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Abstract 

This article examines the critical infrastructure components necessary to enhance solar 

energy generation, with a focus on grid capacity, energy storage, transmission efficiency, 

and remote monitoring. Solar energy is increasingly recognized as a sustainable solution 

for mitigating climate change and reducing dependency on fossil fuels. However, 

optimizing solar power generation and achieving scalability require substantial 

improvements in infrastructure. This study explores several key variables that impact 

solar generation: access to adequate grid infrastructure, urgency of infrastructure 

development (grid capacity, energy storage, transmission efficiency, and remote 

monitoring), adequacy of current storage solutions, and the proportion of unutilized solar 

energy due to infrastructure constraints. Data was collected through a survey targeting 

professionals involved in solar energy projects, with an emphasis on understanding how 

these infrastructure needs are perceived across different age demographics. 

The analysis, conducted using SPSS software, reveals a broad consensus on the need for 

grid and storage enhancements, with variations in urgency across age groups. Most 

respondents highlight the importance of remote monitoring and advanced energy storage 

as vital to maintaining consistent energy flow and minimizing wastage. The study finds 

that while existing infrastructure supports solar energy distribution to some extent, 

strategic upgrades are essential to address inefficiencies and optimize generation 

potential. 

The findings emphasize that investment in grid and storage technology, combined with 

policy support, can significantly improve resource optimization, cost-effectiveness, and 

solar energy scalability. Recommendations include prioritizing grid capacity expansion, 

advancing storage technology, enhancing transmission efficiency, and implementing 

remote monitoring systems to maximize the effectiveness of solar power generation. 

These insights offer a framework for stakeholders aiming to develop a resilient, scalable 

solar energy infrastructure that aligns with climate goals and supports sustainable energy 

growth. 

Keywords: Solar energy infrastructure, Grid capacity, Energy storage solutions, 

Transmission efficiency, Remote monitoring systems 

 

I. Introduction: 

Solar energy is pivotal in the fight against climate change, serving as a clean and renewable energy 

source that reduces dependency on fossil fuels. As nations worldwide commit to lowering greenhouse 

gas emissions, solar power has emerged as a sustainable and scalable solution to meet growing energy 

demands while curbing environmental impact. The enhanced generation of solar power not only aids 

in meeting climate goals but also optimizes resource utilization and reduces energy costs, offering 

significant advantages for economic and environmental sustainability. Solar power plants, when 
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operated at optimized capacity, deliver reliable, cost-effective energy that supports long-term 

resilience in the energy sector. 

To achieve optimal generation and ensure efficient utilization of solar energy, various infrastructure 

and operational factors must be carefully considered. Key variables—such as grid capacity, energy 

storage, transmission efficiency, and remote monitoring—play a critical role in maximizing solar 

energy output. These infrastructure elements affect not only the amount of energy generated but also 

its stability, reliability, and adaptability to future demands. In this article, we focus on several specific 

variables, including access to adequate grid infrastructure, the urgency of development across grid 

capacity, energy storage, transmission efficiency, and remote monitoring, the adequacy of current 

storage solutions, the proportion of unutilized solar energy due to infrastructure constraints, and 

perceptions of the necessity for infrastructure improvements to support the scalability of solar energy. 

Together, these variables provide a framework for evaluating the infrastructure readiness and 

improvements needed to support enhanced solar generation. 

The framework for this study involves analysing these infrastructure variables with respect to 

respondent demographics, particularly age groups, to explore if and how perceptions of infrastructure 

needs vary across different age segments. By examining these variables, the study seeks to identify 

critical infrastructure priorities and provide actionable recommendations to optimize solar energy 

generation, aligning with both resource efficiency and cost-effectiveness goals. 

Objectives of the Study 

The key objectives of this study are: 

1. To evaluate the adequacy of current grid and storage infrastructure in supporting efficient 

solar energy distribution. 

2. To assess the perceived urgency for development in key infrastructure areas, specifically grid 

capacity, energy storage, transmission efficiency, and remote monitoring, as perceived by 

solar energy professionals. 

3. To determine the effectiveness of existing storage solutions and quantify the extent of 

unutilized solar energy due to current infrastructure constraints. 

4. To analyse overall agreement on the importance of infrastructure improvements for future 

solar scalability across different age demographics, providing insights into potential 

demographic influences on infrastructure priorities. 

5. To provide recommendations for infrastructure enhancement, focusing on optimizing solar 

power generation for improved resource utilization and cost savings. 

Overall Hypothesis 

The overarching hypothesis of this study is that improvements in key infrastructure components—grid 

capacity, energy storage, transmission efficiency, and remote monitoring—will significantly enhance 

the efficiency and scalability of solar energy generation. Additionally, it is hypothesized that 

perceptions of infrastructure adequacy and development urgency may vary across age demographics, 

potentially reflecting diverse professional experiences or perspectives within the solar industry. 

Through a detailed analysis of these variables, this study aims to validate the hypothesis and offer 

insights into the critical infrastructure upgrades needed to achieve optimized, sustainable solar power 

generation. The findings are expected to inform future planning and investment strategies, supporting 

broader goals of energy security, economic efficiency, and climate resilience. 

II. Literature Survey: 

The transition to renewable energy sources, particularly solar power, is critical in addressing climate 

change and achieving energy security. Research has consistently shown that solar energy plays a 

central role in reducing greenhouse gas emissions, thus mitigating climate change impacts (5). With 

the declining costs of solar photovoltaic (PV) technology, solar power has become a feasible 

alternative to fossil fuels in both developed and developing countries (6). However, the efficiency and 

scalability of solar power depend heavily on infrastructure components, including grid capacity, 

energy storage solutions, and transmission efficiency. 

One of the main challenges in expanding solar power generation is the adequacy of the electrical grid 

to support distributed solar energy. Studies indicate that while solar generation costs have decreased, 

the existing grid infrastructure in many regions is not prepared to accommodate large-scale solar 

energy inputs, leading to inefficiencies and energy loss (10). In regions with outdated grid systems, 
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integrating high volumes of solar energy can cause grid instability and limit the potential of solar 

generation (3). Therefore, enhancing grid infrastructure is essential to achieve optimal solar energy 

distribution and utilization. 

Energy storage is another critical component for effective solar power generation. Solar energy 

generation is inherently variable due to weather conditions and daily solar cycles, which makes 

reliable energy storage solutions essential for maintaining a consistent energy supply (1). Research 

shows that advancements in battery technology, such as lithium-ion and flow batteries, have 

significantly improved energy retention rates, thereby minimizing wastage (11). However, the high 

costs associated with advanced energy storage solutions still pose challenges, particularly in 

developing countries. Optimizing energy storage capacity is necessary to balance energy supply and 

demand, making solar power more reliable and reducing the strain on the grid (6). 

