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Abstract
The factors impacting green purchasing intention (GPI) and green purchase behavior (GPB) among Pakistani consumers of residential and commercial solar technology are investigated in this study. It examines how green attitudes, subjective norms, perceived behavioral control, and technical aspects affect GPI, which in turn affects GPB, using the Theory of Planned Behavior (TPB) and the Technology Readiness Index (TRI). Additionally, the study investigates how knowledge of green brands influences the association between these variables and GPI. The research attempts to extend TPB by integrating technological readiness within the context of green consumer behavior. It does this by using survey data gathered throughout Pakistan and analyzed using structural equation modeling (SEM) and Hayes' PROCESS macro.
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1. Introduction
	The global imperative for sustainable development has placed renewable energy at the forefront of both governmental agendas and consumer discourse (Talwar, Alshaghdali, Gupta, & Battisti, 2026). Pakistan, a nation grappling with chronic energy shortages, load shedding, and escalating electricity costs, has witnessed a remarkable surge in the adoption of solar photovoltaic (PV) technology over the past decade (Ahmed, Khalique, & Khan, 2026). Both household and commercial consumers have increasingly turned to solar energy solutions not merely as a pragmatic response to grid unreliability (Suffian, 2026), but also as an expression of environmental consciousness and long-term economic planning (IEA, 2022). Despite this observable trend, the psychological, social, and technological antecedents that underpin the decision to purchase solar technology within the Pakistani consumer context remain insufficiently explored in the academic literature.
	Green marketing, broadly defined as the promotion of products and services based on their environmental benefits, has emerged as a pivotal field of inquiry at the intersection of consumer behaviour and sustainability (Sarwar & Loureiro, 2026). Central to this discourse is understanding what motivates consumers to engage in green purchase behaviour which reflects the actual acquisition of environmentally friendly products. Existing literature has largely applied (Weihrauch, Wolff, Stein, Kuonath, & Frey, 2026). Theory of Planned Behaviour (TPB) as a robust theoretical lens for predicting green purchase intentions and behaviour (Hoang, Tung, & Hoa, 2026). However, the majority of these studies have focused on developed-economy contexts, leaving a significant lacuna in our understanding of green consumer behaviour within the socio-cultural and economic milieu of South Asian emerging markets.
	The Technology Readiness Index (TRI), originally conceptualised by Parasuraman (2000) and refined by Parasuraman and Colby (2015), offers a complementary theoretical perspective by capturing consumers' propensity to embrace new technologies. In the context of solar PV systems, which represent not only an environmental choice but also a significant technological investment. The TRI constructs such as optimism, innovativeness, discomfort, and insecurity are particularly salient in shaping consumer adoption decisions. The integration of TRI into a TPB framework thus represents a theoretically enriching and practically relevant contribution to the green marketing literature (S. Kumar et al., 2026).
	A further critical construct in this study is green brand knowledge, which refers to the consumer's awareness, recognition, and perceived associations with a brand's environmental credentials (Vinoth, Srivastava, & Mittal, 2024). Green brand knowledge is posited here as a moderating variable that amplifies or attenuates the relationships between the study's independent variables, green attitude (GA), subjective norms (SN), perceived behavioural control (PBC), and technological factors (TF) and green purchase intention (Manalu, 2025). Consumers who possess higher green brand knowledge are expected to be more responsive to pro-environmental attitudinal and normative influences, as well as more discerning in their evaluation of the technological attributes of solar products (Butt & Ahmad, 2025).
Recent studies have yielded conflicting results regarding the relationship between attitude, subjective norms (SN), perceived behavioral control (PBC), and green purchase intention (GPI). According to certain research, consumers' intentions to buy green items are only slightly influenced by attitude, SN, and PBC, indicating that other factors may be more important in influencing green purchasing decisions (Duong, Doan, Vu, Ha, & Dam, 2026; Ridwan & Prananta, 2026) In contrast, other research has found that these factors have a substantial and positive impact on GPI, indicating that favorable attitudes toward environmental sustainability, social pressure from important others, and consumers’ perceived ability to engage in green purchasing strongly encourage their intention to buy environmentally friendly products (Arifin, Yudha, & Narmaditya, 2026). These inconsistent findings highlight the need for further investigation to better understand the conditions under which attitude, SN, and PBC influence green purchase intention.
