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ABSTRACT

This research paper delves into the global shift towards sustainable energy, focusing on the substantial energy consumption and greenhouse gas 
emissions of the agricultural sector. Emphasizing the need for cleaner energy sources, particularly solar technology, the study scrutinizes the cases of 
India to unravel the complexities influencing the adoption of solar technology in diverse socio-economic landscapes. The paper aims to contribute to 
the ongoing conversation about energy transition, providing a nuanced understanding of challenges and opportunities associated with widespread solar 
technology deployment. Focusing on solar technology as a transformative solution, the paper explores adoption and integration challenges, considering 
India as a case study due to its abundant solar resources. The research examines technological, economic, social, and institutional forces to illuminate 
the potential of solar technology in shaping sustainable and inclusive energy landscapes. The paper underscores the importance of community support 
for renewable energy projects and addresses material and attitudinal influences. Geographical location, government policies, and awareness campaigns 
are identified as critical elements for successful solar technology integration.

Keywords: Solar Technology, Energy Transition, Solar Energy Adoption, Government Policies, Awareness and Education 
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1. INTRODUCTION

The global scene of energy utilization is undergoing a very 
significant change as the world faces some complex issues 
related to climate change and sustainable development. As 
remarked by (Sharvini et al., 2018), energy is a key contributor 
to the satisfaction of various human demands and even drives 
economic growth in industrial, transportation, and agricultural 
industries among others. 89% of global CO2 emissions can also 
be attributed to the continued reliance on conventional fossil fuels 
across our planet, consequently driving us towards a worldwide 
climate catastrophe. Policymakers and scholars across the globe 
are, therefore, forced to come up with new ways of addressing 
this crisis (Agovino et al., 2019; Sharma et al., 2021; Waheed 

et al., 2018). So, the agricultural industry is of great concern 
as it consumes a lot of energy and contributes significantly 
to greenhouse emissions. Technological advancements and 
greater emphasis on mechanization in agriculture have further 
contributed to the problem as consumption of fossil fuels rises 
with increased greenhouse gas effect (Farajian et al., 2018). 
In response, policymakers globally are now realizing that it is 
high time to shift the agricultural sector towards cleaner energy 
sources (Qiao et al., 2019; Shahbaz et al., 2019). In this task, 
renewable energies (res) stand out as a ray of hope providing 
endless and green alternatives to fossil fuels (Hazboun et al., 
2020; Levenda et al., 2021; Mbungu et al., 2020; Quitzow et al., 
2021). In turn, their implementation in industries, agriculture, 
and services not only contributes to sustainable economic growth 
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but also promotes low-carbon production (Paramati et al., 2018), 
which makes them a strong reply against the global climate 
change process together with an accelerator of environmental 
pollution reduction. In India, where considerable progress has 
been made regarding extending the grid coverage as well as 
increasing village electrification still rural areas of India have 
energy poverty (Joshi and Yenneti, 2020). It is estimated that 
many of those with connectivity often face voltage fluk and 
sometimes low volt age after every day at least once. Not to 
mention that energy poverty in India is closely connected with the 
socio-economic differences present within one country, primarily 
dictated by caste affiliations and social class. (Patnaik and Jha, 
2020). This huge disparity in terms of energy access requires 
a holistic approach to tackle the peculiar situation that various 
groups must deal with (Dugoua et al., 2017).