Transmission efficiency is also a key variable affecting solar power scalability. Inefficient 

transmission systems result in significant energy losses, which directly impacts the cost-effectiveness 

of solar energy (9). In regions with decentralized or remote solar power installations, improving 

transmission lines and reducing energy loss during transmission is crucial. Upgraded transmission 

infrastructure helps ensure that solar energy can be delivered from production sites to end-users 

effectively, especially in rural areas where solar farms are often located (4). 

Remote monitoring and management systems are increasingly recognized as valuable tools in solar 

energy projects, as they allow for real-time data collection, predictive maintenance, and enhanced 

operational efficiency. Studies show that automated monitoring can reduce maintenance costs and 

minimize downtime, thereby increasing overall energy output (7). Remote monitoring is particularly 

beneficial for large-scale solar farms, where manual monitoring would be impractical. As technology 

advances, integrating remote monitoring with AI and IoT systems is likely to become standard 

practice, further enhancing solar power efficiency (2). 

Several studies emphasize the role of policy and regulatory support in promoting infrastructure 

improvements for renewable energy. According to the International Renewable Energy Agency 

(IRENA), supportive policies such as subsidies for grid and storage upgrades and incentives for 

adopting advanced technologies are essential to drive solar infrastructure development (6). 

Governmental support can reduce the financial burden on private sector players, encouraging more 

investments in solar infrastructure (8). A study by Zhang and He (2019) found that regions with strong 

policy frameworks experienced faster solar energy adoption rates, underscoring the importance of 

regulatory support in scaling solar power (12). 

Despite these advances, research indicates that unutilized solar energy remains a challenge in many 

regions. Studies have highlighted that a significant portion of generated solar energy is often lost due 

to infrastructure limitations, particularly in areas lacking adequate storage solutions (3). Addressing 

this issue requires comprehensive infrastructure planning, with a focus on grid expansion, energy 

storage, and efficient energy transmission systems (10). Furthermore, integrating renewable energy 

sources such as wind and solar into the grid requires complex planning and synchronization, adding to 

the infrastructural demands (6). 

Finally, the importance of demographic factors in influencing perceptions of infrastructure needs has 

been explored in recent studies. Researchers have found that younger professionals in the energy 

sector tend to prioritize technological advancements and express higher support for remote monitoring 

solutions, whereas older professionals may focus more on grid stability and traditional infrastructure 

upgrades (4). Understanding these demographic differences can aid in tailoring infrastructure 

development strategies to meet diverse stakeholder expectations. 

In summary, the existing literature underscores the importance of comprehensive infrastructure 

development to support the growth of solar energy. The key areas of focus—grid capacity, energy 

storage, transmission efficiency, and remote monitoring—are widely recognized as essential to 

achieving a sustainable and scalable solar energy sector. Policy support and financial incentives are 

also critical for facilitating infrastructure enhancements, particularly in emerging economies. As solar 

technology continues to evolve, these infrastructure variables will play a decisive role in the success 

of solar energy initiatives worldwide. 
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III. Methodology: 

An opinion survey was conducted among engineers from various age groups, each with over five 

years of experience in the solar energy sector. A total of 142 individuals participated, providing their 

insights on multiple questions regarding the adequacy of infrastructure to support enhanced solar 

power generation from PV grid-interactive, ground-mounted solar plants. This survey offers valuable 

perspectives from experienced professionals on infrastructure capabilities and areas for improvement 

in solar energy distribution. 

 

The age-group wise analysis of 142 participants is as follows. 

 

Age-group Frequency Percent 

 25 to 34 44 31.0 

35 to 44 31 21.8 

45 to 54 24 16.9 

55 to 64 42 29.6 

65 or older 1 .7 

Total 142 100.0 

 

In analysing the age group distribution of survey respondents, it is observed that the sample comprises 

a well-rounded representation across various age brackets, reflecting a diverse range of professional 

experience levels. The majority of participants fall within the 55 to 64 age range (29.6%), suggesting 

substantial engagement from individuals with a high level of industry experience. This is followed 

closely by the 25 to 34 age group, accounting for 31.0% of respondents, indicating active interest and 

involvement from younger professionals who may bring innovative perspectives to the solar energy 

sector. 

The 35 to 44 (21.8%) and 45 to 54 (16.9%) age groups also demonstrate meaningful participation, 

further contributing to the depth of insights collected from mid-career professionals with substantial 

technical and operational expertise.  

Overall, the survey reflects a balanced demographic spread, with responses gathered from a wide 

spectrum of age groups. This diverse participation provides a comprehensive understanding of views 

on infrastructure adequacy for enhanced solar power generation, enriched by perspectives across 

different career stages. 

Independent variables: 

The survey included seven key questions, each considered an independent variable contributing to 

enhanced solar power generation. The first question asked participants if their area had adequate grid 

infrastructure to support solar energy distribution. This question aimed to establish a baseline 

understanding of existing infrastructure sufficiency according to the professionals surveyed. 

Following this, participants were asked to rank the urgency of various infrastructure development 

needs. These included grid capacity, energy storage, transmission efficiency, and access to remote 

monitoring. Each of these factors was rated on a scale from 1 (least urgent) to 4 (most urgent), 

allowing respondents to prioritize areas where they felt improvements were most necessary. The 

rankings are intended to reveal the relative importance placed on each type of infrastructure upgrade, 

providing insight into immediate and long-term needs for solar power scalability. 

The survey also inquired about the adequacy of current storage solutions, asking respondents to rate 

them on a scale from 1 to 10. This interval scale allowed for a nuanced evaluation of storage 

adequacy, capturing a range of opinions from participants with varying levels of experience in the 

sector. 

Finally, participants estimated the proportion of generated solar energy that remains unutilized due to 

infrastructure constraints. This ratio-based question aimed to quantify the extent of energy loss 
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resulting from current infrastructure limitations, highlighting the need for improvements that could 

maximize energy utilization. 

The survey, therefore, includes the following seven independent variables to understand their 

contribution to enhanced solar power generation: 

1. Access to Adequate Grid Infrastructure 

2. Urgency of Grid Capacity Development 

3. Urgency of Energy Storage Development 

4. Transmission Efficiency Improvement 

5. Access to Remote Monitoring 

6. Adequacy of Current Storage Solutions 

7. Proportion of Unutilized Solar Energy Due to Infrastructure Constraints 

Each of these questions will be analysed in detail and tested statistically with respect to respondents' 

age groups. This approach will help identify any significant differences in perspectives among age 

demographics, offering insights into how experience and generational factors may influence priorities 

in solar infrastructure development. 

