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Abstract

In the era of Industry 4.0, the innovative applications of the industrial internet of things continue to deepen, and the trend
of digital transformation of the green manufacturing industry continues to expand. In this context, the study of digital
finance innovation in green manufacturing enterprises is conducive to transforming and upgrading enterprises and national
economic development. In order to review the theoretical foundations and the current state of research under this topic, this
paper provides an overview of digital finance innovation in green manufacturing companies based on 296 papers published
between 1900 and 2021 through bibliometric and scientific visualization methods. This paper uses HistCite to identify the
most influential authors, institutions, and countries and uncover the lineage of research on digital finance innovation in green
manufacturing companies. At the same time, VOSviewer is used to identify research hotspots and research clusters under
the topic. Finally, on this basis, this paper classifies the types of digital innovation from the perspective of value creation. It
proposes a theoretical framework for the realization path of digital finance innovation in green manufacturing enterprises
based on intelligent servitization and orchestration capabilities. The findings of this paper enrich the existing innovation
theory and facilitate scholars to conduct future research more effectively.

Keywords Digital finance innovation - Green manufacturing - Bibliometric - Intelligent servitization - Orchestration
capability

Introduction

With the cluster of innovative breakthroughs in new-gen-
eration digital technologies such as big data, cloud com-
puting, artificial intelligence, and the industrial internet,
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digital innovation has produced profound changes to the
development model of the green manufacturing industry.
The global green manufacturing landscape is undergoing
profound changes. On the one hand, developed countries are
committed to industrial redevelopment strategies to compete
for and maintain their positions at the top end of the global
industrial chain. On the other hand, the green manufactur-
ing industries of resource-intensive emerging countries are
moving towards the middle and high ends, such as the dual
international and domestic cycle strategy that China has
begun to pursue. In this context, it is therefore essential and
urgent to study digital innovation in green manufacturing.
On the other hand, COVID-19 has had a great negative
impact on society and the economy. How to achieve a new
round of revolution in development through the integration
of new manufacturing and green development has become
a realistic problem for governments of all countries. As the
backbone of the economies of various countries, the impor-
tance of green manufacturing is self-evident, but under the
damage of the epidemic, green manufacturing urgently


http://orcid.org/0000-0002-2628-7041
http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-021-18016-x&domain=pdf

Environmental Science and Pollution Research (2023) 30:61340-61368

61341

needs the influx of new financial capital. With the strong
support of green finance, the production efficiency of green
manufacturing has been rapidly improved. In this process,
governments such as China took the lead in proposing digital
finance. Through the introduction of digital finance and the
development of green manufacturing, new manufacturing
supported by green finance has been formed.

Digital finance innovation in green manufacturing is
mainly reflected in two aspects: on the one hand, new green
manufacturing methods such as intelligent green manu-
facturing, flexible green manufacturing, and virtual green
manufacturing are accelerating in popularity. Digital finance
penetrates traditional manufacturing, triggers green and digi-
tal innovation, and realizes green manufacturing under the
digital revolution. On the other hand, the traditional bound-
aries between green manufacturing and service industries
are gradually blurring, and the integration of the two is
becoming more and more prominent. In this context, digital
technologies are having a disruptive impact on the green
manufacturing industry chain, the value chain, and the inno-
vation chain. And, every link of digital innovation has the
participation of digital finance. The original factory-based
green manufacturing industry will be extended upstream and
downstream in the industrial chain into technology develop-
ment and marketing, increasing the added value of products
through digital innovation in science and technology and
marketing (Nasreen et al. 2017). In this critical part of the
innovation chain, it is a functional linkage model that is ori-
ented towards market demand, with the acquisition of new
technologies and product development as the core, linking
multiple actors through institutional, organizational, and
management innovation and realizing the value added in the
whole process of innovation. The essence of digital finance
innovation is to reveal the flow, transformation, and value
added of knowledge and technology throughout the process,
reflecting the synergy, cooperation, and value transfer of
multiple participating actors in the whole process. The inte-
gration of next-generation information and digital technolo-
gies into green manufacturing has had a significant positive
effect on industry development and the national economy.
Scholars have studied this from different perspectives.

Regarding the definition of digital innovation, Yoo et al.
(2010) define digital innovation as the production of new
products through a new combination of digital and physi-
cal elements based on Schumpeterian innovation theory.
Nambisan et al. (2017) propose digital innovation from a
value creation perspective to create and continuously change
market products, business processes, or business models
caused by digital technologies. On the other hand, Edu
et al. (2020) propose a definition from the perspective of IT
capabilities: the ability to rely on improved IT capabilities
to transform an organization’s access to new and existing
knowledge, skills, customized requirements, new products

or service lines, value creation, capabilities, and speed of
delivery. These form the basis of digital finance innovation,
which consists of two main perspectives: one is that digi-
tal finance innovation is mainly about optimizing existing
products and increasing added value through services. The
other is that digital innovation uses digital technology by
companies to optimize various aspects of their business and
ultimately improve their performance. In terms of under-
standing the connotation of digital innovation, Henfrids-
son et al. (2018) take a structural perspective. They argue
that digital innovation is about capturing value by creating
connections between different digital resources and that the
value space is conceptualized as four layers in the digital
system. Along with resource integration and collaborative
activities, the link between actors and resources is becom-
ing stronger. Nambisan (2018) states that the relationship
between actors and resources in digital innovation can be
better understood from an ecosystem perspective. In addi-
tion, Yoo et al. (2010) summarize the main characteristics
of digital technology (programmability, the homogenization
of data, the self-referential nature of digital technology), the
main characteristics of digital innovation (convergence and
generativity), and the types of digital innovation (distributed
innovation and combinatorial innovation). In an empirical
study in recent years, Khin and Ho (2018) explored the rela-
tionship between digital capabilities and firm performance
using digital innovation as a mediating variable, confirming
the importance of digital technology and digital orientation
in enhancing firm performance. Nasiri et al. (2020) quan-
tified digital innovation in two dimensions, business pro-
cesses, and market offerings and explored the relationship
between digital-related competencies and digital innovation,
confirming the importance of digital humanities and col-
laborative, technological, and innovation competencies.
The main elements of the existing review literature are
outlined in Table 1. In general, the theoretical literature on
digital finance innovation is gradually improved, but the
empirical literature is still in its infancy and has not yet
developed a comprehensive scale. In addition, there is a lack
of in-depth research into the green manufacturing industry
as digital finance innovation is still a young topic that is
being explored by academics across disciplines. However,
the green manufacturing industry is precious to study as the
most widely used and specific industry for digital innovation.
Therefore, this study aims to provide an overview of past,
present, and future research directions in digital innovation
in green manufacturing, using bibliometric methods (Ahmad
et al. 2019). The paper is structured as follows: this litera-
ture begins with an introduction that introduces the real-life
context of digital innovation in green manufacturing, while
we compare it with published reviews on related topics and
point out the innovative nature of this study. In the second
section, we describe this paper’s research instruments and

@ Springer



Environmental Science and Pollution Research (2023) 30:61340-61368

61342

uonezue3Io [eUIAUI pue ‘uonnedwod [euIax? ‘uonejofdx

‘uonejudwedwr quawdooasp ‘uorjeridsur :uoneaouur [eISIP
JO s10adse / WoIy JIOMIWERI) [BONRI0Y) B P[INg SIOYINE Y],

a1mded an[eA pue ‘UOTBAID AN[BA ‘SI0JOB ‘SWAISAS00d

wolj Apms e :9an09ds1ad mau e 9sodoid pue uossprijusH Aq
pasodoid aanoadsiad sAemyed anfea 9y 3senU0D SIO0YINE Y],

uoneaouur [e33ip ur 20e[d aye) ued a1mdeos anfea pue UONEAID
onfeA Moy SeJensny[l Jey) yIomowerj ooeds onfeA € sjuasald (€)
uorneziues
-1091 USISOp PUE UONBZIUBSIOAT 9SN U2IM)3q saysISunsi( ()
yoeoidde uado oy jo aanoadsiad onfea ay) seonponuy (1)

aanoadsrad
[euonMIISUI U WOIJ SIOP[OYANE)S JOJ AN[eA 2JBAID PUB JdUE
-1doooe e100S UTES SUOTJEULIOSURT} MAU 9SAY) MOY durexH (7)
S)00[q Surp[ing wsrueyoaw Apoq [ey3Ip pue ‘aInonns
-BIJUl [RUONMINSUI [EUSIP ‘SWIOJ [eUONRZIUBSIO [RIITIP :UON
-ewIofsue) [elSIp 0} [eONLID dIe Jey) SUONmMNSuI ¢ saynuapy (1)
uoner
-o1dxe 03 juowdoeaap woly :uonesouur [eNIPp Junuawedwy (¢)
donoead 0} sseo01d woiy :uoneaouur [eNIIp Jurzrue3iQ (7)
wojyed o3 jonpoid woiy :uonesouur RIS (1)
1SMO[[O] SE PIIUIS
-o1d st Surpuejsiopun sioyne 2y} ‘amjeral| snoraalid uo paseg
VOO Se yons SpoyIoul [oIeasal UONBAOUUT S9oNponu] (¢)
UOTIEISAYDIO pue ‘AJIqe[IeAR ATO[OUYD) ‘UONITUS0I [BI00S ‘Ful
-1red u31sop uonnjos-wo[qoid druruAp :SOIF0[ [BONAIOAY) MAU
¥ M JuwaSeurw uoneAOUUT [RISIP I0J jlomourel] e spiing (7)
SQWI09INO pue sassad01d
uoneAOUUT U29M19q dIysuone[a1 oY) pue ‘Aouade UOIBAOUUT ‘SOLI
-epunoq uoneaouur noqe suondwnsse euonipen sauafrey) (1)

uoneziroxdwr pue ‘S[[Bs ‘SUIUUBIS UOTNJOAD [BIISIP

‘uontsodoid anpea ‘@oudrradxe 19sn :seAIR A9 ¢ TULIOA0D ‘Yuow

-o3eurwW UoHEAOUUL [BIISIP UT JuawaAoxdwI snonunuod Jod
-dns 01 pauSisop yromawrely Juswageuew e 9sodoid sroyine Sy,

SUOTIBAOUUT PAUIQUIOD PUE PAjN

-qusip pue sunope[d A3o[ouyoa) [8)ISIp 03 uordNPONUI Uy (7)
sar3ojouyod) [eN3Ip

JO 19)0BIRYD QATJEIOUSS PUR JUSSISAUOD JY) 0 UONONPONUT UY (T)

