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Abstract 
 

The demand of going green with green energy in the global context has risen the significance of household behavioral aspects towards 

utilization of solar energy. The infrastructural difficulties and behavioral obstacles have influenced the demand of sustainable energy 

alternatives. Residential areas are adopting solar energy systems as an unconventional energy source. To examine the effects behavioral 

and technological factors on the adoption of solar energy systems at the household level. In this research, the quantitative method was used 

and was based on the Technology Acceptance Model (TAM) and the Theory of Planned Behavior (TPB). The model aimed at analyzing 

the extent to which Solar Perceived Usefulness (SPU), Perceived Ease of Use (PEU), Attitude (A), Subjective Norm (SN) and Perceived 

Behavioral Control (PBC) had significant effects on Behavioral Intention to Adopt Green Energy (BIAGE) and Use Behavior (UB) among 

households. SmartPLS was used to test the structural model utilizing the data which was gathered in households in the state of Bihar. The 

results of the empirical studies showed that the Attitude, Subjective Norm, and Perceived Behavioral Control had a strong impact on the 

Behavioral Intention that further influenced the Use Behavior. Furthermore, it was discovered that Perceived Ease of Use and Solar Per-

ceived Usefulness positively and significantly affected Attitude and Behavioral Intention account 36.1 percent. The results support the 

integrative potentials of TAM and TPB in explaining the behavior intentions of adopting solar energy. Through the research work, a 

contribution has been made to the extant discourse on the energy shifts to sustainability, with the social influence, attitudinal positivity and 

perception and control of behavior all playing a composite role toward establishing the intent towards household adoption. 

 
Keywords: Solar Energy Adoption; Technology Acceptance Model (TAM); Theory of Planned Behavior (TPB); Behavioral Intention, Renewable Energy; 
Household Adoption. 

1. Introduction 

In light of ongoing energy challenges and rising environmental issues, the Government of India, with the backing of international organi-

zations, has progressively advocated for solar energy as a practical and sustainable alternative for traditional energy sources (Raihan et al., 

2024). (Elkhatat and Al-Muhtaseb., 2024) state that numerous regional and national programs have been implemented to reduce energy 

dependence and advance environmental sustainability in the long term. The government has launched household-focused solar energy 

projects in an effort to promote a transition to sustainable energy and alleviate the strain on centralized systems (IEA, 2023; UNDP, 2022). 

As a result, patterns of energy usage have shifted among individuals, impacting routine behavior and attitudes. Particularly, the shift in user 

behavior has highlighted the critical roles that awareness have in driving the use of solar energy (Wall et al., 2021; Awais et al., 2022). 

It is noteworthy that the research on sustainable technology adoption suggests that behavioural patterns evolve in response to national 

policy changes and global environmental constraints (Baum and Gross, 2016; Sovacool et al., 2022; Kumar et al., 2024; Zaidan et al., 

2025). To comply with this, solar technology has been incorporated to combat power scarcity and maximize the level of power independ-

ence by a number of ways (Yadav et al., 2019). Although the use of solar technologies in many households was due to economic or 

infrastructural demand, others showed skepticism despite access and availability (Karakaya and Sriwannawit, 2015; Kyere et al., 2024; 

Qureshi et al., 2017). The ambiguity points out to the need to explore behavioral factors that are not necessarily about financial or techno-

logical aspects. Thus, the shift towards solar energy on the household level may not only be observed as a reasonable economic choice but, 

in fact, as the expression of various values and attitudes (Muwanga et al., 2024; Poier, 2021). 

Solar technology has therefore become a viable option to access energy. Although technologies have contributed to making solar systems 

more visible and functional, a gap remains in relation with perspectives, acceptance, and maintenance of use of such technology by the 

user. Limited studies have over the years demonstrated the significance of awareness and affordability in regard to green energy choices. 

However, the current paper on the adoption of solar energy primarily focuses on the TPB and TAM models among households. 

The identified gaps present a valuable opportunity for deeper investigation into user behavior concerning the use of solar energy. The 

pressing demand for environmental action, linked with the growing availability of solar energy sources, provides a significant framework 

for analyzing household behavior from technological perspectives. Yet, significant constraints exist within the existing methodology for 

http://creativecommons.org/licenses/by/3.0/
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the distribution of solar energy. Initially, numerous adoption campaigns fail to incorporate personalized engagement and neglect the expe-

riential dimension of utilizing solar energy. Secondly, many initiatives tend to focus on technology or incentives, often neglecting to ade-

quately consider the attitudes of users. The study examines the factors influencing user behavior in the use of solar energy among house-

holds. 

Thus, the contribution of the study is: 

a) To investigate the influence of perceived usefulness and perceived ease of use on household attitude toward solar energy. 

b) To explores the effect of attitude, subjective norm, and perceived behavioral control on behavioral intention to adopt solar energy 

among households. 

c) To examine the mediating role of behavioral intention in shaping the use behavior of solar energy within the integrated TAM–TPB 

framework. 