Independent variable-1: Access to Adequate Grid infrastructure. 

This variable was analysed with respect various perceptions of different age group people participated 

in the survey. 

Table-1: Access to Adequate Grid Infrastructure * Age group Crosstabulation 

 

Grid Adequacy Age group Total 

25 to 34 35 to 44 45 to 54 55 to 64 65 or older 

No 9 3 12 10 0 34 

Yes 35 28 12 32 1 108 

Total 44 31 24 42 1 142 

 

The crosstabulation of responses regarding Access to Adequate Grid Infrastructure across different 

age groups reveals distinct patterns in perceptions. Among the 25 to 34 age group, 44 individuals 

responded, with the majority (35) indicating that they have adequate grid infrastructure to support 

solar energy distribution, while 9 expressed that the infrastructure is inadequate. 

In the 35 to 44 age group, comprising 31 respondents, a similar trend is observed. Here, 28 individuals 

reported having adequate grid infrastructure, whereas 3 indicated otherwise. This age group shows a 

strong agreement on the adequacy of grid infrastructure, with only a small minority expressing 

concerns. 

The 45 to 54 age group shows a more balanced perspective, with an equal split between those who 

feel the grid infrastructure is adequate (12) and those who do not (12). This indicates a more divided 

view among respondents within this age bracket, potentially reflecting varied experiences or insights 

into infrastructure challenges. 

In the 55 to 64 age group, out of 42 participants, 32 affirmed the adequacy of the grid infrastructure, 

while 10 felt it was inadequate. This group exhibits a high level of confidence in the existing grid 

capabilities, though a notable portion still perceives some deficiencies. 

Overall, a majority of respondents across all age groups believe they have access to adequate grid 

infrastructure, with 108 (76%) out of 142 indicating so. This data will be analysed further to identify 

if age-related differences significantly influence perceptions of grid adequacy for solar energy 

distribution. 

The results are tested statistically using Pearson Chi-square to assess the association. 

Hypotheses 

• Null Hypothesis (H₀): There is no association between age group and access to adequate grid 

infrastructure for solar energy distribution. In other words, the perception of grid adequacy is 

independent of the respondents' age group. 

• Alternative Hypothesis (H₁): There is an association between age group and access to 

adequate grid infrastructure for solar energy distribution. This means the perception of grid 

adequacy varies with age group. 

 



Sustainable Solar Power Generation Kalasani Mohan Reddy 981 

 

    Nanotechnology Perceptions 20 No.S15 (2024) 976-996                                                                                                                                                                 

 

Table-2: Chi-square Tests 

 Value df Asymptotic Significance (2-sided) 

Pearson Chi-Square 13.022 4 .011 

Likelihood Ratio 12.649 4 .013 

N of Valid Cases 142   

Interpretation 

The p-value for the Pearson Chi-square test is 0.011, which is less than the commonly used 

significance level of 0.05. This indicates that we can reject the null hypothesis and accept the 

alternative hypothesis. 

Inference 

Since the p-value is less than 0.05, we conclude that there is a statistically significant association 

between age group and perceptions of adequate grid infrastructure for solar energy distribution. This 

suggests that respondents’ opinions on grid adequacy vary depending on their age group. 

Independent variable-2: Urgency of Grid Capacity Development 

This variable was analysed with respect various perceptions of different age group people participated 

in the survey. 

 

Table-3:  Urgency of Grid Capacity Development* Age group Crosstabulation 

 

Grid Capacity 

Development 

Age-group wise Total 

25 to 34 35 to 44 45 to 54 55 to 64 65 or older 

least urgent 2 0 1 1 0 4 

moderate urgent 3 3 3 5 0 14 

urgent 21 9 9 12 1 52 

most urgent 18 19 11 24 0 72 

Total 44 31 24 42 1 142 

 

Analysis of Urgency of Grid Capacity Development Across Age Groups: 

The crosstabulation of Urgency of Grid Capacity Development by Age Group reveals insights into 

how different age demographics perceive the priority of grid capacity improvements to support solar 

power generation. 

In the 25 to 34 age group, comprising 44 respondents, the majority view grid capacity development as 

either "urgent" or "most urgent." Specifically, 21 individuals in this group rated it as "urgent," while 

18 rated it as "most urgent," indicating a strong recognition of the importance of grid capacity 

improvements among younger professionals. 

The 35 to 44 age group, with 31 respondents, shows an even greater emphasis on the urgency of grid 

capacity development. Here, 19 individuals marked it as "most urgent," and 9 rated it as "urgent." This 

suggests that this age group places a high priority on grid capacity enhancements, with nearly all 

participants leaning towards urgent or most urgent ratings. 

In the 45 to 54 age group, which includes 24 respondents, opinions are slightly more varied, though 

urgency remains a predominant theme. In this group, 9 individuals selected "urgent" and 11 selected 

"most urgent." While a few respondents rated it as "moderate urgent" or even "least urgent," the 

majority still favor a high level of priority for grid capacity improvements. 

The 55 to 64 age group, with 42 respondents, shows the strongest emphasis on urgency among all age 

groups. A total of 24 individuals in this group rated grid capacity development as "most urgent," and 

12 rated it as "urgent." This indicates a heightened awareness of the need for infrastructure 

improvements among experienced professionals in this age range. 

Overall, the data indicate that a majority of respondents across all age groups consider grid capacity 

development to be either "urgent" or "most urgent." However, the intensity of urgency appears to vary 

slightly, with the 55 to 64 age group expressing the strongest sense of priority, followed closely by the 

35 to 44 and 25 to 34 groups as shown in figure-1.  
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Figure-1: 

 
This analysis provides a foundation for testing the hypothesis that perceptions of grid capacity 

urgency are associated with age group, which could yield insights into how different age 

demographics prioritize infrastructure enhancements. 

Hypothesis for Testing 

• Null Hypothesis (H₀): There is no association between age group and perceived urgency of 

grid capacity development. This means that age group does not significantly influence 

opinions on the urgency of grid capacity improvements. 

• Alternative Hypothesis (H₁): There is an association between age group and perceived 

urgency of grid capacity development. This implies that age groups differ significantly in 

their views on grid capacity urgency. 

