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Abstract: Eco-innovation promotes sustainable economic growth while mitigating environmental
impacts. It has evolved into an essential tool for firms seeking to align with the 2030 Sustainable
Development Goals. A total of 723 articles from Web of Science and Scopus databases were analyzed
in the timespan of 2001-2022 to unveil the contributions and interconnections among eco-innovation,
sustainable development, and the SDGs. This study aims to conduct a comprehensive performance
analysis and science mapping using Bibliometrix R-package and VosViewer, respectively. The analysis
highlights the influential authors, journals, countries, and thematic trends of research articles. The
trend analysis shows that carbon emission limitation, targeting SDGs in isolation, and environmental
economics are gradually becoming mainstream. Eco-innovation’s transformative potential spans
economic, social, and environmental dimensions of sustainable development, though its studies
have primarily focused on its environmental implications. This can offer new research directions to
researchers and will be beneficial for framework development.

Keywords: eco-innovation; sustainable development goals; network analysis; science mapping;
PRISMA

1. Introduction

While industrial advancements have undoubtedly brought about positive changes,
they have also given rise to significant global challenges. The limitation of resource usage
necessitated the development of new technologies, products, and services. Organizations
began actively seeking ways to develop technologies while reducing their impacts. In
1987, the Brundtland report also stressed that technological innovations aimed at reducing
environmental impact need to be encouraged. And then, “eco-innovation” was introduced
by James Fussler in 1996 in his book, which fit this criterion. Eco-innovation helps in
reducing environmental risk, pollution, and other negative impacts of energy use without
undermining economic performance [1]. At the beginning of this millennium, the United
Nations established the Millennium Development Goals, which were a set of eight interna-
tional development objectives to be accomplished by 2015. While MDGs made significant
contributions in eradicating extreme poverty, providing free primary education, and reduc-
ing infant mortality, this growth was uneven. And to address this issue and the increasing
climate crisis at a global level, 17 Sustainable Development Goals (SDGs) were adopted by
the UN in 2015 to strengthen the economic, environmental, and social aspects of sustainable
development [2]. Hence, businesses need to act responsibly to support these goals. It was
seen that companies incorporating eco-innovation by themselves or through collaboration
are economically successful [3]. Apart from providing a competitive edge to businesses
and improving resource efficiency, it also improves the environmental performance of
firms. Consequently, amidst the global pursuit of sustainable development, eco-innovation
emerged as a vital catalyst. This has expanded the field of research investigating the effect
of eco-innovation on sustainable development.

The relationship between eco-innovation and sustainability has been studied, and
important conclusions have been drawn. Characterization of eco-innovation along the
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dimensions of user, design, product service, and governance help to cater different as-
pects of sustainable development [4]. The eco-innovation index was developed, deriving
factors from the literature on supporting sustainable development [5]. Eco-innovation
research is multi-faceted as it has been studied in different fields. In the field of ecological
economics, eco-innovation is integrated with the social and economic aspects of sustain-
able development [6]. Fernandez et al. [7] studied the effect of drivers of eco-innovation
on sustainable sensitiveness, which signifies reduction of environmental impact by also
incorporating health improvements. Another study was aimed at transformation of busi-
nesses to embrace sustainable development through eco-innovation. It emphasized that
business management is moving toward empirical research where ideas and theories can
be put into real practice in companies [8]. Ilic et al. [9] analyzed data from international
organizations to expand the knowledge on the potential of eco-innovation in the business
sector to achieve sustainable development. Eco-innovation adoption by firms provides a
win-win situation, as apart from improving resource efficiency, greening the processes, it
also positively impacts turnover and provides competitive advantage [10-12]. Moreover,
there was evidence that it helped businesses survive the COVID-19 pandemic [13].

This signifies that there is a lot of diversity in this field of research, which combines eco-
innovation and sustainable development. Most studies have adopted a holistic approach
and provide a general overview of how eco-innovation promotes sustainable development.
But there are very few research articles that, in addition to this, have also analyzed the
SDGs in isolation. Hence, there is a need to group these themes so that we can equip the
practitioners with an idea of how different goals are being targeted. This study aims to
provide important information on the scientific studies, which have used eco-innovation
for fostering sustainable development and the 17 SDGs. To achieve this objective, we have
explored the following research questions (RQ):

RQ1: What are the descriptive properties of the literature on eco-innovation pertaining
to sustainable development?

RQ2: What are the intellectual structure and most addressed research topics in
this field?

RQ3: Which specific goals are addressed via the implementation of eco-innovation?

These have been approached by applying bibliometric methods to the generated data
sample. The Bibliometrix package has been used to address the RQ1, by analyzing the
metrics related to journals, authors, and countries. The data were extracted using the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) method.
The RQ2 was addressed by generating bibliometric maps with the help of VosViewer. And
finally, a systematic review of the article targeting specific SDGs was carried out (RQ3).

