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Abstract 
The successful diffusion of rooftop solar photovoltaics (SPV) in residential sector depends on the 
decisions of bounded rational households to accept this technology. Such heterogeneous decision is 
formed by socio-demographic, economic and technical predictors interwoven with a variety of 
behavioural traits. Over the past years, these exogenous and endogenous predictors have served as the 
starting point of a large body of studies seeking to understand the heterogeneity of the behaviour and 
to predict the diffusion rate. The present systematic review primarily identifies the predictors of 173 
original quantitative and qualitative studies on the residential adoption of SPV, solar home system 
(SHS) and SPV coupled with battery energy storage system (SPV-BESS) technologies. For the 
designated determinants, the study proposes a customised taxonomy aimed at in-depth understanding 
of knowledge in an organised and coherent framework. Extracted from 133 of the 173 initially 
reviewed papers, the last objective of the review further expands on current understanding of the 
predictors by exploring their correlations with the behaviour. The upshot of the review unfolds a total 
of 333 predictors that sought to investigate households’ attitude, knowledge, tendency, awareness, 
willingness, intention and adoption decisions towards the uptake of SPV, SHS, and SPV-BESS. The 
identified predictors are classified into individual (138), social (104) and information (87) dimensions, 
with 20 categories and 20 subcategories. An exhaustive comparison on the frequency use of predictors 
denotes more popularity of social predictors led by ‘age’ and ‘income’, and ‘financial knowledge’ at 
the category dimension. However, the synthesised results of the vote-counting method applied to a 
total of 239 factors suggest a lower correlation of several traditional determinants (e.g., age, gender) 
whereas certain attitudinal traits categorised as individual demonstrate significant correlation with the 
behaviour. 
 
Research highlights: 

• Review of 173 studies on the adoption behaviour of residential solar PV systems. 

• Identification of 333 predictors that describe and predict individual behaviour. 

• Taxonomy of predictors classified as individual, social and information dimensions. 

• Frequency use of the identified predictors, and comparisons of their use.   

• Investigation of correlations of the predictors with the decision behaviour. 
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1. Introduction 
Driven by increasing energy demand and rising climate change concerns, renewable energy (RE) 

systems have emerged at the centre of transition to low-carbon and sustainable systems. This 

sweeping ramification for global RE boom are being rapidly embraced across the commercial, 

transportation, and industrial sectors [1]. The heightened integration of RE systems is ushered by the 

promising solar photovoltaic (SPV) technology, expanding to solar farm, utility building, street 

lighting, concentrated solar power systems, and floating systems. Where other forms of REs fail to 

step into the market, residential rooftop SPV symbolises the desire of end-users to take a practical 

initiative for socio-environmental demand. The promotion of distributed SPV technology 

characterises the energy-consuming residential sector into a small-scale electricity generator as a new 

actor of the electricity network. 
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With household representing an increasingly important target group, jumpstarting efforts have 

been transpired and still is underway by the committed governments to establish their new role [2]. 

Despite the efforts though, the precedence of rooftop SPV on homes over other commercial and 

industrial applications still seems vague and sketchy. Households1 are the main actor in the uptake 

decision-making process, and as such, will ultimately decide whether and the extent to which any 

assertive deployment policies would succeed [3].The critical role of households in the uptake no-go 

decision calls for better understanding on their decision behaviours to develop effective policy 

measures. 

However, this heterogenous, heuristic behaviour of household customer is formed by a set of 

exogenous and endogenous predictors2. The predictors of the behaviour reveal attitudinal 

characteristics on how the technology is perceived by the prejudiced and non-prejudiced individuals. 

The composition of socio-demographic and psychographic indicators represents environmental 

conditions, and whether the household can adopt the innovation. When the financial and technical 

attributes of the SPV system come into play and interweave with these behavioural dispositions and 

social determinants, understanding the decision behaviour becomes complex. Accordingly, the 

bounded rationality of human behaviour has called for efforts to grasp household decisions 

concerning SPV adoption. Over the past five decades, researchers have exerted a broad spectrum of 

parameters to explain and predict the decision-making process [4]. Questions have been raised in the 

context of awareness, attitude, motives, willingness, intention and adoption decision behaviour. These 

questions have been the starting point of retroactive and futuristic studies, through which a wide range 

of predictors have been employed and analysed. 

Although the topic is well established, review on the identification and analysis of the predictors 

that form individual decisions has surprisingly remained rather scarce. Thus, the overarching purpose 

of this research is to provide a holistic list of applied determinants of domestic SPV adoption. In 

detail, the research systematically reviews 173 original quantitative and qualitative research studies 

that: (i) examine the adoption and pre-adoption perspective of households towards SPV uptake, (ii) 

forecast the adoption rates for a mid- and long-term prospect, and (iii) try to explain household 

behaviour by determining the influence of predictors on adoption. The paper discusses popular and 

overlooked factors, including their roles, purposes of use and type. The inclusion of technology in 

these studies is broadened to SPV, solar home system (SHS) and SPV coupled with battery energy 

storage system (BESS) (SPV-BESS) as the future autonomous systems in the domestic sector. 

Given that this topic embraces a wide spectrum of dispersed predictors, uniting these predictors in 

a consistent and coherent scheme becomes overwhelming. Thus, the second purpose of this study is 

                                                      
1 In this study, the individual, consumer, end-user, home, domestic and residential sectors are interchangeably 
used to describe the household. 
2 In this study, determinants, characteristics, factors, variables, parameters and background factors 
interchangeably refer to the predictors of residential solar system adoption. 
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devoted to developing a taxonomy of predictors to help transparency and a more in-depth 

understanding of the predictors in an organised and coherent framework. The classification is initially 

inspired by the background factors of a behavioural theory put forward in the reasoned action 

approach (RAA) theory, which fairly incorporates main categories and subcategories of predictors for 

SPV uptake by an individual. In the RAA, background factors are grouped into three main levels [5], 

namely, individual, social and information, with 15 further categories. This classification is further 

extended to be exclusively customised for the scope of this study and rigorously structured with more 

in-depth sub-classification. The research then continues to compare the frequency of use of the 

predictors at different layers.  

Understanding the predictors of household SPV adoption was enhanced in the last objective of the 

review, to determine the associations between the identified characteristics (independent variables) 

and the decision behaviour (dependent variable). A vote-counting method was applied for this 

exploration through 133 of the 173 initially reviewed papers. Correlation analysis and direction of 

influence with decision behaviour for a total of 239 determinants was completed. 

 

2. Method 
The research methodology of this review paper employed both the systematic quantitative 

literature review approach [6] and the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) [7] recommendations to identify and quantitatively assess numerous studies 

covering the adoption and diffusion of rooftop SPV in the residential sector (Fig. 1). The 

identification process was started by searching English language journals, proceedings papers and 

book chapters in two central scholarly databases (Web of Science and Scopus), using a combination 

of 37 keywords, up until 5 January 2019 (details of the search procedure and keywords are provided 

in the Supplementary Information A). Additional literature sources were obtained by utilising a 

snowballing data collection approach (i.e. reference tracking and citation tracking).  
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Fig. 1. PRISMA flowchart for the study selection process (adapted from [7]).  

 

The methodological context of all statistical and non-statistical approaches and all quantitative and 

qualitative approaches fell within the scope of this study. Given that future home SPV systems will 

include self-consumption, independence from energy suppliers and possible off-grid systems, the 

technical context of the research was expanded to SPV, SHS and SPV-BESS. The research is 

concerned with the rooftop SPV systems in only the residential sector, and on only the adoption or 

pre-adoption stage of the decision process (Table 1). This setting excludes behavioural change that 

may occur after the adoption/rejection of SPV decision stage. The delimitations also keep out 

technology- or economic-specific contexts, risk assessments and feasibility or optimisation studies in 

the pursuit of household-centred research. However, the scope covered a range of data sources 

including empirical research studies, significant industry and government reports3, and also major 

studies relying upon expert opinions, provided that the study focus was on the household context. 
                                                      
3 The available data in the reviewed studies came from energy companies, organisations, census data, available 
online data, data from industry and energy suppliers, and reports from public institutions and utilities. These 
data sources were used to obtain the socio-demographic information of households. 
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When the search returned studies covering broader energy topics, (i.e., REs or SPV, along with solar 

thermal, solar community or solar farms), these works were considered only if SPV was explicitly 

discussed [8-25]. The inclusion of predictors in these studies was restricted to SPV, SHS or SPV-

BESS. Similarly, the same principle was applied to topics that covered both demand and supply side 

issues [26, 27] or electric vehicles [28]. Broadly, defining the explicit boundaries of the scope aimed 

at distinguishing the cognate and unified predictors by avoiding those peripheral ones for the adoption 

behaviour of the three residential electricity generating technologies. 

 

Table 1. Overview of scope of this study 

Scope Included 
Technology 
context 

Solar photovoltaic, solar home system, solar technology coupled with 
battery energy storage system ✓ 

Solar thermal, solar cooker, solar powered lanterns, passive solar X 
End-user/ 
type of use 

Household (residential sector) ✓ 
Public utility building, solar farm, concentrated solar power systems, street 
lighting, floating solar photovoltaic systems  X 

Behaviour Adoption and pre-adoption phase of behaviour: Adoption, intention, 
willingness to adopt, attitude, motives, awareness, knowledge, perception, 
and tendency towards SPV, SHS, and SPV-BESS adoption 

✓ 

Behavioural change (after adoption stage), satisfaction level, efficiency 
measures, willingness to pay for RE programs X 

 

To facilitate the screening and eligibility assessment of PRISMA, a four-phase assessment 

approach [29] was applied. Available studies were explored by their title, keywords, abstract and full 

text. The research was eligible for content analysis only if these four parts of the research were 

sufficiently relevant to the scope. The initial database of primary research papers resulted in a total of 

173 peer-reviewed studies to be included for the content analysis (Supplementary Information B). 

The nature of content analysis varied from traditional systematic reviews [30-32], where the key focus 

is attempting to profoundly evaluate predictors existing within the studied literature, rather than the 

demographic information of publications (such as authors, journal and study location). The basic 

demographic information of the extracted studies can be found in the Supplementary Information 

A. Two types of literature source databases were created in order to achieve the three main goals of 

this systematic review. The first database contained 173 studies and enabled: (i) identification of 

predictors and their frequency of use, which further enabled (ii) the taxonomy of predictors. The 

second database combined information from 133 studies using a vote counting to investigate: (iii) the 

association between the designated predictors and the technology adoption. 

 

2.1. Identification and taxonomy of determinants 

Predictors in this study were not limited to the individual, but encompassed all variables that were 

the point of interest from research—that is, economic, technical, socio-demographic and individual 
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predictors influencing the decision making of customers. Identification of factors and determination of 

their dispersion frequency was completed and compiled in a Microsoft Excel database. Data 

collection was started by entering the factors identified in each study, one by one. Any new term was 

semantically compared with other existing factors before entering into the database. Different terms 

were often observed in the comparison to a large number of terms referring the same meaning4. Terms 

producing no added value with the same meaning were merged under a more indicative term, 

although certain terms with the same expressions referred to another concept (e.g., ‘system cost’ 

versus ‘initial value’). However, any terms not entirely the same in meaning that would contribute to 

the richness of the list were added separately, even if they were used sparsely. In qualitative studies 

where parameters were in the form of a statement, they were interpreted into the most relevant term. 

Selecting and coding a new predictor required a good understanding of the meaning of each one. 

