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Abstract

As one of the most critical green financial tools, green bonds play an essential role in

supporting the green collaborative innovation of enterprises. Using the data of

China's nonfinancial listed companies from 2010 to 2020, the article examines the

impact of green bonds on firms' green collaborative innovation. The results show that

issuing green bonds can significantly promote the quantity and quality of firms' green

collaborative innovation. The mechanism research shows that green bonds can

improve the green independent innovation of enterprises, relieve their financing con-

straints, and enhance corporate reputation, thus promoting the green collaborative

innovation of enterprises. Further research reveals that when enterprises obtain

external reviews or repeatedly issue green bonds, their green collaborative innova-

tion improves more significantly. This article indicates that China's green bond market

has played a positive role in achieving environmental goals from the perspective of

green collaborative innovation.

K E YWORD S

environmental performance, green bond, green collaborative innovation, green development,
information asymmetry

1 | INTRODUCTION

Various industries are facing severe environmental pollution issues

with the development of the economy and society. The Intergovern-

mental Panel on Climate Change (IPCC) stated in its report (IPCC,

2018) that mobilizing climate finance is crucial for limiting global

warming to 1.5�C and preventing catastrophic climate change.

However, available climate finance for promoting sustainable environ-

mental development is severely insufficient, and this shortage of

funds is particularly evident in developing countries (COP, 2021). The

challenges brought by climate change seriously test the stability and

contribution of the government and financial sector in transforming a

polluted economy into a green one (Ning et al., 2022). In recent years,

the importance of green bonds in climate and sustainable finance

schemes has become increasingly prominent, as they represent a vital

tool for mobilizing private financial resources to drive global pollution

control and emissions reduction (Gianfrate & Peri, 2019). From 2008

to 2017, nearly $58 billion was raised from issuing green bonds

globally, with these funds widely used for greenhouse gas emissions

reductions equivalent to 108 million metric tons of CO2 and invest-

ments in over 1500 GW of renewable energy capacity (Tolliver

et al., 2019). For example, significant funding from green bonds sup-

ported the strengthening of Morocco's railway infrastructure, as well

as the construction of the Wayra wind farm and Rubi solar photovol-

taic plant in Peru, and two additional wind power plants in Kenya and

Mongolia (Agliardi & Agliardi, 2019). These figures demonstrate that

increasing capital flows into climate, sustainability, and clean produc-

tion investments through green bonds, making them a critical financ-

ing tool for energy conservation, emissions reductions, and combating

global warming trends.

Green innovation can effectively control the discharge of waste

water, waste gas, and solid waste in the production process of enter-

prises, reduce the cost of emission reduction and improve the efficiency

of resource utilization, which is an essential way for enterprises to solve

environmental problems fundamentally (Pagnoni & Roche, 2015).

Despite the abundance of research on the relationship between green
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bonds and corporate green innovation (Wang et al., 2022; Zhang

et al., 2022), existing literature mainly focuses on the perspective of

independent innovation (Jiang et al., 2022), few studies pay attention to

how green bonds affect the green collaborative innovation of enter-

prises. Collaborative innovation is an innovative activity based on the

principles of “shared interests, shared risks, complementary resources,

interactive functions, and interconnected platforms,” which is a compre-

hensive and multilevel innovation model that integrates the strengths of

collaborative entities to achieve a synergistic effect more remarkable

than the sum of its parts (Li & Wang, 2022). Under the background of

open innovation, collaborative innovation has become an essential way

for enterprises to innovate. Green bonds can promote firms' green col-

laborative innovation through various ways, such as promoting the

independent innovation of enterprises, alleviating their financing con-

straints faced in R&D activities, reducing their information asymmetry

levels, and enhancing their corporate social reputation. However, exist-

ing studies lack a detailed exploration of this aspect, and our research

aims to fill this gap.

Based on the data of nonfinancial listed companies in China from

2010 to 2020, we take the enterprises that have successfully issued

green bonds as the treatment group and select the control group from

the samples of enterprises that have not issued green bonds through

PSM, and then construct DID model to test the influence of green

bonds on green collaborative innovation of enterprises. The relevant

data on green bonds were obtained from the Wind database, which is

the largest and most comprehensive securities-oriented financial data-

base in China. Our analysis shows that issuing green bonds can signifi-

cantly promote firms' green collaborative innovation. Specifically, the

total number of green patents and the number of green invention pat-

ents jointly applied by firms with other entities increased significantly

after green bond issuance. We also conducted several robustness

tests, including, but not limited to, remeasuring green bonds, remea-

suring the dependent variable, the explained variables delayed by one

period, using the Tobit model to reestimate the results. Furthermore,

we conducted a placebo test, which supports the validity of our find-

ings. The DID model assumes that the treatment and control groups

had parallel trends before the policy shock. We confirmed this

assumption and found that green bonds promote corporate green col-

laborative innovation dynamically and sustainably.

Subsequently, we investigated three potential channels through

which green bonds affect enterprises' green collaborative innovation:

(1) Technology advantages. The issuance of green bonds can improve

firms' independent R&D capabilities, improve the quality of green prod-

ucts, and raise the standards of green products in the industry, thus

forcing other enterprises in the supply chain to cooperate with them,

share superior resources, and promote the green collaborative innova-

tion. (2) Resource advantages. Issuing green bonds can signal the green

development of enterprises to external stakeholders, thereby guiding

green social capital, green banking capital, and green government capital

to flow into the enterprises, bringing capital resources to enterprises,

reducing their capital costs, optimizing their capital term structure, alle-

viating financing constraints faced by enterprises in collaborative inno-

vation, such as difficulty and high costs of financing and a mismatch

between short-term debt and long-term investment horizons, and thus

promoting the green collaborative innovation. (3) Reputation advan-

tages. Issuing green bonds not only improves the environmental quality

of enterprises but also helps to enhance their image and social reputa-

tion, thereby improving the level of trust between enterprises and

cooperating entities. On the one hand, it promotes the willingness of

other organizations to cooperate and innovate with issuers. On the

other hand, it improves the innovation efficiency between the issuer

and the existing partners, thus promoting the green collaborative inno-

vation of enterprises. We constructed a mediation effects model, and

the research results showed that green bonds promote green collabora-

tive innovation in enterprises through three channels: “Technology”
channel, “Resource” channel, and “Reputation” channel.

Finally, we investigate the impact of green bonds on green collab-

orative innovation from the perspective of bond heterogeneity. Our

findings reveal that issuing green bonds with external reviews or

repeated issuance significantly improves the quantity and quality of

jointly applied green patents. This result indicates that the green attri-

butes of green bonds are crucial in driving firms' green collaborative

innovation.

Our research extends and enriches the existing literature on

green bonds. While prior studies mainly focus on the issuance pricing

and premium of green bonds (Fatica et al., 2021; Immel et al., 2021;

Larcker & Watts, 2020; Zerbib, 2019), investment efficiency in clean

energy projects (Zhao et al., 2022), financial performance and enter-

prise value (Zhou & Cui, 2019), ESG performance (Flammer, 2021;

Wang & Wang, 2022; Yeow & Ng, 2021), and stock market reactions

(Baulkaran, 2019; Flammer, 2021; Li et al., 2020), there is limited

research on how green bonds can promote green collaborative inno-

vation. Against the backdrop of the rapid development of the green

bond market, our study examines the impact of green bonds on col-

laborative green innovation among enterprises, thereby expanding the

depth and breadth of research on green bonds.