This study conducted empirical investigation among households in selected districts of Bihar, a region identified as strategically important 

for India’s renewable energy goals under Sustainable Development Goal 7 (SDG7). This paper serves as a contribution to the wider dis-

cussion of renewable transition by addressing a critical gap in user-focused adoption research. In particular, the study modifies conventional 

models of technology adoption and explores them empirically. Finally, based on previous research, we examine the effect of technology 

adoption and use behaviour, in shaping household responses to solar energy systems. 

The rest of the paper include theoretical background and development of hypotheses, testing of the model using responses of 385 household 

subjects, and discussion of the practical and theoretical implications. 

2. Theoretical Framework and Hypothesis Formulation 

2.1. Solar energy adoption and household use behavior 

Solar energy systems represent a decentralized and eco-friendly strategy for addressing urgent environmental and energy security issues 

(Mperejekumana et al., 2024). They are increasingly advocated as effective energy solutions for households, particularly in areas where 

traditional electricity supply is inconsistent or harmful to the environment (Bazmi & Zahedi, 2011; Omer, 2007). A diverse array of studies 

explores the usage of solar energy and patterns in household consumption, covering areas which include rural electrifying (Ukoba et al., 

2024), sustainable consumption (Kapoor & Dwivedi, 2020; Spaargaren, 2003), urban energy planning (De Pascali & Bagaini, 2018; Esfandi 

et al., 2024), and behavioral energy research (Zhou & Yang, 2016). According to this study, households use solar-based solutions to meet 

their daily energy needs through a process known as adoption of solar energy. Prior studies have observed the behavioral, technological, 

and socio-economic aspects of solar energy use (Elmustapha et al., 2018; Maqbool & Akubo, 2022).  

2.2 The TPB and TAM model 

The adoption of solar energy has gained significant attention from scholars in recent years. Researchers have suggested multiple models to 

elucidate technology adoption and behavioral intention. The study revealed that the (TAM) and the (TPB) are the most extensively studied 

frameworks. (Davis, 1989) developed TAM by proposing (PU) and (PEU) as core determinants of user acceptance. On the other hand, TPB 

builds upon the Theory of Reasoned Action (TRA), developed by Ajzen in 1991, includes Attitude, Subjective Norms, and Perceived 

Behavioral Control as key constructs predictors of intention and behavior (Conner, 2001). 

According to our investigation, bibliometric analysis was conducted using VOSviewer software in (Fig. 1). Numerous papers on these 

model and their integrated application appeared in Scopus-indexed journals. Using these models, cluster analysis revealed that empirical 

studies were conducted in different contexts and researchers used different constructs such as attitude, intention, motivation, sustainability, 

sustainable development, perception, user acceptance, survey, survey and questionnaire, trust, innovations, adoption, and humans. 

 

 
Fig. 1: Keyword Analysis. 
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However, the (TAM) and the (TPB) offer a robust theoretical framework for examining solar energy adoption, both models include specific 

limitations pertinent to this research. According to (Benbasat and Barki; 2007), TAM has come beneath concern for their primary attention 

on technology aspects like SPU and PEU, which may obscure more significant sociocultural and contextual elements that affect household 

solar decisions. Similarly, TPB posits that ATT, SN, and PBC function as consistent and logical predictors, despite the fact that actual 

household energy behavior is frequently influenced by structural limitations, habitual patterns, and emotional factors (Sniehotta et al., 

2014). This literature review addresses these limitations by categorizing previous findings into technological factors (SPU, PEU), psycho-

logical factors (ATT, PBC), and socio-cultural factors (SN), thereby providing a comprehensive foundation for analyzing BIAGE and UB. 

The present study combined TAM–TPB model is thus used as the theoretical foundation. Figure 2 displays the conceptual framework and 

the hypothesized relationships among the variables considered. Researcher have revealed a significant role of attitude towards environ-

mental concern on intention behaviour and use behaviour (Fazal et al., 2023; Katoch & A Rana, 2023; O Fatoki, 2022).  

 

 
Fig. 2: Conceptual Model (Ajzen, 1991; Davis, 1989). 

2.3. Solar perceived usefulness (SPU) 

Perceived usefulness (PU) refers to the way in which a person believes that adopting a given technology will enhance task enactment (R. 

Saadé & Bahli, 2005; R. G. Saadé, 2007. Also, PU reflects the household's belief that installing and using solar systems will significantly 

improve energy availability, reduce electricity costs, and contribute to environmental sustainability. Indeed, the majority concurred that 

using green energy may raise living standards and energy security in Bihar while reducing the detrimental impact of fossil fuels. 

