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During the 14th Five Year Plan period, the green transformation of China’s

economic growth mode has become the top priority under the carbon peak

and carbon neutrality goal. As an important focus of green transformation and

development, manufacturing enterprises need to carry out green innovation to

cope with the dual pressure of resource and environmental constraints and

supply side structural contradictions. Based on the perspective of business

ecosystem theory, this study uses fsQCA method to analyze the A-share listed

manufacturing enterprise clusters in China’s Yangtze River Delta economic belt

and the middle reaches of the Yellow River economic belt. The research found

that: 1) Manufacturing enterprises engaged in green innovation has the

characteristics of multi causality and concurrence, and there are mainly four

driving paths of high performance level. 2) The vision of management and

investment is the core supporting factor of green innovation performance. The

business ecosystem structure, which combines environmental supervision and

competitors’ green innovation concerns, is the core driving structure of

enterprise green innovation. 3) Compared with the academic experience of

senior executives, the driving effect of environmental investment plays a greater

role in improving the level of innovation performance. The innovation of this

study is to introduce the green investment vision of managers and the green

innovation concerns of stakeholders into the research framework of green

innovation driving paths of manufacturing enterprises, explore different green

innovation paths across case sets, and discuss the heterogeneity of the impact

of each path on the level of green innovation performance, providing a practical

plan of green innovation for managers of manufacturing enterprises, and help

them understand which business ecosystem elements can promote efficient

green innovation.
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1 Introduction

Since the reform and opening up, China’s economy has

continued to develop at a high rate and has become one of

the world’s economic powerhouses. The rapid development of

the primary industry also means that China’s economy is facing

the problem of resource and environmental pollution. The report

of the 19th National Congress of the Communist Party of China

states that the construction of an ecological civilisation cannot be

ignored, and the 14th Five-Year Plan also lists “double carbon” as

a key target for pollution prevention and control. Based on this,

implementing the concept of sustainable development and

promoting green development-oriented economic and social

transformation is an important development task for China at

present. Under the definition of the United Nations Environment

Programme (UNEP), green transformation is considered to be

based on circular economy, with the construction of ecological

civilisation as the main guide, and green development as the

banner to change the development mode to sustainable

development, so as to achieve resource conservation,

environmental friendliness, ecological balance, and

harmonious development of man, nature and society. The

manufacturing industry, as the main body of China’s real

economy, promotes the efficient and green development of

the manufacturing industry, which is the key path to achieve

China’s economic and social transformation (Zhai and An,

2020). In view of this, to promote the green transformation of

China’s economy and develop a green economy, manufacturing

enterprises must be the key entry point to promote the green

innovation. At the same time, Manufacturing also affects

emissions from other sectors by participating in the supply

chain. At present, it is developing in the direction of high

technology, and the relationship between industries is

becoming more and more complex (Li, 2018). Therefore,

studying green innovation from the perspective of product

supply chain and exploring specific green innovation paths

are very important steps in the process of reducing carbon

emissions in China’s manufacturing industry (Tian et al.,

2018). This paper focuses on the manufacturing industry and

examines the key factors driving the green innovation of the

manufacturing industry, aiming to provide effective suggestions

for enterprises to build a sustainable business ecosystem and

accelerate the green innovation, so as to help China’s economic

green transformation and upgrading.

Previous studies on green innovation in the literature have

mainly focused on the macro level, but there are few analyses

based on the micro perspective. The existing literature on the

factors influencing green innovation can be summarised into two

dimensions: external constraints and internal management, such

as environmental regulation, media supervision and corporate

governance, but the research onmanagement’s investment vision

and stakeholders’ concern for “green upgrading” is not deep

enough. This paper innovatively examines the incentive effects of

environmental regulation, management’s investment vision and

stakeholders’ green concerns on the enterprise green innovation

from three dimensions, which is an enrichment and deepening of

the existing theories. Secondly, from an internal perspective, the

enterprise green innovation performance is a concrete measure

to achieve sustainable development, and from an external

perspective, it is a necessary path for the construction of

ecological civilisation in China. By searching for a business

ecosystem that promotes the enterprise green innovation

performance, this paper can provide effective strategic

suggestions to enterprise managers and point the way for

enterprises to accelerate their innovation and upgrading.

2 Literature review

The organization for economic cooperation and

development (OECD) defines green innovation as the creation

and implementation of products and services, production

processes, marketing methods, organizational structures and

institutional arrangements that can improve the environment.

Green economic growth emphasizes the coordinated

development of economy and environment under the

constraints of resource-carrying and environmental capacities

(Wang et al., 2022). Only by harmonising the relationship

between the enterprise and nature, the enterprise and the

external environment and the enterprise itself can the green

innovation of the enterprise be promoted, which means that the

green innovation of the enterprise is inextricably linked to the

business ecosystem in which it operates and that its promotion is

a complex and dynamic process.

In recent years, scholars at home and abroad have

conducted a series of studies on the driving factors affecting

the enterprise green innovation. On the one hand, many

scholars believe that enterprises are driven to adopt green

innovation strategies by internal and external synergies.

Delmas and Montiel (2009) suggest that energy saving and

emission reduction by firms is mainly driven by internal

pressure. Yang (2018) argues that external institutional

pressures drive organisations to green management. Ribeiro

et al. (2022) suggests that organisational structure affects the

efficiency of a firm’s green behaviour. Cuerva et al. (2014) found

that the resource commitment of corporate management

influences whether a company is actively engaged in

environmental management change. Wang and Song (2017)
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studied the impact of reverse outsourcing on green technology

progress. Kimata and Itakura (2021) studied the impact of

technological capabilities on corporate responsibility for

environmental protection. On the other hand, Cheba et al.

(2022) found that some scholars also start their research from

the necessary paths for enterprises to implement the

innovation, mainly in terms of information technology,

government regulation, academic innovation and industrial

chain to suggest the path of green innovation for enterprises,

and that the way and performance level of enterprises to carry

out green innovation depends on the level of their R&D and

innovation capability. However, the innovation and upgrading

of companies requires not only the optimisation of production

and operational processes, but also top-down changes in

organisational structures, and these initiatives are predicated

on significant green investments by management.

Based on this, Osagie et al. (2016) suggest that under

environmental pressure from the external environment and

internal strategies, companies are more reactive in

implementing green innovation measures. These initiatives

include not only the development of green products, but also

the introduction of the concept of ‘cleaner production’. At the

same time, the negative externalities of the environment make it

difficult for competing micro-enterprises to make the green

transition through market mechanisms alone, while

government environmental regulation can act as an external

driver of the green transition by exerting cost pressures on

enterprises from the outside (Du et al., 2021). Chan (2010)

found that the preference orientation of management within a

company towards environmental protection will significantly

drive the adoption of environmentally friendly strategies. In a

subsequent study, Chan et al. (2012) also found that

management’s environmental orientation not only promotes

green cooperative interactions between firms and suppliers,

but even enhances the green transition orientation of industry

competitors. While exploring the factors influencing the green

innovation of a company from within the company, scholars

usually look at it from the perspective of management

governance, for example. Homroy and Slechten (2019)

indicate that there is a significant correlation between the

environmental experience and academic competence of

corporate executives and corporate environmental

performance, with executives taking decisions to enhance

environmental investments for corporate reputation reasons.

