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Abstract: Many developing countries on the equator, including Indonesia, have the potential for
renewable and sustainable resources, such as solar energy. However, despite the enormous potential,
the adoption level remains low. Previously, several studies discussed the potential, the feasibility,
and the supporting policy of this technology, but none have been discussed from the customers’
perspective on a national scale. Therefore, this study attempts to determine the factors affecting
the customers’ intention to use solar photovoltaics in Indonesia to develop a sustainable circular
supply chain for renewable energy. This investigation was conducted based on integrating the unified
theory of acceptance and use of technology 2 (UTAUT?2) and the theory of planned behaviour (TPB).
Furthermore, an online questionnaire was successfully distributed with a total of 208 participants.
Structural equation modeling (SEM) was utilized to derive the causal relationships of the proposed
hypotheses. The results indicated that price value (PV) has a positive relationship and a significant
influence on attitude toward use (ATU), which leads to the behavioral intention (BI) to make the
construct the most affecting factor. This is the first comprehensive study to analyze the intention to use
rooftop solar panels based on the UTAUT2 and TPB framework. The successful approach to support
photovoltaic use will bring less waste and strengthen the circular supply chain to support sustainable
development.

Keywords: solar photovoltaic; UTAUT2; circular supply chain; sustainability development

1. Introduction

The sustainable development of developing countries is positively affected by re-
newable energy usage. A common understanding is that renewable resources in energy
production are inversely proportional to their loss [1]. The use of renewable energy such
as solar panels is consistent with the circular supply chain concept that recognizes future
scarcity challenges [2]. A circular supply chain minimizes waste, thereby supporting the
seventh sustainable development goal in ensuring access to affordable, reliable, sustainable,
and modern energy for all [3]. A circular supply chain enables the amount of waste produc-
tion to be reduced and ensures self-sustaining production systems. Therefore, the necessity
to consider a circular supply chain, which is part of the economic concept as climate change
mitigation tools in sustainable development goals, has been confirmed [4].

Situated in the equator [5], Indonesia can consume daily solar energy throughout the
year [6]. A photovoltaic (PV) system is an excellent alternative electricity for a country with
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more than 500 GW of potential solar sources based on stable daily irradiation levels averag-
ing 4.80 kWh/ m2. This system is considered safer, pollution-free, reliable, maintenance-free,
and has a long life of approximately 20—30 years. However, considering the development
of this technology in other developing countries, the number of solar sources installed in
Indonesia is only 80 MW. This number is behind Thailand (2.6 GW) and the Philippines
(868 MW) [6]. Until 2018, the total installed capacity of solar PV was lower than 100 MW
(95 MW according to MEMR, 60 MW according to IRENA [7]. Indonesia is also known to be
ranked 23 out of 42 countries based on average efficiency in energy use, or in other words,
the dependence on conventional energy sources remains high [8]. Considering this number,
Indonesia is far from the solar energy target of 6.5 GW by 2025 [7].

Life cycle analysis (LCA) was performed to confirm the feasibility of the photovoltaic
system [5]. The Indonesian government has promoted this promising renewable energy
through the rooftop photovoltaic solar systems (RPVSS) policy [9]. Furthermore, policy
studies on payment instruments such as net metering, which are considered effective in
increasing household roof PV adoption, have also been carried out [10]. However, assessing
this technology from the customer or user perspective is necessary due to the underuti-
lization rate, which was not discussed in the previously mentioned studies. Meanwhile,
assessments of customer acceptance of rooftop photovoltaic systems have been carried out
in other countries such as India [11], Pakistan [12,13], and the US [14] using the technology
acceptance model.

A study in India showed that social belief is critical in determining customer purchase
intention [11]. Therefore, a creative marketing program is considered to have a good
impact in increasing penetration. A study in Pakistan [12] found that this technology is
more likely to be adopted when it is deemed helpful in protecting the environment, is
socially acceptable, and is cheaper than other alternative energy sources. Therefore, raising
awareness of the benefits becomes essential. In addition, findings from developed countries
such as the US [14] stated that this technology is more attractive to individuals looking for
new technologies and those concerned about energy issues. Despite the interesting findings,
these studies are limited in demographics and sample size as they come from only one to
two cities or states. In addition, this study also provides a perspective of countries located
on the equator, such as Indonesia, which have the potential for solar energy throughout the
year compared to countries outside the equator such as India, Pakistan, and the USA.