Table-4: Chi-Square Tests 

 

 Value df Asymptotic Significance (2-

sided) 

Pearson Chi-Square 8.707 12 .728 

Likelihood Ratio 9.767 12 .636 

N of Valid Cases 142   

 

Interpretation 

The p-value for the Pearson Chi-square test is 0.728, which is much greater than the commonly used 

significance level of 0.05. This indicates that we fail to reject the null hypothesis. In other words, 

there is no statistically significant association between age group and perceived urgency of grid 

capacity development. Therefore, the urgency assigned to grid capacity development does not vary 

significantly across age groups. 

 

Independent variable-3: Urgency of Energy Storage Development 

This variable was analysed with respect various perceptions of different age group people participated 

in the survey. 
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Table-5:  Urgency of Energy Storage Development* Age group Crosstabulation 

 

Energy Storage 

Development 

Age-group wise Total 

25 to 34 35 to 44 45 to 54 55 to 64 65 or older 

least urgent 0 0 1 1 0 2 

moderate urgent 6 1 7 7 1 22 

urgent 13 11 8 14 0 46 

most urgent 25 19 8 20 0 72 

Total 44 31 24 42 1 142 

Analysis of Urgency of Energy Storage Development Across Age Groups: 

The crosstabulation of Urgency of Energy Storage Development by Age Group provides insights into 

how different age demographics perceive the priority of developing energy storage systems, a critical 

component for ensuring reliable renewable energy integration. 

25 to 34 Age Group: This age group, comprising 44 respondents, predominantly views energy storage 

development as a top priority. Specifically, 13 individuals rated it as "urgent," while the majority, 25 

individuals, rated it as "most urgent." Additionally, 6 respondents marked it as "moderately urgent," 

and none considered it "least urgent." This trend indicates strong recognition of the critical need for 

energy storage solutions among younger professionals. 

35 to 44 Age Group: Among the 31 respondents in this group, a significant number emphasized the 

urgency of energy storage development. 11 individuals rated it as "urgent," and 19 individuals marked 

it as "most urgent." Only 1 respondent considered it "moderately urgent," and none selected "least 

urgent." This indicates a clear prioritization of energy storage development among mid-career 

professionals. 

45 to 54 Age Group: The 24 respondents in this age group demonstrated more diverse views, though 

urgency remains a predominant theme. 8 individuals rated it as "urgent," and 8 individuals considered 

it "most urgent." Meanwhile, 7 respondents felt it was "moderately urgent," and 1 respondent viewed 

it as "least urgent." While there is some variation in opinion, the majority still recognize the 

importance of prioritizing energy storage development. 

55 to 64 Age Group: With 42 respondents, this age group displayed a strong emphasis on urgency. 14 

individuals marked energy storage development as "urgent," while 20 individuals rated it as "most 

urgent." Additionally, 7 respondents considered it "moderately urgent," and 1 respondent marked it as 

"least urgent." These responses reflect heightened awareness among experienced professionals about 

the need for robust energy storage systems. 

Overall Observations: 

The data reveal that across all age groups, the majority of respondents consider energy storage 

development to be either "urgent" or "most urgent," accounting for 118 out of 142 responses (83%). 

The 25 to 34, 35 to 44, and 55 to 64 age groups exhibited particularly strong support for the "most 

urgent" category, indicating widespread recognition of the critical importance of energy storage 

systems. The findings highlight the growing awareness and prioritization of energy storage across 

demographics, with middle-aged professionals (55 to 64) expressing the strongest sense of urgency. 

 

Hypothesis: 

Null Hypothesis (H₀): There is no significant association between age groups and the perceived 

urgency of energy storage development. In other words, the perception of urgency is independent of 

the age group. 

Alternative Hypothesis (H₁): There is a significant association between age groups and the perceived 

urgency of energy storage development. In other words, the perception of urgency is dependent on the 

age group. 

 

Hypothesis Testing 

The hypotheses are tested using a Chi-square test of independence to determine whether there is a 

statistically significant relationship between age group and the urgency level assigned to energy 

storage development. A significant result would indicate that perceptions of urgency differ 

meaningfully across age groups. 
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Table-6: Chi-Square Tests 

 

Value df Asymptotic Significance (2-sided) 

Pearson Chi-Square 16.87 12 

Degrees of Freedom (df) 12 
 

N of Valid Cases 142 
 

 

Interpretation 

The p-value for the Pearson Chi-Square test is 0.155, which exceeds the commonly used significance 

level of 0.05. This means there is no sufficient evidence to reject the null hypothesis that age group 

and urgency perceptions of energy storage development are independent of each other. 

Inference 

Since the p-value is greater than 0.05, we fail to reject the null hypothesis. This indicates that there is 

insufficient evidence to suggest a statistically significant association between age group and the 

perceived urgency of energy storage development. Therefore, the data does not support the hypothesis 

that age group significantly influences how respondents prioritize energy storage development. 

Independent variable-4: Transmission Efficiency Improvement 

This variable was analysed with respect various perceptions of different age group people participated 

in the survey. 

Table -7: Transmission Efficiency Improvement * Age group Crosstabulation 

 

Transmission 

Efficiency 

Age group Total 

25 to 34 35 to 44 45 to 54 55 to 64 65 or older 

least urgent 0 0 1 1 0 2 

moderate urgent 6 1 7 7 1 22 

urgent 13 11 8 14 0 46 

most urgent 25 19 8 20 0 72 

 44 31 24 42 1 142 

The crosstabulation of Transmission Efficiency Improvement by Age Group reveals distinct patterns 

in how respondents across different age brackets prioritize the need for enhancing transmission 

efficiency to support solar power distribution.  

In the 25 to 34 age group, which includes 44 respondents, the majority view transmission efficiency 

improvement as a high priority, with 13 individuals rating it as "urgent" and 25 as "most urgent." A 

smaller portion, 6 respondents, considered it only "moderate urgent," and none marked it as "least 

urgent," indicating a strong inclination towards urgency within this age group. 

Similarly, in the 35 to 44 age group, comprising 31 respondents, there is a pronounced emphasis on 

urgency. Nineteen individuals rated transmission efficiency improvement as "most urgent," and 11 

marked it as "urgent." Only one respondent rated it as "moderate urgent," and none viewed it as "least 

urgent." This pattern reflects a high priority on transmission efficiency among professionals in this 

age range. 

The 45 to 54 age group, with 24 respondents, exhibits a broader distribution in urgency levels. Eight 

individuals each rated it as "urgent" and "most urgent," while seven considered it "moderate urgent." 

