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Abstract

The transition to renewable energy is critical for sustainable development and reducing carbon emissions.
Renewable energy innovation (REI) enhances the efficiency, reliability, and affordability of renewable
technologies, but adoption rates remain influenced by stakeholders’ perceptions and policy frameworks.
This study investigates the impact of REI on renewable energy technology (RET) adoption, emphasizing
the mediating role of cost perception and the moderating effect of policy incentives. A quantitative survey
was conducted with 260 respondents, including energy companies, technology developers, and consumers.
Data were analyzed using Partial Least Squares Structural Equation Modeling (PLS-SEM) to assess
reliability, validity, and the significance of direct, mediating, and moderating paths. Findings indicate that
REI positively influences technology adoption, with cost perception partially mediating this relationship.
Lower perceived costs increase adoption likelihood, while policy incentives, such as subsidies, tax credits,
and regulatory support, significantly moderate the REI-adoption relationship, amplifying adoption rates.
These results highlight the interplay of technological, economic, and policy factors in renewable energy
adoption. Practically, governments and organizations should design cost-effective innovations and
implement supportive policies to accelerate technology uptake, contributing to sustainable energy
transitions.
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Introduction

Renewable energy technologies (RET), including solar, wind, and biomass systems, are pivotal for
addressing climate change and achieving sustainable energy goals (IRENA, 2020). Renewable energy
innovation (REI), encompassing technological improvements in efficiency, energy storage, grid integration,
and cost reduction, significantly impacts the adoption of these technologies (Nemet, 2009). Despite
advancements, adoption rates remain inconsistent due to economic, behavioral, and policy-related factors
(Rogers, 2003). Understanding these factors is crucial for promoting widespread adoption of RET.

Cost perception is a primary determinant influencing adoption decision. High perceived costs, including
installation, maintenance, and operational expenses, act as barriers even when technologies are
technologically advanced (Liu et al., 2015). Conversely, lower perceived costs or recognition of long-term
financial benefits increase the likelihood of adoption. Cost perception can therefore mediate the relationship
between REI and technology adoption, as innovations that reduce costs make adoption more feasible and
attractive (Painuly, 2001).

Policy incentives, including subsidies, tax credits, feed-in tariffs, and regulatory support, also play a pivotal
role. Incentives reduce financial barriers and enhance the perceived value of innovation, amplifying
adoption rates (Wiistenhagen & Menichetti, 2012). They act as moderators, strengthening the impact of
REI on adoption when policies are favorable.
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This study examines the relationship between REI and technology adoption, considering cost perception as
a mediator and policy incentives as a moderator. By integrating technological, economic, and policy
perspectives, this research provides insights into factors influencing renewable energy adoption and informs
strategies for accelerating the transition toward sustainable energy systems.

Literature Review

Renewable energy innovation (REI) encompasses technological advancements that improve efficiency,
reliability, and cost-effectiveness of renewable energy systems (Nemet, 2009). Innovations in solar panels,
wind turbines, battery storage, and smart grid integration have enhanced the feasibility of renewable energy
technologies (RET) and have been linked to higher adoption rates among businesses and consumers (Kamp
& Menz, 2012). However, technological innovation alone does not guarantee adoption; economic and
policy factors significantly influence stakeholders’ decisions (Rogers, 2003).

Cost perception is a critical determinant in renewable energy adoption. High upfront costs, uncertain
payback periods, and perceived operational expenses can deter stakeholders, even when technologies are
advanced (Liu et al., 2015). Studies indicate that cost perception often mediates the link between innovation
and adoption. When innovative technologies reduce costs or improve efficiency, adoption likelihood
increases (Jain & Purohit, 2015). Cost perception, therefore, represents an economic evaluation of REI by
potential adopters, influencing their willingness to invest.

Policy incentives are widely recognized as key moderators in adoption decisions. Subsidies, tax credits,
feed-in tariffs, and regulatory frameworks reduce financial risk and enhance the perceived benefits of
adopting RET (Wiistenhagen & Menichetti, 2012). Research suggests that supportive policies amplify the
impact of technological innovation on adoption, particularly in regions with high upfront costs or market
uncertainties (Koirala et al., 2016).

The Diffusion of Innovation Theory (Rogers, 2003) provides a theoretical basis for understanding
technology adoption. The theory emphasizes that adoption is influenced by innovation attributes, such as
relative advantage, compatibility, and complexity. REI represents a relative advantage by improving
efficiency and reducing costs.

Additionally, Behavioral Economics Theory (Kahneman & Tversky, 1979) highlights the role of perceived
costs in shaping adoption behavior. Together, these frameworks suggest that REI influences technology
adoption through economic evaluation (cost perception), while policy incentives create external conditions
that moderate adoption outcomes.

Despite prior research, few studies simultaneously investigate the mediating role of cost perception and the
moderating effect of policy incentives. Addressing this gap provides a comprehensive understanding of
how innovation, economic perceptions, and policy frameworks interact to drive renewable energy
technology adoption.

Theoretical Framework
Conceptual Model:
Renewable Energy Innovation — Technology Adoption

!
Cost Perception (Mediator)
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Policy Incentives (Moderator on REI — Technology Adoption)

Hypotheses:
e Hl: REI positively influences technology adoption.
e H2: Cost perception mediates the relationship between REI and technology adoption.
e H3: Policy incentives moderate the relationship between REI and technology adoption.

