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Abstract: Increasing the popularity of distributed photovoltaic technology among Chinese residents
is of great significance to achieve the dual carbon goal (emission peak and carbon neutrality). In
this study, we collected 1424 questionnaire samples and used PLS-SEM for group modeling and
comparative analysis of bungalow and building residents. The results show that living conditions,
costs, risks of installation, maintenance, and economic efficiency are the five significant influencing
factors for residents to decide whether to install a distributed residential photovoltaic equipment.
Compared with building residents, bungalow residents tend to feel more concerned about the cost
and risk of residential photovoltaic equipment during installation, maintenance, and use. On the other
hand, bungalow residents show greater sensitivity to the corresponding photovoltaic promotion
policies. By contrast, building residents pay more attention to the direct benefit created by the
installation of residential photovoltaic equipment. Therefore, adopting the strategy from bungalow
residents to building residents could help promote the distributed photovoltaic system progressively.
As for the subsidy decline, more attention shall be paid to the progress of a gradual reduction of the
subsidies. It is advisable to pay attention to integrating the upstream and downstream industry chains
of the distributed photovoltaic systems, thus reducing the concern of residents about the difficulty
in installing, maintaining, and protecting the distributed photovoltaic equipment. By clarifying the
different impacts of promotion policies on the demand side, this study provides a practical reference
for the further adjustment made to distributed photovoltaic promotion policies.

Keywords: subsidy policy; guidance policy; technology acceptance model; residential photovoltaic;
attitude-behavior-context model

1. Introduction

Clean energy is the core to achieve the dual carbon goal [1,2], which is one of the basic
goals for achieving global sustainable development [3]. Currently, distributed photovoltaics
play a vital role in supporting the energy transition, meeting the needs of changing lifestyles
and enabling the global low-carbon transition [4]. However, due to the influence of relevant
policies, the rapid development of distributed photovoltaics relying on subsidies is pointed
out to be unsustainable [5]. Globally, residential emissions accounted for two-thirds of
human greenhouse gas emissions in 2020 [6]. With the rapid economic development and
lifestyle changes, household energy consumption accounts for about 30% of the world [7],
and it is expected that reducing greenhouse gas emissions while meeting energy demand
will be a challenge [8]. Governments around the world have been advocating the adoption
of green lifestyles [9]. China is the world’s largest electricity generator and carbon dioxide
emitter. In 2020, China produced around 26.1% of global electricity and emitted about 28.2%
of global greenhouse gases [10]. As a result, China proposed the dual carbon goal (emission
peak and carbon neutrality). In order to achieve low-carbon sustainable development,
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China needs to increase the proportion of clean energy in energy consumption. Therefore,
China gives priority to using clean energy in power generation rather than highly polluting
and non-renewable coal [11,12]. The advantages of residential photovoltaic system in green
power generation lie in its abundant photothermic resources, stable power generation,
convenient installation, and miniaturization, which has attracted the wide attention of many
people [4,13]. Photovoltaic solar panels for home use can convert abundant solar energy
directly into electricity without pollution. Households can not only use the electricity
they produce for free, eliminating the need to buy electricity from the state, but also sell
the excess electricity back to the grid, earning a profit and qualifying for government
subsidies [14,15]. This kind of scheme is not only beneficial to residents who install
residential photovoltaic but also beneficial to environmental protection and sustainable
development and is considered as an innovative solution to achieve China’s emission
reduction targets and mitigate climate change [16,17]. Therefore, this paper focuses on the
promotion of residential photovoltaic in China.

Roers pointed out that the adoption of innovative products involves a series of psy-
chological changes and behavioral responses experienced by consumers from the initial
understanding of relevant information to the final decision on whether to adopt the prod-
uct [18,19]. For energy-based innovative products, Park et al. [20] found that whether such
new product will cause damage to residents’ lives and properties is an important reason for
whether they can accept the product. Ahmad et al. [21] further explained this change with
the TAM model, arguing that whether residents adopt residential photovoltaic products
will also be affected by perceived usefulness and perceived ease of use. Drumond et al. [22]
pointed out that policy promotion is the main driving force for the current residents to
install distributed photovoltaics, and due to the important position of residential photo-
voltaic in the national energy field, policy promotion has never been absent in the field of
residential photovoltaic promotion. In the past ten years, especially after 2012, subsidy poli-
cies flooded the Chinese market to stimulate the market diffusion of photovoltaic products,
and the role of subsidy policies in the field of residential photovoltaic is particularly impor-
tant [23]. Since residential photovoltaic is a newly introduced product, Chinese consumers
have a low awareness of residential photovoltaic, and such a product faces an immature
consumer market, which may lead to various concerns and risk perceptions of consumers.
Therefore, the Chinese government requires that no less than 50% of the total roof area of
government buildings should install photovoltaic power generators, striving to generate
publicity and demonstration effects by the installation on government departments [24].
The research of Martinez-Poveda et al. [25] showed that the government’s guidance policy
can reduce residents’ perceived risk of new products and radically reform at the same time,
prevent the spread of misinformation in the market, and improve users’ cognitive level.

Recent studies have begun to focus on factors affecting the diffusion of residential
photovoltaic products, but the research background is mainly based on the situation in
developed countries [26,27]. The installation of a residential photovoltaic system requires a
suitable installation site, usually a flat roof or a gently sloping roof, and the user has the
independent right to use it [28,29]. Developed European countries and the United States
have large areas and small populations. The houses are mainly single-family houses with
scattered layouts, which provide good installation conditions for residential photovoltaic
systems. For example, by 2021, due to its superior natural and living conditions, distributed
photovoltaic power generation in Australia accounted for 12% of the total solar power gen-
eration, far ahead of other countries [30], while the houses inhabited by Chinese residents
are mainly single-family buildings (herein uniformly defined as bungalows) and urban
apartment communities (herein uniformly defined as buildings). According to Regulations
of the People’s Republic of China on property management, the installation of photovoltaic
outbuildings in bungalows” only requires the consent of the owner of the single-family
building, while to install in buildings requires the consent of the owners’ congress of the
community [31]. The interference of such external factors will make the impact of policies
on the diffusion of residential photovoltaic products likely to vary according to living
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conditions. Unfortunately, although the number of households in China has increased
to about 500 million, by the end of 2021, only 873,000 pieces of photovoltaic equipment
have been installed, and the installation rate is only 1.7% [32], far from reaching the policy
target [24]. This situation showed that for policy-driven residential photovoltaic products,
itis a complicated process for residents to accept. According to “the National Development
and Reform Commission on new energy feed-in tariff policy and relevant particulars in 2021
(exposure draft)” [33], it was specified that 2021 is the last year to enjoy central financial
subsidies for new household distributed photovoltaic projects, which indicates that resi-
dential photovoltaic subsidies have begun to decline, which will increase the uncertainty in
the future promotion of residential photovoltaic. Therefore, it is necessary to clarify the
complex mechanism of action between the promotion of policies and residential rooftop
photovoltaics installation.

In view of the above situation, we urgently need to understand the following questions:
Can the two types of policies effectively stimulate residents” willingness to install? Will
residents with different living conditions (bungalows and buildings) respond differently to
the policy? Such issues have important practical significance for the subsequent adjustment
of photovoltaic promotion policies and can further enrich the theoretical understanding of
“obstacles to the popularization of renewable energy technology”.

The current research mainly analyzes the influencing factors affecting residents” in-
stallation of residential photovoltaic from two aspects: macro-policy factors [34-36] and
micro-psychological factors [13,37,38]. Few studies combine policy and psychological fac-
tors and distinguish the actual living conditions of Chinese residents to analyze the specific
path of policy factors affecting residents” willingness to install through psychological fac-
tors. Among them, subsidy policy and guidance policy are the main variables in this study,
which are difficult to measure directly. The mechanism of subsidy policy is to stimulate
the willingness to accept residential photovoltaic of residents through interest incentives.
When users feel the benefits brought by the product, the user’s acceptance of the product
can be improved [39]. Therefore, this study refers to the practice of Kim et al. [26] and
regards the perceived benefit as a proxy variable of subsidy policy. The guidance policy
is to shorten the distance between the actor’s cognition and action through the ways of
guidance and demonstration to provide information and knowledge [40]. The stronger
the guidance felt by the actor, the stronger the willingness to act [41]. Therefore, this study
adopts the approach of Teng et al. [42], using perception guidance as a substitute variable
for guidance policies. Taking these two as the core points affecting the installation intention
of consumers as well as the evaluation of their effectiveness, these form an important basis
for the government to adjust the new round of policy in the promotion of distributed
photovoltaic power generation.

