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ABSTRACT  

This research conducts a comprehensive bibliometric analysis to explore the development of renewable energy 

technology innovation research in the context of sustainable development. Through an examination of 

scholarly publications, citation patterns, and keyword occurrences, this study aims to provide a nuanced 

understanding of the current state of research in this critical field. Seminal works, influential authors, thematic 

clusters, and keyword frequencies are examined to uncover the multidimensional aspects of renewable energy 

technology innovation and its intersection with sustainable development. The synthesis of these insights 

informs researchers, policymakers, and industry stakeholders, guiding them toward a holistic approach in 

addressing the challenges and opportunities at the nexus of renewable energy, technology innovation, and 

sustainability. 
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1. INTRODUCTION 

Countries are prioritizing the development of renewable energy technology innovation due 

to the pressing need for sustainable development in light of climate change. This innovation is crucial 

in reconciling the increasing energy demand with the goal of environmental sustainability [1], [2]. 

Renewable energy sources such as solar, wind, geothermal, tidal, and biomass are being investigated 

in order to attain global energy security and lessen the negative impact that energy derived from 

fossil fuels has on the environment [3]. Technological innovation plays a key role in enhancing 

renewable energy, but its impact is contingent upon factors such as institutional quality, financial 

development, foreign direct investment (FDI), and human capital [4]. Green financing and 

innovation are powerful tools for environmental protection and sustainable growth [5]. 

Transitioning from nonrenewable to renewable energy sources in emerging economies has the 

capacity to promote sustainable development and mitigate the adverse impacts of climate change 

[6].   The overall development of new technology for renewable energy sources is crucial to achieve 

the dual objectives of meeting energy demand and ensuring environmental sustainability [7]. 

The investigation and advancement of renewable energy technologies are imperative for 

promoting a sustainable future in light of the depletion of conventional energy sources and 

escalating worries regarding ecological deterioration.   Renewable energy sources, such as wind, 

solar, and wave power, have prospects for ensuring energy stability, accessibility, societal and 

economic progress, and addressing climate change, while simultaneously diminishing 

environmental and health consequences [8]. These technologies play a significant role in achieving 

sustainable development goals and can be integrated into low carbon energy systems [9]. 

Nevertheless, it is imperative to tackle obstacles such as market inefficiencies, limited knowledge, 

availability of raw materials, and the necessity for cutting-edge materials science and technology in 
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order to guarantee the long-term viability of renewable energy sources [10]. Collaboration between 

the public and private sectors, along with retooling and reskilling, is necessary to accelerate clean 

production and sustainable materials usage [11]. Additionally, attention should be given to the 

environmental impact of the entire life cycle of renewable energy technologies [12]. 

The intersection between renewable energy technology innovation and sustainable 

development is a multidimensional space where technological progress must be aligned with 

environmental responsibility. The urgency of this intersection is underscored by global initiatives 

such as the Paris Agreement, which commits countries to mitigate climate change by transitioning 

to sustainable energy sources. In light of this situation, it is crucial to have a thorough grasp of the 

current research environment in order to effectively traverse the intricacies of developing renewable 

energy technologies within the framework of sustainable development. 

2. LITERATURE REVIEW  

2.1 Renewable Energy Technology Innovation 

Renewable energy technologies, including solar, wind, hydro, geothermal, and biomass, 

have witnessed rapid advancements in recent decades, offering cleaner alternatives to conventional 

sources and mitigating environmental impact [13]. These technologies have the potential to reshape 

the energy landscape and contribute to sustainable development [14]. The focus has been on 

enhancing their affordability, efficiency, and scalability for widespread adoption [15]. However, 

challenges such as intermittency, energy storage, and grid integration need to be addressed [16]. The 

literature review provides insights into the technological dimensions of renewable energy solutions, 

highlighting the strides made in improving their performance and cost-effectiveness [5]. It also 

acknowledges the complexities surrounding renewable energy technology innovation [17], [18]. 

2.2 Sustainable Development and Energy Transition 

 Incorporating current breakthroughs in renewable energy technology into the wider 

framework of sustainable development requires a thorough examination of the energy transition 

scenario.   Renewable energy is crucial in combating climate change, reducing greenhouse gas 

emissions, and building resilience against environmental challenges [19]. It also contributes to 

poverty alleviation, job creation, and the empowerment of marginalized communities, highlighting 

the socio-economic dimensions of sustainable development [3]. The trade-offs and synergies 

between economic development and environmental conservation are critically assessed, providing 

a comprehensive understanding of the complex interplay between renewable energy technology 

innovation and sustainable development goals [20]. The energy transition is influenced by policy 

frameworks, regulatory landscapes, and public perception. The literature review examines how 

government policies, international agreements, and market processes contribute to the shift towards 

renewable energy [5], [21]. Moreover, the popularity of renewable energy technology is influenced 

by societal acceptance and cultural factors, which can provide both obstacles and prospects for 

achieving sustainable energy transitions.  

