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Introduction  

Renewable energy has become a central pillar of global strategies aimed at mitigating climate 

change, reducing greenhouse gas emissions, and ensuring long-term energy security. Among 

renewable energy technologies, wind energy has emerged as one of the most mature, scalable, and 

cost-effective solutions, contributing significantly to global decarbonisation efforts (IRENA, 2023). 

For developing economies such as India, wind energy not only supports climate commitments but 

also promotes economic diversification, rural development, and sustainable industrial growth. 

Renewable energy has become a central pillar of global strategies aimed at mitigating climate change, 

reducing greenhouse gas emissions, and ensuring long-term energy security. Renewable energy has 

become a central pillar of global strategies aimed at mitigating climate change, reducing greenhouse 

Abstract  

This study examines the multi-dimensional sustainable development practices 

associated with wind energy projects in Kerala, India. It evaluates how environmental, 

social, economic, technological, and policy-related factors influence sustainability 

outcomes through the perspectives of diverse stakeholders. A mixed-methods research 

design is proposed, integrating surveys (n=200), semi-structured interviews (n=30), and 

field observations in key wind corridors such as Palakkad and Ramakkalmedu. 

Quantitative analysis employs descriptive and inferential statistics, while qualitative 

insights are interpreted through thematic analysis. A conceptual sustainability 

framework is developed to map stakeholder interactions. The study identifies significant 

gaps in stakeholder coordination, policy stability, environmental impact mitigation, and 

technological adaptation. Perceived sustainability is strongly linked to stakeholder 

engagement, transparency, and community benefit-sharing. Technological 

innovations—such as AI-based monitoring and low-impact turbine foundations—

emerge as key enablers of long-term sustainability. The findings provide actionable 

insights for policymakers, wind energy developers, regulatory authorities, and local 

communities. Recommendations include strengthening Environmental Impact 

Assessments (EIAs), implementing inclusive community models, adopting emerging 

technologies, and improving regulatory clarity. This research provides one of the first 

comprehensive stakeholder-centred sustainability assessments of wind energy in 

Kerala. It offers an integrative conceptual model linking socio-demographic attributes, 

sustainability dimensions, and stakeholder collaboration outcomes. 
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gas emissions, and ensuring long-term energy security (Carlsen & Bruggeman, 2021). Among 

renewable energy technologies, wind energy has emerged as one of the most mature, scalable, and 

cost-effective solutions, contributing significantly to global decarbonisation efforts (IRENA, 2023; 

Blanco, 2008). For developing economies such as India, wind energy not only supports climate 

commitments but also promotes economic diversification, rural development, and sustainable 

industrial growth (Rajesh Kumar & Majid, 2020).  

Globally, wind power has surpassed 1,000 GW of installed capacity, driven by falling 

technology costs, policy incentives, and decarbonisation commitments (GWEC, 2022). India ranks 

among the top five wind energy producers, supported by accelerated depreciation benefits, renewable 

purchase obligations, and generation-based incentives. India has witnessed substantial growth in wind 

energy capacity over the last two decades, positioning itself among the world’s leading wind power 

producers. Policy instruments such as Renewable Purchase Obligations, accelerated depreciation 

benefits, and generation-based incentives have played a vital role in driving this expansion. However, 

wind energy development in India remains uneven across states. While Tamil Nadu, Gujarat, and 

Maharashtra dominate installed capacity, Kerala represents an underexplored yet strategically 

significant region due to its unique wind corridors, especially the Palakkad Pass and the high-altitude 

terrain of Ramakkalmedu. 

Although studies indicate that Kerala’s highland regions experience seasonal wind patterns 

suitable for small- and medium-scale wind power installations (Shukla et al., 2023), the state’s wind 

energy development remains limited due to restricted land availability, stringent forest and 

environmental regulations, delays in regulatory approvals, and inadequate policy incentives. 

Stakeholder theory underscores participatory governance, collective decision-making, and 

transparency (Freeman, 2010), and in the context of renewable energy development, effective 

stakeholder engagement has been shown to enhance social acceptance, reduce conflicts, and improve 

environmental governance (Adeyeye et al., 2020). Kerala’s estimated wind energy potential of 

approximately 2,900 MW remains largely untapped. The state’s geographic features, including the 

Palakkad Gap in the Western Ghats, create natural wind tunnels that generate favourable wind speeds 

during monsoon and post-monsoon seasons. Despite this natural advantage, wind energy deployment 

in Kerala faces persistent challenges arising from environmental sensitivity, complex land ownership 

patterns, regulatory constraints, and social acceptance issues. These challenges highlight the need for 

a sustainability-oriented approach that goes beyond technical feasibility and energy generation 

targets. Sustainable development in the wind energy sector is inherently multi-dimensional, 

encompassing environmental protection, social inclusiveness, economic viability, technological 

suitability, and supportive policy frameworks. Importantly, these dimensions are shaped by the 

perceptions, actions, and interactions of multiple stakeholders, including government agencies, 

regulatory bodies, private developers, local communities, landowners, and environmental 

organisations. Stakeholder alignment and collaboration play a decisive role in determining whether 

wind energy projects achieve long-term sustainability or encounter resistance and operational 

inefficiencies. 