SUWI9)SAS UOTJRULIOJUT JOJ BPUASe YoI1easar oxmny e sasodoid (€)
QINJOANIYOIL

Ie[npouwl pPaIake[ ay) Jo 9130] [euoneziuesio ay) saonponuyy (g)

uoneAouUl [ISIP JO SoNsIIloeIeyd pue 3deouod o) seuye(d (1)

SISOUIUAS pUB MIIAI B :UOHRAOUUI [BISI

uoreAoUUT
1e1S1p uo suonoapal :seandadsiod WeIsAS009 "SA AINJINYITY

uoneAoUUT
1eu31p jo adeospue] anfea papus-uado oy} UT UOTIBUIqUIOIIY

AT
-0ads1od feuonMNSUI UB {UOHBWLIOJSURI) PUB UOLIBAOUUT [BISI

uoneAouur [eNSIq

prIom [e)SIp B UT YoIeasar Juowase
-UBTI UOTJEAOUUT SUTJUSAUTRI JUdWaSeuew uoneAouur [eNsiq

uoreAOUUr 1AIAS pue 1onpoid [en3ip Suraoxduwr
pue SursougeIp J0J yIomawelj € :A39)ens uoneAouur [eisIq

PHoMm pazniSIp 9y) Ul uoreAouul Joj SurziuediQ

[OIe2s Y SWR)SAS UOnewIoJu]
J10J epuade Uk :uoTBAOUUI [BIISIP JO O130] SUIZIUBTIO Mau Y,

[PUANOL SWISAS UOUDULIOfuU]

UONDZIUDZA() PUD UOYDULIOfU] (8102) ysnes

UOUDZIUDSL() PUD UOIDULIOfUT

UODZIUDSA() PUD UOUDULIOfU]

Sur1oou13ury suaIsKg

uoypULIOfu] % SsAUISHY (8107) 'Te 1 Of1I)

Kua140n0) ST

SUO2LIOF] SSAUISNG

20U10§ UOHD2IUDSL()

YOUDISIY SWIAISLS UODULIOfU] (0107) 'Te 32 00X

uonNqLIIu0d £I103Y[) UTETA]

apnIy

pringer

[ewinof loqny

Qs

uoneAouur [B}3Ip UO SMIIAI SNOIARI] | 3]qeL



Environmental Science and Pollution Research (2023) 30:61340-61368 61343

methodology and describe the research design. In the third
section, we describe and analyze the bibliometric results,
including an analysis of publication trends, journals, authors,
institutions, and countries, and a review of the research line-
age. In the fourth section, we again use VOSviewer to cluster
the literature and refine the core elements of each cluster.
In the fifth section, we classify the types of digital finance
innovation from the perspective of value creation and dis-
till the paths to digital innovation for green manufacturing
companies based on intelligent servitization and collabora-
tive capabilities. Finally, there is a summary and outlook
section where we first summarize the conclusions obtained,
point out the paper’s limitations, and finally make predic-
tions about possible future research directions.

Method

(1) Introduces the conceptual development of digital innovation

(2) Delineates the categories of digital innovation

(3) Describes the drivers of digital innovation
(4) Describes the governance mechanisms of digital innovation

Main theory contribution

Bibliometric analysis and software

Bibliometrics is the interdisciplinary discipline of quantita-
tive analysis of a field of knowledge through mathematical
and statistical methods and is a vast body of knowledge that
integrates mathematics, statistics, and bibliography. Biblio-
metrics focuses on describing, evaluating, and predicting the
current state of knowledge and trends through the analysis
of the number of literature characteristics (e.g., number of
publications, number of citations) (Van Raan 1996). Sci-
entific knowledge mapping is a comprehensive analysis
method that combines traditional bibliometric methods with
modern text mining techniques. The analysis of author co-
citations, keyword co-occurrences, and keyword clustering
enables us to tap into the research lineage, research hotspots,
research frontiers, and collaborative relationships between
authors, institutions, and countries in a particular research
area, which helps us to grasp the changing trends and aca-
demic dialogue on the subject and thus better conduct future
research.

Two visual analysis tools for bibliometrics have been cho-
sen for this paper: VOSviewer and HistCite. VOSviewer is
a bibliometric and analytical software program for building
knowledge graphs developed by Van Eck and Ludo Waltman
at the Centre for Science and Technology Studies (CWTS) at
Leiden University in the Netherlands. The core principle of
the software is to mine “co-occurrence and clustering” based
on distances, draw correlation graphs (Rehman et al. 2021),
and show the importance of documents, i.e., their interrela-
tionships, through the color, size, and distribution of heavy
network nodes (Eck and Waltman, 2010). HistCite is a visual
tool for citation chronology. In addition to calculating the
frequency of citations and outputting a list of documents, the
most crucial feature of HistCite is the generation of citation
chronology charts. This can help us find the source literature

Digital innovations: embedding in organizations

Article

Electronic Markets

Journal

Table 1 (continued)

Author
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and uncover the succession of citations to show the research
lineage under the field (Ahmad et al. 2019). The core idea is
to use the Global Citation Score (GCS) and Local Citation
Score (LCS) provided by the Web of Science (WoS) data-
base as the leading indicators to measure the impact of the
literature for analysis (Garfield 2009).

Research design

This bibliometric study aimed to locate the most active and
influential research areas on digital innovation in manu-
facturers. We gathered raw data from the WoS database
belonging to Thomson Reuters, which contains more than
50,000,000 publications, more than 22,000 journals, and
151 research areas (Llanos-Herrera and Merigo, 2018). The
WoS database is a digital bibliometric platform internation-
ally recognized for reflecting the level of scientific research
(Merig6 et al. 2015). Among these, SCIE, SSCI, and other
citation index databases; Journal Citation Reports (JCR);
and ESI fundamental scientific indicators are well known
worldwide. By assigning a unit to each author, institution,
journal, or country for each publication registered in the
WoS, we aimed to provide an overview of the most pro-
ductive and influential authors, institutions, and countries
(Lafont et al. 2020). More specifically, the present study
considers bibliographic records obtained from the WoS
Core Collection. Regarding the time frame, the research
included all publications from 1900 (the beginning of the
standard range) to May of 2021 (2021 has not ended during
the study).

To perform a search within the WoS Core Collection
database, we followed three steps. (1) The keywords are
selected to filter the information. Similar to bibliometric
approaches performed by other scholars (Magaly et al.
2018), our criteria for these keywords are based on exist-
ing review articles mentioned in Table 1. The search string
used in the WoS Core Collection database was a combined
search to return the most relevant study field in our research
area: Topic = (digital innovation OR digitization OR digi-
talization OR Intelligent OR digital finance*) AND Topic
= (manufacturer* OR Green-Manufacturing*). (2) Having
identified 7152 articles, we then reduced the number of arti-
cles to 356 using the following WOS categories: business
and management. The document type must be categorized as
an article and review to evaluate only research studies (Mer-
igd6 et al., 2015). (3) The number of results was not excep-
tionally high; therefore, to ensure the validity of the data,
namely the retrieved literature is highly related to our aim
topic, the use of different filters was envisaged by manual
screening. According to the title and abstract of the article,
we eliminated those which did not match the subject, like the
researches on banking and insurance. In the end, the search
yielded 296 results, which were used to develop the current

@ Springer

study. Figure 1 illustrates the documents retrieval process
in three steps.

Bibliometric analysis results
Trend analysis

The number of publications and the frequency of citations
often reflect the history and trends of a subject area and are
often seen as an essential indicator of the contribution of
scientific research. Based on the literature search results, we
plotted the number of publications (Fig. 2) and the frequency
of citations (Fig. 3) per year for research on digital finance
innovation in green manufacturing. On the one hand, in
terms of the number of annual publications, there has been
a dramatic increase over the last 20 years, starting to exceed
100 for the first time in 2009 and reaching 1621 in 2020. Of
these, the literature focusing on business and management
studies shows the same pattern of growth, particularly in the
last 5 years, achieving a multiplicative increase from 12 arti-
cles in 2016 to 97 articles in 2020. On the other hand, after
focusing on 296 papers in the field of business and manage-
ment, we derive the citation report from WoS, and looking at
the annual citation frequency, as shown in Fig. 2, we can find
that the citation frequency starts to increase from 2009 and
achieves a multiplicative increase from 2018 to 2020. This

Development of keywords for research on
digital innovation in manufacturers

7152 Documents retrieved

Filtering Criteria:

*  WoS catogories: Business, Management

* Catalogued as: article, review

* Published time: between 1900 and May 2021

4

356 Documents retrieved

Manual Screening

296 Documents retrieved

Fig. 1 Documents’ collection process
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Fig.2 Number of publications
on “Digital innovation in green-
manufacturers”

Fig.3 Number of annual cita-
tions
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indicates that research findings on digital finance innovation
in green manufacturing are becoming more recognized in
academia and increasing impact year on year.

In the context of the times, it can be seen that this is
closely related to human society moving from the Third
Industrial Revolution to the Fourth Industrial Revolution.
Since the era of automation, marked by the application of
technologies such as atomic energy, electronic computers,
and space technology, has moved into the era of intelligence,
marked by network communication technologies, big data,
cloud computing, intelligent factories, and intelligent pro-
duction, digitalization and intelligence have led to a more
direct and closer relationship between intelligent green
manufacturing enterprises and economic development than
ever before. In the post-financial crisis era after 2008, devel-
oped countries are promoting a “re-industrialization” strat-
egy after fully recognizing the weaknesses of the country’s
anti-crisis capacity due to “de-industrialization,” making use
of their comprehensive technological advantages and formu-
lating advanced green manufacturing development plans to
return to the real economy from a high starting point. For
example, the USA invested US $1 billion in 2012 to establish
15 Manufacturing Innovation Institutes, Germany released
its Industry 4.0 Plan in 2013, and France launched its New
Industrial France Strategy in 2013. Developing countries
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represented by China have also seized the opportunities of
the times, such as Made in China 2025 released in 2015,
which aims to build a green manufacturing powerhouse that
will lead the world’s green manufacturing development. The
strategic changes of the country lead the green manufactur-
ing industry to undergo transformation and upgrading. In
this practical context, on the one hand, some scholars use
their keen insight to forecast the future development direc-
tion of the industry. On the other hand, many scholars have
conducted case studies and empirical explorations based on
enterprise practices, continuously refining and constructing
theoretical frameworks for green manufacturing innovation
and verifying and improving these theories through empiri-
cal methods to provide theoretical guidance for the digital
and intelligent transformation of more enterprises.