3. METHODS  

The empirical basis of this research is built around a meticulous method of gathering data, 

with the objective of encompassing the entirety of scholarly contributions in the realm of renewable 

energy technology innovation and sustainable development. The search strategy involved a 
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comprehensive exploration of leading academic databases, including Scopus, Web of Science, and 

Google Scholar. Search terms, including "renewable energy", "technological innovation", 

"sustainable development", and related phrases, were used strategically to ensure inclusion of 

relevant articles. Inclusion criteria included articles published in peer-reviewed journals within a 

predetermined timeframe, to ensure currency and relevance of the selected literature with the help 

of Publish or Perish (PoP) accessed on September 27, 2023. 

Table 1. Metrics Data Research 

Publication years : 1991-2023 

Citation years : 32 (1991-2023) 

Paper : 980 

Citations : 150738 

Cites/year : 4710.56 

Cites/paper : 153.81 

Cites/author : 69478.16 

Papers/author : 417.93 

Author/paper : 3.10 

h-index : 208 

g-index : 365 

hI,norm : 133 

hI,annual : 4.16 

hA-index : 93 

Papers with 

ACC 
: 1,2,5,10,20:908,854,745,621,460 

The collected dataset undergoes a sophisticated bibliometric analysis, leveraging advanced 

tools such as VOSviewer to unravel patterns, trends, and the intellectual structure within the 

extensive body of literature [22]. The data analysis workflow is structured to progress from broad 

overviews to granular insights, allowing for a comprehensive understanding of the research 

landscape. The sequential analysis, authorship patterns, citation trends, and co-occurrence patterns, 

culminating in a holistic portrayal of the evolving scholarly discourse on renewable energy 

technology innovation and sustainable development. 
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4. RESULTS AND DISCUSSION  

  

 
Figure 1. Mapping Results 

Topic mapping was used in the early stages of the bibliometric study to reveal detailed 

patterns. An overview of the trajectory of research growth in renewable energy technology 

innovation and sustainable development is provided through the distribution of publications over 

time. By separating articles, reviews and other scholarly contributions, the classification of document 

types offers a summary of the diversity in the literature. A more thorough examination of the 

research landscape is based on this fundamental understanding. 

 
Figure 2. Trend Research 
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Discussions around research trends delve into the intellectual genealogy of the field, 

exploring important works that have paved the way for subsequent research. Identify a nuanced 

understanding of the intellectual foundations and enduring contributions in renewable energy 

technology innovation research. 

 
Figure 3. Cluster Mapping 

Co-occurrence analysis has revealed five distinct thematic clusters in the literature on 

renewable energy technology innovation and sustainable development. Each cluster represents a 

cohesive group of keywords that summarize specific research themes. Table 2 below provides an in-

depth exploration of each cluster, highlighting the most frequently occurring keywords and their 

relevance: 

Table 2. Cluster Identifications 

Cluster Total Items 
Most frequent 

keywords (occurrences) 
Keyword 

1 20 Carbon emission (20), 

economic growth (25), 

environmental 

sustainability (30), green 

development (15) 

Carbon emission, carbon neutrality, economic 

growth, environmental degradate, environmental 

quality, environmental sustainability, financial 

development, globalization, green development, 

green finance, green investment, green 

technological innovation, green technology 

innovation, institutional quality, non renewable 

energy, renewable energy consumption, renewable 

energy use, sustainable environmental, trade 

openness, urbanization 

2 18 Energy sector (20), 

renewable (25), 

sustainable energy (30) 

Clean energy technology, contribution, driver, 

energy sector, energy source, energy system, 

energy technology, fossil fuel, implementation, 

issue, opportunity, renewable, renewable energy 

policy, renewable energy sector, renewable energy 
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source, renewable energy technology, renewable 

source, sustainable energy 

3 10 Assessment (20), energy 

technology innovation 

(25), 

Assessment, energy policy, energy technology 

innovation, industry, non renewable resource, 

renewable energy industry, renewable energy 

innovation, renewable energy technology, 

renewable resource, sustainability 

4 7 Ecological sustainability 

(20), industrialization 

(25) 

