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Abstract: Accelerating demand for energy and its consumption has become a credible threat to the
sustainable ecosystem due to the exploitation of scarce natural resources and environmental hazards.
The adoption of renewable energy sources for sustainable development has been gaining traction
among researchers and practitioners alike. Considering its hot climate, Pakistan has a huge potential to
meet its energy requirements by tapping into renewable energy resources, especially through the use of
solar photovoltaic (SPV) technologies. However, the adoption rate of this technology remains still quite
scant among consumers. In this regard, the present research explores the factors that affect households’
purchase intention of SPV technology in Pakistan. The study has developed a comprehensive
research framework by decomposing the technology acceptance model (DTAM) into second-order
sub-constructs. Afterward, Structural equation modeling (SEM) was employed to analyze the data by
decomposing perceived usefulness (PU) into social, economic, and environmental usefulness and
perceived ease of use (PEOU) into discomfort and insecurity and to assess their cumulative effects on
consumer attitude. Moreover, the moderating role of policy and propaganda was also investigated.
Empirical results assert that PU and PEOU positively and significantly shape the consumer attitude
toward SPV adoption. Subsequently, consumer attitude has a positive and significant impact on the
actual purchase intention of SPV technology. Furthermore, the moderating role of governmental
policy and propaganda between the consumer attitude and actual purchase intention was also
confirmed. The policy implications of these results are discussed. Finally, the limitations and future
directions of the research are also elaborated.

Keywords: solar photovoltaic technology; consumer attitude; purchase intention; policy and
propaganda; DTAM model; structural equation modeling

1. Introduction

Escalating energy demand and increased consumption over the past few decades imply that
sustainable energy production for environmental preservation will remain one of the significant
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challenges, especially for the developing world (Akbar et al. 2020a). Energy plays a pivotal role
in fueling the growth and economic development of countries. A country cannot flourish without
an appropriate portfolio of energy resources. Electricity is considered a critical component of the
country’s economy (Irfan et al. 2019). World inhabitants are increasing rapidly, and their materialistic
lifestyles will further mount the energy demand (International Energy Agency 2019) as the residential
sector is the largest consumer of energy resources (Ali et al. 2019a). Excessive use of hydrocarbons
as well as greenhouse gas (GHG) emissions of conservative sources of energy has augmented the
application of renewable energy sources universally. The importance of the adoption of rooftop panels
is evident from the fact that household appliances are the major contributors toward carbon dioxide
(CO2) emissions and accounts for 70% of the overall emissions worldwide (Ali et al. 2019a).

The adoption of solar panels at the household level can help mitigate excessive CO2 emissions.
Various factors, such as technology acceptance, government policies, investment, and favorable
regulations for renewable energy technologies are increasing the demand for sustainable sources of
energy (Akbar et al. 2020b). Households are now looking for affordable, eco-friendly energy sources
that will keep the environment clean. Even though renewable and green energy has become a center
of attention and a crucial topic of research and discussion worldwide, the adoption rate is still low.
The slow acceptance of renewable energy is not only witnessed in emerging economies but also in
the industrialized world (Zahari and Esa 2018). Different types of green energy sources include wind,
hydroelectric, solar, geothermal, and bio-energy. Among them, roof-mounted solar panels are the
most acknowledged ones at the household level worldwide. According to renewable global status
report 2020, Solar PV energy grew by 12% and added 115 GW only in 2019. The global total Solar PV
production reached 627 GW till 2019, with the highest proportion from China with a capacity of 204.7
followed by the USA, India, Japan, Vietnam, Spain, Germany, Australia, Ukraine, and the Republic of
Korea. Out of 627 GW, these 10 countries are responsible for 67% of the production while the rest of
the world produces only 27% (see Figure 1) (REN21 2020).
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Among the list of top 10 ecologically affected countries, only one was the developed nation rest of
them are developing nations. For example, countries such as the Philippines, Haiti, and Pakistan are
the most affected by climate change and continuously rank among the adversely affected economies
in the global index (Eckstein et al. 2019). Similar to many developing economies, Pakistan is also
an energy-deprived nation where the gap between demand and supply remains substantial during
peak summer hours. Additionally, the unmet demand for Pakistan was almost 4700–7000 Mega Watt
in 2017 (Valasai et al. 2017). Households are the dominant energy consumers in Pakistan and also
a significant recipient of subsidies, which burdens the national economy. Pakistan is blessed with
several renewable energy alternatives. However, to meet energy demand, in 2006, Pakistan introduced
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its renewable energy adoption policy to add sustainable resources in its energy mix (Wang et al. 2020).
However, unfortunately, after 14 years Pakistan still relies on unsustainable energy resources, and 80%
of the energy is produced from crude oil and hydel plants contributed 11%, coal 6%, LPG 1% while
the contribution from the solar PV technology is 0% (Zafar et al. 2018). Conversely, owing to its
geographical location, Pakistan lies in the Sun Belt and receives extensive sunshine throughout the year.
To cope up with the mounting demand for energy and preserve the environment, rooftop photovoltaic
(PV) is the most viable energy option in the country. Moreover, the significance of solar system adoption
in Pakistan is evident from the study of Qureshi et al. (2017) who contend that the total demand for
electricity in the country can be fulfilled by installing 20% of solar panels efficiently on 1% of the land
of Baluchistan province. This highlights the significant potential of solar PV technology in Pakistan to
fulfill its electricity demand.