Journal analysis

An analysis of the journals and impact factors of the pub-
lished literature allows us to determine the main research
areas and impact of digital finance innovation in green
manufacturing. Table 2 shows the 10 journals with the
highest number of publications on the topic of digital
finance innovation in green manufacturing, with Journal of
Manufacturing Technology Management, a journal focused

@ Springer
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Table 2 Top 10 productive and influential journals

R Journals TP %P TLCS TGCS IF 5-IF H
1 Journal of Manufacturing Technology Management 38 12.84 64 505 3.385 - 10
2 Technological Forecasting and Social Change 28 9.46 88 1316 5.846 5.179 17
3 Industrial Marketing Management 15 5.07 43 407 4.695 5.868 8
4 Journal of Business Research 11 3.72 33 157 4.874 5.484 7
5 International Journal of Operations & Production Management 9 3.04 3 43 4.619 5.676 5
6 Journal of Business & Industrial Marketing 9 3.04 12 47 2.497 2.713 7
7 Technology Analysis & Strategic Management 9 3.04 6 93 1.867 2.105 5
8 Harvard Business Review 7 2.36 12 1882 5.694 6.849 6
9 Research-Technology Management 7 2.36 39 210 2.449 3.677 3
10 Systems Research and Behavioral Science 7 2.36 5 28 0.731 1.07 3

on green manufacturing management, having the highest
number of publications, and Technological Forecasting
and Social Change having the highest H index despite
having the second-highest number of publications, which
shows the strong influence of this journal in the field of
green manufacturing research. All 10 journals are basically
of high quality with an IF of 2 or more in terms of impact
factor. Among the top 5 journals in terms of the number of
articles published, Technological Forecasting and Social
Change, Industrial Marketing Management, and Journal
of Business Research are all top journals in industrial man-
agement, with impact factors above 4. These four journals
account for 31% of the total number of articles published,
indicating that research in this field has a solid theoretical
foundation and strong influence. Furthermore, it is clear
from the nature of the journal that research into digital
finance innovation in green manufacturing is a focus of
the technical field and is also of interest to the fields of
management, marketing, and information systems.

R rank, TP total publication, %P percentage, TLCS total
local citation score, TGCS total global citation score, IF
impact factor 2020, 5-IF 5-year impact factor, H H index

This paper further refers to by using VOSviewer to
couple all journals in the literature for analysis (Fig. 4).
The literature coupling analysis reflects the importance
of a journal by the literature cited, with larger circles
representing journals in the map indicating more signifi-
cant importance. In Fig. 4, it can be found that Journal
of Manufacturing Technology Management, Technologi-
cal Forecasting and Social Change, Industrial Market-
ing Management are in the central position, followed by
Journal of Business Research, International Journal of
Operations & Production Management, and other journals.
The top journals MIS Quarterly and Technovation are also
highlighted in the map, and although these two journals
have a relatively low volume of publications, they still
have a high impact in terms of the citation map. The color

@ Springer

of the circles in the map indicates the different clusters,
elaborated on later in the content analysis section.

In addition, to visualize the importance that each journal
places on this topic, the top 5 journals in terms of the num-
ber of articles published and the corresponding number of
articles published each year are plotted in a cumulative bar
chart (Fig. 5). The graph shows that the Journal of Manu-
facturing Technology Management and Technological Fore-
casting and Social Change are the top journals regarding the
number of articles published each year. At the same time,
the Journal of Manufacturing Technology Management and
Technological Forecasting and Social Change both have the
highest number of articles published each year. At the same
time, Industrial Marketing Management started to focus on
this topic in 2020, and the interest of each journal in the
topic of digital finance innovation in green manufacturing
is increasing year by year.

Country analysis

Table 3 shows the number of articles published by scholars
from different countries, among which the USA has 56 arti-
cles, far more than other countries, accounting for 18.92%,
followed by Germany, Sweden, the UK, Finland, Italy, and
China. This phenomenon is closely related to the acceler-
ated re-industrialization and subsequent development of
advanced green manufacturing technologies in developed
countries, driven by the new technological and industrial
revolutions since the second decade of the twenty-first cen-
tury. International trends also indicate that the era of high
reliance on labor in green manufacturing is coming to an end
and that intelligent green manufacturing is leading the devel-
opment of green manufacturing. The USA was the first to
announce a national strategic plan for advanced green manu-
facturing in 2012, elevating advanced green manufacturing
to a national strategy, followed by Germany, France, and the
European Union, which also began to deepen the integration
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Fig.4 Map of co-citation analysis based on journals

Fig.5 Journal-wise number of

articles in latest years JMTM - Journal Of Manufacturing Technology Management

TFSC - Technological Forecasting And Social Change

IMM - Industrial Marketing Management

50 1 JBR - Journal Of Business Research
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. . . . :
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Publish Year
of the network economy with the real economy and pro-  has the highest number of publications under the theme of

mote Internet-supported intelligent green manufacturing  digital finance innovation in green manufacturing. Overall,
production methods in the digital economy era. The USA  the number of articles published in developed countries is
was the first to begin strategic deployment, which is why it significantly higher than that in developing countries and is
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Table 3 Top 10 publishing countries

R Country TP %P TLCS TGCS
1 USA 56 18.92 50 1741
2 Germany 40 13.51 84 902
3 Sweden 34 11.49 87 668
4 UK 32 10.81 44 629
5 Finland 29 9.80 83 581
6 Italy 26 8.78 27 370
7 People’s Republic 23 7.77 1 138
of China

8 Switzerland 18 6.08 36 304
9 Spain 15 5.07 3 408
10 Brazil 14 4.73 25 309

also closely related to the progress of strategic deployment
in each country.

R rank, TP total publication, %P percentage, TLCS total
local citation score, TGCS total global citation score

In addition, Fig. 6 shows the collaborative relationships
between scholars from different countries. It can be seen that
co-authorship is prevalent in the USA, Germany, Sweden,

tawan

india

netheglands

the UK, and China, and scholars are actively seeking orches-
tration with foreign scholars, which effectively breaks the
geographical limitation of research and helps to enhance the
universality of theories. Based on the number of publications
and the frequency with which academics cite the literature
in these countries, we can surmise that this orchestration
has effectively contributed to the efficiency and quality of
research output.

Author and institution analysis

The authors of the literature influence the field to some
extent, especially as scholars with more publications in
high-quality journals tend to have keen insight and under-
standing of the field. Therefore, analyzing highly productive
authors and collaborative networks can help us identify core
authors, track the series of studies by that author, under-
stand the research lineage of a topic, and capture research
hotspots and research frontiers through the research content
of the core author’s research team. Table 4 shows the top
10 authors and their institutions according to the number
of publications. The local citation rate and the global cita-
tion rate of each author’s publications are also shown. The

usa
ausiria
frapce rma
gegmany
SR@n denmnark &
mewico

begzil england .

@y finland

cada norway
peopless china
sweden
southukorea
portugal
australia malaysia

ran

*., VOSviewer

Fig.6 Map of co-authorship analysis based on countries
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Table 4 Top 5 most productive g sy¢hor Institution TP %P  TLCS  TGCS
authors

1 Parida V Lulea University of Technology 14 4.80 56 294

2 Gebauer H Linkoping University 8 2.74 22 109

3 Kohtamaki M University of Vaasa 7 2.40 27 114

4 Sjodin D Lulea University of Technology 5 1.71 11 45

5 Kowalkowski C Hanken School of Economics 4 1.37 18 109

6 Wincent J Lulea University of Technology 4 1.37 21 151

7 Afum E Dalian Maritime University 3 1.03 1 8

8 Agyabeng-Mensah Y Dalian Maritime University 3 1.03 11 193

9 Ahenkorah E Regent University 3 1.03 16 106

10 Diaz-Chao A Rey Juan Carlos University 3 1.03 1 8

No. 1 author in terms of the number of articles published
is Parida Vinit, whose research focuses on digitalization,
servitization, and value co-creation in green manufactur-
ing companies, with 14 co-authored articles, accounting for
4.8% of the total number of articles published, and with the
highest citation rate. Of these, five have been published in
the Journal of Business Research, two in Industrial Market-
ing Management, two in Research-Technology Management,
and one in Technological Forecasting and Social Change.
The second most published author is Gebauer Heiko, whose
research focuses more on innovation in digital products, pro-
cesses, and business models, with eight co-authored publica-
tions accounting for 2.74 of the total literature. Kohtamaeki
Marko and Sjodin D ranked third and fourth, respectively,
regarding the number of posts.

R rank, TP total publication, %P percentage, TLCS total
local citation score, TGCS total global citation score

kamalaldin, a

linde, |
sjodin, d
wortmann, f
wingent, j N
lenka, s i V
p% gebauer, h
sjodip, dr -
baines, t huikkola, t
oghazi, p

A .
«'?}s\, VOSviewer

Fig. 7 Mapping of co-citation of authors

In conjunction with Fig. 7, it can be seen that
Kohtamaeki Marko and Sjodin D were the main collabo-
rators of Parida Vinit and Gebauer Heiko. It is worth not-
ing that Kohtamaeki Marko and Sjodin D have taken on
more first author roles, showing that they significantly con-
tribute to the field. In addition, the authorship of Table 4
shows that Parida Vinit, Sjodin D, and Wincent J are all
from the same scientific institution, Lulea University of
Technology, which has made a significant contribution and
influence in the field of digital innovation in green manu-
facturing. We have listed the critical literature, publication
dates, and journals they have worked on within Table 5
and can see that their research topics include the impact
of servitization, digitalization, and related capabilities on
corporate performance and business models.

sklyar, a

tronvoll, b
kowalkowski, ¢

paiola, mrapacgini, m

adrodegari, f
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Table 5 Major collaborative literature of Parida V, Sjodin DR, and others

Year  Author Title

Journal

2015 Parida V, Sjodin DR, Lenka S, Wincent J

Developing global service innovation capa-

Research-Technology Management

bilities: how global manufacturers address
the challenges of market heterogeneity

2017 Lenka S, Parida V, Wincent J

Digitalization capabilities as enablers of

Psychology & Marketing

value co-creation in servitizing firms

2018  Sjodin DR, Parida V, Leksell M, Petrovic A

Intelligent factory implementation and

Research-Technology Management, 2018

process innovation: a preliminary matu-
rity model for leveraging digitalization in

manufacturing

2019  Kohtamaki M, Parida V, Oghazi P, Gebauer
H, Baines T

2019  Sjodin D, Parida V, Kohtamaki M

Digital servitization business models in
ecosystems: a theory of the firm

Journal of Business Research

Relational governance strategies for advanced Journal of Business Research

service provision: multiple paths to superior
financial performance in servitization

2020  Sjodin D, Parida V, Kohtamaki M, Wincent J

An agile co-creation process for digital

Journal of Business Research

servitization: a micro-service innovation

approach

2020  Kohtamaki M, Parida V, Patel PC, Gebauer H The relationship between digitalization and
servitization: the role of servitization in

Technological Forecasting and Social
Change

capturing the financial potential of digitali-

zation
2021  Burstrom T, Parida V, Lahti T, Wincent J

Al-enabled business-model innovation and

Journal of Business Research

transformation in industrial ecosystems: a
framework, model and outline for further

research

Article analysis

In order to identify the lineage and focus of research on
digital finance innovation in green manufacturing, this study
chose LCS as a measure of the importance of the literature.
It used HistCite to identify the critical literature and the
cross-citation relationships between the literature. Table 6
lists the top 25 papers, authors, journals, year of publication,
and the number automatically generated by the software.
In addition, the citation chronology chart based on LSC
metrics is the most essential and distinctive visualization
feature of HistCite compared to other citation bibliometric
software programs. The citation chronology chart allows us
to visualize the horizontal and vertical exchange between
the literature under the field. Figure 6 shows the knowledge
mapping of the 25 most frequently cited documents selected
according to the LCS metrics. Each circle in the diagram
represents one document, the size of the circle is positively
correlated with the number of citations, and the arrow points
to indicate the citation relationship between the documents,
with the arrow pointing to the cited document and the end
of the arrow to the cited document.

