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Abstract

Increased awareness about environmental conservation and global well-being
has given way to many initiatives in renewable energy. Hydro, wind, tidal,
geothermal, biomass, and solar are the main forms of renewable energy. Solar
energy has the largest share of renewable energy and is rapidly increasing
because it is feasible and competitive. Many studies have been undertaken to
understand the adoption and diffusion of solar energy. This article is a systematic
literature review using the TCCM (Theory, Context, Characteristics, Methods)
model. It reviewed 95 studies (from 2000 to mid-2023) indexed in top journals
on small solar energy installations, primarily in the residential sector. This
study discussed well-established product adoption theories, which helped
identify various drivers and facilitators affecting solar energy adoption, such as
sociocultural, technological, economic, market, and policy. The authors tried to
map the facilitators with countries based on income groups, and it was found
that the characteristics of solar adoption are similar among countries in an
income group.
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Introduction

The adoption of renewable energy is on the rise. The United Nations Sustainable
Development Goals (UNSDG) emphasize exploring renewable energy sources
to ensure clean and affordable energy for all by 2030 (UNSDG, 2015). Past
research shows a consistent increase in the share of renewable energy sources,
especially wind and solar energy, in the energy mix (Kajikawa et al., 2008). Based
on outcomes of COP26 deliberations, Adekoya et al. (2023) found that reduction
in coal consumption and economic development find a trade-off, and hence,
policy designs for low-carbon technologies should be an optimized energy mix of
both renewable and nonrenewable energy sources. Successful implementation
of these policies requires rampant adoption and diffusion of renewable energy
sources (RES) at macro as well as micro levels.

Large-scale renewable energy installations are already growing exponentially
in the form of solar farms, wind farms, and floating solar, to name a few (Alipour
et al., 2021). However, there is considerable potential for small-scale installations
in the residential sector. Rooftop solar energy is the most prominent of the existing
RES (Alipour et al., 2021). This study tries to understand residential consumers’
attitudes and preferences toward rooftop solar energy systems, primarily solar
photovoltaic (PV) and solar water heating systems. Although many studies are
available on the adoption and diffusion of solar products (Ahmed et al., 2022;
Faiers & Neame, 2006; Irfan et al., 2021; Karakaya et al., 2014; Palm, 2020;
Pathania et al., 2017; Wolske et al., 2017; Zulu et al., 2022), little has been covered
regarding context-specific motivating factors.

This study fills this gap and provides a comprehensive list of context-specific
motivating factors for adopting solar energy. The motivations to adopt renewable
energy are different and context-specific. For instance, pro-environmental
attitude in high-income economies motivates people to use solar energy at
a higher cost (Walters et al., 2018; Wolske et al., 2017). In contrast, the cost is a
primary concern in low-income economies where subsidies are an effective
intervention to promote solar products (Cheam et al., 2021; Qureshi et al., 2017).
The availability of institutional support, microfinance facilities, and community
participation helps in the adoption of solar products. Creating awareness about
the benefits of solar power over conventional power also helps in higher
diffusion (Kalish, 1985). The availability of electricity helps reduce the
dependence on unreliable grids, improving the quality of life in rural areas
(Pasten & Santamarina, 2012).
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This article is a systematic literature review that dives deep into finding motiva-
tors or drivers that could help diffuse this technology in various countries and
regions and is based on the TCCM (Theoretical concepts, Contexts, Characteristics,
and Methodologies) framework propounded by Paul & Rosado-Serrano (2019). As
per Paul and Criado (2020), literature reviews help expand the conceptual, thematic,
and methodological domains of the subject being studied. This study is a frame-
work-based review that considers the widely accepted theoretical models and meth-
odologies in different geographical contexts and helps in understanding the various
products as well as individual characteristics that are instrumental in the adoption
and diffusion of solar energy products. Review of available literature is relevant as
well as important since it gives insights on multiple impact factors such as social,
geographical, politico-legal, and environmental ones, affecting solar energy adop-
tion. These factors when studied in detail in one context may help in identification
of problems in another one and also aid in predictive modeling.

As discussed above, the study contributes to the domain of renewable energy adop-
tion in that it tries to identify the most used approaches and organize them for analyzing
and understanding diffusion patterns. This will help policymakers in framing inclusive
policies more efficiently and accurately. The study also explored the scalability and
transferability of models adopted from one country/region to other countries/regions.
The study aims to answer the following research questions (RQ):

RQ1: How has the adoption of solar products in the residential context become
important over time?

RQ2: Which articles, researchers, and countries are working for the adoption
of solar products?