The rest of this research is organized as follows. Section 2 reviews the relevant
literature. Section 3 presents the study design. Section 4 presents the results and discussions.
Section 5 gives conclusions, policy implication and presents the limitations of this study
and future work plans.

2. Literature Review

For the sake of supporting the development of China’s photovoltaic industry, the
Chinese government issued the “Interim Measures for the Management of Financial Subsi-
dies for the Golden Sun Pilot Project” in 2009 [43], which opened the history of subsidies
for distributed photovoltaics by the central finance and achieved remarkable results. The
cumulative installed capacity of residential photovoltaic in China increased from 0.93 GW
in 2016 to 20 GW in 2020 [44]. China has a large population, and although the penetration
rate of residential photovoltaic in the total population is still not high, the substantial
growth of installed capacity has made the Chinese government realize that China’s photo-
voltaic industry has developed to a certain level, and it needs to rely on market forces to
further promote China’s photovoltaics [45]. Therefore, in 2021, “the National Development
and Reform Commission on new energy feed-in tariff policy and relevant particulars in
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2021 (exposure draft)” [33] was issued, which specified that 2021 is the last year to enjoy
central financial subsidies for new household distributed photovoltaic projects, which
indicates that residential photovoltaic subsidies have begun to decline. In addition, the
China National Energy Administration issued the “Notice on Submitting the Pilot Program
for Rooftop Distributed Photovoltaic Development of the Whole County (City, District)”
on 24 June 2021 [24], which requires no less than 50% of the total roof area of government
buildings should install photovoltaic power generation, striving to generate demonstration
effect by the installation on government departments. It means that the Chinese govern-
ment will no longer rely solely on subsidy policies to promote residential photovoltaic, and
publicity and demonstration are also an option for its promotion policy. The combination of
multiple policies may become a strategy for the Chinese government to promote residential
photovoltaic in the future.

Extensive studies have analyzed the impact of photovoltaic promotion policies from a
macro level. Luo et al. [34] reviewed the development process of photovoltaic promotion
policies in China from the mid-1990s to 2013 and found that policy implementation was
characterized by instability. Wiistenhagen et al. [35] found that the financial gap caused by
subsidies would hinder the further promotion of distributed photovoltaics. Liu et al. [46]
explored the different effects of different types of policies on the green innovation of
enterprises with different property rights types. Zhang et al. [36] evaluated the installation
potential of residential photovoltaics in rural China and the corresponding economic
and environmental effects. The results of the above research provide a reference for the
formulation and implementation of China’s photovoltaic policies, but the residential sector
is the main decision-making subject, and the policy itself constitutes the decision-making
scenario of the residential sector [47]. Such research results can hardly explain how policies
affect residential decisions. There are also many studies that focus on the promotion of
residential photovoltaic products in developing countries. Different theories have been
adopted to test the influencing factors that affect residents’ installation intention, such
as technology diffusion (DOI model) [13], theory of planned behavior (TPB model) [37],
and value-belief-norm (VBN) theory [38], etc. The focus of such research is to explore the
intrinsic factors that affect residents’ installation intention from the perspectives of values,
perceptions, attitudes, etc. However, for distributed photovoltaic equipment, on one hand,
it has the attributes of technological products [21], and on the other hand, it needs the
promotion of policy elements [48], and different decision-making scenarios will inevitably
affect users’ decision making [49]. In the past 20 years, China has experienced a process
of rapid urbanization under the drive of real estate and high-speed infrastructure [50]. In
this process, a large number of residents moved from bungalows to buildings. Differences
in living conditions will also affect residents” acceptance of photovoltaic technology. The
effect of the policy is also affected by the residential scene [51]. Such studies can hardly
integrate with the actual living scenarios of current Chinese residents and cannot explain
the differential effects of policy effects in different scenarios.

In order to achieve the dual carbon goal and achieve sustainable development, China’s
residential photovoltaics are strongly supported by national policies [52]. Previous study
has pointed out that for emerging industries with high investment risk and low user accep-
tance, such as photovoltaic power generation, the government’s package of policy support
plans on the consumer side, such as low-interest subsidies, can significantly reduce user
cost risks and ensure investment income. This can turn potential photovoltaic followers
into actual photovoltaic adopters, which can effectively promote the increase of photo-
voltaic system installation rate to a large extent [53]. In addition, publicity, guidance, and
information services can also cooperate with subsidy policies to shorten the psychologi-
cal distance between residents and photovoltaic power generation and guides residents’
choice of residential photovoltaics [7]. China’s residential photovoltaic subsidy policy
was initiated in 2009 together with various publicity and guidance policies to promote
the development of China’s residential photovoltaics [18]. On the basis of the opinions
on improving the “System, Mechanism, and Policy Measures for Energy Green and Low-
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Carbon Transformation”, issued by the National Energy Administration of the National
Development and Reform Commission of China [54], at present, residential photovoltaic
power generation can be sold to power grid enterprises. It means the electricity produced
by the residential photovoltaic power generation equipment can be used either for self-use
or for sale. The local governments” subsidies for distributed photovoltaic power generation
can not only subsidize the sales price but also subsidize the installation cost.

The above literature analyzed residents’ willingness to purchase residential PV from
the perspective of users’ consumption psychology [13,37], while others analyzed the im-
pacting factors of residents’ installation of residential PV equipment from the perspective
of users’ environmental protection concerns [38]. The mentioned literature all asserted
that whether users are willing to adopt a residential PV system is controlled by their inner
will. Some scholars also studied the impact of policies on residential consumption and
the installation of residential PV equipment from the external policy’s perspective [7,53].
However, according to the opinions of Steg [47] and Guagnano et al. [55], human behavior
is the result of the joint action of both the external environment and internal psychology,
among which policy measures belong to one of the external environments [47]. Therefore,
some scholars have combined the above theories and analyzed the mechanism by which
government policies ultimately affect users” consumption decisions through influencing
users’ internal psychology. For example, Park et al. studied how electricity pricing policies
and government training affect residents” willingness to adopt the smart grid based on the
extended TAM theory [20], and Kim et al. studied the influence of government’s quality
control policy on PV equipment and industrial policy (reducing the cost of PV equipment
through industrial policy) on the adoption of PV equipment by Korean residents [26].
Based on the above literature, this paper establishes a structural equation model to measure
the influence mechanism of China’s subsidy policies and guidance policies on residents’
willingness to install residential PV.

Specifically, the method of group comparison was adopted to build a policy path
model. This research discusses the main policy driving factors and influencing factors of
residents’ purchase and installation intention, which is a comprehensive understanding
of residents” purchase and installation intention. The research results provide theoretical
inspiration and practical reference for comprehensively understanding the mutual influence
relationship between perception and purchase as well as installation intention of distributed
photovoltaic power generation system. Existing studies use different terms to define
the behavior of residents toward installing and using distributed photovoltaic power
generation equipment. The commonly used terms include residential photovoltaic [22],
building-integrated photovoltaic (BIPV) [56], and roof-mounted photovoltaic (RMPV),
etc. [57]. The common ground among the three is the installation of distributed photovoltaic
power generation devices on buildings through BAPV or BIPV technology. BIPV technology
focuses on the technical link between photovoltaic equipment and buildings [58], while
RMPV often appears in the context of macro analysis. The roof in the area is regarded
as a resource that can install distributed photovoltaic power generation equipment to
evaluate the potential of installing solar power generation equipment in the area [59], while
residential photovoltaic emphasizes domestic attributes. That is, solar photovoltaic panels
are installed on the top of home buildings, generate electricity through the photoelectric
effect, and then convert the direct current into alternating current through the inverter [60].
In order to avoid ambiguity and define the boundaries of the study, considering the purpose
of this study, this definition is adopted in this paper.

3. Empirical Strategy
3.1. Theoretical Foundation

TAM is a model proposed by Davis in 1989 when he used rational behavior theory
to study users’ acceptance of information systems [61]. Since then, this model has been
used by many scholars to study the behavior of innovative technology use from different
perspectives. The model proposes to use perceived usefulness and perceived ease of use as
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the main measures of technology acceptance behavior. Perceived usefulness refers to indi-
viduals’ belief that using a particular application system can improve work performance;
that is, users feel that using this innovative technology can bring convenience to their work
or life. Perceived ease of use refers to individuals’ belief that using or the ease with which a
system or innovative technology is mastered. Davis et al. [61] used this model to explain
and predict the acceptance of residential photovoltaic systems by residents.

Perceived risk originates from the theory of customer perceived value, which is often
used in the field of consumer behavior [62]. Park et al. [21] believed that perceived risk (PR)
also plays an important role in users’ acceptance of new technological products and used it
to predict the user acceptance of the smart grid. Residential photovoltaics and home smart
grids both belong to the category of energy technology products. Therefore, this study
adopts Park et al.’s definition of perceived risks: residents” inner concerns when choosing
new technology products, including concerns that the products will not meet the user’s
purpose and product quality, the loss of time, economy, money, social evaluation, and other
aspects to users caused by the lack of after-sales service, etc.

