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Abstract: Background: Solar thermal systems work together with solar photovoltaic systems to 

create an effective solution which produces sustainable electricity from reliable solar power. The 

adoption process faces different obstacles because people have different levels of knowledge and 

financial resources and technical difficulties. Methods: we conducted a quantitative survey with 215 

participants provided data about their social background and their knowledge and beliefs and their 

plans to use the product. The study used descriptive statistics together with Pearson correlation 

analysis and multiple regression modeling to discover important links between variables which 

included awareness and environmental value and cost concern and technical complexity. Results: 

The study shows that most people understand solar PV systems at 72.1% but only 40.9% understand 

solar thermal technologies which demonstrates a lack of knowledge about these systems. The 

respondents expressed general approval of hybrid systems because they supported environmental 

sustainability at 51.2% and backed policy initiatives at 55.3%. The study identified two main 

obstacles which included first-time expenses that cost 28% of the budget and 20% of people did not 

know about this service. The study shows that people who know about environmental value and 

show environmental value appreciation will adopt these initiatives according to the regression 

results (β = 0.36 and β = 0.28). Conclusion: People decide to use integrated solar systems they 

understand their benefits. The process of sustainable energy transition needs three fundamental 

requirements which include better policy backing and lower expenses and increased public 

understanding of renewable energy benefits. 

Keywords: Hybrid Systems, Solar Energy, Solar PV, Adoption, Cost Barrier, Sustainability, Solar 

Thermal, Awareness. 

1. Introduction 

The worldwide increase in energy needs together with mounting environmental 

damage and climate change issues requires immediate action to develop sustainable 

renewable energy systems. The world faces rising greenhouse gas emissions because of 

fossil fuel dependence which also creates a threat to maintain stable energy availability for 

future needs [1]. Solar power has become the best environmental solution because it 

provides continuous renewable power from abundant sunlight which produces minimal 

environmental harm. Solar photovoltaic (PV) systems have become the most common 

solar technology for power generation but solar thermal systems serve mainly for thermal 

heating purposes [2]. However, depending on a single technological solution produces 
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barriers which prevent solar power systems from reaching their maximum operational 

potential. The combination of solar PV with solar thermal systems forms hybrid solar 

systems which offer an innovative approach to increase power generation capacity and 

system operational performance [3]. These systems produce both electrical power and heat 

energy which helps them decrease energy waste while achieving better operational results. 

Hybrid systems provide two main benefits because they improve energy supply stability 

while they reduce carbon emissions which supports sustainable energy development [4]. 

The world shows growing interest in renewable energy which leads to solar hybrid 

systems becoming popular because they offer an optimized power generation system [5]. 

The integrated solar systems provide beneficial features, their deployment occurs at 

different speeds between various geographic areas and different user demographics. The 

main problem stems from people who fail to understand solar PV technology but they do 

not recognize solar thermal power systems [6]. For instance, approximately 72.1% of 

individuals report high awareness of solar PV systems, whereas only 40.9% demonstrate 

high awareness of solar thermal systems [7]. The difference between user knowledge about 

integrated solar systems and their understanding of system advantages creates barriers 

which maintain low adoption rates for these systems. IN addition to awareness, several 

economic and technical challenges hinder the widespread implementation of hybrid solar 

systems [8]. The initial investment cost stands out as the primary obstacle because nearly 

28% of users view it as their main financial barrier [9]. Solar systems provide customers 

with financial savings through lower utility bills but their starting expenses prevent many 

people from buying them. The system creates operational problems because its complex 

design requires hard installation work which needs frequent maintenance that blocks 

users from starting their tasks [10]. 

The way people adopt things depends on multiple elements which include both 

policy frameworks and institutional structures. The adoption of renewable energy 

technologies becomes more likely when governments create supportive policies and 

financial incentives and regulatory systems which back these technologies [11]. The 

transition process will proceed at a slow pace because there are no effective policy 

measures to speed up its implementation. Users face multiple obstacles because their 

systems do not connect properly to the grid and they cannot access necessary technical 

assistance [12]. The multiple elements which affect this system need to be understood 

before people will accept integrated solar energy systems. Solar-hybrid system adoption 

while also exploring the obstacles that stop people from using these systems [13]. The 

study will investigate five main elements which affect solar-hybrid system adoption by 

studying how people understand these systems and their environmental worth and their 

financial aspects and their operational systems and their government backing. This 

research provides a detailed evaluation which helps policymakers and researchers and 

stakeholders create successful strategies to boost solar energy usage for achieving 

sustainable energy targets. 