One individual rated it as "least urgent." Although opinions in this group are more varied, the majority 

still emphasize higher urgency levels. 

 

In the 55 to 64 age group, with 42 respondents, there is a similar emphasis on urgency. Twenty 

respondents rated transmission efficiency improvement as "most urgent," and fourteen marked it as 

"urgent." Seven respondents considered it "moderate urgent," with only one viewing it as "least 

urgent." This age group mirrors the overall trend, prioritizing transmission efficiency while still 

showing some variation. 

Overall, the data indicate that most respondents across age groups consider transmission efficiency 

improvement to be either "urgent" or "most urgent." Although there is some diversity in responses, 

particularly in the 45 to 54 age group, the general consensus across age demographics highlights a 
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widespread acknowledgment of the importance of transmission efficiency for the advancement of 

solar power distribution. 

Figure-3 

 
 

Hypotheses 

• Null Hypothesis (H₀): There is no association between age group and the perceived urgency 

of transmission efficiency improvement. In other words, age group does not significantly 

influence how respondents prioritize transmission efficiency improvements. 

• Alternative Hypothesis (H₁): There is an association between age group and the perceived 

urgency of transmission efficiency improvement. This implies that respondents’ age groups 

significantly influence their perceptions of the urgency of improving transmission efficiency. 

These hypotheses can be tested using a Chi-square test of independence to determine if there is a 

statistically significant relationship between age group and the urgency level assigned to transmission 

efficiency improvements. A significant result would indicate that perceptions of urgency vary 

meaningfully across age demographics. 

Table-8: Chi-Square Tests 

 

 Value df Asymptotic Significance (2-

sided) 

Pearson Chi-Square 16.868 12 .155 

Likelihood Ratio 16.701 12 .161 

N of Valid Cases 142   

Interpretation 

The p-value for the Pearson Chi-square test is 0.155, which is greater than the commonly used 

significance level of 0.05. This indicates that we fail to reject the null hypothesis. 

Inference 

Since the p-value is greater than 0.05, there is insufficient evidence to suggest a statistically 

significant association between age group and perceived urgency of transmission efficiency 

improvement. In other words, the data does not support the idea that age group significantly 

influences how respondents prioritize the urgency of transmission efficiency improvements. 
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Independent variable-5: Access to Remote Monitoring 

This variable was analysed with respect various perceptions of different age group people participated 

in the survey. 

Table-9: Access to Remote Monitoring * Age group Crosstabulation 

 

Access to Remote 

Monitoring 

Age group Total 

25 to 34 35 to 44 45 to 54 55 to 64 65 or older 

least urgent 4 0 1 1 0 6 

moderate urgent 9 3 4 6 0 22 

urgent 15 11 12 18 1 57 

most urgent 16 17 7 17 0 57 

Total 44 31 24 42 1 142 

The crosstabulation of Access to Remote Monitoring by Age Group reveals how different age groups 

prioritize the urgency of enhancing remote monitoring capabilities for solar energy systems.  

Among respondents in the 25 to 34 age group, which includes 44 individuals, there is a strong 

inclination towards higher urgency levels, with 16 rating remote monitoring as "most urgent" and 15 

as "urgent." A smaller subset rated it as "moderate urgent" (9) and "least urgent" (4), indicating a 

majority preference for prioritizing remote monitoring. 

Similarly, the 35 to 44 age group, consisting of 31 respondents, shows a strong preference for urgency, 

with 17 marking it as "most urgent" and 11 as "urgent." Only 3 individuals rated it as "moderate 

urgent," and none selected "least urgent," underscoring the perceived importance of remote 

monitoring among these professionals. 

The 45 to 54 age group, with 24 respondents, displays a more balanced distribution. While 12 rated 

remote monitoring as "urgent" and 7 as "most urgent," a few individuals opted for "moderate urgent" 

(4) and "least urgent" (1). Although the majority of this group leans towards higher urgency, there is 

slightly more variability in their responses. 

 

In the 55 to 64 age group, comprising 42 respondents, the trend towards high urgency continues, with 

17 selecting "most urgent" and 18 choosing "urgent." However, 6 individuals rated it as "moderate 

urgent," and 1 as "least urgent," indicating a broad spectrum of urgency levels, though most responses 

remain at the higher end of the scale. 

Overall, the majority of respondents across all age groups consider access to remote monitoring to be 

either "urgent" or "most urgent." While some variation exists, particularly among the 45 to 54 and 55 

to 64 age groups, there is a clear consensus on the importance of remote monitoring capabilities in the 

solar energy sector.  

Figure-4: 
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This data forms a basis for further statistical testing to assess whether the perceived urgency of remote 

monitoring access significantly varies by age group. 

Hypotheses 

• Null Hypothesis (H₀): There is no association between age group and the perceived urgency 

of access to remote monitoring. In other words, age group does not significantly influence 

how respondents prioritize the urgency of remote monitoring capabilities. 

• Alternative Hypothesis (H₁): There is an association between age group and the perceived 

urgency of access to remote monitoring. This implies that the perceived urgency of remote 

monitoring capabilities varies significantly across different age groups. 

These hypotheses can be tested using a Chi-square test of independence to determine if age group 

influences the urgency level assigned to remote monitoring access. A significant result would indicate 

that perceptions of urgency differ across age demographics. 

Hypothesis Testing Results for Access to Remote Monitoring and Age Group 

Table-10: Chi-Square Tests 

 

 Value df Asymptotic Significance (2-

sided) 

Pearson Chi-Square 10.814 12 .545 

Likelihood Ratio 11.839 12 .459 

N of Valid Cases 142   

 

Interpretation 

The p-value for the Pearson Chi-square test is 0.545, which is much greater than the standard 

significance level of 0.05. This result indicates that we fail to reject the null hypothesis. 

Inference 

Since the p-value is greater than 0.05, there is insufficient evidence to suggest a statistically 

significant association between age group and perceived urgency of access to remote monitoring. 

Therefore, the data does not support the notion that age group significantly influences how 

respondents prioritize the urgency of remote monitoring capabilities. 

Independent variable-6: Adequacy of Current Storage Solutions. 

This variable was analysed with respect various perceptions of different age group people participated 

in the survey. 