This study will help researchers in identifying the hot spots in these areas and provide
direction for future research. In Section 2, the data sources and research methodology
used in this study are discussed. In Section 3, a descriptive analysis of the results has been
provided. It includes both descriptive statistics and visualization of science mapping. In
Section 4, the SDGs that are specifically focused on have been briefly explained, followed
by Section 5 where we share the main highlights in the discussion and conclusion.

2. Materials and Methods

This research mainly focuses on the bibliometric analysis of scientific publications
pertaining to achievement of sustainable development goals using eco-innovation. Bib-
liometric analysis provides insight into the emerging trends in the articles, collaborations,
major contributions, and intellectual structures of any domain, using a large volume of
unstructured data [14,15]. Pritchard introduced it in 1969, and it later gained recognition
from researchers to understand the study background. It helps analyze research literature
statistically and identify shifts in the scope of scientific fields [16]. We used the two most
recognized databases, Scopus and Web of Science for conducting bibliometric study [17].
The analysis was performed for the period 2001-2022. The area of eco-innovation research
aligned with the attainment of sustainable development was analyzed by using logical
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integration of keywords in the title, abstract, and keywords field. For better accuracy,
PRISMA guidelines were used to refine our search [18].

The first step was identification of the relevant articles. For this purpose, the search
string used was: (“eco-innovation” OR “environmental innovation” OR “green innovation”
OR “sustainable innovation”) along with (“sustainable development” OR “sustainable
development goal” OR “SDG”). These terms have been used interchangeably and are being
used to identify innovation aimed at contributing to a sustainable environment [1,6,19,20].
This resulted in total of 1950 articles in Scopus and 993 in WoS. The next step was screening,
during which the articles not belonging to the areas of business, management, economics,
decision, and social sciences were excluded. Further, articles were chosen as the document
type, and languages other than English were excluded. The inclusion of sustainable
innovation ensures that the social dimension also is covered. These four keywords are used
by different research communities like scholars working with management and competition,
those working with regulatory and policy effects, and environmental designers, which
helps in more advanced bibliometric analysis. We included economics and social sciences
to ensure that all the aspects of sustainable development were covered, and the study was
not restricted to only environmentally benefitting themes. After retrieving these articles,
the files were merged using Bibliometrix to remove the duplicates. The first step was
to export Scopus and WoS datasets as a .bib file and plain text file, respectively. After
that, the Bibliometrix package was loaded in the RStudio console window and then the
biblioshiny( ) command was used. It redirected to the web interface for Bibliometrix. Using
the biblioshiny app, the previously exported Scopus and Wos files were imported. The
next step was to save them in Excel format and export the Excel files. The last step was to
import both the Bibliometrix Excel files to RStudio and then through the mergeDbSources( )
command, we combined both files and removed the duplicates simultaneously. In the next
step, the articles were assessed for eligibility by reading their title and abstract to make
sure they adhere to the purpose of the research. This resulted in a total of 723 articles that
were included in our study. The documents removed at each step following the PRISMA
guidelines are shown in Figure 1.
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Figure 1. PRISMA flow diagram used for data extraction for bibliometric review.

Then, we used Bibliometrix, which provides comprehensive analysis of research
articles by conducting performance analysis, which examines the major contributions of
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research elements [21]. In addition, we performed science mapping techniques like citation
analysis, co-citation analysis, and bibliographic coupling, which help in examining the
relationships between research items. We used VosViewer for this purpose as it enables
analysis of a substantial amount of data in an efficient manner and provides comprehensible
visual maps [15,22]. The results are elaborated in the next section.

3. Results

The concept of attaining sustainability through eco-innovation has garnered significant
attention from researchers worldwide, resulting in a multitude of articles published across
different countries, organizations, and academic journals. The reflection of this widespread
interest can be seen in the results section. The preliminary information is provided in
Table 1. A total of 723 documents from 165 sources have been analyzed.

Table 1. Preliminary information from the analysis.

Description Results
Timespan 2001-2022
Database Scopus, WOS
Sources (Journals) 165
Documents 723
Annual Growth Rate % 11.03
Document Average Age 4.64
Average Citations Per Document 53.62
References 49,363
Author’s Keywords 2094
Authors 1835
Single-Authored Document 74
Co-Authors Per Document 3.18
International Co-Authorships % 5.118

3.1. Results of Performance Analysis

The results shown in Figure 2 include the articles published in the span of 2001-2022.
There is a significant increase in the volume of articles published. A total of 41 articles were
published between 2001 and 2010, which is approximately 5.6% of the total volume. After
2011, a gradual increase was noticed. Between 2011 and 2015, 83 articles were published,
accounting for 10% of the total articles. In 2016, a sudden increase of 46 articles shows that
this field started gaining attention. This can be attributed to the fact that United Nations
(UN) adopted the 17 SDGs in September 2015. This shows that earlier eco-innovation was
not popular for addressing the attainment of the Millennium Development goals (MDGs),
which were adopted in 2000. Between 2016 and 2020, 307 articles were published. The
highest jump can be seen from 2021 to 2022, from 88 articles to a total of 180. This shows that
eco-innovation is now being seen as a measure to tackle global issues and fulfil the SDGs.