Thus, we hypothesize:  

H1: Solar perceived usefulness favorably influences attitude towards solar energy. 

2.4. Perceived ease of use (PEU) 

The influence of perceived value on the attitude towards embracing solar energy was remarkably common across all investigations (Asif 

et al., 2023; Baharoon et al., 2016; Faiers & Neame, 2006; Kim et al., 2014; Muwanga et al., 2024; Zulu et al., 2022). The introduction to 

the PEU is recognized as a crucial determinant in predicting an individual’s intention to use a specific technology (Dadhich et al., 2023). 

A key impediment to the use of solar energy can be a lack of knowledge and consumer awareness (HARC., 2024). Hence, we hypothesize 

that: 

H2: Attitude toward solar energy is positively influenced by perceived ease of use. 

2.5. Attitude toward use 

An additional fundamental aspect of technology adoption is that people are more inclined to use technology if beneficial (Sachdeva et al., 

2025). Numerous research have demonstrated that actual usage behavior is still significantly influenced by one's attitude toward technology 

(Au & Enderwick, 2000; Edison & Geissler, 2003; Tavares et al., 2017; Kim et al., 2009). Therefore, households' attitudes are positively 

shaped when they believe solar technology is beneficial and effortless to include in routine perspective. It is evident that an individual's 

attitude towards solar energy affects the intention to use green energy technology; yet, certain studies indicate the contrary (Liobikienė et 

al., 2021). 

Thus, we developed the following hypotheses: 

H3: The intention to use solar energy is positively influenced by attitude. 

H4: Attitude has a positive impact on users' behaviour to use solar energy. 

2.6. Subjective norm 

Subjective Norms, as defined by Ajzen in 1991, pertain to the notion of social pressure influencing the decision to participate from a 

particular behavior. The development of these SN is greatly influenced by peers, family, and friends (Wang et al., 2023). SN have been 

indicated to have a huge impact on people's green purchasing decisions (Chauhan & Bhagat, 2018; Nguyen et al., 2023; Xu et al., 2022). 

Several research have shown how SN can influence behavior (Fang et al., 2021; Li et al., 2021; Lundheim et al., 2021). Yet, a limited 

number of investigations have recognized that not all research has identified a notable impact of this structure. For instance, researcher has 

found that SN insignificantly affect people’s intention to adopt renewable energy (Adnan, 2024; Camilleri et al., 2023; Zahari & Esa, 2018). 

Thus, it is hypothesized as follows: 

H5: Subjective norms favorably influence the intention to adopt solar energy. 
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2.7. Perceived behavioral control (PBC) 

In the TPB, perceived behavioral control refers to an individual's belief regarding the extent of control they possess over a particular 

behavior (Smith & Doe, 2025). Instead of focusing on the actual control, TPB emphasizes the perceived control, which is defined as the 

ease or difficulty of performing the behavior (Richards & Johnson, 2014). This is called perceived behavioural control. The core idea is 

that individuals are more inclined to engage in a behavior if they believe they have control over the factors influencing their decision. 

PBC is used in TPB because measuring perceived control is often more practical and sometimes more accurate than measuring actual 

control. Few studies indicate a significant positive relationship between PBC and behavioral intention. For instance, in Nordic country, 

PBC was found to be the strongest predictor of intention to adopt solar panels. Similarly, in another study by (Wang et al., 2019), PBC was 

identified as the most important factor in individual energy-saving intentions in eastern China. Thus, we hypothesized as follows: 

H6: Perceived behavioral control favorably influences the intention to adopt solar energy. 

2.8. Behavioral intention and adoption 

Lastly, an individual's intention, reflecting a belief that a specific action is crucial for achieving a specific behavior, is referred to intention 

(Ajzen & Fishbein, 1973; Montano & D Kasprzyk, 2015). However, this intention is only meaningful if the individual is both willing and 

able to act. The intention to adopt a technology varies among individuals, and the strength of this intention dictates the likelihood of the 

behavior being enacted (Schorr, 2023; Shareef et al., 2013). For instance, a person is more likely to adopt a technology if they are aware 

of its environmentally friendly attributes (Fatima et al., 2022). A study given by (Bhattacherjee and Lin., 2015), actual usage, on the other 

hand, shows a user's consistent involvement with green energy systems over time. According to (Venkatesh et al., 2003), a strong behavioral 

intention to use a particular technology significantly influences user behavior. Similarly, (Mitter et al., 2019) noted that intention-based 

models are effective in analyzing the ongoing adoption and peer-sharing of eco-friendly in diverse way. If a technology designed for users' 

benefit is not utilized, it is deemed unsuccessful. Based on the above findings, we propose the following hypothesis. 