The attitude-behavior-context model believes that changes in individuals’ perceptions
of external scenes will affect individuals’ internal psychological cognition and further affect
behavior, which can be used to understand the impact of individual policy perceptions
on behavior [63,64]. The TAM assumes that external variables directly affect perceived
usefulness and perceived ease of use, but the model itself does not strictly specify external
variables [61]. Muhammad-Sukki found that government policy is an important factor
in the implementation of residential photovoltaic power generation [48]. In view of this,
this paper extends the TAM based on the above elements and focuses on analyzing the
impact of subsidy policies and guidance policies on perceived usefulness, perceived ease
of use, and perceived risks. This study also explores the mediating role of perceived useful-
ness, perceived ease of use, and perceived risks between the two policies and residential
photovoltaic installation intention, which provides inspiration for research on residential
photovoltaic installation intention.

3.2. Hypotheses
3.2.1. Perceived Usefulness (PU)

As mentioned above, this paper draws on the definition of perceived usefulness from
the TAM. The specific definition of perceived usefulness here is the user’s perception that
the residential photovoltaic system can improve their work performance and provide
convenience in life. In accordance with the research of Ahmad et al. [21], the stronger the
perceived usefulness of the residential photovoltaic system, the stronger the intention to
purchase and install it, so the following hypothesis is put forward:

Hypothesis 1 (H1). Perceived usefulness is positively correlated with installation intention.

3.2.2. Perceived Ease of Use (PEOU)

Referring to the definition of Davis [62], the PEOU here is specifically defined as
the user’s subjective perception of the difficulty of using and maintaining a residential
photovoltaic system. With regard to the research of Ahmad et al. [21], the stronger the
residents” PEOU of residential photovoltaic system, the more easily its purchase and
installation behavior can be implemented, so the following hypothesis is made:

Hypothesis 2 (H2). PEOU is positively correlated with installation intention.

3.2.3. Perceived Risk (PR)

Park et al. [20] found that PR has a significant impact on whether residents choose
to install and use a smart grid. When residents have concerns and think that purchasing,
installing, and using a certain technology product will bring them some kind of loss, they
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will not purchase. As smart grid and residential photovoltaic power generation systems are
both energy technology products and have similar attributes, this study draws on Park’s
definition and puts forward the following hypothesis:

Hypothesis 3 (H3). PR is negatively related to installation intention.

3.2.4. Perceived Benefit (PB)

At present, some local governments in various parts of China still implement subsidy
policies for residents to install residential photovoltaic power generation and connect them
to the grid. The essence of subsidy is an incentive mechanism implemented to promote the
popularity of residential photovoltaic installations. When users feel the benefits brought by
the product, the users” acceptance of the product can be effectively improved [65]. Therefore,
the PB is used to measure the effect of government subsidy policies in the research. Park’s
research believes that saving electricity bills for residents or bringing benefits can improve
residents’ perceived usefulness of smart grids [20]. The PB is similar to this hypothesis.
Furthermore, it can be seen that the subsidy policy brings additional benefits to residents.
Park defined the user’s PR when purchasing and adopting new products as a psychological
perception. For example, when purchasing technology products, users may encounter the
failure of purchasing due to information asymmetry or various risks such as time costs,
operational risks, financial risks, personal injury, and loss of honor during the use process
due to the lack of user knowledge and skills [20]. Since the risks include financial risk, we
believe that the PB brought by the subsidy policy can hedge the financial risks of users’
psychology. Thus, the PB has a certain degree of influence on the PR. Mole’s research
found that the use cost of mobility as a service will affect the user’s PEOU, which includes
economic cost, time cost, and operation cost. Cost-saving can improve users’ perception of
ease of use, thereby improving users’ acceptance of mobility as a service [39]. Therefore, we
speculate that subsidy policies can reduce the economic cost of residential photovoltaics for
residents, thereby generating a positive impact on the perceived ease of use. In summary,
the following hypotheses are put forward:

Hypothesis 4 (H4). PB is positively correlated with installation intention.
Hypothesis 5 (H5). PB is positively correlated with perceived usefulness.
Hypothesis 6 (H6). PB is positively correlated with perceived ease of use.

Hypothesis 7 (H7). PB is negatively correlated with perceived risks.

3.2.5. Perceived Guide (PG)

In addition to the subsidy policy, the Chinese government also uses publicity, demon-
stration, and other policies to guide residents to install residential PV. For example, it
requires party and government organizations at all levels to take the lead in installing
residential photovoltaic systems, thus trying to create an exemplary effect to guide residents
to generate installation intention. The resulting effect of such publicity and demonstra-
tion strategies is defined as a PG in this study, that is, the effect of government publicity,
demonstration, and guide subjectively felt by residents. Wang believes that when users feel
the guiding role of publicity and demonstration, it can shorten the psychological distance
between residents and residential photovoltaic products and help residents to generate
installation intention [7]. Phang believes that an effective publicity strategy can allow
potential users to obtain more information about new products, but after users obtain more
product information through publicity strategies, it can improve the PU and PEOU of the
product [66]. Research by Martinez-Poveda et al. shows that publicity and guidance strate-
gies can reduce residents’ PR of new products and can curb the spread of misinformation in
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the market and improve users” awareness [25]. Based on the above content, the following
hypotheses are put forward:

Hypothesis 8 (H8). PG is positively correlated with installation intention.
Hypothesis 9 (H9). PG is positively correlated with PU.
Hypothesis 10 (H10). PG is positively correlated with PEOUL.

Hypothesis 11 (H11). PG is negatively correlated with PR.

3.2.6. Hypothesis of Mediating Role

In terms of the above hypotheses in Sections 3.2.1-3.2.5, the following hypotheses can
be derived and tested together:

Hypothesis 12 (H12). PB can positively affect residents’ installation intention through perceived
usefulness (according to H1 and H5).

Hypothesis 13 (H13). PB can positively influence residents’ installation intention through PEOU
(according to H1 and H9).

Hypothesis 14 (H14). PB can positively affect residents’ installation intention through PR
(according to H2 and H6).

Hypothesis 15 (H15). PG can positively affect residents’ installation intention through PU
(according to H2 and H10).

Hypothesis 16 (H16). PG can positively influence residents” installation intention through PEOU
(according to H3 and H7).

Hypothesis 17 (H17). PG can positively affect residents’ installation intention through PR
(according to H3 and H11).

Hypothesis 18 (H18). The overall mediating effect of PG on residents’” purchase and installation
intention is significant (according to H12, H14, and H16).

Hypothesis 19 (H19). PB has a significant mediating effect on residents’ purchase and installation
intention (according to H13, H15, and H17).

Based on the above theoretical deduction, this paper obtains the research model as
shown in Figure 1:

3.3. Questionnaire Design

A total of six constructs are involved in this research. The questionnaire items involved
in all the constructs refer to the existing literature. The first draft of the questionnaire was
verified by two full-time teachers and sent to the energy management department for
further improvement. In the demographics section, the income mainly refers to the average
annual residential income. The main variables are measured using the Likert 5-point scale,
and the measurement scales are shown in Table 1 Among them, PB refers to Stern [67]
and Kim et al. [26], and PG refers to the scales used by Wang et al. [7] and Teng et al. [42];
scale use, perceived usefulness, PEOU, and installation intention refer to Davis [62] and
Ahmad [21], while scale development and PR refer to Park [20]. The construct of PR is
negatively correlated with the installation intention (H3), PB (H7), and PG (H11), while
the structural equation model requires the formative indicators of all latent variables to
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be consistent in measurement with other latent variables [68]. Therefore, it is necessary to
do the opposite for the item of PR. After obtaining the scores of the questionnaire items,
we changed 5 points to 1 point, 4 points to 2 points, 3 points to unchanged, 2 points to
4 points, and 1 point to 5 points. All the items are shown in Table 1. In order to distinguish
the samples in the research, the living condition item was added to the questionnaire items
through the choice “The house I live in for a long time is (bungalow, building)”.

=

H5
PB
HI
He H4
H7 \
PEOU F————H2—> 11
HO /
HS
HI10
H3
PG
H—
PR

Figure 1. Research model. Notes: II, installation intention; PU, perceived usefulness; PEOU, perceived
ease of use; PR, perceived risk; PB, perceived benefit; PG, perceived guide.