Understanding the factor affecting the customers’ intention to use rooftop solar PV
technologies is essential to increase renewable sources and form a circular supply chain.
Furthermore, gaining more information from PV users’ points of view can facilitate a
better understanding of the acceptance of the technology [10]. The successful usage of
renewable energy will bring the best circular supply chain product without unnecessary
waste. Therefore, this study aims to analyze the factors affecting the customers’ intention to
use rooftop solar photovoltaics based on integrating existing technology adoption models.
In summary, the main contribution is an integrated model of unified theory of acceptance
and use of technology 2 (UTAUT), and theory of planned behavior (TPB). The model served
as a conceptual acceptance model to assess factors affecting the customers’ intention to use
rooftop solar photovoltaics in Indonesia. Furthermore, the questionnaire and hypotheses
formulated refer to the UTAUT2 and TPB framework.

Further discussion concerning this study is designed as follows. First, the proposed
conceptual framework is presented in Section 2, while Section 3 describes the details of
the methodology, including the design of the questionnaire and participants. Afterwards,
Section 4 presents the survey results and analysis. Section 5 provides a discussion on
the survey result and managerial implications. Finally, Section 6 contains the concluding
remarks obtained from this work and potential future study directions.

2. Conceptual Framework

The proposed conceptual framework of this study is based on UTAUT2 and TPB. The
UTAUT2 was chosen because this model is considered to have high explanatory power
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compared to other models and provides a more comprehensive framework for consumer-
oriented studies [15,16]. In addition, TPB can help to examine the technology adoption
from the perspective of psychological factors such as attitudes and perceived behavioral
control, which can provide more systematic predictions and offer deeper insights [17]. The
theoretical framework can be seen in Figure 1.

(vc)
N

Figure 1. Theoretical Study Framework.

The UTAUT?2 framework is a refinement of the UTAUT model designed by Venkatesh
et al. [18] that introduces several critical constructs in the technology acceptance model,
including performance expectancy (PE), effort expectancy (EE), social influences (SI), and
facilitating conditions (FC). Additional constructs identified on the UTAUT?2 are hedonic
motivation (HC), price value (PV), and habit. Meanwhile, TPB is a model proposed by
Ajzen, which states that a person’s action or individual’s decision in terms of adopting
particular technology is influenced by an attitude (ATU), subjective norms (SN), and
perceived behavioral control (PBC) [19].

Performance expectancy (PE) is related to an individual’s belief in the benefits of using
a particular technology towards their job performance [20]. In this study, performance
expectancy refers to the belief that rooftop solar PV will be helpful in daily life. Further-
more, similar studies indicated that PE has a positive impact on behavioral intention [11].
Therefore, the following hypothesis was proposed:

Hypothesis 1 (H1). Performance expectancy (PE) has a significant positive relationship with
customer attitudes towards the use of rooftop PV.

Effort expectancy (EE) is defined as the extent of the ease of utilizing specific technol-
ogy [20]. This construct is similar to the concept of perceived ease of use in the TAM. In
addition, similar studies indicated that EE has a statistically significant relationship with the
customers’ purchase intention [11]. Therefore, the following hypothesis was proposed:

Hypothesis 2 (H2). Effort expectancy (EE) has a significant positive relationship with customer
attitudes towards the use of rooftop PV.

Social influence (SI) is defined as the degree to which an individual perceives that others
believe they should use the new system, the solar photovoltaic application [20]. Similar
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studies showed the significant influence of SI on the behavioral intention of adopting a
system [11]. Therefore, the following hypothesis was proposed:

Hypothesis 3 (H3). Social influence (S1) has a significant positive relationship with customer
attitudes towards the use of rooftop PV.

