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Abstract: The relationship between green technology innovation and corporate financial performance
has gained considerable traction in academics and businesses. However, there is limited overall bib-
liometric analysis on this topic. To meet the research need, this study, using Citespace (Citespace5.8r3
version, ChaomMei Chen, Philadelphia), performed the bibliometric analysis of the relationship
between green technology innovation and corporate financial performance from 2007 to 2021, with
251 academic papers published in the Web of Science databases being analyzed, thus identifying the
research hotspots and trends. The results showed that: (i) the number of publications has moved
from slow to rapid growth and is expected to ramp up further; (ii) only a small collaboration network
has been formed among the authors; (iii) institutions” work operates relatively independently. There
is still more room for inter-institutional or cross-discipline cooperation against geographical regions.
However, there is a strong network of cooperation among countries. China performs best in this
research area, followed by Spain and the UK; (iv) several significant co-citation relationships are
also formed in the literature network. The burst literature on green innovation, product innovation,

s

and financial performance is considered a research hotspot; and (v) “green innovation”, “corporate

v

performance”, “legitimacy”, “environmental disclosure”, and “corporate sustainability” have become
trends in research. Our results provide academics and practitioners with a robust roadmap on the

relationship between green technology innovation and corporate financial performance.

Keywords: green technology innovation; corporate financial performance; Citespace; bibliomet-

ric analysis

1. Introduction

The study of the relationship between green technology innovation and corporate fi-
nancial performance can provide valuable insights into sustainable innovation strategies for
managers (Frempong et al. 2021). As the issue of global environmental degradation attracts
scholars’ attention, it is also a widespread concern of firms and policymakers (Su et al. 2021).
A growing number of entrepreneurs are becoming aware of their dependence on the envi-
ronment. As a result, they are more heedful of financial returns and their contribution to the
society and environment (Akbar et al. 2021). Considering the stakeholders’ requirements
and institutional environmental pressures, the link between environmental sustainability
and corporate financial performance is catching the spotlight (Rabadan et al. 2019; Jan et al.
2019; de Padua et al. 2020). It is believed that this link is essential to the commercial success
(Chen and Liu 2018). Consistent with these developments, the relationship between green
technology innovation and corporate financial performance currently occupies a prominent
position in the broad research community (Wang et al. 2021; Ma et al. 2021; Li et al. 2021).
For example, the existing literature on some topics deals with this relationship including
environmental regulations (Ren et al. 2022), proactive environmental strategy (Ahmed et al.
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2021), eco-innovation (Salim et al. 2019), environmental innovation (Ren et al. 2021), and
corporate social responsibility (Sardana et al. 2020). Although hundreds of studies on this
topic are in existence, the findings have been inconsistent and disappointing, most of which
considering the relationship between green technology innovation and corporate financial
performance to be positive (de Azevedo Rezende et al. 2019; Lin et al. 2019), which can not
only bring benefits to consumers and firms, but also significantly release the environmental
burden (e.g., in energy conservation, pollution prevention, waste recycling, green product
design, and environmental management). However, other studies have shown that this
relationship is negative (Baah et al. 2021a), U-shaped (Riillo 2017; Jin and Xu 2020) and
inverted U-shaped (Deng and Li 2020; Zhang et al. 2020).

In addition, previous studies consider the theoretical predictive motives of the re-
lationship between green technology innovation and corporate financial performance.
Scholars have proposed four dominant theories for studying the relationship, namely
resource-based view (Russo and Fouts 1997), legitimacy theory (Preston and O’Bannon
1997), institutional theory (Aguilera-Caracuel and Ortiz-de-Mandojana 2013), and stake-
holder theory (Weng et al. 2015), all of which have been used in the literature on the
relationship. The resource-based view provides a tool for environmental innovation re-
searchers. It clarifies the relationship between internal resources, technological capabilities,
and performance, which forms the basis for a holistic discussion of the relationship between
green technology innovation and corporate financial performance (Cheng et al. 2014; Tariq
et al. 2019; Johl and Toha 2021). Moreover, legitimacy theory holds that public disclosure
of environmental and social information for a way of the firm’s continued existence or
legitimizing to society (Gray et al. 1995). Scholars have suggested that environmental
disclosure can positively or negatively influence financial performance and profitability
by building on legitimacy theory (Neu et al. 1998). For example, the authors who find a
negative relationship argue that disclosing CSR is a disadvantage for stakeholders since
firms must expend significant resources in fulfilling their social responsibilities (Preston
and O’Bannon 1997). However, other scholars argue that legitimacy pressure significantly
impacts green innovation and positively influences corporate financial performance (Li
et al. 2017; Nguyen et al. 2021). Thus, the theory also provides a comprehensive theoretical
perspective to study the relationship between green technology innovation and financial
performance. Furthermore, institutional theory suggests that a firm’s environmental man-
agement practices and policies also depend on its national institutional context (Kostova
and Roth 2002). The effects of green innovation on a firm’s financial, social and environmen-
tal outcomes are equally likely to be highly influenced by the national institutional context
(e.g., environmental regulatory and normative dimensions) in which the firm conducts its
activities (Li et al. 2017; Zhang et al. 2021). Besides, another compelling argument behind
the motivation of firms to engage in green technology innovation is based on stakeholder
theory (Baah et al. 2021b). Increasingly, firms use green technology innovation to promote
socially responsible action and respond effectively to stakeholder needs (Weng et al. 2015).
These existing studies are critical for academics and businesses working on sustainable
innovation (Cupertino et al. 2021).