In Fig. 6, longitudinally, the 25 key papers are spread
over the years 1999-2019, with an increasingly dense vein
of citation relationships over the last 5 years, indicating
increasing research activity in the field. In order to present

@ Springer

the research content of each node more concisely and clearly,
we have marked the titles of the literature near the nodes
and distinguished the keywords in the titles with different
colors. It can be found that the keywords in the title present
the following four main categories: orange for Industry 4.0,
IoT; red for servitization, business models, value creation,
etc.; blue for dynamic capabilities, innovation capabilities,
technological capabilities, etc.; and green for supply chain,
relationship management, etc.

Before 2015: laying the theoretical foundations
for servitization

As shown in Fig. 6, the red themes (servitization, service
innovation, etc.) have always been the focus of research in
these 20 years, and most of the literature with a high num-
ber of citations in the graph is also related to this branch of
the theme. In addition, the pre-2015 literature provides a
solid theoretical foundation and inspiration for the wealth
of research that followed. On the one hand, scholars have
deepened their research on the servitization of green manu-
facturing vertically, step by step, from servitization models
to servitization strategies to digital product-service systems
to the critical competencies required for servitization. On the
other hand, scholars have also tried to derive new research
perspectives horizontally.
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Table 6 Top 40 most cited publications

R

Date/author/journal/year

LCS GCS

1

10

11

12

13

14

15

16

17

110. Ghobakhloo M
The future of manufacturing industry: a strategic roadmap toward Industry 4.0
Journal of Manufacturing Technology Management, 2018

90. Coreynen W, Matthyssens P, Van Bockhaven W
Boosting servitization through digitization: pathways and dynamic resource configurations for manufacturers
Industrial Marketing Management, 2016

74. Lerch C, Gotsch M
Digitalized product-service systems in manufacturing firms: a case study analysis
Research-Technology Management, 2015

122. Muller JM, Buliga O, Voigt KI
Fortune favors the prepared: how SMEs approach business model innovations in Industry 4.0
Technological Forecasting and Social Change, 2018

43. Allmendinger G, Lombreglia R
Four strategies for the age of intelligent services
Harvard Business Review, 2005

129.Li L
China’s manufacturing locus in 2025: with a comparison of “Made-In-China 2025” and “Industry 4.0”
Technological Forecasting and Social Change, 2018

92. Lenka S, Parida V, Wincent J
Digitalization capabilities as enablers of value co-creation in servitizing firms
Psychology & Marketing, 2017

164. Kohtamaki M, Parida V, Oghazi P, Gebauer H, Baines T
Digital servitization business models in ecosystems: a theory of the firm
Journal of Business Research, 2019

165. Sklyar A, Kowalkowski C, Tronvoll B, Sorhammar D
Organizing for digital servitization: a service ecosystem perspective
Journal of Business Research, 2019

31. Wise R, Baumgartner P
Go downstream: the new profit imperative in manufacturing
Harvard Business Review, 1999

73. Parida V, Sjodin DR, Lenka S, Wincent J
Developing global service innovation capabilities: how global manufacturers address the challenges of market heterogeneity
Research-Technology Management, 2015

137. Frank AG, Mendes GHS, Ayala NF, Ghezzi A

Servitization and Industry 4.0 convergence in the digital transformation of product firms: a business model innovation perspec-
tive

Technological Forecasting and Social Change, 2019

138. Nascimento DLM, Alencastro V, Quelhas OLG, Caiado RGG, Garza-Reyes JA, et al.

Exploring Industry 4.0 technologies to enable circular economy practices in a manufacturing context: a business model pro-
posal

Journal of Manufacturing Technology Management, 2019

77. Bogers M, Hadar R, Bilberg A

Additive manufacturing for consumer-centric business models: implications for supply chains in consumer goods manufactur-
ing

Technological Forecasting and Social Change, 2016

107. Hasselblatt M, Huikkola T, Kohtamiki M, Nickell D

Modeling manufacturer’s capabilities for the internet of things

Journal of Business & Industrial Marketing, 2018

113. Sjodin DR, Parida V, Leksell M, Petrovic A

Intelligent factory implementation and process innovation: a preliminary maturity model for leveraging digitalization in manu-
facturing

Research-Technology Management, 2018

102. Kiel D, Arnold C, Voigt KI

The influence of the industrial internet of things on business models of established manufacturing companies - a business level
perspective

Technovation, 2017

26

23

20

18

14

13

12

11

11

10

10

10

10

173

118

107

175

176

189

78

37

47

625

58

83

95

139

21

40

69
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Table 6 (continued)

R Date/author/journal/year

LCS GCS

18 123. Reischauer G

8 68

Industry 4.0 as policy-driven discourse to institutionalize innovation systems in manufacturing

Technological Forecasting and Social Change, 2018
19 66. Holmstrom J, Partanen J

Digital manufacturing-driven transformations of service supply chains for complex products

Supply Chain Management-An International Journal, 2014
20 147. Sjodin D, Parida V, Kohtamaki M

Relational governance strategies for advanced service provision: multiple paths to superior financial performance in servitiza-

tion
Journal of Business Research, 2019
21 157. Horvath D, Szabo RZ

Driving forces and barriers of Industry 4.0: do multinational and small and medium-sized companies have equal opportunities?

Technological Forecasting and Social Change, 2019
22 170. Muller IM

Business model innovation in small- and medium-sized enterprises strategies for Industry 4.0 providers and users

Journal of Manufacturing Technology Management, 2019
23 65. Smith DJ

Power-by-the-hour: the role of technology in reshaping business strategy at Rolls-Royce

Technology Analysis & Strategic Management, 2013

24 163. Raddats C, Kowalkowski C, Benedettini O, Burton J, Gebauer H

Servitization: a contemporary thematic review of four major research streams

Industrial Marketing Management, 2019
25 196. Jerman A, Bach MP, Aleksic A

Transformation towards intelligent factory system: examining new job profiles and competencies

Systems Research and Behavioral Science, 2020

No. 31 paper by Wise and Baumgartner (1999) is pub-
lished in the Harvard Business Review, where the authors
argue that green manufacturing success is no longer based
on producing products but on providing services that cap-
ture the profits of customers at the end of the value chain,
and that intelligent green manufacturing is empowering
this new business model. The authors suggest that manu-
facturers redefine the value chain, think about green manu-
facturing strategies and vertical integration, and propose
four service-oriented business models: embedded service,
comprehensive services, integrated solutions, and distrib-
uted control. This literature emphasized the importance
of servitization in green manufacturing firms and laid the
theoretical foundation for later research by scholars inves-
tigating how green manufacturing industries can use digi-
tal and intelligent technologies to achieve serviced innova-
tion and improve firm performance. After a gap of 5 years,
Allmendinger and Lombreglia (2005) published No. 43
article in Harvard Business Review, proposing four busi-
ness strategies for intelligent servitization: (1) embedded
innovator continues to sell bundled services embedded in
previous products, remaining product-centric; (2) the solu-
tionist offers high-valued services related to the original
product, providing value to the customer by expanding the
range of services; (3) the aggregator focuses on data min-
ing, enhancing the company’s ability to gain insight into
opportunities through the data collection and centralized

@ Springer

processing and analysis capabilities of the control system;
and (4) the synergist pursues synergy by collaborating
with other devices to contribute more valuable data and
information. These four intelligent servitization strategies
provide direction for the servitization transformation of
green manufacturing companies in the digital intelligence
era. Ten years later, Lerch and Gotsch (2015) published
No. 74 paper describing the transformation path of compa-
nies based on the type of digital components and the type
of services: manufacturer—IT-based service provider—pure
digital service provider, providing digital (PSS). Moreo-
ver, the case study outlines three types of digital product-
service systems (PSS): intelligent service delivery, intel-
ligent product optimization, and digital brain. In the same
year, core author Parida et al. (2015) and others published
literature No. 73, which builds on the previous work to
explore in-depth the necessary capabilities for companies
to pursue servitization innovation from the perspective of
corporate capabilities, summarizing four key capabilities:
developing customer insights, integrating global knowl-
edge, creating global service offerings, and digital build-
ing capabilities. Ultimately, it is emphasized that service
innovation in the digital era requires green manufacturing
companies to strengthen their interaction with external
partners and customers, integrate internally across depart-
ments, and fully integrate internal and external resources.



Environmental Science and Pollution Research (2023) 30:61340-61368

61353

Beyond 2015: theoretical construction and practical
exploration in the era of Industry 4.0

The proliferation of literature after 2015 thoroughly cites the
previous literature and begins to show three main branches:
(1) a focus on the relationship between servitization, busi-
ness models, and value creation in green manufacturing; (2)
the critical competencies needed for digital innovation in
green manufacturing; and (3) a focus on supply chain man-
agement and sustainability in green manufacturing in the
context of digital innovation.