At the same time, some scholars, taking into account the

voluntary nature of environmental information disclosure,

found that senior managers, affected by their educational

background and age, have strong discretion in green

innovation decision-making and environmental information

disclosure, which will affect the green innovation performance

of enterprises (Ma et al., 2019). Therefore, the enterprise green

innovation performance is not only quite relevant to external

environmental regulations, but also inextricably linked to the

managerial awareness and social responsibility of the internal

management of enterprises.

In addition, if a firm has operational problems during capital

expansion, such as high adjustment costs, it will not be able to

make timely and sound decisions on green investments based on

the external environment, and may be discouraged from making

green investments. Wang et al. (2018) found that in actual

production, if technological progress is divided into

production technological progress and green technological

progress, enterprises’ R&D investment in green technology

will inevitably reduce the progress rate of production

technology. So as to affect the production and operation

decision-making and business performance of enterprises.

This is a key element in the process of implementing a green

innovation strategy for companies.

To sum up, most of the existing relevant studies on the

driving factors of green innovation in enterprises only focus on

the single value of many potential influencing factors of green

innovation, that is, the marginal net effect in regression analysis,

but ignore the complex synergy among many important factors.

In addition, the research on the characteristics of managers at the

enterprise level is limited, and it also ignores the heterogeneous

effects brought by different stakeholders. In this paper, we also

discuss the compound driving path of enterprise green

innovation performance from the four dimensions of

manufacturing enterprises, governments, competitors and

consumers, and explore the dynamic mechanism of

enterprises’ implementation of open green innovation under

the collaborative driving effect of government supervision, top

managers’ green investment vision and stakeholders’ green

innovation concerns. At the same time, taking the A-share

listed manufacturing enterprises in the Yangtze River Delta

and the middle reaches of the Yellow River as cases, the

fsQCA method is used to reveal the diversified paths and

driving mechanisms that lead to the differences in the

performance of green innovation of manufacturing

enterprises, so as to provide managers with the core driving

path and action reference of enterprise green innovation, and

help managers of manufacturing enterprises deeply understand

the underlying logic of green innovation, It can be used for

reference to promote the high-quality development of

manufacturing enterprises.

3 Theoretical foundations and
analytical framework

As defined by the United Nations Environment Programme,

green innovation is an economic model of sustainable long-term

development based on improving human well-being and social

equity, and minimizing environmental hazards and ecological

scarcity (Beckers et al., 2012). For China, to realize the green

transformation of the whole economy, enterprises are the landing
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point and the way to break the ice. Eiadat et al. (2008) believe that

the green innovation of companies is related to many factors,

such as government environmental regulation, the importance of

managers and the pressure of stakeholders. Therefore, based on

the business ecosystem theory, this paper examines the incentive

effect of environmental regulation, management’s investment

vision and stakeholders’ green attention on enterprise green

innovation from three dimensions, and constructs a research

framework of enterprise green innovation ecosystem, in order to

further clarify the driving mechanism to promote the

performance of enterprise green innovation.

3.1 Business ecosystem theory

Moore (1996) was the first to introduce biological principles

into the field of organisational strategy research, arguing that in an

era of dissolving industry boundaries, the business ecosystem is the

main source of competition faced by firms, i.e. a firm’s competitive

advantage depends on the importance of the business ecosystem in

which it operates. And to achieve a change in the economic

development model, it is necessary to take enterprises as the

landing point for change. Only through green innovation can

manufacturing enterprises gain a competitive advantage.

However, due to the fickleness of the external business

ecosystem, enterprises are no longer in the original static

system, and the process of blindly and spontaneously seeking

innovation is subject to a series of internal and external constraints

such as capital, technology and policy, and the cost of trial and

error is too high. This means that companies have to be part of the

entire business ecosystem, strengthen their ties with external

governments and internal stakeholders, optimise their own

organisational structure, integrate resources through the

ecosystem, and form a symbiotic coupling between the

company and all parties. At the same time, the business

ecosystem in which an enterprise is located is the operational

vehicle for the green innovation of manufacturing enterprises.

Green innovation is not only a strategic change to the traditional

economic model, but also a strategic innovation to address the

contradiction between negative externalities and the external

environment. By promoting the coupling between government,

internal management, competitors and consumers in the business

ecosystem, green innovation can accelerate the efficient recycling

of technology, talent and capital based on green concepts in the

entire business ecosystem, thus improving the green performance

of the entire business ecosystem and the innovation performance

of other enterprises in the system, and stabilising the resource

allocation pattern in the system.

Thus, there is not just a unilateral orientation between

corporate green innovation and the business ecosystem, but a

circular network formed through organic integration, as shown

in Figure 1:

On this basis, this paper suggests that the main factors that

facilitate the green innovation of companies can be grouped into

three dimensions: environmental regulation, management’s

investment horizon, and stakeholders’ green concerns.

3.2 Enterprise green innovation

The concept of green innovation is guided by the concepts of

“green economy” and “green development”, and is seen as an

FIGURE 1
A business ecosystem framework map based on internal and external stakeholder influence.
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idea for transforming development in response to natural

resource constraints. Green innovation is an innovation

composed of new or improved products, processes, services

and management. It can not only add value to customers and

enterprises, but also significantly reduce the adverse impact on

the environment. In recent years the concept has matured and

improved through continuous development and change, and

green innovation has become a key path for companies to

gain a sustainable advantage in the blue ocean competition.

The green innovation of an enterprise is essentially a strategic

transformation that can match the external development

environment and pursue its own sustainable growth, and is

also an all-round change that covers all aspects of the green

development concept and economic development model, and is a

policy measure for the synergistic development of the economic

and environmental management of the enterprise (He et al.,

2021). From a micro perspective, the green innovation is a

process of “strategic change”, focusing on the behaviour of the

various organisational structures of the company under a green

philosophy. Green innovation requires institutional, cognitive

and environmental support to achieve. Therefore, this paper

argues that corporate green innovation refers to a strategic

change in the economic model that is driven by the concept

of green development and driven by policies, strategies and

stakeholders to promote sustainable development.