Some predictors seemed similar, yet were different in nature — such as the geographical location and 

region of residence, or trees and tree cover. This entailed a rigorous focus on the meaning of each 

factor and the knowledge of whether it was an individual’s opinion or scientific fact. In general, the 

coding approach was evolutionary, meaning that as more predictors were identified, the best fitting 

term that was indicative and inclusive of related terms, was selected to replace the old item. 

 

2.1.1. Taxonomy 

The classification of predictors was implemented in conjunction with the identification process. 

Initially built on the three main constructs (i.e. individual, social and information) and 15 

subcategories of RAA, the custom-built taxonomy was gradually operationalised to the behaviour 

under consideration. A challenge that arose during the classification process was when several 

predictors tended to be applied for different purposes. For example, ‘house ownership’ could be used 

as a proxy of affordability (in the social dimension) or as a legal term indicating the ability of 

adoption (behavioural control). As discussed in Section 3.1, the input source of parameters was a 

determinant in distinguishing between external (actual in reality) and internal (perceived) factors. For 

example, ‘system cost’ differs from ‘perceived system cost’ in the sense that the former indicates the 

actual cost of the solar system, while the latter refers to the belief of the customer regarding the 

system cost, which could well be different from the actual cost. All of these delicate details required a 

substantial focus on the sense and concepts of factors and their type of applicability to ensure they 

were categorised appropriately. More subgroups were generated when aiming to grasp a better 

                                                      
4 Two examples are as follows. ‘Education’ was also used in the studies to mean years of schooling of the 
household head, degree, school years, highest education level, university degree, education attainment, literacy 
rate, educational background and low education level. ‘Environmental benefits (impacts) of solar’ was a 
cumulative term meaning savings in carbon emissions, CO2 emission reduction, less environmental impact, 
perceived impact of SPV systems on the physical environment, perceived impact on the environment, beneficial 
effects on the environment, environmental benefit of investment in a SPV system, environmental friendliness, 
environmentally worthwhile and environmental benefit of installing a SPV system. 
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understanding of the whole grouping. This was evident in the characteristics of the house, since these 

subgroups play a critical role in shaping both attitudes and actual decision. 

 

2.1.2. Frequency use 

Calculation of frequency use was conducted concurrently with the identification of factors. Once 

identified, a determinant was valued ‘1’ in the corresponding cell. When more than one parameter was 

used in a subcategory, it was counted separately. For ‘government financial incentives’, various types 

of incentive policies were merged into two parameters, but their frequencies reflect all used incentives 

(see Section 3.1.3 for types of incentives). When constructs of behavioural decision-making models 

were in force, the construct and its corresponding factor used to proxy the construct were both 

counted. 

 

2.2. Vote-counting method 

As the simplest type of meta-analysis [33], the vote-counting methodology captures the influence 

of the ascertained predictors on the likelihood of the adoption. The second dataset for the vote-

counting technique exerted the same dependent variables, distributed in 133 quantitative and 

qualitative studies with both predictive and retroactive approaches, which used either empirical or 

available data. The quantitative studies involved a linear regression method that examined the 

statistical association (significance at 0.1%, 0.5%, 1% and 5% level) between independent and 

dependent variables. Modelling-based (i.e., agent-based modelling (ABM) [34] and system dynamics) 

approaches were excluded from vote counting because they did not study the significance of the 

determinants. However, the remaining quantitative studies using survey and descriptive statistics were 

voted similarly to qualitative studies (i.e., interview). In doing so, four different values were assigned 

to indicate the relationship between the independent and dependent variables (Table 2). However, 

some studies analysed the relationship in backwards order (e.g., lack of knowledge on SPV systems or 

lack of availability of technical support). In this case, positive or negative relationships were reversed 

to maintain consistency. 

 

Table 2. Coding scheme and description 

Code Description 

+2 Significant positive relationships: Positive β value with p-values ≤ 0.05 for quantitative 
studies or a strong argument by authors in qualitative studies. 

+1 Insignificant positive relationships: Positive β value with p-values ≥ 0.05 for quantitative 
studies. 

-1 Insignificant negative relationships: Negative β value with p-values ≥ 0.05 for quantitative 
studies. 

-2 Significant negative relationships: Negative β value with p-values ≥ 0.05 for quantitative 
studies or a strong argument by authors in qualitative studies. 
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As an example of coding a relationship in a quantitative study, Kesari et al. [35] administered a 

survey to consumers with the intention to adopt home SPV systems. The study used linear regression 

to analyse the effect of the independent variables on intention to adopt. They reported that 

environmental knowledge had a significant positive relationship (β = 0.223, P = 0.044) on the 

intention to adopt a SPV system. Thus, ‘environmental knowledge’ was coded as +2. For the 

qualitative studies and quantitative studies with descriptive statistics only, this study restricted the 

voting to a statement that was strongly argued by the authors of the respective papers. In this sense, 

the researcher’s bias could be eliminated. An example of coding a qualitative study involves the 

research by [36]. This paper stated that “our case study shows that the contribution to an improved 

natural environment and the ability to gain independence from electricity suppliers are important 

adopter motivations”. Thus, ‘environmental motivations’ and ‘energy autonomy’ were coded as +2. 

 

3. Determinants of residential solar technology adoption 
The review of 173 studies on the residential adoption behaviour of SPV, SHS and SPV-BESS 

technologies resulted in 333 predictors. These predictors sought to evaluate households’ adoption 

decisions, diffusion rate (of SPV and SPV-BESS), attitude, knowledge, tendency, awareness, 

willingness, acceptance, intention, technology choice, adoption timing and acceptance. On average, 

approximately 13.2 predictors were examined in each study. Each research undertook a unique set of 

factors, and the selection criteria varied relying upon the focus and availability of data. The range of 

predictors in these studies varied based on the behaviour in question, dependent variable(s) and type 

of methodology and approach. The predictors’ level of detail also differed—some were as detailed as 

possible, while others were more inclusive and less detailed. Note that, to form an integrated 

grouping, the main constructs of the behavioural decision-making models5 were nested inside this 

classification. Given the high number of uncovered variables, only the general trends were described, 

and factors were expressed only when required.  

 

3.1. Taxonomy of determinants 

The choice of classification was inspired by the theory of the RAA [5]. Intentions and actions 

within the RAA are understood by behavioural, normative and control beliefs, the origins of which 

are characterised by a wide range of background factors (Fig. 2). Similarly, multiple variables 

potentially influence the behaviour of a household adopting or not adopting solar technology. These 

                                                      
5 The behavioural decision-making models  in the reviewed studies included diffusion of innovation (DoI), 

theory of planned behaviour (TPB), technology acceptance model (TAM), value–belief–norm theory (VBN), 

goal-framing theory, affect control theory (ACT) and Unified theory of acceptance and use of technology 

(UTAUT). See [37] for a comparison of common theories in residential energy use. 
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variables can be grouped into three main dimensions—social, information and individual—and 

various categories (Fig. 2).  

 

 
Fig. 2. Customised categorisation of factors predicting residential adoption of solar energy systems 
using background factors of RAA. Non-applicable subcategories of the RAA with corresponding 

predictors not used in the literature were omitted from the category. For intervention, although 
relevant predictors were used in studies predicting the diffusion rate to test the sensitivity of predictors 

and developing scenarios, the predictors tested were the same as initially raised. 
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Education, age and gender, income, socioeconomic status, race and ethnicity, and culture are the traditional social categories. Characteristics of family 

structure are also popular in empirical studies. Socioeconomic factors are alternative approaches to income factors to measure the affordability and wealth. 

The uptake and use of a technology innovation, when containing a physical object, usually entails some infrastructure and prerequisites [38]. For the 

residential rooftop solar system, the characteristics of buildings are a significant determinant of adoption decisions, and involve both the physical and non-

physical features of the building. The attributes of the house reveal the technical feasibility of installation, affordability and economic aspects of the purchase. 

When it comes to purchasing SPV, consumers deal with two underlying types of information—financial and technical—which are acquired through 

information channels. Information about the innovation and attributes of the technology originate from more than just media. There are five major 

information channels for a household: government, business, supplier, peers and media (Fig. 3). At the individual level, the intention to perform an action is 

influenced by the values and personality of the head of the house, and how he/she perceives that risk exists in the decision. General attitudes can also be 

expanded further to the financial and technical aspects of the innovation.  

 
Fig. 3. Hierarchy of predictors in three layers influencing rooftop solar technology adoption by household. n = number of predictors. * Included: intention, 

acceptance, willingness to adopt, and adoption.
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The individual, social and information dimensions embrace 20 categories and 20 subcategories of 

the total 333 identified determinants (Fig. 3). This beneficial taxonomy empowers understanding the 

entire suite of predictors and their connections within an organised framework, as well as retrieving 

unstructured factors effectively. When arranging classification, the main constructs of behavioural 

theories were used in conjunction with background factors to offer an integrated classification. 

However, the parameters were strictly distinguished and categorised differently based on their source 

and nature; that is, whether the factor arose from the opinion and belief of end-users, or was adapted 

from available data or stakeholders’ opinions. This was epitomised in dichotomous predictors of 

financial and technical knowledge against perceived attitudes towards the financial and technical 

aspects of solar energy (Fig. 4). The determinants of financial and technical knowledge were 

exogenous, which manifest actual fact and value of the financial solar details, or estimations and the 

assumptions made by experts and the authors (e.g., the future of electricity prices). The latter is the 

propositions of individual belief/attitude towards the financial and technical aspects of solar adoption, 

stemming from information channels and individual characteristics. These two facets could well 

differ, and the level of difference can be measured by the level of an individual’s values, personality 

traits and perceived risks. In practice, most households are not fully aware of the economic and 

technical details of SPV decisions. Understanding how a person perceives received information is as 

important, if not more important, than their actual knowledge, since the final decision is triggered 

based on perceptions and not input data. 
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Fig. 4. The way financial and technical determinants are distinguished and classified in each category 
based on their input data. The ‘information influenced by individual characteristics’ refers to the 

calculations of financial metrics (e.g., payback period) using available data together with individual 
characteristics, such as perceived risk, personality traits and values of household, which are 

commonly used in modelling approaches6. Experts’ opinions on the importance of predictors to the 
household action are embedded in the household opinion. 

 

Attitudes towards financial and technical knowledge were mostly studied in empirical studies by 

asking households about their beliefs [4, 9, 18, 20, 21, 36, 39-51]. In modelling approaches, the 

attitudes of financial aspects are incorporated by adding the individual characteristics to the 

calculations, such as estimation of payback period [52], deflections [53], types of household [54], risk 

or uncertainty [55-57] and optimism level [58]. 

Some studies directly asked households about an immediate precursor of the adoption behaviour 

[14, 16, 22, 25, 35, 40, 41, 59-71]. These precursors span intention, acceptance of solar, willingness to 

adopt and adoption. These four variables were not included in the classification and will not be 

discussed separately. The following section describes the reviewed determinants, their roles and their 

frequency of use in each category. 

 

3.1.1. Individual predictors 

A total of 122 studies (71%) discussed individual factors through 142 predictors in five categories 

and seven subcategories (Table 3). The values of the household were the most common category of 

the individual dimension, with also the highest variety of factors, followed closely by general 

attitudes. Personality and risk were less popular categories. Individual factors are endogenous, non-

financial, non-technical and behaviour specific. They are non-economic manipulation instruments of 

governments to change the current behavioural patterns. After obtaining the required information 

through information channels, the household evaluates the economic and technical implications of 

adoption (Fig. 5). However, evaluating the cost–benefits of the action is significantly influenced by 

the household’s perceived values and personality. In a hypothetical process of decision making, 

knowledge acquisition is the antecedent to attitude formation. 