H7: Behavioral Intention will significantly influence the users’ behavior to adopt solar energy 

3. Research Methodology 

3.1. Instrument development 

The research hypotheses were tested using a quantitative technique. For collecting data a structured household survey was carried out 

between January 12, 2025, and June 10, 2025. Data collection involved both online participation via platforms like Google Forms, 

WhatsApp, and email, and in-person distribution of questionnaires in division of Bihar i.e., Bhagalpur, Madhubani, Supaul, Gaya, Be-

gusarai, Patna, Purnia, Saran and Purbi Champaran. Before participating in the study, residential households were informed about academic 

objectives and provided informed consent.  

With the novelty of the selection of the TAM and TPB model was based on their widespread use in technology acceptance research at the 

individual level and their established ability to explain the adoption of green technologies (Dezdar, 2017). In this research, TAM and TPB 

are selected as the base conceptual models to investigate the adoption of solar energy in households. 

Based on the items used to estimate the TAM and TPB model (Ajzen, 1991; Davis, 1989), the TAM and TPB constructs were outlined and 

adapted to green energy. The constructs and their corresponding items are detailed in Table 1. 

 
Table 1: Construct and Items 

Item Code Construct and items 
 Solar Perceived Usefulness 

SPU1 I believe solar panel reduces pollution. 

SPU5 I believe solar panel saves me money. 

SPU6 I believe solar panel provides reliable energy for daily needs. 

SPU8 I believe solar energy improves energy efficiency. 
 Perceived Ease of Use 

PEU1 I can easily learn to use solar panels. 

PEU2 I believe solar energy is easy to use.  

PEU3 I believe solar energy is easy to maintain 

PEU4 I believe solar energy is easy to install. 
 Subjective Norms 

SN1 Friends using solar energy motivate me to adopt it. 
SN2 My peers encourage me to install solar energy. 

SN3 People who are important to me think that I should use solar energy 

SN8 Using solar energy is becoming a trend in my community. 
 Perceived Behavioural Control 

PBC3 I have the resources to adopt solar energy. 

PBC5 I feel in control of adopting solar energy. 

PBC6 I am capable to use solar energy. 

PBC7 I have willingness to use solar panel 
 Attitude 

ATT1 Solar energy is a good choice for my home. 

ATT4 Solar energy contributes to a cleaner planet. 

ATT5 Using solar energy helps reduce my household’s energy costs. 
 Behavioural Intention to Adopt Green Energy 

BIAGE1 I intend to use solar energy in the future if resources are available. 

BIAGE2 I intend to invest in solar energy if technology continues to improve. 

BIAGE4 I will consider expanding my solar energy system if financial incentives are available. 
BIAGE6 I plan to upgrade my solar system if the technology becomes more efficient. 
 Use Behaviour 

UB1 I use solar panels as a primary source of energy for my home. 

UB3 I monitor my solar panel system’s performance to ensure optimal efficiency. 

UB4 I actively adjust my household's energy usage to maximize solar power during the day. 
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3.2. Pre-test and pilot test 

To ensure the validity and reliability of the survey instrument, a pre-test questionnaire was employed. The primary aim of the pre-test was 

to improve the content validity of the questionnaire. The academic experts, energy-related specialists, and solar energy consultants from 

India and abroad were asked to review the statements for clarity, relevance, and appropriateness of each item in relation to the local house-

hold context. Revisions were made to improve item wording, simplify technical terms, and ensure relevance based on their feedback. 

According to their suggestions and comments new items are also incorporated.  

Subsequent to face and content validation, a pilot study was conducted with 16 experts, representing India, Ireland, Nigeria, the Public 

Sector, and the Private Sector. These experts were selected based on their convenient availability at the time; to evaluate the questionnaire's 

functionality. In light of the result of the pilot test, minor changes to the questionnaire were made before asking households to participate 

in this online survey.  

The final survey statements consisted of 42 items, out of which 26 were measured on a seven-point Likert scale ranging from 1 (strongly 

disagree) to 7 (strongly agree). Additional items captured demographic variables like age, gender, education level, sources of income, 

households residents and members. 

A total of 385 responses were collected from households across 9 division of Bihar, who has adopted solar energy at home. The two 

statistical software were used in this study. Statistical Package for Social Sciences (SPSS) using descriptive analysis was conducted to 

report frequencies, means, and standard deviations, while SmartPLS (version 4.0) was used for Partial Least Squares-Structural Equation 

Modeling to test the model and validate hypotheses, aligning with (Hair et al., 2021). This technique is appropriate for exploratory research 

involving reflective constructs, small to medium sample sizes, and prediction-focused models. SmartPLS enabled the assessment of both 

the measurement model (validity and reliability of constructs) and the structural model (path coefficients and hypothesis testing). 