Nevertheless, chronic electricity shortage can also be tackled through the installation of solar
photovoltaic (PV) at the household level. Despite its huge potential, the acceptance rate of solar PV is
still low in Pakistan and needs to be used effectively. Moreover, several researchers from developed
countries have focused on the SPV adoption from the consumers’ perspective, yet the studies in
developing countries in this domain are comparatively rare. However researchers in Pakistan have
merely explored the SPV adoption from the economic viability perspective (Khalid and Junaidi 2013),
barriers and policy (Khattak et al. 2006; Khalil and Zaidi 2014), the role of communication channels
(Qureshi et al. 2017; Khalil et al. 2018) but none of the study has focused on households intention to
use solar PV systems. Dewan and Kraemer (Dewan and Kraemer 2000) argue that research findings of
developed countries cannot be implemented in developing countries due to different social, economic,
and political settings. Hence, there is a need to explore household intentions to use PV solar panels
in Pakistan.

Solar PV panels’ adoption is at the nascent stage in Pakistan, and the adoption rate is quite slow.
Therefore, understanding the factors that affect consumers’ intention to adopt novel technologies
such as solar PV is essential. In technology acceptance and renewable energy resources, Davis (1989)
proposed the technology acceptance model (TAM), which explains and predicts an individual’s
acceptance of new and novel technologies. TAM consists of two core variables perceived usefulness
(PU) and perceived ease of use (PEOU), which affect consumers’ motivation and perception to
adopt new technology. PU refers to the degree to which individuals perceive any technology can
enhance their wellness. PEOU refers to the degree to which an individual believes that using the
new technology would be effortless (Davis 1989). These definitions do not completely explicit the
complex nature of the PU and PEOU. Besides, these constructs were considered a one-dimensional
concept by previous studies (Rose and Fogarty 2000; Ahmad et al. 2017; Rahman et al. 2017).
Therefore, some of the studies have indicated that there is a need to check PU and PEOU from
diverse perspectives (Bock et al. 2005; Hamari et al. 2016; Hawlitschek et al. 2016; Rahman et al. 2017;
Acheampong et al. 2017; Martens et al. 2017). However, no study systematically developed a critical
model for discovering the multi-dimensional nature of PU and PEOU. Furthermore, scholars have
also suggested that the inclusion of relevant variables in the technology acceptance model can
increase its explanatory power within a specific context (Chin and Lin 2016; Ching-Ter et al. 2017;
Gbongli et al. 2019). Keeping this in mind, this study employs TAM a multi-dimensional second-order
construct by decomposing PU and PEOU into various sub-constructs.

PU consists of three sub-constructs, i.e., social usefulness (contributing to society), economical
usefulness (reducing cost), and environmental usefulness (saving the environment and natural
resources) (Garay et al. 2019). PEOU consists of insecurity (distrust or fear that technology will fail
to perform) and discomfort (perceived lack of control or inconvenience while using technology)
(Rahman et al. 2017; Acheampong et al. 2017; Martens et al. 2017), which are applicable in the context
of solar PV. Based on these second-order constructs, this study provides a decomposed technology
acceptance model (DTAM) in the solar PV context, which can render a comprehensive understanding
of consumers’ behavior in Pakistan.
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Thirdly, there has been very little research and various analogies to understand the behavioral
attitude-intention relationship. Even in developing nations such as Pakistan, consumers know the
benefits of advanced energy-efficient technologies such as PV technology but do not want to purchase
it. One of the reasons is the non-serious government policies and support. Previous studies in the solar
PV domain also lack an explanation of how government policies can affect an individual’s intention
to adopt solar PV technology. However, it is found that favorable policies, government support,
and propaganda affect consumer behavior regarding green energy consumption, especially in
developing countries. Moreover, a recent study asserts that the perspective of the government
should be considered while examining the adoption of solar PV technology (Ahmad et al. 2017). Hence,
the present study also explores the moderating role of policy and propaganda (PP) in the relationship
between attitude and intention to use solar PV. Policy and Propaganda is defined as “the facilitation of
the conditions which translates into how available the resources (external factors) which are needed
for the behavior are to be carried out”. Besides, to narrow down this theoretical and contextual gap,
our research develops a comprehensive conceptual model by decomposing TAM and incorporating
moderation of PP to better explain the consumer behavior regarding solar PV technology.

The rest of this paper is organized as follows. Section 2 consists of a literature review and
hypotheses are developed based on previous studies. Section 3 explains the methodology of the study,
while data analysis and findings are discussed in Section 4. The reasons for the results are discussed in
Section 5, and the ultimate conclusions and policy implications of the study are elaborated in Section 6.