RQ3: Which theories, characteristics, context, and methodologies are essential
for the adoption and diffusion of solar products?

The study reviewed various research articles and articles to fulfill the desired
objectives and identify the research gaps in this domain. Accordingly, our article
is divided into nine sections. The second section discussed the methodology; the
third section presented the theoretical frameworks (T of TCCM framework); the
fourth section classified studies in the Context (first C of TCCM framework);
the fifth section identified the Characteristics (second C of TCCM framework)
of the literature; the sixth section dealt with the Methods (M of TCCM frame-
work) used in previous studies. General discussions about the study are dealt
with in the seventh section, and implications are discussed in the eighth section.
Finally, the ninth section concludes the study with the limitations of the study
and possible future research.

Methodology

To conduct a systematic review, good impact factor journals and established
databases, like Scopus, Web of Science, Science Direct, JSTOR, Taylor and
Francis, Google Scholar, EBSCO, ProQuest, and Elsevier, were searched. Also,
citations, bibliography, abstracts, and related keywords like adoption, diffusion,
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solar energy, renewable energy, solar water heater, PV systems, solar products,
motivating factors, barriers, consumer behavior toward clean energy, innovation,
technology acceptance, sustainability, antecedents, and frameworks were looked
for in various combinations. The search phrase “motivating factors for solar
energy systems” was considered from 2000 to mid-2023. The articles from low-
impact factor journals were excluded from the review. A flowchart depicting the
search process steps and search criteria to collect data is shown in Figure 1.
The data collection process used the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) framework. The selected studies identi-
fied dependent and independent variables that could prove beneficial to marketers
who can utilize them in the context and given situations. Future researchers can
also use these variables to understand consumer behavior concerning the adoption
of solar rooftop systems.

Iskin et al (2013) observed that an increased number of articles on the above
topic could be found only after the year 2000 because of increased crude oil prices.
Hence, the search was narrowed down to the years 2000 to mid-2023 and a total
of 95 articles were selected. Some articles described the development of various
theoretical frameworks before 2000. The distribution of articles (including reports
from various sources) up to mid-2023 is shown in Figure 2.

The articles from peer-reviewed journals were analyzed to understand the
enabling agents for scaling up solar power usage. Based on the number of articles
published, the top journals were Energy Policy, Renewable and Sustainable
Energy Reviews, Renewable Energy and Energy Research & Social Science
(Table 1).

The research articles included empirical articles, reports, and existing reviews,
and a snowball methodology was adopted in some cases of cited literature. Also,
some articles were studied to understand the framework (TCCM) on which our
study is based (Paul & Rosado, 2019; Singh & Dhir, 2019).

The World Bank’s WDI (World Development Index) was used to classify coun-
tries according to their gross national income (GNI). Countries are classified
as low-income, lower-middle income, upper-middle income, and high-income
groups. This context is even more important because, in most studies dealing with
the adoption of solar products, income and the cost of the equipment are promi-
nently highlighted as significant variables.

Searching various databases yielded quite a few review articles based on
different frameworks. However, no study on solar energy adoption was found
regarding the TCCM model. Table 2 summarizes prominent studies in this area,
followed by a comprehensive analysis of this article, as given in Figure 3.

What Is the TCCM Framework?

TCCM is an acronym for Theory, Context, Characteristics, and Methodology. The
TCCM framework is a comprehensive model that provides a structured approach
to synthesizing, analyzing, and understanding literature. It is frequently used in
systematic literature reviews.
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Figure 2. Reviewed Publications (2000-mid-2023).

Table I. Top Publishing Journals.

Name of Journal # of Articles % Cumulative %
Energy Policy 9 9.47% 9.47%
Renewable and Sustainable Energy Reviews 7 7.37% 16.84%
Renewable Energy 7 7.37% 24.21%
Energy Research & Social Science 4 421% 28.42%
Technological Forecasting and Social Change 3 3.16% 31.58%
Management Science 3 3.16% 34.73%
Smart and Sustainable Built Environment 3 3.16% 37.89%
Sustainability 3 3.16% 41.05%
Journal of Cleaner Production 3 3.16% 44.21%
MIS Quarterly 3 3.16% 47.36%
Research Policy 2 2.11% 49.47%
International Marketing Review 2 2.11% 51.58%
IIMS Journal of Management Science 2 2.11% 53.68%
Other journals (one article from 30 30 31.58% 85.26%
journals each)

Others (books, conference articles) 14 14.74% 100.00
Total 95 100.00

Reviews based on the TCCM framework can be done in four steps:

1) Identification of relevant and dominant Theories
2) Identifying and evaluating Contextual factors

3) Analyzing the Characteristics of the existing studies
4) Reviewing the Methodologies used in the relevant studies.
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Figure 3. Analysis of our Study.