Table-11: Adequacy of current Storage Solutions * Age group Crosstabulation 

 

Current Storage 

Solutions 

Age group Total 

25 to 34 35 to 44 45 to 54 55 to 64 65 or older 

1 2 1 4 2 0 9 

2 2 2 1 5 0 10 

3 1 3 2 1 0 7 

4 2 1 3 5 0 11 

5 12 4 5 8 0 29 

6 5 2 2 2 1 12 

7 4 3 3 6 0 16 

8 7 7 1 4 0 19 

9 5 2 2 5 0 14 

10 4 6 1 4 0 15 

Total 44 31 24 42 1 142 

The crosstabulation of Adequacy of Current Storage Solutions by Age Group reveals how respondents 

across different age brackets rate the sufficiency of existing storage solutions on a scale from 1 to 10, 

where lower ratings likely indicate inadequacy and higher ratings suggest adequacy.  

In the 25 to 34 age group, consisting of 44 respondents, ratings are spread across the scale, with 

notable peaks at 5 (12 respondents), 8 (7 respondents), and 9 (5 respondents). This distribution 
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indicates a variety of perspectives within this age group, although the majority fall in the middle to 

higher range, suggesting moderate satisfaction with current storage adequacy. 

 

For the 35 to 44 age group, which includes 31 respondents, ratings are similarly spread, with higher 

concentrations at 8 (7 respondents) and 10 (6 respondents). This group leans toward higher ratings, 

reflecting a relatively positive view of storage adequacy compared to other groups. 

In the 45 to 54 age group, which has 24 respondents, there is a more balanced spread across the scale, 

with the highest concentrations at 5 (5 respondents) and 7 (3 respondents). This distribution indicates 

a mixed perception of storage adequacy, with some respondents expressing satisfaction while others 

are less favorable in their ratings. 

Among the 55 to 64 age group, consisting of 42 respondents, responses are again distributed widely, 

with peaks at 5 (8 respondents) and 7 (6 respondents). Although there is a diverse range of views 

within this group, most ratings fall within the mid-to-high range, suggesting moderate satisfaction 

with the current state of storage solutions. 

Overall, the ratings across all age groups indicate a range of perspectives on the adequacy of current 

storage solutions, with most responses leaning towards the mid-to-high range on the scale. This trend 

suggests a generally moderate to positive perception of storage adequacy, with some variation among 

individual age groups. This data provides a basis for further statistical testing to assess if age group 

significantly influences perceptions of the adequacy of current storage solutions. 

Figure-5 

 
Hypotheses 

• Null Hypothesis (H₀): There is no association between age group and perceived adequacy of 

current storage solutions. In other words, age group does not significantly influence how 

respondents rate the adequacy of existing storage solutions. 

• Alternative Hypothesis (H₁): There is an association between age group and perceived 

adequacy of current storage solutions. This implies that different age groups have 

significantly different perceptions of the adequacy of current storage solutions. 

These hypotheses can be tested using a Chi-square test of independence to determine if age group is 

associated with varying perceptions of storage solution adequacy. A significant result would suggest 

that perceptions of storage adequacy vary across age demographics. 
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Table-12: Chi-Square Tests 

 

 Value df Asymptotic Significance (2-

sided) 

Pearson Chi-Square 36.028 36 .467 

Likelihood Ratio 29.113 36 .785 

N of Valid Cases 142   

Interpretation 

The p-value for the Pearson Chi-square test is 0.467, which is greater than the commonly used 

significance level of 0.05. This indicates that we fail to reject the null hypothesis. 

Inference 

Since the p-value is greater than 0.05, there is insufficient evidence to suggest a statistically 

significant association between age group and perceived adequacy of current storage solutions. This 

suggests that respondents from different age groups do not significantly differ in their ratings of 

storage adequacy. 

Independent variable-7: Proportion of Unutilized Solar Energy Due to Infrastructure Constraints 

Table-13: Unutilized Solar Energy * Age group Crosstabulation 

 

Unutilized 

solar energy 

Age group Total 

25 to 34 35 to 44 45 to 54 55 to 64 65 or older 

0 - 10% 15 13 8 14 1 51 

11 - 25% 13 12 7 11 0 43 

26 - 50% 13 3 7 14 0 37 

51 - 75% 2 2 1 1 0 6 

76 - 100% 1 1 1 2 0 5 

Total 44 31 24 42 1 142 

The crosstabulation of Unutilized Solar Energy by Age Group provides insights into how respondents 

across different age groups perceive the percentage of solar energy that remains unutilized due to 

infrastructure constraints.  

In the 25 to 34 age group, which consists of 44 respondents, the majority (15 respondents) indicated 

that only 0-10% of solar energy is unutilized, followed closely by 13 respondents each in the ranges of 

11-25% and 26-50%. A smaller number reported higher levels of unutilized energy, with 2 

respondents indicating 51-75% and 1 respondent indicating 76-100%. 

For the 35 to 44 age group, which includes 31 respondents, a similar pattern emerges. Thirteen 

respondents reported 0-10% unutilized energy, while 12 selected the 11-25% range. Fewer 

respondents indicated higher levels of unutilized energy, with 3 in the 26-50% range, and only 1 

respondent each reporting 51-75% and 76-100%. 

In the 45 to 54 age group, comprising 24 respondents, most indicated that 0-10% (8 respondents) and 

11-25% (7 respondents) of solar energy remains unutilized. Some respondents reported higher levels 

of unutilized energy, with 7 in the 26-50% range, and only 1 respondent each in the 51-75% and 76-

100% categories. 

 

Among the 55 to 64 age group, which includes 42 respondents, the majority also indicated lower 

levels of unutilized energy, with 14 respondents each reporting 0-10% and 26-50%, and 11 

respondents selecting the 11-25% range. A very small number reported higher levels, with only 1 

respondent each in the 51-75% and 76-100% categories. 

In summary, across all age groups, the majority of respondents perceive unutilized solar energy to be 

at relatively low levels, primarily within the ranges of 0-10%, 11-25%, and 26-50%. Higher unutilized 

levels (51-100%) were rarely selected, suggesting a general consensus across age demographics that 

the proportion of unutilized solar energy remains low for most respondents. This distribution provides 

a basis for further statistical testing to determine if age group significantly influences perceptions of 

unutilized solar energy due to infrastructure constraints. 

 

 



990 Kalasani Mohan Reddy Sustainable Solar Power Generation 

 

    Nanotechnology Perceptions 20 No.S15 (2024) 976-996                                                                                                                                                                 

 

Figure-6 

 
 

Hypotheses 

• Null Hypothesis (H₀): There is no association between age group and the perceived 

percentage of unutilized solar energy. In other words, age group does not significantly 

influence respondents' perceptions of how much solar energy remains unutilized due to 

infrastructure constraints. 