The following construct is the facilitating condition (FC), which is defined as the
degree to which an individual believes that an organizational and technical infrastructure
exists to support the use of a particular technology [20]. Therefore, the following hypothesis
was proposed:

Hypothesis 4 (H4). Facilitating condition (FC) has a significant positive relationship with cus-
tomer attitudes towards the use of rooftop PV.

Hedonic motivation (HM) is defined as the fun or pleasure derived from using rooftop
solar PV. HM demonstrated an essential role in determining technology acceptance and
use [21]. Therefore, the following hypothesis was proposed:

Hypothesis 5 (H5). Hedonic motivation (HM) has a significant positive relationship with customer
attitudes towards the use of rooftop PV.

The price value (PV) construct regards a trade-off between the benefits derived and
the cost incurred from using particular technology [22]. The price value shows a positive
effect when the benefits of using technology are more significant than the economic cost [18].
Therefore, the following hypothesis was proposed:

Hypothesis 6 (H6). Price value (PV) has a significant positive relationship with customer attitudes
towards the use of rooftop PV.

Habit has been defined as the extent to which people automatically perform a behavior
because of learning [23], while other studies associate it with automaticity [24]. In addition,
Ajzen and Fishbein [25] noted that feedback from previous experiences might influence
various beliefs and, consequently, future behavioral performance [18]. Respondents who
contributed to this study have no experience using solar photovoltaic technology; therefore,
this construct is not included in the analysis in order to remain relevant.

Attitude toward use (ATU) is related to how the individuals respond and lead behavior
to specific actions and objectives where the outcome may be positive or the opposite [26].
Therefore, the following hypothesis was proposed:

Hypothesis 7 (H7). Attitude has a significant positive relationship with customer intention to use
rooftop PV.

Subjective norm (SN) refers to the extent to which an individual believes that influ-
ential people or certain reference groups think that the behavior should be performed or
avoided [27]. This construct represents the part of TPB that reflects social influences [26].
However, several studies argued that the subjective norm component of the TPB is inade-
quate and rarely predicts intention.Therefore, this subjective norm construct is excluded in
this model, referring to the two previous statements [27].

PBC refers to the perceived ease or difficulty of performing the behavior, and the
amount of control one has over the attained the behavior’s goals [28]. Therefore, the
following hypothesis was proposed:

Hypothesis 8 (H8). Perceived behavioral control (PBC] has a significant positive relationship with
customer intention to use rooftop PV.
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3. Methodology
3.1. Participants

It is challenging to get the precise number on the population of people who intend to
use rooftop solar photovoltaics in Indonesia. Therefore, simple random sampling was used.
Then, to have a more representative respondent with the tendency to use solar photovoltaics,
the survey questionnaire was deployed to target individuals living in big cities to represent
the Indonesian population. As a result, the online questionnaire was successfully distributed
from 29 January to 8 April 2021, with 208 participants and demographic statistics presented
in Table 1. The response rate equals 54.99% based on 208 out of 379 respondents that
completed the online questionnaire. The constructs and measurement items presented in
Table 2.

Table 1. Descriptive statistics of respondents (N = 208).

Characteristic Category N %
Male 148 71.2%
Gender Female 60 28.8%
. Single 139 66.8%
Marital Status Marcied 69 33.2%
17-25 84 40.4%
Age 26-35 112 53.8%
3645 8 3.8%
Over 46 4 1.9%
Jabodetabek 99 47.6%
West java 68 32.7%
Central java 7 3.4%
East Java 7 3.4%
. Kalimantan 10 4.8%
Domicile Sumatera 7 3.4%
Sulawesi 4 1.9%
NTT 2 1.0%
Bali 3 1.4%
Papua 1 0.5%
SMA /SMK 5 2.4%
. D1-D3 50 24%
Education 51 131 63%
S2/S3 22 10.6%
Student 15 7.2%
PNS/BUMN 44 21.2%
Occupation Private employee 133 63.9%
Entrepreneur 7 3.4%
Other 9 4.3%
<5 million 41 19.7%
5-15 million 126 60.6%
Income >15-25 million 31 14.9%
>25 million 10 4.8%
Print media 12 5.8%
Electronic media 28 13.5%
Information Internet 126 60.6%
Colleague 20 9.6%