                                                      
6 The household’s ‘personal beliefs’, ‘opinions’, ‘judgements’ and ‘perceptions’ of the payback period indicate 

the perceived payback period. The ‘calculated’ or payback period by either the household or a supplier indicates 

the household’s knowledge of the payback period. 
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Table 3. Individual (endogenous) characteristics of solar system adoption by household and their frequency of use. 

Category Subcategory Predictors and their frequency of use 
Rarely 
(one study) 

Infrequently 
(2–3 studies) 

Occasionally 
(4–6 studies) 

Sometimes 
(7–10 studies) 

Frequently 
(> 10 studies) 

Personality Risk averse, openness to 
experience, habits and routine, 
extraversion, neuroticism, 
agreeableness, 
conscientiousness, haphazard 
behaviour, entrepreneurial 
spirit 

Social curiosity - Consumer independent 
judgement-making (CIJM)a 

Consumer novelty 
seeking (CNS)a,b 

Values, 
stereotypes 

Environmental 
values 

Level of concern for 
environmental issues in the 
individual's neighbourhood, 
environmental beingness, 
environmental identity, 
carbon footprint 

Environmental 
responsibility, 
environmental values, 
perceived environmental 
problem, pro-
environmental norms, 
environmental knowledge, 
environmental motivation, 
environmental behaviour 

Emission 
reduction, energy 
conservation 

Environmental awareness, 
environmental attitude 

Environmental benefits 
(impacts) of solar, 
environmental protection, 
environmental concerns 

Personal 
values 

Value alignment, 
responsibility for future 
generations, injunctive norms, 
ecocentric human–nature 
relationships (HNR), 
anthropocentric human–nature 
relationships (HNR), personal 
benefits, integration, 
preservation, benevolence 

Perception of community 
leadership, ecologist 
(/ecological lifestyle), 
warm glow, personal 
norms, personal focus, 
(altruistic values, egoistic 
values, openness to change 
values, traditional values)c 

Self-expressive 
benefits, social 
benefit 

- - 

Attitude towards financial 
aspects 

Gain /loss frame, obtaining 
best possible price, perceived 
saving in leasing, perceived 
income, perceived switching 
(replace) cost, attitude toward 
marketing promotions of 
solar, attitude toward 
marketing factors of solar, 

Willingness to pay more, 
perceived market maturity, 
home easier to sell 

Perceived 
payback period, 
perceived 
(/estimation of) 
payback period, 
increasing home 
value, investment 
opportunity 

Perceived maintenance cost, 
financial motivation, 
perceived upfront cost, 
perceived costs 

Perceived attitude 
towards government 
policies and incentives, 
perceived electricity price 
(/cost), perceived bill 
saving, perceived system 
cost, perceived benefit 
(/profitability or financial 
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perceived installation costs benefit), perceived 
affordability 

Attitude towards technical 
aspects 

Perceived solar radiation 
received, Ease of purchase, 
brand image 

Perceived maturity of local 
market, quality of solar 
installations and installers 

Perceived 
suitability of 
house 

Perceived complexity of 
information, technical 
support and customer service 

Complexityd 

 Perceived 
features of the 
technology 

Perceived system life, 
intermittency, perceived 
system loss rate 

Perceived solar electricity 
generation, perceived 
durability 

Perceived 
efficiency, safety 

Perceived system quality, 
ease of use, perceived 
installation and operation, 
perceived maintenance 
requirement (/concerns) 

Perceived reliability, 
perceived appearance of 
solar panel 

General attitudes (Gain goal-frame, hedonic 
goal-frame, normative goal-
frame)e, satisfaction of other 
electricity sources, awareness 
time, impression in practical 
and behaviour 

Administrative issues, 
interest in solar, 
deflections, social belief 

- (Compatibility, 
observability, trialability)d, 
attitude toward other energy 
sources, perceived 
behavioural control (PBC) 

Relative advantaged, 
attitude towards solar, 
timing, social and 
subjective norms 

 Motives Satisfaction with the 
technology, protest against 
energy companies 

Perceived usefulness Belief (on solar), 
motivation to 
adopt 

- - 

 Perceived 
non-financial 
benefits 

Protect against blackouts, 
charging electric vehicle, low 
effort, house improvement 

Convenience Energy security, 
side benefits 

 Energy autonomy (/less 
dependent on network 
and utility companies) 

Perceived risk - - - Perceived risk - 
 Uncertainty - Uncertainty about financial 

aspects, uncertainty about 
technical aspects, 
uncertainty about 
government policy changes 

- General uncertainty about 
solar and decision 

- 

Trust Trust in solar Trust in government - Trust in social network 
(/social trust) 

Trust in supplier 

Total 138 
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a Innovativeness indexes of the consumer (used in DoI). 
b Other commonly used terms: forwards-looking, progressive, innovators, developers, experimenters. 
c Values of the VBN theory. 
d Perceived characteristics of the innovation (used in DoI). 
e Goal-framing theory. 

 

 
Fig. 5. Information flow to form household attitudes. The attitude of a household regarding SPV 
purchase is formed by knowledge acquisition through five main information channels and social 
characteristics, which are then attenuated by the presence of individual components (e.g., values, 

perceived risks and personality traits). The influence of the information channels hinges on exposure 
and the degree of influence on these channels. Note that feedback and interrelations are not shown in 
the figure; as attitude evolves through time, actors dynamically interact with and influence each other. 

Besides, information channels are not just the source of knowledge, but also the source of social 
influence, affecting individual characteristics. For example, the risks of the consumer can be reduced 

by obtaining information [38]. 

 

In the DoI theory [38], socioeconomic status is the only social characteristic of the decision-

making unit to shape knowledge. We go further by saying that other non-economic demographic 

determinants affect residential solar adoption behaviour, such as the physical and non-physical 

characteristics of the house, family structure and culture of the household. Constructs of the theories 

fall into the ‘individual’ dimension that seeks to describe and explain the decision made by an 

individual. They are embedded as part of the decision framework [47, 55, 72-76] or are haunted by 

the psychographic-oriented studies [4, 19, 26, 41, 42, 59, 62, 77-79]. However, studies reached no 

consensus on the level of influence of predictors on behaviour. The predictors sometimes exhibit 

immediate effects on the action (willingness to adopt, purchase and acceptance) [22, 71], although 

their influence was evaluated mostly in terms of attitudes and intention [14, 40, 59, 62, 64, 71, 77, 80, 

81]. In these studies, there was also no discernible pattern regarding their type of influence, such as 
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the effects of financial benefits/costs on attitude [59] or intention [14]. Note that these psychological 

factors are relatively more influential when the household had high control over the behaviour—for 

example, they could afford the cost. Thus, it makes sense that they are more useful for mature markets 

where the technology is cost-competitive with traditional energy sources (i.e. grid electricity or fossil 

fuels). 

Personality traits were studied in 28 works (16%), most of which measured the innovativeness of 

the household, such as consumer novelty seeking and consumer independent judgement making. 

Evaluation of the remaining factors was limited to five studies [4, 49, 57, 82, 83]. Values and norms 

represented the psychological variables of decision making and reveal a post-materialistic level of 

consumer. Of the 45% (79 of total) studies assessing values, 97% (77 of total) focused on 

environmental values, whereas only 22 papers focused on personal (non-environmental) values; 20 of 

which involved both personal and environmental values.  

Attitude towards financial aspects refers to an individual’s estimation or belief about the cost–

benefit consequences of the action. Attitude towards solar adoption is also expanded to the technical 

aspects of the purchase behaviour and technology. They are non-tangible facts, shaped based on a 

judgement and interpretation of knowledge received, incorporated with social influence and 

individual factors (Fig. 5). Predictors such as ‘ease of use’ are intuitively perceived by the consumer, 

while others are realised by a combination of perception and information. As a general rule, the less 

information and awareness about a decision, the more important the perception of the individual. 

Attitudes towards financial and technical aspects were covered in 79 (48% of total) of studies, while 

they were separately studied in 71 and 56 papers, assessing 25 and 22 factors, respectively. Whether 

and to what extent financial and technical attitudes diverge from facts hings on the level of 

knowledge, personality traits and perceived risks of the household. 

A household can also be persuaded by general attitudes, such as the perceived characteristics of 

innovation,7 motives and non-financial benefits. In this respect, energy autonomy is a strong driver 

that can arise from two motives: self-reliance or self-sufficiency [15, 42, 44, 49, 53, 59, 62, 79, 85-88] 

and desire to be independent of electricity suppliers [36, 89, 90]. The emergence of BESS in future 

markets is expected to stimulate this motive further. However, a positive attitude (and intention) is 

formed only if the household is able to purchase solar (i.e., a person has control over the behaviour) or 

the behaviour meets the requirements well.8 Behavioural control in the reviewed studies was proxied 

                                                      
7 Perceived characteristics of innovation (DoI theory): complexity = relative advantage (11) > compatibility (9) 

> observability = trialability (7). The last two are sometimes postulated as non-influential for solar adoption by 

households [15, 84]. 
8 The reviewed literature does not differentiate between perceived behavioural control (PBC) and actual 

behavioural control. It also should be noted that, although PBC is categorised in attitude to have an inclusive 

classification, in TPB, attitude, subjective norm and PBC are the three main antecedents of intention [91]. 
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by payback period, suitability (compatibility) of house, affordability, house ownership (privately-

owned, single-family house), remaining in house, available knowledge and household income [4, 21, 

41, 52, 56, 59, 72, 74, 78, 92]. 

Perceived risk stems from the trust and uncertainty of the consumer. Uncertainty covers financial 

aspects, technical aspects and the consequences of the decision [11, 12, 15, 16, 44, 49, 52, 56, 72, 73, 

85, 93-99], whereas trust mainly deals with the susceptibility of the consumer to information channels 

[4, 11, 14, 18, 27, 40, 41, 50, 64, 65, 68, 69, 93, 97, 99-101]. 

 

3.1.2. Social predictors 

A total of 104 social factors were classified into 10 categories and five subcategories (Table 4). 

Applied in 149 pieces of research (86% of total), social or socio-demographic dimension is the most 

popular of the three levels. This dimension represents the most traditional explanatory variables: age, 

income, gender and education of household. These four alone were employed in 45% of the total 

number of studies. Social factors became more popular when the target was exploring the 

relationships between factors, and their influence on adoption behaviour.  
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Table 4. Social factors of solar system adoption by households and their frequency of use. 