3.3 Environmental regulation

For the government, environmental regulation is an efficient

policy tool for environmental governance, which will have a

certain degree of impact on the green innovation of

manufacturing enterprises, but this impact is also multi-

faceted as there are differences in the time dimension of

measurement. In the short term, companies need to upgrade

their equipment and processes in order to meet the requirements

of environmental management and change their high pollution

and energy consumption production patterns, thus incurring

significant green investment costs and weakening their short-

term competitiveness. However, as environmental regulations

become more stringent, the cost of green innovation can reduce

the cost of environmental penalties in the long term and increase

the efficiency of resource use and productivity, bringing

sustainable economic and environmental benefits to the

company. The theory of organisational legitimacy is often

used to explain the motivations for corporate behavior, with

organisational legitimacy usually referring to the degree to which

social activities are regulated by laws, regulations, values, customs

and so on (Suchman, 1995). Environmental legitimacy refers to

the desired level of performance of a company’s environmental

behaviour (Mahadeo et al., 2011). In terms of organisational

legitimacy theory, environmental legitimacy mainly comes from

government regulatory pressure, stakeholder pressure and media

public opinion pressure, etc. Depending on the source, it can be

divided into two levels: formal and informal. Wang et al. (2021)

found that environmental regulation will affect the resource

allocation and legitimacy of enterprises, and then affect

productivity and innovation performance. Environmental

legitimacy is one of the key influencing factors in the

enterprise green innovation. This is reflected in the fact that

companies often make additional environmental-related

investments to improve their green transition performance in

order to maintain their legitimacy.

Formal environmental legality (government regulation). Li

et al. (2022) found that external pressures stemming from

government regulation can prompt firms to adopt green

management practices. Government regulation is an

important form of formal environmental legitimacy, whereby

the government puts external pressure on companies to make a

positive green transition by setting relevant environmental

regulations and policies. It has been shown that the legitimacy

pressure from the government level is a significant positive driver

for companies to make the green transition. On the one hand, in

the face of external political pressure exerted by governments,

companies will take the initiative to engage in green innovation

activities in order to increase their own environmental

legitimacy. Of these, manufacturing companies, which tend to

prevent pollution, will pay more attention to the impact of

government environmental regulations (Buysse and Verbeke,

2003). On the other hand, in addition to green innovation

and research activities, companies also adopt strategies such as

energy saving and emission reduction to minimise their pollution

efforts. In other words, government regulation contributes

significantly to the green performance of companies in the

context of green innovation as a strategy to cope with external

pressures. Under the pressure of formal environmental

legitimacy, companies will spend more on environmental

protection in their production processes and actively adopt

green innovation strategies, thereby gaining legitimacy and

thus the “innovation compensation effect” (Porter and Linde,

1995). Therefore, this paper argues that with increased

government regulation, companies will be subject to greater

formal environmental legitimacy, meaning that they will make

significant investments in green technology innovation, i.e. a

positive driver for enterprise green innovation.

3.4 Management green investment vision

The negative externalities of pollution and the uncertainty of

business operations expose companies to unknown economic

risks, which in turn has a deterrent effect on the promotion of

green innovation. Capital support is therefore also an important

driver of enterprise green innovation. When external investors

consider a company’s green performance through its annual

report, the investment in environmental protection is often used
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as a measure of the cost to management of adopting a green

transition versus the fines incurred as a result of the company’s

polluting behaviour, thus driving the extent of green research and

development. At the same time, the choice of key decisions for

corporate management is mostly the result of behavioural factors

and is not an economically optimal rational choice. Shnayder and

Van Rijnsoever (2018) conclude from management research that

the choice of corporate strategy is influenced from the top due to

the often heterogeneous mental models of managers. In the

cognitive school of strategic management, Hambrick and

Mason (1984) developed a higher-order theory of strategic

decision making, the core of which is that executives react in

a highly personal way according to the decision moment they are

in, and from this they derive highly personal actions, i.e. their

decisions contain many of their own inherent characteristics of

personality, experience and values. Furthermore, higher order

theory is respected in academic circles because it is essentially an

information processing theory and because it can systematically

explain how executives make decisions with limited rationality. It

can be argued that the green investment behaviour adopted by

firms depends heavily on the expertise of corporate executives

and the goals they focus on when assessing strategic issues, so the

academic background of corporate executives can be used as a

focus for studying their influence on corporate green investment.

Therefore, this paper selects the driving effect of corporate

environmental investment and the academic experience of

executives as a reflection of management’s green investment

vision to promote enterprise green innovation.

3.4.1 The driving effect of environmental
investment

Based on a resource-based view perspective, it is argued that

an important driver influencing corporate innovation is capital

resources. It is found that under the pressure of informal

environmental regulations such as media public attention,

significant capital investment can propel firms to undertake

green technology research and development. Given this, the

size of the environmental capital invested by firms will be

directly linked to their level of innovation performance.

However, while the impact of environmental investment has a

direct effect on green transition performance, it also has an

indirect effect, based on a signalling theory perspective. The

media’s attention to the potential pollution behaviour of

companies not only exposes them to a siege of negative public

opinion, but may also lead them to passively induce punitive

mechanisms in the market, or even administrative penalties

(Zhao et al., 2022). Under such pressure, companies often

have to resort to public relations to deal with a greater degree

of reputational crisis, but this approach does not address the root

causes of the negative effects. Instead, for a more sustainable

approach, companies will signal to the media public that they are

proactive in environmental protection through internal

environmental investments, creating an image of active

environmental responsibility (Berman and Bui, 2001). In

particular, companies’ investments in environmental

protection are often used to develop green technologies such

as clean energy or energy-efficient products, which can effectively

influence public perception and evaluation of the company, thus

allowing the company to turn the tide of public opinion (Mohr,

2002; Brunnermeier and Cohen, 2003). With environmental

protection in the minds of the people, public awareness of

environmental protection has increased like never before this

year, so that manufacturing companies pay high attention to

environmental protection public opinion. Not only that, but the

media public will even take the initiative to monitor companies

involved in pollution, based on the principle of interest-

orientation (Makdissi and Wodon, 2006). The increased

investment in environmental protection by companies under

pressure can therefore effectively deal with the “negative effects”

of public opinion in the media, creating a “compensatory effect”

on innovation and increasing the incentive for companies to

innovate green through a negative feedback mechanism (Arouri

et al., 2012). This shows that there is a positive effect between the

environmental investment decisions taken by the management of

a company and its green innovation performance. When

companies make relatively high levels of investment in

environmental protection, the consequent increase in

environmental reputation makes the “compensatory effect”

outweigh the “crowding-out effect” and provides an incentive

for further green research and development. Thus,

management’s choice of environmental investment decisions,

i.e. management’s green investment horizon, has a significant

contribution to the green innovation of the company.

3.4.2 Executive academic experience
The academic experience of executives refers to the track

record of executives who have taught at universities, conducted

research at research institutes or scientific societies. Bamber et al.

(2010) define the executive team as the executives who are

directly involved in making decisions for the company, such

as the chief executive officer, general manager and chief financial

officer. Executives with academic experience have the right

qualities in terms of education, practical experience, social

resources and values that are necessary for top management,

which can significantly contribute to the development of green

investment activities. Managers’ personal capabilities are often

associated with their ability to act on innovation activities, and

their risk tolerance is positively correlated with their personal

capabilities, so that more capable executives are better at making

more rational choices when making decisions, suggesting that

managerial capabilities have an impact on the level and efficiency

of corporate innovation. It is therefore of theoretical importance

to explore the relationship between executives’ academic

experience and corporate green innovation, and this paper

argues that having executives’ academic experience is also one

of the important drivers of corporate green innovation.
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3.5 Stakeholders’ “green innovation
concern”

Stakeholder theory has been around since 1960 and was first

introduced to management and economics by the American

scholar Ansoff (1964), who suggested that companies must

weigh up the relationships between their many stakeholders

and their conflicting claims in order to develop a more rational

corporate strategy, including insiders, suppliers and distributors.