 

2. Material and methods 

2.1 Study Design and Data Collection 

This study uses quantitative methodology to investigate which factors drive people 

to adopt solar thermal and photovoltaic solar power systems together. we obtained their 

primary data through a structured questionnaire which they distributed to 215 people who 

lived in the United States. Questionnaire included both fixed response questions and 

Likert-scale questions which users could use to measure their knowledge and their 

thoughts about the subject and their interest in using the technology [14]. People know 

more about solar PV systems than solar thermal systems because solar PV systems have 

higher public recognition which shows the need to improve public understanding of solar 
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thermal technology. The survey instrument underwent pre-testing before full deployment 

to achieve better clarity and coherence and improved reliability. The data received through 

collection underwent a process of coding and cleaning before statistical analysis 

preparation [15]. 

2.2 Variables and Measurement 

Adoption intention of hybrid solar systems as the main focus which receives input 

from five independent variables that consist of awareness and environmental value and 

cost concern and technical complexity and policy support. we used a five-point Likert scale 

to assess each construct which provided a standardized method for measuring how 

respondents perceived different element [16]. People can understand solar technologies 

through their level of awareness about these systems. People who care about 

environmental sustainability and ecological benefits show their concern through 

environmental value [17]. People see cost concern as the main financial obstacle which 

stems from the need to pay for initial expenses. The evaluation of system installation and 

operation requires assessing technical complexity but policy support determines 

institutional frameworks and incentive programs impact the system [18]. The variables 

need to be assessed together because they reveal how people decide to adopt things 

through their behavioral patterns and structural components [19]. 

2.3 Analytical Techniques 

The data analysis process involved statistical methods which combined descriptive 

techniques with inferential approaches. The researchers used descriptive statistics to show 

how respondents distributed their characteristics and to display the overall patterns which 

people used to understand things [20]. Pearson correlation analysis to study variable 

relationships through the following mathematical structure: 

r = 
∑ (𝑥𝑖−𝑥)(𝑦𝑖−𝑦)
𝑁
𝑖=1

√∑ (𝑥𝑖−𝑥)
2𝑁

𝑖=1 ⋅∑ (𝑦𝑖−𝑦)
2𝑁

𝑖=1

 

In addition, multiple regression analysis was applied to evaluate the combined 

influence of independent variables on adoption intention [21]. The regression model is 

specified as: 

Y= β0+β1A+β2C+ β3E+ β4P+ β5T+ ϵ 

where adoption intention is modeled as a function of awareness, cost concern, 

environmental value, policy support, and technical complexity. These techniques ensure a 

robust assessment of both the strength and direction of relationships [22]. 

2.4 Identification of Barriers 

Barriers to the adoption of integrated solar systems were identified through 

respondents’ evaluations of key constraints. The evaluation shows that businesses face 

multiple vital obstacles which include expensive startup requirements and poor market 

knowledge and complex technical operations and insufficient basic facilities and 

government rules that restrict operations and ongoing maintenance problems [23]. 

Financial condition stands as the most vital obstacle which prevents users from making 

their adoption choices. The problem becomes worse because people fail to recognize its 

value which blocks them from understanding how it will benefit them in the long run [24]. 

The system's complicated design creates user distrust because users struggle to 

understand both the installation process and the operational management requirements. 

Adoption climate results from two primary obstacles which stem from both infrastructure 

problems and policy restrictions thus organizations need to develop unified approaches 

which support their expansion [25]. 

2.5 Reliability and Validity 

We performed various steps to maintain their methods at a high standard which 

allowed them to keep their study results both valid and reliable. The survey instrument 
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went through pre-testing which helped researchers identify confusing elements that they 

subsequently corrected for better internal consistency [26]. Standardized measurement 

scales were employed to ensure comparability across responses. Implemented strict data 

validation procedures which helped them identify and correct all mistakes and 

inconsistencies that appeared during the cleaning process [27]. Established statistical 

methods help researchers find more robust results when they analyze their data. The 

research method generates an all-encompassing system which produces dependable 

results to study different elements that affect hybrid solar system adoption [28]. 

 

3. Results  

3.1 Socio-Demographic Profile and Awareness Level of Solar Technologies 

The socio-demographic characteristics of the 215 respondents indicate that the 

majority belong to the young and economically active age group as shown Table 1. 

 

Table 1. Socio-Demographic Profile and Awareness Level of Solar Technologies. 