4. Empirical Analysis 

The demographic report reported the profile of the respondents as indicated in Table 2. The gender distribution of the respondents revealed 

that males were 50.9 percent, and females were 49.1 percent of the total sample indicating that the participation of both genders in the 

study was almost equal. In the case of the age distribution, 18.7 percent of the respondents were aged above 18 years, 21.6 percent were 

aged between 19 and 30 years, 23.4 percent were aged between 31 and 42 years, 20.3 percent were aged between 43 and 54 years and 16.1 

percent were above 55 years of age thus representing a diverse age grouping. 

In addition, the household residence analysis further indicated that the respondents were spread over the various divisions of Bihar with 

the major percentage being 16.6 percent in Patna Division, 14.5 percent in Tirhut Division, 11.2 percent in Saran Division, 12.7 percent in 

Darbhanga Division, and 12.5 percent in Magadh Division. The other divisions like Purnea (9.4 percent), Munger (8.3 percent), Bhagalpur 

(8.6 percent) and Kosi (6.2 percent) provided contribution to the study sample hence ensuring the diversity of the regions around the state. 

Moreover, the educational qualification was found that 43.6 percent of the interviewees were of primary school level of education, 10.4 

percent were of secondary school level education, 16.9 percent were graduates, 8.6 percent had a diploma, and 20.5 percent were other 

levels of education. Lastly, when it comes to the sources of income, majority of the respondents (61.3 percent) were involved in business 

activities, 24.7 percent in agriculture, 6.5 percent in entrepreneurship, 5.7 percent in employment and 1.8 percent as advocates. The distri-

bution of responses indicates that a significant portion of the respondents were self-employed, highlighting a considerable representation 

of business and agricultural households within the sample. 

 
Table 2: Respondent’s Profile (N =385) 

Demographic Items Frequency %age 

Gender   

Female 189 49.1 
Male 196 50.9 

Age   

31- 42 Years 90 23.4 
43-54 Years 78 20.3 

Above 18 years 72 18.7 

Above 55 Years 62 16.1 
Between 19-30 Years 83 21.6 

Household Resident   

Bhagalpur Division 33 8.6 
Darbhanga Division 49 12.7 

Kosi Division 24 6.2 

Magadh Division 48 12.5 
Munger Division 32 8.3 

Patna Division 64 16.6 

Purnea Division 36 9.4 
Saran Division 43 11.2 

Tirhut Division 56 14.5 
Education Level   

Diploma 33 8.6 

Graduation 65 16.9 
Other (Please Specify) 79 20.5 

Primary School Level 168 43.6 

Secondary School Level 40 10.4 
Sources of Income   

Advocate 7 1.8 

Agriculture 95 24.7 

Business 236 61.3 

Employment 22 5.7 

Entrepreneur 25 6.5 
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4.1. Assessment of the measurement framework 

RStudio software and Partial Least Squares Structural Equation Modeling (PLS-SEM) were used to test the hypotheses. PLS-SEM is a 

robust statistical technique that reduces unexplained variance by utilizing weighted composites of indicator variables. This approach effec-

tively minimizes measurement errors, thereby enhancing the precision of outcomes in structural equation modeling (Hair et al., 2017). The 

model was validated in two stages: first, the measurement model was assessed, and then the structural model was analyzed (Hair et al., 

2017). The measurement of Cronbach’s alpha and Composite Reliability (CR) was performed to confirm the internal consistency of the 

reflecting model. These parameters assess the reliability and consistency of each component within each construct.  

Thus, the use of factor loadings and Average Variance Extracted (AVE) was used to confirm convergent validity, which shows how accu-

rately a construct is represented by its indicators. The construct in the conceptual model initially comprised 42 items; however, 16 items 

failed to load correctly and were hence excluded from the analysis. According to Table 3, all of the variables have factor loadings greater 

than 0.7, and the AVE and CR values are higher than the thresholds i.e., 0.5 and 0.8, respectively (Fornell and Larker, 1981; Hair et al., 

2017). The values of all (AVE) were determined to be higher than the inter-construct correlations and thus revealed an adequate level of 

discriminant validity of constructs (Table 4). Also, according to the suggestion of (Henseler et al, 2015), the Heterotrait-Monotrait (HTMT) 

proportion of the correlation was utilized as a more rigorous criterion in evaluating the discriminant validity, shown in Table 5. (Kline, 

2018) has proposed that the HTMT value should not be more than 0.85 though (Gold et al. 2001) suggested a maximum of 0.90. The 

findings of the current research shows that all the values of HTMT fell within acceptable ranges, thus supporting sufficient discriminant 

validity of the measurement model. 