Other 22 10.6%
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Table 2. Constructs and measurement items.
Construct Items Measures References
PE1 I think solar panels are environmentally friendly technology
Performance PE2 I think solar panels will be beneficial in my daily life [28]
Expectancy
(PE) PE3 In my opinion, solar panels are a technology that is easy to use [11]
PE4 In my opinion, using solar panels will save electricity usage where I live [28]
EE1 Solar panels can be easily installed in my house
Effort ; ; ; :
EE2 Sol Is will work well with my household appl
Expectancy olar panels will work well with my household appliances [11]
(EE) EE3 Solar panels are easy to maintain
EE4 It is easy for me to understand how solar panels work on household appliances in my residences [28]
SI1 I always ask friends about their experiences using an item before deciding to buy
I fi]ocial SI2 If my friends have a good experience with solar panels, I am likely to be interested in buying one too [11]
nfluence
(SI) SI3 People whom I think are essential (friends, family) will think that I should use this solar panel technology
SI4 I will recommend solar panel technology to my friends/neighbors [29]
FC1 T'have a sufficient/usable area to install solar panels in my residence
Facilitating
Condition FC2 I have sufficient knowledge about solar panels [28]
(FC) FC3 I can quickly get help when I have trouble with the solar panel [28]
HM1 I'would be satisfied to be the first to use solar panels in my neighborhood (]
. 11
Hedonic HM2 I love trying new products before others
Motivation
(HM) HM3 The purchase/installation of solar panels in my residence is something that makes me satisfied [28]
HM4 Purchasing/installing solar panels at my residence will be a pleasant experience [28]
PVl Solar panels make electricity costs more affordable
\l'/’rice pv2 A subsidy from the government will increase my desire to use solar panels [11]
alue
(PV) PV3 T will be reluctant to use solar panel technology when it is more expensive than conventional electricity
PV4 I think the cost of electricity should be affordable [11]
ATU1 I'am among those who care about the environment
Attitude
Toward Use ATU2 Ilike to use environmentally friendly technology
(ATU) ATU3 In my opinion, using solar panels as an alternative source of electricity is a good idea [30]
Perceived PBC1 It is easy for me to get permission to install solar panels in my residences
B‘E}f;l]tlﬁ)rlal PBC2 It is easy to find solar panel providers around my neighborhood
(PBC) PBC3 When given the facilities, opportunities, and knowledge about solar panels, I will be more interested in using the technology [31]
Behavioral BI1 Twould love to try and use solar panel technology
Intention . R . . oo .
BI2 I am interested in using solar panels when given more detailed information

(BD)
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As presented in Table 1, 71.2% of participants were males, while 28.8% were females.
The majority live on the island of Java, 47.6% are from Jabodetabek, 32.7% are from West Java,
and 3.4% are from Central Java and East Java. Additionally, most respondents reported a
5-15 million (60.6%) and worked as private employees (63.9%).

3.2. Questionnaire

The questionnaire was developed by creating questions based on previous studies
and making additional adjustments. It consisted of demographic information (gender,
marital status, age, domicile, education background, occupation, monthly income, and
information resources). Furthermore, it examines UTAUT2 and TPB constructs: (1) perfor-
mance expectancy, (2) effort expectancy, (3) social influence, (4) hedonic motivation, (5) price
value, (6) facilitating condition, (7) attitude toward use, (8) perceived behavior control, and
(9) behavioral intention. Each construct measurement scale uses a Likert scale (5-points).

3.3. Structural Equation Modeling

AMOS version 23.0 was utilized for structural equation modeling (SEM) to derive
the causal relationships of the proposed hypotheses construct. SEM is a statistical model
that uses various models to depict relationships among observed variables, with the same
fundamental goal of providing a quantitative test of a theoretical hypothesized model [32].
More specifically, various theoretical models can be tested in SEM that hypothesize how
sets of variables define constructs and their relationship [33]. The rules of thumb of the
minimum 0.6 for Cronbach Alpha are assumed.