Variable Category Frequency Percentage (%) 

Age Group 18–25 82 38.1 

26–35 64 29.8 

36–45 38 17.7 

46–60 21 9.8 

>60 10 4.6 

Gender Male 124 57.7 

Female 91 42.3 

Solar PV Awareness High 155 72.1 

Moderate 40 18.6 

Low 20 9.3 

Solar Thermal Awareness High 88 40.9 

Moderate 67 31.2 

Low 60 27.9 

 

The largest group of respondents (38.1%) belonged to the 18–25 age range while the 

second largest group (29.8%) belonged to the 26–35 age range. The percentage of people in 

each age group decreased as they got older because only 4.6% of people reached the age 

of 60 years. The male respondents made up 57.7% of the sample which exceeded the 42.3% 

female participants who took part in this study thus showing an almost equal number of 

participants from both genders. The survey results showed most people understood Solar 

Photovoltaic (PV) systems because 72.1% of respondents said they had strong awareness 

about these systems. The percentage of people who understood Solar Thermal systems 

stayed at a lower level because 40.9% of respondents said they had strong understanding 

while 27.9% of respondents stated they had limited understanding. People need to better 

understand the differences between PV and thermal solar systems which means solar 

power education should include programs that promote combined solar energy systems. 

3.2 Perception Toward Hybrid Solar Systems 

Hybrid solar systems through their answers about system performance 

enhancements and power expense reductions and environmental protection and power 

system stability and local environment compatibility and required government backing as 

Figure 1.  
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Figure 1. Perception Toward Hybrid Solar Systems. 

 

People have developed a strong positive view about implementing hybrid solar 

power systems. The two highest percentages of "Strongly Agree" responses emerged from 

policy support requirement (55.3%) and environmental sustainability (51.2%) which 

demonstrate USA energy transition needs both regulatory frameworks and environmental 

advantages. The data shows that 47.4% of people support efficiency improvement and 

48.8% back contextual suitability which indicates their belief in technological success and 

its ability to fit various situations. The data shows that 44.2% of people support cost 

reduction and 39.5% back reliability which produces positive yet less enthusiastic results. 

The percentages of neutral and disagreement responses stay under 15% for all indicators 

which shows respondents do not doubt the results. 

3.3 Barriers to Adoption of Integrated Solar Systems 

Demonstrates the primary obstacles which prevent users from adopting integrated 

solar systems while showing which barriers affect system adoption the most as Figure 2.  

 

 

Figure 2. Barriers to Adoption of Integrated Solar Systems. 

The main obstacle for users to adopt these systems stems from their high initial 

expenses which make up 28% of the total cost. Users encounter two main barriers because 

they must pay a substantial initial cost and then deal with the system's operational 
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expenses. The research shows that twenty percent of people lack knowledge about solar 

energy benefits and its various uses. The technical aspects of the system create 17% of its 

problems because users face two major challenges when they need to install and run the 

system. The infrastructure limitation represents 13% which demonstrates that there are 

missing facilities which need to support grid connectivity. The adoption process faces 

twelve percent of obstacles because of regulatory and institutional barriers which block 

implementation. The 10% maintenance problems represent the smallest part of the 

situation but they create problems which affect the long-term operation of the system. 

3.4 Pearson Correlation Matrix of Crucial Variables 

Pearson correlation analysis shows that multiple variables established substantial 

connections through their relationships. The data shows that Policy Support (0.62) and 

Environment (0.60) and Awareness (0.58) maintain strong positive links with Adoption 

which proves that better awareness and backing from policies lead to higher adoption rates 

according to Figure 3.  

 

 

Figure 3. Pearson Correlation Matrix of Crucial Variables. 

 

The data shows Environment maintains moderate connections with Awareness 

(0.52) and Policy Support (0.49) which indicates these factors affect each other through 

their mutual relationship. The data shows Cost Concern maintains negative relationships 

with Adoption (-0.54) and Awareness (-0.39) and Policy Support (-0.38) which indicates 

that people become less likely to accept and engage with something when they believe it 

will cost them more money. The data shows Tech Complexity leads to higher Cost Concern 

(0.53) but produces negative effects on Adoption (-0.46) and Policy Support (-0.35) which 

shows that complex technology systems create higher expenses which make people less 

likely to use them. 

3.5 Multiple Regression Analysis for Adoption Intention 

Multiple regression analysis which predict adoption intention based on different 

variables as Table 2.  
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Table 2. Multiple Regression Analysis for Adoption. 

Predictor Variable Coefficient (β) Std. Error t-value p-value 

Awareness 0.36 0.09 2.41 0.018 

Cost Concern -0.31 0.12 -2.07 0.041 

Environmental Value 0.28 0.11 2.12 0.036 

Policy Support 0.24 0.13 1.95 0.052 

Technical Complexity -0.19 0.10 -1.98 0.049 

Constant 1.05 0.42 2.50 0.014 

 

The research shows that Awareness (β = 0.36, p = 0.018) produces a strong positive 

effect because people who learn more will choose to adopt it. The research shows that 

Environmental Value (β = 0.28, p = 0.036) produces a positive effect because people who 

understand environmental value will decide to adopt it. The data shows Cost Concern (β 

= -0.31, p = 0.041) produces a negative effect which proves that people will not adopt when 

they think costs are high. The analysis shows that Technical Complexity (β = -0.19, p = 

0.049) produces a negative effect because users stay away from technologies which have 

difficult operational systems. The analysis shows Policy Support (β = 0.24, p = 0.052) 

produces a weak positive effect which means it helps but its impact remains moderate. The 

constant term shows statistical importance because its beta value equals 1.05 and its p-

value stands at 0.014. The research indicates that awareness together with environmental 

value serve as major factors yet cost and complexity create obstacles for adoption.  