 
Table 3: Measurement Model Convergent Validity and Reliability 

  Convergent Validity   Internal Consistency Reliability 

Item Loading AVE   C (α) CR (rhoA) 
A1  0.88 0.782  0.861 0.862 

A4 0.887     

A5 0.886     

BIAGE1 0.917 0.842  0.938 0.939 

BIAGE4 0.921     

BIAGE6 0.922     

BIAGE7 0.911     

PBC3 0.921 0.847  0.94 0.964 

PBC5 0.934     

PBC6 0.924     

PBC7 0.902     

PEU1 0.896 0.809  0.921 0.922 
PEU2 0.906     

PEU3 0.903     

PEU4 0.893     

SPU1 0.936 0.872  0.951 0.954 

SPU5 0.932     

SPU6 0.938     

SPU8 0.928     

SN1 0.926 0.858  0.917 0.918 

SN2 0.922     

SN8  0.93     

UB1  0.93 0.87  0.926 0.926 

UB3 0.935     

UB4 0.933         

 
Table 4: Discriminant Validity (Fornell Larcker) 

  Atti Beha_Inte_ado_GE Perc_behav_cont Perc_ease_use Soc_nor Solr_Perc_usef Use_Behav 

Atti 0.885       

Beha_Inte_ado_GE 0.74 0.918      

Perc_behav_cont -0.02 0.123 0.92     

Perc_ease_use 0.381 0.354 -0.001 0.9    

Soc_nor -0.014 0.193 0.006 -0.02 0.926   

Solr_Perc_usef 0.461 0.374 0.021 -0.01 -0.005 0.934  

Use_Behav 0.446 0.56 0.098 0.216 0.108 0.231 0.933 

 
Table 5: HTMT Criterion for Discriminant Validity 

  Atti Beha_Inte_ado_GE Perc_behav_cont Perc_ease_use Soc_nor Solr_Perc_usef Use_Behav 

Atti        

Beha_Inte_ado_GE 0.822       

Perc_behav_cont 0.039 0.127      

Perc_ease_use 0.427 0.38 0.016     

Soc_nor 0.022 0.207 0.019 0.027    

Solr_Perc_usef 0.508 0.394 0.024 0.025 0.019   

Use_Behav 0.498 0.6 0.104 0.234 0.116 0.245   

4.2. Structural model assessment and discussion of results 

As suggested by (Hair et al., 2011), the measures of goodness of fit were assessed based on the coefficient of determination (R²), and 

determination of strength and direction of relationships were assessed using the path coefficient values. The R² value of BIAGE was 

determined to be 0.607 (reported in H6), which implies that (A), (PBC), and (SN) explained almost 60.7 percent of variation in BIAGE. 

The estimates of the contributions to BIAGE of the individual antecedents form the results of the consistent PLS bootstrapping procedure 

(Table 6; Fig. 3) are of an overall comprehensive nature. Particularly, A (β = 0.745, p = 0.00) and SN (β= 0.202, p= 0.00) have a positive 

and statistically significant effect on BIAGE. Likewise, PBC (β=0.137, p = 0.00) also has the positive and significant impact on BIAGE. 
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Moreover, 36.1 percent of the (A) variance is contributed by (PEU) and (SPU), both of them with a positive and significant effect on 

Attitude– PEU (β= 0.385, p = 0.000) and SPU (β= 0.464, p = 0.000). The total effect of the constructs A and BIAGE will explain about 

31.6 percent of actual (UB). But in A (β= 0.069, p = 0.286), the effect on UB is positive and statistically insignificant but in BIAGE (β= 

0.509, p = 0.000) there is positive and significant effect on actual use behavior. 

It is worth mentioning that, not all of the dependent constructs (A and UB) have been given their values of R² in the given excerpt of the 

table. The R² of BIAGE has been obtained using H6 and the R² of UB is obtained using H3 as BIAGE and A are postulated antecedents of 

UB respectively. The table gives R² of H1, H3 and H6, but not the hypothesis of Attitude (H5 and H7). H1 has a value of R² of 0.361 which 

would be used to depict BIAGE as the dependent construct with A as a single predictor but not the overall predictive power over BIAGE. 

Thus, the H6 value of R² = 0.607 should be more suitable since it illustrates the overall impact of A, PBC and SN on BIAGE. In the same 

way, the explanatory power of BIAGE and A in the actual (UB) is represented by the value of R² of H3 that is equal to 0.316. 

 
Table 6: Hypothesis Test Results 

Hypotheses Path Path Coefficient T-Value P-Value R-Square Results 

H1 A -> BIAGE 0.745 34.062 0.0000 0.361 Supported 

H2 A -> UB 0.069 1.067 0.286  Not Supported 

H3 BIAGE -> UB 0.509 8.445 0.0000 0.316 Supported 
H4 PBC -> BIAGE 0.137 4.446 0.0000  Supported 

H5 PEU -> A 0.385 10.063 0.0000  Supported 

H6 SN -> BIAGE 0.202 6.267 0.0000 0.607 Supported 

H7 SPU -> A 0.464 11.678 0.0000  Supported 

 

 
Fig. 3: Analysis of the hypothesized path. 