Category Subcategory Predictors and their frequency of use 
Rarely 
(one study) 

Infrequently 
(2–3 studies) 

Occasionally 
(4–6 studies) 

Sometimes 
(7–10 studies) 

Frequently 
(> 10 studies) 

Education Children in college, education of 
non-decision maker 

- Education of 
residents 

- Education of head 
(/decision maker/ 
respondent) 

Age, gender Age - - - - Age 
Gender - - - - Gender 

Income Dispersion of income - - - Income 
Socioeconomic (Trees, livestock, cattle) a, access 

to credit, economically active, 
having bank account, housing 
investment 

Vehicle a, socioeconomic 
status (SES), wealth class, 
mortgage, buying 
(/spending) power, quality 
residence (/housing quality) 

Acreage (/land) a, 
house loan, 
general state of 
the economy 

Appliances (assets) a, 
household budget and 
savings, household 
expenditure 
(/expense) 

- 

Race, ethnicity - - - - Race, ethnicity 
Culture Non-profit activity, internet 

access, organic consumer, 
smoker 

Commute to work Social activity 
(/social groups) 

Social class Region of residenceb 

 Employment No. of workers in house - - - Employment status, 
type of occupation 
(/employment type) 

Family structure - Number of adults Number (/ratio) of 
adult males, 
number (/ratio) of 
adult females, 
number of elders 

Marital status Household size, family 
type (/household 
structure), number of 
children 

Socio-political - - - - Socio-political 
Characteristics 
of house 

Physical 
characteristics 

Roof type, house repaired Pool in the house, number of 
units of the house, number 
of garage (/parking space), 
house remodelled, roof 
quality, suitability 
(/compatibility) of house, 
roof insulation 

Number of rooms, 
number of 
bedrooms, 
number of bath 
rooms, roof size 

- House size, house type
  

Non-physical (Building shading, thatched 
roof)c, pleasant view 

(Temperature, tree-cover, 
canopy density)c, owning a 

Weather condition 

c 
Sunshine hours c, 
house age 

Solar radiationc, house 
ownership, 
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characteristics roof geographical locationb, 
house value 

General Distance to the nearest town, 
access to banking, natural 
disaster in the past, inflation rate, 
power of electrical appliances, 
built environment, population 
flow, public services, recycling 
rates, number of solar companies, 
tourist rate, construction of new 
buildings, co-adoption 

Distance to supplier, 
distance (/exposure) to 
market, access to road, 
distance to work, use of 
BESS, use of alternative 
technologies 

Use of hybrid 
vehicle, fossil fuel 
consumptione 

Electricity access 
(/access to the grid)d, 
remaining in house 

Solar systems in 
neighbourhood, 
electricity consumption 
(/demand)e, housing 
density, population 
density 

Total 104 
a Property of household. 
b The difference between ‘region of residence’ and the ‘geographical location’ rises from one or more of the following reasons. ‘Region of residence’ refers to the broader area 

[10], while ‘geographical location’ pinpoints a coordinate specific place. ‘Region of residence’ is linked to the socioeconomic differences in the region under study, the level of 

development [102] or certain socio-demographic features, cultural factors or characteristics of the households [103] in the area, or the social class. ‘Geographical location’ 

estimates the physical feature of the house, level of irradiance in the area, distance to peers and beyond. More examples: In [65] and [104], the region of residence constitutes 

urban–rural areas and urban–suburban areas, respectively. Note that, in [41], the region referring to the diffusion rate of two regions (mid-west and west) is classified as 

‘geographical location’, since it does not say anything about the classes of these two regions. 
c Measurements of solar radiation. Solar radiation is regularly applied in spatial analysis and ABM approaches to estimate the output of electricity generated by SPV. In ABM 

studies, this is part of the economic estimations for the projected payback period. While solar radiation being the more popular one, other factors that influence solar radiation 

were occasionally used. 
d Accessibility—mostly used for remote areas. 
e In predictive and econometric models, they are used to measure the cost of adoption and to compare the consumption between SPV and fossil fuels. 
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Social factors are exploited for different purposes. They determine: 

• social status of the consumer; 

• information channels of households and level of social influence by geographical location, 

installed SPV systems in the neighbourhood, population density, household size and distance to 

the supplier; 

• wealth of the household through: (i) income, as the most common proxy of affordability; (ii) 

socioeconomic factors; (iii) physical characteristics of the house, such as number of rooms, 

number of bedrooms, pool in the house, and number of garages; and (iv) employment; and 

• controllability of behaviour by physical characteristics of the house (house type, house 

suitability [compatibility], roof type and roof quality), owning a roof, remaining in the house, 

house ownership, income and other social factors representing affordability. 

Depending on the question, social factors can also be a proxy of different variables. The main 

examples of this are as follows: 

• non-economic factors assessing wealth: house value, social class, house ownership, house size, 

number of rooms, region of residence and employment status; 

• geographical location to: (i) identify the general geographical/spatial area of the house, (ii) 

estimate the rate of solar radiation, and (iii) bode distance to peers in the neighbourhood; 

• household size and number of rooms to estimate electricity consumption and affordability; and 

• political views [104-112] and use of hybrid vehicles [105] to estimate the environmental values 

of the consumer.  

In the examined studies, the characteristics of the house were the most used social factors (55%) 

with the highest variety of determinants (29). The proportion of other categories included general 

(49%), cultural (43%), family structure (31%) and socioeconomic (23%). Race and socio-political 

factors accounted for less than 10% (9% and 6%, respectively). Individuals’ race was relevant when 

studies included more than one ethnicity. The predictor was mostly used for the US [23, 55, 58, 88, 

104, 108, 110, 113-118] and sparsely for the UK [119], Belgium [111] and Malaysia [60]. Note that 

the applicability and practicality of the listed social factors (Table 4) fundamentally rests on the 

specifications of the area under study. 

 

3.1.3. Information predictors 

A total of 133 (77%) studies examined 87 information factors, which can be categorised as 

financial knowledge, technical knowledge, common knowledge and information channels, and further 

divided into nine subcategories (Table 5). Financial knowledge uncovers details of costs and 

expenditures (purchase, installation and conditions affecting the costs), revenue (electricity cost 

savings and the revenue of excess electricity returned to the grid) and external conditions influencing 
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the economic aspects of adoption. A decisive condition—government financial incentives—regulates 

the dynamics of overall costs by bridging the gap between grid electricity (or fossil fuels) and solar 

costs. Two incentive mechanisms by government alleviate purchase price and shorten the return on 

investment (RoI) by feed-in tariff (FiT) instruments. In the futuristic studies led by ABM methods 

[52, 54, 74, 120-123], they served as manipulated factors to evaluate the effects of various 

government intervention measures on the diffusion rate. 

In practice though, detailed financial knowledge is often not readily apparent to households. Not 

all consumers are aware of the financial details, nor do they fully understand the characteristics and 

conditions of all data. Financial metrics are commonly used to convey a general body of economic 

knowledge. Given that solar technology is a long-term investment, estimating the time required for 

return of costs becomes more relevant. This calculation is determined by payback period [52-56, 72-

74, 89, 95, 120, 122-130], which has been the most popular financial statement metric by far 

(followed by net present value and RoI). 
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Table 5. Characteristics of information in adopting a residential solar system and their frequency of use. 

Category Subcategory Predictors and their frequency of use 
Rarely 
(one study) 

Infrequently 
(2–3 studies) 

Occasionally 
(4–6 studies) 

Sometimes 
(7–10 studies) 

Frequently 
(> 10 studies) 

Financial knowledgea Depreciation allowance 
payments, premium over grid 
parity, SPV average cost, 
capital debt loan, (option 
value, internal rate of return 
(IRR))b, switching cost, ratio 
of insurance, purchasing 
options, utility rebates, 
breakeven percentage, total 
cost of ownership, permitting 
fees, purchase cost 

BESS in system, utility rebates or 
incentives, cash flow, leasing 
cost, upfront cost (/initial cost), 
adoption type (buy or lease), tax 

Installation date, 
interest rate, BESS 
price 

Economic benefit 
(/revenue /profit), 
solar electricity 
export revenue 
(/buyback), return of 
investment (RoI)b, 
affordability, fossil 
fuel cost, installation 
cost, system cost per 
Watt 

(Net present value 
(NPV), payback 
period)b, bill (/electricity 
cost) saving, electricity 
price (from grid), 
system cost, O&M cost 

 Government 
incentives 

- - - - Financial incentives 
reducing purchase costs 
(: support policies in the 
form of: discount, grant, 
rebate, subsidy, and tax 
incentives)c, financial 
incentives reducing the 
return of investment 
(FiT) 

Technical 
knowledge 

Features of 
SPV 

Non-tracking system System quality Efficiency of 
photovoltaic cells, 
photovoltaic lifespan 
(/lifetime), technical 
risk and services 

- Photovoltaic electricity 
generation, photovoltaic 
system capacity (/size) 

Features of 
BESS 

SPV-BESS capacity BESS discharge efficiency, BESS 
charge efficiency, BESS lifespan 

BESS capacity (depth 
of discharge (DoD)) 

- - 

Common knowledge Knowledge of evidence of 
success, knowledge of 
presence of solar energy 
service provider, knowledge 
of environmental and social 
performances of solar, 

Knowledge of net-billing, 
knowledge of SPV electricity 
generation back to the grid, 
knowledge of SPV-BESS (/BESS 
systems), knowledge of pros and 
cons of SPV, knowledge of 

Knowledge of 
financial metrics used 
for calculating 
investment 

Knowledge of 
incentives 

Knowledge (/awareness) 
of SPV systems 
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knowledge of nearest energy 
centre, knowledge of other 
energy sources, knowledge of 
photovoltaic capacity, 
knowledge of output 
restriction 

availability of lease option, 
knowledge of availability of 
technical support, knowledge of 
security of investment, knowledge 
of installation and maintenance, 
knowledge of cost comparison 

Information 
channels 

Government - - - - Government 
Business 
(/NGO) 

- - Business (/NGO)  - 

Supplier 
(/installer) 

- - - - Supplier (/installer) 

Media Information leaflets Newspaper (/magazine), book TV, radio  Internet (/online /social 
media), general (/not 
specified or labelled as 
(mass) media) 

Peers - Colleagues - Existing users 
(/adopters), 
acquaintances 

Neighbours, friends and 
family, general (/not 
specified or labelled as 
peer effects) 

General     General (/not specified 
or labelled as social 
influence) 

Total 87 
a The importance of detailed financial factors is highlighted by distinguishing—and not merging—similar yet different variables. An example is the difference between system 

cost, system cost per watt, purchase cost, installation cost and upfront cost. 
b Financial metrics. 
c This paper was unable to list the full range of government policies separately, as they are government specific and not universal. Common terms and policies used in the 

literature include the following. General terms: government support policies, governmental grant, discount rate, credit, financial incentives, subsidy, subsidy for installation, 

allowing third-party ownership, local subsidies and legislation. Specific policies: pension electricity rebate, renewable portfolio standards (RPS) rate, California Solar Initiative 

(CSI) rebates, carve-out compliance, regional policy, CO2 subsidy, streamlining photovoltaic permitting policies, loan program, solar rights and solar renewable energy credit 

(SREC). 

Similarly, each term used for tax incentives is specific to a particular region. Commonly used tax incentive terms include: tax incentives, property tax incentive, carbon tax, 

income tax credit, sales tax exemption, federal investment tax credit and tax rebates. They were used in 16 studies. 



25 

 

 

Technical knowledge in the form of solar and BESS features contributes to knowledge of the 

physical and efficiency attributes of the technologies. In the predictive and econometric studies, these 

aspects were a part of the financial calculations to obtain financial metrics (mainly through 

photovoltaic electricity generation and photovoltaic system capacity). The inclusion of financial and 

technical factors was the foundation of the prediction and econometric studies. However, compared 

with financial factors, technical knowledge was less used in both numbers of factors and studies. 12 

predictors of technical knowledge were included in 37 studies, whereas 44 parameters of financial 

knowledge were used in 78 studies. The financial and technical features of BESS were also scattered 

and limited, given the current small amount of research on SPV-BESS adoption [53, 54, 76, 122, 123, 

131]; however, this is expected to only surge as SPV-BESS adoption accelerates. 

Common knowledge comprises both financial and technical attributes of adoption in a more 

qualitative sense. These general predictors were mainly employed in empirical studies to assess the 

level of awareness or knowledge of economic and technical aspects. The 19 factors of this category 

were used in 54 studies and identified 77 times, with knowledge of SPV systems prompted 38 times 

as the leading predictor. 