 

4. Discussion 

The study revealed essential information about how different value elements affect 

the acceptance of integrated hybrid solar power systems which operate in the United 

States. People choose to adopt solutions because they understand the worth which they 

receive from these solutions. The survey results show 72.1% of respondents understand 

Solar PV systems well but only 40.9% understand Solar Thermal systems well which 

proves people know less about Solar Thermal systems. The research shows people adopt 

products differently because they lack enough information which the regression analysis 

confirmed through positive effects on adoption intention from awareness (β = 0.36, p = 

0.018) and correlation results (r = 0.58). The research shows that people make better 

decisions about solar technology value and their confidence in these systems increases 

when they have better solar technology understanding. The core value system depends on 

awareness because it enables people to make adoption choices [29]. 

This study demonstrates that people choose to support environmental values 

because they hold strong significance to them. The survey results show that 51.2% of 

participants strongly support the idea that hybrid solar systems create major advantages 

for protecting the environment. The statistical findings demonstrate a positive connection 

between adoption and perception which researchers established through their analysis (β 

= 0.28, p = 0.036; r = 0.60). Research findings establish environmental concern as the 

essential factor which drives people to support renewable energy resources. American 

public shows increased support for hybrid solar technology adoption because they value 

environmental protection more than before [30]. Economic or cost value emerges as the 

most significant barrier to adoption. The barrier analysis indicates that high initial cost 

accounts for 28%, making it the dominant constraint among all identified factors. 

Regression analysis shows that cost concern creates a negative impact on adoption because 

β equals negative 0.31 and p equals 0.041 and the data shows a negative relationship with 

an r value of negative 0.54. Solar power offers future financial advantages to respondents 

yet its initial costs create a barrier which makes solar energy seem unaffordable to most 
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people [31]. Organizations face an essential strategic problem because they need to allocate 

resources between their strategic objectives and their current financial restriction [32]. 

The research identified system complexity as an essential discovery which relates to 

technical value. The research shows that 17% of participants see technical complexity as 

an obstacle yet this factor creates a strong negative impact on system adoption because of 

its statistical value (β = −0.19, p = 0.049; r = −0.46). The study results show users find 

complex systems difficult to install and operate and maintain which leads to lower overall 

system usability ratings [33]. Adopting systems that provide environmental and economic 

advantages because these systems lack straightforward usability. The research reveals that 

policy and institutional value function as essential elements which influence this process 

[34]. A majority of respondents (55.3%) expressed strong agreement that policy backing 

needs to exist for hybrid solar system implementation to succeed. The research shows 

supportive policies together with incentives and regulatory frameworks which help 

people feel systems are doable while making costs more affordable through their link to 

adoption (β = 0.24, p = 0.052; r = 0.62). The research shows that this factor has a weak impact 

through regression analysis but it strongly correlates with other factors which makes it 

essential for understanding how adoption behavior develops [35]. 

The decision to adopt technology depends mostly on infrastructure value and 

maintenance value but these factors have lower influence during the adoption process. The 

research shows that thirteen percent of respondents expressed worries about grid 

connection and system compatibility through their responses about infrastructure 

restrictions. The research shows that ten percent of respondents expressed doubts about 

regular system maintenance because they have concerns about maintenance sustainability 

[36]. The real-world performance of hybrid solar systems depends on multiple factors 

which determine their reliability and operational practicality [37]. Multiple value elements 

exist to determine how people adopt hybrid solar energy systems. The study shows that 

two main factors drive positive environmental outcomes because people understand 

environmental issues and they value nature while financial expenses and complex 

technical requirements serve as major obstacles. Policy support functions as a basic 

enabling factor yet infrastructure problems and maintenance needs become essential 

elements which influence the situation. 

 

5. Conclusion 

This study finding show that integrated hybrid solar energy systems depend on 

various value elements to achieve successful adoption. The strongest positive influences 

which drive users to accept solar technology stem from their awareness and environmental 

values. The two main obstacles which prevent people from accepting this technology 

include its expensive starting price and its complicated technical setup. Policy support 

functions as a vital support system which makes products more affordable to customers 

while people to accept these products. The transition to sustainable solar energy needs 

three fundamental elements which include better awareness and cost reduction and 

system design simplification. 
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