With this in mind, we want to get a comprehensive understanding of the contributions
of the literature on the relationship between green technology innovation and corporate
financial performance in the academic field. Specifically, we wonder about the following
research questions: (i) Is the number of relevant publications still growing? (ii) Who
are the influential contributors to this field? (iii) Which countries, research institutions,
and journals are the most active parts of this study? (iv) What are the field’s knowledge
clusters of research hotspots? (v) What are the research frontiers and trends in the field?
Although several scholars have reviewed the existing literature on some topics, such as
green innovation (Albort-Morant et al. 2017; Yin et al. 2018; Karimi Takalo et al. 2021),
green and low carbon technology innovation (Shi and Lai 2013), sustainability innovation
and financial performance (Alshehhi et al. 2018; Bartolacci et al. 2020), environmental
innovation impacts on financial performance (Molina-Azorin et al. 2009; Albertini 2013;
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Hizarci-Payne et al. 2021), and corporate social responsibility (Ye et al. 2020; Losse and
Geissdoerfer 2021). However, to our knowledge, there is still limited systematic bibliometric
review covering these issues on the relationship between green technology innovation
and corporate financial performance. In particular, focus on the perspective of corporate
financial performance and the help of computer software such as Citespace. Therefore,
to address this critical research gap and deal with the above questions, we conducted a
quantitative bibliometric analysis of the relationship between green technology innovation
and corporate financial performance with the help of Citespace tool. By obtaining a sample
of publications from the Web of Science database and visually analyzing 251 articles on
their relationship from 2007 (the first article was published; Russo and Fouts 1997) to 2021,
in doing so, we offer a holistic, systematic, and scientific review of this field.

The rest of the paper is structured as follows. Section 2 conducts materials and
methods. Section 3 presents the results and discussion. Section 4 summarizes the main
findings. In Section 5, our contributions, limitations, and directions for future research are
given.

2. Materials and Methods
2.1. Selecting Tool

We chose bibliometric analysis as the research method to create an illustrative map of
the relationship between green technology innovation and corporate financial performance.
The technique of bibliometrics is based on quantitative analysis to assess a researcher’s
interest in a particular field (Prashar and Sunder 2020; Yu et al. 2021). It is now widely used
to measure research in various disciplines (Du et al. 2013; Chen 2017). It allows for the study
of many literature entries and reveals features such as research topics, authors, publications,
time frames, number of citations, research hotspots, and trends. As can be seen, the analysis
of this research method objectively assesses information about the work of researchers in
this field. It is sufficient for a bibliometric study of the content of our selected literature
(Karimi Takalo et al. 2021; da Cunha Bezerra et al. 2020). Therefore, a literature review
through a bibliometric analysis approach facilitates our review of the relationship between
green technology innovation and corporate financial performance. In addition, we main use
Citespace software. Knowledge is effectively mapped by analyzing the structure of various
social networks of scientific publications (Losse and Geissdoerfer 2021), including author
co-citation networks, national and institutional collaboration networks, and keyword co-
occurrence networks. We identify the top contributing authors, the highest contributing
countries and institutions, high-level journals, and research hotspots and trends for the
development of the field.

2.2. Data Acquisition

Most bibliometric analyses have a shared data source: Thomson Reuters” Web of
Science (WoS) and Elsevier’s Scopus (Mongeon and Paul-Hus 2016). However, we selected
only Web of Science as the data source for our bibliometric analysis. There are two main
reasons: on the one hand, it is one of the largest repositories from 1900 to nowadays,
covering the best publications in a wide range of academic fields (Ye et al. 2020), ensuring
that indexed articles are of high quality (Rey-Marti et al. 2016). On the other hand, the
database is also the main reference data platform for existing literature review researchers
(Leydesdorff et al. 2013; Mazzi et al. 2016). It includes all the bibliographic information
for analysis, such as authors, citations, journals, countries/regions, and affiliations, which
can meet our problem’s solution needs and help us accomplish our research objectives. In
addition, we also follow the procedures of a bibliometric literature review (Hosseini et al.
2018; Hristov et al. 2021), and the steps of our data collection are shown in Figure 1.
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Figure 1. The steps of data collection.

2.2.1. Step 1: Systematic Literature Search

In the literature, four different concepts/terms are used to describe innovations that
have a less negative effect on the environment. “Green”, “Eco”, “Environmental”, and
“Sustainable”. To a large extent, they are synonymous, and there are only minor differences
between these terms (Schiederig et al. 2012; Forsman 2013; Tariq et al. 2017). Our study uses
“green technology innovation” as the core term. To adequately capture the relationship
between green technology innovation and corporate financial performance, we found it
necessary to include all the different terms associated with these types of innovations.
This approach has also been used in previous literature reviews (e.g., Bocken et al. 2014;
Gonzales-Gemio et al. 2020). Therefore, in the literature search, we follow Pittaway et al.
(2004), where keywords and synonyms are combined with “OR” and “AND”. We carefully
selected English peer-reviewed articles belonging to the strings TS = environmental inno-
vation, eco-innovation, green technology innovation, green technology, and low-carbon
technology and TS = financial performance. Refined document type “ARTICLE”, where
the “TS” operator allows searching in titles, abstracts, and keywords, was implemented on
6 October 2021. Documents were searched from the Web of Science database. The article’s
timeline covers 15 years from the first article (2007) to the most recent year (2021). Notably,
we only search one element for “financial performance” since our objective focuses on the
firm’s financial perspective, filling the gap in previous studies. Furthermore, although
we searched strictly for it, we still obtained 1260 articles in the initial phase, as shown in
Table 1.