5. Discussion of Findings 

The behavioral study of solar energy adoption that is empirically investigated incorporating the rationale of TAM and TPB contributes 

largely to the factors that determine the usage of renewable energy at the household level. The results indicate that base constructs of TAM 

(SPU) and (PEU) significantly impact the Attitude, which supports the initial hypothesis that cognitive processing of the technological 

convenience and benefit by households influences their overall attitude toward adoption. However, the direct impact of Attitude on Use 

Behavior was deemed statistically inconsequential (β= 0.069, p = 0.286), which means that positive evaluation does not directly turn into 

behavior action without a strong intention. 

Also, the results indicate that (A), (SN) and (PBC) are significant predictors of the Behavioral Intention (R²= 0.607). This suggests that the 

intention of the household towards solar energy uptake is simply formed through the aggregate effect of attitudinal assessment, social 

approval, and perceived control over resources. In particular, the PBC became a significant predictor, which implies that when households 

believe that they are able to afford, sustain, and operate solar systems, their adoption intentions become steep. 

The positive, and significant effect of Behavioral Intention on Use Behavior (β = 0.509, p = 0.000) confirms that intention acts as the most 

decisive driver of actual solar adoption behavior. The finding correlates with the previous studies emphasizing the idea of behavioral 

intention as a proximate antecedent of green technology utilization (Gao et al., 2022; Wang et al., 2022). The null relationship between 

Attitude and Use Behavior implies that whereas households may have a positive assessment of solar energy the assessment needs to be 

supported with good behavioral intentions and enabling conditions to be made in order to actually adopt it. The analysis demonstrates the 

empirical findings of the study. This study clarifies that Attitude does not have a direct impact on UB, underscores the significant role of 

BI in forecasting adoption, and highlights the functioning of PBC and SN within the socio-economic framework of Bihar. These insights 

enhance the understanding of the results and establish a firm base for the conclusion. 

6. Implications and Future Research 

6.1. Theoretical implications and future research 

Research in the domain of technology adoption has evolved to explain behavioral responses in emerging contexts like renewable energy. 

However, there have been scanty empirical studies to combine TAM and TPB when explaining the use of solar energy on the household 

level. The research is among the first that used these theoretical backgrounds to test attitude, intention to use, and actual usage behavior of 

households in relation to adoption of solar energy in Bihar. 

First, this research confirms that the combination of TAM with TPB model partly predicts the solar energy adoption and utilization. A 

combination of A, SN and PBC predicted 60.7% of variance in behavioural intention with behavioural intention predicting 31.6% of UB, 
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showing a significant level of predictability. Second, SPU and PEU appeared to be the important determinants of Attitude towards solar 

adoption such that it explains 36.1% of the variance of Attitude towards solar adoption. Further, (A) was not found to be a significant 

predictor of UB, which means that positive perceptions might not be followed by behavioral action unless supported by internal control 

and social pressure. The finding leads to an addition of the TAM-TPB model to include motivational and contextual factors like policy 

awareness, financial incentives, and infrastructural preparedness in future research. Third, the major contribution of the SN and PBC to the 

intention indicates the importance of the social and situational factors to technology-related behavioral changes. As such, future conceptu-

alizations might be enhanced by incorporating social capital theory and resource-based perspectives.  

Finally, the research was carried out in the context of the geographic and socio-economic environment of Bihar. Therefore, longitudinal 

and cross-regional studies in the future should challenge the soundness of the model in other emerging economies. Furthermore, post-

adoption and satisfaction behavior may be investigated with the use of constructs of Expectation-Confirmation Theory (ECT) and the 

extent to which solar adoption is long-term sustainable. 

6.2. Practical implications 

The research has practical implications to policymakers, renewable energy companies, and development agencies interested in developing 

sustainable energy in India. The findings indicate that although households report a positive attitude towards solar energy, their decisions 

to adopt solar energy are largely influenced by a strong behaviour intentions that are favoured by social norms and perceived control. 

Firstly, awareness and outreach initiatives should aim at showing concrete advantages of solar power to increase Perceived Usefulness and 

Ease of Use. This can be done by local workshops, online stories, and community demonstration projects that render the benefits of tech-

nology visible in the community. Secondly, as the fact that SN became a serious predictor of intention, government and non-government 

agencies ought to make use of peer pressure and social approval through involvement of early adopters as solar ambassadors in the local 

panchayats. Adoption rates can be significantly enhanced with the help of social reinforcement in terms of trusted networks. Third, there 

is the decisive factor of the PBC as it means that financial and infrastructural accessibility should be prioritized. credit linkages, simplifying 

the process of subsidy claims, and guaranteeing maintenance support can enhance perceived capabilities of the users to adopt solar energy. 