2. Literature Review and Hypotheses Development

Extant literature has proposed a variety of models to investigate factors affecting the adoption of
innovative technologies. These models include the theory of planned behavior (TPB) (Hill et al. 1977),
the theory of reasoned action (TPB) (Ajzen and Madden 1986), and the technology acceptance model
(Davis 1989). TAM originated from the psychological theory of reasoned action and the theory
of planned behavior (Marangunić and Granić 2015). TAM is mainly used to explicate the general
determinants of technology acceptance, which illustrates consumer’s behavior across a broad range of
innovative technologies. This study focuses on the technology acceptance model (TAM) as the logical
framework. The purpose of using TAM is mainly because of the nature of the study, as solar PV is
a relatively new technology in Pakistan. TAM traditionally involves two constructs “Perceived Ease of
Use (PEOU) and Perceived Usefulness (PU)”. PEOU is the extent to which novelty in technology is
considered to be easy to understand and use while PU is the degree to which a person believes that
particular technology would increase his or her utility (Davis 1989).

PU and PEOU only partially explain the effects of consumer intention. This drawback represents
prospects for future research to provide a comprehensive and improved model, thus reflects the
feasibility of the current study. Therefore, this study employs TAM as a decomposition model, i.e.,
perceived usefulness and perceived ease of use are decomposed into the multi-dimensional constructs
and operationalized in higher order. PU is a complex construct and can have a different composition
for different technologies and respondents, e.g., usefulness for a user would be different in green
IT adoption than for solar PV technology. Consequently, few researchers have suggested examining
PU in line with the underlying technologies. Keeping this in mind, we decompose PU into three
sub-constructs, i.e., social, economic, and environmental (Garay et al. 2019). Consumers can use solar
PV as a symbol of green energy consumption or as a socially responsible behavior by saving resources
for others. Besides, cost reduction in energy consumption can also be perceived as a useful aspect of
technology for households. Moreover, due to environmental hazards caused by the non-renewable
sources of energy, consumers are shifting their preferences from unsustainable energy consumption
to sustainable and green consumption. These factors, put together, make solar PV a favorable source
of energy for the consumers. Moreover, using technology without considerable effort enhances the
probability of adopting that technology.
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In this regard, the perceived ease of use positively affects consumer behavior to use new technology.
However, the fundamental technology acceptance model lacks an explanation of the factors that
influence perceived ease of use. For better understanding, several research efforts have been made
in different contexts by extending PEOU. However, none of the studies has checked PEOU as
a second-order construct, which can better explain the phenomena of solar PV adoption. Therefore,
the present research decomposes PEOU into diverse sub-factors. i.e., Insecurity and Discomfort
(Rose and Fogarty 2000; Rahman et al. 2017; Martens et al. 2017). Insecurity refers to being distrustful
of a particular technology and perception that technology will not work appropriately. In comparison,
discomfort refers to a perceived lack of control over technology or feeling uncomfortable in the adoption
of new technologies (Parasuraman 2000).

This model focuses on an attitudinal explanation of intention to use a specific technology.
Attitude refers to the consumers’ favorable or unfavorable assessment of a particular behavior
(Ajzen 1991). It is the combination of beliefs regarding a specific behavior that drives an individual
to perform or not to perform a particular task (Ali et al. 2019b). The intention is something defined
as a planned beginning with the inclination to do something in the near future (Bratman 1990).
Further constructs from TAM were always considered to be drivers for the adoption intention of
the technology (Zahari and Esa 2018). As Demand for renewable energy technology is growing in
developing countries, hence it is imperative to investigate consumers’ attitudes toward and intention to
use renewable energy (Alam and Rashid 2012). Some empirical studies which have used the modified
TAM model are presented in Table 1.

Table 1. Modified TAM model.

Year Authors Country Context Constructs

2014 (Alam and Rashid 2012) Malaysia Green Behavior

Relative Advantage, Cost,
Perceived Ease of Use,
Awareness, Perceived

Behavioral Control
and Intention

2015 (Akman and Mishra 2014) Turkey Green Behavior

Perceived ease of use,
perceived usefulness, attitude,

intention, subjective norms,
Behavioral Intention and

Actual System Usage

2017 (Ahmad et al. 2017) Malaysia Green Behavior Usefulness, Ease of Use,
Attitude, and Intention

2018 (Yoon 2018) South Korea Green Behavior

Government Regulations,
Environmental Belief,

Descriptive Norms, Injunctive
Norms, Personal Norms,

Intention, Perceived
Usefulness and Perceived

Ease of use

2.1. Hypotheses Development

The consumer’s attitude to adopting new technology is a good indicator of their purchase
intention. Attitude plays an imperative role in the adoption of renewable energy resources
(Heras-Saizarbitoria et al. 2013). The relationship between attitude and intention is also verified by
the study by Rose and Fogarty (Ahmad et al. 2017). They postulate that consumer’s attitudes influence
intention to use solar PV technology. PU and PEOU influence this attitude. Alam and Rashid (2012)
conjecture that consumers are more likely to use renewable energy resources if these are simple,
easy to install, and easy to use, especially without any help from technical experts. Similarly,
Stephenson and Ioannou (2010) argue that renewable energy sources will be socially accepted if
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individuals find them identical to their living standards and user-friendly. Researchers also revealed
the significant effects of PU on attitude to use novel technologies and renewable energy resources.
Likewise, Wojuola and Alant (2017) show that PU and PEOU are significant factors to measure the
purchase intention of Nigerian consumers to use new technologies. The findings were also verified
by the work by Yoon (2018) who revealed that PU and PEOU affect green technology acceptance.
Moreover, the research conducted in the context of Malaysia also referred to the positive effects of PU
and PEOU on the attitude to adopt renewable energy resources (Kardooni et al. 2016).