Table 1. Search strings for bibliometric analysis in Web of Science.

Search String Total Number of Searched

Articles
“Eco-innovation” AND “financial performance” 72
“Environmental innovation” AND “financial performance” 384
“Green technology innovation” AND “financial performance” 73
“Sustainable innovation” AND “financial performance” 272
“Green technology” AND “financial performance” 151
“Low carbon technology” AND “financial performance” 73
“Green innovation” AND “financial performance” 235

Combination of the above 1260
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2.2.2. Step 2: Choice of Articles

Consistent with previous studies (Taherdangkoo et al. 2017; Hristov et al. 2021), we
first read the 1260 documents searched. Second, we remove duplicates, topic-irrelevant,
and non-firm-level articles based on the search string in Table 1. The number of articles
removed is 1009. At the end of the process, 251 articles published from 2007 to 2021 are
retained. The number of articles in the selection process is shown in Table 2. In addition,
these records and citation meta-data were downloaded and imported into Citespace for
data cleaning and analysis for our bibliometric analysis.

Table 2. The number of articles in the selection process.

Search Strin Total Number of The Number of The Number of Retained
8 Searched Articles Deleted Articles Articles for Analysis
“Eco-innovation” AND “financial performance” 72 26 46
Environmental innovation "AND financial 384 273 111
performance
“Green technology innovation” AND “financial
” 73 64 9
performance
Sustainable innovation éND financial 272 238 34
performance
“Green technology” AND “financial performance” 151 120 31
“Low carbon technology” AND “financial
” 73 64 9
performance
“Green innovation” AND “financial performance” 235 224 11
Combination of the above 1260 1009 251

2.2.3. Step 3: Analysis of Articles

It is necessary to perform several aspects of our bibliometric literature analysis using
the Citespace tool. As Prashar and Sunder (2020) suggested, a scientometric technique
mainly includes author co-citation, keyword clustering, and literature co-citation. First, we
measured the number of publications, authors, countries, institutions, and other indicators,
and we learned whether the number of publications in the field is continuously growing?
Who are the most critical contributors? Which countries and institutions are most interested
in the topic? Secondly, based on a cluster analysis of the co-cited literature, we explored
the high-level literature and journal in the research area. Finally, we analyzed keywords
clustering to focus on the current and possible future research themes or trends.

3. Results and Discussion
3.1. Is Research on the Relationship between GTI and CFP Growing?

The literature on the relationship between green technology innovation and corporate
financial performance has steadily and gradually expanded over the past 15 years. The
number and trend of publications in this field by year from 2007 to 2021 are shown in
Figure 2.

We found that the earliest published articles related to green technology innovation
and corporate financial performance appeared in 2007. From 2007 to 2014, the number of
related literatures is small and growing slowly, only one to seven articles per year. However,
starting from 2015, the number of publications per year proliferates, reaching a peak of
56 articles by 2020. In the figure for 2021, only the number of publications from January to
September is shown. Therefore, the growing trend in the literature shows that research on
the relationship between green technology innovation and corporate financial performance
is prevalent. The main reason for this phenomenon is that firms in various countries face
many challenges from environmental changes while promoting economic growth. Seeking
a sustainable development strategy in harmony with the environment has become a global
issue.
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Figure 2. Development of annual publications.

3.2. Who Are the Most Productive Authors?

The author collaboration network reflects the core group of authors of the study and
their collaborative relationships, and the total number of publications in journals represents,
to a certain extent, the academic status of the authors in the field. Therefore, by analyzing
the number of authors” publications and the links between authors, we can identify the
highly productive authors and high-impact authors in this field of the relationship between
green technology innovation and corporate financial performance. Table 3 lists the top 10
authors with the highest number of published articles on the relationship between green
technology innovation and corporate financial performance. In addition, the author and
collaborative network knowledge graphs are shown in Figure 3.

Table 3. Top ten most prolific authors.

Rank Authors Number of Articles Year Connectivity
1 Yaw Agyabengmensah 6 2020 6
2 Ebenezer Afum 5 2020 6
3 Charles Baah 3 2020 4
4 Chee Yew Wong 3 2018 2
5 Yuan Ma 2 2021 1
6 Azlan Amran 2 2017 2
7 Tze San Ong 2 2019 2
8 Qiang Zhang 2 2021 1
9 Yong Geng 2 2013 3
10 Innocent Senyo Kwasi Acquah 2 2021 4

