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Green Innovation Management (GIM) has become increasingly prominent over recent years, 

reflecting a global advancement in responding to environmental challenges through eco-

friendly practices. This research illuminates the evolving landscape of GIM research, 

describing its conceptual emergency and academic significance by undertaking an exhaustive 

bibliometric analysis, where the growth of GIM literature is valuated, scrutinizing patterns in 

publications, citations, and collaborations. The study identifies the most relevant institutions, 

articles, countries, and keywords utilized in research about GIM. The findings reveal a clear 

alignment between innovation and environmental awareness, highlighting solutions 

prioritizing environmental impact without compromising developmental objectives as it 

relates to the authors and institutional collaborations networks involved in studying GIM. The 

research identifies significant stakeholders and collaborative networks while highlighting 

regional disparities in how policy frameworks affect GIM research output. The report 

highlights unexplored regions and suggests further research for academics of sustainable 

development and green innovation. The paper critically examines the complexity and trend of 

GIM globally, while providing a strong urge for policymakers, researchers, and practitioners 

to reinforce their commitment to sustainable innovation and strategies for future environmental 

action.  
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1. INTRODUCTION

In recent years, there has been a significant increase in 

attention towards green innovation research [1-3]. Researchers 

worldwide are motivated by the urgent need to address the 

environmental challenges we face today. They are 

incorporating management perspectives to create a new 

research field called "Green Innovation Management" (GIM). 

This field is aimed at finding innovative solutions to 

environmental problems. Bibliometric analysis is being used 

better to understand the trends and developments in this field. 

Some recent studies in this area have also contributed to this 

growing field, investigating its impact on operations and 

production processes [4-17]. The current shift towards eco-

consciousness involves innovative approaches to address 

environmental challenges and future issues while pursuing 

present developmental goals. This has led to a surge of 

academic research promoting green innovation in various 

contexts and regions [18-25]. By thoroughly analyzing 

existing literature, researchers can unravel the complexities of 

green innovation and provide insights into its significance in 

our societal and environmental geographies. Such 

investigations are critical in informing policymakers, 

researchers, and practitioners as they develop innovative 

solutions to address pressing environmental concerns. This 

quantitative method examines scientific publications, 

keywords, institutions, and collaboration patterns involving 

institutional and national agencies, providing valuable insights 

into critical topics, influential networks, co-citation 

capabilities, and emerging developments related to GIM. 

This study conducts a thorough bibliometric analysis to 

chart the growth and patterns in GIM research. This analysis 

aims to map the research publications in this field and identify 

the most influential keywords, articles, and institutions 

influencing GIM research. The author aim to provide a 

systematic overview of the research efforts thus far, 

emphasizing existing gaps and potential avenues for future 

studies by exploring the body of knowledge generated by 

scholars in GIM. Additionally, the analysis will be a valuable 

resource for future researchers, empowering them to 

understand seminal works, research collaborations, and the 

evolving directions of green innovation research. Exploring 

green innovation research through bibliometric analysis 

provides a robust framework for understanding its trends, 

advancements, and key contributors. The author used a 

rigorous methodology to gather a large collection of scholarly 

publications on green innovation. Bibliometric techniques 

were employed to analyze critical bibliographic data, such as 

most relevant institutions on green innovation research, top 

productive countries in green innovation research, top cited 

countries, most globally and locally cited works, reference 

publication year spectroscopy, relevant keywords in green 
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innovation research, trend topics, coupling maps, co-word 

network analysis, thematic map, institutional collaboration 

networks, country collaboration networks, and collaboration 

world map. The analysis incorporated a range of bibliometric 

indicators to evaluate the quality and influence of the 

identified research outputs [26-30]. The research is anchored 

of two core research objectives; 

1) Conduct a thorough bibliometric analysis to chart the 

growth and patterns in GIM research. 

2) Determine key institutions, articles, countries, and 

keywords in GIM research, highlighting the 

integration of innovation with environmental well-

being. 

Through the integration and examination of bibliometric 

analysis results, the author aims to uncover the developing 

areas of focus and prolific topics in green innovation research. 

With the escalating necessity for eco-friendly solutions, this 

work adds to the expanding repository of insights that can 

guide business people, creative minds, scholars, and industry 

professionals toward inventive approaches to ecological 

challenges. Moreover, this research study is a useful tool for 

subsequent investigators, presenting a summary of 

foundational studies, cooperative endeavors, and the dynamic 

progression of research themes in green innovation. This 

research attempts to enrich the current awareness of green 

innovation by utilizing a thorough bibliometric analysis of 

contemporary literature. Using data-driven methods, this 

paper offers crucial revelations about the most influential 

articles, relevant keywords, and major institutional and 

country collaborations within this field. These insights are 

anticipated to propel additional inquiries, encourage 

partnerships, and ultimately aid in cultivating sustainable 

methods that support an environmentally friendly tomorrow. 

 

1.1 Research questions for the objectives 

 

Objective 1: Conduct a thorough bibliometric analysis to 

chart the growth and patterns in GIM research. 

1). How has the volume of published research on GIM 

evolved? 

2). What are the predominant patterns and trends in GIM 

research publications? 

3). Which journals most frequently publish research on 

GIM? 

4). What are GIM studies' most common research 

methodologies and theoretical frameworks? 

5). How does the citation network of GIM research 

articles demonstrate the development and diffusion of 

knowledge in this field? 

Objective 2: Determine critical institutions, articles, 

countries, and keywords in GIM research, highlighting the 

integration of innovation with environmental sustainability. 

6). Which institutions are the leading contributors to 

GIM research, and what is their relative impact? 

7). What are the most influential articles in the field of 

GIM, based on citation analysis? 

8). Which countries are the primary contributors to GIM 

research, and how does their contribution vary over time? 

9). What are the key keywords and topics associated with 

GIM research, and how do they reflect the integration of 

innovation and environmental sustainability? 

10). How do collaboration patterns among researchers, 

institutions, and countries influence the dissemination of GIM 

research findings? 

2. LITERATURE REVIEW 

 

The history of green innovation in Asia is complex and 

influenced by the region's distinctive socio-economic and 

environmental conditions; the roots of green innovation can be 

traced back to traditional environmental practices embedded 

in Asian cultures [31, 32]. However, the contemporary trend 

of green innovation began to take shape in the late 20th century 

as Asian countries grappled with rapid industrialization and its 

associated environmental impacts [33, 34]. Japan was a 

pioneer in this regard, with its post-war economic boom 

leading to severe pollution issues that prompted the 

government to implement stringent environmental regulations 

and invest in clean technologies; by the 1980s and 1990s, 

Japan had emerged as a global leader in green technology, 

particularly in energy efficiency and waste management [35-

37]. The late 20th and early 21st centuries saw other Asian 

nations, particularly the "Tiger" economies of South Korea, 

Taiwan, Singapore, and Hong Kong, incorporating green 

innovation into their development strategies [38, 39]. South 

Korea, for instance, launched the Green Growth Strategy in 

2008, aiming to harmonize economic growth with 

environmental sustainability [40, 41]; with its rapid economic 

expansion and consequent environmental degradation, China 

has also been a significant player in green innovation [42]. In 

the mid-2000s, China began investing heavily in renewable 

energy, becoming the world's largest producer of solar panels 

and wind turbines [43]; the Chinese government's 

commitment to green innovation was further solidified with 

initiatives like the 13th and 14th Five-Year Plans, emphasizing 

sustainable development and environmental protection [44]. 

Asia is at the forefront of green innovation, with significant 

advancements and investments in renewable energy, 

sustainable agriculture, and green manufacturing; China 

continues to lead in renewable energy production and adopting 

electric vehicles (EVs), driven by government policy and 

market forces [45]. Another major player in India has made 

substantial strides in solar energy, as evidenced by initiatives 

like the National Solar Mission, which aims for 100GW of 

solar power by 2022 [46, 47]. Southeast Asian nations, 

including Vietnam, Thailand, and Indonesia, are also 

increasingly focusing on renewable energy and sustainable 

practices, driven by international commitments and domestic 

environmental challenges [48, 49]. Thailand started 

experimenting with green innovation in the late 20th century, 

concentrating first on environmental preservation and 

sustainable agriculture [50, 51]. The country has made 

significant strides in renewable energy, particularly solar and 

biomass [52]. Thailand's Alternative Energy Development 

Plan (AEDP) aims to increase the share of renewable energy 

to 30% by 2037 while critically investing in energy efficiency 

and green transportation initiatives [53]. Despite regulatory 

hurdles and financial constraints, Thailand continues to 

advance its green innovation agenda, contributing to regional 

sustainability efforts in Southeast Asia [54, 55]. 

Even with these advancements, there are still issues; many 

Asian countries face significant obstacles in balancing rapid 

economic growth with environmental sustainability [56, 57]. 

Issues such as air and water pollution, deforestation, and the 

impact of climate change are pressing concerns that require 

continuous innovation and effective policy implementation 

[58]. Also, the disparity in technological capabilities and 

financial resources across the region presents an obstacle to 

uniform progress in green innovation [59, 60]. Green 
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innovation in Asia has evolved from traditional ecological 

practices to a modern, technology-driven approach to 

addressing the environmental challenges of rapid 

industrialization and urbanization; while significant progress 

has been made, particularly in renewable energy and 

sustainable practices, ongoing efforts are required to ensure 

that the entire region can benefit from green innovation [42, 

47, 49], and also highlight that the commitment of Asian 

countries to environmental sustainability, supported by 

technological advancements and policy frameworks, will be 

crucial in shaping the future of green innovation in the region. 

European green innovation has a long and transformative 

history, evolving from conventional environmental policies to 

state-of-the-art technology innovations targeted at 

sustainability [61-63]. This journey began in the early 20th 

century when European countries recognized 

industrialization's environmental impacts; initial efforts 

focused on addressing pollution and conserving natural 

resources, setting the stage for more comprehensive 

environmental policies and innovations [64, 65]. 

In the post-World War II era, Europe saw a resurgence of 

industrial activity, which brought about significant 

environmental degradation; the 1960s and 1970s marked the 

beginning of modern European environmentalism, driven by 

growing public awareness and scientific understanding of 

pollution and its effects on human health and ecosystems [66, 

67]. Countries like Sweden and Germany pioneered this 

movement, implementing some of the first comprehensive 

environmental laws and regulations to control emissions and 

protect natural habitats [68, 69]. By the 1980s, the European 

Union (EU) began to take a more active role in environmental 

policy, leading to a unified approach to green innovation; 

establishing the Single European Act in 1987 included a 

commitment to environmental protection, marking a 

significant step towards integrating sustainability into 

European policy [70, 71]. The 1990s saw further 

advancements with the adoption of the Maastricht Treaty, 

which formally incorporated environmental protection into 

EU objectives [72, 73]. The early 21st century brought about 

a new wave of green innovation in Europe, driven by the 

urgent need to address climate change; the EU launched 

several ambitious initiatives, including the European Climate 

Change Programme (ECCP) in 2000, which aimed to meet the 

Kyoto Protocol targets; the EU Emissions Trading System 

(EU ETS), introduced in 2005, became the world's largest 

carbon market, incentivizing reductions in greenhouse gas 

emissions through a cap-and-trade system [74, 75]. 

