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1. INTRODUCTION
The global climate crisis is an urgent challenge 

requiring immediate action from various sectors, 
including education and industry. Green innovation plays 
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ABSTRACT

Introduction: Green Innovation Hubs are increasingly recognized as vital 
mechanisms for fostering collaboration between universities and industries 
in addressing the climate crisis. Despite growing interest, the specific role 
of vocational education within these collaborative frameworks remains 
underexplored. This study aims to examine the intersection of green 
innovation, university-industry collaboration, and vocational education 
in the context of climate crisis mitigation. Methods: A systematic and 
bibliometric review was conducted using data from Scopus-indexed 
international journals published between 1993 and 2024. A total of 
118 articles were identified and analyzed to explore thematic trends, 
dominant research areas, and existing gaps in the literature concerning 
Green Innovation Hubs and vocational education. Results: The analysis 
revealed that Green Innovation Hubs are instrumental in advancing 
research collaboration between universities and industries, particularly 
in the development and transfer of green technologies. Frequently cited 
keywords included “sustainable development,” “collaboration,” “green 
innovation,” and “technology transfer.” However, the literature shows a 
significant lack of focus on the integration of vocational education into 
these collaborations, despite its potential to support practical, workforce-
driven solutions to climate challenges. Discussion and Conclusion: The 
findings underscore the need for a conceptual shift in understanding the role 
of vocational education in sustainability initiatives. Vocational education 
institutions, especially those affiliated with universities, should be more 
actively engaged in designing green innovation-based curricula that align 
with industry needs. Future research should prioritize integrated models 
that bring together vocational training, green innovation, and university-
industry partnerships to accelerate efforts in climate crisis mitigation.

an important role in creating sustainable solutions that 
can help mitigate the effects of climate change. Green 
innovation also correlates with energy efficiency, carbon 
and fossil fuel emission control, waste management, 

Keywords: Green Innovation Hubs, Climate Crisis, Vocational Education, University, Industry

www.horizon-JHSSR.com�
https://creativecommons.org/licenses/by/4.0/�
https://doi.org/10.37534/bp.jhssr.2025.v7.nS.id1291.p7-19
mailto:tika.widiastuti@feb.unair.ac.id
https://doi.org/10.37534/bp.jhssr.2025.v7.nS.id1291.p7-19
https://doi.org/10.37534/bp.jhssr.2025.v7.nS.id1291.p7-19


Tika Widiastuti, Anwar Ma’ruf, Eighty Mardiyan Kurniawati, Novianto Edi Suharno and Riska Nur Rosyidiana

8 Horizon J. Hum. & Soc. Sci. Res. 7 (S): 7 – 19 (2025)

education also furthers positive social change by creating 
pathways to employments in the green industries that 
address the environmental concern but at the same time 
reduce social inequalities in the offers of opportunities for 
underrepresented communities to the green economy. 
This addresses the global demands of achieving social 
justice through sustainable development initiatives.

However, the role of vocational education in 
fostering green innovation has been underrepresented 
in the literature. Vocational education is critical as it 
prepares a workforce with the technical skills needed to 
support the implementation of green technologies in the 
field (Kaliappan & Hamid, 2021). According to Rosenberg,  
Lotz-Sisitka, & Ramsarup (2018), the green innovation 
transition will impact an economy increasingly, leading 
to a green economy and has become a concern for some 
countries in recent years. The development of green 
innovation in various sectors, especially the economy, 
will undoubtedly significantly impact the labour market 
and curriculum development, and these changes will be 
a challenge for vocational education (Baumgarten & Kiag, 
2016). Vocational education can, therefore, be the bridge 
that connects university research with industry practice, 
ensuring that the future workforce has green skills that 
match the demands of a low-carbon economy. Vocational 
education integrated with green innovation can also 
support climate change mitigation efforts more effectively 
by providing hands-on skills relevant to the industrial 
sector.