As discussed above, the theoretical model is based on TAM. Based on the existing literature,
the hypotheses regarding the core TAM relationships have been formulated as follows;

Hypothesis 1 (H1). Consumer’s perceived usefulness of solar PV technology significantly and positively affects
attitude toward using solar PV technology.

Hypothesis 2 (H2). Consumer’s perceived ease of use of solar PV technology significantly and positively affects
attitude toward using solar PV technology.

Hypothesis 3 (H3). Consumer’s attitude toward using solar PV technology significantly and positively affects
their intention.

2.2. Moderating Role of Policy and Propaganda (PP)

As per the NATO definition of Policy and Propaganda (PP), “any information, ideas, doctrines,
or special appeals disseminated to influence the opinion, emotions, attitudes, or behavior of any specified
group to benefit the sponsor either directly or indirectly”. From a behavioral perspective, Policy and
Propaganda is defined as “the facilitation of the conditions which translates into how available the
resources (external factors) which are needed for the behavior are to be carried out”. In addition,
consumer behavior is not only influenced by the internal factors but also by some external factors such
as local cultures, conditional factors, and different social and government policies. These factors are
mostly known as contextual factors that influence consumer intention and the decision-making process
(Song et al. 2019a; Saeed et al. 2013). In developed regions, the strong policy for renewable energy
resources can increase the adoption rate for consumers by the government authorities. Therefore,
the policy and propaganda from the government can play a very critical role in the adoption of
solar PV technology in the developing world. Likewise, the government subsidy policy of 2013 on
energy-efficient home appliances has boomed the sale of these energy-efficient products in China
(Wang et al. 2017a).

The aforementioned literature shows that there is a dire need to empirically investigate the
government role (external factors) on efficient home appliance adoption in developing countries
such as Pakistan. As per the little knowledge of researchers, the present study is a pioneer research
to test the causal effect of policy and propaganda in the adoption of home appliance (photovoltaic)
in Pakistan. Secondly, as per the recommendation of Baron and Kenny (1986), the moderator can
be incorporated in the conceptual framework once the prior results were inconsistent among the
exogenous and endogenous variables. The prior studies have reported the inconsistent results among
the relationship of attitude and purchase intention and provided an opportunity for the researchers
to re-test that inconsistent relationship of attitude and purchase intention. Thirdly, the present study
proposes policy and propaganda as a moderator among the relationship of attitude and purchase
intention by taking from the contingency theory. In contingency theory, the relationship among
the exogenous and endogenous variables is contingent or independent on another third variable.
Consequently, the policy and propaganda were introduced as a moderator to better understand
and avoid misleading conclusions related to contingency relationships (attitude and purchase
intention). Fourthly, public awareness campaigns such as public service messages, public education,
and energy-efficient labels have changed consumers’ knowledge, attitude, and awareness level
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regarding energy-efficient products. Researchers have also found that PP can influence the adoption
of different energy products such as energy-efficient home appliances (Yang and Zhao 2015),
energy-efficient automobiles (Wang et al. 2017b) but recently Song et al. (2019b) have argued that
policy and propaganda moderates the consumption behavior regarding the adoption of energy-efficient
home appliances. Furthermore, a recent study from Malaysia has found that government support
in the form of policy and propaganda is needed to trigger the acceptance of solar PV technology
(Ahmad et al. 2017). Relying on the literature the following hypothesis is formulated;

Hypothesis 4 (H4). Policy and Propaganda moderate the relationship between attitude and purchase intention
of consumers toward using solar PV technology.

Based on the above discussion a conceptual framework for DTAM is developed, indicating positive
effects of PU and PEOU on consumer’s attitudes which affect purchase intention regarding solar
PV technology in Pakistan. Moreover, Policy and Propaganda moderates the relationship between
consumer attitude and purchase intention (see Figure 2).Economies 2020, 8, x FOR PEER REVIEW 7 of 20 
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3. Materials and Methods