Furthermore, our research enriches the relevant literature on the

factors influencing collaborative innovation. Prior studies mainly

explore the mechanism of collaborative innovation from the perspec-

tives of absorptive capacity (Hong et al., 2019), blockchain application

(Wan et al., 2022), supplier relationship (Patrucco et al., 2022), social

capital (Al-Omoush et al., 2022), the trust between enterprises (Wan

et al., 2022; Zhai et al., 2021), benefit distribution mechanism (Li

et al., 2021), and knowledge management and sharing (Bai & Li, 2020).

However, previous research on green collaborative innovation driving

factors lack consideration of the role of green financial instruments.

Our study expands the relevant research on the channels of impact

on collaborative green innovation and provides a reference for the

innovation-driven development strategy initiated by the Chinese

government.

Moreover, our research sheds light on the impact pathway of

green finance on the green investment behavior of real enterprises

from the perspective of green bonds, thus opening up the black box

of financial support for sustainable development and providing evi-

dence and experience for market-oriented approaches to promoting

ecological sustainability.
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2 | RESEARCH BACKGROUND AND
LITERATURE REVIEW

2.1 | Research background: Development of
China's green bond market

In the past 40 years, China's economic growth has achieved remark-

able results. However, the extensive development model of high

energy consumption, high destruction, and high pollution has also

made China's environmental problems more prominent. According to

the report “Building China's Green Financial System” released by the

United Nations, it is estimated that China's annual investment demand

for green industries is about RMB 3 trillion, while government funds

can only cover about 15%. China's green development strategy faces

a huge funding gap. To fill the green funding gap through market-

oriented means, the Chinese government has issued a series of poli-

cies and regulations since 2015 to promote the development of the

green bond market vigorously.

Unlike the overseas focus on relying on international organizations or

market forces to promote the development of the green bond market,

the Chinese green bond market is dominated by policies and rules formu-

lated by the public sector from top to bottom (Huang & Yue, 2020). In

addition to regulating the issuance conditions, approval process, support

scope, requirements for the use of raised funds, information disclosure

rules, and third-party certification requirements of green bonds, the gov-

ernment also provides preferential policies from the issuance, investment,

and underwriting ends to encourage the development of the green bond

market. These measures mainly include:

1. Relaxing the entry threshold for green bonds so that more enter-

prises meet the issuance conditions;

2. Simplify the approval process for green bonds, and various

approval departments have opened up “green channels” for green

bonds to improve the efficiency of green bond registration;

3. Relax the scope of use of raised funds. In the early stages of the

development of China's green bond market, the government

allowed issuers to use some of the funds raised from green bonds

to repay bank loans or supplement working capital. For example,

the “Green Bond Issuance Guidelines” issued by the China Devel-

opment and Reform Commission in 2015 clearly stated that enter-

prises are allowed to use no more than 50% of the funds raised

from green bonds to repay bank loans and supplement working

capital. It was not until 2022 that “China Green Bond Principles”
issued by the China Green Standards Committee explicitly required

that 100% of the funds raised by green bonds should be used for

green projects such as green industries and green economic activi-

ties that meet the prescribed conditions;

4. Financial incentives, local governments in China support the develop-

ment of the green bond market through various means such as invest-

ment subsidies, guarantee subsidies, and bond interest discounts.

China's green bond market started late, but has developed very

rapidly thanks to government support. According to a report released

by the Climate Bond Initiative, as of the end of 2021, China has cumu-

latively issued $327 billion in green bonds in domestic and interna-

tional markets, becoming the second largest green bond issuer after

the United States.

Although the government-led development model aligns with

China's current primary national conditions and can quickly promote

the development of China's green bond market, there are also many

problems. For example, China's relaxation of the scope of use of

raised funds may result in the funds raised by green bonds not being

fully used for green projects or green industries, changing the original

intention of green bonds to generate positive environmental benefits,

thereby affecting the health of China's green bond market. Therefore,

this article examines whether green bonds can have a positive impact

from the perspective of green collaborative innovation, providing a

basis for evaluating the development quality of China's green bond

market.

2.2 | Literature review

2.2.1 | Research on green bonds

The emergence of green bonds originated from the public's attention

to the natural environment and climate issues, carrying the public wel-

fare goal and social responsibility of using financial resources to

improve the Earth's environment and jointly build a civilized ecology.

Since the issuance of the first climate-aware bond by the European

Investment Bank in 2007, the International Capital Markets Associa-

tion released the “Green Bond Principles” in 2014, and the Climate

Bond Initiative launched the “Climate Bond Standards” in 2015. As a

result, green bonds have gained widespread attention worldwide and

opened a new market. The existing research on green bond-related

fields is mainly focused on normative research. Scholars mainly focus

on the essential theoretical aspects of defining the connotation of

green bonds, the necessity of development, institutional design and

optimization paths, implementation status, and greenwashing behav-

ior (Criscuolo & Menon, 2015). Another empirical literature explores

the impact of green bonds on issuers, mainly including two aspects:

(1) Corporate reputation. Most scholars believe that green bonds have

a signaling effect, which can transmit signals of sustainable develop-

ment to the outside world and enhance corporate reputation, making

them more likely to be favored by rational investors (Baulkaran, 2019;

Tang & Zhang, 2020; Wang et al., 2020). (2) Cost of capital. There is

no consensus on whether issuing green bonds can reduce the cost of

project financing for enterprises. On the one hand, issuing green

bonds manifests corporate social responsibility. Previous literature

has shown that companies that perform better in corporate social

responsibility (Bauer & Hann, 2010) or those with lower environmen-

tal risks (Chava, 2014; Sharfman & Fernando, 2008) can obtain lower

borrowing costs, part of the empirical data validated this

(Hachenberg & Schiereck, 2018; Zerbib, 2019). On the other hand,

issuing green bonds means setting more restrictions on the invest-

ment decisions of enterprises, and environmental investment has

LIAN ET AL. 3



characteristics such as high risk and long cycle, thereby increasing

financing costs (Flammer, 2021). A small amount of literature has

explored the impact mechanism of green bond issuance price and

found that factors such as the third-party certification, the issuer's

financial condition, and liquidity risk can all affect the issuance price

of green bonds (Hyun et al., 2020).

2.2.2 | Research on collaborative innovation

Innovation is the first driving force for development and the key to

enhancing the core competitiveness of enterprises. However, in the

increasingly fierce market competition environment, the limitations of

enterprises relying solely on their resources for innovation are becoming

increasingly prominent. Therefore, crossing organizational boundaries,

seeking innovative resources from outside, and actively carrying out col-

laborative innovation has become the only way for enterprises to break

through innovation bottlenecks (Jiao et al., 2019; Santoro et al., 2020).

Collaborative innovation is a new type of innovative organizational model

in which independent innovation entities from multiple organizations,

institutions, or disciplinary fields, based on mutual knowledge sharing,

technology promotion, and resource complementarity, jointly complete

innovation activities by fully utilizing multiple factors such as talent, capi-

tal, and information to achieve limited innovation levels and create value

beyond autonomous innovation (Kostopoulos et al., 2011;Murovec &

Prodan, 2009). In collaborative innovation, different entities integrate

their professional knowledge and skills through open communication, col-

laborative research and development, and joint creation, thereby achiev-

ing breakthroughs in solving complex problems, promoting technological

progress, and launching innovative products or services. In practical appli-

cations, collaborative innovation can be reflected in forms such as collab-

orative innovation between scientific research institutions or enterprises,

government, and research universities (Benhayoun et al., 2020; Yang

et al., 2021), collaborative innovation between upstream and downstream

enterprises or supply chains (Hong et al., 2019; Wang & Hu, 2020), and

collaborative innovation across borders or regions (Wang & Zhang, 2019;

Chen & Hung, 2014), intended to integrate different professional back-

ground knowledge in different fields, generate innovative solutions, and

promote socioeconomic development.