The Green Innovation Center is a platform that 
brings together universities, industry and vocational 
education to develop sustainable solutions to the climate 
crisis. However, there is a lack of previous research on 
the gap in integrating vocational education into green 
innovation. However, many previous studies have shown 
that industry-university collaboration has been successful 
in various sectors. Research by Giannopoulou et al. (2019)
shows that universities and Research and Technology 
Organizations (RTOs) have different but complementary 
contributions to innovation development.  In addition, 
research (Guan & Zhao, 2013)shows that collaboration 
between industries and universities in interdisciplinary 
fields is growing rapidly. Therefore, this research 
addresses the gap by highlighting the importance of 
closer collaboration between universities, industry and 
vocational education to accelerate the adoption of green 
innovations that support climate crisis mitigation.

The paper contributes to the creation of new 
knowledge by revealing the often-neglected role of 
vocational education in green innovation. This meets the 
need for vocational curricula to further integrate green 
technologies and create new opportunities for research 

renewable production, and corporate environmental 
protection (Ahmed et al., 2023)this research aims to 
examine the effect of green innovation on environmental 
performance, which leads to organizational performance. 
Another objective is to measure the impact of two 
dimensions of green innovation, such as green process & 
green product measures, on green innovation. The second 
prime aim of this research is to evaluate the moderation 
of management commitment & human resource 
practices in an association between green innovation 
and organizational & environmental performance. A 
total of 320 employees provided their perspectives 
on a self-administrated questionnaire from the textile 
industry of Pakistan. We have employed SEM-based 
multivariate modeling to examine the data. This research 
has measured the reflective indicators measurement 
model through confirmatory factor analysis, an obvious 
choice of structural equation modeling to examine 
observed and unobserved variables and indicators 
using PLS-SEM (partial least square-structural equation 
modeling. Green innovation focuses on reducing the risk 
of environmental exploitation and the resulting negative 
impacts on resources, including energy(Basana et al., 
2022). The United Nations Environment Programmein 
Hasid (2022) attributes green growth to strengthening 
social justice, people’s welfare, and ecological deficiencies 
and reducing the resulting environmental impacts. Green 
innovation is relevant in the face of climate change and 
promotes sustainable economic growth by strengthening 
the industrial and energy sectors. Collaboration between 
universities and industry has a great impact on the 
development of green innovation(Yan et al, 2024).

Universities have a pivotal role in the research and 
development of green innovations, while industry can 
implement such solutions on a large scale. For example, 
research conducted byYan (2024;0 Li & Zhou (2022)shows 
that collaboration between universities and industry can 
accelerate the adoption of green innovations in various 
industrial sectors. This collaboration facilitates technology 
transfer and enables the creation of more practical and 
applicable innovations in climate crisis mitigation.

Vocational education can deliver immense potential 
impact on the mitigation of climate crises, with millions 
of students around the world. The introduction of green 
technologies and innovations into vocational training will 
significantly quicken the pace at which these sustainable 
practices take hold in various industries because it is a 
large arena with many participants involved. The mass 
numbers within vocational education multiply its potential 
manifold to develop a workforce that is not only endowed 
with the use of technical skills but also aligned with the 
demands for a low-carbon economy. The vocational 
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into how best to design curricula in concert with industrial 
demands for sustainability.

2. MATERIAL AND METHODS
This research used two quantitative methods to 

answer the researcher’s question. In RQ 1, we mapped 
green innovation and university-industry collaboration 
in vocational studies in response to climate change. 
This part requires quantitative analysis to describe the 
overall research productivity, so we used bibliometric 
analysis. Furthermore, in RQ2 researchers need a deeper 
understanding of the content to explore specific themes 
to clarify the important role of vocational education and 
green innovation hubs in response to climate change. 
In brief, this research design follows the Delle Foglie & 
Keshminder (2022) pattern, namely, Data selection, and 
bibliometric analysis. The first stage of data selection 
is searching keywords on a trusted database, namely 
Scopus, to find peer-reviewed articles. Since this research 
combines two different concepts, namely green innovation 
and vocational studies, a combined effort was made to 
obtain coincide articles. The keywords (TITLE-ABS-KEY 
(“green” OR “renewable energy” OR “climate”) AND 
TITLE-ABS-KEY (university) AND TITLE-ABS-KEY (industry) 
AND TITLE-ABS-KEY (collaboration) AND (LIMIT-TO 
(LANGUAGE, “English”) AND (LIMIT-TO (SRCTYPE, “j”) to 
get articles specialized in green innovation in vocational 
studies. A total of 155 articles were found at this stage. 
Further filtering efforts were made to eliminate articles 
sourced from predatory journals (n=3), non-English 
(n=3), and non-article & journal type (n=24). This stage 
successfully eliminated 36document that did not fit the 
data criteria.