It can be seen from Table 3. The number of publications per author is relatively small;
the top three are Yaw Agyabengmensah with six, Ebenezer Afum with five, Charles Baah,
and Chee Yew Wong with three, respectively, and the other authors with two or fewer
publications. Among them, Yaw Agyabengmensah is the most productive author, whose
works are highly collaborative with other writers and have a variety of subjects. By ana-
lyzing his papers’ relative importance and high citation rate, we found that most of his
papers are on green supply chain management and performance. For example, one of the
topics includes exploring the impact of green logistics management practices on financial
performance and examining the mediating effects of market, environmental and social
performance (Agyabeng-Mensah et al. 2020). The study by Afum et al. (2020) explored
the links between green manufacturing practices, operational competitiveness, corporate
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reputation, and sustainable performance dimensions, emphasizing that green manufactur-
ing has a significant positive impact on social, economic, and environmental performance.
Also, social performance was found to play a mediating role in the relationship between
green manufacturing and economic performance. CHARLES BAAH’s research mainly em-
phasizes the impact of green manufacturing practices on firm performance (e.g., Baah et al.
(2021a)). explored the impact of environmental production practices on firm performance
from both active and passive perspectives and found that active environmental production
practices were positively associated with the process and environmental performance but
were negatively associated with financial performance. Meanwhile, Baah et al. (2021b).
explored how green legitimacy and regulatory stakeholder requirements drive the adop-
tion of environmental and social responsibility and the impact of its implementation on
environmental and financial performance in emerging economies. He found a significant
positive effect of environmental responsibility on environmental performance, moreover,
social responsibility on financial performance.
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Figure 3. Knowledge map of authors and collaborative networks.

In addition, in Figure 3, each node represents an individual author, and the more
papers published, the larger the node’s size. The size of these links and the different nodes
represent the pattern of collaboration and closeness of partnership. Furthermore, a node
with a thick line indicates that the node has a high degree of centrality. In other words, it
plays a crucial role in integrating other papers or serving as a theoretical basis for the field.
We found 271 nodes and 212 connections in the authors and collaborative network with
an overall network density of 0.0058. it indicates that the collaborative network among
authors in the field of research on the relationship between green technology innovation
and corporate financial performance is weak. The most influential author collaborative
group consists of Yaw Agyabengmensah, Ebenezer Afum, etc. They are also the group with
the highest collaborative density and, at the same time, one of the newest groups. Therefore,
it can be assumed that only a tiny collaborative network has been formed in this research
area. The authors’ analysis allows us to highlight not only the most influential authors in
the study of the relationship between green technology innovation and corporate financial
performance but also to identify their valuable works that reflect important research themes
of previous studies. The articles of the most insightful authors represent, to some extent, a
valuable research theme. In addition, the articles of the most cited authors are the most
important basis for research in the field, regardless of the theory or methodology on which
it is based. For these reasons, we believe that an analysis of authorship is worthwhile.
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3.3. Which Country Has the Most Interest in This Research Topic?

We set the node type of Citespace to country (i.e., we analyze the distribution of
countries focusing on this field, and we can obtain a visualization of the inter-country
collaboration network, as shown in Figure 4). Where each node represents a country, the
node size represents the number of papers published in that country, the links between the
nodes indicates the cooperation between different countries. Those with the same color
represent a single cluster—a group with a similar research focus, and the thickness of the
links represents the degree of close cooperation between countries.
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Figure 4. Visualization of country cooperation networks.

As can be seen from Figure 4, there are 59 nodes and 104 links in the cooperative
network among countries, and the overall network density is 0.0608, which indicates that
the cooperative network among countries is relatively close. Among them, China is the
largest research country, followed by Spain, Pakistan, and the England, indicating that these
countries pay more attention to the research on the relationship between green technology
innovation and corporate financial performance. However, South Korea and Italy have the
lowest degree of cooperation.

In addition, the top 10 most productive countries are listed in Table 4. It is worth noting
that the top 10 countries include both developed and developing countries, indicating that
focusing on the relationship between green technology innovation and corporate financial
performance has become a global issue. China ranks first with 99 publications and is far
ahead of other countries. This may be due to the fact that Chinese firms, as essential players
in emerging markets, are pursuing sustainable development strategies. Firms are focusing
on following the intrinsic requirements of green economic development and actively taking
responsibility to address environmental challenges. Moreover, when countries started
to study the relationship between green technology innovation and corporate financial
performance, the USA and the England started their studies earlier. In contrast, all other
countries started after 2010.
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Table 4. The top 10 most productive countries.

Rank Countries Number of Articles Cooperation Starting Year
1 China 99 20 2011
2 Spain 26 8 2011
3 England 19 11 2008
4 USA 18 11 2007
5 Malaysia 14 8 2013
6 India 12 7 2015
7 South Korea 10 4 2015
8 Italy 10 4 2013
9 Australia 10 6 2011
10 Pakistan 9 14 2015

3.4. Which Institution Has Paid the Most Attention to This Research Area?

Institutional collaboration networks can illustrate the spatial distribution of research
in this field, reflect the collaboration between institutions, and provide a reference for
the scientific evaluation of the influence of institutions in the academic sphere. We used
Citespace software to visualize and analyze the data, set the Time Slicing to “2007-2021",
Years Per Slice to “1”, the Node Types panel was selected as “Institution”, and other options
were set as the system default. The distribution of network visualization of the institution
was obtained by running the software, as shown in Figure 5. The node size indicates the
number of journal articles published by the institution, and the line between the nodes
indicates the strength of cooperation between different institutions.
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Figure 5. Visualization results of the institutional cooperation network.