Companies that fail to gain the support of their stakeholders in a

competitive business environment will not be able to achieve

sustainable and smooth growth, suggesting that not only the

direct investors in the company, but also other stakeholder

groups outside the company have an impact on the operation

of the business. Freeman (1984) extended stakeholder theory by

arguing that the scope of stakeholders could be extended to groups

that are influenced in the process of realising the vision of the firm.

Quintelier et al. (2021) found that stakeholders not only have an

influence on business strategy, but also have certain legal or ethical

constraints on the business and their claims will be brought to the

attention of the business management. In the process of resource

allocation, companies can only achieve win-win results if they

form a balance of interests with their stakeholders. In a context of

unprecedented social awareness of environmental protection,

companies cannot ignore the growing environmental sentiment

of consumers and competitors. Therefore, companies must be

aware of the role played by stakeholders in their development and

establish good links with them in order to achieve long-term green

and sustainable development. Based on this, this paper

deconstructs stakeholder green concerns into consumer green

innovation concerns and competitor green innovation concerns,

and analyses them in detail in the following paragraphs.

3.5.1 Consumers’ “green innovation concern”
Consumer green innovation concern refers to the fact that

consumers attach great importance to environmental issues and

use a company’s environmental green innovation performance as

an important indicator to evaluate the legitimacy or reputation of

the company concerned. Annunziata et al. (2019) argue that

companies’ promotion of their own environmental advice can

increase the depth of consumers’ understanding of

environmental protection and thus have a positive impact on

consumers’ green consumption transition. His study found that

the carbon emissions of manufacturing firms decreased as

consumers’ low-carbon preferences increased, and that

increased consumer awareness of environmental protection

would facilitate the achievement of firms’ environmental goals

in the supply chain. In addition, consumer activity also has a

countervailing effect on the production activities of companies.

Consumers’ interest in green innovation increases their demand

for green products, which generates external normative pressure

on companies to innovate green. Normative pressure is the

legitimisation of behaviour based on commonly understood

and defined norms (Larson, 1991). Regulatory pressures are

spread mainly through the network of channels in the

business ecosystem, i.e. “supplier-business-consumer” (Li and

Ding, 2013). In practical terms, however, consumers are often

more dominant than suppliers. The above consumer demand for

green products is in fact a normative pressure for companies to

adopt green innovation activities, and driven by this normative

pressure, companies will further promote enterprise green

innovation in order to secure their dominant position in the

market mechanism and their own reputation. This paper

therefore argues that the normative pressure for

environmental protection can be transmitted to the companies

concerned through consumers’ concern for green innovation,

which in turn influences enterprise green innovation.

3.5.2 Competitors’ “green innovation concern”
Competitor green innovation concern refers to the fact that a

firm’s competitors in the industry take environmental issues very

seriously and use a firm’s green innovation performance as an

important indicator to evaluate the legitimacy or reputation of

peer firms. Competitors’ concern for green innovation can create

imitative pressure on manufacturing firms (Hofer et al., 2012).

That is, firms will imitate their more legitimate and reputable

counterparts in order to gain an advantageous position in the

competitive market mechanism (Li and Ding, 2013). On the one

hand, the increased attention of competitors to green innovation

will increase their own legitimacy and bring a corresponding threat

to the enterprises themselves, so that enterprises will strengthen

their innovation and research and development of green

technologies in order to gain a higher legitimacy. On the other

hand, competitor green innovation concerns have a greater impact

on the effectiveness of government regulation and consumer green

innovation concerns, and firms will be favoured by the resource

and opportunity advantages brought about by institutional

homogeneity to further adopt green innovation behaviours.

Therefore, this paper argues that competitor green innovation

concern will bring imitative pressure on enterprises, which will in

turn lead them to practice green concepts and increase

environmental protection investment, so as to achieve

enterprise green innovation performance.

In summary, this paper proposes an analytical framework to

promote the green innovation factors of enterprises, as shown in

Figure 2 Analytical framework of factors driving enterprise green

innovation performance.

4 Research design based on a hybrid
approach of fsQCA and NCA

4.1 Research methodology

Qualitative Comparative Analysis (QCA) is a case-oriented

approach that was developed by the American sociologist Ragin
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in 1980. This paper uses a hybrid approach of fuzzy set

Qualitative Comparative Analysis (fsQCA) and Necessary

Condition Analysis (NCA) to explore the elements of the

business ecosystem that influence the green innovation of

companies. fsQCA method is based on algebraic and Boolean

logic to compare and analyse cases. Given the small sample size

and complexity of the companies selected for this paper, the

fsQCA approach can reveal the complex causal relationships

between the occurrence of a given outcome and the combination

of conditions at play. The NCA method can test whether a

condition is necessary for a particular outcome, while

compensating for the inability of the fsQCA method to

analyse the amount of necessary condition effects (Dul, 2016).

The aim of this paper is to explore the effective path of

enterprise green innovation performance based on a group

perspective under the combined effect of multiple factors. The

reasons for choosing a mixed approach of fsQCA andNCA are as

follows: First, the enterprise green innovation performance is a

process influenced by many complex antecedents, and there are

multiple causal relationships. Unlike traditional regression

analyses, which explore the “net effect” of specific factors

from a single perspective and do not consider the linkage

effects of multiple factors, the fsQCA approach can take into

account multiple interacting variables, allowing the asymmetric

causality problem to be resolved. Secondly, there is a diversity of

pathways through which green innovation occurs. Different sets

of variables may lead to the same outcome. The fsQCA method

can effectively analyse the impact of multiple factor

combinations on the outcome in a holistic perspective

through a two-way analysis (Fiss, 2011). Thirdly, the NCA

approach can test the necessity of the purpose of this paper’s

research, i.e. that none of the antecedent variables can produce

the necessary drivers of corporate green innovation, but rather

the interaction forms a grouping that has an impact on corporate

green innovation.

4.2 Samples and data

This paper focuses on A-share listed manufacturing

companies in the Yangtze River Delta Economic Zone and the

Middle Yellow River Economic Zone. This is mainly because the

Yangtze River Delta has become the manufacturing center of the

world, the advanced manufacturing industry in the central cities

of the economic zone in the middle reaches of the Yellow River

has begun to take shape, and the innovation ability of emerging

manufacturing cities has significantly increased, which has

important practical significance and research value. Firstly,

due to the unavailability of data on the industry as a whole,

this paper focuses on the more representative manufacturing

industry as the target industry for the study. Secondly, in order to

ensure the availability of data for subsequent research, A-share

listed manufacturing companies in the Yangtze River Delta

Economic Zone and the Middle reaches of the Yellow River

Economic Zone were selected based on the 2012 industry

classification standards of the China Securities Regulatory

Commission, and companies with financial abnormalities such

as ST and PT, as well as those with missing or incomplete data on

key variables, were excluded.