In the bibliometric analysis part to answer RQ1, 
researchers mostly used R-BiblioshinyBibliometrix (Aria 
and Cuccurullo, 2017). The main information displays a 
three-plane plot graph as the opening graph. After that, 
we proceeded to the Source Analysis section, which 
consisted of the most relevant Sources, Production over 
time, and Reference publication year spectroscopy (RPYS) 
which is a scientometric method that studies the annual 
distribution of references cited in an article (Ballandonne 
and Cersosimo, 2021). Furthermore, the Author Analysis 
session consists of three: Countries’ Collaboration World 
Map, and Affiliations’ Production over Time, and Factor 
Analysis to find affiliations. This analysis will display item 
labels with colored circles by year to avoid overlapping 
labels between items and see the direction of topic 
development each year. The more important a theme 
is, the bigger the label and circle (van Eck and Waltman, 
2010). Furthermore, we visualize the keywords with 
thematic maps to identify the most important keywords 
in a theme and provide gaps for future research.

3. RESULTS
This study analyzes the relationship between 

university and industry collaboration, focusing on green 
innovation in vocational education to address the climate 
crisis. Using bibliometric analysis, 436 authors wrote 119 
documents from 1993 to 2024. During that period, the 
annual growth rate was 9.96%, averaging 35.6 citations 
per document. These results show that the study of green 
innovation in vocational education and collaboration 
between universities and industry is growing. Document 
types vary but are dominated by 93 documents in the 
form of scientific articles.

Figure 1 illustrates the annual scientific production, 
with 2024 recording the highest number of publications 
with 19 documents. In addition, there has been an 
increasing trend of publications in the last three years. 
This increase is driven by the growing prominence 
of the Sustainable Development Goals (SDGs) and 
Environmental Social Governance (ESG) agenda, which 
encourages academics at various universities to focus 
their research on green innovation, particularly in 

Table 1. Main Information

Description Results

MAIN INFORMATION ABOUT DATA

Timespan 1993:2024

Sources (Journals, Books, etc) 95

Documents 119

Annual Growth Rate % 9.96

Document Average Age 6.73

Average citations per doc 35.6

References 6031

DOCUMENT CONTENTS

Keywords Plus (ID) 886

Author’s Keywords (DE) 477

AUTHORS

Authors 436

Authors of single-authored docs 15

AUTHORS COLLABORATION

Single-authored docs 15

Co-Authors per Doc 3.75

International co-authorships % 21.85

DOCUMENT TYPES

article 93

conference paper 6

editorial 1

erratum 1

letter 1

note 2

review 15

Source: Biblioshiny Report (2024).



Tika Widiastuti, Anwar Ma’ruf, Eighty Mardiyan Kurniawati, Novianto Edi Suharno and Riska Nur Rosyidiana

10 Horizon J. Hum. & Soc. Sci. Res. 7 (S): 7 – 19 (2025)

vocational education that involves collaboration between 
universities and industry. Overall, publications on green 
innovation, climate change, and university-industry 
collaboration show a significant upward trend, reflecting 
a growing awareness among academics of the importance 
of these studies.

The average citations in Table 2 show that 2009 
had the highest average citations, at 62.5 citations per 
year, followed by 1998 with 21.33 citations per year. 
However, although 2024 recorded the highest number of 
publications, the average citations in that year were the 
lowest after 1998, where no articles were cited.

Figure 2 displays the Three-Fields Plot, which 
provides a comprehensive view of the relationship 
between different aspects of the research in one 
visualization. In the figure, it can be seen that the most 
researched documents are closely related to the keywords 
“sustainability” and “university-industry collaboration.” In 
addition, other keywords such as “innovation,” “climate 
change,” “renewable energy,” and “partnership” also 
highlight the importance of green innovation in vocational 
education through university-industry collaboration.

