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Abstract. Rising energy needs, concerns of energy security, mitigating green-
house gas emissions, climate change phenomenon and a push to utilize indige-
nous sources for energy generation purposes has encouraged the use of solar
photovoltaics (PV). The technological advancements of the recent past, improve-
ment in technologies’ performance, reduction in the prices, policy and regulatory
support, and its applicability at household level has made solar energy as a pre-
ferred form of energy generation. However, despite its rapid diffusion, it is widely
believed that its current application is insignificant compared to its potential. This
leads us to ask why solar PV has not been adopted to the level it should have. The
existing literature has highlighted a number of factors affecting solar PV adop-
tion. This paper systematically reviews the literature to identify the factors that
have been instrumental to solar PV adoption. By exploring the Scopus database,
this research identifies 39 articles matching the study objectives. Findings of this
research will help academics, technology companies and policymakers in under-
standing the factors influencing the process and proposing solutions to address
these.

Keywords: Adoption behaviour - Intentions to adopt - Barriers and facilitators -
Systematic review - Solar PV

1 Introduction

The climate change phenomenon, the concerns of energy security and the issues associ-
ated with the conventional energy sources has triggered an inevitable need to transform
energy sector. The existing energy infrastructure — energy production and consumption
— has played an important role in the development of modern economies by assisting
countries in meeting their primary energy needs. However, the rise in average global
temperature, the increase in greenhouse gas emissions, sustainable use of conventional
hydrocarbons and growing energy demand has highlighted the need to develop means
through which the energy needs can be fulfilled without compromising the environment.
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The effective utilization of renewable energy sources renders an excellent opportunity
to meet future energy needs in a sustainable and environmentally friendly manner [1].

Renewable energy sources has become a preferred choice due to their positive effects
on the environment, their infinite nature and the role they can play in strengthening a
county’s energy security [2]. The development of latest technologies and a favourable
policy regime has made it possible to efficiently utilize the available resources of energy
generation purposes. REN21 affirms that the use of renewable sources in power gener-
ation has grown in recent years. Solar and wind energy alone have generated 151 GW
electricity during 2018 [3]. An advantage that solar energy gets over other renewables
is that in addition to commercial application, it provides individuals an opportunity to
harness the potential for household purposes. A number of countries across globe are
encouraging consumers to adopt this environmentally friendly mean of energy genera-
tion. The rationale behind the choice is that the self-production will reduces consumers’
dependency on the grid electricity as well as the access energy can be transmitted back
to the grid, thus offers an opportunity of becoming energy producer as well.

Despite the enormous potential and benefits, the utilization of solar energy at house-
hold level is less than desired. A number of studies have highlighted the factors affecting
the diffusion of solar photovoltaics for household purposes. This paper systematically
reviews the literature to identify the factors that have influenced solar PV adoption at
household level.

2 Methodology

A successful systematic review is based on the clarity of the research question, keywords
developed to assist the search, the databases explored to find relevant literature and
researchers’ ability to extract and present information in a manner that it highlight
valuable insights to the readers as well as offers future research direction. Considering
the objective of the paper i.e. to study the factors influencing intentions to adopt solar PV
for household use, the following keywords were incorporated to ensure that the search
extract desired articles. The keywords (factor OR factors OR antecedents OR drivers
OR barriers OR impediments OR determinants OR traits) AND (affect OR affecting OR
influence OR influencing OR examine OR examining) AND (intention OR intentions
OR “intentions to use” OR use OR adoption OR “intentions to adopt” OR adopt OR
accept® OR application) AND (“renewable energy technology*” OR “Solar energy”
OR “Solar PV” OR “Solar Photovoltaic*”” OR “Photovoltaics” OR “solar rooftop*” OR
“rooftops””) AND (“household” OR “home” OR “house” OR “private dwellings” OR
“building”). The SCOPUS database was selected to search articles. The initial search
yield 187 articles in total. The title, abstract and keywords were screened at the first
phase to identify if the articles fits the criteria. In the cases, where initial screening did
not provide sufficient information on inclusion or exclusion, full text was consulted to
determine the eligibility. The final list included 39 articles. The list of articles is presented
in the Table 1.
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Table 1. Complete list of papers included in this review

No | Authors Data . Theory / No | Authors Data ; Theory /
collection” | Framework™ collection” | Framework™
1 Bach et al. [5] INT EnCF 21 | Shakeel & SR TPB
Rahman [6]
2 | Mundaca & WSR NA 22 | Engelkenetal. | WSR TPB
Samahita [7] [8]
3 | Kapoor & SR DOI 23 | Walta-s et el. FG NA
Dwivedi [9] [10]
4 | Bestetal. [11] SR NA 24 | Bashiti et al. [12] | SR NA
5 Alrashoud & WSR DOI 25 | Qureshi et al. INT DOI
Tokimatsu [13] [14]
6 Kastner & SR, OB SI 26 | Dharshing [16] PD NA
Wittaibarg [15]
7 Zanda- et al. [17] | SR ChM 27 | Jayaramanetal. | SR TPB
[18]
8 | Arroyo & SR GoFT 28 | Briguglio & SD NA
Carrete [19] Formosa [20]
9 Abreu et al. [21] | SR TPB 29 | Baharoon et al. SR NA
[22]
10 | Lee & Hong [23] | SD ABM, GIS 30 | Kansal & SR NA
Pathania [24]
11 | Luetal. [25] SR NA 31 | Schaffa- & Brun | SD NA
[26]
12 | Afroz et al. [27] | SR NA 32 | Palmar et al. [28] | SD ABM
13 | Graziano et al. SD NA 33 | Sigrinetal. [30] | SR NA
[29]
14 | Aggarwaletal. |SR TPB, UTAUT | 34 | Vasseur &. SR NA
[31] Kemp [32]
15 | Tsaur & Lin [33] | SR TAM, TPB 35 | Sriwannawita & | INT, OB NA
Laestadiusb [34]
16 | Wolske et al. WSR NA 36 | Kapoor et al. LTR CnMD
[35] [36]
17 | Bondioetal. [37] | SR DOI 37 | Komatsu et al. SR NA
[38]
I8 | Srivastava & SR TPB 38 | Schelly [40] SD NA
Mehendar [39]
19 | Rahutetal. [41] | SD NA 39 | McEachem & SR NA
Hanson [42]
20 | Jayaw eeraetal. | GIS NA
[43]