Poland's journey in green innovation is particularly 

noteworthy. Historically reliant on coal for energy, Poland has 

faced significant challenges transitioning to a more sustainable 

energy mix [76]. However, in recent years, Poland has made 

considerable strides in green innovation; it has invested in 

renewable energy sources, particularly wind and solar power, 

to diversify its energy portfolio and reduce its carbon footprint 

[77]. The Polish government has also implemented policies to 

promote energy efficiency and support the development of 

clean technologies [78]. One of Poland's significant 

achievements in green innovation is the growth of its wind 

energy sector; the country has abundant wind resources, 

particularly in its northern and western regions [76, 79]. Over 

the past decade, Poland has rapidly expanded its wind energy 

capacity, becoming one of the leading wind energy producers 

in Central and Eastern Europe; favorable government policies 

have supported this shift, including feed-in tariffs and auctions 

for renewable energy projects [80]. Solar energy is another 

area in which Poland has made significant progress; the 

government has introduced various incentives to encourage 

the adoption of solar power, including subsidies for residential 

and commercial installations [77]. These efforts have 

substantially increased the number of solar panels installed 

nationwide, contributing to Poland's renewable energy goals 

[81]. Poland's commitment to green innovation is also evident 

in its efforts to improve energy efficiency; it has implemented 

numerous programs to reduce energy consumption in 

buildings, industries, and transportation [80]. Initiatives such 

as the Thermomodernization Fund provide financial support 

for energy efficiency projects, helping reduce greenhouse gas 

emissions and lower consumer energy costs [82]. 

Beyond Poland, other European countries have continued to 

lead in green innovation; Germany's Energiewende (energy 

transition) policy aims to shift the country towards a 

sustainable energy system based on renewable energy, energy 

efficiency, and the phasing out of nuclear power [78]. 

Germany is also a global leader in green technologies, with 

significant investments in research and development [83]. 

Scandinavian countries, including Sweden, Denmark, and 

Norway, have consistently ranked among the top performers 

in green innovation; Sweden's carbon tax, introduced in 1991, 

has successfully reduced emissions and promoted renewable 

energy [84]. Denmark has become a world leader in wind 

energy, with wind power accounting for a substantial share of 

its electricity production [85]. With abundant hydropower 

resources, Norway has focused on electrifying its transport 

sector, becoming a global leader in electric vehicle adoption 

[86]. The European Green Deal, launched in 2019, represents 

the EU's most ambitious effort to achieve sustainability; it 

outlines a roadmap for making the EU climate-neutral by 

2050, with targets for reducing greenhouse gas emissions, 

increasing renewable energy use, and promoting circular 

economy practices [87]. Key initiatives under the Green Deal 

include the European Climate Law, the Circular Economy 

Action Plan, and the Just Transition Mechanism, which aims 

to support regions and communities most affected by the 

transition to a green economy [88]. 

 

 

3. RESEARCH METHODOLOGY 

 

The research employs a bibliometric analysis method to 

identify significant scientific contributions in the field of GIM 

in academic publications. The main goal of performing a 

systematic literature review is to pinpoint key scientific 

advancements relevant to the particular area of study. This 

method helps to reduce potential biases or errors, bolsters the 

reliability and impact of the subsequent evidence, and provides 

more solid conclusions that assist in recognizing patterns and 

guiding informed decisions. We utilized Scopus, a globally 

acknowledged academic resource, to thoroughly search for 

scholarly works on green innovation [89]. This investigation 

focused on "Green Innovation" publications from January 1, 

2019, to March 31, 2023, to grasp the latest developments in 

this area of scholarship. The search scope for "green 

innovation" concentrated specifically on titles, abstracts, and 

keywords. Initially, our query in the "green innovation" search 

field yielded 2,627 papers. This number was refined by 

selecting only those published from 2019 to 2023. Author then 

narrowed the results to English-language articles, arriving at 

1,887 papers. These papers form the basis for this bibliometric 
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analysis. 
Employing bibliometric methods, scholars can examine and 

interpret data, leveraging repositories that house scientific 
information and applying various quantitative approaches to 
conduct research. This strategy aids in discerning and 
assessing recurring trends pertinent to a given subject, ranging 
from the country of origin, influential scholars, and primary 
journals to the research domains. Bibliometric analysis is a 
prevalent tool in academic research to gauge the impact of 
themes and concepts. It also highlights the substantial impact 
of many academic journals, educational institutions, and 
diverse geographical regions [90, 91]. For the analysis, author 
have used tools like Biblioshiny to analyze the bibliometric 
findings [92], producing clear-cut results that include 
illustrative visuals, graphs, and tables to simplify the intricate 
search data [93]. This software tool aids in demonstrating 
relationships through co-citations and bibliographic coupling 
in presentations and during the initial stages of research. 
Bibliographic coupling occurs when two works cite a third 
common article within their references, pointing to a 
connection between them [94, 95]. Co-citation, on the other 
hand, captures the instances where two documents are 
frequently cited together, indicating a shared subject matter 
[96, 97]. 

 

Table 1. Overview of general bibliometric information 
 

Description Results 

General Information About Study Data 

Timespan 2019-2023 

Sources (journals, books, etc.) 404 

Documents 1887 

Annual growth rate % 45.28 

Document average age 1.25 

Average citations per doc 15.32 

References 112853 

Document Contents 

Keywords plus (ID) 4268 

Author's keywords (DE) 4281 

Authors 

Authors 3363 

Authors of single-authored docs 92 

Authors Collaboration 

Single-authored docs 105 

Co-Authors per doc 3.47 

International co-authorships % 30.47 

Document Types 

Article 1887 
* Author's Keywords (DE)=Author generated keywords 

Keywords Plus (ID)=Computer-generated keywords 

 

The examination of scholarly works retrieved from the 

Scopus repository separates the information into distinct 

categories: general data details, document substance, 

authorship, collaborative authorship patterns, and types of 

documents. The key data points to an average of 377.4 

publications annually from 2019 to 2023. Additionally, this 

dataset shows a significant yearly increase in publication 

numbers at a rate of 45.28%. The average number of citations 

per document stands at 15.32, with the documents having an 

average age of 1.25 years. In the studies reviewed, there were 

112,853 references cited in total. This body of research 

includes 3,363 individual authors, 92 of whom have published 

independently and contributed to 105 individual publications. 

There is an average of 3.47 co-authors per document. The data 

on international co-authorship reveals that 30.47% of the 

papers were collaborative efforts between authors from 

different nations. Table 1 lays out the overall data. 

 

 

4. RESULTS AND DISCUSSION 

 

4.1 Most relevant institutions on green innovation 

 

As seen in the three-fold plot in Figure 1 and Table 2, it is 

evident that Chinese institutions dominated the top 20 

institutions that have made significant contributions to green 

innovation research. Given the country's industrial growth and 

associated environmental concerns, this might reflect China's 

growing interest and emphasis on sustainable development 

and green technologies [98-101]. Among the predominance of 

Chinese institutions, Ilma University in Pakistan stands out at 

number ten. Jiangsu University is the leading institution in the 

number of green innovation research-affiliated authors, with 

61 articles. Xi'an Jiaotong University, Wuhan University, and 

a trio of institutions-Harbin Engineering University, 

Southwestern University of Finance and Economics, and 

Zhongnan University of Economics and Law-are also 

significant contributors, each producing over 35 articles. 

There is a similar research profile among several 

institutions. For instance, Shandong University of Finance and 

Economics, Shandong University, Shanghai University, Ilma 

University, School of Management and Economics, Xi'an 

Jiaotong University, and Xiamen University have articles 

ranging from 30 to 36. The list showcases a variety of 

universities. Some of these are technical or engineering-

focused, like Harbin Engineering University, while others, like 

Southwestern University of Finance and Economics, focus 

more on economics and finance. This diversity suggests that 

green innovation is a multidisciplinary topic of interest, 

engaging researchers from various academic backgrounds. 

Table 2 provides an overview of the growth of green 

research article publications over time by various institutions. 

Several key insights and patterns can be drawn from this data. 

Many institutions have seen a remarkable increase in green 

research articles. For example, Anhui University of Finance 

and Economics went from 1 article in 2019 to 26 in 2023. 

Similarly, Central South University increased its output from 

3 articles in 2019 to 29 in 2023. Jiangsu University had the 

highest output in 2023, having published 61 articles, marking 

a significant increase from just 1 article in 2019. Some 

institutions had zero publications initially but experienced a 

surge in later years. For example, Zhongnan University of 

Economics and Law had no publications in 2019 and 2020 but 

reached 37 articles by 2023. Some universities, like Wuhan 

University and Harbin Engineering University, showed 

consistent growth year over year. While most institutions have 

shown growth, some, like Xi'an Jiaotong University and 

Xiamen University, have relatively stable numbers, suggesting 

a consistent focus on green research. Some institutions, like 

China University of Mining and Technology and Jilin 

University, had not published in the first couple of years but 

have caught up considerably by 2023. Nearly every institution 

has increased its research output in green innovation from 

2019 to 2023, suggesting a broader trend in the academic 

community toward prioritizing sustainability and green 

innovation research. 
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Table 2. Top 20 most relevant institutions in green 

innovation research 

 
S/No. Affiliation Articles 

1 Jiangsu University 61 

2 Xi'an Jiaotong University 57 

3 Wuhan University 43 

4 Harbin Engineering University 37 

5 
Southwestern University of Finance and 

Economics 
37 

6 Zhongnan University of Economics and Law 37 

7 
Shandong University of Finance and 

Economics 
36 

8 Shandong University 31 

9 Shanghai University 31 

10 Ilma University 30 

11 School of Management and Economics 30 

12 Xiamen University 30 

13 Central South University 29 

14 Zhejiang Gongshang University 28 

15 Anhui University of Finance and Economics 26 

16 Dalian University of Technology 26 

17 Northwestern Polytechnical University 26 

18 China University of Mining and Technology 25 

19 Jilin University 25 

20 Zhejiang University 25 

 

4.2 Top productive countries in green innovation research 

 

As supported by previous analysis, China remains the clear 

leader, with 1226 articles, substantially higher than any other 

country (see Table 3). Its frequency ratio reflects this 

dominance, capturing around 65% of all publications. The 

MCP_Ratio offers an insight into the collaborative nature of 

the research. For instance, countries like Malaysia, Pakistan, 

the United Kingdom, the United Arab Emirates, and France 

have high MCP ratios, indicating that a significant portion of 

their green innovation research involves international 

collaboration. Apart from China, countries like Malaysia, 

Pakistan, India, and Indonesia are among the top contributors. 

This emphasizes the increasing focus on green innovation in 

emerging economies. Italy and Spain stand out in Europe with 

a notable number of articles, followed closely by the United 

Kingdom. Italy, in particular, has almost half of its 

publications due to international collaborations, as indicated 

by its MCP_Ratio. The USA, United Kingdom, Germany, 

Australia, and Japan all have a meaningful output, suggesting 

a balanced contribution from these developed nations. 

However, it is interesting that their numbers are comparable to 

or even less than some emerging economies. The United Arab 

Emirates has a relatively lower total number of articles and a 

high MCP ratio of around 78%. This might suggest that the 

UAE is tapping into international expertise for green 

innovation research. Figure 1 supports the data presented in 

Table 3 by showing the country scientific production of green 

innovation research. 

 

4.3 Top cited countries in green innovation research 

 

Table 4 provides insights into the top-cited countries in 

green innovation research based on Total Citations (TC) and 

Average Article Citations. It shows various countries, from 

highly developed nations to emerging economies. This 

underlines the global nature of the challenges and solutions 

associated with green innovation and how nations worldwide 

contribute to this discourse. While China is the most-cited 

country with 17,756 total citations, its average citation per 

article is 14.5, suggesting a vast number of publications with a 

moderate citation rate per article. The UAE has an average of 

136.4 citations per article despite having a lower total number 

of citations. This indicates that while the volume of 

publications might be less compared to countries like China, 

the research emanating from the UAE is highly influential and 

frequently cited. Italy, the United Kingdom, and Spain are 

among the top-cited European nations. The UK, in particular, 

boasts a high average of 28 citations per article. Australia has 

a commendable average of 38.7 citations per article, indicating 

the impactful nature of its research in green innovation.  