2. Literature Review
2.1 Theory of Planned Behaviour (TPB)
	The Theory of Planned Behaviour (Ajzen, 1991), an extension of the Theory of Reasoned Action (Ajzen & Fishbein, 1975), posits that behavioural intentions—and, by extension, behaviours—are jointly determined by three antecedent constructs: attitude toward the behaviour, subjective norms, and perceived behavioural control (Ferasari et al., 2026). In the green consumer behaviour literature, TPB has been extensively applied and empirically validated across diverse product categories and cultural contexts (Synodinos, do Prado, & Moraes, 2026; Zafar & Jafar, 2026). The theory is particularly apt for understanding solar technology adoption because such a decision involves complex trade-offs between environmental values, social influence, and perceptions of financial and technical feasibility (AlQaryouti, Alhamdi, Rahebi, Ramos-Hernanz, & Lopez-Guede, 2026).
	Green attitude, the first TPB construct, refers to an individual's overall positive or negative evaluative affect toward engaging in pro-environmental behaviours or purchasing eco-friendly products (Xiaoqin, Abbasi, Hooi, & Ahmad, 2026). Prior research consistently demonstrates a significant positive relationship between green attitude and green purchase intention (Radhakrishnan, Krishnan, Parayitam, & Cristofaro, 2026). In the solar energy context, a favourable attitude toward environmental preservation and renewable energy is expected to translate into a stronger intention to purchase solar systems (Gatri, 2026).
	Subjective norms represent the perceived social pressure from significant referents—family, friends, colleagues, and broader societal opinion—to engage or not engage in a particular behaviour (Abayase, Dzansi, & Dalene, 2026). In collectivist societies such as Pakistan, subjective norms are anticipated to exert a particularly pronounced influence on consumer decision-making (Jalees, Bhutto, Zaman, & Khan, 2026). The growing social visibility of solar panel installations in urban and peri-urban areas, alongside government advocacy and media coverage, reinforces the normative salience of solar adoption (Akomolafe, Ayambire, & Clarke, 2026).
	Perceived behavioural control (PBC) reflects an individual's belief about their capacity and ease of performing a given behaviour, encompassing both internal capabilities and external facilitating conditions (Rijal & Shariffuddin, 2025). In the context of solar technology, PBC encompasses perceptions of financial affordability, technical installation complexity, availability of after-sales support, and access to government subsidies or net metering schemes (Oliva & Atehortua Santamaria, 2025). Research has consistently demonstrated PBC as a significant predictor of green purchase intention and behaviour (Sriramaneni, Kotni, Babu, & Sriramneni, 2025).
2.2 Technology Readiness Index (TRI)
	Parasuraman's (2000) Technology Readiness Index conceptualizes consumers' readiness to adopt new technologies as a function of four dimensions: optimism (positive views about technology and its benefits), innovativeness (tendency to be a technology pioneer), discomfort (perceived lack of control over technology), and insecurity in the form of distrust of technology (Ismail, Ong, Mokhtar, Abd Rahman, & Jaafar, 2025). The TRI has been employed across diverse technology adoption contexts, including e-commerce, mobile banking, and smart home devices (Matlakala & Tsatsimpe, 2025). Solar PV systems, as complex technological products requiring substantial capital investment and ongoing maintenance, represent an ideal context for the application of TRI constructs (Pamunkkaz & Adi, 2026).
	Technological optimism and innovativeness are expected to positively predict green purchase intention among solar technology consumers, as individuals who view technology favorably and enjoy being early adopters are more likely to embrace the novelty and complexity of solar systems (Saleem, Zhang, Bashir, & Rafiq, 2026). Conversely, technological discomfort and insecurity may impede purchase intention by amplifying perceived risks associated with system reliability, installation quality, and long-term performance (Singh, 2025). By incorporating TRI as a supporting theoretical framework alongside TPB, this study acknowledges that the decision to adopt solar technology is simultaneously an environmental choice and a technological investment, requiring a dual theoretical lens.