Several reliable model-fit indicators [32] were used, as shown in Table 3. The expected
IF1, TLI, and CFI are 0.9 or higher [34,35]; for GFI and AGF]I, a value greater than 0.8 was the
minimum requirement [36]. Meanwhile, the RMSEA should be less than 0.07 to indicate a
good model [37].

Table 3. Model fit.

Goodness of Fit Value Minimum

Measures Obtained Cut-Off Suggested
IFI 0.919 >0.90 Hair [34]
TLI 0.899 >0.90 Hu and Bentler [35]
CFI 0.918 >0.90 Hair [34]
GFI 0.855 >0.80 Gefen et al. [36]
AGFI 0.806 >0.80 Gefen et al. [36]
RMSEA 0.068 <0.07 Steiger [37]
CMINDF 1.948 <2.00 Arbuckle [38]
4. Results

The results of the factor loadings, validity, and reliability of each indicator are given in
Table 4. Figure 2 describes the final SEM model according to the validity and reliability test.
Finally, the achieved GOF value is presented in Table 5.

Table 4. Factor loadings, validity, and reliability.

Construct Items Factor Cronbach’s Composite Average Variance
Loadings Alpha Reliability (CR) Extracted (AVE)
PE1 0.594
PE2 0.696
Performance Expectancy (PE) PE3 0.686 0.729 0.741 0.418
PE4 0.605
EE1 0.745
EE2 0.694
Effort Expectancy (EE) EE3 0.771 0.835 0.835 0.559

EE4 0.777
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Table 4. Cont.

Construct Items Factor Cronbach’s Composite Average Variance
Loadings Alpha Reliability (CR) Extracted (AVE)
SI2 0.685
Social Influence (SI) SI3 0.719 0.784 0.775 0.535
SI4 0.787
FC1 0.574
Facilitating Condition (FC) FC2 0.742 0.738 0.753 0.509
FC3 0.805
HM1 0.674
. L HM2 0.620
Hedonic Motivation (HM) HM3 0917 0.826 0.839 0.571
HM4 0.778
Price Value (PV) EX; 825? 0.661 0.665 0.499
ATU1 0.588
Attitude Toward Use (ATU) ATU2 0.684 0.794 0.746 0.500
ATU3 0.829
. . PBC1 0.642
Perceived Behavioral Control (PBC) PBC2 0.688 0.607 0.613 0.443
Behavioral Intention (BI) gg 82%2 0.687 0.699 0.541
PE
-
-
s | T

sl

// \\\\
d \\
1024/
/ 1077\,
4 ™,
/// \\\
PVIf— ///

B2

0.904
Remarks :
-~ Not significant

- Significant

Figure 2. The final SEM model for factors affecting the customers’ intention to use rooftop solar
photovoltaics in Indonesia.
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Table 5. Significance and loading factor values.
Parameter Estimate Lower Upper P
ATU <« PE —0.466 —4.374 0.117 0.152
ATU <« EE 0.278 —0.108 3.305 0.231
ATU + SI 0.362 —0.432 2.092 0.284
ATU + HM —0.215 —-0.725 —0.009 0.094
ATU «+ PV 1.024 0.634 1.677 0.014
PBC « FC 0.904 0.801 1.002 0.007
BI + PBC 0.021 —-0.076 0.157 0.604
BI < ATU 1.077 1.011 1.177 0.014

Table 5 show the significant value and loading factor, which shows the relationship
between constructs. This value also shows the results of the hypothesis. The results showed
that two constructs have a significant positive effect (p < 0.05), namely PV —> ATU —> BI
and FC —> PBC. In addition, two constructs are known to have a positive but less significant
effect, namely EE and SI. Then, PE and HM do not have a positive and significant effect.