In recent years, the global warming process has rapidly intensified

due to the continuous deterioration of the ecological environment.

The academic community is increasingly combining green develop-

ment with collaborative innovation, proposing the concept of green

collaborative innovation. Green collaborative innovation is a new

innovative approach that balances high-quality economic growth and

sustainable environmental development, utilizing professional back-

ground knowledge and relevant available resources in different fields

to find solutions that can reduce the overuse of natural resources or

improve the utilization of existing resources. There is relatively little

research on the driving factors of green collaborative innovation, but

relevant literature on the influencing factors of collaborative innova-

tion can provide a reference for this article. Previous research mainly

focuses on the following perspectives.

First, from the perspective of innovation resources, collaborative

innovation is a high-risk, long-term project that requires a large

amount of capital investment. Adequate cash flow can reduce the risk

of innovation project interruption, ensure the smooth development of

innovation projects, and thus enhance managers' willingness to

engage in collaborative innovation (Meng & Zhang, 2022). Second,

based on the perspective of trust, the trust relationship between col-

laborative entities can alleviate each other's concerns about opportu-

nistic behavior, thereby reducing governance costs in the cooperation

process. It is a prerequisite for achieving collaborative innovation and

is conducive to the smooth development of collaborative innovation

activities (Wan et al., 2022; Zhai et al., 2021). Third, based on the per-

spective of innovation capability, existing studies have shown that the

innovation capability of enterprises themselves, such as their ability to

absorb knowledge, can have a positive impact on collaborative inno-

vation performance (Liu et al., 2021; Schulze & Brojerdi, 2012; Yang

et al., 2021).

3 | HYPOTHESIS DEVELOPMENT

Green bonds are debt instruments that raise funds specifically for

green sustainable development projects, aiming to generate positive

environmental benefits. Previous research has shown that green

bonds overall have played a role in reducing carbon dioxide emissions

(Flammer, 2021), improving air quality (Wu, Tian, et al., 2022), and

enhancing environmental performance (Yeow & Ng, 2021). As a cru-

cial pillar of green development, green innovation is a key pathway to

promoting economic green transformation and achieving environmen-

tal sustainability. With the deepening of open and collaborative con-

cepts, collaborative innovation has become an important choice for

enterprises' green innovation. Considering the advantages of technol-

ogy, resources, and reputation brought by green bonds, we believe

that green bonds can significantly improve enterprises' green collabo-

rative innovation.

3.1 | Technology advantages

Prior studies have demonstrated that issuing green bonds can enhance

a company's green technology innovation capabilities by raising the pro-

portion of long-term loans, optimizing its capital structure, lowering its

financing costs (Li et al., 2022), receiving government subsidies

(Montmartin & Herrera, 2015; Liu et al., 2019), and being subject to

strict environmental regulatory oversight (Porter & Linde, 1995).

Improving the independent green innovation ability of green bond

issuers will strengthen the willingness of upstream and downstream

enterprises in the green supply chain to cooperate with green bond

issuers, thus promoting the improvement of green collaborative innova-

tion of issuers. There are two reasons, as follows.

First, when the green innovation of the core entity on the supply

chain changes, it will prompt other entities on the supply chain to

make corresponding adjustments to meet the requirements of the

4 LIAN ET AL.



core entity, driving the collaboration between the entities in the sup-

ply chain to achieve more environmentally friendly standards for

inter-enterprise collaborative innovation. For example, when enter-

prises upgrade their green technology, their requirements for raw

materials will also change. If enterprises find that the raw materials

provided by suppliers do not meet the requirements after the technol-

ogy upgrade, they will immediately stop those enterprises with poor

environmental performance to provide services for them (Rao &

Holt, 2005), thus forcing upstream suppliers to upgrade their technol-

ogy and improve the quality of goods (Vachon & Klassen, 2008).

Because green bond issuers often have high green innovation ability,

enterprises with the same green innovation demand in the supply

chain will actively seek cooperation from green bond issuers to pro-

mote existing product upgrading, new product development, and

standard technology innovation.

Second, green innovation has the dual externalities of “green” and

“innovation,” so it often has the characteristics of high risk, high cost, and

long cycle. Suppose enterprises only rely on their resources, in that case,

it may not be easy to support the development of a green innovation

activity fully, so they often seek cooperation from enterprises with tech-

nological leadership. With the improvement of the independent innova-

tion of green bond issuers, the green technology advantages formed by

their gradually solid R&D foundation will strongly attract the entities with

similar green innovation needs in the supply chain to cooperate with

them, actively disclose the available information to the green bond

issuers, join cooperative R&D projects, actively share the innovation risks

and R&D costs, and finally share the collaborative innovation dividend.

3.2 | Resource advantages

Himmelberg and Petersen (1994) argue that one of the most critical char-

acteristics of R&D is the high adjustment cost. Much of R&D investment

is spent on the salaries of scientists, engineers, and other professional and

technical personnel. If the investment is reduced, it will inevitably lead to

a decrease in the salaries of high-tech personnel and even trigger layoffs

in enterprises (Hall, 2002). Losing R&D personnel may disrupt the inher-

ent R&D path, leading to R&D interruptions. On the other hand, it may

also lead to the leakage of the company's intellectual property to compet-

itors, weakening the company's competitive advantage and reducing the

value of the company's ongoing innovation projects (Loasby et al., 1983).

Due to the high adjustment costs and the financing constraints most Chi-

nese enterprises face, managers are hesitant to increase R&D investment

easily. Green innovation has both “innovation” and “green” dual external-
ity, and the risk is higher than ordinary innovation activities, so it faces a

more serious capital bottleneck (Zhou et al., 2021). Previous studies have

also shown that financing constraints are the main factor constraining

green innovation in enterprises (Horbach et al., 2012). If the financing

constraints of enterprises are alleviated, a fund buffer pool can be formed

within the enterprise, external financing channels can be opened, and

R&D smoothness can be effectively maintained, reducing managers' con-

cerns about adjusting costs and promoting green collaborative innovation

of the enterprise.

Previous studies have shown that green bonds can effectively

alleviate the financing constraints of enterprises. On the one hand,

green bonds, as a long-term direct financing method, can bring long-

term financial resources to enterprises and alleviate the investment

problem of mismatched terms that enterprises invest in long-term

projects with short-term loans. Moreover, the financing scale of bonds

is generally large, which can better meet the capital needs of enter-

prises. On the other hand, green bonds can transmit signals of green

development of enterprises to investors, creditors, governments, and

other stakeholders (Flammer, 2021), establish the ESG image of enter-

prises, improve their green reputation, and attract green social capital,

green bank capital, and green government capital to flow into enter-

prises (Cheng et al., 2014), alleviate the financing problems faced by

enterprises in green collaborative innovation, and then promote enter-

prises in green collaborative innovation.

3.3 | Reputation advantages

With the increasing awareness of ecological and environmental gover-

nance capabilities in the entire society, enterprises are motivated to

seek environmental legitimacy to maintain their reputation. The green

signals transmitted by core entities through green bonds not only

improve the environmental quality of enterprises but also help to

enhance their image and social reputation (Kim et al., 2019). Improv-

ing social reputation often enhances the credibility of enterprises. The

social exchange theory believes that the trust relationship formed

between enterprises is the foundation for achieving deep cooperation

between both parties. Therefore, improving the reputation of enter-

prises is beneficial for enhancing the willingness of other organiza-

tions to cooperate with them. In addition, trust between organizations

will positively affect collaboration efficiency and the acceptance of

collaborative information and further promote resource sharing

between both parties. It can be seen that the higher the level of trust

between collaborating entities, the lower the occurrence of opportu-

nistic behavior in the collaborative innovation process, and the better

the performance of collaborative innovation.