In 2016, Bogers et al. (2016) in literature No. 77
focused on the impact of digital green manufacturing tech-
nologies (additive green manufacturing, rapid prototyping,
and 3D printing) on the logical shift in green manufac-
turing business models, where the authors captured that
the supply chain in green manufacturing began to shift
from centralized to decentralized and business models
became more open, i.e., from being centered on the pro-
duction of goods to being centered on the consumer. The
three papers in Fig. 8 that appeared in 2017 looked at the
impact of IoT on green manufacturing business models
(#102), the facilitative relationship between digitization
and servitization (#90), and the capabilities required for
value co-creation (#92). Notably, in paper No. 90, Corey-
nen et al. (2016) explore three paths of servitization that
green manufacturing firms can achieve through dynamic

1999 (2)

resource allocation in different digital contexts: industrial,
commercial, and value servitization. Industrial servitiza-
tion means that suppliers gain new knowledge by opti-
mizing their internal business processes and translate it
into value-added services for their customers. The com-
mercialization of services means that green manufacturing
companies develop customer-facing digital platforms to
capture customer needs and enhance product innovation by
bridging front-end and back-end processes and harnessing
customer knowledge. Value servitization refers to creating
new digital products using a more dynamic, disruptive,
and innovative business model by leveraging integration
capabilities. This is in contrast to the servitization paths
proposed in papers No. 31 and No. 43, where the authors
no longer limit themselves to the types of services that
green manufacturing can provide, but rather refine dif-
ferent path options for the servitization of green manu-
facturing in the digital context, from the perspective of
the different stages of the enterprise’s production process
and value creation with other subjects, which reflects the
inheritance and development of the theory. Since 2018
and 2019, various literatures have not only enriched their
research methods but also worked on new perspectives,
based on adequate citations of previous literature, address-
ing the issue of digital innovation in the context of Indus-
try 4.0 (Nos. 110, 122, 123, 107, and 129), the issue of
relational governance in digital finance innovation (Nos.
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147 and 170), and the ecosystem of digital. The servitiza-
tion phenomenon (Nos. 164 and 165) is examined.

This section focuses on the citation relationships of the
critical literature to find the lineage of research on digital
innovation in green manufacturing. In the next section, we
will use VOSviewer to conduct an econometric analysis of
the literature titles, abstracts, and keywords to find clusters
of research under the topic and explain specifically the main
elements of each research cluster.

Content analysis

In order to find the branches of research under digital finance
innovation in green manufacturing, we used the function of
VOSviewer text analysis to perform a textual analysis of
the titles and abstracts of the literature and visualize their
network relationships (Fig. 9). At the same time, overlay
visualization (Fig. 10), which reflects temporal changes, was

fourth industglal revolution
iot

circular economy

smartservice

new business model

digital servitization

plotted according to the starting time of the appearance of
each keyword.

Cluster 1 (red): digital finance innovation,
servitization, and business model

The keywords in cluster 1 consist mainly of the words cor-
responding to the yellow and red nodes. Table 7 shows all
the keywords under this cluster, as well as the frequency
of each keyword in conjunction with other keywords
(total link strength), the frequency of the keyword itself
(occurrences), and the average number of citations (avg.
citations). According to Table 7, this cluster focuses on
digital finance innovation, servitization (service, servitiza-
tion, digital servitization, Intelligent service), and business
models (new business model, business model innovation,
value creation, value proposition, ecosystem, competitive-
ness). Meanwhile, according to Fig. 10, it can be seen
that studies on the topic of products, suppliers, services,
and consumers start the earliest, showing the darkest blue,
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Fig. 10 Overlay visualization of keywords

followed by studies on ecosystems, value co-creation, and
participants, which start to appear in yellow and green.
In recent years, the hot topics of research have been the
digitalization of services and business model innova-
tion. These keywords are shown in red on the map and
are closely related to the trends in green manufacturing,
which, in the early years, focused more on the production
of products and then began to focus on the relationship
with suppliers and consumers. With the advancement of
the servitization strategy, an ecosystem is gradually form-
ing between the green manufacturing industry and its
upstream and downstream, co-creating value with multi-
ple entities and continuously reshaping business models.
In recent years, digital and intelligent technologies have
led to the convergence of digitization and servitization.
From the back end of green manufacturing, companies can
enhance operational performance and improve production
processes through digital technologies, such as automa-
tion. The digitalization of the front end can then better
enable multi-entity value co-creation by sharing informa-
tion between the customer and the supply side (Coreynen
et al. 2016), thus continuously promoting the intelligent
transformation of green manufacturing.

Under this cluster, scholars have applied different theo-
retical lenses to dissect value creation in digital finance inno-
vation in green manufacturing. (1) Under the product-led
logic, value creation revolves around exchange value, with
green manufacturing companies more concerned with pro-
ducing and acquiring products. In the process of exchange,
services are defined by green manufacturing companies as
an addition to the product, the understanding of which
depends on the product itself and its production and delivery
processes. Corporate innovation at this point comes mainly
from supplier capabilities, diffusing from internal to external
sources. (2) With the development of service marketing, the
customer-centric marketing paradigm has advanced the evo-
lution of the service paradigm, and products and services are
gradually being differentiated. In the service-dominant logic
proposed by Vargo et al., service is corporate competitive-
ness achieved in terms of behavior, process, and perfor-
mance for the mutual benefit of stakeholders, where value is
co-created by the customer and the company; i.e., the cus-
tomer is involved in the production process of value. At this
point in the value relationship and exchange value, use value
also becomes a concern for the firm, and the innovation ori-
entation of the firm begins to spread from external
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Table 7 The keywords of
cluster 1

Cluster Label Total link Occurrences Avg. citations
strength

1, red and yellow Service 199 50 62.98
Product 178 56 64.03
Customer 143 35 62.37
Business model 112 28 48.17
Provider 92 23 35.56
Servitization 77 18 28.72
Value creation 65 16 30.37
Actor 61 15 24.26
Ecosystem 55 14 27.21
Digital servitization 45 10 30.2
Response 45 9 17.66
Value proposition 40 10 18.1
Dynamic 38 10 239
Boundary 36 10 22.1
Intelligent service 35 8 29.25
Competitiveness 34 11 8
Business model innovation 32 6 49.33
Germany 23 8 36.25
Stakeholder 23 5 5
New business model 21 7 127.2
Digital innovation 20 7 14.85

consumers to internal ones (Grieger and Ludwig 2019). In
a service-led logic, green manufacturing companies can ben-
efit from orchestration with different players in a network of
players to enhance their digital finance innovation capabili-
ties. In addition, green manufacturing companies digitize the
assets of buyers and suppliers through the integration of
machines, algorithms, information networks, etc., to achieve
resource liquefaction and create value by fully mobilizing
the resources of internal and external players to come up
with new value propositions. Finally, green manufacturing
companies transform customer engagement into corporate
innovation capabilities by integrating resources in informal
customer interactions. In this process, digital technologies
need to be matched with a firm’s ability to integrate and
collaborate resources to stimulate digital innovation
(Goduscheit and Faullant 2018). (3) In system-led logic,
value creation is derived from the interaction between prod-
ucts and services and the scenarios in which they are located,
and corporate innovation is primarily interactive and sys-
temic. Although service ecosystems emphasize the process
of interaction and orchestration between multi-subject par-
ticipants and in-service ecosystems, integration within green
manufacturing firms plays a vital role in the digital finance
innovation of firms. Intelligent products are equipped with
monitoring, control, optimization, and autonomy functions,
thus empowering companies to provide intelligent services
in terms of behavior, processes, and performance. An
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intelligent service system is a concept that builds on intel-
ligent products and intelligent services and refers to a system
with intelligent products that integrate the resources and
activities of relevant participants as boundary objects.
Increasingly, green manufacturing companies are building
intelligent service systems to make the transition from pro-
viding integrated solutions to providing modular solution
businesses (Rajala et al., 2018) and providing intelligent
services to providing platforms. This places new demands
on companies’ IT capabilities, platform-related capabilities,
and relationship management capabilities (front-end con-
sumers, platform providers, and back-end service providers).
The technology platform strategies of green manufacturing
companies provide new avenues for orchestrating multi-actor
resources in the ecosystem. The ecosystem revolves around
a platform core that is simultaneously stable and homogene-
ous to respond to highly variable market demands using the
standardized components of the platform. (4) In the theory
of the firm, scholars have used resource-based view, power
dependency approach, organizational identity, and transac-
tion cost approach theories to gain insight into the dynamics
of corporate decision-making in the process of digital ser-
vitization. As the boundaries of a company change from
product supplier — industrializer — integrated solution
provider — results provider — platform provider, the com-
petencies required, the voice in the chain, organizational
identity, investment, and the business environment are all
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changing. Furthermore, digital innovation makes it neces-
sary for companies to iterate their business models and coor-
dinate the business models of other players in the ecosystem.
(5) Under the availability theory, green manufacturing com-
panies can perceive the characteristics of their strategic goals
and IoT technologies, perceive the match between the two
through technology availability, and thus explore the oppor-
tunities for action in the technology to achieve their corpo-
rate goals. Differences in firms’ perceived capabilities also
bring about differences in how they use digital technologies
for innovation and outcomes at different stages. In the trans-
formation of green manufacturing companies, servitization
and Industry 4.0 are the two dominant trends. The former is
driven by the demand side and focuses on adding value to
the customer, while the latter is driven by technology and
focuses on adding value to the green manufacturing process.
Therefore, developed a conceptual framework linking ser-
vitization and Industry 4.0, matching nine ways of digital
innovation for green manufacturing firms based on three
levels of servitization (smoothing, adaptation, and replace-
ment) and three levels of digitization (low, medium, and
high). The theory of availability provides a reasonable expla-
nation for the rationality of the framework; i.e., firms use
different features of digital technology at different stages to
match the level of service and ultimately achieve digital
innovation at each stage of the firm’s life (Frank et al. 2019).
(6) In the business model theory, scholars have focused on
the fact that green manufacturing firms are revolutionizing
their business models through digital technologies (e.g., arti-
ficial intelligence, 3D printing) (Burstrm et al. 2021). Some
scholars have focused on the profitability of business mod-
els, such as Barua et al. (2004), who demonstrated empiri-
cally that traditional firms are using the Internet to change
the way they align value with stakeholders to improve cor-
porate performance. Gebauer et al. (2020) found through a
case study that the business models of green manufacturing
companies went through three dynamic stages of develop-
ment, enhancing products, creating customer value, and
integrating product portfolios to increase corporate revenues
under a “hardware+” logic and a platform logic, respec-
tively. Another group of scholars focused on the value crea-
tion network of business models and studied the impact of
Industry 4.0 on the business models of green manufacturing
companies in terms of value creation. For example, Kiel
et al. (2017) found that the degree of impact of the industrial
internet of things (IIoT) on the business models of green
manufacturing firms was in the following order: value struc-
ture, value proposition, relationships, core competencies,
partnerships, cost structure, channels, consumers, and rev-
enue. Subsequently, Miiller et al. (2018) revealed the impact
of the three dimensions of Industry 4.0 (advanced digitaliza-
tion of processes, Intelligent green manufacturing, and sup-
plier-customer relationships within the value chain) on the

three dimensions of the business model (value creation,
value delivery, and value capture) aspects. They ranked them
in order of impact: essential resources, value proposition,
partners, revenue, cost, activity, and channel (Miiller, 2019).
Also draws consistent conclusions regarding critical part-
ners, activities, resources, value proposition, relationships,
costs, and revenues when analyzing the most advanced busi-
ness models in the construction industry. When business
models break through the boundaries of individual firms and
the value logic shifts to a consumer-centric approach, green
manufacturing firms are more likely to achieve open-mode
innovation through collaboration and synergy in the ecosys-
tem and thus optimize their business models in four ways:
efficiency, complementarity, lock-in, and innovation (Bogers
et al. 2016). The value logic has also changed (from mass
production — mass customization — personalized
production).