Though many review techniques are available, this framework’s comprehensive-
ness and easy-to-understand approach made us use it for our study. Further, very
few authors have tried to explore this methodology of reviewing residential solar
energy adoption. A clear segregation of theories, context, and methods helps syn-
thesize and evaluate existing literature more easily (Paul & Criado, 2020).

Theory (T)

Various theories have been developed over the years on people’s attitudes toward
adopting newer ideas, technology, or innovations and how these innovations
diffuse through different stages of adoption. This section will explore some com-
monly applied theories on the diffusion of solar products. The scope of our review
is limited to solar PV, solar water heaters, and solar home systems. Solar energy
systems are still evolving and remain in the realm of innovation and a niche market
(Sharif & Mithila, 2013).

Various studies covering adoption and diffusion of solar energy products have
referred to the Diffusion of Innovation Theory (DOI/IDT), given by Rogers
(1962). According to the theory of diffusion, a product or an idea gets adopted
over time socially due to its innovative attributes such as relative advantage,
observability, trialability, compatibility with existing practices, and complexity or
simplicity for ease of use. The theory further explains that innovation gets adopted
and diffused in stages, which include knowledge or awareness spread among
individuals through various communication channels, persuasion levels, the
decision to adopt or not adopt after weighing the given attributes, actual adoption
or implementation, and finally continuing with the given product or innovation.
This innovation diffusion theory has been in use for years in different domains.
However, a lack of cohesion, dynamism, and flexibility along with one-directional
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information flow has led to modified versions of this theory and the emergence of
many other concepts like Collaborative Innovation Networks (CoIN), Technology
Acceptance Models, and other variants.

Bass diffusion model gives a mathematical equation to understand the adoption
process of a product in a population. Bass (1969) gave a diffusion theory based on
the concept that an innovative product or idea gets adopted and diffused through
two communication channels: mass media and word-of-mouth. The model cate-
gorized adopters as external influences who follow mass media and called them
innovators. The other category, internal influences, follows word-of-mouth and is
called Imitators (Mahajan et al., 1990). However, the original model did not con-
sider factors like seasonality, which led to many variants later. These variants were
classified as Fundamental and Flexible Diffusion models by Mahajan and Peterson
(1985) and Time and Space diffusion models (Rao & Kishore, 2010).

The theory of reasoned action (TRA) by Fishbein and Ajzen (1977) is par-
ticularly important in understanding consumer purchase behavior. The authors
divided the belief antecedents into behavioral (attitude toward the behavior) and
normative (perceived social pressure associated with the behavior) sets. The
authors found that behavioral intentions are one of the best predictors of con-
sumer behavior and can be utilized in designing product and market develop-
ment strategies. Ajzen (1991) gave the theory of planned behavior, which
explains that consumers who intend to adopt a product are more likely to pur-
chase and use it in the future. Another significant contribution is made by
Davis’s Technology Acceptance Model (TAM) and its extensions in UTAUT
and UTAUT2. Table 3 gives an overview of various theoretical frameworks
used in the study.

Besides referring to the theoretical frameworks for understanding the concep-
tual and historical evolution of the adoption and diffusion process of technological
innovations, it was very important to understand how various studies contributed
to identifying study variables and attaining research objectives. An easier and
more understandable method was to analyze the existing review articles. Although
there is a slow growth of review studies on solar adoption (Rai et al., 2016),
various studies have observed that solar PV adoption is increasing among residen-
tial consumers. Table 4 shows some important review studies pertinent to our
topic of residential adoption of solar energy systems.

Context (C)

Various studies show that environmental concerns primarily trigger the acceptance
of solar power in the case of economically developed countries. Economics is
secondary to them (Schelly & Letzelter, 2020). On the other hand, low awareness
levels, lack of funds, and low market accessibility result in low diffusion levels of
solar products in developing countries (Venkateswaran et al., 2018). One of the
main characteristics of low-income countries about energy consumption patterns
is the rural-urban divide, wherein rural households mostly use energy to light up
their homes and cook (Haselip et al., 2011; Kabir et al., 2017; Komatsu et al.,
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Table 4. Review Studies Referred to in our Article.