Whether using detailed financial or technical knowledge or common knowledge, households 

acquire knowledge from five information channels. The knowledge and awareness of individuals are 

raised by these formal and informal (interpersonal) channels of transmitting messages that eventually 

shape their attitudes (Fig. 5). These communication methods are not just sources of information 

transmission, but also sources of social influence and norms. Depending on the personality, they also 

change the level of trust, risk and values of the consumer. When a household is an imitator or the 

decision is not independent, trusted channels may even trigger adoption decisions. Information 

channels and social influences were reflected in 75 (43%) of studies, with peers as the information 

social networks and messages typically transmitted by word of mouth, the most popular transfer 

method (59 studies). Media and suppliers came second and third (discussed in 25 and 18 works), 

respectively, and government and business were the least discussed channels (each in five studies). 

Where specified, it was assumed that individuals were more connected with neighbours and less with 

colleagues (23 and three pieces of research, respectively). The internet in different forms was also the 

most frequent media network (11 studies); however, given the increasingly salient role of online 

networks in future communities [132], more social influence and knowledge is projected to flow from 

this stream. 

 

3.2. Social versus information versus individual predictors 

Comparing the use of predictors from the three main dimensions (Fig. 6a) denotes that the 

predictors of social group held the highest proportion, and conversely, individual parameters were less 

came into play (149 > 122). Almost half of the studies (85) applied predictors from all three 
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dimensions, whereas the co-use of information and social predictors was more prevalent than of 

information and individual predictors (119 > 95). Comparing the amplitude of social, individual and 

information predictors (Fig. 6b), it becomes apparent that the social predictors were mostly harnessed. 

Individual predictors were more prevalent than information, and in a much higher rate (142 > 87). The 

proportion of breadth of used predictors to the number of predictors for each class were as follows: 

9.16 (social), 4.75 (individual) and 7.09 (information). The general trends of these two comparisons 

suggest that there is more solidarity in the use of social predictors and less consensus over the 

diversified individual predictors. Unavailability of the empirical data and lack of solid empirical 

grounding along with spatial-based analyses, or just inattentive attitudinal traits attest this supposition. 

 

 
Fig. 6. Use of predictors in each main dimension. (a) Number of studies using predictors of each class. 

(b) Frequency comparison of used predictors from each class. Independent variables (intention, 
adoption behaviour, willingness and acceptance) were not included in calculating the frequency. 

 

The comparison of main dimensions can be translated to the determination of the top used 

predictors (Fig. 7). Of the 39 predictors used more than 15 times, the top predictors belonged to social 

dimension (18). Households’ income, age, gender and education, as well as house ownership, formed 

the top five used predictors of SPV adoption, all originating from social dimension. Financial 

mechanisms to reduce costs and SPV knowledge were pervasive information predictors, while none 

of the individual factors were observed in more than 30 studies. The characteristics of the house, 

possessing five highly ranked predictors, was the highest subcategory. 
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Fig. 7. Ranking of the most used (> 15) predictors. 

 

Fig. 7 does not provide an entirely precise comparison, since some predictors are merged (e.g., age or income) and some are fully detailed (e.g., predictors 

classified into ‘peer’). A more accurate analogy can be obtained by zooming out to capture the difference of use at the category and subcategory levels (Fig. 

8). Financial knowledge, house characteristics and information channels are the most used categories. Age, gender and general attitudes follow, although the 

latter contains constructs of two popular theories in the area (DoI and TPB). Understandability, race and socio-political factors mattered less. However, it was 

interesting to note the marginal focus on the personality of the household. More broadly, the cumulated attitudes of end-users (towards financial, technical or 

general factors) was the most highlighted category. Comparing subcategories, trust and uncertainties shared a fair rate use, while the subcategory of 

environmental values accounted for more than double the proportion of use compared with personal values. Peer effects dominated the information channels 
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(or social influence), while the features of BESS were widely neglected compared with the characteristics of SPV. The extensive use of non-government 

financial knowledge is attributed to the great detail on financial aspects. 
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Fig. 8. Comparison of the frequency use of categories and subcategories (when applicable). 

 

4. Correlation of predictors with the behaviour 
A total of 880 votes were recorded and synthesised from the 133 papers (specified in 

Supplementary Information B) included in the vote-counting analysis for individual (103), social 

(91) and information (45) predictors. Broadly, predictors within the social dimension accounted for 

about half of the votes (47%). The variables contained with the information level held the highest 

correlation with solar adoption at 75%, followed by social and individual variables at 69% and 68.9%, 

respectively. Traditional determinants of socio-demographic and environmental values were also most 

commonly examined in research. The focus of the herein conducted voting analysis (Fig. 9) was on 

the most tested variables (more than five votes) to present a rich picture of the collective results. The 

full list of votes is delivered in the Supplementary Information A.  

Looking at the individual dimension, the parameters under consumers’ attitudes towards financial 

aspects (i.e., perceived attitude towards government policies and incentives, financial motivation, 

perceived affordability and perceived electricity price/cost) tended to have positive effects on 

adoption, except for the perceived system cost. The five environmental values were found to be 

positively correlated with adoption, and environmental concern was significant at 100%, although 

environmental awareness and the environmental benefits of solar were significant at only 20% and 

50%, respectively. Information factors are generally salient differentiator on the adoption, except for 

the system costs that needs to be viewed cautiously. All sources of information were positively 

associated with behaviour, though the significance level varied, as media was significant in 87% of 

the considered studies, while the significance level for both supplier and social influence (general/not 

specified) was as low as 62.5%. Payback period (or financial incentives reducing RoI) was used in 

five studies, of which three found this predictor to have a strong positive significance. Knowledge 

(awareness) of solar energy, used typically for developing economics, was consistent in 84% of the 

studies. 

Compared with the other dimensions, there was more inconsistency in the social parameters. 

Educated households tended to purchase solar, yet the factor was found to be significant in less than 

57% of measurements. The rate for income was slightly larger (67%), although the voting result was 

contradictory. In this vein and unlike conventional wisdom, seven tests reported that the ascertained 

formidable predictor of household income has significant but adverse correlation, along with further 

five tests that rule out its importance in forming the behaviour. This weak or adverse linkage can be 

potentially inferred by the reduced income flow from retirement referring to those of likely asset rich 

retirees [95]. It can further correspond to the higher installation rates in suburbs with lower incomes 

[47], more exposure to the peer effects by households with lower wealth [117], or even more 

likeliness of perceiving the profitability of the technology by low-income groups [102]. However, 
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three other variables—signalling the affordability of the household, including household expenditure 

and two characteristics of house (house size and house ownership)—had a statistically significant 

positive association. Vote counting was indecisive for females and largely indecisive for males; 

instead, population density was most consistently found to influence behaviour in 12 studies. There 

was no conclusive indication that urban households were much more likely to purchase solar than 

were rural homes, and the significance level of rural areas was found to be higher (75% > 50% of 

votes). Interestingly, the significance of solar systems in the neighbourhood, often used as a proxy of 

peer effects, was as low as 40% in studies that employed this variable. 
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Fig. 9. Results of vote-counting approach for determinants influencing the adoption of household 
SPV. Results are limited to determinants that were tested in at least five studies. The sign of the votes 

(positive/negative) points to the direction of the correlation with the behaviour. 

 

5. Discussion and conclusion 
This paper systematically reviewed 173 studies on the various factors influencing a residential 

households’ adoption of SPV. The review was centralised primarily at identifying the predictors of 

SPV adoption decisions from a comprehensive repository of completed studies, whereby the 

individual studies were focussed investigations attempting to understand particular aspects of the 

individual decisions, determine the reasons for the action, and predict the future decisions of the 

household. The results identified a total of 333 predictors, revealed how often they were used, shed 

light on their nature and from where they originated, and elaborated on how and where they were 

used. For the identified predictors, the study proposed a unique, detailed taxonomy using the 

background factors of RAA, customised for solar and households. The predictors in this taxonomy 

were partitioned into three main dimension, 20 categories and 20 subcategories. A comparison on the 

rate of occurrence of the predictors was also performed at different levels of the taxonomy. The 

secondary perspective on predictors reviewed 133 studies (of the original 173 studies) to investigate 

the correlations between the variables and the behaviour. All of these analysis steps aided the overall 

study goal, which was to identify and evaluate the significance of the various determinants of a 

households’ decision behaviour regarding the adoption of solar energy technology. 

The application of solar technology has attracted a broad range of social systems with different 

wealth levels, high- and low-cost levels of technology, and different solar radiation rate areas [16, 39]. 

This increasing attractiveness has provided a rich foundation of accumulated knowledge from 

widespread geographical areas to characterise the relatively inclusive directions towards predictors of 

household SPV adoption in an organised structure. However, the quality of research varies widely, 

depending on the availability of data, depth and tools used in analysis, models and theories, and 

particularly the quality and appropriate use of harmonic predictors. An observation of the temporal 

trend found no conclusive evidence of any particular trend in the use of a more comprehensive and 

diverse list of predictors over time, and no substantial variation in the rate of use from the individual, 

social and information dimensions (Fig. 10). Overall, the temporal analysis provides persuasion for 

conducting the herein presented assessment to better focus future research efforts in this field. 
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Fig. 10. Average use of predictors per study. Numbers obtained as: (average frequency of use of 

predictor per year) / (number of studies conducted in the same year). 

 

5.1. Identified determinants: advantages, limitations and challenges 

The identified determinants were comprehensive and not limited to individual and independent 

predictors. Although research has identified predictors of household behaviour for medical [133, 134], 

information technology [135], sport [136] and technology-based products [137], the coverage is 

narrowed to a limited range of scattered, usually behaviour-specific factors. To the best of the authors’ 

knowledge, no study has captured both endogenous and exogenous variables of household decision 

behaviour concerning RE technology adoption. Identification of predictors represents what has been 

analysed in the area, yet also reveals the blind spots yet to be discovered. The selection of appropriate 

predictors for future studies and policy analysis becomes more efficient when there is a pervasive and 

inclusive repository of them and their approximate degree of influence has been synthesised. 

Although the scope of technology is limited to SPV, SHS and SPV-BESS, the framework is largely 

applicable to solar thermal and energy-efficiency technologies. In this vein, while some financial and 

technical factors change, most social and individual factors remain useful. The identified predictors in 

categories such as perceived risk (uncertainty and trust), environmental values, financial knowledge 

and attitude towards financial aspects contain similar terms, where they posit the same or analogous 

notions. These predictors were not merged to highlight the commonly used terms, as each could 

potentially contribute to the richness of the list.  

The frequency of use of the predictor items, subcategories and categories underlines their 

popularity and propensity at different levels of research focus. However, one should keep in mind that 

the methods utilised in this study to determine the degree of influence of particular predictors is 

approximate and indicative only, given that some predictors have had to be merged within categories 

and subcategories, thereby diluting their overall influence. Another limitation is that some of them are 

highly connected with other predictors (e.g., attitude towards solar). As stated, many predictors refer 

to one concept (e.g., predictors of environmental values), yet are expressed differently. These were 

listed separately, yet one must cogitate the existing differences and similarities. The review also 
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embedded some aggregated social variables that described an attribute at the community level where 

they would be relevant (e.g., population density, depression of income and tourist rate). 