Previous research on wind energy in India and Kerala has predominantly focused on resource 

assessment, technical performance, and policy analysis, often overlooking stakeholder-driven 

sustainability considerations. Studies addressing Kerala’s renewable energy landscape remain 
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fragmented and limited in scope, with minimal empirical attention to community engagement, 

benefit-sharing mechanisms, and governance effectiveness. This study addresses this critical gap by 

adopting a stakeholder-centered, multi-dimensional sustainability framework to assess wind energy 

development in Kerala. Stakeholder theory underscores participatory governance, collective 

decision-making, and transparency (Freeman, 2010), and in the context of renewable energy 

development, effective stakeholder engagement has been shown to enhance social acceptance, reduce 

conflicts, and improve environmental governance. Despite the growing body of wind energy research 

in India, existing studies are fragmented and predominantly focused on technical feasibility and 

national policy frameworks, with Kerala’s wind sector receiving limited scholarly attention due to its 

unique environmental constraints and community-based land ownership patterns; consequently, this 

study addresses critical research gaps by developing a stakeholder-centred, mixed-methods, and 

theoretically grounded framework that integrates environmental, social, economic, technological, and 

policy dimensions, draws on Stakeholder Theory, the Triple Bottom Line, and Socio-Technical 

Systems Theory, proposes a conceptual model linking socio-demographic characteristics, 

sustainability dimensions, stakeholder collaboration, and sustainability outcomes of wind projects, 

and empirically tests hypotheses examining the direct, mediating, and moderating relationships 

among sustainability practices, stakeholder perceptions, collaboration, policy clarity, technological 

reliability, and project acceptance 

Accordingly, the objective of this research is to examine how environmental, social, 

economic, technological, and policy-related factors influence the sustainability of wind energy 

projects in Kerala through the perspectives of diverse stakeholders. By employing a mixed-methods 

research design and integrating quantitative and qualitative insights, the study seeks to provide a 

comprehensive understanding of sustainability challenges and opportunities in Kerala’s wind energy 

sector. 

Materials and Methods 

The research was conducted among higher secondary and college students studying in The 

study adopts a mixed-methods research design to capture both measurable patterns and in-depth 

stakeholder perspectives related to wind energy sustainability. This approach allows for triangulation 

of data and enhances the robustness of the findings by integrating quantitative survey results with 

qualitative insights from interviews and field observations. The research focuses on key wind energy 

corridors in Kerala, particularly the Palakkad Pass and Ramakkalmedu regions. These locations were 

selected due to their high wind potential, existing wind installations, and ecological sensitivity, 

making them suitable for examining sustainability challenges in real-world contexts. This study 

adopts a mixed-methods research design combining quantitative and qualitative approaches, 

involving a sample of 200 survey respondents representing developers, government officials, 

community members, landowners, and environmentalists, along with 30 semi-structured interviews, 

and utilises Likert-scale questionnaires, interview guides, field observations, and document analysis 

of policies, EIAs, and project reports, with data analysed using SPSS for descriptive and inferential 

statistics and NVivo for thematic coding to ensure validity through triangulation, and the expected 

findings indicate that while wind energy development in Kerala can improve air quality, reduce 

emissions, and stimulate rural employment through enhanced technological reliability enabled by 

predictive maintenance and IoT, it continues to face significant challenges related to wildlife 
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disturbance, land-use conflicts, high capital costs, terrain-specific technological constraints, 

regulatory delays, insufficient state-level fiscal incentives, land acquisition disputes, noise concerns, 

and the need for stronger EIAs, transparent communication, culturally sensitive engagement with 

tribal communities, and stable policy frameworks to improve stakeholder acceptance and investor 

confidence. 

The research focuses on key wind energy corridors in Kerala, particularly the Palakkad Pass 

and Ramakkalmedu regions, selected due to their high wind potential, existing wind installations, and 

ecological sensitivity (Shukla et al., 2023; Arun P. R. & Rajan, 2014). Primary data were collected 

through structured surveys, semi-structured interviews, and direct field observations. A structured 

questionnaire was administered to 200 respondents representing diverse stakeholder groups (Adeyeye 

et al., 2020). In addition, 30 semi-structured interviews were conducted to obtain deeper qualitative 

insights into stakeholder experiences and sustainability practices (Lakhanpal, 2019). Primary data 

were collected through structured surveys, semi-structured interviews, and direct field observations. 