Ecological sustainability, energy transition, 

environmental innovation, environmental policy, 

green technology, industrialization, oecd country 

5 1 Sustainable energy 

technology (20) 

Sustainable energy technology 

 

Together, the recognized clusters create a patchwork of research subjects that capture the 

transdisciplinary and dynamic character of innovation in renewable energy technologies as it relates 

to sustainable development. In addition to highlighting dominant patterns, the co-occurrence 

analysis offers a sophisticated comprehension of the connections between various theme parts. A 

thorough examination of the complex link between these two important characteristics is reflected 

in Cluster 1, which highlights the delicate balance between environmental sustainability and 

economic growth. In the larger energy industry, Cluster 2 emphasizes the critical role that renewable 

energy plays and positions it as a major force behind sustainable energy systems. Cluster 3 explores 

how energy technology innovation is assessed and evaluated, providing insight into the techniques 

used to determine the viability and impact of renewable energy solutions. By navigating the nexus 

between industrialization and ecological sustainability, Cluster 4 provides insights into the 

opportunities and problems related to green technology in developed nations. Lastly, Cluster 5 offers 

a specialized investigation into the technological aspects contributing to sustainable energy solutions 

due to its exclusive focus on sustainable energy technology. Together, these clusters add to the 

growing conversation about innovative renewable energy technologies and sustainable 

development. They also provide scholars, decision-makers, and industry participants with a road 

map for navigating the complexity of a fast changing energy world. These themes are linked, which 

emphasizes the necessity for a comprehensive and team-based strategy to handle the various 

obstacles in the way of a sustainable energy future. 
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Figure 4. Author’s Collaboration 

The authorship study reveals collaborative patterns influencing the conversation on 

innovative renewable energy technology through the use of co-authorship networks depicted with 

VOSviewer. Prolific writers arise in the cooperative networks, frequently serving as catalysts for the 

spread of knowledge. The geographical mapping of author connections emphasizes the 

interconnectedness of scholars across continents and underlines the global character of joint 

activities. 

Table 3. Citations Analysis 

Citations Authors and year Title 

3919 NL Panwar, SC Kaushik, 

S Kothari (2011) 

Role of renewable energy sources in environmental protection: A 

review 

3339 R Wustenhagen, M 

Wolsink, MJ Burer (2007) 

Social acceptance of renewable energy innovation: An 

introduction to the concepts 

2881 D Gielen, F Boshell, D 

Saygin, MD Bazillan 

(2019) 

The role of renewable energy in the global energy tranformation 

2714 I Dincer (2000) Renewable energy and sustainable development: a crucial review 

2277 G Seyfang, A Smith (2007) Grassroots innovations for sustainable development: Towards a 

new research and policy agenda 

2199 PA Owusu, S Asumadu-

Sarkodie (2016) 

A review of renewable energy sources, sustainability issues and 

climate change mitigation 

2185 AM Omer (2008) Energy, environment and sustainable development 

2023 C Song (2006) Global challenges and strategies for control, conservation and 

utilization of CO2 for sustainable development involving energy, 

catalysis, adsoption and chemical 

1872 N Johnstone, I Hascic, D 

Popp (2010) 

Renewable energy policies and technological innovation: 

evidence based on patent counts 

1555 S Jacobsson, V Lauber 

(2006) 

The politics and policy of energy system transformation-

explaining the German diffusion of renewable energy technology 
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There have been major contributions to the academic discourse made by the publications 

that have received the most citations in the field of renewable energy technology innovation and 

sustainable development technology. The essay that was written in 2011 by Panwar, Kaushik, and 

Kothari places an emphasis on the significance that renewable energy sources have in the 

conservation of the environment. Within the scope of their work from 2007, Wustenhagen, Wolsink, 

and Burer investigate the societal acceptability of innovations in renewable energy [2]. In the paper 

that was released in 2019, Gielen and colleagues address the revolutionary significance that 

renewable energy plays on a global scale. During the year 2000, Dincer published an article that 

discussed the junction between sustainable development and renewable energy. Seyfang and 

Smith's 2007 work focuses on grassroots innovations for sustainable development. Owusu and 

Asumadu-Sarkodie's 2016 review consolidates knowledge on renewable energy sources and 

sustainability challenges. Omer's 2008 article explores the connections between energy, 

environment, and sustainable development. Song's 2006 work addresses global challenges related to 

CO2 control and utilization for sustainable development. Johnstone, Hascic, and Popp's 2010 article 

investigates the link between renewable energy policies and technological innovation. Jacobsson and 

Lauber's 2006 work delves into the politics and policy dynamics driving the diffusion of renewable 

energy technology in Germany. 