In summary, this article proposes Hypothesis 1, and the mecha-

nism of action is shown in Figure 1.

Hypothesis 1. Green bonds can significantly promote

enterprises' green collaborative innovation.

4 | SAMPLE SELECTION AND SUMMARY
STATISTICS

4.1 | Sample selection

Our sample covers data from nonfinancial listed companies in China

from 2010 to 2020. Because only the data of green collaborative

innovation in 2020 and before can be obtained at present, the data in
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this paper is as of 2020. Since the green bond market in China started in

2015, in order to compare the green collaborative innovation of enter-

prises in the five years before and after the development of the green

bond market, the data in this paper began in 2010). The green bond data

was obtained from the Wind Green Bond database. We identified

63 listed companies that issued green bonds using their unified social

credit code and then used the PSM one-to-one without replacement

nearest neighbor matching method to select appropriate control groups

from other companies in the same industry, using covariates such as

Company Size (Size), Return on Equity (Roe), Enterprise Leverage (Lev),

Cash Flow (Cfo), and Ownership Structure (Soe), while controlling for the

industry. In the end, we obtained 63 pairs of target and control compa-

nies, totaling 1108 firm-year observations. The green collaborative innova-

tion data came from the CNRDS platform, while other relevant data came

from the CSMAR database. To reduce the influence of extreme values,

we winsorzed all continuous variables at the 1st and 99th percentiles.

The prerequisite for the effectiveness of PSM is that there is no

significant difference in observable variables between the treated and

control groups after matching. Therefore, we conducted a matching

balance test, as shown in Table 1:

1. Compared with before matching (Unmatched), the standardized

bias (%bias) of all variables after matching (Matched) decreased

significantly.

2. Except for Company Size (Size), the standardized bias (%bias) of

other variables after matching (Unmatched) was less than 10%.

3. Except for Company Size (Size), the t-test results after matching

(Unmatched) did not reject the null hypothesis that there was no

systematic difference between the treated and control groups.

The above results indicate that the observable variables selected

in this study were appropriate, and the matching method was appro-

priate as well.

4.2 | Variable measurement

4.2.1 | Measuring green collaborative innovation

Green collaborative innovation refers to a new organizational

approach to green innovation in which green innovation entities

cooperate and jointly develop. This approach can fully unleash the

vitality of the “human resources, capital, information, and technology”
elements among innovation entities, promote the effective conver-

gence of innovation resources and elements, achieve mutual benefit

through innovation, and thereby enhance enterprise value and core

competitiveness. Existing research mainly adopts four methods to

measure collaborative innovation: firstly, based on questionnaire sur-

vey data, measure collaborative innovation in enterprises from multi-

ple dimensions (Jiao et al., 2019; Schulze & Brojerdi, 2012; Wang &

Hu, 2020). Second, based on provincial data, the ratio of external

R&D expenditure to total R&D expenditure is used to measure collab-

orative innovation (Shi et al., 2022); Third, based on enterprise data,

using joint patent applications by enterprises to measure (Brockman

et al., 2018; Huang, Xu, et al., 2023; Ji & Miao, 2020; Sena et al.,

2022; Wan et al., 2022). Fourth, using text analysis, if the annual

report contains statements about collaborative innovation between a

company and its suppliers or customers, it is considered that the com-

pany has engaged in collaborative innovation with its suppliers or

F IGURE 1 The channels of green bonds influencing firms' green collaborative innovation.
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customers (Huang, Zhang, et al., 2023). Joint patent applications cap-

ture the output of enterprise collaborative innovation and are com-

monly used as a proxy for collaborative innovation in management

and organizational literature. Therefore, we use the number of green

patents jointly applied for by companies and other innovation entities

to measure green collaborative innovation. In China, patents are

divided into three types: invention patents, utility model patents, and

design patents. Invention patents refer to new technical solutions pro-

posed for products, methods, or improvements, primarily reflecting

novelty, creativity, and utility. Utility model patents refer to new tech-

nical solutions proposed for the shape, structure, or combination of

products that are applicable in practice. Design patents refer to new

designs that are esthetically pleasing and applicable to industrial use,

including the shape, pattern, or combination of a product, as well as

the combination of color and shape or pattern. Compared with utility

model and design patents, invention patents have stricter examination

procedures, more complex procedures, higher costs, higher technical

content, and better reflect the essence of innovation. Therefore, we

use the total number of jointly applied green patents plus one, and

then take the natural logarithm to characterize the quantity of collab-

orative innovation output by enterprises (Patent1). We use the total

number of jointly applied green invention patents plus one, and then

take the natural logarithm to measure the quality of collaborative

innovation output by enterprises (Patent2).

4.2.2 | Measuring green bonds

The core explanatory variable of this study is the green bond (Greeni �
Postt), where Greeni is a virtual variable for the treatment and control

groups. If enterprise i successfully issued a green bond during the sample

period, it is assigned a value of 1, otherwise it is assigned a value of

0. Postt is a temporal dummy variable, where for the treatment group

companies, if company i successfully issues a green bond for the first

time at time t, then the values of Postt for t and all subsequent time

periods are assigned a value of 1, otherwise they are assigned a value of

0; for the control group, Postt takes a value of 0 for all time periods.

4.2.3 | Measuring control variables

The level of green collaborative technological innovation in enter-

prises is driven by various factors, therefore we have included several

important control variables in our model. First, based on resource-

based theory, the willingness and risk-taking level of enterprises in

collaborative innovation are influenced by their own characteristics

and capabilities. Therefore, we control for variables that characterize

the features and abilities of the enterprise, including size (Size), return

on net assets (Roe), capital expenditures (Expend), cash flow (Cfo),

ownership structure (Soe), and enterprise age (Age). Specifically, for

the calculations, the enterprise size (Size) uses the natural logarithm of

the enterprise's total assets at the end of the period; return on net

assets (Roe) is calculated by dividing the enterprise's annual net profit

by the total owner's equity at the end of the period; capital expendi-

tures (Expend) are calculated by dividing the cash paid for fixed assets,

intangible assets, and other long-term assets purchased by the enter-

prise during the year by the total assets at the end of the period; cash

flow (Cfo) is calculated by dividing the net cash flow generated from

the enterprise's operating activities during the year by the total assets

at the end of the period; ownership structure (Soe) is a dummy vari-

able, taking a value of 1 if the enterprise is state-owned, and 0 other-

wise; enterprise age (Age) represents the time interval between the

year the enterprise was registered and the year of the enterprise

sample.

Second, based on stakeholder theory, the demands and gover-

nance capabilities of stakeholders such as creditors and enterprise

executives also intervene in the green collaborative technological

innovation decision-making of the enterprise. Therefore, this study

includes variables such as leverage ratio (Lev) and executive share-

holding ratio (Exe) in the control variable set. Among them, the lever-

age ratio (Lev) is calculated by dividing the enterprise's total liabilities

at the end of the period by the total assets at the end of the period,

and the executive shareholding ratio (Exe) is calculated by dividing the

number of shares held by executives by the total shares outstanding.

Third, due to the externalities of environmental governance and

technology, enterprises often lack the original impetus for green

TABLE 1 PSM balance test.

