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Objetivo do estudo

Analisar a aplicagdo dos modelos de inovagdo baseados em hélices no setor de energias renovéaveis,
identificando suas contribuicdes para solugbes sustentaveis e inclusivas, convergéncias tedricas,
lacunas da literatura e oportunidades para pesqguisas futuras.

Relevancia/originalidade

O estudo sistematiza evidéncias ainda dispersas sobre a aplicacdo das Hélices Tripla, Quadrupla e
Quintupla as energias renovaveis, integrando dimensdes tecnoldgicas, institucionais, sociais e
ambientais e evidenciando a evolucéo desse campo de pesguisa.

M etodologia/abor dagem

Realizou-se revisdo sistemética da literatura nas bases Scopus e Web of Science, resultando em 29
artigos. A analise combinou técnicas bibliométricas, com Bibliometrix/Biblioshiny, e sintese
gualitativa dos objetivos, métodos, resultados, contribuicdes e lacunas dos estudos.

Principaisresultados

Os resultados evidenciam a predominancia da Hélice Tripla e a expansdo das Hélices Quadrupla e
Quintupla. Destacam-se como mecanismos relevantes a coordenacdo institucional, o
compartilhamento de conhecimento, ainovacao tecnol 6gica, as politicas pablicas, a participacdo social
e adimensdo ambiental.

Contribuicoes tedricas/metodol 6gicas

O estudo integra e organiza o conhecimento sobre modelos de hélices e energias renovaveis,
articulando analise bibliométrica e sintese qualitativa. ldentifica tendéncias, mecanismos de
contribui¢do e lacunas metodol 6gi cas, geogréficas, tedricas, empiricas e setoriais que orientam futuras

pesquisas.

Contribuicfes sociais/para a gestdo

Os achados oferecem subsidios para gestores e formuladores de politicas estruturarem ecossistemas
colaborativos de inovagao, fortalecendo a interacdo entre universidade, empresas, governo, sociedade
e meio ambiente e favorecendo estratégias de transi¢ao energética mais sustentavels e inclusivas.

Palavras-chave: Hélice Tripla, Hélice Quadrupla, Hélice Quintupla, Energias Renovéaveis, Transi¢éo
Energética
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Study purpose

To analyze the application of helix-based innovation models in the renewable energy sector,
identifying their contributions to sustainable and inclusive solutions, theoretical convergences,
literature gaps, and opportunities for future research.

Relevance/ originality

The study systematizes dispersed evidence on the application of the Triple, Quadruple, and Quintuple
Helix models to renewable energy, integrating technological, institutional, social, and environmental
dimensions and highlighting the evolution of this research field.

Methodology / approach

A systematic literature review was conducted using Scopus and Web of Science, resulting in 29
articles. The analysis combined bibliometric techniques using Bibliometrix/Biblioshiny with a
qualitative synthesis of the studies objectives, methods, results, contributions, and research gaps.

Main results

The results reveal the predominance of the Triple Helix and the expansion of the Quadruple and
Quintuple Helix models. Key mechanisms include institutional coordination, knowledge sharing,
technological innovation, public policies, socia participation, and the environmental dimension.

Theoretical / methodological contributions

The study integrates and organizes knowledge on helix models and renewable energy by combining
bibliometric analysis and qualitative synthesis. It identifies trends, contribution mechanisms, and
methodological, geographical, theoretical, empirical, and sectoral gapsthat can guide future research.

Social / management contributions

The findings provide insights for managers and policymakers to structure collaborative innovation
ecosystems, strengthening interactions among universities, industry, government, society, and the
environment and supporting more sustainable and inclusive energy transition strategies.
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