Study Title of the Study Particulars
Alipour etal.  Residential solar PV adoption ~ One hundred ninety-nine studies
(2021) behavior: End-to-end review  suggest that 36 intervention variables
of theories, methods, and are associated with 13 behavioral
approaches. theories in residential uptake of solar
PV technology.
Billanes & A critical analysis of ten Fifty-four (54) relevant studies of TAM
Enevoldsen influential factors to energy applications to various technologies
(2021) technology Acceptance and across many countries between 201 |
adoption. and 2020
Fauzi et al. Residential rooftop solar Co-citation and co-word analysis were
(2023) panel adoption behavior: done on 564 publications from the
Bibliometric analysis of the Web of Science.
past and future trends.
Iskin et al. Exploring the adoption One hundred seventy-three articles
(2013) of alternative energy were reviewed from 1975 onward.
technologies: A literature
review.
Schulte etal. A meta-analysis of residential A meta-analytical structural equation
(2022) PV adoption: the important modeling (MASEM) approach was

role of perceived benéefits,
intentions and antecedents in
solar energy acceptance.

applied to 110 studies.

2011; Tigabu, 2017; Venkateswaran et al., 2018) and the urban population uses the
electricity primarily for heating, space cooling, and running other appliances.

Hence, models used in developed countries should not be followed mindlessly
in developing countries because their issues regarding social, economic, and
cultural setups are pretty different (Painuly, 2001). Gurtu and Goswami (2020)
observed that energy consumption patterns vary in the different stages of economic
development.

Further, developing countries are in a transitional phase of transforming from
an energy-poor state to an energy-sufficient one, which calls for dynamic and
flexible models that can be adapted as per the country’s socio-economic indicators.
Policies like feed-in tariffs, subsidy plans, and increasing electricity costs can also
help in energy transitions. As per a report on the policy on renewable energy, RE
growth drivers are classified into five dimensions, namely, resources (availability
vs. potential vs. accessible), policy (regulatory frameworks, targets, and enabling
mechanisms), economic (competitive advantage of RE vs. traditional resources of
energy, cost factors, funding, and investments), and technical (grid capability)
(Po, 2014).

Given the above, some studies were tabulated in Tables 5 to 8. These mentioned
driving factors in enabling solar adoption in countries classified as lower-income
(Table 5), lower-middle-income (Table 6), upper-middle-income (Table 7), and
high-income group countries (Table 8) according to their per capita GNI starting
July 1, 2021, as per World Bank (Hamadeh et al., blogpost, World Bank, 2022).
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Table 5. Factors for Solar Adoption in Low-income Countries (less than $1036).

Author (Year of Context
Publication) (Geographical Location)  Outcome of the Study

Kim et al. (2014) Korea Benefits, trust, and system quality
determine public attitude toward solar
products, and satisfaction and public
attitude give way to public intention to
use solar technologies.

Guta (2018) Ethiopia Household income and the education
level of the family head and spouse
positively affect the adoption rates;
poverty reduction policies play a
significant role in promoting household
uptake of solar energy.

Table 6. Factors for Solar Adoption in Lower-middle-income Countries ($1036—$4046).

Context

Author (Year of  (Geographical

Publication) Location) Outcome of the Study

Blenkinsopp et al.  India Community acceptance for solar energy as an

(2013) alternate fuel for lighting and cooking primarily.
Cost, ease of use, and reliability are significant
factors in favor of solar adoption.

Macabebe et al. Philippines Community participation, capacity building at the

(2016) local level, training to community members, and
larger distances of dwellings from the grid lead to
higher adoption rates.

Khandker et al. Bangladesh Microcredit financing schemes, the health hazards

(2014) of kerosene and paraffin lamps, improved quality

of life, and women’s empowerment are primary
motivators for adopting solar home systems.
Jayaweera (2018)  Sri Lanka Large homes, highly educated middle-aged
residents, and retirees are more likely to be early
adopters; policies incentivizing initial costs and
education may increase adoption rates.
Qureshi et al. Pakistan The main drivers of the adoption of solar PV are
(2017) the availability of solar energy systems in local
markets, their environmental friendliness, and high
energy prices followed by grid power shortages.
Ellegird et al. Zambia The advantages of a small solar home system
(2004) outweigh its service cost or subscription fee
(entertainment, longer study hours even at night,
no risk of theft); hence, the rural people willingly
pay for solar energy systems though they are
not the owners (lack of affordability to own
the system) but pay a little fee to the providing
companies.
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Table 7. Factors for Solar Adoption in Upper-Middle-Income Countries ($4046—
$12535).