 

5.1.1. Accurate predictors 

A precise behavioural prediction can be observed by attaining accurate predictors. Highlighting the 

frequency or significance level of the predictors was not aimed to determine their accuracy or power 

in predicting the behaviour. Popular or statistically significant determinants are not necessarily 

accurate predictors. Accurate predictors compatible with residential SPV uptake are obtained by a 

deep understanding of: (i) the community under study to determine individual predictors, (ii) the 

characteristics of the geographical location to determine social factors, and (iii) in-depth knowledge of 

economic and technical details to capture information parameters. Recognition of the materialistic 

levels of society, general behavioural attributes, affordability, and awareness and maturity of the 

technology can serve as a starting point of the identification process. This procedure of selecting a set 

of customised predictors for a particular situational context reflects that effective predictors in one 

community can be poor in another community. The choice also varies depending on whether the 

purpose is to predict the rate of adoption or to determine the relationship of variables to the adoption 

behaviour, given that “significant variables aren’t automatically good predictors” [138]. 

Another key challenge is pinpointing the predictors that control behaviour. As discussed in Section 

3.1.1, the research is limited and scattered in this area. When action controllers were included, only 

their controllability effects were discussed, while, in practice, a factor (e.g., affordability of the 

household) that controls behavioural disposition simultaneously forms attitude [91]. Future research 

could test to what extent and how these controllers can be manageable. Moreover, when there is a 

high intention to act and the household has control over the action, it seems important to investigate 

the hurdles that impede triggering the decision and the spark events that enable the decision [16, 88, 

139, 140]. 

 

5.1.2. Introduction of battery energy storage system 

The role and importance of batteries in the uptake of integrated SPV-BESS has not yet received 

significant research attention, since BESS is only just beginning to find its way into the mass market. 

When cost-effective BESS inevitably becomes available as the next wave of RE technology boom,  

the integration of BESS into SPV systems will place further research importance on having a deeper 

understanding on the influence of the evolving predictors. It is evident that the coupled SPV-BESS 

financial decision will change significantly from standalone SPV; however, what requires careful 

consideration is how attitudinal traits will transform. A good example is the change in the level of 

importance of variables such as ‘energy autonomy’ as a critical driver of intention to adopt SPV-

BESS. 
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The introduction of battery technology also shifts the dynamics of decision-making behaviour 

regarding a solar home purchase. As evidenced in [26, 71, 79, 141], the acquisition of solar energy 

can satisfy consumers’ environmental and personal values. Over the past decades, solar technology 

has been perceived as a widely accepted, environmentally friendly approach, while BESS is an 

energy-saving device that does not reduce electricity consumption. Whether individuals continue to 

perceive SPV-BESS as environmental technology or view it as a financial investment with no or less 

environmental value could change their attitude. There are still many unknowns on the long-term 

implications of widespread adoption of BESS (i.e. life cycle environmental impacts of batteries, etc.); 

presently, there is no consensus on their net contribution to the sustainability of the planetary 

environment. 

 

5.2. Taxonomy of household SPV uptake determinants 

The classification of household SPV uptake determinants in the literature is presently  limited to a 

small number of predictors [142, 143]. Structuring the whole list of predictors into an organised and 

informative format provides a user-friendly means for researchers and practitioners to understand the 

whole research phenomena. The taxonomy emphasised the importance of different influences and 

roles of scientific data and personal beliefs by distinguishing between the type of input data in shaping 

the attitudes of residential consumers. It also sought to provide a holistic insight into the whole picture 

of possible determinants and, subsequently, more efficient selection of determinants.  

Without trying to assert the developed taxonomy, we believe that this classification serves as a 

starting point for further research to grasp a clearer understanding of predictors. The present 

classification is not ideal, but is close to what it should be. An ideal taxonomy is challenging to 

formulate since a large proportion of the variables are multifunctional and interchangeable. For 

example, information channels, such as peers, could also be categorised as a social influence variable 

within the social construct. The herein conducted classification process was unable to distinguish 

between the background factors and main constructs of behaviour, and between generalised and 

detailed determinants. 

 

5.3. Future recommendations 

Despite the introduction of residential SPV units for more than five decades, about 65% of studies 

were completed during the past five years. This increasing interest should be maintained and 

disseminated. Further research augmented by in-depth behavioural parameters, models and data will 

propel an improved grasp of household behaviour, which could further facilitate concrete policy 

implications to promote effective managerial strategies. This review did not differentiate between 

predictors of mature and immature markets. Thus, future research needs to investigate the differences 

that exist in the types of used predictors, their roles and their significance in the decision process of 

each market. In addition, this review treated the determinants of retroactive and futuristic studies the 
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same. Future studies are encouraged to analyse the differences between the choice and nature of 

applied factors in each study type. 

In the reviewed studies, the variety and quality of the theoretical frameworks remained quite 

limited, while decision strategies were virtually non-existent. Moreover, the choice of factors in the 

literature was more researcher based, and the selection procedure was less discussed and justified. The 

dynamic interactions between the parameters within the predictors of the individual, social and 

information dimensions were not discussed to scrutinise how they evolve over time and which 

individual predictors face more change. These are just a few of the pivotal challenges that future 

studies need to address.  

 

Supplementary Information A 
The search keywords, temporal distribution of the reviewed articles, and results for vote counting 

are provided in the supplementary information A. 

 

Supplementary Information B 
A full list of the reviewed studies is provided in the supplementary information B. 

 

References 
[1] Alipour M, Hafezi R, Papageorgiou E, Hafezi M, Alipour M. Characteristics and 

scenarios of solar energy development in Iran: Fuzzy cognitive map-based approach. 
Renewable and Sustainable Energy Reviews. 2019;116:109410. 

[2] Alipour M, Sheykhan A. A vision for Iran’s fuel cell and hydrogen development. 
International journal of environmental science and technology. 2017;14:193-210. 

[3] Agnew S, Dargusch P. Effect of residential solar and storage on centralized electricity 
supply systems. Nature Climate Change. 2015;5:315. 

[4] Wolske KS, Stern PC, Dietz T. Explaining interest in adopting residential solar 
photovoltaic systems in the United States: Toward an integration of behavioral theories. 
Energy Research & Social Science. 2017;25:134-51. 

[5] Fishbein M, Ajzen I. Predicting and changing behavior: The reasoned action approach: 
Psychology Press; 2011. 

[6] Pickering C, Grignon J, Steven R, Guitart D, Byrne J. Publishing not perishing: how 
research students transition from novice to knowledgeable using systematic quantitative 
literature reviews. Studies in Higher Education. 2015;40:1756-69. 

[7] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic 
reviews and meta-analyses: the PRISMA statement. Annals of internal medicine. 
2009;151:264-9. 

[8] de Sena LA, Ferreira P, Braga AC. Social acceptance of wind and solar power in the 
Brazilian electricity system. Environment, development and sustainability. 2016;18:1457-76. 

[9] Cesta JR, Decker PG. Speeding solar energy commercialization: A Delphi research of 
marketplace factors. Journal of Business Research. 1978;6:311-28. 



36 

 

[10] Claudy MC, Michelsen C, O’Driscoll A, Mullen MR. Consumer awareness in the 
adoption of microgeneration technologies: an empirical investigation in the Republic of 
Ireland. Renewable and Sustainable Energy Reviews. 2010;14:2154-60. 

[11] Fischer C, Sauter R. Users as pioneers: Transformation in the electricity system, 
microCHP and the role of the users.  Proceedings Berlin Conference on Human Dimensions 
of Global Environmental Change2004. p. 319-37. 

[12] Sardianou E, Genoudi P. Which factors affect the willingness of consumers to adopt 
renewable energies? Renewable energy. 2013;57:1-4. 

[13] Scarpa R, Willis K. Willingness-to-pay for renewable energy: Primary and 
discretionary choice of British households' for micro-generation technologies. Energy 
Economics. 2010;32:129-36. 

[14] Park E, Ohm JY. Factors influencing the public intention to use renewable energy 
technologies in South Korea: Effects of the Fukushima nuclear accident. Energy Policy. 
2014;65:198-211. 

[15] Claudy MC, Michelsen C, O’Driscoll A. The diffusion of microgeneration 
technologies–assessing the influence of perceived product characteristics on home owners' 
willingness to pay. Energy Policy. 2011;39:1459-69. 

[16] Hai MA, Moula MME, Seppälä U. Results of intention-behaviour gap for solar 
energy in regular residential buildings in Finland. International Journal of Sustainable Built 
Environment. 2017;6:317-29. 

[17] Yamaguchi Y, Akai K, Shen J, Fujimura N, Shimoda Y, Saijo T. Prediction of 
photovoltaic and solar water heater diffusion and evaluation of promotion policies on the 
basis of consumers’ choices. Applied energy. 2013;102:1148-59. 

[18] Simpson G. Looking beyond incentives: the role of champions in the social 
acceptance of residential solar energy in regional Australian communities. Local 
Environment. 2018;23:127-43. 

[19] Dóci G, Vasileiadou E. “Let׳ s do it ourselves” Individual motivations for investing in 
renewables at community level. Renewable and sustainable energy reviews. 2015;49:41-50. 

[20] Balcombe P, Rigby D, Azapagic A. Investigating the importance of motivations and 
barriers related to microgeneration uptake in the UK. Applied Energy. 2014;130:403-18. 

[21] Li X, Li H, Wang X. Farmers' willingness to convert traditional houses to solar 
houses in rural areas: A survey of 465 households in Chongqing, China. Energy policy. 
2013;63:882-6. 

[22] Kowalska-Pyzalska A. An empirical analysis of green electricity adoption among 
residential consumers in Poland. Sustainability. 2018;10:2281. 

[23] Varela-Margolles A, Onsted J. Do incentives work? An analysis of residential solar 
energy adoption in Miami-Dade County, Florida. southeastern geographer. 2014;54:18-35. 

[24] Faiers A, Neame C. Consumer attitudes towards domestic solar power systems. 
Energy Policy. 2006;34:1797-806. 

[25] Chen KK. Assessing the effects of customer innovativeness, environmental value and 
ecological lifestyles on residential solar power systems install intention. Energy Policy. 
2014;67:951-61. 

[26] Poortinga W, Spence A, Demski C, Pidgeon NF. Individual-motivational factors in 
the acceptability of demand-side and supply-side measures to reduce carbon emissions. 
Energy Policy. 2012;48:812-9. 

[27] Sriwannawita P, Laestadiusb S. Determinants of the Diffusion of Solar Home 
Systems: Case Study among Low-Income Inhabitants in Bangladesh. Energy & Environment. 
2015;26:803-16. 



37 

 

[28] van der Kam M, Meelen A, van Sark W, Alkemade F. Diffusion of solar photovoltaic 
systems and electric vehicles among Dutch consumers: Implications for the energy transition. 
Energy research & social science. 2018;46:68-85. 

[29] Hansen SB, Padfield R, Syayuti K, Evers S, Zakariah Z, Mastura S. Trends in global 
palm oil sustainability research. Journal of Cleaner Production. 2015;100:140-9. 

[30] Phan TD, Smart JC, Capon SJ, Hadwen WL, Sahin O. Applications of Bayesian 
belief networks in water resource management: a systematic review. Environmental 
modelling & software. 2016;85:98-111. 

[31] Patroni J, Simpson G, Newsome D. Feeding wild fish for tourism—A systematic 
quantitative literature review of impacts and management. International Journal of Tourism 
Research. 2018;20:286-98. 

[32] Cheng M, Edwards D, Darcy S, Redfern K. A tri-method approach to a review of 
adventure tourism literature: Bibliometric analysis, content analysis, and a quantitative 
systematic literature review. Journal of Hospitality & Tourism Research. 2018;42:997-1020. 