Cluster 2 (blue): digital finance innovation, dynamic
capability, and performance

The keywords in cluster 2 consist mainly of the keywords
corresponding to the blue and purple nodes. Table 8 shows
specifically the keywords under this cluster, as well as the
frequency of each keyword in conjunction with other key-
words (total link strength), the frequency of the keywords
themselves (occurrences), and the average number of cita-
tions (avg. citations). According to Table 8, this cluster
focuses on digital innovation (digitization, information tech-
nology), corporate capability (ability, dynamic capability),
and corporate performance and digital finance (performance,
firm performance). At the same time, according to Fig. 10,
the research on IT and service innovation starts first, with the
darkest blue color. This is followed by studies on marketing,
integration, and datafication, which appear in sky blue. In
recent years, the hot topics of research have been corporate
performance, competitive advantage, and dynamic capabili-
ties, with these keywords appearing in yellow and red on
the map. This indicates that green manufacturing companies
are increasingly recognizing that technological innovation
alone is not enough. They need to match the correspond-
ing corporate capabilities to transform their resource and
technological advantages into competitive advantages and
thus achieve the ultimate goal of improving corporate per-
formance. Therefore, in recent years, scholars have gradually
started to explore what new competencies companies need
to have in the context of digital servitization (e.g., digital
competencies, intelligent competencies, orchestration com-
petencies, platform competencies).

Further reading of the literature in cluster 2 reveals
that there is already literature examining how different
competencies of green manufacturing firms influence firm
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Table 8 The keywords of

Cluster Label Total link Occurrences Avg. citations
cluster 2 strength

2, blue and purple Relationship 200 63 21.87
Performance 133 41 27.78
Manufacturing firm 130 31 21
Market 99 30 26.43
Digitization 66 17 78.59
Ability 52 15 39.93
Interaction 52 15 48.67
Competitive advantage 46 14 10.14
Service innovation 43 8 20.38
Value chain 42 13 74.31
Firm performance 39 9 50.11
Information technology 39 13 50.46
Organization 32 11 5.45
China 19 9 35.67
Dynamic capability 14 5 2.6

performance in the context of digital finance innovation,
where the firm’s competencies and connotations are shown
in Table 9. Empirical results show that (1) the service-
related capabilities of green manufacturing firms can lead
to collaboration, integration, and coordination across
regions and departments and with customers or partners,
which, in turn, drives performance improvement (Parida
et al. 2015). However, this requires the use of innovation
governance strategies (SjoDin et al., 2018) and digital
capabilities (Martin-Pea et al., 2019), among others, as
mediating variables to unlock the benefits of servitization
in green manufacturing firms. (2) In the context of digital
finance innovation, companies need to digitally upgrade
their existing technological capabilities, employee skills,
marketing capabilities, etc. For example, the results of
Nasiri et al. (2020) showed that digital workforce and
orchestration capabilities show a positive relationship with
corporate financial performance. Hasselblatt et al. (2018),
Biichi et al. (2020), and Szasz et al. (2020) confirm that
green manufacturing companies with a broader and more
proficient range of Industry 4.0-related technologies such
as IoT tend to have better operational performance and
business performance and can more take full advantage
of the opportunities presented by Industry 4.0. The IT
capabilities, IT systems (Zhang and Hartley 2018), and
ATM technologies of these companies enable them to
increase their production capacity, push the boundaries of
traditional production activities, and thus improve their
performance (Szalavetz, 2018). In addition, firms that are
more absorptive, more entrepreneurial, and more proactive
tend to more fully transform technological advantages into
corporate competitiveness (Rehman, 2020). (3) Dynamic
capabilities are a strong focus for scholars of enterprise
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capabilities. Web capabilities, orchestration capabilities,
and platform capabilities can all be considered as part of
dynamic capabilities. Platform capabilities refer to the
ability of firms to deploy internal and external resources
based on the Internet, which helps them integrate and allo-
cate resources, share knowledge, and respond to highly
variable market demands. Network capability is the ability
of an organization to create internal and external interde-
pendencies to respond to external changes. Orchestration
capabilities refer to the ability of firms to set goals, legiti-
mize them, and build corresponding expertise at different
stages of development. Due to the complexity of digital
technology, dynamic capabilities are essential for compa-
nies to internalize their various resources into a competi-
tive advantage in a highly volatile environment. In addi-
tion, during internalization, the institutional environment
of the organization and the learning ability of individuals
determine the extent of knowledge acquisition, which is
relevant in terms of the firm’s ability to develop its dynam-
ics (Jiang et al. 2020). The dynamic capabilities of com-
panies with a high level of digital transformation maturity
often provide strategic guidance to companies in terms of
process, technology, organization, and transformation (Lin
et al. 2020). (4) Digital innovation capabilities, on the one
hand, act as a mediating mechanism between the external
environment and firm performance (Hanelt et al., 2020).
On the other hand, it can also act as a direct antecedent to
sales performance and customer relationship improvement
(Kolbe et al. 2021). As a dependent variable for firms,
digital innovation is often influenced by the capabilities
mentioned earlier, such as the level of digital technology,
digital analytical capabilities, and organizational variables
(Saldanha et al. 2017).
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Table 9 Firm capabilities mentioned in the articles

Firm capability Concept Source
1 Service innovation Service innovation strategies involve the ability to develop new
service offerings that create value for customers
Servitization The process of increasing value by adding services to products Martin-Pea et al. (2019)
3 Digitalization Digitalization refers to the growing use of digital technology in green
manufacturing
4 Intellectual capital Intellectual capital is an intangible resource that can generate value

in the future, including human capital, relational capital, and struc-
tural capital

5  Technology standardization capability Technology standardization focuses on the formation of technology  Jiang et al. (2020)
standards, motivation, the initial factors, the impact factors, the
formation process of technology standards, and the competition and
diffusion of standards at the industrial level

6  IT capability It includes IT infrastructure flexibility, which has developed the tech-
nological base on which current and future IT applications are built,
and IT technical skills, which constitute the know-how required to
develop IT applications by using existing technology and to operate
them either to provide a service or to make the products

7  Absorptive capacity ACAP refers to the ability of a firm to acquire, assimilate, transform,
and exploit knowledge-based resources

8  Digital platform capability It represents the ability to deploy ICT-based resources in combination
with other internal and external resources

9  Network capability It refers to the coordination of groups and individuals that share a
standard structure and an expected result, the internal communica-
tion of the external knowledge, the relational skills for handling
diverse individuals, and the partners’ knowledge

10 Networking capability The ability to develop and deploy a network to accomplish spe-
cific goals focused on the acquisition of complementary external
resources
11 Digital-related human capability The boundless employee capabilities enable people to operate in the ~ Nasiri et al. (2020)

digital era with adaptable mindsets, skillsets, and digital know-how
12 Digital-related collaboration capability The bundle of firm capabilities created by digitality through collabo-
rative activities with both external and internal partners
13 Digital-related technical capability The bundle of firm capabilities that facilitate technological imple-
mentation and operation in the digital era
14 Digital-related innovation capability The boundless firm capabilities generate new knowledge, new prod-
ucts and services, and new solutions through digitalization
15 Digital innovation capability Digital innovation is defined as creating new market offerings or Hanelt et al. (2021)
changes that result from the use of digital technologies

@ Springer



61360

Environmental Science and Pollution Research (2023) 30:61340-61368

Table 9 (continued)

Source

Dynamic capability is an organization’s capacity to purposefully
create, extend, or modify its resource base to achieve sustainable
advantages through adaptation to the changing shape of the external

Zeng et al. (2017)

Dynamic capabilities comprise 3 broad clusters: sensing opportu-
nities (and threats), seizing opportunities, and transforming by
organizing resources and renewing organizations to their relevant

Lin et al. (2020)

The ability to optimize manufacturing processes with advanced tech-
nologies enables new value creation in operations, supply chain,

The ability to connect intelligent machines, storage systems, and
production facilities can facilitate information exchanges and data
analyses to predict failures and independent configurations

The capabilities to implement suitable strategies in a changing envi-
ronment, including intelligent manufacturing transformation and
developing organizational capabilities, must include top manage-
ment support and decision-making, talent, workforce training, and

The capability to transform the abstract Industry 4.0 concept into a
practical application and evaluation of process systems

Firm capability Concept
16 Dynamic capability
environment
business model
17  Process capability
and product life cycle
18  Technology capability
19  Organizational capability
education and knowledge
20 Transformation capability
21 Digitally transforming capability

The capability of executing a digital transformation strategy, includ-
ing digital-savvy skills, digital intensity, and context for action and

interaction

22 Innovation capability

Innovation capability is the organization’s ability to gather informa-

Zhang and Hartley (2018)

tion and create the knowledge needed to develop and implement
new products, processes, and services

23  Global service innovation capability

The development of global service innovation capabilities, grouped

Parida et al. (2015)

across 4 dimensions: developing global customer insights, integrat-
ing global knowledge, creating global service offerings, and build-
ing global digitalization capabilities

24 Digitalization capability
analytic capabilities
25 IoT capability

IoT capabilities are identified as digital business model development,

Digitalization capabilities include intelligence, connection, and

Hasselblatt et al. (2018)

scalable solution platform building, value selling, value delivery,
and business intelligence and measurement

26 Orchestration capability

Orchestration capabilities are necessary to ensure co-evolution,

albeit with a different interpretation depending on the platform
development stage, including targeting capability, legitimizing and
envisioning capability, and expertise building capability

Cluster 3 (green): digital finance innovation,
Industry 4.0, and supply chain management