Table 2 shows the top 10 journals that have published the largest no. of articles. It is
evident that the Journal of Cleaner Production has contributed the highest no. of articles in
these fields, around 28.4% of the total research articles. It was followed by Business Strategy
and the Environment (13%), Sustainability (7.74%), Technological Forecasting and Social Change
(4%), and Corporate Social Responsibility and Environmental Management (3.7%).

Figure 3 shows the authors with the maximum no. of publications. Wang J. has
published 11 articles followed by Wang Y. and Li Y. Articles by Wang J. concentrated on
effect of green learning and boundary-spanning search on green innovation [23-25]. Wang
Y. studied the effect of foreign exposure to eco-innovation [26]. Li Y. studied the attitude
of the public toward green innovation adoption in the automotive industry [27]. Chen J.
studied the effect of licensing on product and process sustainable innovation [28]. Zhao
X. explored green building adoption using a successful business model, which helps in
diffusion of sustainable innovation [29]. Bocken N. focused his work on incorporating
eco-innovation in the production of consumer goods [30-32].



Sustainability 2023, 15, 12281

50f21

150+

100

Articles

50

= [ n ~ =] — 0 n ~ o
o o o o o — - = — —
o o o [=1 o o o o o o
~N ~N ~N ~N ~N ~N ~N ~N ~N ~N

Figure 2. Trend of articles published between 2001 and 2022.

Table 2. Journals with highest production.

2021

Sources Articles
Journal of Cleaner Production 206
Business Strategy and the Environment 94
Sustainability (Switzerland) 56
Technological Forecasting and Social Change 29
Corporate Social Responsibility and Environmental Management 27
Economic Research-Ekonomska Istrazivanja 14
Resources, Conservation and Recycling 13
Technology in Society 12
European Journal of Innovation Management 9
International Journal of Innovation and Sustainable Development 9
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Figure 3. Authors with highest production.

Table 3 contains country-wise scientific production between 2001 and 2022. China has

the maximum no. of publications followed by Italy and Spain.
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Table 3. Country-wise article production.

Region Frequency
China 183
Italy 61
Spain 61
UK 52
Netherlands 30
Germany 26
Brazil 25
France 25
USA 24
Australia 23

The three-field plot in Figure 4 shows the interconnectedness between authors, affili-
ations, and their keywords. The sequence in which they appear can be customized. The
plot reveals that three authors with affiliation to Northwestern University have published
the most papers on sustainable development. The size of each block is proportional to the
frequency of keywords, articles published by authors, and articles published by affiliates.
Most of the articles are on sustainable development, green innovation, and eco-innovation.
Most of the work has been carried out regarding small manufacturing enterprises (SMEs).
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Figure 4. Three-field plot of authors, affiliations, and keywords.

Table 4 shows article ranking based on the most global citations, i.e., the highest
citations in the database. TC stands for total citation, and AC stands for average citation.
Boons and Liideke-Freund [33] received the highest number of citations for analyzing
business models based on three elements of sustainable innovation, which are technological,
organizational, and social innovation. This can help businesses to operate sustainably. Schot
et al. [34] concluded that by creating protected spaces for experimenting with technology
and user practices, we can aid sustainable innovation. And both internal and external
processes are necessary to achieve sustainable development. The study of effect of green
innovation on competitive advantage showed that investing in both green products and
process innovation is helpful to business [35]. Chiou et al. [36] demonstrated that green-
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supply-chain and green-innovation practices positively impact environmental performance.
Another article by Boons et al. [37] concentrated on the utility of the business model in
sustainable innovation research. Then, the transition from the linear to the circular economy
started gaining attention. Interestingly, eco-innovation was found to be a key element
in this transition [38,39]. The effect of incorporating sustainability in a supply chain was
studied by Gold et al. [40], whose work gained wide attention. Sustainability in supply
chain management increases competitiveness of the firms as it helps in generating valuable
inter-organizational resources. Another study on SMEs inferred that sustainable innovation
targets technological product improvements and increases eco-efficiency [41]. Another
aspect of research in this field was added by Truffer et al. [42], who introduced spatial

aspects in sustainability transitions.

Table 4. Top 10 most cited documents (global citations).