The data in this paper were obtained by searching

professional databases and hand-screening. Specifically, the

proxy variable for formal environmental legitimacy

(government regulation) was the China Pollution Source

Regulation Information Disclosure Index (PITI) published on

FIGURE 2
Analytical framework of factors driving enterprise green innovation performance.
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the website of the Public Environmental Research Centre.

Corporate patent data was obtained from the website of the

State Intellectual Property Office (SIPO), and green patent data

was obtained by hand-searching the IPC classification numbers

of green patents according to the names and stock codes of

A-share listed manufacturing companies of the Securities

Regulatory Commission. The data on the academic experience

of executives, the ratio of current environmental protection

investment to net fixed assets and the fixed asset ratio of

enterprises were obtained from the database of Cathay United

(CSMAR), the data on the total regional industrial output value

and the total industry output value were mainly obtained from

the China Industrial Statistics Yearbook, the Baidu index was

mainly obtained from the Baidu index website, and the total

enterprise output value was manually collated through the

annual reports of listed companies. The above data were

eventually matched and the 39 sample enterprises with the

highest data availability were used as research cases.

4.3 Measurement and calibration of
variables

4.3.1 Measurement of variables
1) Enterprise green innovation performance.

Based on the previous definition of the concept of “enterprise

green innovation performance”, six dimensions emerged: 1)

Level of green innovation (number of green patent

applications/(all patent applications+1)); 2) Green R&D

intensity (R&D investment/main business revenue); 3) Fixed

asset ratio (net fixed assets to gross fixed assets); 4) Non-

production expense ratio (selling, administrative and general

expenses/main operating revenue); 5) Financial leverage (rate

of change in earnings per ordinary share/rate of change in

EBITDA); 6) Inventory ratio (inventory/main operating

revenue). This paper refers to Wu et al. (2020) and Du et al.

(2021) for the methodology, At the same time, taking into

account the fact that it takes a certain period of time for

companies to make the green innovation, the variance of

4 years is used to indicate the degree of green transition.

Specifically, this paper takes 2017 as the base period and

calculates the variance of the six indicators over [t−1, t+2]

4 years, and then standardises the variance of the six

indicators based on industry and takes the average value to

obtain the degree of enterprise green innovation.

2) Formal environmental legality (government regulation).

The pressure for formal environmental legitimacy comes

mainly from the environmental policies set by the

government, which, as the main body of environmental

regulation, mainly monitors whether enterprises fulfil their

environmental responsibilities. The Public Environmental

Research Centre (PERC), a public interest environmental

research institute, and the Natural Resources Defense Council

(NRDC), an international public interest environmental

organisation, have jointly designed and launched the Pollutant

Information Disclosure Index (PITI), which is the most objective

and comprehensive indicator of the strength of local government

regulation of corporate environmental practices in China. The

PITI index reflects the strength of environmental information

disclosure by cities and the importance that local governments

attach to environmental protection. Therefore, this paper refers

to the research methods of Tu et al. (2019) and Ding et al. (2022),

the PITI index of the city where the sample companies are

registered is used as a measure of government regulation to

gauge the external legitimacy pressures faced by companies in

making the green transition and upgrading.

3) The driving effect of environmental investment.

Companies that undergo green innovation based on the

green concept usually invest heavily in environmental

protection, so for the measurement of this variable, this paper

draws on Yang et al. (2021) and Lu (2021), at the same time,

according to the ISO14001 definition of environmental

protection investment, this paper mainly selects new

environmental protection-related engineering projects, green-

related facilities (such as sewage treatment equipment, etc.),

technology research and development and other related

expenditures as accounting objects, and calculates the amount

of environmental protection investment of the sample

enterprises. Specifically, this paper uses the intensity of an

enterprise’s investment in environmental protection to reflect

the enterprise’s investment in environmental protection, i.e. the

proportion of the enterprise’s current investment in

environmental protection to the net value of fixed assets as a

proxy variable to measure.

4) Executive Academic Experience.

Academic experience leads to a greater emphasis on

reputation in the process of self-perception of value, which

will make academic business executives pay more attention to

the performance of their companies in practicing green

responsibility in order to avoid adverse effects on their

personal reputation, and can therefore be considered as an

intrinsic motivation to promote green innovation. This paper

refers to the calculations in the research results of Cho et al.

(2017), measured by the proportion of executives with academic

experience to the total number of executives in the

executive team.

5) Consumer’s “green innovation concern”.

According to the previous section, external pressure from

consumers’ concerns about green innovation is an important

factor influencing the adoption of green technologies by

companies. This paper refers to Li et al. (2021), which used

“environmental pollution” as a keyword in the “Baidu index” to

obtain the Baidu index values of the sample companies’ regions at

different times, and logarithmically processed them to measure

the variable of consumer green concern. Given that the study was

Frontiers in Environmental Science frontiersin.org09

Wan et al. 10.3389/fenvs.2022.997865

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.997865


conducted on manufacturing companies, the following

transformations were made to the data

eriirt � cirt
sirt

×
zirt
cirt

× erimrt

Accordingly, the public concern index in 2020 is calculated,

where: i, t and r denote the sample enterprises, the selected year

and the region in which they are located respectively; s denotes

the total industrial output value of the region in year t in region r;

c denotes the total output value of the industry to which

enterprise i belongs in year t in region r; z denotes the total

output value of enterprise i in year t in region r; and erim denotes

the value of the public Baidu index on environmental pollution in

year t in region r.

6) Competitor’s “green innovation concern”.

According to the previous section, this paper argues that

imitation pressure arising from competitors’ green innovation

concerns is an important factor influencing firms’ green

innovation. This paper therefore follows the methodology of

Losacker (2022) and identifies and measures the number of green

patents of the sample companies’ competitors based on the

online search tool “Green List of the International Patent

Classification” launched by the World Intellectual Property

Organization (WIPO), and uses the number of green patents

obtained by the target companies as a measure of the

competitors’ green innovation focus.

4.3.2 Variable calibration
In fsQCA analysis, the variables need to be calibrated to fuzzy

set affiliation scores in the range (0, 1) to characterise the

affiliation of a case on a particular variable (Kumbure et al.,

2020). This is done by determining fully affiliated anchor points,

maximum fuzzy intersection points and fully unaffiliated anchor

points. Based on knowledge of the existing literature and the

specific metrics covered in this paper, a direct calibration method

is used to ensure objective accuracy of the calibration process and

to weaken the effect of extreme data on the histological results.