Variables

Unmatched
Mean

%reduct
t-test

Matched Treated Control %bias jbiasj t p > jtj
Size Unmatched 23.956 22.11 120.3 31.95 0.000

Matched 23.956 23.69 17.3 85.6 2.49 0.013

Roe Unmatched 0.0844 0.1181 �0.7 �0.12 0.904

Matched 0.0844 0.0932 �0.2 74.0 �0.02 0.961

Lev Unmatched 0.5952 0.4478 30.6 5.20 0.000

Matched 0.5952 0.5762 3.9 87.1 0.38 0.707

Cfo Unmatched 0.4732 0.0417 5.7 2.05 0.055

Matched 0.4732 0.0444 2.9 49.3 0.45 0.653

Soe Unmatched 0.6750 0.3667 64.9 14.78 0.000

Matched 0.6750 0.6293 9.6 85.2 1.60 0.110
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technological innovation, so government intervention plays an impor-

tant role in the decision-making of green collaborative innovation in

enterprises. Based on this, this study controls for two factors that

affect green collaborative innovation in enterprises, namely govern-

ment subsidies (Subsidy) and environmental regulations (Regula).

Among them, government subsidies (Subsidy) are calculated by taking

the natural logarithm of the amount of government subsidies obtained

by the enterprise plus one, and environmental regulations (Regula) are

calculated by dividing the pollution control investment in each prov-

ince by the industrial output value of that province and multiplying

by 1000.

4.3 | Descriptive statistical analysis

Table 2 presents the descriptive statistics of the major variables. The

standard deviations of the total number of joint green patent applica-

tions (Patent1) and the number of joint green invention patent appli-

cations (Patent2) are 1.102 and 0.879, respectively, indicating a

significant difference in the level of green collaborative innovation

among enterprises. Table 2 also shows that the mean of the number

of joint green invention patent applications (Patent2) accounts for

more than half of the mean of the total number of joint green patent

applications (Patent1) (0.376/0.520). The descriptive statistics of other

variables are basically consistent with the studies by (Wang &

Zhou, 2022; Wang & Wang, 2021; Yang & Zhang, 2022), indicating

that the research sample of this article is random. Table 3 reports the

difference test of the green collaborative innovation of the treatment

group before and after the issuance of green bonds. It can be seen

that after the issuance of green bonds, the mean values of the total

number of joint green patent applications (Patent1) and the number of

joint green invention patent applications (Patent2) increased by 0.688

and 0.601, respectively, and passed the significance test, preliminarily

supporting Hypothesis 1. However, since this result does not consider

the impact of a series of accompanying factors on the level of

collaborative green innovation of enterprises over time, we continue

to use the DID model to provide a more rigorous proof of the results.

5 | MAIN RESULTS

5.1 | Baseline regression

Considering the differences in the time nodes when enterprises issue

green bonds, we follow the methodology proposed by (Beck

et al., 2010) and (Yeow & Ng, 2021) to construct an asymptotic dou-

ble difference model to test the impact of green bonds on firms' col-

laborative green innovation.

Patenti,t ¼ α0þα1Greeni�Posttþ
X

αkControlsi,tþλiþδtþεi,t: ð1Þ

The variable Patenti,t is the dependent variable in this study,

which represents the green collaborative innovation of firm i in year t.

We measure this variable from two dimensions: the quantity (Patent1)

and the quality (Patent2) of green technological innovation. Green-

i � Postt is the double difference term in the DID model, and the focus

is on the coefficient α1 of Greeni � Postt. If α1 is significantly positive,

it indicates that the issuance of green bonds can promote firms' green

collaborative innovation. Controlsi,t refers to the group of control

TABLE 2 Descriptive statistics of the
main variables.

Variable Obs Mean Median S.D. Min Max

Patent1 1108 0.520 0 1.102 0 4.779

Patent2 1108 0.376 0 0.879 0 4.094

Green � Post 1108 0.260 0 0.270 0 1

Size 1108 22.22 20.66 2.116 20.00 27.46

Roe 1108 0.075 0.077 0.068 �0.241 0.261

Lev 1108 0.420 0.422 0.230 0.045 0.846

Expend 1108 0.063 0.051 0.052 0 0.231

Cfo 1108 0.043 0.046 0.065 �0.150 0.205

Soe 1108 0.372 0 0.484 0 1

Age 1108 15.58 16 5.914 3 30

Subsidy 1108 9.063 14.00 8.506 0 21.34

Exe 1108 0.096 0.001 0.159 0 0.607

Regula 1108 21.389 34.778 15.274 1.776 235.475

TABLE 3 Difference test of green collaborative innovation before
and after green bond issuance by enterprises in the treatment group.

Variables

Prerelease After release

T-testMean S.D. Mean S.D.

Patent1 0.770 0.065 1.458 0.115 �0.688***

Patent2 0.528 0.050 1.129 1.304 �0.601***

Note: ***, **, and * indicate significant at the 1%, 5%, and 10% levels,

respectively.
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variables in the model. Additionally, Model (1) also controls for firm-

specific fixed effects (λi) and annual fixed effects (δt).

Table 4 presents the impact of issuing green bonds on firms' green

collaborative innovation. It can be observed that without the inclusion

of control variables, the coefficients of Green � Post are 0.575 and

0.484, respectively, and both are significant at the 1% confidence level.

After controlling for the variables, the results in columns (4) and (5) show

that the coefficients of Green � Post are 0.535 (3.90) and 0.454 (3.81),

respectively, indicating that the total number of green collaborative pat-

ent applications (Patent1) and the number of green collaborative inven-

tion patent applications (Patent2) for firms have significantly increased

after issuing green bonds, confirming Hypothesis 1.

5.2 | Parallel trend test

We proceeded to construct Model (2) to examine the parallel trends

in the DID model and investigate the dynamic marginal impact of

green bonds on firms' green collaborative innovation. In Model (2), the

variables Before (>3), Before (3), Before (2), Before (1), Current, After (1),

After (2), and After (>2) represent the interaction between the dummy

variables for the treatment group and the year dummy variables for

the policy occurring more than three years ago, three years ago, two

years ago, one year ago, the current year, and the policy occurring

one, two, and more than two years after, respectively.

Patenti,t ¼ α0þα1Before >3ð Þþα2Before 3ð Þþα3Before 2ð Þ
þα4Before 1ð Þþα5Currentþα6After 1ð Þþα7After 2ð Þ
þα8After >2ð Þþ

X
αjControlsi,tþεi,t:

ð2Þ

Table 5 presents the results of the parallel trend test. The coeffi-

cients of Before (3), Before (2), and Before (1) are not statistically signifi-

cant, whether the explained variable is the total number of green joint

patent applications (Patent1) or the number of green joint invention

patent applications (Patent2). The result suggests that in the absence

TABLE 4 PSM + DID test results.