Pakistan was chosen as a case for this study due to two main facts. First, the country’s energy
infrastructure heavily depends on the costly non-renewable sources of energy, and the use of renewable
energy is quite meager. Second, Pakistan is among the hardest hit countries by climate change
therefore it is imperative to reduce carbon emissions for a sustainable ecosystem. The sampling
population of the study is comprised of a broad spectrum of households of four metropolitan
cities of Punjab (Lahore, Multan, Faisalabad, and Sargodha). One of the main reasons for selecting
these cities is the increasing demand for green products in metropolitan cities (Ali et al. 2019b).
The data was collected through a self-administered questionnaire, which was divided into two sections.
Demographic information such as gender, age, education, etc. was represented (in Figure 3 and Table A1).
Similarly, the exogenous and endogenous constructs that were adopted from the previous literature
are provided in Appendix A. Three items of social dimension were adapted from (Hamari et al. 2016;
Garay et al. 2019); three items of economic dimension was adapted from (Garay et al. 2019); three items
of environment dimension were adapted from (Collom 2007; Hamari et al. 2016). Likewise, three items
of insecurity and three items of discomfort were adapted from (Parasuraman 2000); four questions
of attitude were adopted from (Ahmad et al. 2017); five items of purchase intention were measured
from (Paul et al. 2016); three items of policy and propaganda was adapted from (Song et al. 2019a).
Each item was measured on a 7-point Likert scale ranging 1 = “strongly disagree” to 7 = ‘strongly agree”.
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Non-probability sampling is more appropriate when it is problematic to access the complete sample
frame (Danish et al. 2019) as this sampling technique is more suitable for theoretical generalizability
(Calder et al. 1981). So purposive sampling was used to select the sample. Price is considered a key
determinant in pro-environmental consumption behavior (Issock Issock et al. 2018) which makes
consumers’ income a crucial factor while buying green technologies or in our case solar PV technology
(Ali et al. 2019b). Therefore, middle-class residents, with an income level of around 300 $ (PKR 50,000),
were chosen for a sample (Adil 2017). The sampling size was determined by the suggestion of
Churchill and Iacobucci (2006), who states that the sample size should range between 200–500 in
behavioral studies. Therefore, 700 questionnaires were distributed to get an appropriate sample
size as Nulty (2008) found that response rate in behavioral studies is between 40% to 60%. Out of
these 700 questionnaires, a total of 489 questionnaires were returned and after screening around
435 were found usable. Hence our response rate is 62.14% which is consistent with the study of
Mellahi and Harris (2016) who found that response rate in subcontinent to be around 52.68%.
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4. Empirical Strategy and Results

Structural equation modeling (SEM) is a second-generation multivariate statistical tool to measure
structural relationships (Hair et al. 2014). SEM has several advantages over first-generation models in
terms of efficiency, accuracy, and covariance (Richter et al. 2016; Malhotra et al. 2006). According to
Zahid and Din (2019) It includes a series of empirical tests such as factor analysis, discriminant analysis,
and regression or path analysis through which the structural relationship of observed and latent
variables can be examined (Chin and Marcoulides 1998). Its ability to measure relationships of exogenous
and endogenous variables simultaneously makes it popular in social sciences and behavioral studies
(Cheah et al. 2019). SEM is distinguished into two types, i.e., variance-based (VB-SEM or PLS-SEM)
and covariance-based (CB-SEM) (Chin and Newsted 1999; Ali et al. 2019a). PLS-SEM is considered
to be a Silver Bullet or Holy Grail due to its proficiency in measuring complex relationships in the
model (Hair et al. 2011). That is why most researchers prefer PLS-SEM over CB-SEM because it is
a more sophisticated technique to unleash complex social phenomena. Moreover, Ramli et al. (2018)
reported that PLS-SEM is more useful in exploratory studies and generate instruments which improve
the accuracy of the empirical outcomes. As these’ empirical attributes are desirable to examine the
hypothesis of this therefore we employ PLS-SEM for data analysis by using Smart PLS 3.0 software
(Ringle et al. 2015). PLS-SEM followed a dual-stage assessment approach, which includes the assessment
of the measurement model as well as the evaluation of the structural model. The measurement model’s
evaluation includes validity and constructs reliability tests, while the assessment of the structural
model includes testing the significance level of the hypotheses.

4.1. Measurement Model-Based Assessment

The measurement model is assessed through construct reliability and validity tests.
Construct reliability includes items’ reliability, which was measured by outer loadings. Whereas,
the internal consistency and reliability were measured through the composite reliability analysis.
Validity tests include convergent validity measured through average variance extracted (AVE) and
discriminant validity measured through Heterotrait–Monotrait ratios (HTMT) (Akbar et al. 2019).
All outer loadings meet the recommended value of 0.5 (Hair et al. 2014). Moreover, composite
reliability is well above the threshold value of 0.7 and AVE also exceeds the cut-off value of 0.5
(Anderson and Gerbing 1988) (see Table 2).

Table 2. Measurement model-based assessment.

First-Order Construct Second-Order Construct Items Loadings AVE CR

Social useful SOU1 0.649 0.588 0.809
SOU2 0.853
SOU3 0.784

Economic useful ECU1 0.805 0.649 0.847
ECU2 0.872
ECU3 0.734

Environment useful ENU1 0.868 0.572 0.796
ENU2 0.786
ENU3 0.588

Perceived usefulness SOU 0.850 0.635 0.871
ECU 0.861
ENU 0.839

Discomfort DIS1 0.626 0.586 0.807
DIS2 0.864
DIS3 0.786
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Table 2. Cont.