Context

Author (Year of  (Geographical
Publication) Location) Outcome of the Study
Alizadeh et al. Iran Technology, economy, energy vulnerability,
(2019) security, global effects, and human well-being were

considered major dimensions of adopting RES.
Arroyo & Mexico High socio-economic levels are the prominent
Carrete (2019) goal triggers for individuals’ purchase intentions of

green technology, and those with medium levels
are motivated by the economic benefits of green
energy. Decreasing the costs and encouraging
community projects are recommended.

Table 8. Factors for Solar Adoption in High-Income Countries ($12535 or More).

Context

Author (Year of  (Geographical

Publication) Location) Outcome of the Study

Klaus et al. Japan, Germany, the  Higher government interventions, such as

(2006) US, Switzerland direct subsidies, low-interest loans, feed-
in tariffs, and buy-back rates, led to the
diffusion and penetration of solar PV.

Zhang et al. Singapore Policy measures like subsidy strategies and

(2022) collective network development help in
increasing solar uptake among residential
customers

Characteristics (C)

Characteristics (second C of the TCCM framework) specify the variables, features,
and dimensions studied while analyzing a topic of interest. In our article, these
refer to various variables or antecedents at a consumer or household level leading
to the adoption and diffusion of sustainable products, especially solar panels.
These refer to what has already been explored and hence pave the way to what
can be further explored. Table 9 lists dependent and independent variables and
mediating and moderating variables observed through various studies included in
this review.

Methods (M)

Methods (M in TCCM framework) refer to research approaches like data collec-
tion methods and data analytical techniques used to research a topic of interest.
Table 10 discusses methods used in some of the studies included in our article.



(panunuo> ¢ siqp )

3|qe|leAy 10N
ssaujnyasn paAladJad
‘3N JO 9SS PaAIddISY

apnmy

3|qe|leAY 30N
(KuoreUR|dX3) SuMIpUSdXD
AidLndspe pjoyasnoH
[0J2U0D [JOIARYDq
paAigdJad ‘asn 01 apmmy

(se3e14BAOD)) SolydeaSowaq
(Buneaspouw)
SNJEIS DIWOUOI30108

9|qE|IeAR 10N

d|qe|ieAR JON

SSaUBIEMY
1dope 03 uopuaIU|
JOIARY3q J3SN
aoueydadoe Aunwwod)
||easul 03 uonuslUl

pue ajeidn Ad Je|OS

uonualul |eJolAeyag

uondopy
suonualul 3seyd.Ind
uondope 3y

sdoyjoou Jejos
9sN 03 UOURIUI JBWNSUOD)

(uoiBau
‘SSE|D |eIDOS ‘9zIs pjoyasnoy ‘Uapuag ‘a8e) sa|qelteA diydes3owspoldog

SSSUSAIBAOUUI [BUOSISd PUB SO ‘WSI[BIUSWUO.IAUS ‘93P3jMOoUu|
9sN Jo 9583 PaAI9dJad pue ssaujnjesn PaAIRdISd

's3onpoud Je|jos jo AljiqeijaJ pue ‘asn Jo 9ses 1s0D)

salpisqns

‘f119A0d A343ud ‘sadua.Re.Id [BIUSWUOIIAUS ‘S13SII91DBIBYD P|OYISNOH
suonipuod 3unell|ioe) ‘anfeA 3s14d ‘uoneAnow

a1Isluopay ‘@duanjjul [e120s ‘Adueldadxa 1ioyd ‘Adueidadxs 9dUBWLIOLID]
Aouapiyns

-J|9s pue ‘@duspuadapul A84aud ‘3501 A3uaus y3iy auniny asurede 3uidpay
‘uone|[easul wo.y Asuow 3ujuaed ‘YLIBI-Ul-pad) AJBUSQq [BIUSWUOIIAUT
"Ad -B|OS UM pajeldosse

3sl PaAI22Jad pUB ‘SSaUSNOIISUOD [BIUSWUO.IAUS ‘solydesSowaq
‘Bulag-|jom uewny

puE ‘s123y [eqo|3 ‘A31Indas ‘AjiqeaaulnA ASuaua ‘Awouodd ‘ASojouyda |
"JSOD PUE ‘|9A3] SSAUSIEME ‘|0.1IUOD [BIOIABYDQ

paAla2.ad ‘swiiou 9ANI3lgns ‘9sn-Jo-ases paAedJad ‘ssaujnjasn paAladIad
3513 paAiedJad pue

(0107) 'Ie 32 ApneD

(1707) "le 32 weay)