Variables
(1) (2) (4) (5)
Patent1 Patent2 Patent1 Patent2

Green � Post 0.575*** 0.484*** 0.535*** 0.454***

(4.20) (4.13) (3.90) (3.81)

Size 0.131*** 0.098***

(5.76) (5.59)

Roe 0.001*** 0.001***

(3.63) (3.23)

Lev 0.007* 0.004

(1.82) (1.25)

Expend �0.099 0.019

(�0.63) (0.15)

Cfo 0.019*** 0.008***

(2.75) (3.37)

Soe 0.062* 0.037*

(1.91) (1.80)

Age 0.012*** 0.015***

(3.40) (5.09)

Subsidy 0.002** 0.001**

(2.02) (2.31)

Exe 0.147* 0.158**

(1.73) (2.39)

Regula 0.038** 0.029**

(2.55) (2.41)

Constant 0.095*** 0.052*** �2.891*** �2.243***

(5.23) (3.29) (�6.06) (�6.13)

Year and firm fixed effect Yes Yes Yes Yes

Observations 1108 1108 1108 1108

adj_R2 0.690 0.679 0.694 0.682

Note: *, **, *** significant at 10, 5, and 1 percent levels, respectively; t values are reported in

parentheses.
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of policy shocks, there is no significant difference in green collabora-

tive innovation between the treatment and control groups, supporting

the parallel trend hypothesis. The coefficients of Current, After (1), and

After (2) are statistically significant with a confidence level of at least

5%, indicating that the promoting effect of issuing green bonds on

firms' green collaborative innovation has dynamic sustainability.

5.3 | Robustness tests

5.3.1 | The policy shock of green bonds

Corporate decisions regarding whether to issue green bonds, invest in

green innovation, and choose how to pursue green innovation are

endogenous to the company's own decisions. To further alleviate endo-

geneity problems, we chose the issuance of the “Green Bond Issuance

Guidelines” as an exogenous event to test the impact of green bonds

on corporate green innovation collaboration. In December 2015, the

National Development and Reform Commission of China issued the

“Green Bond Issuance Guidelines,” which provided an explanation of

the concept, scope of support, issuance conditions, regulatory require-

ments, and support policies for green bonds, marking the official launch

of the Chinese green bond market. In the same year, the People's Bank

of China released the “Green Bond Support Project Catalogue (2015),”
which limited the scope of support for green bonds. This paper takes

2015 as the policy shock year (Post), with a value of 1 for years after

2015 and 0 otherwise. We consider industries supported by the “Green
Bond Support Project Catalogue” as the experimental group (Green),

with a value of 1, and other industries as the control group, with a value

of 0. We constructed a DID model to test the impact of green bonds on

corporate green collaborative innovation. As shown in columns (1) and

(2) of Table 6, we found that regardless of whether the explained vari-

able was the total number of green joint patent applications (Patent1) or

the number of green joint invention patent applications (Patent2), the

coefficient of Green � Post was positively significant at the 1% level.

The result indicates that after the issuance of the “Green Bond Issuance

Guidelines,” companies in the scope of green bond support showed

better performance in green collaborative innovation. On the one hand,

this may be because green bonds have guided green funds into compa-

nies, improving their financing environment, and promoting the

improvement of green collaborative innovation. On the other hand, it

may also be because the launch of the green bond market has inspired

companies, and the new financing platform has given companies hope

for financing, thereby increasing their investment in green innovation to

seek better development. Regardless of which reason, it indicates that

the development of the green bond market can play a role in promoting

green collaborative innovation and promoting low-carbon and sustain-

able economic development.

5.3.2 | Replace the dependent variable

Referring to Huang et al. (2023), we use the method of text analysis to

remeasure green collaborative innovation in enterprises. Specifically, if

the annual report of an enterprise contains relevant statements about

green collaborative innovation between the enterprise and other enti-

ties, it is considered that the enterprise has green collaborative innova-

tion, and the value of Patent is 1, otherwise it is 0. The results are

shown in Table 6, column (3), the coefficient of Green � Post is still sig-

nificant, indicating that the research results in this article are robust.

5.3.3 | Explanatory variables lag by one period

Green joint patents represent explicit achievements of corporate low-

carbon sustainable development, which to some extent can increase

the probability of successful issuance of green bonds, thereby leading

to a potential reverse causality problem. To mitigate this potential

issue, following the approach of (Wu, Bu, et al., 2022), future one-

period green collaborative innovation was used as the dependent vari-

able in Model (1), as shown in Table 7, Column (1) and Column (2).

The coefficients of Green � Post were 0.467 (3.29) and 0.399 (3.07),

respectively, indicating that the issuance of green bonds significantly

promotes the quantity and quality of green collaborative innovation in

the subsequent period, verifying Hypothesis 1 and suggesting that the

baseline regression results are robust.

5.3.4 | Tobit model

As the explained variables in this study are all truncated at zero, which

could lead to bias in the OLS estimates, we reestimated the baseline

regression using a Tobit model. The results, as shown in Table 7,

Column (3) and Column (4), indicate that the coefficients of

Green � Post are still significantly positive at the 1% level of confi-

dence for both dependent variables, namely total green joint patent

applications (Patent1) and green joint invention patent applications

(Patent2). This provides further evidence for Hypothesis 1.

TABLE 5 Parallel trend and dynamic effect test results.

Variables

(1) (2)

Patent1 Patent2

Before (3) �0.082 (�1.12) �0.056 (�1.05)

Before (2) 0.121 (0.35) �0.098 (�0.83)

Before (1) 0.135 (1.33) 0.172 (0.48)

Current 0.161** (2.09) 0.222*** (3.08)

After (1) 0.211*** (2.30) 0.357** (2.00)

After (2) 0.421*** (2.82) 0.435*** (3.02)

Controls Yes Yes

Constant �2.729*** (�5.75) �2.096*** (�5.65)

Observations 1108 1108

adj_R2 0.646 0.632

Note: *, **, *** significant at 10, 5, and 1 percent levels, respectively; t

values are reported in parentheses.
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5.3.5 | Placebo test

We used a random sampling method to select 63 companies from the

sample as the treatment group and used a one-to-one without replace-

ment nearest neighbor matching method to select the control group

from the remaining listed companies. We conducted a placebo test by

constructing counterfactuals through 1000 repetitions. The results are

shown in Figure 2, where the vertical dashed line represents the t-value

estimated by the baseline regression model (Model 1). From Figure 2, it

can be observed that for both the dependent variables, namely total

green joint patent applications (Patent1) and green joint invention

patent applications (Patent2), most of the t-values from the ran-

dom sampling results are clustered around zero, with only a few

estimates exceeding the t-value of the baseline regression result.

The result suggests that the promotion effect of green bonds on

green collaborative innovation in enterprises is not due to other

unobservable factors.

5.4 | Mechanism analysis

According to the previous analysis, there are three channels

through which green bonds affect enterprises' green collabora-

tive innovation: the “Technology” channel, the “Resource”

channel, and the “Reputation” channel. Next, we will test these

channels. Drawing on the mediation test method proposed by

(Baron & Kenny, 1986), we constructed models (3) and (4), in

which the mediation variable (Mediation) includes three variables:

enterprises' green independent innovation (Innovation), enter-

prises' financing constraint level (SA), and enterprises' reputation

(Reput).

Mediationi,t ¼α0þα1Greeni�Posttþ
X

αkControlsi,tþλiþδtþεi,t:

ð3Þ

Patenti,t ¼ α0þα1Greeni�Posttþα2Mediationi,tþ
X

αkControlsi,tþλi
þδtþ εi,t:

ð4Þ

5.4.1 | “Technology” channel

We adopted the firm's green independent innovation (Innovation)

as a mediating variable to examine the “Technology” channel

through which green bonds affect a firm's green collaborative

innovation. The issuance of green bonds by firms can promote the

enhancement of their green independent innovation, thereby

changing the competition environment and green technology stan-

dards in the supply chain, forcing upstream and downstream firms

to actively seek cooperation with innovative entities, and thus pro-

moting their green collaborative innovation. Specifically, we used

the natural logarithm of the total number of green patents inde-

pendently applied for by firms plus one to measure their green

independent innovation (Innovation). The green independent Inno-

vation (innovation) is substituted into models (3) and (4) as a Medi-

ation variable, and the empirical results are shown in Table 8. In

column (1), the coefficient of Green � Post is 0.269 and significant

at the 5% confidence level, indicating that the issuance of green

bonds by firms can significantly promote the enhancement of their

green independent innovation. Columns (2) and (3) report the esti-

mation results of model (4). It can be seen that whether

the explained variable is the total number of green joint patent

applications (Patent1) or the total number of green joint invention

TABLE 6 Robustness test results I.