3.4. Data

In virtue of the statistics of the China Photovoltaic Industry Association in 2021, as
of July 2021, the top three provinces included in the national financial subsidy scale of
residential photovoltaic projects in 2021 are Hebei (3.8548 million kW, accounting for
40.17% of the national total), Shandong (3.0992 million kW, accounting for 32.30%), and
Henan (1.1571 million kW, accounting for 12.06%), with the three provinces accounting for
84.53% of the national total [69]. Hence, Hebei, Henan, and Shandong have certain user
base of residential photovoltaic power generation equipment. This can provide a good
sample source for the comparative analysis of purchasing decision drivers and purchasing
intention among different groups in this paper. Constrained by the anti-pandemic policy
in mainland China, the commonly used residential surveys were not feasible. Therefore,
this study chose to conduct an online questionnaire survey and target the residents of the
three typical provinces in China with random questionnaires by locking their IP addresses.
In order to improve the answering rate of the questionnaire, an answering lottery was
used to motivate answering questions. We also conducted an online pre-questionnaire test
of 50 respondents, which provided an opportunity for the re-examination of the formal
survey and improved sample quality. The survey was conducted in February 2022 for a
period of 30 days. A total of 1531 questionnaires were obtained from the survey. After
processing the missing data and removing outliers, 1424 samples were finally obtained for
analysis, with an effective sample rate of 93.07%.
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Table 1. Morphological equivalence assessment.
Respondents of Bungalow Residents Respondents of Building Residents
Variables Items (n = 684) (n = 740)
Factor Loading Cronbach’s & CR AVE Factor Loading  Cronbach’s CR AVE
I 0.813 0.889 0.728 0.838 0.901 0.752
I am interested in considering
m installing rooftop PV power 0.855 0.904
generation equipment.
I am interested in persuading my
m family to 1nsta.111 housghold PV 0.860 0.842
power generation equipment for
their homes.
I am willing to take the time to
3 learp about photovoltaic 0.844 0.855
equipment for home use
information.
PU 0.831 0.899 0.747 0.834 0.898 0.746
Using rooftop PV power
PU1 generation equipment can save 0.868 0.913
me electricity costs.
Using rooftop PV power
pPU2 generation equipment can 0.884 0.862
improve my life quality.
The use of rooftop PV power
generation equipment is
PU3 conducive to reduce carbon 0.841 0.813
emissions and achieve
sustainable development.
PEOU 0.782 0.835 0.564 0.800 0.855 0.600
PEOU1 It is very easy to use rooftop PV 0.710 0.784

power generation equipment.
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Table 1. Cont.

Respondents of Bungalow Residents Respondents of Building Residents
Variables Items (n = 684) (n =740)
Factor Loading Cronbach’s « CR AVE Factor Loading  Cronbach’s CR AVE

It does not take much time to
PEOU3 learn how to use rooftop PV 0.801 0.828
power generation equipment.

It does not take much time to

PEOU4 learn how to maintain roof top 0.897 0.861
PV power generation equipment.
PR 0.810 0.887 0.723 0.799 0.878 0.707
I am worried about the stability
PR1 of household PV power 0.861 0.898

generation equipment.

I am worried about the quality
problem of household PV power

PR2 . . 0.841 0.858
generation equipment perhaps
causing me economic losses.
I am concerned that the quality
PR3 of household PV power 0.850 0.762

generation equipment will cause
me personal injury.

PB 0.831 0.898 0.747 0.815 0.889 0.728

The government subsidy for the
distributed PV power generation

PBl equipment will make me decide 0871 0-807
to install it.
The earned tariff for distributed
PR2 PV power generation equipment 0.858 0.872

was important to my choice
of installation.
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Table 1. Cont.

Respondents of Bungalow Residents Respondents of Building Residents
Variables Items (n = 684) (n =740)
Factor Loading Cronbach’s « CR AVE Factor Loading  Cronbach’s CR AVE

Whether the government
provides the distributed PV
PB3 power generation equipment for 0.863 0.880
free is important to my
willingness to install it.

PG 0.817 0.888 0.726 0.827 0.896 0.742

Good publicity will make me
PG1 decide to install distributed PV 0.884 0.837
power generation equipment.

Knowing the pros and cons of
installing distributed PV power
PG2 generation equipment is 0.860 0.866
important for me to choose
an installation.

Local party and government
departments have installed a
distributed system.

The photovoltaic equipment is
the one reason that drives me
to install.

PG3 0.810 0.881

Note: II, installation intention; PU, perceived usefulness; PEOU, perceived ease of use; PR, perceived risk; PB, perceived benefit; PG, perceived guide.
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The basic properties of the samples are shown in Table 2 from the perspective of
gender, age, and education level, there is no significant difference between the residents
of the bungalows and the residents of the buildings. However, from the perspective
of the average annual income, the respondents living in bungalows are below CNY
12,000 (accounting for 23.00%), CNY 12,001~30,000 (21.90%), CNY 30,001~50,000 (31.30%),
CNY 50,001~100,000 (11.00%), and above CNY 100,001 (13.00%); respondents from build-
ings are below CNY 12,000 (5.40%), CNY 12,001~30,000 (9.90%), CNY 30,001~50,000 CNY
(33.10%), CNY 50,001~100,000 (23.20%), and more than CNY 100,001 (28.40%). The com-
parative analysis shows that the respondents of building residents with higher average
income accounted for a relatively large proportion. In China, most of the respondents
in bungalows live in rural areas and urban-rural areas, while the building respondents
mainly live in cities, while the income difference reflects the current situation of urban-rural
binary difference.

Table 2. Sample structure.

Respondents Respondents
of of Total
Item Attribute Bungalow Building
Residents Residents
(n = 684) (n = 740) (n =1424)
Male 344 (50.3%) 388 (52.40%) 732 (51.40%)
Gender Female 340 (49.7%) 352 (47.60%) 692 (48.60%)
25~30 years 186 (27.20%) 259 (35.00%) 445 (31.30%)
Age 31~36 years 241 (35.2%) 216 (29.20%) 457 (32.10%)
37~42 years 184 (26.90%) 161 (21.80%) 345 (24.20%)
43 years and above 73 (10.70%) 104 (14.10%) 177 (12.40%)
Junior college and below 274 (42.91%) 299 (40.40%) 573 (41.20%)
Education level Undergraduate 374 (51.67%) 401 (54.20%) 775 (54.40%)
Postgraduate and above 36 (5.52%) 40 (5.40%) 76 (5.30%)
Below CNY 12,000 157 (23.00%) 40 (5.40%) 197 (13.80%)
Average annual income CNY 12,001~30,000 150 (21.90%) 73 (9.90%) 223 (15.70%)
of family members CNY 30,001~50,000 213 (31.10%) 245 (33.10%) 458 (32.30%)
CNY 50,001~100,000 75 (11.00%) 172 (23.20%) 247 (17.30%)
CNY Above 100,001 89 (13.00%) 210 (28.40%) 299 (21.00%)

The purpose of this study is to use extended TAM to explore the impact path of two
policies (subsidy policy and guidance policy) on residents” intention to install photovoltaic
technology for different residential living conditions (bungalows, buildings). Mediating
variables are as follows: PU and PEOU are derived from the TAM [61], PR is derived from
the Theory of Perceived Value [62], PB comes from the research of Kim et al. [26], and PG
comes from Wang et al. [7] and Teng et al. [42]. The entire model is shown in Figure 1. The
integration of external and internal factors is intuitive and efficient.

As the PB of subsidy policy and PG of guidance policy is included in the research, the
TAM model is extended to increase the PR of constructs. This study aims to build a new
model by expanding and integrating different constructs. Thus, it is an exploratory study
to explore the effect mechanism of government guidance policy on residents’ installation
intentions. Chin et al. [70] and Hair et al. [71] showed that partial least square method-
structural equation modeling (PLS-SEM) is suitable for exploratory research. This study
adopts the PLS-SEM method to analyze the data.