2.3 Green Brand Knowledge
	Green brand knowledge, drawing on Keller's (1993) customer-based brand equity framework, encompasses consumers' awareness of a brand's green credentials and the associations they hold regarding the brand's environmental performance (Tiwari & Pal, 2024). Consumers with higher green brand knowledge are better equipped to evaluate the environmental claims of solar technology brands, thereby making more informed and confident purchasing decisions (Rama & Susanto, 2024). Prior research suggests that green brand knowledge enhances the effectiveness of green marketing communications and strengthens the attitude-intention link (Manalu, 2025).
	The association between the TPB/TRI antecedents and green purchasing intention is suggested to be moderated by green brand knowledge in the current study. Customers are expected to show stronger attitudinal and normative influences on their intentions and to give more weight to technological attributes in their decision calculus when they have a thorough understanding of a brand's environmental identity, including its certifications, sustainability initiatives, and eco-design features. On the other hand, because they lack the informational scaffolding necessary to assess green claims in a meaningful way, customers with little understanding of green brands may show weaker connections between these antecedents and their purchase intentions.
2.4 Green Purchase Intention and Green Purchase Behaviour
	Green purchase intention refers to the consumer's expressed likelihood of purchasing a product or service based on its environmental benefits (X. Chen, Wang, Chen, & Yang, 2026). Within the TPB framework, intention serves as the proximal determinant of behaviour (Amin, Ting, & Basra, 2026). Empirical research has consistently supported the intention-behaviour link in the context of green consumerism, though the strength of this relationship varies across cultures, product categories, and individual characteristics  (Sivapalan, Jebarajakirthy, Maseeh, Sangroya, & Kumar, 2026).
	Green purchase behaviour, the ultimate outcome variable in this model, refers to the actual purchase of environmentally friendly products or services (Chao, 2026). In the present study, it is operationalized as the consumer's reported adoption and/or continued use of solar PV technology for household or commercial purposes. The mediated pathway from attitudinal, normative, control, and technological antecedents through purchase intention to purchase behaviour moderated by green brand knowledge constitutes the core structural model under investigation.
3. Conceptual Framework 
	Drawing on the theoretical synthesis presented above, the following conceptual model and research hypotheses are proposed. The model posits green attitude (GA), subjective norms (SN), perceived behavioural control (PBC), and technological factors (TF) as independent variables predicting green purchase intention (GPI), which in turn predicts green purchase behaviour (GPB). Green brand knowledge (GBK) is proposed as a moderator between the independent variables and green purchase intention. This constitutes a moderated-mediation model, wherein GPI mediates the IV-DV relationships and GBK moderates the IV-mediator pathways.
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3.1 Research Hypotheses
3.1.1 Green Attitude and Green Purchase Intention
	Green purchase intention (GPI) is positively impacted by green attitude, a key element of the Theory of Planned Behavior (TPB). Customers are more likely to form plans to buy eco-friendly products if they have positive attitudes about sustainable consumption and environmental conservation (Senooane & Chabata). Green purchase intention (GPI) has been found to be favorably influenced by green attitude (GA) in the context of solar energy adoption.  This implies that consumers' purchasing intentions are significantly influenced by favorable environmental ideas and perceptions of the efficiency and worth of solar energy (Gatri, 2026). On the basis of above evidence, it is proposed that: 
H1: Green attitude has a significant positive effect on green purchase
3.1.2 Subjective Norms and Green Purchase Intention
	The literature has produced conflicting results regarding the relationship between subjective norms (SN) and green purchase intention (GPI) in the context of solar energy adoption. According to certain research, SN significantly improves GPI (Ilyas, Ahmad, & Siddiqi, 2020). On the other hand, other studies have discovered a negative correlation between SN and GPI, indicating that social pressures or disparate social expectations may deter people from planning to buy or use solar energy technologies (Fathima MS, Batcha, & Alam, 2023). These divergent findings invite further study on the topic. 