 

Table 3. Top productive countries in green innovation 

research 

 
S/No. Country Articles SCP MCP Frequency MCP Ratio 

1 China 1226 948 278 0.64970853 0.22675367 

2 Italy 43 22 21 0.02278749 0.48837209 

3 Malaysia 36 9 27 0.0190779 0.75 

4 Pakistan 35 8 27 0.01854796 0.77142857 

5 India 34 29 5 0.01801802 0.14705882 

6 Indonesia 22 21 1 0.01165872 0.04545455 

7 Korea 20 11 9 0.01059883 0.45 

8 Spain 20 12 8 0.01059883 0.4 

9 
United 

Kingdom 
20 5 15 0.01059883 0.75 

10 USA 20 8 12 0.01059883 0.6 

11 Thailand 16 11 5 0.00847907 0.3125 

12 Germany 15 5 10 0.00794913 0.66666667 

13 Australia 14 6 8 0.00741918 0.57142857 

14 Brazil 14 8 6 0.00741918 0.42857143 

15 Turkey 13 5 8 0.00688924 0.61538462 

16 
Saudi 

Arabia 
12 5 7 0.0063593 0.58333333 

17 

United 

Arab 

Emirates 

9 2 7 0.00476948 0.77777778 

18 France 8 2 6 0.00423953 0.75 

19 Japan 8 5 3 0.00423953 0.375 
Note: 

• SCP: Single Country Publications-these are publications where all 

authors are from the specified country. 

• MCP: Multiple Country Publications-these are publications where 

authors are from different countries. 

• Frequency: Frequency ratio of the country's publications to the 

total. 

• MCP_Ratio: Ratio of multiple country publications to the total 
number of articles. 

 

 
 

Figure 1. Country scientific production 
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Table 4. Top cited countries 
 

S/No. Country TC Average Article Citations 

1 China 17756 14.5 

2 
United Arab 

Emirates 
1228 136.4 

3 Italy 655 15.2 

4 United Kingdom 561 28 

5 Australia 542 38.7 

6 Malaysia 462 12.8 

7 Usa 461 23 

8 Brazil 422 30.1 

9 Turkey 418 32.2 

10 Thailand 342 21.4 

11 Korea 317 15.8 

12 India 271 8 

13 Finland 242 80.7 

14 Spain 240 12 

15 Denmark 235 78.3 

16 Indonesia 217 9.9 

17 Pakistan 217 6.2 

18 Germany 177 11.8 

19 Norway 159 31.8 

20 South Africa 103 14.7 
 

Countries like Malaysia, Brazil, Turkey, Thailand, and 

India are also on the list, emphasizing the importance and 

impact of green research from emerging economies. Brazil and 

Turkey, in particular, have a relatively high average citation 

per article. Although smaller in total citations, Finland, 

Denmark, and Norway have high average article citations 

(80.7, 78.3, and 31.8, respectively), suggesting that their 

research, though possibly fewer in numbers, carries significant 

weight in the academic community. The USA, known for its 

vast research output, has an average of 23 citations per article, 

suggesting a good balance between the quantity and quality of 

research. Countries like the UAE, Australia, the UK, Brazil, 

Turkey, and the Nordic countries (Finland, etc.) show that the 

quality and impact of research can be more significant than the 

sheer volume of publications. Despite their contribution to the 

research volume, some countries have lower average citations, 

such as India, Indonesia, and Pakistan. This might suggest 

newer research that has not had time to accumulate citations 

or areas where more impactful research could be pursued. 

 
4.4 Most globally cited research in green innovation 

research 

 
Table 5 highlights the most globally cited papers on green 

innovation. Several papers have accumulated a significant 

number of citations within the study period. "Singh SK, 2020" 

has received 539 total citations (TC), translating to 134.75 

total citations per year (TC/Year). This indicates the paper's 

high relevance and significance in the field. The total number 

of citations serves as a measure of the overall influence of an 

article, while the citations per year (TC/Year) offer valuable 

insights into its current significance. For instance, "Yu CH, 

2021" and "Xu L, 2021" have high TC/Year values of 

76.3333333 and 66.6666667, respectively, indicating their 

immediate impact and relevance in green innovation research. 

Normalized TC is a metric that allows for comparing the 

citation impact of papers against each other, irrespective of the 

time since their publication [102, 103]. Higher values here 

indicate a more significant impact on a standardized scale. The 

"Singh SK, 2020" paper stands out with a normalized TC of 

13.8642046, emphasizing its influential status. Several papers 

from 2021, like "Yu CH, 2021", "Xu L, 2021", and "Lv C, 

2021", have made it to the list, highlighting their immediate 

recognition and significance in green innovation research. The 

DOI of the publisher, starting with "10.1016", refers to 

Elsevier's platform dominating the list, emphasizing the 

publisher's significant role in disseminating impactful research 

on green innovation. While all papers deal with green 

innovation, the specific journals they are published in (e.g., 

"j.techfore" for Technological Forecasting and Social 

Change, "j.jclepro" for Journal of Cleaner Production, 

"j.enpol" for Energy Policy) hint at the diverse range of topics 

and disciplines covered within the umbrella of green 

innovation. The list features a variety of authors from different 

research backgrounds, signifying the multidisciplinary nature 

of green innovation research. 

 
4.5 Top local cited research in green innovation research 

 
Table 6 displays the top-cited local papers on green 

innovation. Most papers were published under the "10.1016" 

DOI prefix, corresponding to Elsevier [104]. This suggests 

that Elsevier, particularly journals like "Technological 

Forecasting and Social Change" and "Journal of Cleaner 

Production," might be significant platforms for propagating 

green innovation research. The top paper, "Singh SK, 2020," 

received a distinctive number of local citations (170) relative 

to its global citations (539), underlining its prominence in the 

local context or the paper's relevance to regional issues. The 

ratio column shows the paper's influence on the local scene 

versus its global impact. For instance, "Zhang D, 2019" has a 

local citation percentage of around 50.63%, indicating that 

about half of its citations come from local references, 

suggesting its potential regional significance. The papers have 

relatively high normalized local and global citations. This 

metric helps compare the influence of papers irrespective of 

their publication year. For instance, "Singh SK, 2020" has the 

highest normalized global citation of around 13.86, indicating 

its significant impact when adjusted for age.  

Multiple scholarly articles published in 2021, such as "Yu 

CH, 2021" and "Hu G, 2021," have garnered significant 

attention and citations, underscoring their current significance 

and relevance within green innovation scholarship. Although 

many papers are from journals focused on technology 

forecasting and cleaner production, there are papers from 

diverse journals like "Energy Policy," "Energy Economics," 

and "Sustainable Cities and Society," indicating the 

multifaceted nature of green innovation research. Table 6 also 

provides a "Ratio" column, which offers insights into the local 

influence of the research. Papers with a high ratio, like "Zhang 

D, 2019," might address issues or methodologies particularly 

relevant to the local community or region. Specific authors, 

such as "Singh SK" and "El-Kassar AN," seem significant 

contributors to the domain, given their positioning in the list. 

 
4.6 Reference publication year spectroscopy (RPYS) 

 
RPYS allows to identify the most influential years (and, by 

proxy, publications from those years) within a given dataset 

based on the number of citations. The method is especially 

useful for revealing historical antecedents of research trends 

[105, 106]. The RPYS is produced for green innovation 

research and presented in Figure 2. We can deduce that 1776 

was the first year of the dataset and a year of significant 
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historical importance in other contexts (e.g., the U.S. 

Declaration of Independence). It is noteworthy to observe the 

inclusion of a publication from such a time. There was some 

traction in the 19th century in 1841, 1846, 1862, 1879, 1885, 

1890, 1898, 1899, and 1903. The early-to-mid 20th century 

shows sporadic peaks, suggesting some years with notably 

impactful publications. 

Between the 1960s and 1980s, the frequency of citations 

and the number of standout years increased, indicating a 

potential growth or evolution of green innovation during this 

period. The 1990s and 2020s saw a steep rise in citations, 

which indicates a dramatic growth or interest in green 

innovation. 

  
 

Figure 2. RPYS for green innovation research 

 

Table 5. Most global cited articles on green innovation 

 
Paper DOI TC TC/Year Normalized TC 

Singh SK, 2020 10.1016/j.techfore.2019.119762 539 134.75 13.8642046 

El-Kassar AN, 2019 10.1016/j.techfore.2017.12.016 431 86.2 7.9316464 

Hashmi R, 2019 10.1016/j.jclepro.2019.05.325 333 66.6 6.128163 

Sun H, 2019 10.1016/j.enpol.2019.111002 320 64 5.8889254 

Kraus S, 2020 10.1016/j.techfore.2020.120262 283 70.75 7.27935048 

ABBAS J, 2019 10.1016/j.jclepro.2019.05.024 238 47.6 4.37988827 

Zhang D, 2019 10.1016/j.resconrec.2019.01.023 237 47.4 4.36148538 

Yu CH, 2021 10.1016/j.enpol.2021.112255 229 76.3333333 8.15079864 

Abu Seman NA, 2019 10.1016/j.jclepro.2019.03.211 207 41.4 3.80939862 

Xu L, 2021 10.1016/j.eneco.2021.105269 200 66.6666667 7.11860143 

Lv C, 2021 10.1016/j.eneco.2021.105237 198 66 7.04741542 

Bai Y, 2019 10.1016/j.jclepro.2019.06.107 194 38.8 3.57016103 

Huang Z, 2019 10.1016/j.techfore.2019.04.023 191 38.2 3.51495235 

Song M, 2019 10.1016/j.techfore.2018.07.055 182 36.4 3.34932632 

Hu G, 2021 10.1016/j.eneco.2021.105134 180 60 6.40674129 

Luo Y, 2021 10.1016/j.scitotenv.2020.143744 173 57.6666667 6.15759024 

Rehman SU, 2021 10.1016/j.techfore.2020.120481 168 56 5.9796252 

Aboelmaged M, 2019 10.1016/j.jclepro.2019.02.150 168 33.6 3.09168584 

Tang K, 2020 10.1016/j.scitotenv.2019.136362 167 41.75 4.29558845 

Shahzad M, 2020 10.1016/j.jclepro.2019.119938 163 40.75 4.1927001 
Note: TC=Total citations 

 

 

Table 6. Top local cited documents on green innovation 

 
Document DOI Year LC GC Ratio Normalized LC Normalized GC 

Singh SK, 2020 10.1016/j.techfore.2019.119762 2020 170 539 31.5398887 16.1689692 13.8642046 

El-Kassar AN, 2019 10.1016/j.techfore.2017.12.016 2019 125 431 29.0023202 8.37821664 7.9316464 

Zhang D, 2019 10.1016/j.resconrec.2019.01.023 2019 120 237 50.6329114 8.04308797 4.36148538 

Yu CH, 2021 10.1016/j.enpol.2021.112255 2021 89 229 38.8646288 10.4858451 8.15079864 

Kraus S, 2020 10.1016/j.techfore.2020.120262 2020 89 283 31.4487633 8.46493092 7.27935048 

Abbas J, 2019 10.1016/j.jclepro.2019.05.024 2019 79 238 33.1932773 5.29503291 4.37988827 

Hu G, 2021 10.1016/j.eneco.2021.105134 2021 73 180 40.5555556 8.60074938 6.40674129 

Sun H, 2019 10.1016/j.enpol.2019.111002 2019 73 320 22.8125 4.89287852 5.8889254 

Luo Y, 2021 10.1016/j.scitotenv.2020.143744 2021 72 173 41.6184971 8.48293089 6.15759024 

Huang Z, 2019 10.1016/j.techfore.2019.04.023 2019 71 191 37.1727749 4.75882705 3.51495235 

Abu Seman NA, 2019 10.1016/j.jclepro.2019.03.211 2019 69 207 33.3333333 4.62477558 3.80939862 

Zhang J, 2020 10.1016/j.scs.2020.102123 2020 67 139 48.2014388 6.37247609 3.57537002 

Tang K, 2020 10.1016/j.scitotenv.2019.136362 2020 67 167 40.1197605 6.37247609 4.29558845 

Bai Y, 2019 10.1016/j.jclepro.2019.06.107 2019 67 194 34.5360825 4.49072412 3.57016103 

XU L, 2021 10.1016/j.eneco.2021.105269 2021 64 200 32 7.54038301 7.11860143 

Rehman SU, 2021 10.1016/j.techfore.2020.120481 2021 63 168 37.5 7.42256453 5.9796252 

Zhang F, 2019 10.1002/bse.2298 2019 60 144 41.6666667 4.02154399 2.65001643 

Aboelmaged M, 2019 10.1016/j.jclepro.2019.02.150 2019 58 168 34.5238095 3.88749252 3.09168584 

Asadi S, 2020 10.1016/j.jclepro.2020.120860 2020 56 152 36.8421053 5.32624867 3.90975715 

Fan F, 2021 10.1016/j.jclepro.2020.125060 2021 54 153 35.2941176 6.36219817 5.4457301 
Note: LC=Local Citations; GC = Global Citations 
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4.7 The most relevant words in green innovation research 

 

Analyzing the most frequently used words in green 

innovation research can provide insight into scholars' and 

practitioners' key focus areas, methods, and concerns. Table 7 

shows the geographical prominence of "China" with 944 

occurrences, signifying that the country is the leading hub for 

green innovation research. This is hardly surprising given 

China's status as the world's largest emitter of greenhouse 

gases and its simultaneous efforts in leading green technology 

innovations. The emphasis on China indicates that research 

might explore its unique challenges, strategies, leadership, and 

execution of green innovation. "Innovation" and "sustainable 

development" concepts are at the heart of the research, with 

627 and 397 occurrences, respectively. 