Table 4. Keywords Analysis 

Most occurrences Fewer occurrences 

Occurrences Term Occurrences Term 

216 Renewable energy technology 20 Renewable energy policy 

146 Renewable energy source 20 Green finance 

106 Renewable energy consumption 19 Environmental innovation 

93 Economic growth 19 Green technology 

59 Green technology innovation 18 Non renewable energy 

58 Green development 17 Contribution 

52 Environmental sustainability 16 Sustainable environment 

51 Sustainability 15 Trade openness 

47 Financial development 15 Energy policy 

44 Carbon emission 14 Urbanization 

40 Energy technology innovation 13 Environmental quality 

39 Energy technology 12 Implementation 

34 Energy transition 11 Institutional quality 

28 Industry 10 Energy sector 

 

The prevalence of specific terms in the literature on renewable energy technology innovation 

and sustainable development provides valuable insights into the research landscape. The most 

occurring terms include "Renewable Energy Technology" (216 occurrences), highlighting its central 

role in exploring technological dimensions of renewable energy. "Renewable Energy Source" (146 

occurrences) emphasizes the focus on the origin of energy in sustainable systems. "Renewable 

Energy Consumption" (106 occurrences) reflects the interest in understanding the practical 

implications of renewable energy adoption. The recurring theme of "Economic Growth" (93 

occurrences) signifies the interconnectedness of renewable energy technology innovation with 

broader economic objectives. "Green Technology Innovation" (59 occurrences) highlights the 

intersection of technological advancements with environmentally conscious practices. 

The most occurrences reflect the core pillars of research in renewable energy technology 

innovation and sustainable development. The prevalence of terms such as "Renewable Energy 

Technology," "Renewable Energy Source," and "Renewable Energy Consumption" underscores the 
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field's technological underpinnings, emphasizing the need for innovation to drive sustainable 

energy practices. On the other hand, the fewer occurrences shed light on nuanced aspects of the 

discourse. "Renewable Energy Policy" and "Green Finance" point towards considerations beyond 

technology, highlighting the importance of regulatory frameworks and financial mechanisms. The 

terms "Environmental Innovation" and "Green Technology" signify a growing interest in holistic 

approaches that extend beyond technology to address broader environmental concerns. The 

diversity in keyword occurrences showcases the multidimensional nature of research in renewable 

energy technology innovation. As researchers navigate this landscape, the varying frequencies of 

terms guide the exploration of technological, policy, financial, and environmental dimensions, 

contributing to a more comprehensive understanding of the intricate challenges and opportunities 

in sustainable energy development. 

Implications and Future Directions 

The implications drawn from the synthesis of results extend to academia, industry, and 

policymaking. Researchers can leverage the identified seminal works and thematic clusters to guide 

their inquiries, ensuring a holistic exploration of the multifaceted challenges and opportunities in 

renewable energy technology innovation. Industry stakeholders can draw insights from the diverse 

perspectives to inform strategic decisions and investments in sustainable energy solutions. 

Policymakers, meanwhile, can use the nuanced understanding of regulatory, financial, and 

environmental dimensions to craft policies that foster innovation and adoption of renewable energy 

technologies. 

Future research directions should build upon the identified research gaps, exploring 

emerging themes and evolving trends. The multidisciplinary nature of the field calls for continued 

collaboration and integration of insights from various domains. Additionally, the emphasis on 

societal acceptance, grassroots innovations, and global energy transformations suggests avenues for 

research that consider the human and social dimensions of sustainable energy transitions.

CONCLUSION  

In conclusion, this research illuminates the intricate landscape of renewable energy 

technology innovation and its implications for sustainable development. The analysis of seminal 

works and influential authors reveals the enduring impact of foundational research, providing a 

roadmap for scholars and practitioners. Thematic clusters and keyword occurrences underscore the 

interdisciplinary nature of the field, emphasizing technological, economic, policy, and 

environmental dimensions. The synthesized insights offer valuable implications for academia, 

industry, and policymaking, guiding future research directions and strategic decisions. As the global 

community grapples with the urgent need for sustainable energy solutions, this study contributes to 

the ongoing discourse, fostering a more informed and collaborative approach to advancing the 

shared goal of a sustainable energy future. 
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