5. Discussion

The results showed that price value (PV) had a significant positive relationship to
attitude toward use (ATU), which subsequently led to the behavioral intention (BI) to
use solar panels (3 = 1.024, p = 0.014). This finding was consistent with Venkatesh et al.,
2012 [18], highlighting the importance of price value in consumer decision-making con-
cerning technology use.

Based on demographic statistics, 43.8% of the total respondents agreed that the use
of rooftop solar panels would make electricity costs more affordable. Furthermore, 60.6%
of respondents were considered middle to upper-class income, 49.2% expressed interest
in trying to using the systems, while 51% felt that incentives from the government would
significantly increase their willingness to adopt the system. From those numbers, there
is the implication that the Indonesian people are already aware of the benefits of using
rooftop solar panels as an alternative to conventional energy sources, having adequate
financial ability, and showing good interest in this technology. In addition, it was found
that incentives are still one of the attractive schemes encouraging individuals to adopt this
renewable energy.

Effort expectancy (EE) and social influence (SI) are known to have a positive, but not
significant, relationship to attitude toward use (ATU) towards the intention of rooftop solar
panel adoption ( = 0.278, p = 0.231) and (3 = 0.362, p = 0.284). The insignificant relationship
of effort expectancy (EE) is consistent with Venkatesh et al., where this construct is more
salient for women [20]. The majority of respondents were women (71.2%). In addition,
effort expectancy (EE) was also known as the muost critical construct, specifically in the
early stages of the adoption process of technology [20]. This construct relates to the degree
of convenience associated with the use of a system. The survey results showed that most
respondents choose neutral answers to questions related to the system convenience, which
indicates that respondents are not quite sure about the ease of installing rooftop solar panels.
This finding explains why effort expectancy is not significant in this study. Therefore, further
assessment of respondents” knowledge of this technology, specifically in the early stages of
transition from conventional to renewable energy sources, is required.

Similar to effort expectancy (EE), social influence (SI) tends to be more influential on
female individuals [20]. However, most respondents were male (71.2%), which explains
why social influence has a less significant effect in Indonesia. It is also known to have a
significant effect on something mandatory [20], while solar panels in Indonesia are still
optional.

Facilitating condition (FC) has a significant positive relationship to perceived behavioral
control (PBC) but less significant to behavioral intention (BI) in rooftop solar panel adoption
(B =0.904, p = 0.604). The survey results showed that most respondents answered neutrally
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to the indicators of the two constructs related to knowledge of technical assistance, permits,
and providers of rooftop solar panels. This finding of the significance of these two constructs
correlates with the effort expectancy (EE) construct. However, the provision of technical
assistance, permits, and information regarding the providers in the initial adoption process
can increase this technology’s adoption level.

Performance expectancy (PE) and hedonic motivation (HM) has not had a significant
positive relationship with customer intention in adopting rooftop solar panels in Indonesia
(B = —0.466, p = 0.152) and (3 = —0.215, p = 0.094). Interestingly, this finding is different
from Venkatesh’s, which mentions performance expectancy (PE) as a determining factor [20].
This is because the benefits offered from the use of rooftop solar panels are considered not
to affect the job performances or productivity of the individual. The job performance or
productivity remains the same regardless of the type of energy used, either conventional
or renewable energy. This explains why performance expectancy (PE) does not affect the
customer’s intention to adopt the technology. Among 88% of the respondents, 45.2% agreed,
and 42.8% strongly agreed that rooftop solar panels would save their electricity. This number
indicates that the Indonesian people are aware of the benefits of a system from an economic
perspective.

Hedonic motivation (HM), according to [39], is not an appropriate construct to assess
the technologies where customers are engaged in certain technology for utilitarian purposes
instead of pleasure. Considering an individual’s motive for using rooftop solar panels,
people in Indonesia tend to benefit financially rather than via pleasure from this system.
Therefore, hedonic motivation has no positive influence on the intention of rooftop solar
panel adoption.