[33] Pattanayak SK, Mercer DE, Sills E, Yang J-C. Taking stock of agroforestry adoption 
studies. Agroforestry systems. 2003;57:173-86. 

[34] Shafiullah GM, Oo AMT, Stojcevski A, Ali A. Integration of roof-top solar 
photovoltaic systems into the low voltage distribution network. Journal of Renewable and 
Sustainable Energy. 2014;6. 

[35] Kesari B, Atulkar S, Pandey S. Consumer Purchasing Behaviour towards Eco-
Environment Residential Photovoltaic Solar Lighting Systems. Global Business Review. 
2018:0972150918795550. 

[36] Karakaya E, Hidalgo A, Nuur C. Motivators for adoption of photovoltaic systems at 
grid parity: A case study from Southern Germany. Renewable and Sustainable Energy 
Reviews. 2015;43:1090-8. 

[37] Wilson C, Dowlatabadi H. Models of decision making and residential energy use. 
Annual review of environment and resources. 2007;32. 

[38] Rogers EM. Diffusion of innovations: Simon and Schuster; 2010. 
[39] Karjalainen S, Ahvenniemi H. Pleasure is the profit-The adoption of solar PV 

systems by households in Finland. Renewable Energy. 2019;133:44-52. 
[40] Thiangtam S. An analysis of factors influencing consumers’ intention to install solar 

power system with reference to evidence from Thailand. International Journal of Technology 
Management & Sustainable Development. 2016;15:239-52. 

[41] Yun S, Lee J. Advancing societal readiness toward renewable energy system adoption 
with a socio-technical perspective. Technological Forecasting and Social Change. 
2015;95:170-81. 

[42] Vasseur V, Kemp R. The adoption of PV in the Netherlands: A statistical analysis of 
adoption factors. Renewable and sustainable energy reviews. 2015;41:483-94. 

[43] Palm J. Household installation of solar panels–Motives and barriers in a 10-year 
perspective. Energy Policy. 2018;113:1-8. 

[44] Palm J, Tengvard M. Motives for and barriers to household adoption of small-scale 
production of electricity: examples from Sweden. Sustainability: Science, Practice and 
Policy. 2011;7:6-15. 

[45] Hampton G, Eckermann S. The promotion of domestic grid-connected photovoltaic 
electricity production through social learning. Energy, Sustainability and Society. 2013;3:23. 

[46] Sommerfeld J, Buys L, Vine D. Residential consumers’ experiences in the adoption 
and use of solar PV. Energy Policy. 2017;105:10-6. 

[47] Bondio S, Shahnazari M, McHugh A. The technology of the middle class: 
Understanding the fulfilment of adoption intentions in Queensland's rapid uptake residential 
solar photovoltaics market. Renewable and Sustainable Energy Reviews. 2018;93:642-51. 



38 

 

[48] Hoque SN, Kumar S. User Perspectives of Photovoltaic Micro utility Systems 
Installed at the Rural Areas in Bangladesh. International Journal of Renewable Energy 
Research (IJRER). 2015;5:708-15. 

[49] Khalil I, Khattak A, Ahsan MU. Solar PV adoption for homes (A case of Peshawar, 
Pakistan).  Recent Advances in Electrical Engineering (RAEE), 2017 International 
Symposium on: IEEE; 2017. p. 1-6. 

[50] Urpelainen J. Energy poverty and perceptions of solar power in marginalized 
communities: Survey evidence from Uttar Pradesh, India. Renewable Energy. 2016;85:534-9. 

[51] Baulch B, Duong Do T, Le T-H. Constraints to the uptake of solar home systems in 
Ho Chi Minh City and some proposals for improvement. Renewable Energy. 2018;118:245-
56. 

[52] Rai V, Robinson SA. Agent-based modeling of energy technology adoption: 
Empirical integration of social, behavioral, economic, and environmental factors. 
Environmental Modelling & Software. 2015;70:163-77. 

[53] Alyousef A, Adepetu A, de Meer H. Analysis and model-based predictions of solar 
PV and battery adoption in Germany: an agent-based approach. Computer Science-Research 
and Development. 2017;32:211-23. 

[54] Adepetu A, Alyousef A, Keshav S, de Meer H. Comparing solar photovoltaic and 
battery adoption in Ontario and Germany: an agent-based approach. Energy Informatics. 
2018;1:6. 

[55] Macal CM, Graziano DJ, Ozik J. Modeling Solar PV Adoption: A Social-Behavioral 
Agent-Based Framework.  2014 AAAI Fall Symposium Series2014. 

[56] Robinson SA, Rai V. Determinants of spatio-temporal patterns of energy technology 
adoption: An agent-based modeling approach. Applied Energy. 2015;151:273-84. 

[57] Aklin M, Bayer P, Harish S, Urpelainen J. Economics of household technology 
adoption in developing countries: Evidence from solar technology adoption in rural India. 
Energy Economics. 2018;72:35-46. 

[58] Mittal A, Huang W, Krejci CC. Consumer-adoption modeling of distributed solar 
using an agent-based approach.  Proceedings of the 2017 International Conference of The 
Computational Social Science Society of the Americas: ACM; 2017. p. 22. 

[59] Korcaj L, Hahnel UJ, Spada H. Intentions to adopt photovoltaic systems depend on 
homeowners' expected personal gains and behavior of peers. Renewable Energy. 
2015;75:407-15. 

[60] Ahmad S, Mat Tahar Rb, Cheng JK, Yao L. Public acceptance of residential solar 
photovoltaic technology in Malaysia. PSU Research Review. 2017;1:242-54. 

[61] Rai V, Beck AL. Public perceptions and information gaps in solar energy in Texas. 
Environmental Research Letters. 2015;10. 

[62] Claudy MC, Peterson M, O’Driscoll A. Understanding the attitude-behavior gap for 
renewable energy systems using behavioral reasoning theory. Journal of Macromarketing. 
2013;33:273-87. 

[63] Curtius HC, Hille SL, Berger C, Hahnel UJJ, Wüstenhagen R. Shotgun or snowball 
approach? Accelerating the diffusion of rooftop solar photovoltaics through peer effects and 
social norms. Energy Policy. 2018;118:596-602. 

[64] Kim H, Park E, Kwon SJ, Ohm JY, Chang HJ. An integrated adoption model of solar 
energy technologies in South Korea. Renewable energy. 2014;66:523-31. 

[65] Abdullah, Zhou D, Shah T, Jebran K, Ali S, Ali A, et al. Acceptance and willingness 
to pay for solar home system: Survey evidence from northern area of Pakistan. Energy 
Reports. 2017;3:54-60. 

[66] Guo Q, Song H-l. A Study on Willingness of Chinese Housing Residents to Adopt 
Solar Photovoltaic Power Generation. The Anthropologist. 2015;22:1-14. 



39 

 

[67] Urpelainen J, Yoon S. Solar home systems for rural India: Survey evidence on 
awareness and willingness to pay from Uttar Pradesh. Energy for sustainable development. 
2015;24:70-8. 

[68] Tsantopoulos G, Arabatzis G, Tampakis S. Public attitudes towards photovoltaic 
developments: Case study from Greece. Energy Policy. 2014;71:94-106. 

[69] Solangi KH, Saidur R, Luhur MR, Aman MM, Badarudin A, Kazi SN, et al. Social 
acceptance of solar energy in Malaysia: users’ perspective. Clean Technologies and 
Environmental Policy. 2015;17:1975-86. 

[70] Berger W. The technical and behavioural potential for solar energy—a case study for 
the town of Lusk/Ireland. Renewable energy. 1998;13:55-66. 

[71] Pandey S, Kesari B. Consumer purchase behaviour of solar equipments: Paradigm 
shift towards the ecological motivation among rural working consumers in developing 
countries. Journal of Advanced Research in Dynamical and Control Systems. 2018;10:363-
75. 

[72] Robinson SA, Stringer M, Rai V, Tondon A. GIS-integrated agent-based model of 
residential solar PV diffusion.  32nd USAEE/IAEE North American Conference2013. p. 28-
31. 

[73] Islam T. Household level innovation diffusion model of photo-voltaic (PV) solar cells 
from stated preference data. Energy Policy. 2014;65:340-50. 

[74] Palmer J, Sorda G, Madlener R. Modeling the diffusion of residential photovoltaic 
systems in italy: An agent-based simulation. Technological Forecasting and Social Change. 
2015;99:106-31. 

[75] Simpson G, Clifton J. Testing diffusion of innovations theory with data: financial 
incentives, early adopters, and distributed solar energy in Australia. Energy Research & 
Social Science. 2017;29:12-22. 

[76] Klingler A-L. Self-consumption with PV+ Battery systems: A market diffusion model 
considering individual consumer behaviour and preferences. Applied Energy. 
2017;205:1560-70. 

[77] Pathania AK, Goyal B, Saini JR. Diffusion of adoption of solar energy–a structural 
model analysis. Smart and Sustainable Built Environment. 2017;6:66-83. 

[78] Wolske KS, Todd A, Rossol M, McCall J, Sigrin B. Accelerating demand for 
residential solar photovoltaics: Can simple framing strategies increase consumer interest? 
Global Environmental Change. 2018;53:68-77. 

[79] Braito M, Flint C, Muhar A, Penker M, Vogel S. Individual and collective socio-
psychological patterns of photovoltaic investment under diverging policy regimes of Austria 
and Italy. Energy Policy. 2017;109:141-53. 

[80] Strazzera E, Statzu V. Fostering photovoltaic technologies in Mediterranean cities: 
Consumers’ demand and social acceptance. Renewable energy. 2017;102:361-71. 

[81] Funkhouser E, Blackburn G, Magee C, Rai V. Business model innovations for 
deploying distributed generation: The emerging landscape of community solar in the U.S. 
Energy Research & Social Science. 2015;10:90-101. 

[82] Palm J, Eriksson E. Residential solar electricity adoption: how households in Sweden 
search for and use information. Energy, Sustainability and Society. 2018;8:14. 

[83] Busic-Sontic A, Fuerst F. Does your personality shape your reaction to your 
neighbours’ behaviour? A spatial study of the diffusion of solar panels. Energy and 
Buildings. 2018;158:1275-85. 

[84] Barrie J, Cruickshank HJ. Shedding light on the last mile: A study on the diffusion of 
Pay As You Go Solar Home Systems in Central East Africa. Energy Policy. 2017;107:425-
36. 



40 

 

[85] Reinsberger K, Brudermann T, Hatzl S, Fleiß E, Posch A. Photovoltaic diffusion 
from the bottom-up: Analytical investigation of critical factors. Applied energy. 
2015;159:178-87. 

[86] Walters JP, Kaminsky J, Huepe C. Factors Influencing Household Solar Adoption in 
Santiago, Chile. Journal of Construction Engineering and Management. 2018;144:05018004. 

[87] Vasseur V, Kemp R. A segmentation analysis: the case of photovoltaic in the 
Netherlands. Energy Efficiency. 2015;8:1105-23. 

[88] Rai V, Reeves DC, Margolis R. Overcoming barriers and uncertainties in the 
adoption of residential solar PV. Renewable Energy. 2016;89:498-505. 

[89] Mittal A, Krejci CC. Integrating consumer preferences in renewable energy 
expansion planning using agent-based modeling.  Proceedings of the 2017 Winter Simulation 
Conference: IEEE Press; 2017. p. 218. 

[90] Jager W. Stimulating the diffusion of photovoltaic systems: A behavioural 
perspective. Energy Policy. 2006;34:1935-43. 