We found that the study sample contained 225 nodes and 136 links, with a network
density of 0.054, indicating that more institutions are studying the relationship between
green technology innovation and corporate financial performance. Among them are two
apparent institutional cooperation networks: Network 1: Dalian Maritime University
and Chinese Academy of Sciences, which is the densest cooperation network; Network
2: Northwestern Polytechnical University and South China University of Technology.
In addition, to a deeper analysis of the inter-institutional outcomes and collaborative
relationships, the top ten most productive institutions were obtained by further data
mining of Figure 5, as shown in Table 5.
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Table 5. The top ten most productive institutions.

Rank Institutions Num}) er of Year Cooperation
Articles
1 Dalian Maritime University 7 2020 2
2 Hong Kong Polytechnic University 6 2016 2
3 Sichuan University 5 2019 0
4 Chinese Academy of Sciences 4 2013 5
5 University Putra Malaysia 4 2013 4
6 Northwestern Polytechnical University 4 2016 7
7 Dalian University of Technology 3 2013 5
8 Multimedia University 3 2017 3
9 Shandong University of Science and 3 2018 0
Technology
10 Harbin Institute of Technology 3 2018 4

The results in Table 5 show that the institutions with the highest number of publi-
cations are Dalian Maritime University (7), Hong Kong Polytechnic University (6), and
Sichuan University (5). However, the degree of cooperation between these three universi-
ties and other institutions is not high, indicating that they do not cooperate closely with
other institutions even though they are highly productive institutions. However, North-
western Polytechnical University, which does not have a high volume of publications, has
the highest collaboration density. Therefore, research on the relationship between green
technology innovation and corporate financial performance is mainly run by independent
institutions, and there is still more room for inter-institutional cooperation. Thus, they
should establish more in-depth cooperative relationships across disciplines and regions in
the future.

3.5. What Are the High-Level Literature and Journals in the Research Field?

Literature co-citation analysis refers to the analysis of the co-citation of literature in
a research area and to explore the high-level literature in that area. The more co-citations
there are, the more significant the correlation between the literature, indicating the more
vital role of high-level literature. Figure 6 shows the literature co-citation relationships.
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Figure 6. The literature co-citation relationships.
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Our results find several more significant co-citation relationships in the literature
with nodes N = 505, the number of connections E = 1949, and network density D = 0.0153.
The more recent co-citations network includes Cai and Li (2018), Przychodzen and Przy-
chodzen (2015), Ghisetti and Rennings (2014), Cheng et al. (2014), and Amores-Salvadé
et al. (2014). Cai and Li (2018) reveals the drivers of eco-innovation and its effect on firm
performance. Their findings suggest that technological capabilities, organizational capabili-
ties, market-based tools, competitive pressures, and green consumer demand are drivers of
eco-innovation. Eco-innovation behavior can significantly improve a firm’s environmental
performance and indirectly positively impact the firm’s economic performance through
environmental performance. Przychodzen and Przychodzen (2015) analyzed the effect
of four categories of eco-innovation (product, process, market, and sources of supply) on
financial performance. Their findings indicate that eco-innovation firms typically have
higher average returns on assets and equity and lower earnings retention rates. Ghisetti
and Rennings (2014) categorized environmental innovations into innovations that reduce
negative externalities and innovations that increase efficiency and cost savings, respectively.
They analyzed the degree of effect of these two types of environmental innovations on firm
profitability, and it was found that these two innovations have a positive effect on profitabil-
ity. Cheng et al. (2014) studied the interrelationship between three types of eco-innovation
(process, product, organization) and their effect on firm performance from a resource-based
view theory. They found that eco-organizational innovation has the most substantial effect
on firm performance. Amores-Salvado et al. (2014) analyzed the effect of environmental
product innovation capability and the firm’s green image on firm performance. The results
show that firms’ commitment to environmental product innovation positively impacts firm
performance. Moreover, the green image of the firm has a significant positive moderating
effect on the relationship between environmental product innovation and firm performance.
Furthermore, other scholars have also co-citations networks, such as Aguilera-Caracuel
and Ortiz-de-Mandojana (2013), Albertini (2013), Fujii et al. (2013), Triguero et al. (2013),
Hart and Dowell (2011), and Ambec and Lanoie (2008).

In addition, Table 6 shows the journal sources corresponding to the top 10 co-cited
literature. The Journal of Cleaner Production is the most prolific journal with 40%. The
second-ranked journal is Organization and Environment with 20%, indicating that they are
important and influential journals in this field with high-quality publications and high cita-
tion rates. Furthermore, journals such as Business Strategy and the Environment, Journal
of Management, Ecological Economics, Academy of Management Perspective are essential
sources of highly cited literature. It indicates that the literature on the relationship between
green technology innovation and corporate financial performance is mainly concentrated
in these top journals, indicating that these journals have a particular influence in this field.

Table 6. The high-level journals in this field.