A structured questionnaire was administered to 200 respondents representing diverse stakeholder 

groups, including wind energy developers, government and regulatory officials, local community 

members, landowners, environmental activists, and maintenance personnel. The questionnaire 

employed a five-point Likert scale to measure perceptions related to environmental impacts, social 

acceptance, economic benefits, technological performance, policy effectiveness, and stakeholder 

collaboration.  

In addition to surveys, 30 semi-structured interviews were conducted to obtain deeper 

qualitative insights into stakeholder experiences, conflicts, governance challenges, and sustainability 

practices. Interview participants were selected using purposive sampling to ensure representation 

across stakeholder categories. Field observations were carried out at selected wind project sites to 

document land-use patterns, environmental conditions, turbine placement, and community 

interactions. Secondary data were obtained through document analysis, including Environmental 

Impact Assessment (EIA) reports, government policies, regulatory guidelines, and project-related 

documents. This secondary information supported contextual interpretation of primary findings. 

Quantitative data were analysed using SPSS software. Descriptive statistics were employed to 

summarise stakeholder perceptions, while inferential techniques such as correlation and regression 

analysis were used to examine relationships between sustainability dimensions and perceived project 

outcomes. Reliability tests ensured internal consistency of measurement scales. Qualitative data from 

interviews and field notes were analysed using thematic analysis. Responses were coded and 

categorised into themes aligned with the sustainability dimensions and stakeholder collaboration 

framework. The integration of quantitative and qualitative findings enabled a holistic interpretation 

of sustainability practices in Kerala’s wind energy sector. 

Results and Discussions 

The findings reveal that stakeholder perceptions of wind energy sustainability in Kerala are 

shaped by complex interactions among environmental, social, economic, technological, and policy 

factors. Environmental sustainability emerged as a major concern across stakeholder groups. While 

respondents acknowledged the contribution of wind energy to emission reduction and cleaner power 

generation, significant apprehensions were expressed regarding biodiversity impacts, particularly 

bird and bat mortality, land disturbance in hill regions, and the adequacy of EIA implementation. 
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Field observations confirmed that post-installation environmental monitoring remains limited in 

several project sites. Social sustainability findings indicate that stakeholder acceptance is strongly 

influenced by the quality of community engagement and benefit-sharing mechanisms (Adeyeye et 

al., 2020). Economic sustainability outcomes reveal that wind energy projects contribute to 

employment but face long-term viability challenges due to policy uncertainty (Rajesh Kumar et al., 

2019; Sharma & Sinha, 2019). 

Social sustainability findings indicate that stakeholder acceptance is strongly influenced by 

the quality of community engagement and benefit-sharing mechanisms. Survey responses suggest 

that projects with transparent consultation processes and fair compensation arrangements experience 

higher levels of local support. Conversely, conflicts related to land acquisition, noise disturbance, and 

visual intrusion were reported in areas with weak stakeholder communication. Interviews with 

community members and tribal representatives highlighted the need for culturally sensitive 

engagement strategies and inclusive decision-making. Economic sustainability outcomes reveal that 

wind energy projects have contributed to local employment opportunities, particularly during 

installation and maintenance phases. However, respondents expressed concerns regarding the long-

term stability of economic benefits, especially in the absence of consistent policy incentives. 

Developers indicated that regulatory uncertainty and delayed approvals increase project costs and 

reduce investment confidence. Technological sustainability emerged as a critical enabler of long-term 

performance. Stakeholders emphasised the importance of terrain-specific turbine designs, predictive 

maintenance systems, and improved grid integration. The adoption of IoT-based monitoring and AI-

enabled diagnostics was perceived as enhancing reliability and reducing downtime, particularly in 

Kerala’s challenging topography. 

A single-window system should be established to grant all permissions and licences required 

for wind energy projects within a fixed time frame, including technical approvals, connectivity, 

extensions if required, scheme approval, name transfer, connectivity transfer, and energisation 

approval from the Electrical Inspectorate for both developer and investor companies. At present, after 

the installation of a Wind Energy Generator (WEG), developers are required to execute Connectivity, 

Open Access, Banking, and Power Purchase Agreements through multiple wings of KSEBL, and 

therefore the concerned Deputy Chief Engineer (Distribution) and Deputy Chief Engineer 

(Transmission) should be authorised to execute all such agreements for projects up to 3 MW using 

standard agreement formats included in the regulations. To encourage small businesses to generate 

electricity from renewable sources, the regulations should permit Group Captive and Captive Power 

Plant (CPP) projects by allowing small businesses to participate with a minimum contribution of 26% 

of the project cost of each WEG. Transmission charges and wheeling charges should not be levied on 

electricity generated from renewable energy sources. The Regulatory Commission should be 

empowered to determine power purchase tariffs for Independent Power Producer projects by adopting 

a project-based tariff mechanism that reflects the actual cost of each project. The regulations should 

permit the supply of electricity generated from wind energy generators to third-party consumers 

without imposing Cross Subsidy Surcharge. The Government should take necessary steps to provide 

land on lease to small developers who are willing to establish wind power generation projects. 