Authors Title Journal Year TC AC
Boons and Business models for sustainable Journal of Cleaner
Liideke-Freund innovation: State-of-the-art and steps . 2013 1244 113.09
Production
[33] towards a research agenda
Strategic niche management and Technology Analysis
Schot et al. [34] sustainable innovation journeys: Theory, findings, and Strategic 2008 1142 71.38
research agenda, and policy Management
Chen et al. [35] The influence of green innovation Journal of Busmess 2006 1120 62.22
performance on corporate advantage in Taiwan Ethics
Transportation
The influence of greening the suppliers and Research Part E:
Chiou et al. [36] green innovation on environmental performance Logistics and 2011 683 52.54
and competitive advantage in Taiwan Transportation
Review
Boons et al. [37] Sustainable .mnovatlon, business . Journal of Cleaner 2013 633 5755
models and economic performance: An overview Production
Kirchherr et al. Barriers to the Circular Economy: Ecological
[38] Evidence from the European Union (EU) Economics 2018 537 88.83
Sustainable Supply Chain Management and Rcesrgzgéflioc;il i
Gold et al. [40] Inter-Organizational Resources: A por y 2010 522 37
. . Environmental
Literature Review
Management
Prieto-Sandoval Towards a consensus on the circular economy Journal of C}eaner 2018 478 79.67
etal. [39] Production
Bos-Brouwers Corporate sustainability and innovation in Business Strate
SMEs: Evidence of themes and activities rraiesy 2010 469 335
H.EJ. [41] . . and the Environment
in practice
Trufferetal. [42] ~ Ervironmental Innovation and Sustainability Regional Studies 2012 352 28.58

Transitions in Regional Studies

Figure 5 presents the thematic evolution of research in the field of eco-innovation and
sustainable development over the last 22 years in different time frames. The time frame is
divided into three phases. The first phase is 2001-2013, to see the research keywords during
the which Millennium Development Goals were in focus. The next phase is 2014-2018,
when MDGs were replaced by SDGs. And then, finally, the last phase is how SDGs have
changed this pattern.
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Figure 5. Thematic evolution of the keywords.

The focus of both the MDGs and SDGs was to steer sustainable development. And
in the first phase, the literature on both sustainable development and environmental in-
novation started to gather momentum. The dominance of “sustainable development”
and environment-related innovation can be seen in all three phases. The period of 2014—
2018 can be seen as a breakthrough phase, as lot of clusters like the addition of literature
on “circular economy”, “sustainable consumption”, “energy efficiency”, and “compet-
itive advantage” emerged [43-54]. The third period can be seen as a maturity stage
where many clusters can be seen gradually merging into “sustainable development”
and “eco-innovation”.

The plot in Figure 6 shows the trending topics based on keyword plus. Keyword plus
allows inclusion of general and broader terms as automatic computer algorithms generate
them. It can help in detecting the evolution of research themes [55]. This highlights new
trends and perspectives gaining attention in this research field. And the most trending
topics discussed in the articles are sustainable development goals followed by carbon
emission. Various articles have investigated the intrinsic role of eco-innovation in reducing
carbon emissions [56-67]. Further, economic and social effects of eco-innovation have also
garnered attention [12]. It is seen that gender inclusivity promotes the implementation of
eco-innovation. Environmental protection and environmental management have also been
addressed by researchers working on sustainable economic development.

3.2. Results of Science Mapping

The techniques of science mapping are citation analysis, bibliographic coupling, ci-
tation analysis, co-citation analysis, co-word analysis, and co-authorship analysis. The
bibliometric maps have been created using VosViewer.

3.2.1. Co-Authorship Analysis

Co-authorship shows the collaborative patterns among the authors based on their
co-authored publications. Figure 7 represents the author clusters where we have used a
minimum of five citations as the threshold.

In cluster 1 (red), Huang H. and Wang Y. with three links and Total Link Strength
(TLS) score of 4 are the most dominant authors. Yang M. and Zhao X. are most productive
in cluster 2 (green) with three links and TLS scores of 4 and 3, respectively. Hischier R. is
the most productive author in cluster 3 (blue) with three links and TLS score of 9.

Figure 8 shows the collaboration among countries. It offers an overlay visualization of
collaborating countries where the weight for calculation is based on TLS. The scores are
based on the average publication year. It is evident that China has the highest number
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of collaborations in the most recent year. It has most recently collaborated with Pakistan,
Vietnam, Malaysia, Saudi Arabia, and India.
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Figure 6. Trending topics.
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Figure 7. Co-authorship map.

These works include determining the role of eco-innovation in increasing renewable
consumption in G-11 countries (Pakistan), examining the effectiveness of eco-innovation
and governance in driving SDGs in G-7 countries (Vietnam), and its role in driving mu-
nicipal solid waste generation in OECD countries (India) [68-70]. Also, collaborative
efforts have been undertaken to investigate the role of eco-innovation in ASEAN coun-
tries (Malaysia) and encouraging sustainable renewable energy in OECD countries (Saudi
Arabia) [71,72].