[91] Ajzen I. The theory of planned behavior. Organizational behavior and human 
decision processes. 1991;50:179-211. 

[92] Candas S, Siala K, Hamacher T. Sociodynamic modeling of small-scale PV adoption 
and insights on future expansion without feed-in tariffs. Energy Policy. 2019;125:521-36. 

[93] Ford R, Walton S, Stephenson J, Rees D, Scott M, King G, et al. Emerging energy 
transitions: PV uptake beyond subsidies. Technological Forecasting and Social Change. 
2017;117:138-50. 

[94] Walters J, Kaminsky J, Gottschamer L. A Systems Analysis of Factors Influencing 
Household Solar PV Adoption in Santiago, Chile. Sustainability. 2018;10. 

[95] Islam T, Meade N. The impact of attribute preferences on adoption timing: The case 
of photo-voltaic (PV) solar cells for household electricity generation. Energy Policy. 
2013;55:521-30. 

[96] Walters JP, Kaminsky J, Huepe C. Factors Influencing Household Solar Adoption in 
Santiago, Chile. Journal of Construction Engineering and Management. 2018;144. 

[97] Simpson G, Clifton J. The emperor and the cowboys: The role of government policy 
and industry in the adoption of domestic solar microgeneration systems. Energy Policy. 
2015;81:141-51. 

[98] Rai V, Robinson SA. Effective information channels for reducing costs of 
environmentally-friendly technologies: evidence from residential PV markets. Environmental 
Research Letters. 2013;8. 

[99] Aklin M, Bayer P, Harish SP, Urpelainen J. Economics of household technology 
adoption in developing countries: Evidence from solar technology adoption in rural India. 
Energy Economics. 2018;72:35-46. 

[100] McEachern M, Hanson S. Socio-geographic perception in the diffusion of 
innovation: Solar energy technology in Sri Lanka. Energy Policy. 2008;36:2578-90. 

[101] Palm J, Eriksson E. Residential solar electricity adoption: how households in 
Sweden search for and use information. Energy Sustainability and Society. 2018;8. 

[102] Bashiri A, Alizadeh SH. The analysis of demographics, environmental and 
knowledge factors affecting prospective residential PV system adoption: A study in Tehran. 
Renewable and Sustainable Energy Reviews. 2018;81:3131-9. 

[103] Strazzera E, Statzu V. Fostering photovoltaic technologies in Mediterranean cities: 
Consumers' demand and social acceptance. Renewable Energy. 2017;102:361-71. 

[104] Kwan CL. Influence of local environmental, social, economic and political variables 
on the spatial distribution of residential solar PV arrays across the United States. Energy 
Policy. 2012;47:332-44. 



41 

 

[105] Crago C, Chernyakhovskiy I. Solar PV technology adoption in the United States: an 
empirical investigation of state policy effectiveness. 2014. 

[106] Zahran S, Brody SD, Vedlitz A, Lacy MG, Schelly CL. Greening local energy: 
explaining the geographic distribution of household solar energy use in the United States. 
Journal of the American Planning Association. 2008;74:419-34. 

[107] Parkins JR, Rollins C, Anders S, Comeau L. Predicting intention to adopt solar 
technology in Canada: The role of knowledge, public engagement, and visibility. Energy 
policy. 2018;114:114-22. 

[108] Graziano M, Gillingham K. Spatial patterns of solar photovoltaic system adoption: 
the influence of neighbors and the built environment. Journal of Economic Geography. 
2014;15:815-39. 

[109] Briguglio M, Formosa G. When households go solar: Determinants of uptake of a 
Photovoltaic Scheme and policy insights. Energy Policy. 2017;108:154-62. 

[110] Graziano M, Fiaschetti M, Atkinson-Palombo C. Peer effects in the adoption of 
solar energy technologies in the United States: An urban case study. Energy Research & 
Social Science. 2019;48:75-84. 

[111] De Groote O, Pepermans G, Verboven F. Heterogeneity in the adoption of 
photovoltaic systems in Flanders. Energy economics. 2016;59:45-57. 

[112] Crago CL, Chernyakhovskiy I. Are policy incentives for solar power effective? 
Evidence from residential installations in the Northeast. Journal of Environmental Economics 
and Management. 2017;81:132-51. 

[113] Sultan V, Alsamani B, Alharbi N, Alsuhaibany Y, Alzahrani M. A predictive model 
to forecast customer adoption of rooftop solar.  2016 4th International Symposium on 
Computational and Business Intelligence (ISCBI): IEEE; 2016. p. 33-44. 

[114] Kurdgelashvili L, Shih C-H, Yang F, Garg M. An empirical analysis of county-level 
residential PV adoption in California. Technological Forecasting and Social Change. 
2019;139:321-33. 

[115] Langheim R. Third Party-Owned PV Systems: Understanding Market Diffusion 
with Geospatial Tools.  2014 AAAI Fall Symposium Series2014. 

[116] Drury E, Miller M, Macal CM, Graziano DJ, Heimiller D, Ozik J, et al. The 
transformation of southern California's residential photovoltaics market through third-party 
ownership. Energy Policy. 2012;42:681-90. 

[117] Bollinger B, Gillingham K. Peer effects in the diffusion of solar photovoltaic panels. 
Marketing Science. 2012;31:900-12. 

[118] Davidson C, Drury E, Lopez A, Elmore R, Margolis R. Modeling photovoltaic 
diffusion: an analysis of geospatial datasets. Environmental Research Letters. 2014;9:074009. 

[119] Richter L-L. Social effects in the diffusion of solar photovoltaic technology in the 
UK. 2013. 

[120] Zhao J, Mazhari E, Celik N, Son Y-J. Hybrid agent-based simulation for policy 
evaluation of solar power generation systems. Simulation Modelling Practice and Theory. 
2011;19:2189-205. 

[121] Zhang H, Vorobeychik Y, Letchford J, Lakkaraju K. Predicting rooftop solar 
adoption using agent-based modeling.  2014 AAAI Fall Symposium Series2014. 

[122] Zimmermannová J, Pawliczek A, Čermák P. Public support of solar electricity and 
its impact on households-prosumers. Organizacija. 2018;51:4-19. 

[123] Adepetu A, Keshav S. Understanding solar PV and battery adoption in Ontario: an 
agent-based approach.  Proceedings of the Seventh International Conference on Future 
Energy Systems: ACM; 2016. p. 5. 



42 

 

[124] Iachini V, Borghesi A, Milano M. Agent Based Simulation of Incentive 
Mechanisms on Photovoltaic Adoption. In: Gavanelli M, Lamma E, Riguzzi F, editors. Ai*Ia 
2015: Advances in Artificial Intelligence2015. p. 136-48. 

[125] Huaylla F, Berrah L, Cliville V. A Decision-Aiding Approach for Residential 
PhotoVoltaic System Choice: An Application to the French Context. Berlin, Heidelberg: 
Springer Berlin Heidelberg; 2013. p. 232-9. 

[126] Sigrin B, Drury E. Diffusion into new markets: economic returns required by 
households to adopt rooftop photovoltaics.  2014 AAAI Fall Symposium Series2014. 

[127] Dharshing S. Household dynamics of technology adoption: A spatial econometric 
analysis of residential solar photovoltaic (PV) systems in Germany. Energy Research & 
Social Science. 2017;23:113-24. 

[128] Yamaguchi Y, Akai K, Shen JY, Fujimura N, Shimoda Y, Saijo T. Prediction of 
photovoltaic and solar water heater diffusion and evaluation of promotion policies on the 
basis of consumers' choices. Applied Energy. 2013;102:1148-59. 

[129] Radomes AA, Arango S. Renewable energy technology diffusion: an analysis of 
photovoltaic-system support schemes in Medellín, Colombia. Journal of Cleaner Production. 
2015;92:152-61. 

[130] Frischknecht BD, Whitefoot K. Defining Technology-Adoption Indifference Curves 
for Residential Solar Electricity Generation Using Stated Preference Experiments. 2011:395-
404. 

[131] Abe N, Ishio J, Katatani T, Mukai T. Consumer Perceptions and Acceptance of PV 
Systems with Energy Storage.  Solar Energy Storage: Elsevier; 2015. p. 273-88. 

[132] Boumaiza A, Abbar S, Mohandes N, Sanfilippo A. Modeling the Impact of 
Innovation Diffusion on Solar PV Adoption in City Neighborhoods. International Journal of 
Renewable Energy Research (IJRER). 2018;8:1749-61. 

[133] Varabyova Y, Blankart CR, Greer AL, Schreyögg J. The determinants of medical 
technology adoption in different decisional systems: a systematic literature review. Health 
Policy. 2017;121:230-42. 

[134] Turner C, O'Gorman B, Nair A, O'Kearney R. Moderators and predictors of 
response to cognitive behaviour therapy for pediatric obsessive-compulsive disorder: a 
systematic review. Psychiatry research. 2018;261:50-60. 

[135] Jeyaraj A, Rottman JW, Lacity MC. A review of the predictors, linkages, and biases 
in IT innovation adoption research. Journal of information technology. 2006;21:1-23. 

[136] Blank C, Kopp M, Niedermeier M, Schnitzer M, Schobersberger W. Predictors of 
doping intentions, susceptibility, and behaviour of elite athletes: a meta-analytic review. 
SpringerPlus. 2016;5:1333. 

[137] Satapathy S, Sangle S, Unnikrishnan S. Determinants of technology-based product 
adoption by consumers. World Review of Science, Technology and Sustainable 
Development. 2018;14:85-99. 

[138] Lo A, Chernoff H, Zheng T, Lo S-H. Why significant variables aren’t automatically 
good predictors. Proceedings of the National Academy of Sciences. 2015;112:13892-7. 

[139] Reeves DC, Rai V. Strike while the rebate is hot: Savvy consumers and strategic 
technology adoption timing. Energy Policy. 2018;121:325-35. 

[140] Reeves DC, Rai V, Margolis R. Evolution of consumer information preferences with 
market maturity in solar PV adoption. Environmental Research Letters. 2017;12:074011. 

[141] Hartmann P, Apaolaza-Ibáñez V. Consumer attitude and purchase intention toward 
green energy brands: The roles of psychological benefits and environmental concern. Journal 
of business Research. 2012;65:1254-63. 



43 

 

[142] Ding Z, Jiang X, Liu Z, Long R, Xu Z, Cao Q. Factors affecting low-carbon 
consumption behavior of urban residents: a comprehensive review. Resources, Conservation 
and Recycling. 2018;132:3-15. 

[143] Kastner I, Stern PC. Examining the decision-making processes behind household 
energy investments: A review. Energy Research & Social Science. 2015;10:72-89. 
 
 


	Abstract
	1. Introduction
	2. Method
	2.1. Identification and taxonomy of determinants
	2.1.1. Taxonomy
	2.1.2. Frequency use
	2.2. Vote-counting method

	3. Determinants of residential solar technology adoption
	3.1. Taxonomy of determinants
	3.1.1. Individual predictors
	3.1.2. Social predictors
	3.1.3. Information predictors
	3.2. Social versus information versus individual predictors

	4. Correlation of predictors with the behaviour
	5. Discussion and conclusion
	5.1. Identified determinants: advantages, limitations and challenges
	5.1.1. Accurate predictors
	5.1.2. Introduction of battery energy storage system
	5.2. Taxonomy of household SPV uptake determinants
	5.3. Future recommendations

	Supplementary Information A
	Supplementary Information B
	References