Subsidies should be provided for Energy Storage Systems associated with renewable energy 

generation projects. To promote participation by small entrepreneurs, an incentive of not less than 

one rupee per unit should be provided for electricity generated from renewable energy sources. 
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Electricity regulations should be rationalised to ensure that infrastructure-related charges 

remain proportionate and do not impose excessive financial burdens on wind energy developers. High 

connectivity and infrastructure development costs can adversely affect the viability of small and 

medium-scale wind projects; therefore, a more balanced and transparent cost framework is essential 

to promote investment, improve project feasibility, and supports the sustainable expansion of wind 

energy. 

Policy and governance factors were identified as the most influential determinants of 

sustainability outcomes. Survey and interview findings consistently pointed to regulatory delays, 

fragmented institutional responsibilities, and limited state-level incentives as major barriers. Effective 

coordination among agencies and streamlined approval mechanisms were viewed as essential for 

improving project feasibility and stakeholder trust. Overall, the results underscore that stakeholder 

collaboration acts as a mediating force linking sustainability dimensions to project outcomes. Projects 

characterised by strong stakeholder alignment demonstrated higher acceptance, reduced conflict, and 

improved operational performance. 

Conclusion 

This study concludes that Kerala’s wind energy sector possesses considerable potential to 

contribute meaningfully to sustainable development, climate mitigation, and regional energy security. 

However, this potential remains constrained by a combination of environmental sensitivities in 

ecologically fragile zones, regulatory complexities, policy uncertainty, land-use conflicts, and 

insufficient stakeholder coordination. The findings clearly indicate that technological feasibility alone 

is insufficient; instead, sustainable wind energy development in Kerala must be grounded in an 

integrated, stakeholder-driven approach that balances ecological conservation with social inclusion, 

economic viability, technological suitability, and institutional coherence. Based on the empirical 

findings, the study proposes the adoption of a comprehensive and context-specific sustainability 

framework for wind energy development in Kerala. This framework should prioritise strengthened 

and location-sensitive Environmental Impact Assessments, continuous post-installation 

environmental monitoring, and cumulative impact evaluation in wind corridors located within or 

adjacent to the Western Ghats. Inclusive community engagement models—particularly for local 

residents, landowners, and tribal communities—should be institutionalised through transparent 

consultation processes, equitable compensation mechanisms, and benefit-sharing arrangements to 

enhance long-term social acceptance. 

In conclusion, the sustainable development of wind energy in Kerala depends on a supportive 

regulatory and institutional framework that promotes efficiency, inclusiveness, and long-term 

viability. Streamlined approval processes, rationalised cost structures, and flexible participation 

models can significantly enhance the feasibility of small and medium-scale wind projects. Reducing 

procedural complexity, ensuring transparent tariff mechanisms, and supporting grid integration 

through energy storage incentives are critical for improving investor confidence and stakeholder 

participation. Additionally, access to land, performance-based incentives, and effective governance 

can foster wider community involvement. Collectively, these measures can align environmental 

protection, economic viability, and social acceptance, positioning wind energy as a key contributor 

to Kerala’s sustainable energy transition 
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From a technological perspective, the study recommends the increased adoption of terrain-

adaptive turbine designs, predictive maintenance systems, and digital monitoring tools such as IoT- 

and AI-enabled diagnostics to improve operational efficiency and reduce downtime in Kerala’s 

complex topography. Grid integration planning and energy storage solutions should also be 

strengthened to address intermittency and improve system reliability. At the policy and governance 

level, the findings highlight the need for greater regulatory clarity, inter-agency coordination, and 

procedural streamlining. Policymakers are encouraged to introduce stable state-level incentives 

aligned with national renewable energy targets, along with single-window clearance mechanisms to 

reduce approval delays and investor uncertainty. Strengthening the role of regulatory institutions 

through consistent enforcement, transparent decision-making, and periodic policy review will be 

essential to building stakeholder trust. By aligning stakeholder interests with sustainability objectives 

and embedding environmental, social, technological, and governance considerations into project 

planning and implementation, Kerala can transform its wind energy sector into a model for 

environmentally responsible, socially inclusive, and institutionally robust renewable energy 

development. Such a transition would not only support the state’s energy transition goals but also 

offer valuable lessons for wind energy deployment in other ecologically sensitive regions. 
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