Figure 3 shows the journals with the highest number 
of publications. “Sustainability (Switzerland)” ranked first 
with 11 documents, followed by ‘Joule’ and ‘Technological 
Forecasting and Social Change,’ each with 3 documents. 
“Sustainability (Switzerland)” is a Q1 journal that focuses 
on the Social Sciences category, with the subcategory of 
Geography, Planning, and Development, which is highly 
relevant to topics related to green environment, climate 

change, and renewable energy. Therefore, it makes 
perfect sense that this journal has the highest number 
of publications related to green innovation in vocational 
education through university and industry collaboration. 
On the other hand, “Joule” focuses on the general energy 
and energy category, while “Technological Forecasting and 
Social Change” focuses on the Business, Management, 
and Accounting, and Psychology categories.

Figure 4 shows the most relevant affiliations, with 
University College London (UCL) coming out on top with 
28 documents. In addition, is Washington State University, 
with 9 documents, and the University of Macerata, with 
8 documents. University College London is currently 
focusing on discussions related to green innovation, with 
its Green Innovation Policy Commission focusing on the 
impact of implementing green innovation.

Furthermore, Figure 5 shows the collaboration 
between countries depicted by SCP (Single Country 
publication) in green and MCP (MultipleCountry 
Publication) in red. The analysis shows that publications on 
green innovation and collaboration between universities 
and industry in vocational education are generated 
mainly by single-country publications, indicating a lack 
of collaboration between countries. This is an important 
note for academics to increase international collaboration 
to broaden perspectives in research on green innovation 
hubs in vocational education.

The World Cloud shown in Figure 6 visualizes the 
most frequently occurring words in the document under 
analysis. In Figure 6, the three most used keywords 

Figure 1. Anuual Scientific Production.

Source: Biblioshiny Report (2024).
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connected to efforts to deal with the climate crisis through 
innovations made in vocational education and effective 
collaboration between academia and the industrial sector. 
This word cloud emphasizes the importance of cross-
sector collaboration in developing innovative solutions to 
support climate crisis mitigation through skills-based and 
vocational education.

In terms of trends in the topics most researched 
by academics, as shown in Figure 8, the most discussed 
topics in the last 5 years to date are “alternative energy”, 
“sustainability”, and “climate change”.  The focus on 
alternative energy and sustainability suggests that 
academia increasingly focuses on innovations supporting 
the transition to a low-carbon economy. In the context of 
vocational education, collaboration between universities 
and industry is critical in developing green innovation 
hubs capable of producing a skilled workforce to support 
climate crisis mitigation. This research trend underscores 
the importance of integrating education, technological 
innovation and sustainable practices to address global 
challenges related to climate change.

Factorial analysis in bibliometrics visualizes the 
relationships between terms or concepts from the articles 
(Figure 9). The results of the factorial analysis show that 
the main themes in university-industry collaboration 
for green innovation in climate crisis mitigation include 
governance and policy approaches, which are important 
factors in directing this collaboration. Terms such as 
energy efficiency, renewable energy and environmental 
protection also stand out, emphasizing the focus on 
green technologies. In addition, the theme of vocational 
education and technology transfer demonstrates the 
significant role of the education sector in supporting 
skills development and green innovation, with close 
collaboration between institutions being crucial to 
success.

Figure 2. Three-Fields Plot.

Source: Biblioshiny Report (2024).

Table 2. Average Citation

Year Mean TC per Art N Mean TC per Year Citable Years

1993 5 1 0.16 32

1996 15 1 0.52 29

1997 0 1 0 28

1998 576 1 21.33 27

2000 25 1 1 25

2001 2 1 0.08 24

2002 0 1 0 23

2003 65 4 2.95 22

2006 24 2 1.26 19

2008 23 2 1.35 17

2009 1000 2 62.5 16

2010 42 2 2.8 15

2011 8.67 3 0.62 14

2012 16 2 1.23 13

2013 21 9 1.75 12

2014 2 2 0.18 11

2016 7 1 0.78 9

2017 21.67 6 2.71 8

2018 14.8 5 2.11 7

2019 21.83 12 3.64 6

2020 31.43 7 6.29 5

2021 18 6 4.5 4

2022 4.86 14 1.62 3

2023 3.64 14 1.82 2

2024 0.21 19 0.21 1

Source: Biblioshiny Report (2024).

are “sustainable development”, “innovation”, and 
“climate change”. This shows that discussions related to 
sustainable development, innovation, and climate change 
are the main focus in the study of research collaboration 
between universities and industry. The concept of green 
innovation hubs examined in this research is closely 



Tika Widiastuti, Anwar Ma’ruf, Eighty Mardiyan Kurniawati, Novianto Edi Suharno and Riska Nur Rosyidiana

12 Horizon J. Hum. & Soc. Sci. Res. 7 (S): 7 – 19 (2025)

Figure 3. Most Relevant Sources.