• Alternative Hypothesis (H₁): There is an association between age group and the perceived 

percentage of unutilized solar energy. This implies that perceptions of the percentage of 

unutilized solar energy vary significantly across different age groups. 

These hypotheses can be tested using a Chi-square test of independence to assess if age group 

influences perceptions of unutilized solar energy levels. A significant result would suggest that 

different age groups have varying perceptions of the proportion of solar energy that remains unutilized 

due to infrastructure constraints. 

Hypothesis Testing Results for Unutilized Solar Energy and Age Group 

Table-14: Chi-Square Tests 

 

 Value df Asymptotic Significance (2-

sided) 

Pearson Chi-Square 8.704 16 .925 

Likelihood Ratio 9.868 16 .873 

N of Valid Cases 142   

Interpretation 

The p-value for the Pearson Chi-square test is 0.925, which is significantly greater than the standard 

significance level of 0.05. This indicates that we fail to reject the null hypothesis. 

Inference 

Since the p-value is much greater than 0.05, there is no statistically significant association between 

age group and the perceived percentage of unutilized solar energy. This suggests that respondents 

from different age groups do not significantly differ in their perceptions of the percentage of solar 

energy that remains unutilized due to infrastructure constraints. 
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Independent variable-8: Improvements in grid and storage infrastructure are critical for the future 

scalability of solar projects. 

Table-15: Grid and Storage infra * Age group Crosstabulation 

Grid and Storage 

Infra 

Age group Total 

25 to 34 35 to 44 45 to 54 55 to 64 65 or older 

Strongly Disagree 1 1 2 2 0 6 

Disagree 0 0 0 1 0 1 

Neutral 8 1 1 4 0 14 

Agree 18 12 9 13 1 53 

Strongly Agree 17 17 12 22 0 68 

Total 44 31 24 42 1 142 

The crosstabulation of Grid and Storage Infrastructure by Age Group reveals how respondents across 

different age groups perceive the importance of grid and storage infrastructure for solar energy.  

In the 25 to 34 age group, comprising 44 respondents, the majority showed a positive outlook, with 18 

respondents selecting "Agree" and 17 selecting "Strongly Agree." A smaller number indicated a 

neutral stance (8 respondents), while only 1 respondent selected "Strongly Disagree," reflecting a 

generally supportive view of grid and storage infrastructure in this group. 

The 35 to 44 age group, with 31 respondents, displayed a similar trend, with most respondents 

expressing strong support. Seventeen respondents selected "Strongly Agree," and 12 selected "Agree." 

Only 1 respondent each chose "Neutral" and "Strongly Disagree," indicating a strong consensus in 

favor of the importance of grid and storage infrastructure within this age range. 

In the 45 to 54 age group, which includes 24 respondents, a majority also agreed on the importance of 

grid and storage infrastructure, with 12 respondents choosing "Strongly Agree" and 9 choosing 

"Agree." Only a few respondents selected "Neutral" (1) or "Strongly Disagree" (1), showing broad 

agreement in this age group as well. 

Among the 55 to 64 age group, comprising 42 respondents, there was substantial support for the 

importance of grid and storage infrastructure, with 22 selecting "Strongly Agree" and 13 selecting 

"Agree." A smaller number indicated neutrality (4 respondents), and only 1 respondent selected 

"Disagree," reflecting an overall positive stance in this group. 

In summary, across all age groups, there is a strong consensus on the importance of grid and storage 

infrastructure, with most respondents selecting "Agree" or "Strongly Agree." Very few respondents 

expressed neutrality or disagreement, suggesting widespread recognition of grid and storage 

infrastructure as a critical component for solar energy development among professionals of varying 

ages. 

Figure-7 
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Hypotheses 

• Null Hypothesis (H₀): There is no association between age group and the level of agreement 

regarding the importance of grid and storage infrastructure. In other words, age group does 

not significantly influence respondents' perceptions of the importance of grid and storage 

infrastructure for solar energy. 

• Alternative Hypothesis (H₁): There is an association between age group and the level of 

agreement regarding the importance of grid and storage infrastructure. This implies that 

perceptions of the importance of grid and storage infrastructure vary significantly across 

different age groups. 

•  

These hypotheses can be tested using a Chi-square test of independence to determine if age group is 

associated with differing levels of agreement on the importance of grid and storage infrastructure. A 

significant result would suggest that perceptions of importance vary across age demographics. 

Hypothesis Testing Results for Grid and Storage Infrastructure and Age Group 

Table-16: Chi-Square Tests 

 Value df Asymptotic Significance (2-

sided) 

Pearson Chi-Square 12.702 16 .694 

Likelihood Ratio 13.068 16 .668 

N of Valid Cases 142   

Interpretation 

The p-value for the Pearson Chi-square test is 0.694, which is much greater than the standard 

significance level of 0.05. This indicates that we fail to reject the null hypothesis. 

Inference 

Since the p-value is significantly greater than 0.05, there is insufficient evidence to suggest a 

statistically significant association between age group and the level of agreement regarding the 

importance of grid and storage infrastructure. This suggests that respondents from different age 

groups do not significantly differ in their perceptions of the importance of grid and storage 

infrastructure for solar energy. 

IV. Discussions and Recommendations: 

The survey assessed multiple infrastructure-related variables, each considered essential for enhancing 

solar energy generation. The variables included: 

1. Access to Adequate Grid Infrastructure: This variable gauged whether respondents felt that 

current grid infrastructure could support solar energy distribution. Most respondents indicated 

that they had access to adequate grid infrastructure, though some areas still see this as an 

improvement priority. 

2. Urgency for Infrastructure Development in Four Key Areas: 

• Grid Capacity: Rated highly as an urgent need, reflecting the requirement for grids that 

can handle increased loads from solar generation. 

• Energy Storage: Seen as crucial to prevent energy wastage and ensure supply consistency. 

• Transmission Efficiency: Identified as a priority to reduce energy loss, improve reliability, 

and enhance the flow of electricity from solar installations. 

• Remote Monitoring: Considered essential for managing and maintaining solar 

installations efficiently, especially in large-scale projects where real-time oversight is 

needed. 

3. Adequacy of Current Storage Solutions: Responses showed a range of satisfaction levels, with 

some respondents satisfied with existing storage solutions and others seeing room for 

improvement. This indicates varying levels of satisfaction based on regional infrastructure, 

project scale, or technology used in energy storage. 

4. Proportion of Unutilized Solar Energy: This variable highlighted the extent to which 

infrastructure constraints lead to solar energy wastage. Most respondents indicated that 

unutilized solar energy is relatively low, suggesting that existing infrastructure captures a 
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substantial portion of generated energy. However, reducing even minor wastage through 

optimized storage and grid capabilities could increase overall efficiency. 