Variables

Green bond policy impact

Replace the
dependent

variable
(1) (2) (3)
Patent1 Patent2 Patent

Green � Post 0.397*** (5.24) 0.298*** (4.37) 0.463*** (6.38)

Controls Yes Yes Yes

Constant �12.235***

(�18.72)

�11.894***

(�16.37)

�5.879***

(�12.68)

Observations 30,726 30,726 1108

adj_R2 0.568 0.601 0.524

Note: *, **, *** significant at 10, 5, and 1 percent levels, respectively; t

values are reported in parentheses.

TABLE 7 Robustness test results II.

Variables
(1) (2) (3) (4)
Patent1 Patent2 Patent1 Patent2

Green � Post 0.467*** (3.29) 0.399*** (3.07) 0.747*** (4.90) 0.647*** (4.43)

Controls Yes Yes Yes Yes

Constant �2.466*** (�5.27) �1.924*** (�5.16) �23.981*** (�43.86) �22.214*** (�39.87)

Observations 846 846 1108 1108

adj_R2 0.652 0.646

Pseudo R2 0.128 0.646

Note: *, **, *** significant at 10, 5, and 1 percent levels, respectively; t values are reported in parentheses.
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patent applications (Patent2), the coefficients of Innovation are all

significantly positive, indicating that the improvement of indepen-

dent green innovation of enterprises is conducive to their collabo-

rative green innovation. The above results show that the issuance

of green bonds can promote firms' green independent innovation,

thus promoting their green collaborative innovation, The “Technol-
ogy” channel is verified.

5.4.2 | “Resource” channel

Green bonds can signal to the outside world that a company is

committed to green and sustainable development, thereby direct-

ing social capital towards the company and alleviating financing

constraints such as high costs, mismatches in maturities, and

limited availability, which have long been obstacles to green

collaborative innovation. To investigate the “Resource”channel
through which green bonds promote green collaborative innova-

tion, we use financing constraints (SA) as a mediator. Following the

approach of Hadlock and Pierce (2010), we use the SA index to

describe the degree of financing constraints faced by companies

and calculate the logarithmic value of the absolute value of the SA

index (SA). A higher SA value indicates a more severe financing

constraint faced by the company. We use financing constraints

(SA) as a mediator variable in models (3) and (4), and the results are

shown in Table 9. Column (1) shows that Green � Post is signifi-

cantly negatively correlated with SA, indicating that green bonds

can significantly alleviate a company's financing constraints. Col-

umns (2) and (3) report the estimation results of model (4), which

show that whether the dependent variable is the total number of

green joint patent applications (Patent1) or the number of green

joint invention patent applications (Patent2), the coefficient of SA

is significantly negative at the 1% confidence level, indicating that

financing constraints faced by companies will have an adverse

effect on their green collaborative innovation. These results dem-

onstrate that issuing green bonds can alleviate a company's financ-

ing constraints, thereby promoting its green collaborative

innovation and supporting the “Resource” channel.

5.4.3 | “Reputation” channel

Issuing green bonds can convey a signal of green and sustainable

development to the outside world, enhance a company's green

reputation, and enhance the trust relationship between the

F IGURE 2 Placebo test results. (a) Patent1. (b) Patent2.

TABLE 8 “Technology” channel test.

Variables
(1) (2) (3)
Innovation Patent1 Patent2

Green � Post 0.269** (2.14) 0.517*** (3.89) 0.438*** (3.80)

Innovation 0.063*** (5.55) 0.056*** (5.76)

Bootstrap 0.017*** (5.23) 0.015*** (4.87)

Controls Yes Yes Yes

Constant �8.532***

(�11.32)

�2.229*** (�4.82) �1.655*** (�4.64)

Observations 1108 1108 1108

adj_R2 0.758 0.648 0.634

Note: *, **, *** significant at 10, 5, and 1 percent levels, respectively; t

values are reported in parentheses.

TABLE 9 “Resource” channel test.

Variables

(1) (2) (3)

SA Patent1 Patent2

Green � Post �0.081***

(�3.62)

0.507*** (3.73) 0.428*** (3.68)

SA �0.140*** (�3.46) �0.043*** (�3.59)

Bootstrap 0.011*** (4.05) 0.003*** (2.87)

Controls Yes Yes Yes

Constant �2.361***

(�8.76)

�8.231*** (�4.87) �7.131*** (�4.75)

Observations 1108 1108 1108

adj_R2 0.411 0.646 0.633

Note: *, **, *** significant at 10, 5, and 1 percent levels, respectively; t

values are reported in parentheses.
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company and its partners. On the one hand, it can attract external

entities to cooperate and innovate with the company, and on the

other hand, it also improves the communication and collaboration

efficiency between the company and its existing partners, thereby

promoting the improvement of the collaborative green innovation

among enterprises. Based on this, we draw on the measurement

methods of (Guan & Zhang, 2019), comprehensively consider the

evaluation of corporate reputation by various stakeholders, select

12 corporate reputation indicators, and then use factor analysis

scores to calculate the corporate reputation score. Finally, we

divide the corporate reputation score into ten groups from low to

high, with each group assigned a Reput of 1 to 10. The higher the

value assigned, the better the reputation. These 12 indicators

include: (1) the ranking of corporate assets, revenue, net profit,

and value within the industry, reflecting the evaluation of corpo-

rate reputation by consumers and the general public; (2) the asset

liability ratio, current ratio, and long-term debt ratio, reflecting the

creditors' evaluation of the company's reputation; (3) from the per-

spective of shareholders, three indicators were selected: earnings

per share, dividends per share, and whether they are audited by

the four major international accounting firms; (4) two indicators,

sustainable growth rate and independent director ratio, were

selected from the perspective of the enterprise.

We substituted corporate reputation (Reput) as a mediator var-

iable into models (3) and (4), and the results are shown in Table 10.

From column (1), the coefficient of Green � Post is significantly

positive, indicating that issuing green bonds by enterprises can

improve their reputation. Columns (2) and (3) report the estimation

results of model (4), and it can be seen that the coefficient of Reput

is only significant at the 10% level when the dependent variable is

the number of green joint invention patent applications (Patent2).

We continue to perform nonparametric percentile bootstrap tests

with bias correction on the model, and the results show that the

bootstrap values are all significant at the 5% confidence level. The

above results indicate that issuing green bonds by enterprises can

enhance their reputation, thereby promoting the improvement of

their collaborative green innovation level and verifying the “Repu-
tation” channel.

6 | FURTHER ANALYSIS

So far, our research has shown that the issuance of green bonds by

companies can promote the improvement of firms' green collaborative

innovation. Therefore, we are interested in whether external review

of green bonds can further promote the improvement of green collab-

orative innovation? Does the repeated issuance of green bonds have

a significant impact on green collaborative innovation?