(zzoT) 1urwns)y
% |ondenog

(107)
‘e 39 ddosupjua|g

(6107) e 392 3599
(2207) "le 32 g

#1070
‘e 38 aquiod|eg

(6107) 2394480
%@ zodoT-oAouuy

(6107)
[e 32 yapezily

(6107) AepeA B 1Y

apmmy uonuaiul aseyddnd  ‘AjiqeAtasqo ‘Ajiqnedwod ‘9sn-jo-ases paAledaad ‘ssaujnjesn paAIRdId  (ZZ0T) B 39 Pawyy

(Suneaapol) ssauaueme ‘Aoueydadxa a0y pue ‘Adediye-jjas ‘anjeA ad1ud ‘Adouerdadxs (6102
‘(Bunelpaw) Jusiul aseyd.n, JOIABYDq [EN3D 95UBW.I0}IAd ‘UOIIBAIIOW DIUOPAY ‘SJa1[aq [BIDOS ‘SUIIOUOD [BIUSWUOIIAU ‘e 19 [emed8

P Ya2nd 42q [endy ) P3y 'syaljeq | I E| [e39] \4

S91BIIBAOD)/(S)3]qRIIBA 3|qelteA uspuadaq SO11S1191281BY D) /SIUSPIIIUY salpmg

Suneaapol,/3uneipaj

'sa1pnig aya y3nouy] paynusp| (s9|qelieA) sonsLLdeIRyD 6 d|qeL



opMmimy

apmmy
(Aaoreue|dxa) s150d

pue sjuei3 jo agpajmoud|

puE 22uUsnjul [B120S

9|qe|IeAR 10N

3|qe|IeAe 10N
3|qe|IeAy 10N

3|qe|IeAY 30N

3|qe|IeAY 30N

3|qe|reAY 30N

3|qe|IeAY 30N

uonusajul aseyddnd

9sn 03 uonu3au|

uondopy
uondopy

uonuaul 3seyd.nd
apmme dqnd

uondopy
uondopy
uondopy

uondopy

[013UOD [EJOIABYRq PRAIRIRd ‘suLIOU 9ARI3[QNS pUE ‘S1auaq ISl ‘OpnINIY
Ajiqep.aoye paAi@daad
‘SSDUDIEME [EJUSWIUOIIAUD ‘SN JO 9583 PAAID.Iad ‘ssaulnjasn paAiadIag

$13502 pue sjue.S Jo 93ps|MOU| pUE ‘9dUBN|UI [BIDOS ‘UOIBAOUUI DY)

Jo Aixa|dwod ay3 ‘ASojouyd91 ay3 jo a3eIUBAPE SANE[SJ paAISdIad By
P148 aYa wouy s3ul||dSMp Jo sadueISIp J93JE| ‘suaquiaw AJIUNWWOod

03 Sulureay ‘[PA3| [ed0] aYy3 e Suip|ing Adeded ‘uonedidnaed Alunwwor)
1X3IU0D [BI20S Y2 pue ‘J913ewW 133[gns sy jJo

a3pajmoun] ‘saAnudUl ‘Danidnaisedyul ‘Ad1jod ‘9o1ud ‘sayeusq JuswuoUIAUg
uonoeysies ‘Alfenb weasAs ‘asn.a ‘sayausg

JuswIamodwd uswom 3yl jo Aijenb paroadwi ‘sdwej

uyjeaed pue suas0J]| JO SPJeZRY YI[BIY {SAWDYDS SUDUBUY IIPSID0IDIL
13500 [enIul aYa SuiziAnuadul sapijod

‘s92.139. pUE SJUBPISaI pade-a|ppiw pajednpa A|ydly ‘sswoy agieT
sapijod uononpau Auaaod

tosnods pue peay A|iWe} JO S|9AS| UONEBINPS PUB SWODUI P|OYasNoH
suondaduad A|puatiy A|[eIuswuoIIAUD

pue ‘A11undas A3uaus ‘BuiAes-150D IpaJUd 01 $s93dE ‘solydeaSownq

(zz07) "B 32 NinZ
(1207) '|e 3 Buex

(s100)
dway| 53 Unassep

(9107)
‘[e 38 aqaqede|,

(S100) |e 39 fedu0y
(#100) "le 30 Wiy
#1090

‘[e 39 Jdjpueyd)

(8107) e1oomele(

(8107) mano

(Tz07)
nprepN ¢ osuoig



94

IIMS Journal of Management Science 16(1)

Table 10. Research Methods Used in Different Studies.