In this background, the research paper concentrates on solar 
technology as a transformative approach to challenges from 
traditional energy resources (Bilgili et al., 2017). Geographic and 
socio-economic landscapes from all around the world converge 
in this context, making it clear that solar technology should 
be adopted by both developed countries as well as developing 
countries (Pelz et al., 2021). Comparing the trend with cases 
from Iran and India, this research will attempt to unravel the 
complexity of the adoption of solar technology while identifying 
factors influencing its acceptance as well as integration into 
existing energy frameworks (Atuguba and Tuokuu, 2020; 
Kwakwa, 2021). One case in point is the national solar mission of 
India’s Jawaharlal which aims to provide 100 GW of solar power 
by the year 2022 as part and parcel of our renewable energy push 
across the world (Misila et al., 2020). In its journey, the major 
success of Hawaii’s second pricing model in solar photovoltaic 
(PV) installations it enables us to evaluate some difficulties and 
opportunities with adopting this type of technology (S. Moore, 
2022; K. Calvert, 2015; Minelli et al., 2014; Carrion et al., 2008). 
The comparison of India’s miraculous achievements in grid 
electrification together with the unchanging phenomenon of rural 
energy poverty serves as a testimony to how complicated and 
many-faceted this grandiose project is. Additionally, analyzing 
India’s attempt to achieve a balance between promoting solar 
energy and ensuring adequate agricultural support allows us to 
discover the fragile relationship at play among land-use planning 
for sustainment. Forecasting renewable energy output has a big 
influence on how power system management and operation 
choices are made (Huseynli, 2023).

With the world seeking to achieve carbon reductions and shift 
its focus towards environment-friendly energy harnessing, the 
adoption of solar technology becomes one key element in this 
transition (Fayet et al., 2022). The research aims to join the 
conversation about energy transition and provide more complex 
perspectives as well as empirical data regarding the challenges, 
and opportunities of the widespread deployment of Sun technology 
(Noon et al., 2021). The complex interactions of technological, 
economic, social, and institutional forces will be investigated in 
the book to shed light on how a path toward a future with a strong 
presence of solar technology can contribute to defining sustainable 
and inclusive energy landscapes. Also, it is of interest to see the 

cost-effective irrigation systems for smallholder farmers (Grant et 
al., 2022) and designing the entire solar farms in such a way that 
it provides commercial synergistic value (Nordberg et al., 2021). .

2. LITERATURE REVIEW

2.1. Cost
The scale of solar equipment facilitated depends on several factors 
that include sunlight availability locally, water demand pumping 
depth, and total system costs. Farmers regularly have issues 
related to irregularities in electricity supply and increased prices, 
which often result in improper irrigation that further impacts the 
yield Kumar et al., 2019; Ministry of New and Renewable Energy 
(Hanna et al., 2014). solar energy products are perceived as cost-
effective, reliable, and environmentally friendly hence a way to go 
(Fatima et al., 2018; Huang et al., 2018). However, installations 
have drawbacks, such as high installation costs and investment, 
especially at the initial stage. It is mentioned that solar technology 
does not produce electricity during the night period, however, 
this problem can be resolved using battery backup systems and 
net metering Ministry of New and Renewable Energy (Alam 
et al., 2013; Eid et al., 2014). The major reasons for hesitance to 
adopt solar energy products listed by (Zeng et al., 2022) include 
a long payback period and high investment costs. Increasing 
environmental problems and the idea of social responsibility are 
major factors that will attract people to purchase these products 
(Mughal et al., 2023). The high cost of producing electricity from 
solar photovoltaic technology was highlighted by (Voland et al., 
2022).

H1: Cost has a positive relationship with Solar Technology 
Adoption.

2.2. Reliability and Performance
Reliability and Performance are important considerations when 
assessing solar energy products. The capacity utilization factor is 
one of the performance metrics, which indicates the ratio between 
energy delivered by photovoltaic panels and its maximum annual 
output (Al-Shahri et al., 2021; Zhang et al., 2013). While these are 
some of the benefits associated with renewable energy, challenges 
such as longer payback periods, significant initial costs, and 
concerns about long-term system performance make it difficult 
for widespread adoption. Potential non-adopters are concerned 
with the risk of being unprofitable associated with investment in 
solar energy due to its high upfront costs and long-time frames 
for payback (Ansari et al., 2013; Blenkinsopp et al., 2013). They 
provide high performance, guarantee customer satisfaction, and 
act as environmentally friendly energy-generating systems in 
irrigation networks (García et al., 2019). In terms of the return-
on-investment variable – gross revenue and production costs it 
can be seen as a useful measure for evaluating farm performance 
(Kleemann et al., 2014). So, beyond environmental sustainability, 
it is important to choose solutions that are reliable and performant 
by selecting options corresponding to requirements without 
compromising their functionality (Zheng and Ma, 2023).