Source: Biblioshiny Report (2024).

Figure 4. Most relevant Affiliations.

Source: Biblioshiny Report (2024).

4. DISCUSSION
This research analyzes the relationship between 

university and industry collaboration, focusing on green 
innovations in vocational education to address the climate 

crisis. There are important points that can be highlighted 
in the study of green innovation hubs in vocational 
education to mitigate climate change’s impact. Through 
factorial analysis, the results show that the governance 
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Figure 5. Countries Collaboration.

Source: Biblioshiny Report (2024).

Figure 6. World Cloud.

Source: Biblioshiny Report (2024).

approach is at the top, indicating that governance 
aspects are an important element in university-industry 
collaboration focused on green innovation and climate 
crisis mitigation. Terms such as policy approach and 
university sector are also very close, indicating a strong 
interaction between policy, the role of academic 
institutions and environmental management. In addition, 
it is noticeable that the dominant research areas include 
terms such as sustainable development, energy efficiency 
and renewable energy. This confirms that much of the 
research in this area focuses on energy-related innovation 
and sustainability, which is an important part of efforts to 
mitigate the climate crisis. Other terms such as innovation, 
technology transfer and environmental impact were also 
crucial topics, demonstrating the importance of research 

in developing new technologies and knowledge transfer 
from academia to industry.

Geographically, terms such as China and the United 
Kingdom indicate that the studies analyzed in this review 
involve diverse regions, with significant contributions 
from these countries in climate innovation. The role 
of universities also takes centre stage, as evidenced 
by the multiple occurrences of the term universities, 
which underscores the importance of higher education 
institutions in driving green innovation. Other terms such 
as mergers and acquisitions, policy approach, and public 
health indicate that research in this field also includes 
policy, economic, and health dimensions, reflecting 
the complexity of addressing climate change through a 
multidisciplinary approach. While the term vocational 



Tika Widiastuti, Anwar Ma’ruf, Eighty Mardiyan Kurniawati, Novianto Edi Suharno and Riska Nur Rosyidiana

14 Horizon J. Hum. & Soc. Sci. Res. 7 (S): 7 – 19 (2025)

Figure 8. Trend Topics.

Source: Biblioshiny Report (2024).

Figure 9. Factorial Analysis.

Source: Biblioshiny Report (2024).
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education is not explicitly visible in this map, related terms 
such as engineering education suggest that research also 
highlights educational strategies to train future industry 
professionals in green technologies.

In the context of climate change mitigation, the role 
of vocational education is critical, especially as it directly 
involves the development of technical skills relevant to 
industry needs (Hausia Havea et al., 2020; Pavlova, 2019; 
Thunqvist et al., 2023)author(s. Collaboration between 
universities and industry in green innovation hubs for 
vocational education should be strategically designed to 
accelerate the adoption of green technologies, prepare 
a workforce capable of adapting to climate change, and 
create innovative and sustainable solutions(Amante & 
Fernandes, 2023)but there has been a shift in both the 
education and workforce settings to work closely together, 
coordinating initiatives across all sectors, namely higher 
education (HE. Vocational education prepares graduates 
with practical skills directly connected to industry needs. 
In the context of climate crisis mitigation, vocational 
education can focus on developing skills in renewable 
energy, energy efficiency, natural resource management, 
sustainable agriculture and other green technologies. The 
practical application of skills makes vocational education 
a vital component in supporting the shift to a green 
economy.

Collaboration between universities and industry to 
create Green Innovation Hubs in vocational education 
should include several key elements. First, Industry-Based 
Curriculum Development: Vocational education curricula 
should be developed based on industry needs relevant 
to green solutions and sustainability (Handayani et al., 
2021). Industry knows the latest technologies and market 
needs, while universities can provide research-based 
training and technical skills. Curriculum development 
incorporating renewable energy technologies, energy 
efficiency techniques and innovative solutions for waste 
management can help produce graduates ready to enter 
the green sector (Ciriminna et al., 2016; Kumar et al., 
2024).