The fuzzy set affiliation scores of the dataset were converted by

setting the threshold values for each anchor point, i.e. using the

25, 50 and 75% quantile values as the fully unaffiliated, cross-

affiliated and fully affiliated anchor points for each variable. The

original values of the variables were standardised and then fuzzy

sets were calibrated using the “Calibrate” function using fsqca

3.0 software for the sample study data according to the above

criteria.

5 Research results and analysis of
group structure

In this chapter, 39 listed companies are analysed as typical

cases, and the results of the univariate necessity analysis and the

grouping results of variable adjustment are obtained by

combining the five conditional variables and one outcome

variable from the previous section, using a fuzzy qualitative

comparative analysis to clarify the capabilities of listed

companies under each model for successful green innovation.

5.1 Necessary conditions analysis

First, this paper draws on the NCA necessity analysis

approach proposed by Dul (2016) to examine the necessity

analysis of conditional variables (government regulation (ER),

environmental investment intensity (MVGI), executive

academic experience (EAE), consumer attention to green

innovation (PAGI)and competitor attention to green

innovation (CAGI) on green innovation performance (EGIP)

with the results shown in Table 1 below:

In this paper, both upper bound regression and upper bound

envelopment analysis are used to estimate and analyse the

necessary condition effect sizes. The combined results are

shown in the table above for government regulation (p =

0.852), environmental investment intensity (p = 0.312),

executive academic experience (p = 1.000), consumer concern

for green innovation (p = 1.000) and competitor concern for

green innovation (p = 0.863), and most of the effect sizes are

small, indicating that none of these five factors constitute

necessary for the enterprise green innovation performance.

In addition, the paper further analyses the bottleneck results

between each conditional variable. As can be seen from Table 2,

when the enterprise green innovation performance (EGIP) is

below 40%, all the conditional variables are non-essential. When

the level of innovation reaches 40%, the intensity of

environmental investment is the first to reach the bottleneck,

while the other four elements have not yet reached the bottleneck

level. As the level of enterprise green innovation performance

increases, government regulation, academic experience of

executives and consumer concern for green innovation reach

the bottleneck level in succession. The necessary level of

environmental investment intensity is highest when the level

of innovation and upgrading reaches 100%, while government

regulation, executive academic experience and consumer green

innovation concern are all less than 1. There is no bottleneck level

of competitor orientation. That is, all five conditional variables

are necessary for enterprise green innovation.

Following the main steps of the QCA study, the paper

concludes with a necessity test for individual condition

variables in turn. The analysis is carried out using the single

variable necessity testing function in the QCA software and

should focus on consistency and coverage. The single

condition necessity test focuses on these two indicators to

determine whether there is a certain necessity relationship

between the condition variable and the outcome variable.

Where consistency refers to the extent to which a condition

can be jointly explained by the occurrence of an outcome, and
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coverage refers to the reliability of each condition variable in

explaining the occurrence of the outcome variable. It is generally

accepted that when a condition variable is a necessary condition

for an outcome variable, then the consistency value between that

condition variable and the outcome variable is greater than 0.9; if

the consistency value is below 0.9 then this condition variable

does not act as a necessary condition leading to the outcome. The

specific data are shown in Table 3.

According to the data in the above table, it can be seen that

the coverage of all the conditions is almost above 0.7, indicating

that all the conditional variables are more reliable in explaining

the outcome variables. According to the consistency results of the

above table, the consistency data of all five conditional variables

are less than 0.9, indicating that a single variable alone cannot

independently explain the enterprise green innovation

performance, and that government regulation, environmental

investment intensity, executive academic experience, consumer

attention to green innovation and competitor attention to green

innovation do not constitute a single condition necessary to

influence the overall ability of a business firm to innovate

efficiently.

5.2 Enterprise green innovation group
analysis

The results of the univariate necessity analysis have

demonstrated that the five antecedent variables selected for

the thesis have some explanatory power in influencing the

role of enterprise green innovation performance, but none of

them are necessary to constitute their outcome variables.

TABLE 1 Results of the analysis of the necessary conditions for the NCA method.

Antecedent conditions a Methods Accuracy (%) Celling zone Scope Effect size(d) b p-value c

ER CR 95.5 0.024 1 0.006 0.852

CE 100 0.029 1 0.009 0.861

MVGI CR 93.5 0.033 0.98 0.000 0.312

CE 94.9 0.037 0.98 0.000 0.245

EAE CR 94.7 0.000 1 0.004 1.000

CE 100 0.000 1 0.008 1.000

PAGI CR 100 0.030 1 0.000 1.000

CE 100 0.038 1 0.002 1.000

CAGI CR 94.6 0.011 0.99 0.024 0.863

CE 100 0.016 0.99 0.048 0.754

Notes: a. Calibrated fuzzy set affiliation values.b. 0.0≤d< 0.1”Low level”; 0.1≤d< 0.3: “Medium level”; 0.3≤ d< 0.5: “Medium to high level”; 0.5≤ d”High level”; c. Displacement tests in

NCA analysis (permutation test, Number of re-draws = 10,000).

TABLE 2 NCA method bottleneck level (%) analysis resultsa.

EGIP ER MVGI EAE PAGI CAGI

0 NN NN NN NN NN

10 NN NN NN NN NN

20 NN NN NN NN NN

30 NN NN NN NN NN

40 NN 0.1 NN NN NN

50 NN 0.3 NN NN NN

60 NN 0.6 0.0 NN NN

70 NN 0.9 0.2 NN NN

80 0.2 1.1 0.5 0.1 NN

90 0.5 1.4 0.7 0.4 NN

100 0.8 1.7 0.9 0.7 NN

Notes: a. CR Method, NN = Unnecessary.

TABLE 3 Necessity tests for individual conditions of the fsQCA
method.

Variables EGIP ~ EGIP

Consistency Coverage Consistency Coverage

ER 0.8131 0.6132 0.7911 0.7626

~ ER 0.6852 0.7196 0.5987 0.8037

MVGI 0.8695 0.8143 0.5800 0.6637

~ MVGI 0.6244 0.5377 0.8378 0.8720

EAE 0.8084 0.7555 0.5928 0.7080

~ EAE 0.6875 0.5691 0.7952 0.8414

PAGI 0.8055 0.6511 0.7687 0.7941

~ PAGI 0.7453 0.7160 0.6622 0.8131

CAGI 0.7564 0.6382 0.7541 0.8132

~ CAGI 0.7786 0.7125 0.6645 0.7771
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Therefore, it can be judged that the enterprise green innovation

performance is influenced by a combination of factors. The

results of the conditional combination analysis of all the

variables are shown in Table 4 below.