*INT (Interview’s), WSR (Web-Survey), SR (Survey), OB (Obsavation), SD (Secondary Data),
PD (Panel Data), LTR (Literature), FG (Focus group) +EnCF (Energy cluster framework), NA
(Not Applicable), DOI (Diftusion of innovations), SI (Social influences), ChM (Choice Model),
GoFT (Goal framing theory), TPB (theory of planned behaviour), ABM (Agent based model),
GIS (Geographic informafion system), UTAUT (Unified theory of acceptance and use technology),
TAM (technology acceptance model), CnMD (Conceptual model)
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3 Results

3.1 Distribution

The 39 articles included in the review has been published in 23 different journals. Renew-
able and Sustainable Energy Reviews lead the publications with six articles followed by
Energy Research and Social Science and Energy Policy with five articles each, whereas
sustainability has published four articles. The publishing journal covered topics related
to energy, policy matters, sustainability, social sciences, business studies and technology
related issues. The earliest paper included in the review was published in the year 2008
while the latest paper was published as recently as January 2020, the month this review
was conducted. The distribution of the publications suggests that almost 72% of the
papers were published during 2017-2020 while 23% were published during 2013-2016
and only 5% were published during 2008-2012. The rising number of publications in
the domain signifies researchers’ interest in the field as well as highlights the impor-
tance of the subject in the recent times. This amplified interest can also be attributed to
the recent advancement in solar PV in terms of technology’s performance, reduction in
cost, improvement in efficiency and the supportive policies the counties have adopted
for the development and diffusion of renewable energy technologies. The analysis of
geographical distribution reveals that around 38% of the studies were conducted in the
Asian context followed by 23% and 15% in Europe and North America respectively.
The country wise ranking reveals that the USA is the leading country with five articles,
followed by Germany with four articles, whereas three articles were published in both
India and Australia.

3.2 Methods

The analysis of methods reveals that the research done in this field has primarily
been deductive in nature with over 80% of the papers employing quantitative meth-
ods. The two thirds of the quantitative studies have used survey questionnaires for
primary data collection while the remaining 20% have relied on data collected by
various national/international agencies or have used the information gathered through
geographical information system. Three of the total five qualitative studies have used
semi-structured interviews for data collection, while one study employed focus group
approach, while the fifth paper proposed a conceptual model using secondary data.

The quantitative studies can be categorized into theoretical and atheoratical. The
theoretical papers have relied on the established theoretical lenses rooted from innova-
tion management, psychology and social sciences literature. An overwhelming majority
of the studies have used theory of reasoned action (TRA), theory of planned behaviour
(TPB), diffusion of innovations (DOI), technology acceptance model (TAM), and uni-
fied theory of acceptance and use of technology (UTAUT). These theoretical frameworks
have been employed in multiple fields to study technology adoption in different contexts
[4]. However, the review highlights that most of the studies have extended the origi-
nal framework by integrating new variables or have combined two or more theories,
or adopted their constructs to investigate the problem. The rational of combining theo-
ries/extending original framework has been to integrate new variables that could have
an impact on the adoption of solar PV.
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3.3 Factors Influencing the Adoption Behavior

This systematic review affirms that the adoption of solar PV can be influenced by a
number of factors. The factors can be divided into demographic, personal, social, tech-
nical, economic and external factors. The demographic factors concern with individual’s
age, gender, education, occupation, income, marital status, house size, house type, num-
ber of residents, ownership status and condition of building. The personal factors refer
to an individual’ attitude towards the environment, interest in environmental issues,
level of motivation, expectations, perceived benefits, knowledge about the technology,
willingness to adopt, intentions and perceived behavioural control.

In addition to individual’s personal attributes, the effect of social factors on the
adoption behaviour is apparent. The scholars have studied this by considering if the
neighbours have installed solar PV at their houses, the overall installation in the locality
as well as effect of visibility and observability of the technology. The adoption is also
found to be affected by the complex nature of solar PV, consumers’ perceived ease
of use, their understanding of its usefulness, compatibility, relative advantage, risks
associated with the use and after-sale repair and maintenance services are some of the
major technical factors. The economic considerations are found to be the most important
factors influencing the adoption. The high cost of the technology, the amount needed to
be paid up front, financing options, the return on investment, the saving it could yield
during the life span of the technology and reduction in the energy bills are some of the
factors have impact on the adoption. The external factors include the market price of
energy, subsidies, the regulations building owners needs to comply with and incentives
on installation of energy generation.
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