 

Table 7. The most relevant words in green innovation 

research 

 
S/No. Words Occurrences 

1 China 944 

2 Innovation 627 

3 Sustainable Development 397 

4 Green Innovations 394 

5 Economic Development 325 

6 Green Economy 228 

7 Environmental Policy 177 

8 Article 171 

9 Environmental Protection 170 

10 Carbon 169 

11 Environmental Economics 166 

12 Government 135 

13 Carbon Dioxide 126 

14 Human 124 

15 Industry 124 

16 Sustainability 122 

17 Carbon Emission 113 

18 Environmental Management 112 

19 Panel Data 110 

20 Investments 106 

 

"Green Innovations" and "Economic Development" further 

emphasize this intertwining of sustainability with innovative 

practices. The recurrence of these terms highlights the 

importance of innovative approaches in achieving economic 

growth without compromising ecological balance. The terms 

"Green Economy" and "Environmental Economics," along 

with "Investments," underscore the economic lens through 

which green innovations are often viewed. The research 

emphasizes that transitioning to a green economy is an 

environmental imperative and a lucrative economic 

opportunity for organizations. 

Also, the frequent occurrence of terms related to policy and 

governance indicates the significant role governments play in 

facilitating or hindering green innovations. Research focuses 

on governmental policies, their efficacy, and the broader 

implications of regulatory frameworks. Carbon-related terms 

emphasize the concern over greenhouse gas emissions, global 

warming, and the associated environmental implications. The 

focus on carbon showcases the urgency to innovate to reduce 

our carbon footprint. The appearance of "Article" might 

suggest a meta-analytic approach, where researchers review 

and analyze previously published articles. The mention of 

"Panel Data" indicates the methodological preference for 

longitudinal data in examining trends, impacts, or patterns 

over time. Terms like "Human" and "Industry" provide insight 

into the multidimensional nature of green innovation research, 

suggesting that the discourse is not solely about technology or 

policies but also encompasses human behavior, industrial 

practices, and their broader implications for humans and the 

environment. 

The word cloud in Figure 3 is a visualization of the words 

that appeared most often in the articles on green innovation. 

The word that appeared most frequently was "China," the next 

most prevalent word was "innovation," and the third most 

prevalent word was "sustainable development." The 

placement of words is somewhat random, but the most 

prevalent words are placed in the middle; they appear more 

prominent compared to other less-used words. 

 

 
 

Figure 3. Word cloud green innovation research 

 

 
 

Figure 4. Tree map for green innovation research 
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The treemap of the top 20 index keywords used in green 

innovation research is shown in Figure 4. The green 

innovation index keyword "China" is used 944 times, with a 

14% contribution in the top 20 index keywords. "Innovation" 

is used 627 times, contributing 9% of the index keywords. The 

keywords "sustainable development" are used 397 times and 

"green innovation" 394 times, both contributing 6%. 

"Economic Development" is used 325 times, contributing 5% 

of the index keywords. The index keywords "green economy," 

"environmental policy," "article," "environmental 

economics," "carbon," and "environmental protection" are 

utilized more than 150 times and have 2% or more 

contribution in the top 20 index keywords. 

 

4.8 Trend topics in green innovation research 

 

Green innovation research has evolved over the years and is 

encapsulated in Figure 5, revealing the dynamic shifts in 

thematic emphasis. Geographically, the early research 

concentration focused on Germany around 2019, extending 

only until 2020. In contrast, Japan saw concentrated attention 

in the year 2019 alone. The United States presented a broader 

span of interest, starting in 2019 and peaking around 2020, 

continuing its momentum into 2023. China dominates the 

research arena mainly between 2022 and 2023, reflecting its 

prominent significance in recent discussions about green 

innovation. A newly emerging focus in 2023 centers on "Asian 

People," hinting at research emphasis on demographic or 

cultural considerations in green innovation within the Asian 

context. In environmental and industry-specific terms, "River" 

became primarily prominent around 2020, extending its 

relevance to 2022. This might indicate a period-specific 

research interest in environmental conservation, especially 

related to water bodies. On the other hand, the focus on the 

"Industrial Structure" emerged mainly between 2022 and 2023. 

This highlights recent considerations regarding the formation 

and dynamics of industries in the green innovation context. 

Economic and strategic dimensions also saw their periods 

of heightened focus. Themes like "Competitiveness" and 

"Competition" were at the forefront mainly between 2020 and 

2022, indicating a heightened interest in understanding the 

competitive dynamics in green markets. Simultaneously, the 

emphasis on "Supply Chain Management" between 2020 and 

2022 suggests a burgeoning interest in the green value chain 

and sustainable logistics. The "Decision Making" theme also 

garnered attention during the same period, pointing towards a 

curiosity about organizational and policy-level decisions 

within the green innovation context. Two foundational themes 

in green research, "Innovation" and "Sustainable 

Development," experienced significant attention between 

2021 and 2023. Their sustained focus underscores their core 

importance in green innovation discussions. Moreover, the 

emergence of "Human Capital" as a theme between 2022 and 

2023 signals the growing endeavors to understand the role of 

human resources, skills, and capacities in driving green 

innovation. 

 

4.9 Coupling map 

 

Clusters by document coupling can provide insights into 

groups of documents that are related based on shared 

references. Analyzing such clusters allows researchers to 

discern patterns and trends within a specific field [94]. Given 

the data on Figure 6 and Table 8, we can discuss the document 

coupling clusters in the context of green innovation research 

using two clusters. Cluster 1 is dominated by articles that often 

discuss "China," with a confidence of 85.1%. "Innovation" and 

"Green Innovations" also play a significant role in this cluster, 

with confidence levels of 61.1% and 62.7%, respectively. The 

prominence of "China" suggests that this cluster might focus 

on green innovation efforts, policies, and developments within 

the Chinese context. The prevalent themes in cluster 2 are 

"Innovation" and "Green Innovations,” they appear with 

slightly lower confidence levels of 38.9% and 37.3%, 

respectively. Interestingly, "China" also appears in this cluster 

but with a lower confidence level of 14.9%. This cluster may 

represent more general discussions on green innovation 

globally or in contexts other than China. Cluster 1 has 140 

documents, making it slightly larger than Cluster 2, which 

contains 110 documents. 

This indicates that discussions around China's role and 

perspective on green innovation might be slightly more 

prevalent in the dataset. Centrality measures the importance of 

nodes within a network [107, 108]. Cluster 2 has a higher 

centrality score, suggesting that documents within this cluster 

might be more central or influential within the entire network 

of analyzed documents. Cluster 1 has an impact score of 3.04, 

higher than Cluster 2's score of 2.46. This suggests that the 

documents in Cluster 1 might be more impactful or influential 

regarding cited references than those in Cluster 2. The 

coupling network of documents using the cited references is 

presented in Figure 7. 

 

 
 

Figure 5. Trend topics in green innovation research 
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Table 8. Cluster by document coupling 

 
Label Group Frequency Centrality Impact 

China-Conf 85.1% 

Innovation-Conf 61.1% 

Green Innovations-Conf 62.7% 

1 140 0.36178092 3.03584875 

Innovation-Conf 38.9% 

Green Innovations-Conf 37.3% 

China-Conf 14.9% 

2 110 0.44864247 2.45731583 

 

 
Figure 6. Clusters by document coupling in green innovation research 

 
Figure 7. Coupling network of documents in green innovation research using cited references 
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4.10 Co-word network (CoWordNet) analysis of green 

innovation research 

 
A co-word network visualizes the relationships and co-

occurrences between key terms or nodes within a dataset 

[109]. Tables 9, 10 and Figure 8 provide a co-word network 

for green innovation research, revealing significant insights. 

The data in Table 9 representing Cluster 1 reveals that 

"Innovation" is central to green innovation research. It 

possesses the highest betweenness, closeness, and PageRank 

metrics, indicating its generic importance and central role in 

the network. "Sustainable Development" and "Green 

Innovations" follow closely, with considerable betweenness 

and PageRank values, signifying that they, too, are 

fundamental concepts within this domain. "Green Economy" 

and "Environmental Economics" highlight the economic 

dimensions of the research field, emphasizing the intertwined 

relationship between economic practices and sustainability. 

Betweenness measures the shortest paths that pass through a 

node. Higher betweenness indicates that a node is a bridge or 

connector within the network [110]. Thus, the high 

betweenness of "Innovation" signifies its role in connecting 

various themes in the network. Closeness indicates how close 

a node is to all other nodes in the network. A higher closeness 

value denotes that the term is closely related to many other 

terms [111]. 

In identified dataset, terms like "Innovation" and 

"Sustainable Development" have high closeness values, 

suggesting broad applicability within the domain. Google 

originally developed PageRank to rank web pages in the 

context of a co-word network; it indicates the importance of 

nodes based on their relationships [112, 113]. Nodes like 

"Innovation" and "Sustainable Development" possess high 

PageRank values, reinforcing their significance in the green 

innovation research landscape. Representations like Carbon, 

Carbon Dioxide, and Carbon Emission emphasize carbon-

related themes in green innovation research. Their presence 

underscores the global concern regarding carbon emissions 

and their environmental implications. Environmental 

Management, Environmental Regulations, and Environmental 

Technology spotlight the tools, technologies, and regulations 

addressing environmental concerns within the domain. Words 

like Commerce, Finance, Manufacturing, and Investments 

underscore the economic and business elements intertwined 

with green innovation, reflecting the need for economic 

viability in sustainable practices. The mention of Patents and 

Inventions suggests a research interest in the legal and 

proprietary aspects of green innovations. 

The CoWordNet for Cluster 2, as provided in Table 10, 

shows the interconnected topics and themes in green 

innovation research that fall under this cluster. China stands 

out prominently with the highest betweenness, closeness, and 

PageRank metrics. This denotes China's central role in green 

innovation research, likely due to its significant industrial 

base, rapid economic development, and increasing 

environmental concerns. The mention of Economic 

Development with a considerable betweenness and PageRank 

suggests that green innovation is often discussed in tandem 

with economic progress, especially in the context of China. 

The country's quest for sustainable growth without 

compromising its economic aspirations is likely a focus topic. 