Second, Collaborative Research and Technology 
Development: In green innovation hubs, collaborative 
research between universities and industry is 
indispensable for developing new environmentally 
friendly technologies (Chandran et al., 2014; Ramli et 
al., 2013). Universities can provide research laboratories, 
while industry can provide resources and real-world 
application trials. For example, the renewable energy 
industry can work with universities to develop more 
efficient solar panel technology or environmentally 
friendly waste management systems. This collaboration 
also allows vocational education to use the latest 
innovations in training.

Third, Work-Based Learning projects: Real-world 
projects based on climate issues, such as energy 
efficiency, sustainable building, or water management 
technologies, can be an important part of vocational 
education (Batchelder et al., 2023; Bohvalovs et al., 
2023; Friess, 2011)and the application of appropriate 
strategies to reduce instantaneous and yearly energy 
consumption. The respective course syllabi often focus on 
examples applicable within the range of the regional or 
national climatic conditions; for example, in the UAE little 
time is typically spent on discussing heating equipment; 
the focus is on air conditioning and reduction of solar 
gains. In addition to climatic considerations, building 
energy-efficiency related coursework requires developing 
an understanding of what the consumption is when 
instantaneous energy use is integrated over the hours 
of the day and over the course of a year. This step is not 
intuitive, as, while the theoretical background is primarily 
developed in steady state (such as heat transmission 
through walls and windows, infiltration, solar gains, 
heating and air conditioning loads, etc.. Through 
partnerships with industry, vocational students can be 
involved in hands-on projects in the field. This helps them 
understand the practical application of the skills learned 
and prepares them to work in the green sector after 
graduation.

Fourth, Skills Training for Green Technology: 
A significant focus of vocational education in green 
innovation hubs is to train a workforce with green 
technology skills. For example, training technicians in 
the maintenance and installation of solar, wind, or water 
treatment technologies. Industry can provide input on 
the required skills and assist universities in designing 
training programs that align with the latest technological 
developments.

Fifth, Internships and Job Placements in Green 
Industries: Good collaboration between universities and 
industry can expand internship and work placement 
opportunities at companies in the renewable energy, 
waste management, or green infrastructure sectors. This 
will give vocational students hands-on experience in 
green industries and ensure that the skills they acquire are 
relevant to labour market needs. Sixth, Cross-Disciplinary 
Competency Development: Vocational education in green 
innovation hubs should also encourage the development 
of cross-disciplinary competencies. By involving fields 
of study such as engineering, agriculture, information 
technology and management, students can understand 
how green technologies and sustainability solutions can 
be practically applied in various industrial sectors.

Seventh, Use of Digital Technology in Vocational 
Education: Using digital technologies, such as virtual 
simulations, energy management software, or distance 
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learning platforms, can help vocational students learn 
green technologies more effectively. These technologies 
can also be used for remote training, allowing students 
from remote areas to access education relevant to green 
industry needs. Overall, this factorial analysis shows how 
various themes are interlinked in the existing literature, 
providing direction for policymakers, educational 
institutions and industry to collaborate on green innovation 
and vocational education to mitigate climate change.

5. CONCLUSION
This study aims to assess the contribution of 

vocational education in university-industry collaboration 
focused on green innovation for climate crisis mitigation 
by conducting a systematic and bibliometric review of 
119 works of literature published in Scopus-indexed 
international journals from 1993 to 2024. The method used 
involved bibliometric analysis to identify trends, research 
focus and gaps in the related literature. The results showed 
that green innovation in vocational education is receiving 
increasing attention, especially about university-industry 
collaboration. However, the integration of vocational 
education in discussions on climate crisis mitigation 
remains under-explored. The findings indicate the need 
to develop vocational curricula that are more integrated 
with green technology and sustainability and strengthen 
cross-country collaboration. This research implies the 
importance of designing vocational education strategies 
that are more responsive to climate challenges through 
strengthening partnerships between academia and 
industry. The limitation of this study is the lack of in-depth 
empirical studies on the specific context of vocational 
education in developing countries. Therefore, suggestions 
for future research are to conduct field studies that focus 
more on the direct influence of vocational education on 
the application of green technology in the industrial sector 
and expand the geographical coverage to explore cross-
country collaboration.
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