Sustainability 2023, 15, 12281

10 of 21

[@5 VOSviewer

colombia

mexico

thailand

&

switzerland
romania austria
akistan popay
B czech republic polgrfd turkey
southtkorea & w gewny
saudi arabia * “
russian federation
china e sweden
lithuania frafiee
> canada
unlte%gdom
viet nam au*lia
malaysia  * bazil
portugal
denmark
tawn new zealand

2016 2017 2018 2019 2020 2021
Figure 8. Co-authorship map (countries).

Table 5 contains the top five countries whose articles have highest TLS values. This
shows the social network among the countries that share authorship. The most dominant
countries in terms of co-authorship are China, United Kingdom, Spain, United States,
and Italy.

Table 5. Co-authorship metrics of top 5 countries.

Countries Citation TLS
China 6570 57
United Kingdom 4682 50
Spain 3174 29
United States 1985 26
Italy 3104 25

3.2.2. Co-Occurrence Analysis

Co-occurrence analysis depicts the patterns of co-occurrence of keywords. This analy-
sis helps in identifying relationships between different terms based on their frequency of
co-occurrence. Here, keywords are represented as nodes, and strength of their co-occurrence
is represented by proximity between the nodes.

A total of 2094 author keywords and 2778 index keywords were identified. In Table 6,
top ten author and index keywords based on TLS values are depicted. In both categories,
“sustainable development”, “eco-innovation”, and “green innovation” are the most critical
keywords. Figure 9 represents the keyword co-occurrence. This shows that for achieving
sustainable development, eco-innovation has a huge potential.

“Environmental policies”, “circular economy”, and “corporate social responsibility
are also seen as prominent terms as they promote eco-innovation. Corporate social respon-

sibility policy has gained popularity by positively affecting willingness to eco-innovate [73].

”
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Table 6. Co-occurrence analysis of top 10 author and index keywords.

Author Keyword TLS Index Keyword TLS
Sustainable development 140 Sustainable development 451

Sustainability 78 Innovation 184

Green innovation 74 Eco-innovation 108
Eco-innovation 63 Green innovation 77
Innovation 49 Environmental economics 61
Sustainable innovation 40 Sustainability 59
Environmental innovation 37 Environmental management 56
Environmental policy 22 Environmental innovation 42
Circular economy 20 Planning 42
Environmental performance 19 Economic and social effects 41

e

3
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Figure 9. Keyword co-occurrence.

3.2.3. Citation Analysis

Citation analysis helps to visualize the citation patterns between publications to
identify the key contributors and seminal works. It identifies the highly cited publications,
influential authors, prominent journals, countries, and organizations. Table 7 shows the
total citations and TLS scores of the top ten authors, countries, and journals based on
citations. Journal of Cleaner Production, Business Strategy and Environment, and Sustainability
are the top cited journals. Li D. has the highest number of citations, followed by Tseng M.

Li D. demonstrated the role of green innovation in achieving sustainable development
by combining institutional theory and a resource-based view [74]. The study shows that
legitimacy pressure and corporate profitability positively affect corporate green innovation.
He also illustrated the positive role of institutional pressure, i.e., normative pressure and
coercive pressure on corporate green innovation [75]. Tseng M. explored the key attributes
of eco-innovation in industrial symbiosis [76]. Regulation and waste management synergies
were the most crucial among identified aspects. In other work, he identified eco-innovation
as the critical element in promoting sustainable consumption and production [77]. These
works by Li D. and Tseng M. were published in Journal of Cleaner Production [74-77].
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Table 7. Citation analysis and TLS of the top 10 authors, countries, and journals.

Authors Citations (TLS) Countries Citations (TLS) Journals Citations (TLS)
Li. D. 566(15) China 6570(513) Journal of Cleaner Production 14,579(229)
Tseng M. 461(2) Netherlands 5636(280) Business Strategy and The 4549(172)
Environment
Sustainability
Jabbour C, J.C. 434(2) UK 4682(326) Gwitzerland) 1729(2)
Bocken N.M.P. 397(6) German 3668(247) Corporate Social Responsibility 1481(59)
T Y and Environmental Management
. Technological Forecasting and
Zhang Y. 377(7) Taiwan 3457(237) Social Change 1367(35)
. Resources, Conservation and
Wang Y. 348(9) Spain 3174(245) Recycling 752(30)
Shahzad M. 301(20) United States 1985(202) Ecological Economics 745(8)
Zafar A.U. 301(20) Brazil 1951(163) Research 500(17)
Policy
Pzychodzen J. 290(11) Sweden 1585(116) T“’;’Z?fgfyy In 433(35)
International Journal of
QuY. 285(18) France 1321(129) Production Eeamn i 407(20)
Jabbour C, J.C. has provided empirical insights into the green creativity components
that positively influence green organizational innovation [78]. Green expertise and cre-
ativity skills were found to be the key motivators. Work on sustainable venture capital
by Bocken N.M.P. has received high recognition [31]. He pointed out that sustainable
venture capitalists provide financial and network support, along with advice to businesses
on adopting a triple bottom line framework. Zhang Y. provided empirical evidence on
the positive role of organization readiness for eco-innovation [44]. The components of
the organization readiness construct are innovation capability and environmental concern.
Hence, internal preparation of an enterprise is necessary for sustainable operation.
Figure 10 represents the direct citation relationships between individual documents.
A document by Chen Y.S. has the highest number of links (16), followed by one by Asadi S.
with 10 links. Here, the size of the node represents the frequency of citation of the document,
which is highest for Boons F., who has analyzed business models for sustainable innovation.
long x.(2017)
costantiniv. (2017)
prieto-sandoval v. (2018)
biondiw (2002) )
awan ug(2019) Klewitzj, (2012) Chengs:v‘:iii?é?m
tseng m.=l: (2013)
dangelicor.m. (2017) aguadoss, (2013)
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Figure 10. Citation network for documents.
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3.2.4. Bibliographic Coupling