H2: Reliability and Performance has a positive relationship with 
Solar Technology Adoption.
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2.3. Community Influence
Community acceptance hinges on various factors, including the 
perceived costs and benefits, environmental risks, socioeconomic 
considerations, trust, fairness, proximity to the planned power 
plant, and the regulatory framework (Wüstenhagen et al., 2007). 
Examining public acceptance and environmental planning 
literature reveals key variables influencing community views 
on onshore wind and solar farms. Two main categories emerge: 
‘material arguments’ that either oppose or support projects and 
‘attitudinal/social influences’ that shape positive or negative 
social responses to these technologies. Material arguments against 
onshore wind and solar farms often revolve around concerns 
about visual impacts on scenic and natural landscapes (Dhar 
et al., 2020; Wolsink, 2000). The type of land cover also plays a 
role in shaping acceptance (Betakova et al., 2015; Trandafir et al., 
200). Additionally, environmental considerations, such as bird 
collisions with wind turbines, are raised due to their implications 
for biodiversity conservation (Gove et al., 2016). Economic factors 
further contribute to support or opposition, encompassing concerns 
about property values, tourism, employment, and agricultural 
impacts (Brudermann et al., 2013; Gibbons, 2015). And finally, 
to check whether community ownership affects people choice in 
adopting wind farm technology (Warren & McFadyen, 2010).

H3: Community Influence has a positive relationship with Solar 
Technology Adoption.

2.4. Government Policies
Making decisions with the understanding of government 
regulations is necessary as compliance has an important part 
in the success and sustainability of any initiative. In terms of 
the agricultural sector, the link between renewable energy and 
public policies is vital in addressing problems associated with 
water, food oil security (Merkulova et. al., 2022). It is particularly 
worth noting that renewables are naturally strong in agriculture, 
which highlights the need to combine energy solutions with 
practices of land use (Chel and Kaushik, 2011). These approaches 
are not only effective in reducing risks but also could influence 
public perceptions. Focusing on issues related to distributive and 
procedural justice can help in gaining an improved comprehension 
of the concerns as well as trades-off against low carbon transition 
(Sovacool et al., 2019). Such efforts towards decarbonization 
have been noted to yield positive effects on social acceptance. 
Recognizing and sharing the challenges of moving towards 
a low-carbon economy can support an increased acceptance 
of energy policies and projects, facilitating overall success in 
decarbonization efforts (Tabi and Wüstenhagen, 2017).

H4: Government Policies has a positive relationship with Solar 
Technology Adoption.

2.5. Awareness and Education
Increase the effectiveness of solutions designed for the broad 
utilization of Solar Energy Farming (SEF) technologies by 
promoting awareness and providing education. In the backdrop 
of India, where organizational entities work in partnership with 
governments through integrated strategies and farmer capacity 
development approaches, it is evident that a significant lack of 

awareness among farmers emanating from their not knowing about 
SEF technologies, together with entry knowledge related to care 
maintenance a d irrigation practices stands out as major barriers 
against the economic stability along social sustainability associated 
with SEF (Agrawal and Jain, 2016). These barriers require special 
initiatives aimed at educating farmers and awareness campaigns 
adapted to the peculiarities of each group. This can be done 
through educational programs on sustainable irrigation practices 
and changing cropping patterns or timings that make sense, setting 
a solar energy goal about food security while ensuring water use 
efficiency (Xue, 2017).

H5: Awareness and Education has a positive relationship with Solar 
Technology Adoption.

3. RESEARCH METHODOLOGY

This research was conducted in the Howrah and Kolkata districts 
where data were collected from 250 people actively using 
solar energy. The sample encompassed people from diverse 
demographics including men and women of different age groups, 
having jobs like business and service along with sociopolitical 
origins. The data from this study was gathered through well-
organized questionnaires using a five-point Likert scale with 
respondents rating each factor on the range “1” for strongly 
disagree to “5” for strongly agree. This investigation is concerned 
with statistically testing correlations between demographic factors 
and customer satisfaction. In the context of eco–friendly transport, 
the researchers employed the Chi-square test.