Methodology

This study adopts a quantitative cross-sectional survey design. The target population comprises
stakeholders in the renewable energy sector, including technology developers, energy firms, and end-users.
260 respondents were sampled using stratified random sampling. A structured questionnaire with 5-point
Likert scales was used to measure REI, cost perception, policy incentives, and technology adoption. Partial
Least Squares Structural Equation Modeling (PLS-SEM) via SmartPLS was applied to assess reliability,
validity, and path relationships. Mediation and moderation effects were evaluated using 5,000 bootstrap
resamples. This methodology allows simultaneous testing of direct, indirect, and interaction effects.

Data Analysis

Measurement Model Assessment
Construct Cronbach's Alpha Composite Reliability AVE
Renewable Energy Innovation 0.91 0.93 0.70
Cost Perception 0.88 0.91 0.66
Policy Incentives 0.87 0.90 0.63
Technology Adoption 0.90 0.92 0.68

All constructs surpass recommended thresholds for reliability and convergent validity (Cronbach’s alpha
>0.7, CR >0.7, AVE >0.5). REI demonstrates high internal consistency (o = 0.91) and strong composite
reliability (CR = 0.93), indicating the items reliably measure innovation. Cost perception and policy
incentives also exhibit satisfactory reliability and convergent validity, confirming that respondents’
perceptions are consistently captured. The AVE values above 0.6 indicate that more than 60% of the
variance in each construct is explained by its indicators, supporting convergent validity. Discriminant
validity was established through the Fornell-Larcker criterion, ensuring constructs are conceptually distinct.
Overall, the measurement model demonstrates strong psychometric properties, providing confidence in the
subsequent structural model analysis. This ensures that path coefficients, mediating, and moderating effects
derived from the PLS-SEM analysis are based on reliable and valid measurements.

Structural Model Assessment

Path Beta  t-value p-value Result
REI — Technology Adoption 0.45 6.72 0.000 Supported
REI — Cost Perception -0.52  7.88 0.000 Supported
Cost Perception — Technology Adoption -0.38 521 0.000 Supported
REI — Technology Adoption (via Cost) 020  3.95 0.000 Mediated
Policy Incentives x REI — Technology Adoption 0.18 3.32 0.001 Moderated

The structural model demonstrates significant direct and indirect relationships. REI positively influences
technology adoption (f = 0.45, p < 0.001), supporting H1. REI negatively affects cost perception (f = -
0.52, p < 0.001), indicating that innovative technologies reduce perceived costs. Cost perception, in turn,
negatively affects adoption (B = -0.38, p < 0.001), confirming that lower perceived costs facilitate
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technology uptake. The indirect path from REI to adoption via cost perception (f = 0.20, p < 0.001) is
significant, supporting the mediating role of cost perception (H2). Furthermore, the interaction term
between policy incentives and REI is positive and significant (B = 0.18, p = 0.001), demonstrating that
policy incentives strengthen the positive impact of REI on adoption (H3). Collectively, these findings
highlight that technological innovation alone is insufficient; economic perceptions and supportive policy
frameworks are critical for accelerating renewable energy technology adoption.

Conclusion

The study confirms that renewable energy innovation significantly drives technology adoption, with cost
perception serving as a critical mediator. Innovations reduce perceived costs, making technologies more
accessible and attractive to stakeholders. Policy incentives act as a moderator, amplifying the impact of
innovation on adoption by lowering financial and regulatory barriers. These findings highlight the interplay
of technological, economic, and policy factors in facilitating renewable energy adoption.

Practical implications suggest that governments should implement and expand incentives such as
subsidies, tax credits, and regulatory support. Energy firms should focus on developing cost-effective,
efficient, and scalable technologies. Combining innovation with policy support ensures widespread
adoption, contributing to sustainable energy transitions and environmental sustainability. Addressing cost
perception through targeted communication about long-term benefits and financial returns can further
accelerate technology uptake.

Discussion

This research integrates technological, economic, and institutional perspectives to explain renewable energy
adoption. Cost perception mediates the REI-adoption link, aligning with behavioral economics theory,
which posits that perceived costs influence investment decisions (Kahneman & Tversky, 1979). Policy
incentives moderate the relationship, reflecting institutional theory’s emphasis on external support in
shaping adoption behavior (Wiistenhagen & Menichetti, 2012).

The findings reinforce that technological innovation alone cannot guarantee adoption. Stakeholders require
economic feasibility and supportive policy frameworks to convert innovation into practical uptake.
Policymakers should design incentive programs that address financial barriers and align with technological
advancements. Energy developers should communicate cost-saving benefits and provide scalable solutions.
Future research could examine additional moderators such as social influence, organizational readiness, or
regional differences, and consider longitudinal studies to assess the sustainability of adoption over time.

Future Recommendations

1. Develop cost-effective renewable energy technologies to lower perceived costs.

2. Implement or enhance policy incentives including subsidies, tax credits, and feed-in tariffs.

3. Educate stakeholders about long-term economic and environmental benefits of renewable energy
adoption.

4. Explore additional mediators such as perceived risk, environmental awareness, and social
influence.

5. Conduct longitudinal studies to assess adoption sustainability and innovation diffusion over time.
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