Rank  Frequency Author Year Journal Sources
1 23 Ghisetti, C. 2014 Journal of Cleaner Production
2 21 Przychodzen, J. 2015 Journal of Cleaner Production
3 20 Cheng, C.C.J. 2014 Journal of Cleaner Production
4 20 Albertini, E. 2013 Organization & Environment
5 18 Aguilera-Caracuel, J. 2013 Organization & Environment
6 17 Fujii, H. 2013 Business Strategy and the Environment
7 16 Hart, S.L. 2011 Journal of Management
8 16 Cai, W.G. 2018 Journal of Cleaner Production
9 15 Triguero, A. 2013 Ecological Economics

The Academy of Management
Perspectives

[
o

15 Ambec, S. 2008
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3.6. What Are the Research Hotspots and Trends?
3.6.1. Keyword Co-Occurrence

Keyword co-occurrence can explain the hot spots of research in a field over time.
Figure 7 shows the hot keyword co-occurrences in the literature. We found 250 keywords
based on the literature and formed 645 concatenated lines. The circle size represents the
frequency of keyword co-occurrence, and the nodes represent the number of keywords.
The connecting lines between nodes indicate the correlation degree of keywords at different
times, and the thickness of the connecting lines indicates the intensity of keyword co-
occurrence. The larger the node’s size, the higher frequency of keyword co-occurrence,
which means the higher the relevance of the node and the more influential the node is in
the network. From Figure 7, we can see that “financial performance” is the most significant
node, and “innovation”, “impact”, and “management” are the second most important
nodes.
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Figure 7. Keyword co-occurrence mapping.

Meanwhile, the top ten high-frequency keywords are listed in Table 7. The results
show that the frequency of keywords “innovation” and “firm performance” both reached
69 times, indicating that the correlation between them and other hot keywords is important,
which shows that the study of the relationship between green technology innovation and
corporate financial performance is centered on these keywords.

Table 7. The top ten high-frequency keywords.

Rank High-Frequency Keywords Frequency
1 innovation 69
2 firm performance 69
3 impact 28
4 management 24
5 corporate social responsibility 23
6 green 20
7 eco innovation 19
8 resource based view 12
9 strategy 10
10 industry 8
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3.6.2. Keyword Clustering

Keyword clustering analysis can visualize the research hotspots in a specific field.
Figure 8 shows the keyword clustering of research on the relationship between green
technology innovation and corporate financial performance. The color block represents
the area of clustering, with node N = 250, the number of connections E = 645, and network
density D = 0.0207. In this network, we need to pay attention to two values, Q value and
S value, (1) modularity value (Q) size is related to the sparsity of nodes; the larger the Q
value, the better the clustering effect; (2) silhouette (S) size can be used to measure the
homogeneity of the clusters, the larger the S value indicates the higher homogeneity of the
network, indicating that the clusters are with high confidence. In addition, number 0-9 is
the order, and the smaller the number, the more keywords are included in the clusters.
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Figure 8. Keyword clustering.

From Figure 8, we can see that Q = 0.8436, which indicates that the network structure
has a good clustering effect, and S = 0.7486, which indicates that the homogeneity is high
and the different clustering is well divided. At the same time, we also found clustering
areas centered on “environmental performance”, “panel data”, and “data envelopment
analysis”.

In addition, Table 8 presents the average year and the number of keywords for the top
five clusters. The average years of the top five clusters are in 2012-2017, which indicates
that the research on the relationship between green technology innovation and corporate
financial performance became hot during this period. Among them, the largest cluster is
“environmental performance” with the year 2012 and contains 29 keywords, and the main
keywords are free cooling systems, super-efficient data envelopment analysis, Chinese
listed companies, market demand. Therefore, we argue that the research on the relationship
between green technology innovation and corporate financial performance mainly focuses
on environmental performance, Chinese listed companies, and conducts super-efficient
data envelopment analysis method by test to meet the market demand.

3.6.3. Keyword Emergence

Keyword emergence is a high-frequency word appearing in a certain period, and its
change can reflect the hotspots of scholars’ research in the field in that period. Moreover,
it is also a kind of judgment basis for the evolutionary development trend of the field,
which can be clearly shown the start time, emergent intensity, and emergent duration.



Economies 2022, 10, 92

14 of 21

Therefore, to deeply understand the evolutionary development trend of the relationship
between green innovation technology and corporate financial performance. We obtained
the emergence of keywords in this field. The results are shown in Table 9.

Firstly, in terms of the year of the emergence of the keywords highlight, the “tech-
nology” keyword started the earliest; however, “green innovation”, “mediating role”,
and “financial performance” keywords started the latest and have been continued until
now, which will be the hot spots for future research. Secondly, according to the emer-
gence strength of keywords, we can find that “technology” (Strength = 3.28), “energy”
(Strength = 2.69), “corporate sustainability” (Strength = 2.68) has a very high emergence
intensity, which indicates that they emergence to change significantly in frequency. Finally,
in terms of duration, the “technology” keyword has the most extended duration (2007-2014)
with eight years, while “pay”, “business”, and “product innovation” also have the long
duration, indicating that they have been the hotspots of research for an extended period in
this field. Thus, in general, “product innovation” and “green innovation” are considered
the latest research hotspots due to their high emergence intensity and time for new.

Table 8. Main keywords of clustering.

