed and validated the CoSAM, which was used to explain cogenera-
tion system acceptance amongst hotel management. The findings of this study remarkably
contributed theoretical knowledge to the literature by providing an in-depth understanding
of the factors affecting cogeneration system acceptance. Specifically, perceived usefulness
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and perceived benefit have a positive influence on attitude towards using cogeneration
systems. However, risk perception has a negative influence on attitude towards using co-
generation systems. Attitude towards using cogeneration systems has a positive influence
on intention to use cogeneration systems. Facilitating conditions have a positive influence
on perceived ease of use. Facilitating conditions have a positive influence on perceived
usefulness, while perceived cost has a negative influence on perceived usefulness. In
addition, this research was the first to examine cogeneration system acceptance in the hotel
industry on the basis of the extension of the technology acceptance model with perceived
cost, perceived benefit, risk perception, environmental awareness and facilitating condi-
tions. According to the findings of this study, policy implications can be provided for the
government, cogeneration system developers and concerned parties to develop effective
strategies to increase the use of cogeneration systems in the hotel industry. For example,
the government should provide a new energy technology fund for the hotel industry. The
government should modify the existing relevant laws and regulations to govern the use
of cogeneration systems. Additionally, the developers of cogeneration systems should
provide technical support and training programs to the hotel industry.
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