 
Table 9. CoWordNet of terms in Cluster 1 

 
Node Cluster Betweenness Closeness PageRank 

Innovation 1 139.916678 0.02083333 0.08922095 

Sustainable Development 1 37.0002218 0.02040816 0.04501675 

Green Innovations 1 41.9893783 0.01818182 0.04478292 

Green Economy 1 20.1813816 0.02040816 0.03832705 

Carbon 1 7.36061509 0.01785714 0.02411167 

Environmental Economics 1 14.6828674 0.02040816 0.03402705 

Carbon Dioxide 1 1.37228191 0.01492537 0.01571034 

Sustainability 1 1.62636043 0.01515152 0.01744699 

Carbon Emission 1 2.15346784 0.015625 0.02055947 

Environmental Management 1 1.41695854 0.01470588 0.01407992 

Investments 1 4.88096626 0.01724138 0.01992382 

Commerce 1 2.08776117 0.01515152 0.01624082 

Environmental Regulations 1 1.43857421 0.01428571 0.01450571 

Manufacturing 1 0.26028441 0.01282051 0.01290758 

Emission Control 1 1.12215927 0.01449275 0.01533949 

Finance 1 0.45497377 0.01428571 0.01275998 

Environmental Technology 1 0.58417295 0.01369863 0.01279235 

Patents and Inventions 1 0.37025154 0.01298701 0.01065497 

Economics 1 0.71461837 0.01369863 0.0117488 

Economic and Social Effects 1 0.1555873 0.01265823 0.00985694 

Empirical Analysis 1 0.2404065 0.01408451 0.01149923 

Climate Change 1 0.13325961 0.01282051 0.0085282 

Research and Development 1 0.17914699 0.01315789 0.00912772 

Regression Analysis 1 0.02665313 0.01219512 0.00758057 

Alternative Energy 1 0.13822784 0.01315789 0.01048409 

Competition 1 0 0.01176471 0.0066051 

Economic Growth 1 0.20882552 0.01282051 0.00966275 

Technological Development 1 0.04257302 0.0125 0.00797169 

Supply Chain Management 1 0.00247343 0.01190476 0.00633043 
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Table 10. CoWordNet of terms in Cluster 2 

 
Node Cluster Betweenness Closeness PageRank 

China 2 121.483261 0.02083333 0.084979 

Economic Development 2 18.4180166 0.01923077 0.03843784 

Environmental Policy 2 6.31313846 0.01754386 0.02580544 

Article 2 17.3966301 0.01923077 0.03805949 

Environmental Protection 2 10.0949554 0.01886792 0.02908581 

Government 2 2.66811143 0.01612903 0.01997854 

Human 2 4.81944959 0.01612903 0.02639995 

Industry 2 0.91176254 0.01538462 0.0153088 

Panel Data 2 2.70718728 0.01694915 0.01931652 

Efficiency 2 3.62058875 0.01612903 0.01898646 

Investment 2 0.38164429 0.01449275 0.01355096 

City 2 0.86471225 0.01449275 0.01679188 

Humans 2 0.90511383 0.01492537 0.01536495 

Productivity 2 0.40241379 0.01408451 0.01434533 

Policy 2 0.04599331 0.01204819 0.00691923 

Spatiotemporal Analysis 2 0.01432499 0.01282051 0.00978124 

Conservation of Natural Resources 2 0.33717775 0.01428571 0.01448053 

Pollution 2 0.11583325 0.01315789 0.01007583 

Cities 2 0.60405774 0.01408451 0.01554416 

Industrial Enterprise 2 0.15450164 0.01282051 0.00898469 

 

 
 

Figure 8. CoWordNet showing Clusters 1 and 2 

 

Investment and Efficiency point to the economic 

considerations and challenges encountered in green innovation. 

It hints at the study of resource allocation for sustainable 

projects and their cost-benefit analysis. Environmental Policy 

and Government indicate the regulatory and governance 

mechanisms explored in the context of green innovation. As 

countries strive for sustainable practices, the role of 

government policies and their impact on fostering green 

initiatives becomes crucial. Environmental Protection further 

emphasizes the legislative and administrative measures to 

balance development and the environment. With its 

prominence, the term Article suggests a meta-analytical 

dimension, where the research is about analyzing various 

articles or studies related to green innovation. Panel Data 

indicates the utilization of this statistical method to study 

longitudinal effects or compare different regions over time, 

making the research empirical and data-driven. Human and 

Humans highlight the human-centric approach in the research, 

focusing on behavioral, societal, or cultural aspects of 

adopting green innovations. Industry and Industrial Enterprise 

underscore the critical function of industries in driving green 

innovations. The study may explore optimal methodologies, 

obstacles, and empirical analyses related to enterprises 

undergoing a shift toward sustainable practices. City and 

Cities emphasize the urban perspective, highlighting research 

themes around urban planning, smart cities, and urban 

sustainability. Words like Pollution, Conservation of Natural 

Resources, and Spatiotemporal Analysis reflect a broader 

environmental focus, exploring topics ranging from pollution 

mitigation to conservation strategies. These are further 

elucidated on Figure 8 showing Clusters 1 and 2. 

 

4.11 Thematic map 

 

A thematic map was constructed using density and 

centrality as the basis, and it was further separated into four 

distinct topological sections (see Figure 9). The outcome 

above was derived using a semi-automatic technique that 

thoroughly examined the titles of all references examined in 

this study. Furthermore, relevant keywords beyond those 

provided by the author were considered to encompass a 

broader range of variants. The quadrant located in the upper 
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right region of the map exhibits themes that serve as catalysts 

for debates related to green innovation. These topics are 

characterized by their high density and centrality. However, it 

is noteworthy that no specific topics were recorded in this 

particular quadrant. The quadrant in the upper left region of 

the diagram exhibits unique and under-represented subject 

matters now seeing significant advancements, as seen by their 

high density but low centrality. These subject matters 

comprise "green innovation," "sustainable development," and 

"investments." 

The lower left quadrant contains themes that have been 

previously utilized but have demonstrated a diminishing 

pattern, as evidenced by their low centrality and density. 

Notably, no topics were observed in this quadrant's emerging 

or declining trends area. The lower right quadrant incorporates 

fundamental subjects that exhibit high centrality but low 

density. These topics hold significant value in the study as they 

pertain to broad subjects, including "innovation," "china," and 

"green economy." 

 

 
 

Figure 9. Thematic map of green innovation research based on density and centrality 

 

 
 

Figure 10. Thematic evolution of green innovation research 
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4.12 Thematic evolution 

 

Table 11 and Figure 10 analyze word clusters based on 

various metrics, such as weighted incidence, incidence index, 

occurrence, and stability, drawn from the green innovation 

bibliometric research domain. It examines the relationship and 

overlap of different word clusters, underscoring key themes 

and terms that dominate the discourse of green innovation over 

specific periods as outlined by the research parameters (2019-

2023). The weighted incidence (Inc_Weighted) and incidence 

index (Inc_index) metrics measure the importance or 

weightage of the words in each cluster, with higher values 

indicating greater significance [114, 115]. Similarly, 

occurrence (Occ) points to the frequency of the terms, and 

stability represent these themes' consistency or persistence 

over time [96]. Table 11 maps the evolution of green 

innovation research themes by comparing word clusters over 

different periods; the association between "green innovations" 

from 2019-2022 and "innovation" from 2023 highlights the 

continuance of the theme of green innovations into broader 

discussions about innovation by 2023. 

 

Table 11. Thematic evolution 

 
CL1 CL2 Words Inc_Weighted Inc_index Occ Stability 

Green 

innovations-

2019-2022 

Innovation-

2023-2023 

green innovations; economic and social effects; competition; 

costs; green products; profitability; environmental performance; 

corporates; innovation performance; knowledge management; 

technological innovation; environmental pollutions; global 

warming; human resource management; mediating roles; 

performance 

0.17817818 0.02439024 302 0.00561798 

Innovation-

2019-2022 

China-

2023-2023 

China; economic development; article; environmental policy; 

environmental protection; government; human; manufacturing; 

panel data; industry; investment; productivity; conservation of 

natural resources; spatiotemporal analysis; industrial enterprise; 

pollution; city; humans; performance assessment; 

heterogeneity; invention; policy; theoretical study; organization; 

commercial phenomena; inventions; renewable energy; cities; 

technology; organizations; governance approach; social 

responsibility; corporate strategy; regulatory framework; 

economic aspect; leadership; local government; government 

regulation; manufacturing industry; emissions trading; urban 

area; financial management; regulatory approach; spillover 

effect; air pollution; Guangdong; empirical research; patent; 

spatial analysis; knowledge; policy implementation; 

agglomeration; controlled study; environmental pollution; 

incentive; motivation; business development; research work; 

competitiveness; employment; industrial development; 

developing country; econometrics; environmental legislation; 

human experiment; industrial structure; experimental study; 

greenhouse gas 

0.84025854 0.00925926 371 0.00423729 

Innovation-

2019-2022 

Innovation-

2023-2023 

innovation; green economy; environmental economics; 

sustainability; carbon dioxide; efficiency; carbon emission; 

empirical analysis; research and development; technological 

development; numerical model; strategic approach; 

environmental impact; total factor productivity; technology 

adoption; energy use; environmental quality; foreign direct 

investment; urbanization; developing world; industrialization; 

policy approach; ownership; factor analysis; green innovation 

efficiency; gross domestic product 

0.32317073 0.00775194 465 0.0037594 

Sustainable 

development-

2019-2022 

China-

2023-2023 

state owned enterprise; environment; pollution control; resource 

allocation; human capital; construction industry; COVID-19 
0.03970452 0.01265823 22 0.00537634 

Sustainable 

development-

2019-2022 

Innovation-

2023-2023 

sustainable development; carbon; environmental management; 

investments; environmental regulations; commerce; 

environmental technology; emission control; patents and 

inventions; finance; economics; supply chain management; 

regression analysis; alternative energy; decision making; green 

technology; climate change; corporate social responsibility; 

economic growth; energy efficiency; public policy; energy 

utilization; small and medium-sized enterprise; technology 

innovation; renewable energies; developing countries; 

difference-in-differences; economic analysis; recycling; energy 

policy; engineering research; environmental sustainability; 

natural resource; carbon emissions; innovation efficiency; 

natural experiment; economic growths; financial system; 

method of moments; differences-in-differences; india; united 

states; energy; quantile regression; spillover effects; brazil; 

difference-in-differences models; oecd 

0.42750678 0.01265823 235 0.00462963 
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Figure 11. Conceptual structure map of green innovation research 

 

In the first cluster, the combined theme of "green 

innovations" and "economic and social effects" from 2019-

2022 with "innovation" in 2023 emphasizes the socio-

economic aspects of green innovations. Words like 

"profitability," "innovation performance," and "global 

warming" suggest a multi-pronged discourse incorporating 

profitability metrics, performance evaluations, and 

environmental concerns. 

The second cluster predominantly maps "innovation" from 

2019-2022, with "China" in 2023. Here, terms such as 

"environmental policy," "government," "manufacturing," and 

"pollution" indicate that the research on innovation in this 

period is heavily tilted towards China's economic development, 

regulatory frameworks, and industrial growth, combined with 

its environmental challenges. The third cluster pairs 

"innovation" from 2019-2022 with "innovation" in 2023. It re-

emphasizes core concepts like "sustainability," "carbon 

dioxide," "carbon emission," and "empirical analysis." The 

recurrent theme of innovation, supplemented by a focus on 

carbon management and empirical research, can be observed. 

In the fourth and fifth clusters, "sustainable development" 

from 2019-2022 intersects with "China" and "innovation" in 

2023, respectively. The intersection with China brings up 

topics like "state-owned enterprise," "environment," and 

"COVID-19," reflecting the challenges and strategies of 

sustainable development in the context of China. Meanwhile, 

its intersection with "innovation" touches upon themes of 

"carbon," "environmental management," "investments," and 

"supply chain management," showcasing the broader canvas 

of sustainable development linked to innovative strategies and 

practices. 