The keywords in cluster 3 consist mainly of the keywords
corresponding to the green nodes. Table 10 shows specifi-
cally the keywords under this cluster, as well as the fre-
quency of each keyword in conjunction with other key-
words (total link strength), the frequency of the keywords
themselves (occurrences), and the average number of ref-
erences (avg. citations). According to Table 9, this cluster
focuses on digital finance innovation, Industry 4.0 (artificial
intelligence, process innovation, intelligent factory, intelli-
gent green manufacturing), and supply chain management
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(supply chain management, circular economy, IoT). Mean-
while, according to Fig. 10, it can be seen that research about
the Internet started earliest, showing sky blue. Immediately
afterward, research on process innovation and supply chain
management appeared, showing a green color. In recent
years, the research hotspots have been topics related to
intelligent green manufacturing, and these keywords appear
yellow and orange on the map, which is in line with the
overall transformation trend in green manufacturing. From
the Internet era to the information age to the current digital
intelligence era, the green manufacturing industry has con-
stantly been using new technologies to achieve industrial
upgrading and iteration.
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Table 10 The keywords of

Cluster Label Total link Occurrences Avg. citations
cluster 3 strength

3, green Artificial intelligence 20 5 12
Automation 37 10 32.5
Big data 34 9 19.89
Circular economy 26 5 38.8
Efficiency 42 13 19.08
4th industrial revolution 27 10 13.6
Internet 112 31 29.68
10T 50 12 8.75
New technology 23 7 17.29
Process innovation 30 8 31.25
Intelligent factory 23 7 11
Intelligent manufacturing 31 14 18.86
Supply chain management 31 8 34.38

The literature in cluster 3 is structured around the con-
text of Industry 4.0. (1) Industry 4.0 is the fourth industrial
revolution led by intelligent green manufacturing, with ICT,
IoT, and CPS as the technological basis for the intelligent
transformation of green manufacturing, resulting in a verti-
cally integrated and networked green manufacturing system.
Intelligent factories and intelligent production are the two
main themes of Industry 4.0. The former focuses on the real-
ization of intelligent production systems and processes and
networked distributed production facilities. The latter deals
with the management of production logistics throughout
the enterprise, human-machine interaction, and the applica-
tion of 3D technology in industrial production processes.
Along with the new era of digital, intelligent, and automated
technologies, intelligent factories facilitate communication
between factories and markets through automated mecha-
nisms such as interconnection with users and other physical
devices, thus making possible a new wave of green manu-
facturing innovation (Sjodin et al. 2018). Intelligent facto-
ries can have a range of benefits such as improved process
efficiency, product quality, sustainability, safety, and cost
reduction, resulting in a transformative technological and
organizational impact on green manufacturing companies
(Cagliano et al. 2019). Scholars have found that the depth
and breadth of Industry 4.0 are closely related to the growth
opportunities for companies (Biichi et al., 2020). However,
most companies still lack insight into the challenges and
resources for implementing intelligent factories in the tran-
sition from traditional to intelligent green manufacturing
(Shi et al. 2020). Therefore, there is a need to reinvent a
business model that can “self-adapt, responding to external
stimuli and triggering digital finance innovation through its
flexibility and adaptability”. On the one hand, technological
innovations can increase the opportunities to develop intel-
ligent products and create an innovation ecosystem focused

on intelligent products (Kahle et al. 2020), while on the other
hand, innovations at the organizational level, such as soft
corporate capabilities, are seen as equally important, such
as continuous learning, flexibility, creativity, and analytical
skills. (2) The era of Industry 4.0 has placed new demands
on the supply chain management of green manufacturing
enterprises. The first is to meet personalized demand, where
companies need to connect with customers, suppliers, and
logistics service providers to effectively link upstream and
downstream services and organizations to respond quickly
to consumer demand. The second is flexible production
through intelligent networking for production that provides
high-quality services. Then, there is modular and distributed
production, decentralized through automation technology.
Finally, there is standardization to gain synergies across
the supply chain in the ecosystem. In the literature related
to supply chain management, scholars have mainly studied
the impact of Industry 4.0-related technologies (AM, 3D
printing, Al etc.) on the efficiency, processes, practices, and
performance of supply chain management. Managing stake-
holder relationships in the supply chain has always been a
vital issue in the field, so the importance of synergies can-
not be overstated. Intelligent applications, intelligent sys-
tems, etc., optimize supply chain business processes through
digitization and automation of supply chain management
(Hartley and Sawaya 2019), improve management efficiency
(De 2021), reduce collaboration costs, and enhance supply
chain performance in integration, operations, procurement,
and distribution (Abdirad and Krishnan, 2020). In addition,
digital green manufacturing technologies have brought
about fundamental changes in the way companies produce
and deliver their products, resulting in a shift in value logic
towards a customer-centric focus along with a shift from a
centralized to a decentralized supply chain, resulting in a
more open business model (Bogers et al. 2016). Agile and
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lean supply chain management practices can significantly
improve corporate performance (Raji et al. 2021). In the
process, supply chain sustainability, green human resource
management, and supply chain environmental cooperation
tend to promote positive contribution of supply chain man-
agement practices to corporate market performance and
financial performance (Agyabeng-Mensah et al., 2020),
while information quality, information security, information
systems, and information leakage may harm them (Vafaei-
Zadeh et al., 2020). (3) Industry 4.0 is also closely related
to the circular economy and offers new sustainable business
models for the development of a circular economy for com-
panies (Nascimento et al., 2018). Blockchain technologies
and digital technologies (e.g., IoT, big data, data analytics)
are seen as critical factors in driving the circular economy,
and technologies related to Industry 4.0 effectively increase
the efficiency of resource use and productivity (Kristoffersen
et al. 2020). The emergence of intelligent green remanufac-
turing concepts also offers new opportunities for resource
recycling and value recreation, which can effectively enrich
the product range (Kerin and Pham 2020).

Framework: digital finance innovation-
intelligent servitization—capability

Theory logic

Based on the abovementioned literature review, this paper
proposes a path for realizing digital finance innovation
in green manufacturing enterprises. In the digital econ-
omy, innovation in green manufacturing can no longer
be advanced in the traditional sense of a linear process
approach, but by companies using digital infrastructure,
relying on platforms, lending to innovation ecosystems,
forming unique value paths by integrating data resources,
and creating value with heterogeneous players. This inno-
vation model, known as “digital finance-innovation,” has
reshaped the logic of value creation in companies. Namb-
isan et al. (2017) argue that the essence of digital finance
innovation is the dynamic process of “problem-solution”
matching, including the matching of digital technologies,
capabilities, and products. How companies use the digital
infrastructure and coordinate heterogeneous players within
the platform to participate in the process together is funda-
mental to the successful implementation of digital finance
innovation. In the era of digital intelligence, the findings
offer a research idea of “intelligent servitization - orches-
tration capability - digital finance innovation.”

The application of digital intelligence in service inno-
vation is a long-term trend. Both Germany’s Industry 4.0

@ Springer

strategy and the Made in China 2025 strategy have made
intelligent servitization an important goal in developing
advanced green manufacturing, significantly acceler-
ated by the global epidemic that broke out in early 2020.
Intelligent servitization reflects the importance of digital
intelligence technology and encompasses a vital strategy
of enterprise intelligence and servitization, manifested in
a high degree of integration between digital technology
innovation and enterprise management innovation. In addi-
tion, orchestration functions are becoming increasingly
important for companies undergoing intelligent green
manufacturing and service transformation, and orchestra-
tion is a key to facilitating the collaborative evolution of
network participants and capturing value.

Regarding the antecedents of digital finance innovation,
there are several drivers, with Abrell et al. (2016) suggest-
ing in a B2B context that how firms manage various types
of customer knowledge and user knowledge is an essential
antecedent of digital technology innovation. Divide digital
finance innovation generation into four stages: initiation,
development, application, and exploitation. The start-up
phase involves developing a digital strategy, organizing
digital resources, and improving digital capabilities. The
development phase requires open innovation, situational
interaction, and continuous iteration, and in the applica-
tion and development phase, the value network needs to
be redefined and organized for change. In addition, the
most direct mechanisms driving digital innovation are
distributed, combinatorial innovation, and multi-subject
platforms with digital capabilities that are a key to digital
innovation. The former implies that digital finance innova-
tions often result from collecting and recombining digi-
tally coded information across organizational boundaries.
At the same time, the latter refers to the fact that new
digital solutions often integrate existing modules through
embedded digital capabilities or fuse different modules
with the same criteria (Ciriello et al. 2018). As digital
innovation becomes more embedded within organizations,
summarize the sufficient factors for digital innovation:
organizational capacity, organizational structure, organi-
zational culture, and digital technology mix. Nasiri et al.
(2020) empirically investigated the positive relationship
between firm capabilities and digital innovation. It can
be seen that the drivers of digital finance innovation can
be summarized as technological, capability, and strategic
factors.

Intelligent servitization and digital finance innovation

Intelligent servitization is the provision of technology-
enabled services that rely on digital components embed-
ded in physical products (Bustinza et al. 2015), enabling
value creation and capture through monitoring, control,
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optimization, and autonomous functions. Therefore, the
concept of intelligent servitization reflects the importance
of intelligent technology as well as encompassing essential
strategies for the intelligence and servitization of companies,
which overlap with the drivers of digital finance innova-
tion mentioned above. In addition, intelligent servitization
focuses on improving the efficiency of products and services
through digital technology (components) on the one hand. It
can develop a competitive advantage and enhance the effec-
tiveness of companies through digital technology on the
other hand. Research on intelligent servitization and digital
finance innovation is divided into studies on impact effects
and impact mechanisms. Some studies illustrate the critical
role of intelligent services for product innovation based on
theoretical analysis or case studies at the level of innovation
performance. For example, Symrise uses intelligent solu-
tions to improve product development efficiency and nov-
elty through ample data storage and analysis. Using methods
such as regression analysis, some studies have explored the
relationship between intelligence services and firms’ innova-
tion performance and found that digital services can enhance
both financial and non-financial (innovation performance)
performance of firms. It has also been argued that the rela-
tionship between servitization and business performance is
not simply linear but shows an inverted U-shaped functional
performance. Scholars argue that intelligent services can
improve enterprise output and productivity by optimizing
traditional factors and nurturing high-end factors at the level
of innovation mechanisms. That orchestration mechanism
based on the perceptiveness, connectivity, personalization,
and dynamism of intelligent services influences manage-
ment and performance innovation. It can be seen that there
is a positive correlation between intelligent servitization and
digital finance innovation, but the form and extent of the
impact vary in different contexts.