H2: Subjective norms have a significant positive effect on green purchase intention 
3.1.3 Perceived Behavioural Control and Green Purchase Intention
According to a Jordanian study, green purchasing intention (GPI) is significantly positively impacted by perceived behavioral control (PBC). According to this research, customers are more likely to create intents to purchase environmentally friendly products when they feel they have enough resources, knowledge, opportunities, and abilities to do so (Almrafee & Akaileh, 2024). Consistent with previous findings, another study by Hoang et al. (2026) also reported that perceived behavioral control (PBC) has a positive and significant impact on green purchase intention (GPI). The study suggests that consumers are more likely to intend to purchase environmentally friendly products when they perceive that they possess the necessary resources, knowledge, and opportunities to engage in green purchasing behavior (Hoang et al., 2026). On the basis of above discussion, we hypotheses: 
H3: Perceived behavioural control has a significant positive effect on green purchase intention
3.1.4 Technological Factors and Green Purchase Intention
	Technological factors (TF) significantly impact GPI (Nguyen et al., 2024). A person's general attitude, intention, and propensity to accept new technologies are shaped by technological factors (AlSaied & McLaughlin, 2024). Technology based innovativeness and optimism are positively associated with GPI. The GPI is typically greater for people who are receptive to and excited about embracing new technology (Alhammadi, Marashdeh, & Hussain, 2023).  Higher levels of innovativeness therefore help firms create sustainable solutions and improve their environmental performance, which benefits the GPI as a whole (Lihong, Qie, Memon, & Yesuf, 2021). Innovativeness positively influences GPI by enabling firms and consumers to adopt new ideas, products, and technologies more readily (Al-Jundi, Shuhaiber, & Augustine, 2019). On the basis of above discussion, we can hypothesis that: 
H4: Technological factors have a significant effect on green purchase intention
3.1.5 Perceived Behavioral Control and Green Purchase Behaviour
	Perceived behavioral control positively impact green purchase behavior through mediation of GPI but it also directly effects GPB (Xu et al., 2022b). Green purchase behavior is influenced by a person's belief in their capacity to carry out a particular behavior, both directly and indirectly through the mediation of GPI (Ngo et al., 2025). Empirical studies consistently show that when consumers perceive a higher level of control over purchasing green products, they are more likely to form strong intentions to engage in such behavior (Noureddine, Majid, Mohammed, & Faycal, 2025). All three core factors of TPB named attitude, SN and PBC influence GPI which further influence GPB (Agustina, Yuniaristanto, & Sutopo, 2025). Normally we observe that PBC impacts GPB but multiple studies based on green products found that there is insignificant influence of PBC on GPB (Irine & Lady, 2023). Based on the above discussion, we may hypothesis that: 
H5: There is direct effect of PBC on GPB.
3.1.6 Green Purchase Intention and Green Purchase Behaviour
	According to a research conducted in Islam Abad and Rawalpindi purchase intention positively influence the purchase behavior (Shakeel et al.). Green purchasing behavior is then significantly influenced by the enhanced intention to make green purchases (Vironika & Maulida, 2025). Within the framework of the Theory of Planned Behavior, stronger intentions are associated with a higher probability of behavioral execution (Ha & Le-Anh, 2025). Furthermore, empirical data indicates that there may be context-specific variations in the link between GPI and GPB. For example, it was discovered that there was a substantial correlation between green purchasing intention and green buy behavior in Canada, but not in Brazil (Ferraz, Buhamra, Laroche, & Veloso, 2017). On the basis of above discussion, we may hypothesis that: 
H6: Green purchase intention has a significant positive effect on green purchase behaviour
3.1.6 Mediation Role of Green Purchase Intention
	green purchase intention plays a mediator role between TPB predictors and GPB (Hassan, Mahmood, & Khakwani, 2025; Marhadi, Sudibyo, Priatmoko, & Suyastri, 2024). Attitude plays vital role in developing GPI further influencing GPB (Imiru, 2023). Positive attitude of green items influence both their intentions to buy and their actual purchasing behavior (Selvanathan, Samy, Jumbe, & Zeni, 2025). Thus, intention is the nucleus in TPB theory that mediates between the TPB predictors and GPB (Apiradee, Lin, Wirojratana, Lin, & Shu, 2025). Green purchase intention (GPI) positively and significantly mediate the relationship between GA and GPB (Irine & Lady, 2023; Margariti, Hatzithomas, & Boutsouki, 2024; Meili, 2025; Yuan, Rasiah, Hou, & Li, 2023).
	According to the statement, Green Purchase Behavior (GPB) and the antecedent elements are mediated by Green Purchase Intention (GPI). To put it another way, customers' intentions to buy green products are shaped by Green Attitude (GA), Subjective Norms (SN), and Perceived Behavioural Control (PBC), which then influence real green purchasing behavior. Customers who have strong social support, positive environmental attitudes, and confidence in their ability to buy eco-friendly products are more likely to develop a strong intention to buy, which eventually translates into green purchasing behavior, according to GPI's significant mediating role (Butt & Ahmad, 2025; Kumar & Sinha, 2025).