First-Order Construct Second-Order Construct Items Loadings AVE CR

Insecurity INS1 0.864 0.572 0.797
INS2 0.789
INS3 0.589

Perceived ease of use DIS 0.677 0.672 0.840
INS 0.905

Attitude ATT1 0.822 0.518 0.809
ATT2 0.741
ATT3 0.563
ATT4 0.730

Intention PI1 0.816 0.626 0.893
PI2 0.706
PI3 0.822
PI4 0.843
PI5 0.763

Policy and Propaganda PPG1 0.669 0.616 0.827
PPG2 0.848
PPG3 0.826

HTMT is the most robust tool for assessing discriminant validity because the results Fornell–Larcker
criteria are still under debate (Hair et al. 2014). So HTMT criteria were employed for discriminant
validity assessment. Gold et al. (2001) suggest that if HTMT value is above 0.90, there are specific
issues of validity, while Kline (2015) indicates that if values are higher than 0.85, then there are issues of
discriminant validity. Table 3 shows that all values are lower than 0.85, which satisfies the discriminant
validity criteria.

Table 3. Heterotrait–Monotrait (HTMT).

ATT DIS ECO ENV INS IN PEOU PU PP

ATT
DIS 0.785
ECO 0.707 0.786
ENV 0.569 0.684 0.727
INS 0.698 0.642 0.621 0.629
IN 0.730 0.875 0.751 0.713 0.713

PEOU 0.692 0.631 0.635 0.624 0.703 0.834
PU 0.775 0.758 0.639 0.516 0.576 0.808 0.791
PP 0.570 0.530 0.578 0.560 0.560 0.543 0.603 0.589

SOC 0.765 0.741 0.876 0.748 0.704 0.875 0.731 0.658 0.530

4.2. Structural Model-Based Assessment

Below is the pictorial demonstration of SEM-based analysis.
A structural model was performed in the second stage after completing the first step, i.e.,

measurement model assessment. Structural model assessment includes path coefficients (β values),
t values, coefficient of determination (R2), effect size (f2), and predictive relevance (Q2). β values were
measured by the bootstrapping method (5000 re-sample). Empirical results indicate the acceptance of
all four hypotheses (Tables 4 and 5, Figure 4). The results show that Perceived usefulness (β = 0.292,
t = 6.208 > 1.64, p < 0.05), perceived ease of use (β = 1.243, t = 28.503 > 1.64, p < 0.05) has
significant impact on consumer attitude. Consumer attitude (β = 0.504, t = 14.788 > 1.64, p < 0.05) has
a significant impact on consumer’s purchase intention to buy solar PV technology. Similarly, policy and
propaganda moderates the association between consumer attitude and purchase intention (β = 0.088,
t = 3.242 > 1.64, p < 0.05). The coefficient of determination indicates the total variation in the dependent
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variable explained by the independent variables in a given model. The R2 value for the model is
0.402. This reflects that the model has substantial explanatory power as Cohen (1988) suggested that
an R2 value of greater than 0.40 is considered quite substantial. Effect size f2 represents the impact
of exogenous variables on endogenous variables (Hair et al. 2014; Akbar et al. 2019). According to
Cohen (1988), the values of f2 under 0.02, 0.15, and 0.35 depict a small, medium, and large effect
respectively. Table 5 shows that all the variables have different effect sizes varying from medium to
large. Besides, the value of Q2 is greater than 0 (Q2 = 0.345) which demonstrates that the model has
predictive relevance.

Table 4. Structural model Assessment.

Hypothesis Relationship Path Coefficient Std. Error t Value p-Value Supported R2 Q2 f2

H1 PU->ATT 0.292 0.047 6.208 0.000 Yes 0.218 0.100
H2 PEOU-> ATT 1.243 0.044 28.503 0.000 Yes 1.819
H3 ATT-> PI 0.504 0.034 14.788 0.000 Yes 0.402 0.362

Table 5. Structural Model Assessment (Moderation).

Moderation (β) (STDEV) T Statistics p Values Decision

H4.
ATT*PP->INT 0.088 0.045 3.242 0.000 Supported
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4.3. The Moderating Role of Policy and Propaganda

The moderating effect of policy and propaganda is measured by the interaction term between the
consumer attitude and purchase intention (see Figure 5 and Table 5), which is found to be significant
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in the model (β = 0.088, t = 3.242 > 1.64, p < 0.05). The results show that the value of R2 gets
changed after incorporating the moderating variables into the proposed model. The R2 value has
increased from 0.402 to 0.412. It indicates that together PEOU, PU, and PP can explain 41.2% of the
variation in the endogenous variable (Consumer purchase intention). This outcome implies that the
model explains additional variation in the purchase intention after including policy and propaganda,
although difference is not substantial but enough to cause variations in the purchase intention of the
sample consumers.Economies 2020, 8, x FOR PEER REVIEW 12 of 20 
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5. Discussion

Heightened energy consumption and resulting environmental hazards coupled with the reduction
in natural resources urge the need to exploit renewable energy resources for sustainable economic
development. Policymakers and academicians are showing interest in the adoption of solar PV
technology due to its low cost, efficiency, and sustainable energy generation features. Pakistan is one of
the countries that are enriched with this energy resource but still the adoption rate of solar PV technology
remains slow. Therefore, we use a decomposed technology acceptance model for a comprehensive
understanding of consumer’s intentions to adopt solar PV technology in Pakistan. By using PLS-SEM,
the study has unveiled that PU and PEOU positively influence consumer attitudes which ultimately
influence consumers’ intention to adopt solar PV technology. Moreover, it was also found that PP
moderates the relationship between attitude and purchase intention of solar PV technology.