Orchestration capabilities and digital finance innovation

In the era of digital intelligence, the green manufacturing
industry is gradually forming an ecosystem by building a
digital platform by revolutionizing the traditional way of
resource interaction and value distribution. The value net-
work between multiple actors such as suppliers, compa-
nies, and consumers is becoming increasingly complex. In
this value network, orchestration capabilities are gradually
becoming an essential factor in the ability of companies to
transform internal and external resources into a competi-
tive advantage and promote the orchestration evolution of
the participants in the organizational network (Forkmann
et al. 2018). Research on orchestration capabilities is not
yet long in coming, primarily exploratory case studies and
lacking in quantitative research. There is less research on
empirical relationships and measurement, and propositions

are mostly made but not yet tested. Dhanaraj and Parkhe
(2006) argue that the higher the level of hub firm synergy,
the greater the output of network innovation. Excellence in
orchestration capabilities facilitates the ability of firms to
successfully innovate and capture sufficient value to achieve
superior long-term financial performance (Teece 2007). In
future-oriented value creation, orchestration capabilities are
needed to seek incremental and breakthrough innovations
and new business opportunities (Ritala et al., 2009). In the
paper, Helfat and Raubitschek (2018) suggests that inno-
vation and sensing/scanning capabilities in orchestration
capabilities facilitate platform leaders to exploit opportuni-
ties and respond to threats and that integration capabilities
facilitate the design and transformation of business models,
reduce transaction costs, narrow the boundaries of platform
leaders, expand the boundaries of ecosystems, capture more
value, and enhance positive cross-edge network effects and
thus create value. Mitera found that network capabilities
positively affect firm performance, that product innovation
plays a partially mediating role, and that relationship propen-
sity plays a positive moderating role in the effect of network
capabilities on product innovation. It is thus clear that there
is an important positive influence of orchestration capabil-
ity in the innovation process of firms, but the mechanism
of influence varies, with some scholars using it as a direct
driver and others using it as a mediating or moderating fac-
tor; therefore, this study includes orchestration capability as
a critical variable in the research model.

Theory model construction

In order to construct a theory of digital finance innovation
realization paths in green manufacturing enterprises, this
paper identifies critical conceptualizations and the relation-
ships between them and then further divides them into dif-
ferent dimensions based on the existing literature and opera-
tionalizes them through a model.

First of all, academics mainly classify digital finance
innovation as product innovation, service innovation, pro-
cess innovation, and business model innovation. Digital
innovation changes the nature and structure of an enter-
prise’s original products and services and changes the way
value is created and the path of value distribution. The
essential logic follows the theoretical paradigm of S-O-R;
i.e., in the context of intelligent service delivery, digital
technology becomes the driver of change for companies,
which internalize digital technology into corporate capabili-
ties and then take a series of transformative measures that
bring new ways of creating value and realizing value for
the company. As digital technology and firm capabilities
work together to ultimately bring about an increase in the
amount of firm value, this study provides a new classifica-
tion of digital finance innovation types from value creation.
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Firstly, value creation can usually be decomposed into two
levels: the increase in value and the emergence of new ele-
ments, adding new products and services (Lepak and Smith
2007). The digital economy has several characteristics of
value creation, such as efficiency, convergence, and rebirth
(Teece 2018).

This paper, therefore, classifies digital innovation into
three types: efficient, generative, and convergent. Efficient
digital innovation performance means that firms use digital
technologies and corporate capabilities to improve the effi-
ciency of business activities to create value, where no new
elements emerge in the process of increasing the volume
of value, where the optimizing effect of digital technolo-
gies is marginal and diminishing, and where the innovation
performance brought about is continuous and progressive.
However, no new products or business models emerge. Gen-
erative digital innovation performance means that companies
use digital technologies and corporate capabilities to gener-
ate new value-creating elements for the enterprise. In this
phase, the orchestration capabilities and value co-creation
between multiple entities allow users to increase the cross-
border integration between co-creation and sharing, expand-
ing the path to enterprise value creation and value realiza-
tion. Convergent digital innovation performance refers to
digital technologies and enterprise capabilities to reshape a
company’s competitive advantage through the convergence
and generation of iterative corporate business models. The
availability of digital technologies and the interconnected
components of intelligent services bring convergence and
generation to business innovation when disruptive value
creation mechanisms will lead to business model disrup-
tion and innovation (Skog et al. 2018) and can drive overall
industry transformation and upgrading.

Secondly, this study refers to Frank et al.’s (2019) clas-
sification of enterprise service types and digitization levels,
combined with the different stages of servitization as sum-
marized by Jiamian Tian et al., and ultimately, the level of
intelligent servitization of green manufacturing enterprises
is classified into three stages, namely non-digital serviti-
zation, digital servitization, and intelligent servitization.
In the transition phase from non-digital to digital services,
companies focus on a cost leadership strategy. The absorp-
tion of new knowledge comes mainly from internal staff,
independent research and development, and the extraction of
experience from daily operations and management. Service
improvement at this time still relies, on the one hand, on the
management and labor skills of the firm. On the other hand,
it is beginning to shift towards reliance on digital technol-
ogy. Digital platforms are beginning to play an essential role
in shifting from digital to intelligent servitization. Green
manufacturing companies use the front-end online trad-
ing platform and the back-end digital production platform
to carry out value coordination activities and leverage the
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platform to drive digital innovation. As companies move
into the intelligent services phase, they will further integrate
resources in the ecosystem to provide future-proof intelligent
services.

Finally, in the context of the platform, the literature has
broadly categorized the synergy capabilities of companies
into strategic targeting capability, legitimizing and envision-
ing capability, and expertise building capability. This study
adopts Jiamian Tian’s definition of the dimensions; i.e., tar-
get capability is the ability of a firm to deploy resources and
formulate development plans in various areas (production
management, product development, and design, marketing,
etc.). Innovation in the positioning of green manufacturing
companies helps internal employees and external stakehold-
ers to better identify the organization’s identity. Legitimizing
and envisioning capability is when companies commit and
assign the proposed value vision and vision through a legiti-
mizing contract to guarantee the distribution of value that
attracts participants from within and outside the network.
Expertise building capability offers the possibility for com-
panies to realize the value vision presented in the previous
phase. By acquiring and assimilating new knowledge and
digesting and using it to provide professional services (solu-
tion services, technical advice, etc.), companies can stimu-
late the innovative power of the members of their networks.

With the increase in the level of intelligent servitization
of companies and the high level of orchestration capabili-
ties, the type of innovation in companies has evolved from
traditional non-digital innovation to digital innovation. In
enabling digital innovation in companies, digitization and
servitization enable companies to improve process efficiency
due to their transition to digital services. At the same time,
advanced orchestration capabilities allow companies to
focus on fostering partner trust, managing value conflicts,
and legitimizing strategic objectives, thus guaranteeing effi-
cient digital innovation. Along with transforming enterprises
into intelligent services, the intelligent upgrade of digital
technology brings about digital service innovation in enter-
prises. Collaborative capabilities step into a high stage and
the knowledge embedding and structural embedding of
other multiple subjects, such as consumers, enhance the
ability of enterprises to develop products and thus improve
digital product innovation performance, both of which are
generative digital innovations. Finally, when the company’s
intelligent service and orchestration capabilities reach high
levels simultaneously, the company will achieve business
model innovation, form a unique competitive advantage, and
obtain integrated digital innovation. In summary, this paper
proposes a digital innovation realization path in the frame-
work of intelligent servitization—collaborative capabilities
(Fig. 11).
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Conclusion
General findings

This paper identifies research hotspots, research lines, and
research clusters under this topic through a literature analy-
sis of digital innovation in green manufacturing enterprises.
Using bibliometrics, we identified the most influential jour-
nals on this topic, namely Journal of Manufacturing Tech-
nology Management, Technological Forecasting and Social
Change, Industrial Marketing Management, and Journal
of Business Research. The most influential research teams
are those of Parida V, Sjodin DR, and others, and the most
influential literature, among other things. In terms of the
research lineage, 2015 is taken as a rough time divider, with
the research before this laying the theoretical foundation for
the servitization of green manufacturing enterprises. The
research after this focuses on theoretical construction and
practical exploration in the context of Industry 4.0. In terms
of research clustering, it can be divided into three main
categories, namely (i) digital innovation, servitization, and
business models; (ii) digital innovation, enterprise capabili-
ties, and performance; and (iii) digital innovation, Industry
4.0, and supply chain management. This paper classifies the
types of digital innovation from the perspective of value
creation and distills the realization paths of digital innova-
tion in green manufacturing enterprises under the perspec-
tive of intelligent servitization and collaborative capabilities.
This paper classifies the types of digital innovation from
the perspective of value creation and distills the realization
paths of digital finance innovation in green manufacturing
enterprises under the perspective of intelligent servitization
and collaborative capabilities.

Limitations and future research

This paper has limitations in the following areas. Firstly,
as the core idea of the bibliometric approach is to deter-
mine the importance and influence of a document by the
number of citations it receives, the algorithm itself has cer-
tain limitations. This will make it possible for us to fail to
identify some of the most recently published and valuable
literature. This paper is aware of this problem and has tried
to avoid this error in literature identification and analysis by
manual screening and close reading, but there may still be
some omissions. Secondly, the subject of this paper is green
manufacturing companies, resulting in the applicability of
our findings in other industries still to be verified. Thirdly,
digital finance innovation is still a young topic, and scholars
are still in the proliferation phase of their research, so the
findings of this paper may need constant adjustment and
refinement in the future. Fourthly, the digital finance inno-
vation realization path proposed in this paper is obtained by
extrapolation based on literature analysis, and the theoretical
framework needs to be further verified in the future through
case studies or empirical methods to verify its validity.

In order to fill the gaps in existing research and better
understand digital finance innovation in green manufactur-
ing companies, this paper proposes the following future
research directions. Firstly, there is an urgent need for fur-
ther development of conceptual measures related to digital
finance innovation. The theoretical foundations of digital
finance innovation have been developed mainly by academ-
ics, but the related scales are not mature and need to be
improved. The lack of scales will prevent scholars from
testing and refining theories through empirical methods.
Secondly, it focuses on the driving and influencing mecha-
nisms of digital finance innovation in green manufacturing
enterprises. Based on the service theory and dynamic capa-
bility theory, this paper initially proposes the realization path
of digital finance innovation. However, on the one hand,
the complex internal mechanisms still need to be further
explored and refined by case studies, and on the other hand,
the driving and influencing mechanisms of digital finance
innovation still need more exploration and analysis. Thirdly,
digital finance innovation is an interdisciplinary topic that
requires us to integrate knowledge from multiple disciplines,
such as computing, management, and economics, to conduct
research. Therefore, in the future, we should try to use cross-
border theories and methods to provide better explanations
for the digital finance innovation activities of companies.
Fourthly, there is still a need for more advanced research in
digital finance innovation in green manufacturing. As digital
finance innovation is an emerging concept, no universal suc-
cess stories have yet emerged in practice. Therefore, we need
to conduct case studies of representative enterprises to show
the similarities and differences between different enterprises
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to refine influential theories better and guide the practice of
enterprises through the a priori nature of theories.
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