Bibliographic coupling allows researchers to understand the connections among publi-
cations based on their shared references. It allows us to identify clusters of related research.
Here, each item, i.e., document, author, or source, is represented by a node. And each
node in the network is linked to another node if they share one or more references. In
Figure 11, bibliographic coupling for journals is shown. The threshold of a minimum of
five articles per journal and minimum five citations per article is applied. The Journal of
Cleaner Production has appeared the most in the references.
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Figure 11. Bibliographic coupling for journals.

Here, the coupling is based on the TLS values. TLS values indicate the cumulative
strength of all the links connected to a particular node in a network. Through TLS, we can
identify the central nodes that have a significant impact on the flow of information within
the network.

In Table 8, five authors with the highest TLS values are shown. These authors have the
highest impact, and their contributions to sustainable development based on eco-innovation
are the most significant.

Table 8. Bibliographic coupling analysis of top 5 authors.

Authors TLS
Shahzad M. 388.68
Wang Y. 280.43
Zhang Y. 177.15
Song M. 118.93
Wang J. 58.93

3.2.5. Co-Citation Analysis

Co-citation helps in identifying groups of publications that are frequently cited to-
gether with other publications. This indicates a similarity in research focus within a
specific field.

Figure 12 depicts the co-citation network of cited authors. There are four major
clusters of cited authors. This shows that articles of a particular cluster share a reference
list and belong to similar category. Rennings K. has the highest number of co-citations
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with a TLS of 343.3, followed by Kemp R. and Horbach J., and they belong to the same
cluster (green). Rennings’s work focuses on environmental resource management, process
innovation, and environment impact assessment. Kemp R. is involved in environmental
policy research, circular economy, and strategic niche management. Horbach J. is known
for his works on cleaner production, environmental management, and environmental
economics. Then, in the yellow cluster, Porter M.E., Wagner M., and Hart S.L. have the
highest TLS. Porter’s main work deals with competitive advantage, competitive strategy,
and economic development. Wagner M. works on corporate sustainability, innovation,
and strategic management. Hart S.L. is known for the concept of “sustainable value”
and has advocated for the role of businesses in addressing global challenges. The most
influential authors in the blue cluster are Sarkis J., Zhu Q., and Dangelico R.M. The authors
Sarkis J. and Zhu Q. have co-authored many publications, and their work deals with green
supply chain management. Dangelico R.M. has worked on green product innovation
and green marketing. Wang Y. has the highest TLS in the red cluster, followed by Zhang
Y. and Liu Y. The authors Wang Y. and Zhang Y. have worked in the area of corporate
social responsibility and policy making. Liu Y. has authored papers on reducing carbon
emissions and making technological progress through green innovation. These authors
have significantly contributed to advancing eco-innovation through extensive research.
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Figure 12. Co-citation network of cited authors.

4. SDGs Focused on During Eco-Innovation Research

The articles were further examined to determine whether eco-innovation has been
employed by the authors to target specific SDGs, and it was seen that a limited body of
research is available in this area. Lacka et al. [58] employed the dynamic network slack-
based model for efficiency evaluation in 27 EU countries, using eco-innovation inputs like
labor force, energy consumption, R&D investment, and skilled personnel. They considered
availability of water and sanitation and access to clean and affordable energy as output.
The model shows how these eco-innovation inputs positively affect the implementation
of SDGs 6 and 7. It infers that countries having higher scores in eco-innovation efficiency
tend to achieve higher SDG scores, which exhibits their mutual reinforcement.

Saha et al. [79], in their article, investigated the extent to which eco-innovation en-
deavors have taken gender inclusivity into consideration and how it can slow down
environmental degradation. It shows how gender disparity can lead to the loss of the
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socio-economic construct of eco-innovation, and restoring gender balance is necessary as
its lack dampens the positive impact of the institutional environment on eco-innovation.
Similarly, a case study conducted in a higher education institute indicated that prepared-
ness for sustainable innovation action is supported more by female participants [80]. Seifert
etal. [81] have addressed the challenges faced by forcibly displaced people living in refugee
camps and how eco-innovative solutions can help create sustainable living conditions for
them thereby contributing to SDG 11.