Lastly, this paper shapes the fact that Behavioral Intention is a direct predictor of UB indicating that behavioral intention can be used as a 

precursor of market readiness. The policymakers can, therefore, use intention-based indicators to predict adoption patterns and implement 

targeted interventions. This study highlights the necessity for improved awareness initiatives, the significant impact of social norms and 

local community leaders, the critical importance of enhancing financial and infrastructural access, and the value of behavioral intention as 

a measure of market readiness. The findings are consistent, relevant to policy discussions, and robustly backed by the empirical evidence 

gathered in the study. 

7. Limitations of The Study 

There are some limitations in the study that have to be taken into consideration. Firstly, the data utilized in this study were gathered among 

the households of the chosen divisions of Bihar, and, this could restrict the generalisability of the results to other regions with other socio-

economic and infrastructural landscapes. Despite being geographically limited to Bihar, this state serves as a significant instance for ex-

amining household solar adoption. The energy landscape of Bihar marked by inconsistent grid supply, minimal per-capita electricity usage, 

and significant rural reliance on decentralized solutions offers a valuable framework for examining behavioral influences within infrastruc-

tural and socioeconomic limitations (Mongabay-India, 2021). Bihar is vigorously advancing solar implementation through ambitious policy 

measures; its recently unveiled renewable energy policy aims for significant distributed solar capacity and storage by 2030 (Energetica 

India, 2025). It serves as a pertinent model for other regions in developing economies that face analogous infrastructural issues, institutional 

obstacles, and rural energy consumption trends. Hence, the findings may not be globally applicable, they are significantly transferable to 

situations characterized by grid unreliability, constrained home capacity, and robust policy momentum influencing renewable energy adop-

tion behavior. 

Future research can broaden the geographical scope and make interregional comparisons in order to determine the wider extrapolation of 

the model. Second, the current study utilized cross-sectional type of research, which was used to describe the perception and intention of 

respondents during one period. Therefore, modal inferences should be understood skeptically concerning the correlation between the con-

structs. A longitudinal study would have shed more light into behavioral intention changes as time and exposure to solar technologies goes 

on. Third, the research was based on self-reported data and this can be affected by social desirability bias. Despite the suitable precautions 

taken to make the research anonymous and reduce the effects of bias in responding, experimental or observation studies would be included 

in future studies to increase validity of behavioral findings. Fourth, the constructs of (TAM) and (TPB) were limited to the proposed model. 

Although these frameworks proved to be a strong foundation to the adoption behavior, other contextual factors like policy backing, eco-

nomic incentives, awareness on the environment or trust on technology vendors may enhance the explanatory capability of the model. 

Finally, the paper was anthropocentric in defining adoption at the household level, not to include organizational or community-level factors, 

which could significantly affect the formation of renewable energy behavior. The future studies would thus be able to investigate the 

interactions of more levels in order to have a holistic picture on dynamics of solar energy adoption. 

8. Conclusion 

The empirical investigation of household adoption of solar energy grounded on the integration of the (TAM) and the (TPB) revealed 

interesting insights. First, although the integrated model has significant explanatory power for behavioral intention and adoption, the results 

imply that it does not fully capture all the factors influencing household use behavior. The factors such as (SPU) and (PEU) were crucial 

in shaping (A), which, in addition to (SN) and (PBC), formed the (BIAGE). The results partly align with the previous studies on the 

adoption of renewable energy and the application of behavioral technologies (Elmustapha et al., 2018). The findings indicate that attitude 

did not exert a strong direct influence on (UB). On the other hand, Behavioral Intention emerged as a significant and powerful predictor, 

highlighting the mediating role of intention in transitioning positive attitudes into actual adoption. This finding suggests that yet households 

may hold favorable attitudes toward solar energy, their willingness to adopt is influenced by the strength of their intentions and perceived 

ability to implement. The concept of PBC was significant, suggesting that households exhibiting higher confidence in their ability to install, 

operate, and maintain solar systems are more inclined to adopt such technologies. 
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Furthermore, the influence of the SN indicates that societal obligations and social approval significantly affect adoption decisions within 

the Bihar context, where household behavior is often deeply rooted in community social values. This emphasizes the significance of social 

networks and peer influence in facilitating sustainable energy transitions. Additionally, some researchers in technology and environmental 

behavior studies have confirmed the conclusions that behavioral intention is a significant factor of use behavior (Tao, 2009; Venkatesh et 

al., 2012). The study further demonstrates that by incorporating contextual variables such as policy incentives, cost consciousness, and 

infrastructure readiness, the model's explanatory capacity could be improved. Further studies may explore these variables to ascertain their 

interactions with behavioral and technological constructs. The result amplifies the study's findings and delineates explicit avenues for future 

research, encompassing the integration of contextual behavioral factors and the assessment of the model's applicability across various 

domains. 
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