The cross-sectional analysis in the table shows that there are

four paths that can achieve the result of green innovation of

positive enterprises, and the consistency of each combination is

close to 1, which indicates that this combination of conditions is

significant and has a high explanatory power for the outcome

variable. The coverage of the combined solution is 0.912, which

indicates that all four paths are highly representative, covering

91.2% of all results, and have some research value. The four paths

are grouped into “regulation + competition” external pressure

driven (ER*MVGI*~ EAE*CAGI), “top + consumer” green

strategy driven (~ ER*MVGI*EAE*PAGI*~ CAGI),

“investment + regulation” driven by both internal and

external factors (ER*MVGI*PAGI*~ CAGI)and “top +

regulation” driven by both internal and external factors

(ER*~ MVGI*EAE*PAGI*CAGI). At the same time, in order

to present the results of the fsQCA analysis in a clearer and more

rational way, this paper further optimises the diversified paths

driving the enterprise green innovation performance into three

types of heterogeneous models based on the theoretical

framework, which are analysed as follows.

(1) External Pressure Driven.

External pressure driven, which is mainly driven by the

synergy of “regulation + competition”, with a sufficiency value

of 0.427, indicating that the combination of “government

regulation * environmental investment intensity * competitors’

green innovation concern” is a sufficient condition for the

enterprise green innovation performance at high and low In this

path, the combination of “government regulation*environmental

investment intensity*competitor green innovation concern” is a

sufficient condition for the enterprise green innovation

performance at high and low performance levels. In this path,

government regulation and competitors’ concern for green

innovation play a central driving role as core conditions, while

the intensity of environmental investment plays a supporting role.

This suggests that in this model, the emergence of orientation

through government regulation and corporate competitors can

act as the main direction for green innovation of firms, thus

better facilitating their innovation.

TABLE 4 Enterprise green innovation performance realization Configuration.
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(2) Internal Strategic Driven.

The green strategy driven approach reveals the dominant role

of “executives + consumers” in driving green innovation, with a

sufficiency value of 0.168, indicating that the combination of

“environmental investment intensity * executive academic

experience * consumer interest in green innovation” is a

sufficient condition for green innovation at high and low

performance levels. The combination of these factors is a

sufficient condition for green innovation at high and low

performance levels. In this model, although there is a lack of

government regulation and competitors’ attention to green

innovation, the other factors can substitute and compensate

for each other, and still achieve the same result. This pathway

has a central driving role with executive academic experience and

consumer orientation as core conditions of existence, with

environmental investment intensity playing a supporting role.

It suggests that under this pathway, the focus should be on setting

up mechanisms for the hiring of executive talent.

(3) Internal and External Driven.

The internal and external two-way drive model, mainly

manifested in the internal and external two-way drive model

of “investment + regulation” and “top + regulation”, has

sufficiency values of 0.351 and 0.147 for the two paths

respectively, indicating that The combination of “government

regulation*investment in environmental protection” and

“government regulation*academic experience of executives” is

a sufficient condition for the green innovation of companies at

high and low performance levels. These two combinations can be

used to promote the green innovation of business enterprises

through the substitution and compensation effects between the

factors. In this model, government regulation and management

investment vision play a central driving role as the core

conditions of existence, while consumer orientation plays a

supporting role. The key to this model is the complementarity

of government and environmental sector investment, which

improves the efficiency of capital flows in the business

ecosystem, thus enabling listed companies to achieve a better

green innovation of their businesses. At the same time, the

driving effect of the academic experience of executives should

also be emphasised, resulting in the sharing and flow of talent

within the business ecosystem and the synergy of internal and

external efforts, complemented by the complementary effect of

TABLE 5 Configuration for enterprise green innovation performance at high and low performance levels.
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green concerns of stakeholders, to promote better green

innovation of business enterprises.

5.3 A heterogeneous analysis of the green
innovation grouping of enterprises under
high and low performance

On the basis of the above grouping model, in order to further

identify and reflect the differential configuration of enterprises’

green innovation at different performance levels, this study split

the overall sample into two sub-samples based on the 50%

quantile of enterprises’ green innovation, corresponding to the

cases of enterprises with high level of green innovation

performance and the cases of enterprises with low level of

green innovation performance respectively, still according to

the aforementioned quantile The sub-samples were analysed

using the qca3.0 calibration method, and the output results

are shown in Tables 5.

Comparing the results of different performance levels, it can

be seen that green innovation driven by a combination of

government regulation and competitors’ green innovation

concerns can show higher performance levels, for example,

the consistency of the group H2 (ER*MVGI*~ EAE*CAGI),

i.e. the external pressure-driven model, is as high as 0.97.

However, the combination of government regulation and

competitors’ green innovation concerns does not necessarily

lead to high performance in green innovation. However, the

pairing of government regulation and competitor green

innovation concerns does not necessarily lead to high

performance in green innovation, and L2
(ER*~ MVGI*EAE*CAGI)shows low performance in green

innovation in the case of firms satisfying this grouping. This

suggests that external pressure from government regulation and

competitors’ green innovation concerns alone cannot provide

sufficient incentives for firms to undertake green innovation.

Moreover, the driving effect of corporate environmental

investment can play a stronger supporting role in improving

green innovation than the guiding effect of internal investment

decisions brought about by the academic experience of corporate

executives, which also implies that there is no reciprocal relationship

between the intensity of environmental investment and the

TABLE 6 Green innovation grouping of enterprises after adjusting the consistency threshold to 0.81.
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academic experience of executives. This suggests that companies

should paymore attention to broadening their management’s vision

of green investment, and take the initiative to invest in green R&D

under the concept of “green development”, rather than simply being

pressured by external legitimacy. A similar situation can be seen in

the grouping H1 (ER*MVGI*PAGI*~ CAGI)and L3
(ER*~ MVGI*~ EAE*PAGI), where the core conditions are

government regulation and consumer concern for green

innovation, but the latter cannot achieve high performance in

green innovation without the drive of environmental investment.

The comparison of the four groups above shows that green

innovation is an internally and externally linked process, and

that companies need not only to strengthen their internal

strategic decision-making patterns and invest in innovation

research, but also to pay attention to the legitimacy pressures

brought about by external government regulation, as well as the

competitive and reputational pressures caused by many

stakeholders, such as competitors and consumers, in order to

continuously improve their own green innovation and To make

a positive and effective return.

5.4 Robustness tests

The robustness test chosen for this paper is to adjust the

variable calibration thresholds, a method of adjusting consistency

levels, which is also frequently used in QCA (Laux, 2013). That is,

the results can be considered robust if clear subset relationships

are still maintained between the groupings by different

consistency levels or fuzzy set calibration threshold selections.

That is, the results of this paper are considered to pass the

robustness test if the differences between the output groupings

and the original grouping composition after adjusting the

thresholds are not significant, or if there are some differences

but have clear subset relationships.

This article refers to the method of Lewellyn andMuller-Kahle

(2021), and appropriately adjusts the consistency threshold to 0.81,

and the grouping analysis was conducted again using

fsqca3.0 software, and the specific results are shown in Table 6.

The newly generated groupings of H1, H2 as well as H3 are

basically consistent with the original groupings, and only H4 has

changed slightly, but it is still of the government regulation and

executive academic training type, which is not sufficient to draw

new conclusions. As can be seen from the table, the level of

consistency between the individual solutions and the overall

solution is basically similar, the study results basically pass the

robustness test and the study data are true and valid.