 

4.13 Conceptual structure map 

 

A conceptual structure map was developed to visually 

represent the contextual structure of frequently occurring 

words in research papers focused on the issue of green 

innovation. This map utilized regional mapping techniques to 

illustrate the relationships between different words (see Figure 

11). The positioning of each word is determined by the values 

of Dim 1 and Dim 2, where Dim refers to the Diminutive 

particle, a specialized concept in bibliometric study. This 

process creates a map that associates words with similar values 

in Dim 1 and Dim 2, indicating minimal differences between 

them. The map is a quadrant of a primarily red subdivision: the 

red area contains words that are related to each other. As 

shown in Figure 11, the red area contained a high number and 

variety of words, demonstrating that that many research papers 

presented connections between the words listed in this region, 

which contained the themes that appeared most often (“China,” 

“innovation,” “investments,” etc.). 

 

4.14 Co-citation network 

 

Table 12 and Figure 12 present a cocitation network 

associated with green innovation research. Cocitation 

networks are formed by analyzing how frequently two 

documents (or authors) are cited in other works. This method 

allows for the detection of influential articles, authors, or 

journals within a particular field, helping to identify significant 

trends or paradigms [116, 117]. Table 12 segregates the nodes 

(often representing authors or key works) into two primary 

clusters, signifying two dominant thematic areas (clusters) 

within green innovation research. Cluster 1 is predominantly 

led by works such as "Porter M.E. 1995", "Brunnermeier S.B. 

2003", and "Amore M.D. 2016", showcasing their centrality 

and influence. The wide range of betweenness values in this 

cluster, from a high of 223.6 for "Porter M.E. 1995" to a low 

of 0.52 for "Acemoglu D. 2012", indicates varying degrees of 

connectivity among the nodes, with some works acting as key 

bridges or connectors in the citation network. Cluster 2 paints 

a slightly different thematic picture, with "Chen Y.S. 2006" 

and "Xie X. 2019" emerging as notable nodes. Here, the 

discussion topics may slightly differ, leaning more towards 

specialized areas of green innovation, given the mention of 

more recent years in the cited works. From the values, it is 

evident that nodes like "Porter M.E. 1995" in Cluster 1 and 

"Chen Y.S. 2006" in Cluster 2 (Figure 13) exhibit a 

considerable influence in the cocitation network due to their 

high centrality metrics. 
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Figure 12. Cocitation network map of green innovation research 

 

Table 12. Cocitation network for green innovation 

 
Node Cluster Betweenness Closeness Pagerank 

Porter M.E. 1995 1 223.61254 0.01538462 0.03164801 

Brunnermeier S.B. 2003 1 71.7008565 0.01492537 0.0219035 

Amore M.D. 2016 1 66.8994103 0.01408451 0.02090056 

Jaffe A.B. 1997 1 8.89911134 0.01176471 0.01881627 

Rennings K. 2000 1 58.1863348 0.01538462 0.01689026 

Berrone P. 2013 1 72.3962696 0.01492537 0.01537502 

Rubashkina Y. 2015 1 19.4714847 0.01298701 0.01488586 

Li D. 2018-1 1 64.8713684 0.01492537 0.01557166 

Acemoglu D. 2012 1 0.52792304 0.00900901 0.01093843 

Hu G. 2021 1 5.02617104 0.01098901 0.01319775 

Luo Y. 2021 1 5.6143967 0.01052632 0.009792 

Huang Z. 2019 1 18.4494834 0.01265823 0.01251479 

Sun H. 2019 1 28.7263474 0.01408451 0.01195476 

Du K. 2019 1 4.89179393 0.01052632 0.00713077 

Beck T. 2010 1 0.62248454 0.00869565 0.01019263 

Hadlock C.J. 2010 1 1.94619074 0.00952381 0.01118173 

Horbach J. 2008 1 24.1578339 0.01333333 0.01249974 

Chen Y.S. 2006 2 26.0060322 0.01204819 0.04514786 

Xie X. 2019 2 17.0948566 0.01176471 0.03083223 

Song W. 2018 2 11.4219097 0.01176471 0.03187619 

Fornell C. 1981 2 0.88434392 0.01030928 0.02901624 

Hart S.L. 1995 2 9.81078107 0.01176471 0.02670626 

Singh S.K. 2020 2 8.74437948 0.01149425 0.02811289 

Li D. 2017 2 33.3525302 0.01204819 0.02597244 

Tang M. 2018 2 23.7676279 0.01176471 0.03250438 

Zhang D. 2019 2 37.0178976 0.01234568 0.02557004 

Chen Y.-S. 2006 2 5.88860605 0.01123596 0.02096802 

Chang C.H. 2011 2 5.73274269 0.01123596 0.02806991 

Huang J.W. 2017 2 7.44922476 0.01123596 0.02650614 

Barney J. 1991 2 5.9073815 0.01176471 0.02426854 

Eiadat Y. 2008 2 11.5096064 0.01149425 0.0219079 

De Marchi V. 2012 2 4.56633314 0.01098901 0.01765031 

Albort-Morant G. 2016 2 3.75557032 0.01123596 0.0233914 

Chiou T.Y. 2011 2 1.03234467 0.01052632 0.02524133 

Dangelico R.M. 2010 2 6.07665729 0.01098901 0.02392554 

El-Kassar A.N. 2019 2 2.48740031 0.01075269 0.02068321 

Henseler J. 2015 2 0.13658148 0.00970874 0.02187593 

Aguilera-Caracuel J. 2013 2 5.25320903 0.01123596 0.01973878 

Cai W. 2018 2 12.2758696 0.01149425 0.01787379 

Kraus S. 2020 2 4.24402339 0.01075269 0.01828351 

Podsakoff P.M. 2003 2 0.16067779 0.00970874 0.01982055 

Abbas J. 2019 2 0.87273672 0.01030928 0.01757605 

Baron R.M. 1986 2 7.28597789 0.01075269 0.01379287 

Saunila M. 2018 2 11.9019468 0.01204819 0.01490662 

Hojnik J. 2016 2 3.05742941 0.01123596 0.01339308 

Dangelico R.M. 2016 2 3.33576084 0.01098901 0.01686286 

Zhang F. 2019 2 3.05047597 0.01098901 0.01486187 

Aboelmaged M. 2019 2 0.68302106 0.01010101 0.01586125 

Cuerva M.C. 2014 2 5.53157475 0.01098901 0.01503428 

Li D. 2018-2 2 3.70448946 0.01098901 0.01637397 
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Figure 13. Author CollabNet map of green innovation research 

 

Table 13. Author CollabNet of green innovation research 

 
Node Cluster Betweenness Closeness Pagerank 

Wang C 1 8.01774662 0.00934579 0.01165475 

Chang Cp 1 1.02463427 0.00775194 0.00756799 
Zhao X 1 21.9142699 0.00990099 0.01487986 

Li L 1 4.03665846 0.00900901 0.01142647 

Wang J 2 16.8441456 0.01075269 0.02020741 
Zhang Z 2 12.6755248 0.01086957 0.02087006 

Chen L 2 11.3726696 0.01030928 0.01393118 

Wang S 2 6.01309355 0.01020408 0.01439528 
Li H 2 6.41222087 0.01 0.01718437 

Wang W 2 16.8563623 0.01098901 0.0189126 

Li C 2 12.6202164 0.00980392 0.01248277 
Zhou Y 2 0.70601422 0.00854701 0.00704495 

Sun X 2 9.87721417 0.01075269 0.01732722 

Sun Z 2 17.4007672 0.01030928 0.020759 
Sun Y 3 14.7344303 0.01030928 0.01761378 

Chen J 3 4.24386096 0.00980392 0.01246284 

Xu J 3 5.10339935 0.00925926 0.01191688 

Yin S 3 0 0.00840336 0.00887655 

Li X 4 29.2788189 0.01136364 0.03338489 

Wang L 4 56.2789005 0.01204819 0.02979443 
Li J 4 47.612568 0.01176471 0.03192358 

Liu X 4 34.4798238 0.01086957 0.02991558 

Zhang X 4 26.9131376 0.01098901 0.02525285 
Wang H 4 39.6395911 0.01086957 0.02200328 

Li W 4 23.8543605 0.0106383 0.01815289 

Wang F 4 3.47060008 0.01020408 0.01317683 
He J 4 7.90469261 0.01052632 0.01800814 

Wang Y 5 142.725905 0.01298701 0.04916413 

Li Y 5 54.2278989 0.01234568 0.03277556 
Zhang Y 5 103.65273 0.01234568 0.04261559 

Wang X 5 60.7507043 0.01204819 0.03434528 
Zhang J 5 64.2661541 0.01234568 0.03438012 

Liu Y 5 43.8492241 0.01162791 0.03281905 

Liu S 5 58.5543768 0.01204819 0.03357227 
Chen X 5 9.91768167 0.01041667 0.01838218 

Xu Y 5 8.37406127 0.01111111 0.01711238 

Yang Y 5 11.4127651 0.01086957 0.01965314 
Chen Z 5 10.6764206 0.01098901 0.01737186 

Zhang L 5 4.99699929 0.00943396 0.01119099 

Wu H 5 20.122913 0.01041667 0.01612218 
Zhao Y 5 3.19703833 0.0106383 0.01553171 

Liu L 5 33.1932919 0.01162791 0.02180455 

Chen H 5 21.7700923 0.01041667 0.01954481 
Li M 5 25.0331864 0.01176471 0.02134281 

Li S 5 10.5934175 0.0106383 0.01714878 

Li G 5 8.96728914 0.01052632 0.01591868 
Zhang W 5 9.48234808 0.01052632 0.01612499 

Chen Y 5 0 0.00900901 0.00671442 

Liu J 6 2.4532638 0.00793651 0.00896076 
Zhang Q 6 24.4965169 0.01030928 0.01627733 

 

4.15 Author collaboration networks 
 

Table 13 illustrates a collaboration network analysis, 

explicitly highlighting the interactions among authors of green 

innovation research nodes. Collaboration networks are 

integral in understanding the synergy between various entities, 

allowing us to discern patterns of joint efforts, pivotal figures, 

or institutions in a research area [118, 119]. The nodes are 

divided into six clusters, each pointing towards a potential 

collaborative group or a thematic area within the broader field 

of green innovation. Cluster 1 primarily features nodes like 

"Wang C," "Chang CP," and "Zhao X." This cluster represents 

a set of researchers who have extensively worked together or 

whose works have thematically aligned in the past. Clusters 2 

through 6 similarly suggest other collaborative groups. For 

instance, "Wang J" and "Zhang Z" are prominent nodes in 

Cluster 2, while Cluster 5 appears to be the most extensive, 

with "Yang Y" and "Zhang Y" as influential figures. Three key 

metrics (Betweenness, Closeness, and PageRank) were used 

to distinguish the significance of each node within the 

network. "Wang Y" from Cluster 5 possesses the highest 

PageRank, signifying its influential status in the collaboration 

network. 

Meanwhile, nodes like "Wang C" and "Zhao X" in Cluster 

1 have substantial betweenness values, implying their crucial 

role in connecting various nodes within their cluster. The data 

suggests that some researchers are central in bridging 

collaborations. Due to its high PageRank, "Wang Y" appears 

to dominate Cluster 5 (See Figure 14) and potentially in the 

broader research discipline. Some clusters have more nodes, 

indicating extensive collaborative endeavors within those 

groups (Zhang Y, Zhang J, Wang X). This could indicate 

significant research teams or institutions where collaborative 

efforts are paramount. While multiple clusters indicate diverse 

collaborative groups, it also might hint at silos in 

collaborations. Some researchers might predominantly 

collaborate within their clusters, leading to potential research 

echo chambers. Analyzing changes in the collaboration 

network over time could reveal emerging collaborations, new 

influential figures, and shifts in research themes. 
 