4. Result and Discussion
4.1. Measurement Invariance Assessment of Composite Model (MICOM)
Measurement invariance assessment of composite model (MICOM) is a research

method based on group comparisons of structural equation models. The purpose is to test
whether two different groups in the group comparison will have different understandings of
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the questionnaire items due to differences in culture, identity, race, etc., in the questionnaire
test. If different groups have different understandings of the questionnaire, it means there
might be other more disturbing terms affecting the results of the comparative study [72].
Based on the above problems, MICOM was developed as is mainly documented in the
works of Henseler et al. [72] and Hair et al. [73]. The purpose of using this method is
to determine whether the questionnaire items are comparable in different groups. There
are three specific steps of this method: The first is morphological equivalence evaluation,
which is also called structural invariance test. In practice, when different groups have the
same structure and factor parameter coefficients, the invariance of their structure must
be confirmed. Using the Cronbach’« coefficient and the internal consistency reliability
with a combined reliability greater than or equal to 0.7, the convergence reliability and
discriminate reliability with a mean variance extraction value greater than or equal to 0.5,
and the heterogeneity—elemental ratio analysis less than 0.9 to evaluate. The main test data
in this study are summarized in Tables 2—4. The measured results are that the two groups
of data are structurally consistent, which means there is no significant difference in the
model structure between the two groups of samples. The second step is factor invariance
evaluation, also called component invariance evaluation. The purpose of this step is to
assess whether the components in the model (six constructs in this case) have invariance in
different groups. This step constructs a “C value”, which is the “Original Correlation” in
Table 5. The closer the C value is to 1, the more homogeneous the corresponding elements
(constructs) of the two groups are. Specifically, it can be determined by the “combined
p-value”. The test results are in Table 5. The results also showed that the evaluation of
the invariance of the factors of the two groups meets the requirements. The third step is
the mean and variance test. The purpose of this step is to determine whether there is a
difference between the two groups of samples, which has a certain degree of repeatability
with the second step, that is, by testing the mean and variance of the construct in the two
samples to determine whether the construct is different in the two groups of samples. This
step needs to be used in conjunction with theoretical evidence, which is not a necessary
step. This study did not further use the third step for testing because of China’s 3000 years
of unified cultural tradition, and there is no evidence to prove living in buildings and living
in bungalows will produce cultural and identity differences. Considering that this test
is not the subject of this research, the first two steps are enough to compare the data of
bungalow and building residents, so the further third step test was not selected.

Table 3. Discriminant reliability analysis.

Respondents of Bungalow Residents

Respondents of Bungalow Residents

Variables (n = 684) (n =740)
11 PB PEOU PG PR PU 1I PB PEOU PG PR PU
11 0.853 0.867
PB 0.084 0.864 0.197 0.853
PEOU —0.071 —0.008 0.751 0.077 0.045 0.775
PG 0.074 0.101 —0.001 0.852 —0.017 0.197 —0.040 0.861
PR 0.268 0.153 0.015 0.165 0.851 0.008 0.193 —0.086 0.193 0.841
PU 0.182 0.126 —0.084 0.023 0.059 0.864 0.077 0.092 —0.022 0.241 0.077 0.864

Note: The value on the diagonal is the square root of AVE, and the remaining values are the correlation coefficients
with other factors.

4.2. Inspection of Structural Model

First, the variance inflation factor (VIF) was used to assess multicollinearity between
exogenous structures. The VIF values in this paper are all less than 3.30, indicating that there
is no problem with multicollinearity [74]. Second, R? is used to assess the predictive power
of the model, and Q? is used to assess the predictive correlation of endogenous structures.
The related values indicate that the predictive correlation of the model has been achieved,
as shown in Table 6. The standardized root mean square residual (SRMR) is used to assess
the fit of the overall model. SRMR < 0.1 is acceptable, and a more stringent standard is
SRMR < 0.08 [75]. In the study, SRMR bungalow = 0.054, and SRMR building = 0.053, so
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the fitting result of this model is acceptable. Referring to the suggestion of Qian et al. [76], a
bootstrap mediation test and statistical analysis were used, and 5000 samples were selected

to estimate a 95% confidence interval
Table 6 and Figures 2 and 3.

for the mediation effect test. The results are shown in

Table 4. Heterogeneous—elemental ratio analysis.

Respondents of Bungalow Residents

Respondents of Building Residents

Variables (n = 684) (n = 740)
II PB PEOU PG PR PU II PB PEOU PG PR PU
1I
PB 0.101 0.232
PEOU 0.075 0.040 0.076 0.054
PG 0.098 0.123 0.065 0.035 0.248 0.054
PR 0.331 0.185 0.048 0.194 0.037 0.224 0.112 0.227
PU 0.217 0.150 0.103 0.045 0.071 0.089 0.120 0.049 0.276 0.100
Table 5. Factor invariance analysis.
Original Correlation Correlation Permutation Mean 5.00% Permutation p-Values
I 0.998 0.998 0.993 0.472
PB 0.997 0.998 0.994 0.197
PEOU 0.992 0.642 0.064 0.992
PG 0.993 0.998 0.994 0.060
PR 0.994 0.998 0.994 0.052
PU 0.997 0.997 0.992 0.357
PU
Hs: 0125
(**) Pl
PB HI: 0.159
0 007 A (xxk)
6:70.007 " 14:0.022
(nse) ./ (nse) -~
H7:0.138 /.
Y w0061
PEOU el m
HY: 0.011 » (88—
[mse) X H8:0.026 —
H10:20.009 \ - (nse) 31 0255
S O) (k)
PG “HI11: 0.151
(%) T
PR

Figure 2. Influencing factors and paths of distributed photovoltaic system installation willingness of

respondents of bungalow residents. Note 1: * p < 0.05, ** p < 0.01, *** p < 0.001; nse, no significant

effect. Note 2:
the path is not significant.

» shows the path is significant;

,,,,,,,,,,,,,,,,,,,,,,,,,,,, }
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Table 6. Comparative analysis of the respondents of bungalow and building residents.

Respondents of Bungalow

Respondents of Building Residents

I}:;Sidﬁesl;t)s (@ = 740) Comparative Analysis
Hypothesis Influence Path -
Path Coefficient Hypothesis Test Path Coefficient Hypothesis Test .
(Significance) p-Value Results (Significance) p-Value Results Path Difference p-Value
HI1 PU —II 0.159 0.000 s 0.078 0.046 s 0.081 0.142
(") *) (nse)
H2 PEOU — 1II —0.061 0.203 ns 0.063 0.179 ns —0.124 0.074
(nse) (nse) (nse)
0.252 —0.035 0.287
H3 PR — II ) 0.000 s (ns0) 0.379 ns ) 0.000
0.022 0.207 —0.185
H4 PB — I (ns0) 0.557 ns ) 0.000 s ) 0.000
H5 PB — PU 0.125 0.006 s 0.046 0.305 ns 0.079 0.220
** (nse) (nse)
Hé PB — PEOU ~0.007 0.908 ns 0.055 0.203 ns —0.063 0.411
(nse) (nse) (nse)
H7 PB —s PR 0.138 0.002 s 0.162 0.000 s —0.024 0.682
) () (ns)
H8 PG — I 0.026 0.532 ns ~0.067 0.092 ns 0.093 0.103
(nse) (nse) (nse)
H9 PG — PU 0.011 0.808 ns 0.232 0.000 s —0.222 0.000
(nse) (***) (*ﬁ(-ﬁ(-)
H10 PG — PEOU —0.009 0.918 ns —0.055 0.227 ns 0.046 0.616
(nse) (nse) (nse)
H11 PG — PR 0.151 0.000 s 0.161 0.000 s 0.010 0.855
(***) (***) (nse)
H12 PB — PU — II 0.020 0.023 ns 0.003 0.376 ns 0.016 0.091
*) (nse) (nse)
H13 PB — PEOU — II 0.001 0.912 ns ~0.002 0.828 ns 0.003 0.593
(nse) (nse) (nse)
H14 PB PR 1I 0.035 0.007 s —0.006 0.403 ns 0.040 0.004
) (ns) )
H15 PG—PU —1I 0.002 0.816 ns 0.018 0.057 ns —0.016 0.177
(nse) (nse) (nse)
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Table 6. Cont.
Respondent§ of Bungalow Respondents of Building Residents . .
Residents (@ = 740) Comparative Analysis
=684 B
Hypothesis Influence Path @ )
Path Coefficient g Hypothesis Test Path Coefficient g Hypothesis Test . g
(Significance) p-Value Results (Significance) p-Value Results Path Difference p-Value
Hi16 PG — PEOU — II 0.001 0.919 ns 0.003 0.371 ns —0.002 0.531
(nse) (nse) (nse)
H17 PG — PR —1I 0;238 0.000 ] ~0.006 0.419 ns 0;234 0.000
(**) (nse) (**)
0.055 0.001 0.054
H18 PB—1I (++%) 0.000 s (nse) 0.879 ns **) 0.002
H19 PG — 11 0.040 0.005 s 0.009 0.460 ns 0.031 0.096
(*) (nse) (nse)
RZ
PU 0.240 0.200
PEOU 0.180 0.160
PR 0.220 0.230
I 0.393 0.401
QZ
PU 0.218 0.130
PEOU 0.142 0.121
PR 0.256 0.219
I 0.302 0.303

Note 1: *p <0.05, ** p < 0.01, *** p < 0.001; nse, no significant effect. Note 2: Path difference = 3 bungalow-§ building.