Studies

Methods

Aggarwal et al. (2019)
Ahmed et al. (2022)
Alizadeh et al. (2019)

Arroyo-Lépez & Carrete
(2019)
Balcombe et al. (2014)

Bang et al. (2000)
Bao et al. (2020)
Best et al. (2019)

Blenkinsopp et al. (2013)
Bouaguel & Alsulimani (2022)
Cheam et al. (2021)

Claudy et al. (2010)

Ellegard et al. (2004)

Etongo & Naidu (2022)

Guta (2018)
Jayaweera (2018)

Khandker et al. (2014)

Kim et al. (2014)
Klaus et al. (2006)

Korcaj et al. (2015)
Macabebe et al. (2016)
Qureshi et al. (2017)
Rai et al. (2016)
Vasseur & Kemp (2015)
Zhang et al. (2022)

Zulu et al. (2021)

Structured equation modeling

Structured equation modeling

The hybrid MCDM (Multi-Criteria Decision Making)
and Decision Analysis model, BOCR (Benefits,
Opportunities, Cost and Risk) model, and ANP
(Analytic Network Process) model were combined.
Goal framing theory

Qualitative (interview based on best-worst scaling
method)

Mail survey

Discrete choice theory

Survey and secondary data from statistical surveys by
the Australian government

Survey method

Online survey

Survey using TAM

Logistic regression

Case study

Stratified sampling survey, logistic regression, and
descriptive statistics

Logit regression

Zero-inflated negative binomial regression model
(ZINBM)

Propensity score matching (PSM) technique; probit-
logit model; p-score weighted regression technique
Structured equation modeling

Theoretical frameworks, case studies, reviews, policy
analysis, innovation economics; integrated model for
lead markets

Online survey

Case study

Interview

Matched survey and solar program data

Online survey; logistic regression analysis

Real options analysis supported agent-based diffusion
model (ROA-ABDM)

Structured equation modeling

Most of the studies are empirical and use quantitative methods. The survey method
is the central data collection tool; some studies are interview-based, and some use
mixed methods. Further, data is prominently analyzed using regression and struc-
tured equation modeling techniques since the period of review is spread over the
last two decades. Some of the studies are also review articles with a bibliometric

and meta-analytical approach.
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Discussion

This review was done to understand the enablers for adopting solar energy systems
in different parts of the world. These enablers or motivations were segregated
using various theoretical frameworks in a country-specific context. As per Smith
and Raven (2012) and Smith et al. (2014), solar energy systems require nurturing
and empowerment to become competitive in the fight against the dominant tech-
nologies to achieve grid parity and, if not replaced, at least grab a significant share
of energy. This study helped identify a comprehensive list of factors that facilitate
deeper penetration of solar products in various segments. For instance, environ-
mental concern can be considered a motivator in high-income economies. In the
case of lower-middle-income economies, the role of governments in providing
innovative solutions in subsidies, Feed-In-Tariff plans, vendor accessibility, and
availability of microfinance are significant motivators. The role of NGOs is also
essential in the case of low-income settlements.

Our review was based on the TCCM framework, which could help us identify
the theories and relevant constructs and the methodologies that can be adopted
to increase solar energy adoption in areas with defined social, economic, cul-
tural, and environmental characteristics. Table 11 provides a gist of these identi-
fied enablers broadly categorized into environmental benefits, economic factors,
sociocultural factors, demographic factors, policies, and marketability for solar
products.

Considering the perspectives of a given area, a suitable model can be applied
based on four criteria of effectiveness, efficiency, equity, and institutional feasibil-
ity given by the International Renewable Energy Agency (IRENA, 2014; Po,
2014). Providing much-needed energy security for all requires sustainable energy
systems to be economically more viable and affordable energy sources. Access to
loans, subsidized products, financial returns, and savings are some of the relative
advantages the adopters perceived concerning solar products. Based on these cri-
teria the following proposition can be made:

P1: Economic Factors Affect the Adoption of Solar Products

Communication channels like word-of-mouth, social gatherings, family, friends,
and peers are significant in decision-making. Miiller and Rode (2013) and
Bollinger and Gillingham (2012) studied peer effects on the adoption of solar PV
in Germany and California, respectively. They found that social interactions and
PV installations in close spatial proximities increase the propensity of newer
installations. Jager et al. (2006) observed that the formation of social networks
and gatherings led to increased intermingling of adopters (influential people) and
potential adopters, leading to increased awareness, reduced complexity, and
changes in attitudes toward adopting solar PV systems. Further, many studies
show that family size and higher household incomes are other important
considerations. Hence, it can be proposed that.
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P2: Sociodemographic and Cultural Characteristics Affect the Adoption of
Solar Products

Many studies, especially those done in rural communities and low-income coun-
tries, observed that using solar products enhances the quality of life of people by
providing them with energy security. Also, the environmental benefits of solar
energy are well accepted and studied. This leads to the next proposition.