4.16 Institutional collaboration networks 
 

Table 14 demonstrates the complexities of institutional 

collaboration networks. Such networks illuminate how 

institutions collaborate or correspond in their research outputs, 

suggesting potential hotbeds of academic synergy, leading 

institutions, and critical areas of research interest. The 

institutions are grouped into 14 clusters, each representing a 

unique collaborative group or research theme. Cluster 1 

features "Zhejiang Gongshang University" and "Zhejiang 

University," suggesting these institutions may collaborate 
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closely due to their geographic proximity or similar research 

interests. Clusters such as 2 and 5 indicate regions or thematic 

areas where collaboration is extensive, with multiple 

institutions contributing actively. Using the table metrics, it is 

clear that some universities hold a more central role within the 

network. Higher betweenness suggests that the institution 

connects many other institutions within the network, acting as 

a hub or bridge. "Jiangsu University" and "Renmin University 

of China" (see Figure 14) have notably high betweenness 

values, making them potentially critical connectors in the 

network. Higher closeness values, like those of "Jiangsu 

University" or "Xiamen University," denote that these 

institutions can rapidly exchange or assimilate research 

information with their counterparts. 

Institutions like "Jiangsu University" and "Illma 

University" possess dominant PageRank values, implying they 

are likely significant contributors or influencers in their 

respective clusters. Some universities, like "Jiangsu 

University" and "Ilma University," serve as vital collaborative 

hubs in the network. Their strategic position can be attributed 

to their extensive research, collaborations, or a combination of 

these factors. Clusters can highlight emerging themes or areas 

of research. For instance, if all institutions within a cluster 

publish extensively on a niche topic, it suggests a focused 

collaborative effort. Some clusters may hint at regional 

collaborations, especially if the universities are geographically 

close, suggesting that geographical proximity shapes 

collaborations. Understanding the current collaboration 

landscape can help institutions identify potential collaborators, 

aligning their research strengths to address more complex or 

multidisciplinary challenges. 

 

Table 14. Institutional CollabNet of green innovation research 
 

Node Cluster Betweenness Closeness PageRank 

Zhejiang Gongshang University 1 6.14311039 0.00769231 0.0137399 

Zhejiang University 1 5.99213191 0.00775194 0.0140724 

Jiangsu University 2 114.370649 0.01204819 0.04730948 

Southwestern University of Finance and Economics 2 29.0521958 0.01041667 0.02200284 

Shandong University of Finance and Economics 2 36.7039873 0.01020408 0.02252148 

Xiamen University 2 73.2858555 0.01098901 0.02476337 

Nanjing University of Information Science and Technology 2 18.29616 0.00952381 0.01787622 

Ocean University of China 2 48.9215263 0.01123596 0.03043296 

Nanjing University of Finance and Economics 2 25.682652 0.01020408 0.02231507 

Dongbei University of Finance and Economics 2 19.7533565 0.00990099 0.01710089 

Nanjing University of Aeronautics and Astronautics 2 3.94748753 0.00952381 0.01548032 

Qingdao University 2 25.9971634 0.00934579 0.01300242 

Southeast University 2 25.5419555 0.01041667 0.020767 

Nanjing Agricultural University 2 13.7636677 0.00990099 0.02057163 

Shandong University of Technology 2 14.0231361 0.00980392 0.01720546 

Guangdong University of Foreign Studies 3 2.91264558 0.0075188 0.00894575 

School of Economics and Management 3 13.9573192 0.00787402 0.01225319 

China University Of Geosciences 4 3.53542577 0.00793651 0.00962161 

Shanghai Jiao Tong University 4 45.2643863 0.01030928 0.02254235 

Nanjing Audit University 4 42.4298066 0.00970874 0.02120423 

Chongqing University 5 42.4174458 0.00943396 0.0173561 

Capital University Of Economics And Business 5 11.09 0.00892857 0.01265201 

Nanchang University 5 20.4016207 0.00909091 0.01187424 

Shandong University 6 60.890565 0.01098901 0.02880992 

Central South University 6 3.68349629 0.00869565 0.01030964 

Hunan University 6 15.7512885 0.00970874 0.01769455 

Central University Of Finance And Economics 6 11.6468359 0.00934579 0.01982576 

Beijing Normal University 6 2.92620425 0.00833333 0.0105375 

Renmin University of China 6 63.3675084 0.01086957 0.02922911 

Wuhan University 7 31.5232116 0.00909091 0.02422635 

Zhongnan University of Economics and Law 7 66.2267854 0.01075269 0.02987929 

Nanjing University 7 24.0010347 0.01010101 0.01847025 

Hefei University of Technology 7 1.42119499 0.00793651 0.007564 

Xi'an Jiaotong University 8 47.2449909 0.01086957 0.0229248 

Anhui University of Finance and Economics 8 56.4489133 0.01030928 0.02622356 

China University of Mining and Technology 8 13.3217728 0.01 0.01619428 

Shanghai University of Finance and Economics 8 16.6831211 0.00952381 0.01668038 

Tsinghua University 8 44.2657914 0.01052632 0.02700066 

Shanghai University 9 15.1564341 0.00925926 0.01681766 

Tongji University 9 28.4068313 0.00970874 0.01856064 

Jinan University 10 5.1875511 0.00826446 0.0100525 

South China University of Technology 10 4.49778386 0.008 0.00812109 

Xi’an Jiaotong University 11 63.9978152 0.01098901 0.02467189 

Northwestern Polytechnical University 11 22.6997441 0.00892857 0.01933931 

Tianjin University 11 9.63410702 0.00961538 0.01513702 

Ilma University 12 48.8280521 0.01052632 0.04472029 

School of Management and Economics 12 49.7837062 0.01075269 0.040456 

Dalian University of Technology 12 33.0170176 0.01086957 0.0396344 

Harbin Engineering University 13 32.4283676 0.00934579 0.01468326 

Jilin University 14 0.47619048 0.00699301 0.00662498 
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Figure 14. Institutional CollabNet map of green innovation research 

 

 
 

Figure 15. Country CollabNet map of green innovation research 

 

4.17 Country collaboration networks 

 

Table 15 displays the collaboration network at the country 

level, revealing which countries tend to collaborate more often 

in green innovation research. The data is sorted into distinct 

clusters, showing regional collaborations: Cluster 1 is 

dominated by Asian countries like China, Pakistan, Malaysia, 

and India, highlighting the significant collaboration within the 

region. China exhibits a notably high Betweenness, Closeness, 

and PageRank, marking it the core country of collaboration in 

this cluster. This indicates China's leading role in the field of 

green innovation research. Cluster 2 primarily comprises 

European nations, showcasing the intra-European 

collaborations. Countries like Italy, Spain, and France appear 

as prominent players within this cluster. Clusters 3 and 4 

include a few countries, hinting at more specialized or 

thematic collaborations. 

High betweenness signifies a country's role as a 'bridge' in 

the network. China's exceptionally high betweenness indicates 

its crucial role in connecting various countries in the 

collaboration network. A higher closeness suggests that a 

country collaborates more uniformly with other countries. 

China, again, takes a leading role, followed by countries like 

the UK and Malaysia (see Figure 15). With PageRank 

reflecting the influence of a node within the network, China 

dominates the PageRank metric, emphasizing its crucial role 

in the collaborative research ecosystem. Asia's leading role in 

the collaborative space was reinforced with Asian countries, 

especially China, evidently at the forefront of collaborations, 

reflecting the region's increasing emphasis on research and 

global collaboration. European countries showed significant 

interconnectivity, reflecting Europe's academic and research 

cooperation history. Some countries with lower metrics, like 

Austria, Tunisia, and Nigeria, may still be essential in 

specialized or niche research areas. These can be valuable for 

more focused collaborative ventures. Countries with lower 

metrics, especially in critical clusters such as Canada, 

Bangladesh, and Lithuania (see Figure 15), may have 

opportunities to increase their collaborations and expand their 

research influence. Some of the recommendations for future 

exploration include exploring specific themes or research 

areas around which these collaborations revolve. Also, a 

detailed country analysis of countries like China, which plays 

a dominant role, can be further investigated to understand their 

collaboration patterns, key research areas, and partnership 

strategies. 
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Table 15. Country CollabNet of green innovation research 
 

Node Cluster Betweenness Closeness Pagerank 

China 1 515.220591 0.01818182 0.20090749 

Pakistan 1 64.2781747 0.01492537 0.093395 

United Kingdom 1 111.830939 0.015625 0.06136187 

Malaysia 1 18.233834 0.01333333 0.05047141 

India 1 22.5030236 0.01351351 0.02980444 

USA 1 15.8200179 0.01388889 0.04134673 

Indonesia 1 0.54279999 0.01176471 0.01352946 

Saudi Arabia 1 36.1904112 0.01351351 0.03539864 

Australia 1 19.2408837 0.01369863 0.03141019 

Thailand 1 0.41022978 0.01176471 0.01386312 

Korea 1 1.54549477 0.01136364 0.01492174 

Turkey 1 3.21314319 0.0125 0.02184154 

Romania 1 1.43526514 0.01190476 0.01577878 

Poland 1 7.67666416 0.01176471 0.01251639 

United Arab Emirates 1 12.0671712 0.01282051 0.02092679 

Sweden 1 0.81439255 0.01149425 0.00867429 

Japan 1 0 0.01010101 0.00616791 

Bangladesh 1 10.0106913 0.01149425 0.01541049 

Peru 1 0.88129348 0.01136364 0.01248732 

Norway 1 0.26463539 0.01149425 0.00983449 

Hong Kong 1 0.03853807 0.01075269 0.00887515 

Ghana 1 0.00325733 0.01 0.00631262 

New Zealand 1 0.03551539 0.01075269 0.00816871 

Nigeria 1 0.29404831 0.01149425 0.00959111 

Bahrain 1 0.00454545 0.01020408 0.00547334 

South Africa 1 0.0335459 0.01075269 0.00865386 

Oman 1 1.34511714 0.01149425 0.01191048 

Singapore 1 0 0.00980392 0.00602631 

Ecuador 1 5.63472804 0.01098901 0.00877967 

Lithuania 1 0.08731918 0.0106383 0.00717758 

Italy 2 37.7308995 0.01369863 0.03382439 

Spain 2 15.0806814 0.01204819 0.01866305 

France 2 21.0071746 0.01351351 0.02692149 

Brazil 2 0.57552706 0.01098901 0.01012709 

Germany 2 7.14253281 0.01190476 0.01150035 

Portugal 2 0.47586838 0.01123596 0.00832319 

Canada 2 1.81254243 0.01098901 0.01109947 

Ireland 2 1.06967206 0.01176471 0.01032277 

Iran 2 0.04300619 0.01111111 0.00666647 

Netherlands 2 2.1337148 0.01075269 0.00695583 

Finland 2 11.62917 0.01176471 0.01187818 

Greece 2 0 0.01030928 0.00450111 

Switzerland 2 0.2889222 0.01098901 0.00700229 

Denmark 2 0.23157811 0.01123596 0.00797534 

Slovakia 2 0.00416667 0.01020408 0.00408382 

Austria 2 0.47854004 0.00917431 0.00589974 

Jordan 3 0.03608297 0.0106383 0.00540142 

Tunisia 3 1.20799133 0.01010101 0.00627802 

Egypt 3 0.39565826 0.00980392 0.00725755 

Ukraine 4 0 0.00909091 0.00430152 

4.18 Collaborative world map 

 

Figure 16 represents a collaborative world map, underlining 

the frequency of collaborations between various countries. 

Author can observe that China has extensive collaborations 

with many countries. Importantly, its collaborations with 

Pakistan, the United Kingdom, and the USA stand out in 

frequency. Australia collaborates with numerous countries, 

but each collaboration tends to have a lower frequency. 