Note 3: s, support, ns, non-support.
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v PU
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PB H1:0.078
(*)
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Figure 3. Influencing factors and paths of distributed photovoltaic system installation willingness of
respondents of building residents. Note 1: * p < 0.05, ** p < 0.01, *** p < 0.001; nse, no significant effect.
,,,,,,,,,,,,,,,,,,,,,,,,,,,, )

Note 2: » shows the path is significant; shows the path

is not significant.

4.3. Hypothesis Test Results of Bungalow Residents

As shown in Table 7 and Figure 2, for the respondents of bungalow residents, the
supported hypotheses are H1 (3 = 0.159, p < 0.001), H3 ( = 0.252, p < 0.001), H5 (3 = 0.125,
p < 0.05), H7 (§ = 0.138, p < 0.01), H11 (3 = 0.151, p < 0.001), H12 ( = 0.020, p < 0.05),
H14 (3 = 0.035, p < 0.01), H17 (B = 0.038, p < 0.001), H18 ( = 0.055, p < 0.001), and H19
(B =0.040, p < 0.01).

The results of the above hypothesis test can be interpreted as follows. Because the
respondents who are bungalow residents have independent control over their own roofs
and walls, once they install distributed photovoltaic equipment in the above-mentioned
areas, they need to manage it themselves. Although they can make independent decisions
about whether their own roofs and walls are installed with photovoltaics, they also need to
undertake more management obligations. Therefore, they are more concerned about the risk
of installation and use (H3 is significant), and PB and PG can only indirectly affect residents’
installation intention through PU and PB (H12, H14, and H17 are significant), and the total
indirect total effect of the two policies is also significant (H18 and H19 are significant).
Moreover, isolated policies cannot directly promote residents’ installation intention (H4
and HS are not significant). This indicates that bungalow residents not only care about
benefits but also worry about the costs of management, maintenance, and operations when
making decisions. In terms of the effect on PU and PR, the PB has a positive impact on
PU and PR (both H5 and H7 are significant), while PG only has a significant effect on PR
but has no effect on PU (significant in H11, not significant in H9 and H15), indicating that
the effect of PB (subsidy policy) is greater than that of PG (publicity and demonstration)
(H18 > H19). This further indicates that, for now, interest stimulation is still the key factor
for bungalow residents to decide whether to install residential photovoltaics.

For bungalow residents, PU has an impact on residents’” installation intention (H1),
while the impact of PEOU is not significant (H2). Not only that, but PB and PG also
have no significant impact on PEOU (H6, H10), nor do they affect residents’ installation
intention through PEOU (H13, H16). It can be explained as follows. Since the electricity
produced by residential photovoltaics can not only be sold on the grid but also can be used
by themselves, the bungalow residents will also consider the practicality (PU) of installing
residential photovoltaics when considering whether to install them, that is, choosing
electricity self-use. In addition, it is compared to the risk (PR) that needs to be taken, so PU
and PR are the internal factors that drive bungalow residents to make installation decisions.
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Table 7. Hypothesis test results of respondents of bungalow residents.

Respondents of Bungalow Residents

(n = 684)
Hypothesis Influence Path P?St?ggiof;acf;l:zzr)\t t-Value p-Value Hyp;){zl;ilslltss Test

H1 PU — 1I (2;13)9 4.191 0.000 support
—0.061

H2 PEOU — I (nse) 1.274 0.203 non-support

H3 PR —1II (2*2:)2 6.863 0.000 support

H4 PB—1I (()n(;g 0.588 0.557 non-support

H5 PB — PU 0(53)5 2.736 0.006 support
—0.007

Heé PB — PEOU (nse) 0.115 0.908 non-support

H7 PB — PR 0(33)8 3.087 0.002 support

H8 PG —1I (()nzze? 0.626 0.532 non-support
0.011

H9 PG — PU (nse) 0.244 0.808 non-support
—0.009

H10 PG — PEOU (nse) 0.103 0.918 non-support
0.151

H11 PG — PR (%) 3.746 0.000 support
0.020

H12 PB— PU —1I *) 2.268 0.023 non-support
0.001

H13 PB — PEOU — 1I (nse) 0.110 0.912 non-support
0.035

H14 PB— PR —1I *4) 2.700 0.007 support
0.002

H15 PG —PU — 1I (nse) 0.232 0.816 non-support
0.001

Hile6 PG — PEOU — I (nse) 0.102 0.919 non-support
0.038

H17 PG — PR —1I (%) 3.218 0.000 support

PB —1I 0.055
Hi18 (Total indirect effect) (***) 3.673 0.000 support
PG —1I 0.040
HI9 (Total indirect effect) **) 2802 0.005 support

Note: * p < 0.05, ** p < 0.01, *** p < 0.001; nse, no significant effect.

4.4. Hypothesis Test Results of Building Residents

As shown in Table 8 and Figure 3, for the building respondents, the hypotheses that
can be supported are H1 (3 = 0.078, p < 0.05), H4 (3 = 0.270, p < 0.001), H7 (3 = 0.162,
p <0.001), HI9 ( = 0.232, p < 0.001), and H11 (3 = 0.161, p < 0.001).
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Table 8. Hypothesis test results of respondents of building residents.

Respondents of Building Residents

(n = 740)

Hypothesis Influence Path P?St?ggiof;acf;l:zzr)\t t-Value p-Value Hyp;){zl;ilslltss Test
Hi1 PU —1II O'(g)78 1.999 0.046 support
H2 PEOU — I 0.063 1.343 0.179 non-support

(nse)
H3 PR —1II —0.035 0.879 0.379 non-support
(nse)
H4 PB — II ?20)7 5.411 0.000 support
H5 PB — PU 0.046 1.027 0.305 support
(nse)
0.055
Hé6 PB — PEOU (nse) 1.273 0.203 non-support
H7 PB — PR 216)2 4.130 0.000 support
H8 PG —1I —0.067 1.688 0.092 non-support
(nse)
H9 PG —PU 0(*23)2 5.790 0.000 support
—0.055
H10 PG — PEOU (nse) 1.209 0.227 non-support
0.161
H11 PG — PR (%) 4.078 0.000 support
0.003
H12 PB— PU —1I (nse) 0.886 0.376 non-support
—0.002
H13 PB — PEOU — 1I (nse) 0.217 0.828 non-support
—0.006
H14 PB— PR —1I (nse) 0.837 0.403 non-support
0.018
H15 PG —PU — 1I (nse) 1.900 0.057 non-support
0.003
Hile6 PG — PEOU — I (nse) 0.895 0.371 non-support
—0.006
H17 PG — PR —1I (nse) 0.808 0.419 non-support
PB —1I 0.001
HI8 (Total indirect effect) (nse) 0.152 0879 non-support
PG —1I 0.009
HI9 (Total indirect effect) (nse) 0739 0460 non-support

Note: * p < 0.05, ** p < 0.01, *** p < 0.001; nse, no significant effect.

The interpretation of the above test results is as follows. The roof, walls, and other
building resources belong to all owners in terms of ownership, and the decision of whether
to install photovoltaic equipment on the roof and wall requires the collective decision of
the owners” meeting. The building management is entrusted to the property management
company, and a single owner does not need to bear the management responsibility but can
indeed enjoy the benefits brought by residential photovoltaics. In this decision-making
scenario, building residents do not care about PR (H3 is not significant), so PB and PG
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cannot indirectly promote building respondents’ installation intention through PR (H14
and H17 are not significant). Building respondents only care about benefits, so PB and
PG cannot indirectly affect residents’ installation intention through PU (H12 and H15
are not significant). As a result, the two policies cannot produce totally indirect effects
(H18 and H19 are not significant). On the contrary, PB can directly stimulate residents’
installation intention (H4 is significant), while the direct effect of PG is not significant (H8
is not significant). For building residents, PB has no significant effect on PU (H5 is not
significant), but it does have a positive impact on residents’ PR (H7 is significant); PG has
positive effects on PU and PR (H9 and H11 are significant) but cannot form an indirect
policy effect. The explanation for this is that the building respondents believe that since a
collective decision is required for installing residential photovoltaics, they believe that only
when sufficient interests are driven can the scattered residents form a consensus.

Among the three mediating variables of PU, PEOU, and PR, the only variable that
can affect the choice of building residents is PU (H1). In addition, PU has small effect
on the installation intention of building residents (H1 (3 = 0.078, p < 0.05)), which is less
than that of bungalow residents (H1 ( = 0.159, p < 0.001)). It can be explained that once a
residential PV system is installed on the rooftop and wall of an apartment building, the
management and maintenance work is often undertaken by the property company, and
the apartment owner only needs to pay the property fee. Moreover, for building residents,
decision making is often collective decision making, where responsibilities and risks are
borne by all apartment owners, and the risk that a single owner needs to bear is minimal.
Therefore, regardless of whether from the perspective of residential PV operation and
management or from the perspective of decision-making responsibility, a single building
resident does not have to bear too much responsibility and risk. Therefore, the impact of
PR on the installation intention is not significant (H3 is not significant).