6 Research findings and insights

With the introduction of the “Double Carbon” target in the

14th Five-Year Plan, “green development” has become the basic

colour of China’s economy for a long time to come. To achieve

changes in economic growth, the transformation and upgrading

of industries is the key path, which means that the point of

change lies in the innovation and upgrading of enterprises. Due

to the supply-side structural reform, manufacturing enterprises

will have to face resource and environmental constraints and

structural contradictions on the supply side, therefore, the

enterprise green innovation performance is the core initiative

for enterprises to build competitive advantages. The innovation

and upgrading of enterprises is inextricably linked to the business

ecological environment in which they operate, not only in terms

of external government regulations, but also in terms of the

causality of their management’s environmental behaviour and

the symbiosis with internal stakeholders such as competitors and

consumers. Based on this, this paper takes manufacturing

enterprises as a research sample, focuses on the goal of “green

innovation”, and uses the fsQCA method to explore the

mechanisms of environmental regulation, environmental

investment intensity, executive academic experience and

consumer and competitor green innovation concerns on the

enterprise green innovation performance, to clarify the

evolution of the multiple driving paths for green innovation

of manufacturing enterprises, and to explore the evolution of the

multiple driving paths for green innovation of manufacturing

enterprises. It also explores the internal and external drivers

necessary for efficient green innovation of manufacturing

enterprises, and attempts to find out the answer to the

question “What kind of business ecosystem can promote

enterprise green innovation performance?”. and then provide

effective suggestions for green innovation for enterprise

managers.

6.1 Key research findings

Based on 39 cases of A-share listed manufacturing

enterprises in the Yangtze River Delta economic zone and the

middle reaches of the Yellow River economic zone that have

undergone green innovation as the main research objects, this

paper adopts a fuzzy set of qualitative comparative analysis to

find the factors influencing the enterprise green innovation

performance, explore the multiple driving paths and their

mechanisms of action to promote green innovation based on

a histological perspective, and identify the core elements

necessary for the efficient enterprise green innovation in the

business The core elements necessary for an efficient green

innovation are identified. The main findings are as follows.

First, the green innovation of manufacturing firms is

characterised by multiple concurrent factors. The analysis of

the fsQCA and NCA hybrid approach shows that the single

elements of the business ecosystem, such as environmental

regulation, environmental investment, executive academic

experience and consumer and competitor green innovation
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concerns, cannot exist independently as the necessary conditions

to drive green innovation of manufacturing enterprises, and their

mechanisms of action are in the form of organic combinations to

form groups to drive green innovation. This shows that green

innovation is not a static phenomenon, but a dynamic strategic

phenomenon with complexity in the whole business ecosystem.

Based on the analysis from the perspective of the group state, the

driving factors for the enterprise green innovation performance

mainly come from the internal management of enterprises and

external pressure. There are four driving paths: government

regulation and environmental investment complementary,

government and competition-oriented, talent-driven, and

government regulation and academic training of executives.

Secondly, the external pressure-driven path of “regulation +

competition” is the key path to green innovation. In other words,

a business ecosystem in which external government pressure to

regulate and internal pressure to imitate competitors coexist

organically is an important guarantee for green innovation. A

comparison of the levels of green innovation performance across

the different paths shows that this path has the highest

consistency, indicating that firms are more inclined to adopt

green innovation strategies under the pressure of external

institutional legitimacy and internal competitor imitation.

However, among the four paths that lead to high levels of

green innovation, there are no paths that are driven solely by

government environmental regulation and competitor focus on

green innovation, and even low levels of green innovation are

found in the combination of these two sets of variables,

suggesting that external legitimacy and internal competitor

pressure alone cannot lead to high levels of green innovation,

as the elements in this suggests that external legitimacy and

internal competitor pressure alone cannot lead to a high level of

green innovation, as the elements in the combined business

ecosystem cannot be recycled efficiently.

Thirdly, the business ecosystem under a combination of

environmental regulation and competitor green innovation

concerns is the core driving structure for green innovation,

while corporate environmental investment is the core

supporting driver for high performance levels of green

innovation. The above findings suggest that although

environmental regulation and competitor green innovation

concerns are core driving structures, they can only manifest

themselves in high performance level green innovation when

firms strengthen their environmental investments. This suggests

that the environmental reputation gained by firms when making

high environmental investments allows for a ‘compensating effect’

over a ‘crowding out effect’, which is incentivised to complement

external legitimacy and competitive pressures, creating a coupling

within the business ecosystem This is the only incentive that

complements external legitimacy and competitive pressures,

creating a coupling within the business ecosystem and

increasing the level of performance of companies in green

innovation. In addition, the driving effect of environmental

investment plays a greater role in innovation performance than

the contribution of executive academic experience.

6.2 Management insights

As a necessary path for manufacturing enterprises to achieve

sustainable development, the diversified realisation path of

enterprise Green Innovation has become a strategic focus for

enterprises. In the innovation process, enterprises do not only act

as independent individuals, but also need to combine the external

business ecological environment with internal decision-making

to give full play to their institutional and internal technological

advantages, forming a virtuous cycle of efficient green

innovation. Based on the findings of this paper, the following

management insights are proposed.

Firstly, enterprises need to improve their own ability to cope

with the legitimacy pressure brought about by environmental

regulation, based on improvements to the way internal resources

are allocated, and to achieve a backward push on enterprises from

an endogenous dynamic level in order to develop their competitive

advantage. The green innovation promotes the upgrading of the

manufacturing industry and minimises the negative effects of the

initial green innovation blockage brought about by environmental

regulation. At the same time, from the perspective of competitive

and reputational mechanisms, companies should not only actively

engage in environmental behaviour under the policies of

environmental regulation, but also proactively fulfil their

environmental responsibilities, build up their environmental

image and improve their influence in the business ecosystem,

thereby motivating them to promote green innovation.

Second, enhance the ability to perceive green investment

projects, focus on the green market orientation of the general

environment and make timely investment decisions on

environmental projects. Under the external pressure of

increasing rigidity of environmental regulations, the media

public and consumer demand has become a breakthrough for

companies to gain a competitive advantage under the market

mechanism. Therefore, companies should take relevant academic

experience into account in their employment to improve their

business decisions, thereby broadening management’s

investment horizons and urging them to strengthen their

environmental investments and improve their green innovation.

Third, optimise the allocation of resources for green

innovation and improve the synergy effect of the main body

of the green innovation system. While strengthening green

investment, enterprises should also establish a sense of

competition and cooperation in green innovation, correctly

treat the competitive relationship in the industry, strengthen

the communication link with stakeholders and create a good

business ecological environment. By building an organisational

structure that adapts to knowledge sharing and broadening the

way in which technology is shared in the industry, a multi-win
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situation of value co-creation can be achieved. A sound trust

mechanism can be established between the subjects implementing

green innovation as a means of guaranteeing cooperation to access

complementary and heterogeneous resources andmaximise benefits.
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