Albitar et al. [82] have pointed out that eco-innovation and corporate governance
positively impact the SDG 13, i.e., climate action, by conducting a study on a sample of
companies listed in the London Stock exchange. Similarly, Jiang et al. [83], Amin et al. [84],
and Khurshid et al. [85] studied the effect of green innovation on carbon emissions. They
found that an increase in green innovation is inversely linked with carbon emissions, which
is important to reach SDG 13. An analysis of BRICS nations yields similar results, by further
adding that emission-mitigation effects of green innovation are more pronounced at higher
emissions [62]. Another analysis by Choi et al. [86] was carried out to analyze the effect
of environmental innovation on air pollution reduction in high-income and low-income
countries. The findings indicated that it helps in improving environmental conditions
by showing a reduction in CO, and SO, emissions especially in high income countries.
The research by Lasisi et al. [87] examines the role of environment-related innovation for
pursuing SDGs 7, 8, and 12 in the economies leading eco-innovation. It suggests that
environmental innovation is reducing the reliance on oil consumption and fossil fuels while
simultaneously shifting toward cleaner energy. Green innovation strategies significantly
reduce carbon emissions and ecological footprint which can help to mitigate climate change
and promote sustainable practices [88]. A methodology to calculate carbon footprint of
a software-based technology center was developed to aid sustainable innovation in the
firm [89]. Socio-economic outcome is the dimension of eco-innovation that is found to be
most effective in reducing GHG emissions [90]. Research by Yikun et al. [69] concludes that
eco-innovation promotes sustainable patterns in industrial infrastructure and creates em-
ployment opportunities. SDG 12 has been targeted by Sinha et al. [70], who investigated the
role of eco-innovation on determinants of solid waste generation. It has shown a decrease
in generation of solid waste by considering the 10 best and least recycling OECD nations.
Further, it has been observed that by embracing eco-innovation techniques, industries can
effectively comply with regulations and minimize waste and pollution, thereby preserving
the environment [91]. Lower green innovation efficiencies are linked to high polluting
industries, which indicates that to combat pollution, these industries need to improve their
performance by adopting innovative green technologies [92]. Afeltra et al. [93] deduced
that eco-innovation has a positive impact on organizational performance and competitive
advantage of firms, which can help in achieving SDGs 8 and 9 by promoting sustainable
economic growth and fostering technological and infrastructural enhancement. A case
study on a sustainable Indian entrepreneur shows how sustainable innovation can help
reduce plastic waste and empower rural women by providing them employment [94]. Zhou
et al. [60] ascertained that by embedding green innovation in supply chains, practitioners
can address SDGs 8, 9, 12, and 13. Khan et al. [95] examined the role of green innovation
reporting in sustainability reporting to contribute to the SDGs. This ensures transparency,
accountability, and a transition toward sustainable and innovative business practices.

Park et al. [96] carried out a comprehensive study by linking eco-innovation indicators
to specific SDGs. An eco-innovation performance indicator depicting water consumption
intensity was related to SDG 6. The activeness of renewable energy utilization and a
nation’s energy sustainability level indicators can tackle SDG 7. Two eco-innovation
capacity indicators, which are a nation’s economic competitiveness and general innovation
capacity, along with two eco-innovation performance indicators, which are jobs in the
green technology industry and green industry market size, are related to SDG 8. Green
technology and green industry indicators align with SDG 9. Eventually, green technology,
green industry, and green patent indicators can enable sustainable production (SDG 12).
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An aco-innovation performance measure that indicates CO, emission intensity can aid in a
swift response to climate change (SDG 13). All these articles have been specified in Table 9.

Table 9. Articles addressing SDGs.

SDG References
SDG 5: Gender equality [79,80,94]
SDG 6: Clean water and sanitation [58,96]
SDG 7: Affordable and clean energy [58,87,96]
SDG 8: Decent work and economic growth [60,69,87,93,96]
SDG 9: Industry, innovation, and infrastructure [60,69,91-93,95]
SDG 11: Sustainable cities and communities [81]
SDG 12: Responsible consumption and production [60,70,87,91,94,96]
SDG 13: Climate action [60,62,79-86,88-90,92,96]

Figure 13 depicts all the SDGs addressed through eco-innovation, and the aim of these
goals are mentioned.

Achieve gender
equality and empower
all women and girls

Ensure availability and
sustainable
management of water
and sanitation for all

Eco-innovation

Ensure sustainable
consumption and
production patterns

Take urgent action to
combat climate
change and its impacts

Figure 13. SDGs targeted in the literature.