P3: Environmental Benefits Affect the Adoption of Solar Products

The policies to change the components of the energy mix must be designed to be
effective, measurable, quantifiable, and suitable in most contexts. People are to
be convinced that the potential benefits of solar energy shall always exceed the
investment made by deployment in the long term. Participation by local communi-
ties and other stakeholders in the policy-making process is also called for. Hence,
it is proposed that:

P4: Policy Initiatives Affect the Adoption of Solar Products

Besides awareness and affordability, accessibility is an important factor. Technical
and institutional frameworks should be strong enough to cater to remote areas and
provide energy to all. Installer reliability and expertise are also observed as impor-
tant factors in increasing the adoption rates of solar products. Promotional cam-
paigns carried out individually by the installers and as advertising and publicity by
the agencies result in increased awareness levels and accessibility. Thus, it can be
proposed that.

P5: Facilitating Conditions and Marketability Affect the Adoption of
Solar Products

Implications

It is observed that while making decisions to adopt solar products, individuals
majorly go for a cost-benefit analysis (Kamakura & Balasubramanian, 1988; Korcaj
et al., 2015). This implies that the advantages of solar products should be high-
lighted to overshadow the costs involved. All stakeholders, such as the government,
financial institutions, and sellers, must work in tandem to motivate individuals to
use solar energy products. The study has various implications discussed below. The
study and its implications may also be used for other renewable products.

The study highlighted the research wherein the attitudes of individuals affect the
intentions to adopt solar products. It is also observed that knowledge and awareness
about the benefits of solar products are critical components of attitude formation.
Policymakers can run various campaigns at local and national levels to increase
awareness. Since installer reliability is a significant motivator, as per the study, a
more conducive environment (in the form of laws and policies) can be created for
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manufacturers and other solar market practitioners. This review may also benefit
policymakers while designing and developing infrastructure for Smart cities.

Access to credit or loan facilities boosts solar product adoption, especially in
low-income groups. Banks and other financial institutions can develop innovative
schemes, such as low-interest or bundled loans, to increase solar uptake and run
promotional campaigns.

It is observed that people adopt solar products if they are aware of the benefits
of solar products and if the market penetration is high. People tend to adopt more
if the products are easily accessible to them (Pradhan & Kar, 2019). The supply
chains for solar products need to be strengthened so that the products are acces-
sible to the last mile. Marketing strategies, including advertisements and other
promotional activities, can be designed by private as well as government organi-
zations to make the public aware. This study can prove beneficial as an academic
source for research scholars in renewable energy, sustainability, and economic
development. Further, academicians can play a significant role in developing
environmental awareness and consciousness among their students about the ben-
efits of using RES so that they grow up as responsible citizens.

Conclusion

This review article summarizes information about motivating factors for the adop-
tion of solar products, primarily solar rooftops and solar home systems, among
residential households. Various studies were analyzed based on the TCCM frame-
work, wherein theoretical models, contextual factors, characteristics, including
dependent and independent variables, and methods were studied.

It is observed that over some time, there has been a growing interest in residen-
tial households, and increased adoption of solar energy is taking place, as shown
by different studies. The motivating factors for increased interest range from
cost savings to environmental conservation to increased social status. They vary
according to different contexts like sociocultural characteristics, demographics,
financial status, political and regulatory environment, and economic standing of
the country (as reported by the World Bank). Studies also show that besides gen-
erating mass awareness about the advantages of solar products, making them
accessible and affordable is equally essential. Increased marketability and com-
moditization can help reduce costs and thus increase reachability, especially in the
case of lower and middle-income group countries.

Using an integrated and inclusive multistakeholder approach, the adoption
and diffusion of solar products can be increased if the identified factors are
rightly identified and placed. Customized solutions could be designed based on
the specific requirements of the building owners, and contagion models could
not explain the diffusion of solar products. In some cases, local requirements
and conditions define the development of policies at the national level.
Further, multiple approaches can be employed on a case-to-case basis; the right
interventions by the right parties at the right time can help develop solar markets
in synergy with local and shared facilities.
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The review is limited to small-scale installations, primarily dealing with studies
carried out on individual and residential levels. Further, diffusion of solar PV,
solar water heaters, solar lighting systems, and solar rooftops are discussed. Also,
the review can be extended to solar water/irrigation pumps, cooking systems,
dryers, and other solar heating systems.
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