As hypothesized, the results revealed that a relationship exists among the exogenous and
endogenous variables in the present study, Therefore, all the null hypotheses have been rejected.
In addition, the empirical results confirm that PU affects consumer attitude toward the adoption of
solar PV technology. It means that households in Pakistan are more likely to adopt solar PV technology
if they found it useful in terms of environmental protection, socially acceptable, and more economical
than alternate energy resources. The price has always been a crucial factor that affects consumers’
behavior, especially in developing countries. Consumers in Pakistan are price sensitive and search
for the best value for money against any product. Moreover, another reason for this result can be
that developing countries are facing multifaceted environmental issues thus consumers want an
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environment-friendly source of energy. The finding of this research is in line with the previous studies
of green consumption in Pakistan claiming that individuals adopt those products which provide the
best value for money, are environment-friendly, and resonate with their social class and peer groups
(Danish et al. 2019; Ali et al. 2019b). In this regard, the public policy and awareness departments should
launch advertisements that propagate solar PV technology as the best value package that does not have
any harmful impact on the environment. Therefore, the social acceptance and adoption rate of such
technologies will increase, and consumers will have to spend less money compared to the alternate
means of energy.

PEOU refers to the extent a consumer perceives convenience while using or understanding new
or novel technology. The empirical result shows that PEOU positively influences consumer attitudes to
adopt solar PV technology. This outcome is in line with the studies of who said the consumers are likely
to adopt green technologies when they are easy to operate. However, insecurity and discomfort are
found to have a negative impact on PEOU regarding the adoption of solar PV technology. This empirical
outcome conjectures that residents who feel insecurity and discomfort while using a novel technology
may not involve in the adoption of such technology. Therefore, the government departments should
initiate different public awareness and training programs so that people can become savvy to use such
energy products. Moreover, different product manuals and installation tutorials can be handy for
the installation and use of these technologies. social media mix can be used to achieve this objective
(Menegaki 2012) Nevertheless, an effective warranty mechanism of solar PV products can also alleviate
consumers’ negative perception of discomfort and insecurity.

Consumer attitude to use solar PV technology refers to consumers’ positive or negative beliefs
and feelings about using such technologies. The results suggest that consumer attitude is a significant
factor in the purchase intention to use solar PV technology in Pakistan. Despite of the limited literature
available, the results are consistent with the previous studies of various countries such as Malaysia
and European countries toward the adoption of green technology or renewable energy resources
(Ahmad et al. 2017; Ali et al. 2019a). It implies that once a positive attitude is developed through PU
and PEOU, then consumers are more likely to buy the solar PV products. Researchers have argued that
consumers engage in the adoption of new technology when their decisions are influenced by some
external factors such as policy and propaganda. Therefore, the study has examined the moderating role
of policy and propaganda in the relationship between consumers’ attitudes and purchase intentions.

Furthermore, empirical tests of moderation suggest that PP significantly moderates this relationship
and a one percent increase has been reported in R2. The moderation effect is small but significant in
the present study. In developing countries such as Pakistan, the government should design those
effective policies that facilitate the consumer’s decision-making process, e.g., offering subsidies to
the consumers who buy the solar PV technology. Moreover, tax rebates can be offered to the SPV
manufacturing companies so that they can sell their products at low prices in Pakistan. With these
subsidies, a reduction in tax rates and a conducive operating environment shall be rendered to these
energy companies. As a result, the high adoption rate of solar PV technology will not only reduce
environmental problems but also enhance the capability of the government to cope up with the
mounting demand for household energy. Ultimately, SPV adoption can be very handy for both the
households and the government as an economical and sustainable energy resource.

6. Conclusions and Policy Implications

Increasing the proportion of renewable energy is the overall energy mix is an essential feature for
the sustainable development of an economy. Besides, the deployment of renewable energy technologies
can also help to meet the growing demand for energy in a developing economy such as Pakistan’s
(Wang et al. 2020). This research employs a decomposed TAM model, moderated by the policy and
propaganda to investigate consumer’s intention toward the adoption of solar PV technology in Pakistan.
For this purpose, data was collected from the households of Pakistan through valid questionnaires.
The results were obtained through the application of the PLS-SEM technique. Empirical results
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suggest that PU and PEOU positively and significantly influence the consumer’s attitude toward SPV
technology. Subsequently, the consumer attitude positively influences consumer’s intentions to use
SPV technology. Moreover, moderation of PP between consumer attitude and purchase intention was
also confirmed. The possible reason for these results is that Pakistani consumers had faced an acute
energy crisis, and there is still a demand-supply gap prevalent in the energy sector. Solar PV technology
adoption can fulfill this energy gap, comparatively with less cost and an eco-friendly manner. Hence the
household consumers have an intention to adopt this technology, though the adoption rate is relatively
slow when compared with other developing countries in the region.