4. FINDINGS AND DISCUSSION

We used SPSS software to do an Exploratory Factor Analysis 
(EFA) (Table 1) in order to organize qualities that have significant 
loadings and comparable traits into clearly interpretable constructs. 
The weighted values of these attributes in the research are 
displayed together with the relationships between the retrieved 
constructs and their attributes in this analysis. It can be observed 
that five factors were identified, namely “Cost” accounting for 
5 variables, “Reliability and Performance” accounting for 5 
variables, “Community Influence” accounting for 5 variables 
“Government Policies” accounting for 5 variables and “Awareness 
and Education” for 5 variables.

As illustrated in Table 2, it can be depicted that the AMOS 
measurement model has shown significant satisfaction with 
regard to all model fit indices. The model’s P-value is substantial 
and its Chi-square is lesser than five (Wheaton et al., 1977a). It 
has also been suggested that the CFI and GFI of a model must 
ideally exceed 0.90 and be closer to 1. To get probability for fit 
indices with given cutoffs (P = 0.05), recommended criteria by (Hu 
and Bentler (1999) have been applied. In our findings, it can be 
observed that the model fit indices, namely RMSEA, SRMR, CFI 
and GFI meet the threshold requirements. It is indicated that there 
is good conformity when the SRMR values, which range from 0 
to 1, are <0.05 (Byrne, 2010). Based on the research, it is evident 
that every model result falls within the acceptable range of 0.05.
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Table 1: exploratory factor analysis
constructs component

cost reliability and 
performance

community 
influence

government 
policies

awareness 
and education

The affordability of solar energy facilities is crucial, especially 
for rural consumers in india.

0.869

The cost is a significant factor in the adoption of sustainable 
energy technologies.

0.854

The solar energy products are perceived as cost-effective, 
reliable, and environmentally friendly.

0.801

The reliability and performance are important considerations 
when assessing solar energy products.

0.798

Investing in renewable energy systems negatively impacts their 
overall economic performance.

0.754

The reliable and high-performance renewable energy solutions 
are essential for widespread adoption.

 0.892

The adoption of solar technology should be a global effort, 
involving developed and developing countries.

 0.875

The solar technology is a reliable option for meeting energy 
needs in the long term.

 0.785

The investments in solar technology contribute positively to 
overall reliability in energy production.

 0.764

The advancements in solar technology have made it a more 
natural choice for energy production.

 0.713

The local communities agree with the implementation of water 
conservation measures to mitigate water scarcity.

  0.804   

The industries strongly agree that investing in environmentally 
friendly practices positively impacts their long-term success.

  0.761   

The solar energy contributes to environmental safety and 
pollution reduction.

  0.742   

The community attitudes and social norms impact the adoption 
and integration of solar technology into everyday practices.

  0.701   

The community-led financing models are effective in overcoming 
financial barriers.

  0.695   

the policymakers disagree with the belief that environmental 
regulations hinder economic growth and competitiveness.

   0.814  

the government officials strongly agree that supporting 
sustainable practices leads to long-term economic benefits for a 
nation.

   0.779  

the solar energy plays a crucial role in revolutionizing agriculture 
by addressing water scarcity challenges.

   0.705  

The policymakers disagree with the notion that traditional energy 
sources are more reliable compared to renewable alternatives.

   0.701  

The renewable energies, such as solar power, provide green 
alternatives to fossil fuels and contribute to sustainable economic 
growth.

   0.69  

The solar technology can be a transformative approach to 
challenges posed by traditional energy resources.

    0.824

The stakeholders perceive the agreeable integration of solar 
technology into existing infrastructure and urban planning 
strategies.

    0.789

The investment in solar technology research and development is 
a natural progression towards a sustainable future.

0.759

The economic, and environmental implications are strongly 
disagreeing with the integration of solar technology into energy 
policy frameworks.