Rank Name of Clustering Main Keywords The Average Years Number of Keywords
free cooling systems (4.1, 0.05);
environmental super-efficient data envelopment
1 erformance analysis (4.1, 0.05); Chinese listed 2012 29
P companies (4.1, 0.05); market demand
(4.1, 0.05)
environmental innovation (4.01, 0.05);
environmental performance (3.67, 0.1);
2 sustainable innovation (3.4, 0.1); 2013 27
environmental indicator (3.29, 0.1)
GMM (5.65, 0.05); environmental
3 data envelopment information disclosure (5.65, 0.05); 2017 %
munificence (5.45, 0.05); operational
excellence (5.45, 0.05)
energy saving and emission reduction
. (5.95, 0.05); visibility (5.95, 0.05);
4 emerging economy business value of green it (5.95, 0.05); 2016 24
industrial linkages (5.95, 0.05)
environmental performance
assessment (4.46, 0.05); quality
5 lean manufacturing management (4.46, 0.05); low carbon 2014 22
supply chain (4.46, 0.05); green
manufacturing practices (4.46, 0.05)
Table 9. Keyword emergence.
Keywords Year Strength Begin End 2007-2021
technology 2007 3.28 2007 2014 e
impact 2007 0.93 2008 2010 E—
operation 2007 1.29 2011 2012 —
environmental management system 2007 1.23 2011 2013 —
cost 2007 0.99 2011 2012 —
energy 2007 2.69 2012 2015 —
business 2007 1.78 2012 2017 —————
climate change 2007 1.74 2012 2015 —
pay 2007 1.45 2012 2018 ————
environment 2007 1.09 2012 2015 E—
corporation 2007 1.09 2012 2015 ———
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Table 9. Cont.

Keywords Year Strength Begin End 2007-2021
design 2007 2.13 2013 2017 ——
institutional pressure 2007 1.05 2013 2014 —
certification 2007 1.03 2013 2015 —
management 2007 1.7 2014 2015 —
capability 2007 15 2014 2015 —
policy 2007 1.28 2014 2016 =
entrepreneurial orientation 2007 1.05 2014 2016 —
environmental regulation 2007 1.02 2014 2015 —
challenge 2007 0.89 2014 2016 A—
advantage 2007 1.7 2015 2016 —
corporate 2007 1.43 2015 2016 —
decision 2007 1.12 2015 2016 —
demand 2007 0.96 2015 2017 —
China 2007 1.87 2016 2018 —
industry 2007 1.74 2016 2017 —
data envelopment analysis 2007 0.88 2016 2018 —
system 2007 221 2017 2018 —
economic performance 2007 21 2017 2018 —
manufacturing firm 2007 2.05 2017 2018 —
corporate sustainability 2007 2.68 2018 2019 —
product innovation 2007 2.08 2018 2021 —
environmental performance 2007 1.84 2018 2019 —
eco efficiency 2007 1.69 2018 2019 —
growth 2007 1.69 2018 2019 —
country 2007 1.26 2018 2019 —
decision making 2007 0.84 2018 2019 —
business model innovation 2007 0.84 2018 2019 —
green innovation 2007 1.08 2019 2021 —
mediating role 2007 0.94 2019 2021 —
financial performance 2007 0.94 2019 2021 —

3.6.4. Keyword Time Zone Map

In order to study the evolutionary process of the relationship between green technology
innovation and corporate financial performance from the time dimension, we use the
time zone diagram in the Citespace tool to analyze it. The time zone diagram clearly
shows the update of the literature and the interrelationship between the literature in a two-
dimensional coordinate with time as the horizontal axis according to the chronological order,
as shown in Figure 9. In the time zone diagram, the node’s size indicates the frequency of
the keyword, the year of the node indicates the first appearance of the keyword, the line
between the nodes indicates that different keywords appear in the same literature at the
same time. The number of literatures appearing in different years represents the results
published at that time, indicating the period or stage of the field.

In Figure 9, the most significant node is “financial performance” for the relationship
between green technology innovation and corporate financial performance. Moreover,
the keywords that appear are innovation, technology, R&D, and empirical evidence. The
high-frequency keywords of the research on the relationship between green technology
innovation and corporate financial performance are concentrated in the 20072014 period,
which indicates that the research intensity in this period is high. In addition, scholars’
research in this field has proposed new concepts after 2015, such as “green innovation”,
“firm performance”, “legitimacy”, “environmental disclosure”. These new concepts are
expected to be the new direction of future research on the relationship between green
technology innovation and corporate financial performance.
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Figure 9. Keyword time zone map.

3.6.5. Research Timeliness

We extracted keywords from 251 articles and visualized a clustering network of
keywords (based on the frequency of keyword occurrences) using the Citespace timeline.
The network showed the clustering from left to right along a horizontal timeline (Figure 10).
The index words extracted from the keywords are the cluster names labeled by the LLR
algorithm and arranged vertically in decreasing size. The curves indicated the association
links between clustering. Ten central clustering were generated in the hybrid network.
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Figure 10. Keyword timeliness.

Figure 10 shows the timeline of research on the relationship between green technology
innovation and corporate financial performance, which shows that the duration of research
hotspots varies by clustering, representing the evolution of research hotspots. Among
them, the largest cluster is “environmental performance”, containing 29 keywords with
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the average year of 2012, including keywords such as technology and empirical evidence
proposed. As time progresses, new keywords appear in the recent clustering results, such

v s

as “climate policy”, “corporate sustainability”, “carbon capture”.