Based on above discussion we may design the following hypothesis:
H7a: GPI mediates the relationship between GA and GPB
H7b: GPI mediates the relationship between SN and GPB
H7c: GPI mediates the relationship between PBC and GPB
	It was explored that how technology-based elements, particularly optimism and innovativeness, affect GPI and GPI further affects GPB (Srisathan, Ketkaew, Jantuma, & Naruetharadhol, 2024). In some studies, such as Yacob, Ali, and Roslim (2025), green purchase intention (GPI) does not significantly mediate the relationship between technological factors (TF) and green purchase behavior (GPB) (Yacob, Ali, & Roslim, 2025). These contradictory findings, in which green purchase intention (GPI) demonstrates both significant and minor mediating effects between technological factors (TF) and green purchase behavior (GPB). On the basis of above evidences, we purpose that GPI plays mediation role between TF and GPB.
H7d: GPI mediates the relationship between TF and GPB
3.1.8 Moderating Role of Green Brand Knowledge
	Moderation effect of GBK between GA-GPI, SN-GPI, PBC-GPI, and TF-GPI is still unexplored. According to (Butt & Ahmad, 2025) moderation effect of GBK between SN-GPI and TF-GPI could not produce significant impact but it was significant between GA-GPI and PBC-GPI. At the same time moderation effect between EF-GPI and GA-GPI was significant. 
On the basis of above discussion, we can hypothesis that:
H8a: GBK moderates the relationship between GA and GPI
H8b: GBK moderates the relationship between SN and GPI
H8c: GBK moderates the relationship between PBC and GPI
H8d: GBK moderates the relationship between TF and GPI
4. Methodology
4.1 Research Design
	Based on positivist epistemology and deductive reasoning, this study uses a quantitative, cross-sectional survey design. A structured self-administered questionnaire was used to collect data, enabling statistical hypothesis testing and the collection of standardized information from a geographically distributed population. The cross-sectional design is suitable for analyzing the relationships and structural patterns of consumer behavior at a particular point in time, even though it does not prove causation.
4.2 Population and Sampling
	The study uses a purposive sample technique and focuses on Pakistani households and businesses that use solar PV technology. For structural equation modeling (SEM) including several latent constructs, a sample of 385 valid responses was gathered, which is deemed sufficient. Online surveys and in-person questionnaires at solar energy installations and exhibitions were used to collect data; participation was optional, anonymous, and predicated on informed consent.
4.3 Measurement Instrument
	A five-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree), was used in six sections of the questionnaire to measure the study constructs. Green Attitude, Subjective Norms, Perceived Behavioral Control, Technological Factors, Green Brand Knowledge, Green Purchase Intention, and Green Purchase Behavior measurement items were modified from validated and well-established scales in earlier research. The four elements of technological factors were insecurity, discomfort, inventiveness, and optimism.
	For current study four (4) items were adapted from (Ajzen, 1985), these items are further used in (Lavuri, 2022) for GPB. Four (4) items were adapted from (Ajzen, 1985), these items are again included in (Asif et al., 2023) for GA. Four (4) items were adapted from (Ajzen, 1985), these items are again included in (Asif et al., 2023) for SN. Four (4) items were adapted from (Ajzen, 1985), these items are again included in (Asif et al., 2023) for PBC. Ten (10) items were adapted from (Basiago, 1994), these items are again included in (Hasheem et al., 2022) for TF. Four (4) items were adapted from (Ajzen, 1985), these items are again included in (Hasheem et al., 2022) for GPI. Five (5) items were adapted from (Keller, 1993), these items are again included in (Siyal et al., 2021) for GBK.  
5. Results
6. Discussion
	The findings of this study provide robust empirical support for the proposed moderated-mediation model, making several noteworthy theoretical and practical contributions to the green marketing and consumer behaviour literature. In the context of Pakistani consumers of solar technology, the results of this study offer substantial empirical support for the extended Theory of Planned Behavior (TPB) framework in understanding green purchase behavior (GPB).