Keeping this in perspective, relevant public policy departments can design awareness programs
for consumers to train them about the use of this technology and highlight its benefits. As a result,
consumers will perceive solar PV to be more useful and feel comfortable to install and use this technology
without hesitation. Moreover, the research and development departments need to develop user-friendly
technologies to develop a favorable consumer attitude regarding SPV adoption. Notwithstanding,
the role of favorable government policies is also very crucial to boost the adoption rate of SPV
technologies. Although the Punjab government (the largest province of Pakistan) has decided to install
solar systems in 12,000 schools across the province, the scope of such initiatives need to be expanded
to all provinces. Furthermore, the government needs to subsidize PV technologies to enhance the use
of cleaner energy resources for sustainable development. Nevertheless, tax reliefs for the foreign solar
PV providers can attract foreign firms to start their operations in Pakistan. The increased competition
will not only boost product efficiency but also ensure the availability of low-cost solar PV products for
the consumers. Such initiatives can motivate consumers when they make a cost-benefit analysis to
choose between various energy alternatives.

The present research has several noteworthy practical and theoretical implications yet still have
a few limitations. First, social demographics play a vital role in the consumer decision-making process.
Future research can check on the role of demographics as control variables to assess solar PV adoption
in the context of developing economies. Second, the study focused only on household consumers.
Therefore, understanding the supply side constraints can also help in the promotion of solar PV
technologies. Third, the study was limited only to the intentions of the consumer toward the adoption
of SPV technology. No doubt intentions are a good predictor of behavior, yet still, some researchers
observed a gap between consumer intentions and actual behavior. Therefore, future studies in this
domain can investigate the actual buying behavior of consumers regarding solar PV technology.
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Appendix A

Perceived usefulness (Social) (Garay et al. 2019)

SOCI1
Introducing solar photovoltaic technology in my house allows me
to contribute something to society

SOCI2
Introducing solar photovoltaic technology in my house allows me
to help those that need fossil fuels more than me

SOCI3
Introducing solar photovoltaic technology in my house allows me
to do something for others

(Economic) (Wang et al. 2017a; Garay et al. 2019)
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ECON1
Introducing solar photovoltaic technology in my house allows me
to save money

ECON2
Introducing solar photovoltaic technology in my house allows me
to reduce costs

ECON3
Introducing solar photovoltaic technology in my house allows me
to obtain profits

(Environment) (Hamari et al. 2016; Garay et al. 2019)

ENVI1
Introducing solar photovoltaic technology in my house allows me
to reduce emission of greenhouse gases

ENVI2
Introducing solar photovoltaic technology in my house allows me
to save natural resources

ENVI3
Introducing solar photovoltaic technology in my house allows me
to have an ecological behavior

Perceived ease of use (insecurity) (Parasuraman 2000)

PR1
I am worried that solar photovoltaic technology is not providing
the expected benefits

PR2
I am worried that solar photovoltaic technology is not reliable
and dependable

PR3
I am worried about the ongoing maintenance of solar
photovoltaic technology

Discomfort (Parasuraman 2000)

PC1
Learning how to use solar photovoltaic technology is difficult
for me

PC2 Solar photovoltaic technology requires a lot of knowledge

PC3 I find solar photovoltaic technology difficult to use

Attitude (Ahmad et al. 2017)

ATTI1 I find solar electricity to be a major source of electricity in the future

ATTI2
I believe it is good (or the right time) to use solar electricity in
my house

ATTI3 I like the idea of using a clean source of electricity in my house

ATTI4
Overall I think I will enjoy solar technology as a source of
electricity in my house

Policy and Progodanda (Song et al. 2019b)

PPG1
In the process of introducing solar photovoltaic technology in my
house before, I heard about relevant government incentive policy.

PPG2
Policy advocacy of renewable energy will motivate me to
introduce solar photovoltaic technology in my house

PPG3
Domestic advertising and media propagandas advocate
households to introduce solar photovoltaic technology.

Behavioral intention (Paul et al. 2016)

BINT1 I intend to use solar electricity for my house
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BINT2
I plan to have some RE technology for my house for the generation
of electricity

BINT3
I am planning to have solar electricity for my house in 3–4 years;
2–3 years; before 1 year

BINT4
The probability of introducing solar photovoltaic technology in my
house is very high.

BINT5
I will introducing solar photovoltaic technology in my house in a
more effective way.

Appendix B

Table A1. Demographic Profile of respondents.

Characteristics Frequency Percentage %

Gender Male 275 63.2
Female 160 36.8

Age 16–24 48 11.0
25–34 70 16.1
35–44 149 34.3
45–54 101 23.2
55–64 48 11.0
>65 19 4.4

Martial Single 106 24.4
Married 329 75.6

Education Intermediate or below 124 28.5
Undergraduate 187 43.0

Graduate 83 19.1
Professional 41 9.4

Occupation Government Sector 102 23.4
Private Sector 179 41.2
Self-Employed 65 15.0

Student 32 7.3
Retired 57 13.1

Income 50,000–75,000 133 30.6
Rs. 75,001–100,000 181 41.6

100,001–125,000 77 17.7
125,001–over 44 10.1
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