4.5. Results of Comparative Analysis

As shown in Table 9 the comparison shows that the paths with more significance for
the respondents of bungalow than building residents are H3 (A3 = 0.287, p < 0.001), H14
(Ap =0.040, p < 0.01), H17 (AB = 0.044, p < 0.001), and H18 (AP = 0.054, p < 0.01); the
paths that are more significant for building residents than for bungalow residents are H4
(AR = —0.185, p < 0.001) and H9 (AP = —0.222, p < 0.001).

The path difference of the two types of respondents is analyzed here. Since the bungalow
respondents are more sensitive to the PR (H3pungatow > H3puilding), the PB and PG are also
more likely to affect the bungalow respondents through the PR (H14pungatow > H14puilding
H17pungalow > H17building)- As mentioned above, since the building respondents do not have
to directly undertake the responsibility of managing residential photovoltaic equipment,
the effect of PB is more direct. By contrast, for bungalow residents, residential photovoltaic
equipment needs to be managed by themselves, so they have more concerns. This results
in the need for the PB to be transmitted to the installation intention through the PU and PR.
The final result is that the total indirect effect of bungalow residents on PB is greater than
that of building residents (H18pungalow > H18puilding)- On the contrary, since the building
respondents place more importance on the benefits brought by the installation of residential
photovoltaics, the PB has a more positive impact on them (H4pyi1ding > H4pungalow)- AS
for the impact of PG on PU, it is greater for the building respondents than the bungalow
respondents (H9%uyilding > H9%bungalow)- It can be explained that the current publicity and
guidance policies are mainly to first install residential appliances in the office spaces of
party and government organizations and public institutions. Most of these places are
buildings, so the building respondents are more likely to empathize with such guidance
and perceive its usefulness.
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Table 9. Comparative analysis results.

Comparative Analysis

Bungalows’ Path Buildings’ Path

Hypothesis Influence Path Coefficient Coefficient Path Difference p-Value
(Significance) (Significance)
0.159 0.078 0.081
H1 PU —1II (++%) *) (nse) 0.142
H2 PEOU —s 1I —0.061 0.063 —0.124 0.074
(nse) (nse) (nse)
0.252 —0.035 0.287
H3 PR —1I 0.000
(*ﬁ(—*) (nse) (***)
0.022 0.207 —0.185
H4 PB—1I (nse) (%) (%) 0.000
0.125 0.046 0.079
H5 PB — PU *4) (nse) (nse) 0.220
Hé PB —s PEOU —0.007 0.055 —0.063 0411
(nse) (nse) (nse)
0.138 0.162 —0.024
H7 PB — PR **) (%) (nse) 0.682
HS PG I 0.026 —0.067 0.093 0103
(nse) (nse) (nse)
0.011 0.232 —0.222
H9 PG — PU (nse) (%) (%) 0.000
Hi10 PG —s PEOU —0.009 —0.055 0.046 0616
(nse) (nse) (nse)
0.151 0.161 0.010
H11 PG — PR (%) (%) (nse) 0.855
H12 PB— PU —1I 0-020 0.003 0.016 0.091
* (nse) (nse)
H13 PB — PEOU — II 0.001 —0.002 0.003 0.593
(nse) (nse) (nse)
0.035 —0.006 0.040
H14 PB— PR — 1I *4) (nse) **) 0.004
H15 PG — PU — I 0.002 0.018 ~0016 0.177
(nse) (nse) (nse)
H16 PG — PEOU — II 0.001 0.003 —0.002 0.531
(nse) (nse) (nse)
0.038 —0.006 0.044
H17 PG— PR —1I (%) (nse) (%) 0.000
PB—1I 0.055 0.001 0.054
HI18 (Total indirect effect) *** (nse) **) 0.002
PG —1I 0.040 0.009 0.031
HI9 (Total indirect effect) **) (nse) (nse) 0.09

Note 1: * p <0.05, ** p < 0.01, **p < 0.001; nse, no significant effect. Note 2: Path difference =  pungalowsP buildings.

Regardless of the respondents of building or bungalow residents, it was found that
the PU has different degrees of influence on the installation intention, while the PEOU has
no significant effect. Hess et al. [77] divided the context of user acceptance of new products
into two categories, i.e., hedonic context and utilitarian context. The so-called hedonic
context means that for products that mainly provide customers with utility satisfaction,
customers mainly make decisions in a hedonistic context. For example, for a new online
game, PEOU has a greater impact on user acceptance than PU. The utilitarian context refers
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to products that mainly provide customers with convenience, efficiency and benefits. For
example, for transportation, computers, and other products, the effect of PEOU is higher
than that of PEOU. Therefore, we believe that whether residents of bungalows or buildings
choose to install residential PV equipment depends on whether the equipment can provide
more convenience, efficiency, and benefits for them.

From the above analysis, the difference between the two types of policies showed
that the effect of the subsidy policy on the installation intention of the respondents of
bungalow residents had an indirect impact (H18pungalows > H18puildings)- In contrast, the
effect of the subsidy policy on residents’ installation intention of building residents is direct
(H4 pungatows < H4 puildings)- However, the influence of guiding policies on the installation
intention of bungalow residents is indirect, and it is realized through PR (H17 bungalows
significant), while guiding policies do not have any direct or indirect influence on the
installation intention of bungalow residents. The comparative experiment showed that
different living conditions would affect the policies. Both the subsidy and the guidance
policy have an indirect effect on the installation intention of the residents of bungalows,
while for the residents of buildings, only the subsidy policy has a direct impact. In addition,
the guidance policy does not affect the installation intention of the residents on both sides.

4.6. Influence of Demographic Characteristics on Installation Intention

To have a deeper understanding of the differences in the influence of individual charac-
teristics of bungalow respondents and building respondents on their installation intention,
this paper conducts an independent sample ¢-test and one-way ANOVA for the two groups,
respectively. This study aims to explore the influences of gender, age, education, and aver-
age annual income of family members on the intention to install distributed photovoltaics.
As shown in Table 10, different demographic characteristics have different effects on the
installation intention of the two groups of respondents. For the bungalow respondents,
gender, age, and education all have a positive effect on the installation intention. The
explanation is that bungalow residents generally need to manage and maintain residential
photovoltaic equipment themselves, and this kind of work requires a certain amount of
physical strength. Males are better at this kind of technical work than females and have
a higher degree of awareness of residential photovoltaic equipment. Similarly, older and
more educated respondents have higher levels of work, life experience, and knowledge,
so it is easier for them to overcome the risks and obstacles of installing, maintaining, and
managing residential photovoltaic systems, resulting in a higher installation intention. The
building respondents are affected by gender, education, and income. This can be explained
as follows. Whether the building respondents choose to install is mainly affected by their
interests and whether the residents of the community can agree on the installation intention.
Moreover, males are more profitable than females, and residents with lower incomes are
more likely to benefit from the installation of residential photovoltaic equipment, while
residents with a bachelor’s degree are more optimistic about whether the residents of the
community can reach a consensus on installation intention.

4.7. Analysis of Research Results

Based on the above results, different living conditions lead to the difference in cost,
use, and maintenance of photovoltaic equipment, which forms the different focus of the
two living conditions.

The residential PV equipment for bungalow residents is installed at the family’s own
decision and managed by the family members themselves. The electricity produced by
PV equipment can be for their own use or sold to grid companies. However, bungalow
residents can experience worry about the risks that may occur during or after installa-
tion. Such risks include technical difficulties of future maintenance and the viability of
sustainable gains.
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Table 10. ¢-test and variance analysis of respondents of bungalow and building residents.
Respondents of Respondents of
Bungalow Residents Building Residents
Variables Items (n = 684) (n = 740)
Men pbons Sme  Mem o ons Sie
Male 3.269 1.213 344 3.292 1.201 388
Gender Female 3.062 1.205 340 3.439 1.171 352
t-value 2.245 2.841
p-value 0.025 0.092
25-30 years 3.299 1.203 186 3.350 1.101 259
31-36 years 3.089 1.157 241 3.364 1.242 216
Age 37-42 years 3.004 1.242 184 3.410 1.227 161
43 years and above 3.493 1.269 73 3.314 1.241 104
f-value 3.999 0.152
p-value 0.008 0.928
Technical school 3297 1.209 274 3.181 1.221 299
or below
Undergraduate degree 3.104 1.231 374 3.515 1.167 401
Education Level Master’s degree or 2815 0.927 36 3.192 0.948 40
above
f-value 3.616 7.318
p-value 0.027 0.001
CNY 12,000 or below 3.270 1.102 157 3.908 1.140 40
CNY 12,001-30,000 3.096 1.217 150 3.210 1.232 73
CNY 30,001-50,000 3.232 1.265 213 3.457 1.156 245
Income Level CNY 50,001-100,000 3.009 1.217 75 3.391 1.202 210
CNY 100,001 above 3.079 1.259 89 3.176 1.174 172
f-value 0.999 4.184
p-value 0.407 0.002

Therefore, for building residents, residential PV equipment is mainly installed on the
rooftop and wall areas shared by the apartment owners. All apartment owners need to
decide whether to agree to the installation collectively. After reaching a consensus through
collective decision making, the installation and maintenance process will be handed over
to the property company for subsequent management. Building residents and property
companies are more like a cooperative relationship through which building residents
provide assets (rooftop and wall areas), and property companies offer services, and they
distribute the electricity revenue together from residential PV. Under such mode, PV
equipment is unlikely to produce electricity for the residents” own use. Thus, building
residents are more concerned about the success of collective decision making and the direct
benefits of residential PV installation.