	The sample distribution accurately depicts Pakistani solar energy users. The predominance of household users (62.3%) over commercial users (37.7%) indicates that the country's current solar technology spread is mostly driven by residential adoption. The higher percentage of male responses is consistent with Pakistan's energy investment decision-making structure, where men usually make the majority of family and financial purchases. The preponderance of respondents with at least a bachelor's degree (58.7%) suggests that solar adoption is more common among educated customers, who are perhaps better informed about finances and the environment. The findings' generalizability within Pakistan's solar consumer sector is further strengthened by regional representation across all provinces.
The validity and reliability of every construct utilized in the investigation are confirmed by the measurement model results. Strong Cronbach's alpha values and high factor loadings show that the measurement items reliably capture the intended structures. Convergent validity and internal consistency are further supported by composite reliability and AVE scores. All constructs are empirically distinct, according to discriminant validity results (Fornell–Larcker and HTMT criteria). Furthermore, the proposed measurement structure appears to suit the observed data well, according to outstanding model fit indices (CFI, TLI, RMSEA, SRMR). Additionally, the Harman's single-factor test shows that common method bias is not a significant issue, boosting confidence in the data's robustness.
	Green buy intention serves as a significant partial mediator between all antecedents (GA, SN, PBC, and TF) and actual behavior, according to the mediation results. This suggests that these characteristics have an impact on solar adoption through intention formation, both directly and indirectly. Perceived behavioral control exhibits the highest indirect effect, indicating that customers' intentions to make purchases are strengthened when they feel capable and supported. The existence of partial mediation also implies that behavior may be influenced by contextual or psychological factors in addition to intention.
	The moderation analysis demonstrates that green brand knowledge (GBK) considerably increases the links between all antecedents and green purchase intention. Higher awareness and comprehension of green brands makes consumers more receptive to social pressure, perceived control, environmental attitudes, and technology perceptions. This implies that knowledge about a brand functions as a cognitive amplifier, strengthening the influence of situational and psychological elements on the development of intentions.
	The considerable moderated mediation provides additional evidence that GBK improves the overall indirect pathways leading to green purchasing behavior in addition to strengthening direct impacts. Practically speaking, this means that consumers who are more knowledgeable about solar brands are more likely to translate perceived viability and environmental awareness into actual adoption behavior.
7. Conclusion
7.1 Theoretical Contributions
	This study makes three primary theoretical contributions. First, it extends the application of TPB to the domain of solar technology adoption in an emerging market context, enriching the predominantly developed-economy focus of existing TPB-green marketing research. Second, it demonstrates the value of integrating TRI as a supporting theoretical framework within the TPB model, providing a more nuanced understanding of the dual environmental and technological motivations underpinning solar purchase behaviour. Third, it introduces and empirically validates green brand knowledge as a moderating variable in the IV-intention relationship, advancing the green brand equity literature and highlighting the boundary conditions of TPB-based predictions in green technology markets.
7.2 Practical Implications
For solar technology marketers in Pakistan, the findings suggest several actionable strategies. First, marketing communications should simultaneously address environmental values, social norms, and practical feasibility concerns, as all three dimensions of TPB significantly predict purchase intention. Government-backed awareness campaigns highlighting the financial savings, environmental benefits, and social desirability of solar adoption could leverage all three TPB pathways. Second, the significant role of technological factors underscores the need for brands to invest in consumer education regarding system functionality, reliability, and ease of use—particularly to mitigate the dampening effects of technological discomfort and insecurity. Third, building green brand knowledge through transparent environmental certification, sustainability labelling, and proactive green brand storytelling is essential for maximizing the effectiveness of green marketing initiatives among diverse consumer segments.
7.3 Limitations and Future Research
The cross-sectional design precludes causal inference, and future longitudinal studies should examine the temporal dynamics of the intention-behaviour relationship in solar adoption. The online survey methodology may introduce self-selection bias, potentially over-representing more tech-savvy and environmentally aware consumers. While the geographic stratification of the sample enhances representativeness, further research should examine provincial and urban-rural differences in green consumer behaviour. Future studies might also extend the model by incorporating additional moderating variables such as environmental concern, income level, or policy awareness and by employing qualitative methods to provide richer contextual understanding of the identified relationships.
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