6. Managerial Implications

From a managerial perspective, this study elaborates that solar PV adoption needs to
concentrate on pricing strategy to provide a better approach in the early stages of adoption.
The Indonesian government has implemented two policy instruments where one of the
schemes, namely net metering, is considered quite effective to promote solar energy devel-
opment in the household sector. Referring to the demographic statistics of respondents,
the majority of the population lives on the island of Java. They are mainly from the upper-
middle class, making Java a potential market for solar panels and a suitable area to test
the effectiveness of price-related policies such as net metering. Meanwhile, concerning the
role of subsidies or incentives, which are still an important tool to increase adoption, West
Java residents deserve to be the priority recipients of this scheme, followed by individuals
or heads of families in the Greater Jakarta area. This is based on the survey results, which
showed that 19% of the total respondents earn less than five million rupiahs, of which 46.3%
are from West Java, and 29.2% are from Greater Jakarta.

Concerning providing a better approach in the early stages of adoption, policymakers
can design a technical flow that is easily accessible for potential customers to provide a
smooth adoption process. Furthermore, this technical flow or installation procedure is ex-
pected to increase the understanding of the customer during the preparation of installation,
such as technical assistance, permit, service provider, and all information required about
the system installment. Therefore, the help of promoting and facilitating social conditions
will boost the rate of rooftop photovoltaic adoption.

The same challenges related to the price also occur in the circular supply chain, specifi-
cally in developing countries. According to a study conducted in India [2], there are several
barriers to forming a circular supply chain. Inadequacy of industry stimulus for “greener”
activities is one of the barriers to implementing a circular supply chain. Government incen-
tives for industries are necessary for promoting the green/circular concepts and developing
sustainable/regenerative goods. The lack of environmental laws and regulations was also
considered as a constraint [2]. There is a finding of extensive regulatory barriers that severely
affect trade in both remanufactured goods and core in Indonesia. Remanufacturing is con-
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sidered an important variable to increase the resource efficiency of economies and enable a
circular supply chain through a circular economy [40].

7. Conclusions and Future Study Directions

The sustainable circular supply chain can be projected well with renewable solar en-
ergy, including in Indonesia. Therefore, this study examined the factors affecting customers’
intention to use rooftop solar photovoltaics based on the UTAUT2 and TPB framework.
Structural equation modeling was utilized to depict relationships among observed vari-
ables: performance expectancy (PE), effort expectancy (EE), social influence (SI), hedonic
motivation (HM), price value (PV), facilitating condition (FC), attitude toward use (ATU),
perceived behavioral control (PBC), and behavioral intention (BI).

The results indicated that price value (PV) has a positive relationship and significant
influence on attitude toward use (ATU), which leads to behavioral intention (BI). This
construct is the most influential factor on the customer’s intention to use rooftop solar
panels in Indonesia. Subsidies/incentives from the government remain an attractive primary
scheme for most people to adopt this technology. Effort expectancy (EE) is a potential factor
to boost more comprehensive adoption of the system in Indonesia, followed by social
influence (SI) and facilitating condition (FC).

The current study results showed that the model designed based on the UTAUT2 and
TPB framework has good potential for analyzing customers’ intention to use rooftop solar
photovoltaics in Indonesia. Constructs used in the proposed model facilitate the analysis
process to become more focused. This study provides a good overview of future study
direction concerning what should be subsequently conducted to elevate the customers’
intention to use rooftop solar photovoltaics as a renewable energy resource to form a circular
supply chain towards sustainable development.

The direction of future studies should address several limitations that are available
in the current study. First, related to the potential factor of effort expectancy (EE) to boost
wider adoption, extending the study to the design of a procedure or techniques to provide
convenience for prospective customers in the initial adoption process will be interesting.
Second, this study can be developed further to access the effort expectancy (EE) construct
by providing more profound questions that can better describe the customers” knowledge
regarding the utilization of rooftop solar panels in the early stages of adoption. Furthermore,
concerning use, variables such as education, income, and age can be modeled. Finally, due to
the limitations of the sample already using the system, this study is limited to the behavioral
intention to use solar PV. However, it generates an opportunity to analyze the factors that
affect users from the intention to use, to the actual use of the system.
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