4. Conclusions

This paper presents a bibliometric analysis of developments in research on the rela-
tionship between green technology innovation and corporate financial performance based
on 251 articles from Web of Science using the Citespace tool. Based on our analysis, some
conclusions can be drawn: (i) the literature on the relationship between green technology
innovation and corporate financial performance first appeared in 2007 and has seen a
surge in the number of publications since 2015, with 54 papers published between January
and September 2021 alone, indicating that this field of research is receiving increasing
attention from scholars; (ii) Yaw Agyabengmensah is the most productive author, whose
works are highly collaborative with other writers and have a variety of subjects. However,
there is only a small collaboration network among other authors; (iii) China is the largest
research country, followed by Spain, Pakistan, and England. It indicates that focusing on
the relationship between green technology innovation and corporate financial performance
has become a common concern in developed and developing countries and is a research
interest for scholars worldwide. Dalian Maritime University, Hong Kong Polytechnic
University, and Sichuan University are highly productive institutions, but they do not
work closely with other institutions; they operate relatively independently in this field.
It indicates that institutions should further establish deeper collaborative relationships
across disciplines and regions. In addition, the Journal of Cleaner Production is the most
productive journal with 40%. The second-highest ranking is Organization & Environment
with 20%, which indicates that the literature on the relationship between green technol-
ogy innovation and corporate financial performance is concentrated in these top journals,
indicating that these journals have a unique influence in the field; (iv) we also find that
the keywords “financial performance”, “environmental performance”, “green innovation”,
and “product innovation” are the hot spots for scholars to focus on in this field; and (v)
“green innovation”, “corporate performance”, “legitimacy”, “environmental disclosure”,
and “corporate sustainability” these concepts are expected to be new directions for further
research on the relationship between green technology innovation and corporate financial
performance.

5. Contributions, Limitations and Future Research

We have contributed to the study of mapping and visualizing the relationship between
green technology innovation and corporate financial performance in three ways. First,
our findings contribute academic value to the bibliometric research on the relationship
between green technology innovation and corporate financial performance. There is a
lack of bibliometric analysis in previous studies that comprehensively and scientifically
evaluates their relationship. However, whether it pays to be “green” has been a core
debate in the academic circle. Our study is the first comprehensive and holistic bibliometric
analysis of the relationship between green technology innovation and corporate financial
performance. In particular, we focus on green technology innovation from a corporate
financial performance perspective. Second, our findings also contribute a valuable addition
to the methodological use of this research area. Previous reviews have generally taken a sys-
tematic approach (Mazzi et al. 2016; Hermundsdottir and Aspelund 2021). In contrast, our
study uses computer software, such as the Citespace tool. We provide direct visualization
of research hotspots and trends in the relationship between green technology innovation
and corporate financial performance. A visualization network helps researchers gain a
clearer and more transparent understanding of the field and draw inspiration from various
backgrounds. Third, our research also helps those in engineering, management, and social
sciences to understand the latest advances in the relationships between green technology



Economies 2022, 10, 92

18 of 21

innovation and corporate financial performance. Since we offer the most popular topics,
main keywords of clustering, and focal areas in this field.

In addition, we recommend the firm’s policymakers in four ways: (1) firms should
implement green technology innovation to improve their financial performance; (2) firms
create an organizational climate that encourages green technology innovation activities
to improve the organization’s environmental, social, and financial performance; (3) firms
should tilt their development strategies toward green innovation. For example, they create
green policies to develop their green industries, thus gaining a competitive advantage in
the marketplace and gradually outperforming their competitors; and (4) equally important,
firms should also note that there is value in implementing green technology innovation. It
is not just for developed countries but for developing countries since it is worth paying to
be green.

However, this bibliometric review also has some limitations. (1) Our choice of the
database may affect the number of relevant articles. We selected literature from only a
single database (WoS), although this decision is based on the fact that the articles and
citations collected from the WoS and Scopus databases were highly similar. However,
using other databases may increase the number of articles on the research question. Future
studies may consider selecting additional databases (e.g., Scopus and Google scholar) for a
bibliometric review in this field; (2) due to the wide variation in content and definitions
of green technology innovation (Hermundsdottir and Aspelund 2021), literature on other
terms of this keyword may be overlooked in the search process. Future studies should
fully consider the comprehensiveness and completeness of the concepts of the topic; (3)
although some criteria were included in the literature search as much as possible for the
literature review, there is still a certain degree of personal subjectivity, which may also
be a limitation of this study (Gonzales-Gemio et al. 2020). Future studies should adopt
more objective criteria to clean and organize the literature; (4) our objective is to explore
only a bibliometric analysis of the relationship between green technology innovation
and corporate financial performance. We don’t take into account the resilience and risk
mitigation of an enterprise in the current work. However, their connection to sustainable
finance and green innovation strategies may also be fantastic. Future studies should be
engaged in this debate; (5) predicting emerging areas is also widely applied in patents
analysis and provides a source of equal importance for nourishing an innovation strategy.
However, our study has not yet mentioned this. Future studies could carefully consider this
work; and (6) a meta-analysis of the relationships between green technology and corporate
financial performance may also be interesting. A meta-analysis may provide a statistical
integration of the accumulated research on their relationship. Future studies could take
this approach to conduct further a complete and comprehensive literature review on the
relationship between green technology innovation and corporate financial performance.
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