In view of the above differences, under the background of the gradual decline of PV
subsidy policy in China, more alternative schemes can be designed based on the differences
of concerns between the bungalow and building residents to promote residential PV.

To illustrate, the subsidy policy can be replaced by providing insurance services for
bungalow residents. The form of insurance for residents to install the residential PV may
produce part of the loss as a guarantee to dispel the doubts of bungalow residents about the
installation risk. In order to encourage insurance companies to undertake such insurance,
subsidies could be shifted from residents who install residential PV equipment to insurance
companies that cover such residential PV installation insurance, and subsidies to insurance
companies can be gradually reduced when residential PV technology, industry, and market
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operation become more mature. At the same time, the insurance scheme will be integrated
into the promotion and publicity policies. The two methods will work together to improve
the promotion of residential PV policies.

For building residents, the primary concerns are the possibility of the collective de-
cision from all apartment owners, direct income from the installation of residential PV,
income control, and how to spend the revenues. Thus, the government can provide more
specific promotion strategies for apartment owners. For example, the building residents
can be encouraged to install distributed PV equipment on the rooftop and wall areas of
the building to benefit from electricity production. Third-party enterprises can also be
encouraged to install distributed PV equipment on the rooftops and walls of the building to
produce electricity. Apartment owners make collective decisions on whether to rent rooftop
and wall areas. The rental income has the benefits of being stable, easy to calculate, and
with relatively lower risk. The method of encouraging property companies or third-party
enterprises to rent the building rooftop and wall areas is also a form of subsidy, and the
subsidy can be gradually reduced after the operation mode gradually matures. The suc-
cessful installation of residential PV could be a powerful case to strengthen the guidance
policy and improve its promotion effect.

5. Conclusions

Promoting photovoltaics is a critical way to achieve the Chinese dual carbon goal,
but the impact of the policy on residents” willingness to install is still unclear. In this
paper, the TAM is extended, and a policy path model is constructed to clarify the signif-
icant influencing factors for the behavioral intention of residents to purchase and install
distributed photovoltaics.

This research closely focused on the driving factors of installation intention, refers to
the group comparison method [78], expands the Technology Acceptance Model (TAM),
combines the elements of policy scenarios, builds up a policy path model, and analyzes the
main policy driving factors of residents’ installation intention. The influencing factors and
policy action paths are discussed, which provides theoretical inspiration and practical refer-
ence for a comprehensive understanding of the interaction relationship between residents’
perception of distributed photovoltaic power generation and their purchase and installation
behavior intentions. The acting path of the current two policies to promote distributed
photovoltaic power generation systems on residents” installation decisions is revealed,
which is helpful for researchers to understand the complex mechanism between policy
effects and residents” decision making. Through group comparison, the relevance between
the attitude of residents with different living conditions to the distributed photovoltaic
promotion policy and the installation intention is discussed, and different influences of the
promotion policy on the demand-side groups are clarified, which provides support for the
new round of adjustment of distributed photovoltaic power generation promotion policies
and is a positive response to the National Energy Administration’s relevant policy opinions
on residential photovoltaic power generation.

The conclusion of the first question showed that both the subsidy policy and guidance
policy can stimulate the residents’ willingness to install to a certain extent: specifically, for
the respondents of bungalow residents, the subsidy policy and the guidance policy have
indirect effects on the residents” willingness to install (as shown in Table 7 and Figure 2: H12,
H14, and H17 are all significant), and in the total indirect effect, the influence of subsidy
policies is greater than that of guidance policy (H18 > H19). Therefore, both types of policies
can stimulate residents” willingness to install. For the respondents of building residents,
the subsidy policy can directly stimulate the residents” willingness to install (as shown in
Table 8 and Figure 3: H4 is significant). In addition, through the comparative analysis in
Section 4.5 of this study, different living conditions will have an impact on the effect of the
policy. Specifically, the indirect effect of the subsidy policy for the bungalow residents is
greater than that for the building residents (as shown in Table 9: H18pungalow > H18puilding),
while the direct effect of the subsidy policy for the building residents is greater than
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that for the bungalow residents (as shown in Table 9: H4pyngalow < H4puilding)- In the
total indirect effect of guidance policy on residents” willingness to install through PR,
bungalow residents experience a greater effect than building residents (as shown in Table 9:
H17pungalow > H17puiding)- Based on the above conclusions, the subsidy policy plays an
important role in the promotion of residential photovoltaic. The subsidy decline will inhibit
the enthusiasm of residents to install rooftop photovoltaics, and at least from the perspective
of the scope of action, the currently implemented guidance policy has no substitute for
the subsidy policy. If the intensity of subsidy decline is too large, it will inevitably have a
negative effect on the promotion of residential photovoltaic among Chinese residents.

As suggested by the research results, living conditions, costs, risks of installation,
maintenance, and economic efficiency are the main influencing factors for residents to
decide whether to install distributed photovoltaic systems or not. In order to further
popularize the distributed photovoltaic systems among residents, the current promotion
policies can be considered from the following perspectives. Firstly, it is necessary that
the promotion of residential photovoltaics should start from easy to hard. The bungalow
residents have the independent decision-making right to use the roofs or walls of their
own houses, which means it is easier to convince them. The promotion can start from
bungalow residents and then extend to building residents. When the installation rate
of social residents reaches a certain level, it would be conducive to building a favorable
atmosphere for the installation and use of distributed photovoltaic systems, thereby re-
ducing the difficulty of further promotion. Secondly, in terms of cognition, most residents
regard the installation of distributed photovoltaic systems as a form of investment. Thus,
they pay close attention to the input-output ratio of such installation. Therefore, in the
process of the gradual subsidy decline, is it necessary to apply careful control of the decline
degree and process, and striking a balance should be sought between the penetration rate
of distributed photovoltaics and the subsidy decline. Thirdly, in the long run, it is a general
trend to withdraw subsidies for photovoltaic power generation. At present, photovoltaic
power generation mainly comes from local subsidies. Therefore, this round of promotion
should be taken advantage of to promote the deep development of the entire photovoltaic
industry, reduce its technical risks and costs, and enhance the availability of photovoltaic
equipment and accessories for residents. In this way, we can improve the convenience
of the installation, maintenance, and maintenance of distributed photovoltaics and offset
the vested interests of photovoltaic subsidies in the context of the photovoltaic subsidy
decline. In the formulation and implementation of policies, more flexible measures should
be taken according to the real problems of the bungalow and building residents in installing
residential PV equipment and strive to ensure the progress of promotion work.

Due to the limitations of research conditions, the following defects are unavoidable in
this study: First, as the data in this study only come from Hebei, Shandong, and Henan
provinces of China, with the progress of photovoltaic technology and the popularization
of residential PV across the country, the representativeness of data will be weakened.
Secondly, due to the impact of epidemic management policies, this study collected data
by issuing online questionnaires. As middle-aged and elderly people are not accustomed
to answering questionnaire questions using mobile phones and other communication
tools, respondents aged over 43 accounted for only 10.7% of the total number of samples.
According to the Chinese seventh census data released in 2021, people aged 60 and above
account for 18.7% of the total population, and those aged 65 and above account for 13.5%
of the total population [79]. However, there is a significant difference between the older
and younger generations in their attitude towards emerging scientific and technological
products [80]. Therefore, the data of this study may not fully reflect the attitude and opinion
of the older generation towards the residential photovoltaic system. This is an inevitable
problem caused by the use of online questionnaires to collect data at the current stage.
In the future research, we will try our best to use both online and offline questionnaires,
interviews, etc., to conduct further research to reflect the opinions of respondents with
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different demographic characteristics in the research to improve the “extrapolation validity”
of research findings.
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