5. Discussion and Conclusions

This study analyzed the literature in the field of eco-innovation and sustainable devel-
opment with a focus on SDGs in the WoS and Scopus databases. In this study, performance
analysis and science mapping of both the domains were carried out using Bibliometrix and
VosViewer. This section concludes the obtained results and future research directions.

5.1. Expansion and Enrichment of Eco-Innovation and Sustainable Development Research

It is quite evident from the trend of publications that the number of articles being
published has seen tremendous growth. From 41 articles in the period of 2001-2010, a jump
to 180 articles in 2022 alone can be seen. This shows the potential of eco-innovation as
a mechanism to achieve sustainable development. Secondly, the top three most produc-
tive journals are Journal of Cleaner Production, Business Strategy and the Environment, and
Sustainability. They were in the top three regarding the number of articles published and
number of citations. The trend plot has shown the rise of sustainable development goals
as the most trending topic in 2022. Wang J. has published highest no. of articles, and
China is the most productive country in terms of number of publications and collaboration
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with other countries. Initially, most articles were focused on effects of eco-innovation on
firms for better performance and how they incorporate sustainable practices. In recent
years, environmental protection and climate change has become the focus of research. The
findings show that eco-innovation has the potential to cater to different SDGs, but it mostly
includes carbon and GHG emission limitation.

5.2. Diversity in the Intellectual Structure of Research Field

The co-citation analysis shows that Rennings K. is the most co-cited author, and this
can be attributed to his article “Redefining innovation- eco-innovation research and the con-
tribution from ecological economics” [97]. It is an insightful article that used eco-innovation
to address changes toward sustainable development. Authors working in the field of
ecological economics have made the greatest contribution to this field. The importance of
regulation, organizations’ capabilities, and consumers’ involvement has been highlighted
in their works. The co-occurrence of keywords shows that the biggest cluster of author

7 /i

keywords focuses on “sustainable development”, “green innovation”, “green product
innovation”, “corporate social responsibility”, “environmental policy”, “environmental
regulation”, and “stakeholder management”. This shows the research themes that have
been studied most frequently together. The foundational research conducted by prominent
authors like Rennings K., Kemp R., Porter M.E., and others, who are highly cited in the co-
citation network, have paved the way for new researchers to build upon and advance their
understanding of this subject. As per the author keywords, “environmental regulation”,
“green finance”, and “climate change” are also the most trending topics. But the findings
show that there is a lack of international collaboration among the researchers, which is
quite vital for the development of less developed economies.

5.3. SDGs in Focus

The detailed review of the articles shows that SDG 8, SDG 9, SDG 12, and SDG 13
are most addressed in these articles. The articles have mostly targeted the issue of climate
change caused by emissions. Sustainable production through resource efficiency and waste
management has been studied. Eco-innovation through regulation compliance creates
sustainable industrial infrastructure. SDGs 5, 6, and 11 can also be achieved, but this area
needs more attention. Apart from these, we can investigate the impact of eco-innovation on
other SDGs. Studies that involve gender inclusiveness, health, and education should also be
undertaken to contribute to the development of society. This shows that the benefits of eco-
innovation extend beyond technical concepts and can also encompass economic and social
dimensions. Most of these studies have taken non-technological innovations that cover
organizations and institutions into consideration. Technological innovations involving
product and process change for cleaner production also need to be researched diligently.

5.4. Conclusions and Research Implications

Finally, we can conclude that the fields of eco-innovation and sustainable development
have a lot of similarities in terms of their evolution. This area has garnered a lot of attention
in the past five years, which shows that by aligning eco-innovation with sustainable
development, we can foster innovative solutions for addressing environmental as well as
societal challenges. This article will help researchers in identifying the hot spots in these
areas and provide direction for future research. The less-targeted SDGs need to be brought
to attention. Apart from the environmental aspects of sustainable development, it can also
contribute to economic and social aspects. This can serve as a new emerging area of research.
This study is expected to make a valuable contribution toward the domain of research
linked to achievement of UN SDGs by incorporating eco-innovation in different spheres
of sustainable development, particularly in areas of sustainable business, venture capital
investment, sustainable consumption, and front end of eco-innovation. This study can help
in business and innovation framework development by taking successful eco-innovation
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practices into consideration. Information on key trends and unaddressed areas can help in
development of policy frameworks aimed at supporting eco-innovation initiatives.
Bibliometric analysis is a valuable tool for mapping research landscapes, identifying
influential works, and exploring trends in research articles. Despite this, since its focus is
on metadata and citations, which overlook depth, methodology, and novelty of the articles,
it may lead to some bias. Another limitation is that even after adopting standard PRISMA
guidelines, we might have missed articles that could have provided valuable perspectives.
Hence, in the future, results from this study can be complemented with other research
methods to provide a more comprehensive understanding of these research domains.
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