0.741

The natural factors are leading to either agreement or 
disagreement with its widespread adoption?

0.703

Table 2: Correlations, measures of reliability and validity
Factor CR Cronbach’s Alpha AVE CT RP CI GP AE
Cost 0.96 0.89 0.81 0.9     
Reliability and Performance 0.95 0.89 0.81 0.76 0.9
Community Influence 0.88 0.87 0.71 0.64 0.63 0.84
Government Policies 0.93 0.86 0.74 0.56 0.54 0.53 0.86
Awareness and Education 0.94 0.81 0.76 0.42 0.4 0.39 0.38 0.87
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In social science research, confirmatory factor analysis is 
frequently employed. CFA and exploratory methods are used to 
analyze shared variance in variables. From the above Table 3, we 
can see that we are getting satisfied results for the confirmatory 
factor analysis.

It is evident from the above figure (Figure 1) that the Structured 
Equation Modelling is yielding satisfactory results. According to 
the structural equation model, “Cost” is the most significant factor 
and has a regression weight of 0.52, is predicted to have a stronger 
influence on Solar Technology Adoption (STA). The research 
has demonstrated that, to some extent, there is also a favourable 
correlation between STA and Reliability and Performance and 
Awareness and education with a regression weight of 0.40 and 
0.34 respectively.

5. THEORETICAL IMPLICATION

The theory implications emanating from the debate on solar energy 
adoption, reliability, performance, cost, community influence, 
geographical location, government policies, awareness, education, 
and energy requirements are numerous and complex (Rafindadi 
and Ozturk, 2017). First, unraveling the multidimensional aspect 
of solar energy uptake necessitates an integrative approach which 
captures the ecological consciousness, fiscal stimuli, social 
components, and technological advancement. This highlights 
the need for interdisciplinary collaboration between industrial 
engineers, academics, and government officials for curtailing 
the costs linked with solar energy components and installation 
processes, especially in areas such as rural India wherein promotion 

of renewable energy can have far-reaching positive impact both 
on the environment and the local communities (Tan et al., 2022). 
Moreover, seeing that solar technology has functional advantages 
that include cost-effectiveness, reliability, and eco-friendliness, 
it is the framing of solar energy as a viable and attractive option 
among consumers which is important, and hence influences their 
adoption decisions (Bright et al., 2017; Akehurst et al., 2012). 
Nevertheless, non-renewable energy sources also have harmful 
environmental impacts which need to be recognized and combated, 
simultaneously encouraging the move towards renewable energy 
options (Mahalik et al., 2021; Yu et al., 2023). Furthermore, the 
resolution of issues associated with upfront expenses and payback 
periods is paramount for widespread acceptance which calls for 
inventive financing schemes and benefit structures to alleviate 
financial problems (Ansari et al., 2013; García et al., 2019). In 
addition, geographic placement of solar power plants plays a 
critical role that affects energy output due to sunlight availability, 
land cover, vegetation, and proximity to the electrical substations 
(Baseer et al., 2017). Government policies act as catalyst to the 
establishment of regulatory frameworks that encourage take 
up of renewable energy resources and thereby smart subsidies 
and polices require that sustainability and social justice should 
be emphasized (Chel and Kaushik, 2011; Alonso et al., 2019). 
Community influence is vital in successful implementation of 
renewable energy projects, implying the need for stakeholder 
engagement, transparency, and effective communication to address 
issues of visual impacts, land use, biodiversity conservation and 
economic consequences (Wüstenhagen et al., 2007; Dhar et al., 
2020). Besides, necessary campaigns and educational programs 
should be undertaken for overcoming obstacles which stop solar 

Figure 1: Structural equation model

Table 3: Model fit indices (Confirmatory Factor Analysis)
CFA CMIN/DF P GFI AGFI NFI TFI CFI PCLOSE RMSEA

2.31 0.000 0.93 0.91 0.9 0.94 0.951 0.54 0.046
SEM CMIN/DF P GFI AGFI NFI TFI CFI PCLOSE RMSEA

3.64 0.000 0.87 0.84 0.85 0.88 0.9 0.046 0.07
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energy adoption with focus on farmers and rural community with 
consideration of tailored capacity building programs and outreach 
systems (Agrawal and Jain, 2016; Kumar et al., 2017).