European countries such as Italy, Spain, France, and the 

United Kingdom collaborate within Europe and with other 

continents. Some countries have targeted collaborations, such 

as Azerbaijan with Georgia or Bahrain with Oman. Some 

collaborations were also observed; the China-Pakistan 

collaboration has 115 instances, one of the most significant 

collaborations in Table 15, indicating a close relationship or 

joint projects of considerable scale. There are also the China-

Malaysia and China-UK collaborations. These collaborations, 

with 35 and 58 instances, respectively, showcase the 

importance of these partnerships for China. 

Given the nature of the countries involved, one 

collaboration might be focused on specific themes or projects. 

For instance, collaborations between countries with solid 

technological bases might be in areas like tech or AI. In 

contrast, others might focus more on areas like agriculture, 

energy, or climate change. The frequency and nature of 

collaborations can clarify geopolitical relationships. China's 

extensive collaborations suggest its active role in global affairs 

and research. High collaboration frequencies indicate 

academic or research collaborations and economic and 
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strategic alliances. Countries with significant collaborations 

might be leading in certain areas of research and development. 

Some collaborations occur regionally, such as between 

countries in the Middle East or within Europe. This might be 

due to geographical proximity, cultural similarities, or regional 

alliances. Collaborations, such as between the United 

Kingdom and India or France and its former colonies, might 

be influenced by historical or colonial ties. Further exploration 

can be done to understand the nature of these collaborations-

academic, economic, technological, etc. The influence of 

global events, such as political changes or the COVID-19 

pandemic, on these collaborations would be interesting. 

Exploring cooperation such as the China-Pakistan or China-

UK relationships would be intellectually stimulating since it 

would provide valuable insights into these alliances' extensive 

nature and scope. 

 

 
 

Figure 16. Collaborative world map of green innovation 

research 

 

 

5. CONCLUSION AND FUTURE RESEARCH 

 

This study on GIM has revealed key insights from 

bibliometric analysis, thematic evolution, conceptual structure 

mapping, co-citation networks, and country collaboration 

networks. The research indicates a marked evolution in green 

innovation discussions. Throughout 2019-2023, topics have 

shifted from specific 'green innovations' and their socio-

economic impacts to more wider dialogues within 'innovation'. 

This shift indicates the embedding of green principles into the 

broader innovation ecosystem. As evidenced by the weighted 

incidence and occurrence of terms, the study showcases green 

innovation's intersection with economic growth, policy, and 

environmental well-being. These trends reflect the growing 

integration of environmental considerations into mainstream 

research discussions and practices. 

The study's conceptual structure map reveals a dense 

concentration of key terms, underlining the 

interconnectedness of subjects within green innovation. The 

mapping highlights the core themes-particularly those about 

China, which is foundational to the research domain's 

structure. Similarly, the co-citation analysis outlines a 

scholarly community structured around influential works that 

have shaped the field's theoretical underpinnings and research 

trajectories. The centrality of works within the co-citation 

network underscores the salience of foundational research. It 

points to opportunities for new contributions that can bridge 

gaps or foster connections between emerging paradigms. The 

country collaboration analysis provides a macroscopic view of 

global research partnerships. The centrality of China in 

collaborations suggests it is a pivotal contributor and 

connector in green innovation research, signifying its role in 

advancing the field globally. European countries display 

strong internal collaborative ties, while Asian countries exhibit 

a significant regional emphasis. The high frequency of 

collaborations between certain countries, such as China and 

Pakistan or China and the UK, underlines these partnerships' 

bilateral strength and potential thematic focus areas. These 

networks reveal the geopolitical landscape of research, 

highlighting opportunities for intercountry collaboration that 

could be capitalized on by researchers and policymakers alike. 

GIM as a field of research is characterized by dynamic 

thematic evolution, as evidenced by the integration of 

environmental sustainability into the broader innovation 

dialogue. The study's mapping and network analyses reveal a 

field influenced by geographic regions and driven by central 

nodes of foundational research. The prominence of certain 

countries, especially China, indicates concentrated efforts and 

significant contributions to the field-a testament to the 

strategic prioritization of green innovation in achieving 

sustainable development goals on the international stage. 

Researchers, academicians, and policymakers can align their 

efforts with these insights to contribute to the field more 

effectively and foster partnerships that advance global 

sustainability objectives by understanding the structural and 

collaborative makeup of the green innovation landscape. 

This study makes significant contributions to academia by 

exploring the knowns and the unknowns related to global GIM 

while tracking the metrics of publication outputs by 

researchers, institutions, green trends, and their impact on the 

academic community. The research achieves this by 

identifying the major players and collaborative networks, 

which helps to illustrate the multidisciplinary nature of green 

innovation research. The findings also uncovered regional 

differences, which examined how policy frameworks shape 

the GIM research output. The study also serves as a secondary 

resource for scholars dedicated to advancing sustainable 

development and green innovation practices by highlighting 

areas that have yet to be explored and proposing directions for 

future studies. 

Future empirical research could validate the theories and 

hypotheses presented by conducting longitudinal studies that 

track the development and impact of green innovations over 

time; comparative case studies across different countries and 

sectors can provide deeper insights into the effectiveness of 

specific policies and technologies [120, 121]. Employing 

mixed methods, combining quantitative data with qualitative 

interviews and field observations, can offer a better 

understanding of green innovation's real-world applications 

and challenges [122]. Experimental research designs like 

randomized controlled trials can test the causal relationships 

between policy interventions and innovation outcomes [123, 

124], further substantiating the proposed theories and 

hypotheses. 

In considering the future directions of green innovation 

research, a targeted approach should prioritize the exploration 

of emerging technological intersections, such as AI's role in 

sustainability, and assess China's ascendancy within the field 

through in-depth case studies, providing insights into effective 

policies and collaborative strategies. The evolving nature of 

cross-country collaborative impacts, especially within 

prominent clusters, warrants further comparative analysis to 

determine the socioeconomic conditions driving GIM 
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research. The contributions and integrations of non-academic 

stakeholders are vital, suggesting a need for research focused 

on multi-stakeholder collaborations that bridge the gap 

between academic findings and real-world scenarios with 

consequences for flora, fauna, and the environment. While 

niche sectors within GIM present specialized study 

opportunities, it is also critical to understand global events' 

influence on research trajectories. These primary themes, 

underlined by considerations such as interdisciplinary 

approaches, regional collaborations, and network dynamics, 

form the recommended focal points for future research 

agendas in GIM. 

Based on the publications, the study findings revealed the 

emerging technologies that have been instrumental in driving 

GIM discourse and are considered contributors to the 

sustainability dialogue across the board. The following 

technologies are deemed integral to green innovation 

development. The first is renewable energy technologies such 

as solar, wind, and hydroelectric power [9, 125]; the output 

demonstrated China's dominance in green innovation research, 

where institutions like Jiangsu University, Zhejiang 

University, and others displayed a global emphasis on 

renewable energy. The potential of these technologies is 

immense, especially in climate change science regarding 

ozone layer depletion, reducing carbon emissions, and 

positioning nations toward transitioning to a low-carbon 

economy [126]. 

Another important emerging technology is energy storage 

solutions; research on advanced battery technologies and 

energy storage systems shows that these are vital to stabilizing 

the supply and demand for renewable energy; green 

innovation in this area has the capacity to enhance the 

efficiency and reliability of renewable energy sources, making 

them more attractive to investors and driving widespread 

adoption [127, 128]. 

The findings also showed that green manufacturing 

technologies also appear on the horizon of green innovation 

research; significant innovations identified include 3D 

printing and eco-friendly materials, which have been utilized 

to transform traditional production processes; it has been 

documented how these technologies have been deployed to 

reduce waste, enhance resource efficiency, and lower 

environmental impact by aligning with global SDGs. Smart 

grid and Internet of Things (IoT) are also essential 

technologies in the green innovation discourse; they have been 

deployed to facilitate real-time energy management, enabling 

energy optimization and reducing power usage wastage, 

creating a more efficient and resilient energy system [129, 

130]. The studies also identified Carbon Capture and Storage 

(CCS) technologies as vital for mitigating the effects of 

climate change by capturing and storing carbon emissions 

from industrial processes; their development and 

implementation have been identified as critical for nations to 

achieve the net-zero emission targets [131, 132]. 

Finally, sustainable agricultural technologies were also 

identified as emerging green innovation technologies that are 

exciting researchers. Their applications include precision 

farming and biotechnology to improve agricultural 

productivity while minimizing environmental damage. The 

core function of these technologies is contributing to food 

security and sustainable land use, thus reducing the potential 

for conflict due to scarce resources. The potential advantages 

that these technologies offer to economies are still being 

developed with new information; what is clear is that their 

advancement portends progress and a better quality of life for 

humans and the planet. Continuous investment in R&D is 

critical to achieving long-term sustainability that addresses 

global environmental issues. 

 

5.1 Limitations 

 

While valuable for mapping research trends and identifying 

key contributors, bibliometric analysis has limitations and 

potential biases. One significant limitation is its reliance on 

citation data, which can be influenced by factors unrelated to 

the actual quality or impact of the research, such as publication 

language, journal reputation, and self-citation practices; it has 

the possibility of leading to overrepresenting particular 

institutions or countries, particularly those in English-

speaking or developed regions [133, 134]. This was clear in 

the research output on green innovation, with China 

overwhelmingly dominant among global universities. 

However, some of the best work on green innovation is not 

exclusive to Chinese universities. 

Another area for improvement is the potential for database 

bias. The analysis often depends on specific databases (in our 

case-Scopus), which may need more coverage, especially for 

emerging or interdisciplinary fields. This can result in 

underrepresenting relevant research from smaller institutions 

or developing countries. This may also have occurred in this 

study as only the Scopus database was used to select the study 

data. Bibliometric analysis also tends to favor more 

established fields with longer publication histories, potentially 

overlooking newer areas of innovation. The method primarily 

focuses on quantitative data, such as publication counts and 

citation metrics, which may need to fully capture the 

qualitative aspects of research impact, such as societal or 

policy influence. Furthermore, the analysis may need to 

account for scientific research's dynamic and evolving nature, 

where collaborations and research priorities can shift rapidly. 

While bibliometric analysis provides valuable insights, it 

should be complemented with other qualitative and contextual 

evaluations to provide a more comprehensive understanding 

of research impact and trends [135, 136]. 

 

5.2 Recommendations for policymakers 

 

The following specific recommendations are suggested for 

policymakers on how government policies can be advanced to 

promote the implementation of green innovation: 

 

• Incentivize Research and Development (R&D): 

Establish tax incentives, grants, and subsidies for 

companies and research institutions engaged in green 

innovation. This will reduce financial barriers and encourage 

investment in sustainable technologies. 

• Strengthen Environmental Regulations: 

Implement stringent environmental regulations that 

mandate the adoption of green technologies; these policies 

should include clear targets for reducing carbon emissions, 

waste management, and resource efficiency. 

• Promoting Public-Private Partnership (PPP) 

Agreements: 

Facilitate collaborations between government agencies, the 

private sector, and academia; PPP agreements can pool 

resources and expertise to accelerate the development and 

deployment of green innovations. 

• Develop Green Innovation Hubs: 
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Create innovation hubs or centers of excellence focused on 

green technologies. These hubs should provide infrastructure, 

funding, and networking opportunities to support startups and 

researchers. 

• Support Market Creation: 

Implement policies that create demand for green products 

and services. This can include public procurement policies 

favoring sustainable products and providing consumer 

incentives for green purchases. 

• Education and Training Programs: 

Invest in education and training programs to build a skilled 

workforce capable of driving green innovation, focusing on 

sustainability, renewable energy, and environmental 

management. 

• Facilitate Technology Transfer: 

Develop frameworks that support the transfer of green 

technologies from research institutions to industry; this 

includes intellectual property rights management and 

commercialization support. 

• International Collaboration: 

Engage in international agreements and collaborations to 

share knowledge, technologies, and best practices in green 

innovation; global cooperation can enhance the effectiveness 

of local policies. 
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