5. Importance of Grid and Storage Improvements: The final variable assessed the respondents' 

level of agreement on the importance of improving grid and storage infrastructure for future 

solar scalability. Across age groups, there was a strong consensus that enhancing these 

components is essential for sustainable growth in solar energy. 

Each of these factors represents an area where infrastructure improvements could contribute to 

increased solar generation capacity and efficiency. Across variables, the trend towards agreement on 

the importance of infrastructure improvements suggests a unified understanding of the key areas that 

require attention to support solar energy growth. 

Recommendations 

1. Expand Grid Capacity: Given the emphasis on grid capacity, focusing on expanding grid 

capabilities to handle higher loads from increased solar power is crucial. Regional studies 

could identify where capacity expansions are most needed. 

2. Invest in Advanced Storage Technologies: Responses show mixed satisfaction with current 

storage solutions, highlighting the need for investment in newer, more efficient storage 

technologies, such as battery storage systems and other advanced solutions that minimize 

energy loss. 

3. Optimize Transmission Efficiency: Improving transmission efficiency should be a priority, as 

it was rated as an urgent need. Efficient transmission infrastructure can support the 

uninterrupted flow of solar energy and reduce energy loss, helping to maintain reliability 

across the grid. 

4. Upgrade and Implement Remote Monitoring Solutions: With high priority given to remote 

monitoring, it’s important to focus on the deployment of robust remote monitoring systems 

that enable real-time data collection and system management, which could minimize 

downtime and streamline operations. 

5. Minimize Unutilized Solar Energy: The survey indicated some instances of unutilized solar 

energy, albeit generally low. Strategies such as flexible grid management, demand response 

systems, and improved storage solutions could help capture and utilize a greater proportion of 

generated energy. 

6. Support Policies and Incentives for Infrastructure Development: Since these infrastructure 

improvements require significant investment, policy support and financial incentives could 

catalyse development. Governmental support is essential to promote the development of 

solar-supportive infrastructure on a broader scale. 

7. Monitor and Assess Changing Infrastructure Needs: Regular assessments of infrastructure 

adequacy and development needs are recommended, as technological advancements and solar 

capacity increases may shift priorities over time. Periodic surveys and assessments can help 

ensure that infrastructure development keeps pace with solar growth. 

V. Limitations of the Article 

1. Sample Representation: The survey sample may not fully represent the diverse range of 

professionals and stakeholders involved in solar energy projects. While the responses provide 

valuable insights, a more extensive and diverse sample could enhance the generalizability of 

the findings. 

2. Regional Bias: Since the study primarily focuses on the context of Tamil Nadu and similar 

regions, the insights and recommendations may not fully apply to other regions with different 

solar irradiance, grid infrastructure, or policy environments. The regional focus limits the 

broader applicability of the findings. 

3. Self-Reported Data: The survey relies on self-reported responses, which may introduce 

biases such as social desirability bias, where respondents could overstate their support for 

solar infrastructure improvements, or personal bias based on their experiences in specific 

projects. This could affect the accuracy of perceived needs for infrastructure improvements. 

4. Age Group Variability: While age-based analysis provides some insights, it may not fully 

capture the underlying reasons for different perceptions among age groups. Factors such as 
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professional background, level of experience, or specific roles within the industry could also 

influence respondents’ views, which are not fully explored in the age-based grouping. 

5. Limited Scope of Infrastructure Variables: The study considers specific infrastructure factors 

(grid capacity, storage solutions, transmission efficiency, and remote monitoring), but there 

are other potential variables that affect solar generation, such as land availability, regulatory 

policies, financing mechanisms, and workforce expertise. These unexamined factors may 

also play critical roles in supporting solar energy generation. 

6. Generalization of Findings: The article assumes that enhanced grid and storage infrastructure 

will directly lead to increased solar generation. However, other contextual factors, such as 

energy demand fluctuations, grid connectivity with other renewable sources, and seasonal 

solar generation variability, may also impact overall solar energy utilization, which are not 

covered in the study. 

7. Quantitative Limitation in Statistical Analysis: Some of the Chi-square analyses encountered 

cells with low expected counts, which may affect the reliability of the statistical results. The 

high percentage of low expected counts limits the precision of significance testing, 

suggesting that certain findings should be interpreted with caution. 

8. Evolving Technological Landscape: Solar technology and infrastructure are rapidly evolving, 

and the article’s recommendations may become outdated as newer technologies emerge. For 

example, advances in energy storage technology, grid management software, or remote 

monitoring could change infrastructure needs over time. This temporal limitation restricts the 

long-term applicability of the findings. 

9. Policy and Funding Constraints: The article recommends policy support and funding 

incentives for infrastructure development, but it does not address the feasibility of such 

policies in the current economic or political climate. The impact of policy recommendations 

may be limited by budgetary constraints, shifting government priorities, or policy 

implementation challenges. 

VI. Conclusion 

This study underscores the essential role of infrastructure in supporting the scalability and efficiency 

of solar energy projects, particularly in regions like Tamil Nadu. The findings reveal a strong 

consensus on the need for enhancements in grid capacity, energy storage, transmission efficiency, and 

remote monitoring capabilities. Addressing these infrastructure components is pivotal for maximizing 

solar energy utilization and minimizing energy loss due to constraints. 

Across age groups, respondents generally agree on the urgency of these improvements, though 

perceptions vary slightly. While current storage solutions are seen as moderately adequate, 

advancements in storage technology could significantly enhance energy retention and grid reliability. 

Additionally, reducing instances of unutilized solar energy through improved infrastructure could lead 

to higher efficiency and sustainability in solar operations. 

The recommendations—including expanding grid capacity, investing in advanced storage, improving 

transmission efficiency, implementing robust remote monitoring systems, and seeking policy 

support—offer actionable steps for stakeholders aiming to optimize solar infrastructure. By focusing 

on these areas, policymakers, project developers, and industry leaders can foster an infrastructure 

environment conducive to sustained solar growth. 

While this study provides valuable insights, it also highlights the need for continued research to adapt 

to evolving technology and infrastructure demands. Future studies could broaden the scope to include 

more diverse regional data, additional infrastructure variables, and a longitudinal approach for a more 

comprehensive understanding of solar infrastructure needs. Through a collaborative and proactive 

approach, these improvements can support sustainable growth in solar energy, contributing to energy 

security and environmental goals. 
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