In all, the theory suggestions emerging from the discourse on 
solar energy adoption emphasize the need for a more holistic 
and interdisciplinary approach that considers the environmental, 
economic, social, and technological considerations. Through 
understanding solar energy is multi-causal and dealing with 
reliability, performance, cost, community influence, geographical 
location, government policies, awareness, education, and energy 
needs barriers, stakeholders can create a suitable environment for 
solar energy widespread adoption, hence a step towards a more 
sustainable and resilient energy future.

6. CONCLUSION AND MANAGERIAL 
IMPLICATIONS

In conclusion, transitioning to sustainable energy especially for the 
agriculture sector where the energy consumption and greenhouse 
gas emission are major exporting factors for environmental 
degradation is important. The research emphasizes the need for 
adopting cleaner energy resources with solar technology being 
the innovative solution for countering the adverse effects that 
come along with the heavy reliance on fossil fuels. Main insights 
point to the complex nature of these challenges and opportunities 
associated with the widespread adoption of solar power. The 
considerations such as performance, infrastructure, reliability, 
cost, community effect, geographical position, government 
policies, knowledge, and energy needs are widely accepted to 
be the key elements determining the acceptance and integration 
of solar technology. The article also calls for interdisciplinary 
collaboration among policymakers, industrial engineers, 
academicians, and the local community to handle these problems 
as best as possible. A holistic approach taking into consideration 
environmental, economic, social, and technological dimensions 
highlighted the theoretical implications of fostering solar energy 
dissemination. The managerial implications place a huge emphasis 
on policy makers who should use a supportive regulation and a 
smart subsidy-oriented policy. While stakeholders must engage 
communities, use transparent communication, and follow strategic 
geographical placement. Beyond that, businesses and investors are 
recommended to look for efficiency and performance indicators 
when choosing solar energy solutions.

The results of this study have far reached managerial implications 
for different stakeholders that are in the process of adopting and 
integrating solar technology into existing energy systems. Firstly, 
the policymakers, governmental bodies especially in regions 
such as Iran and India should focus on raising the awareness 
for transition to renewables through strong regulations and 
smart subsidy-oriented policies. Further, targeted awareness and 
education material is required to enlighten the farmers and other 
end-user groups on the workability and long-term benefits of solar 
technology. These programs can aid the need for a bigger buy-
in among key stakeholders, namely, the somewhat handicapped 
would-be applicants, in commitment, which could prompt wider 

adoption and usage of solar solutions. The consideration of local 
sentiments, socio-economic conditions and the environment by 
the stakeholders involved in community engagement, project 
planning and implementation would yield the necessary support 
from the affected community. This requires active involvement 
of stakeholders, transparent communication, and incorporation of 
community feedback into the project design as well as decision 
making. In addition, the paper highlights the significance of 
choosing suitable geographical areas for solar power plants 
depending on factors like solar resource accessibility, land cover 
and distance from electrical substations. Well-chosen location 
impacts positively energy production, logistic simplification and 
reduced environmental interference resulting in better financial 
viability and sustainability in renewable energy ventures. This 
means that capacity utilization factor and the return on investment 
are determined as the metrics to guarantee adequate returns and 
realization of the performance expectations over the long run. In 
addition, community leaders need to initiate reactive outreach 
drives to deal with concerns and solicit people’s support for solar 
energy projects attaching importance to the environmental benefits, 
the economic opportunities and the social implications related 
to solar technology. To overcome the shortcomings and reach 
the full potential of solar energy as a comprehensive and long-
term solution to the global energy crisis, collaboration between 
the government, business community, and local communities 
will be essential. By expanding the use of solar technology, the 
management ramifications encourage stakeholders to take the 
lead in driving the energy transition to a varied and sustainable 
environment.
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