6.1 | External review

In the international market, independent intermediaries or third-

party rating agencies are often employed to screen and certify the

green projects in which green bonds are invested and evaluate the

control system and compliance of the green bond issuance for green

certification. External review can provide detailed explanations of

the funds raised by green bonds, which possess both financial and

environmental attributes, quantitatively demonstrating the expected

environmental benefits and exerting certain supervision and

restraint on the issuers. The issuance of green bonds that have been

externally reviewed enhances the transparency of green bond infor-

mation disclosure, sends a robust green signal to investors (Sun

et al., 2022), establishes an excellent corporate green image, gains

recognition from more environmentally friendly investors, enhances

the green attributes of the bond issuance, and attracts more green

capital investment. This, in turn, mitigates the financing constraints

among the collaborative entities, increases the motivation of the col-

laborative enterprises to engage in collaborative R&D, and acceler-

ates the process of collaborative achievement transformation.

Therefore, we have reason to believe that external review will fur-

ther promote firms' green collaborative innovation. Following

(Flammer, 2021), if the green bonds issued by enterprises are sub-

ject to external review (Certi), the annual observation value of the

company is assigned a value of 1; otherwise, it is assigned a value of

0. Subsequently, Green � Post � Certi is inserted into Model (1). The

results in Table 11, columns (1) and (2) show that the coefficient of

Green � Post � Certi is significantly positive at least at the 5% level

whether the explained variable is the total number of green joint

patent applications (Patent1) or the total number of green joint

invention patent applications (Patent2), indicating that external

review have a more substantial effect in promoting firms' green col-

laborative innovation.

6.2 | Repeated issuance of green bonds

Repeat bond issuance refers to enterprises that successfully issue

green bonds more than once. For example, Donghua Energy Co., Ltd.

issued a three-year green bond in 2017, raising 600 million RMB. The

company issued a green bond again in 2018, successfully raising

600 million RMB; Similarly, China Jushi Co., Ltd. issued green bonds in

2018, 2019, and 2021, respectively, raising 200 million RMB,

TABLE 10 “Reputation” channel test.

Variables

(1) (2) (3)

Reput Patent1 Patent2

Green � Post 0.023** (2.00) 0.183*** (3.27) 0.169*** (3.21)

Reput 0.247** (2.27) 0.233* (1.90)

Bootstrap 0.005** (2.25) 0.004** (2.19)

Controls Yes Yes Yes

Constant 4.579*** (8.36) 3.467*** (6.71) 5.011*** (8.72)

Observations 1108 1108 1108

adj_R2 0.452 0.542 0.498

Note: *, **, *** significant at 10, 5, and 1 percent levels, respectively; t

values are reported in parentheses.
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500 million RMB, and 500 million RMB, respectively. Repeated issu-

ance of green bonds can reduce marginal issuance costs by leveraging

the experience of collaborating with green bond underwriters and ver-

ifiers, lower information search costs, improve information disclosure

levels, strengthen the green signal effect, expand social capital,

enhance investor confidence, and boost market supply and demand

(Hyun et al., 2021). Through repeated investment in environmentally

friendly projects and leveraging the environmental performance

reports and reputation tracking records established after previous

green bond issuances, the cooperative entities can demonstrate a

stronger environmental commitment signal to partners, thereby trans-

mitting cooperation proposals at low cost to other high-quality enti-

ties with cooperative intentions. By utilizing the accumulated

reputation advantage, they can benefit from additional premiums and

credit spreads (Fatica et al., 2021). Under the dual relief of information

asymmetry and capital constraints, the green bond issuance entity will

engage in green collaborative innovation with more high-quality

enterprises with a strong environmental protection willingness. There-

fore, we believe that repeated green bond issuance has a significant

impact on the level of collaborative innovation. We define enterprises

that issue green bonds more than once as repeat bond issuance enter-

prises (Re-issue), assigning a value of 1, otherwise, a value of 0. Green-

� Re-issue is input into Model (1), and the results are shown in

columns (3) and (4) of Table 11, with coefficients of 0.211 and 0.254,

respectively, which are significant at least at the 10% level. This indi-

cates that enterprises that repeat green bond issuance can promote

both the quantity and quality improvement of green collaborative

innovation.

7 | CONCLUSION

Since the industrial revolution, human activities have rapidly changed

the natural environment, far exceeding the earth's self-recovery rate.

This has resulted in a series of global environmental problems such as

global warming, ozone depletion, species extinction, acid rain, and air

pollution, which have put the entire planet in an unsustainable state.

In the face of increasingly serious environmental issues, countries

around the world have invested in sustainable development.

However, green development requires a large amount of capital

investment, and government funding can only cover a small part of

it. Therefore, the financial sector's power is urgently needed to drive

and incentivize more social capital to invest in the ecological industry,

participate in environmental governance, and build a green home. As

one of the most important green financial instruments, green bonds

are an effective way to break through the shackles of funding and

support the green development strategy. However, whether and how

green bonds can play a positive role in promoting environmental sus-

tainability development is still a question that has not been answered

conclusively. In this context, we have studied how the issuance of

green bonds by enterprises affects their green collaborative innova-

tion. We found that the issuance of green bonds by enterprises can

significantly promote their collaborative green innovation, and this

improvement effect has dynamic sustainability.

Following that, we conducted a study on the three channels

through which green bonds affect firms' green collaborative innova-

tion of enterprises. The first channel is the “Technology” channel. We

found that green bonds can significantly improve the green indepen-

dent R&D capabilities of issuers, leading to an improvement in the

technical standards of green products in the supply chain. This in turn

encourages upstream and downstream enterprises in the supply chain

to actively seek R&D cooperation with the issuer to consolidate their

competitive position, thereby promoting the issuer's green collabora-

tive innovation. The second channel is the “Resource” channel. We

found that companies issuing green bonds can alleviate the financing

constraints faced in the collaborative innovation process by obtaining

sustained and stable green funding at low cost. This allows for advan-

tages in resource agglomeration, thereby increasing the willingness

for collaborative innovation and ultimately improving firms' green col-

laborative innovation. The third channel is the “Reputation” channel.

We found that Issuing green bonds not only improves the environ-

mental quality of enterprises but also helps to enhance their image

and social reputation, thereby improving the level of trust between

enterprises and cooperating entities. On the one hand, it promotes

TABLE 11 Heterogeneity test results.

Variables

External review Repeated issuance

(1) (2) (3) (4)
Patent1 Patent2 Patent1 Patent2

Green � Post 0.560*** (3.68) 0.491*** (3.75) 0.640*** (3.71) 0.514*** (3.43)

Green � Post � Certi 0.172** (2.31) 0.261*** (3.92)

Green � Post � Re-issue 0.211* (1.83) 0.254** (2.29)

Controls Yes Yes Yes Yes

Constant �2.891*** (�6.07) �2.242*** (�6.13) �5.778*** (�12.21) �4.493*** (�11.06)

Observations 1108 1108 1108 1108

adj_R2 0.644 0.631 0.537 0.511

Note: *, **, *** significant at 10, 5, and 1 percent levels, respectively; t values are reported in parentheses.
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the willingness of other organizations to cooperate and innovate with

issuers. On the other hand, it improves the innovation efficiency

between the issuer and the existing partners, thus promoting the

green collaborative innovation of enterprises.

Finally, we also studied the impact of external review and

repeated issuance of green bonds on the innovative driving effect of

green bonds. We found that when an enterprise is subject to external

review or issue green bonds repeatedly, their green collaborative

innovation improves significantly. This indicates that the green attri-

bute of green bonds is a key factor affecting green collaborative inno-

vation. Research on this issue is beneficial for identifying the focal

points of the healthy and orderly development of the green bond

market.

8 | SUGGESTIONS

Green bonds are debt financing instruments that raise funds to sup-

port eligible green projects, green industries, or green economic activi-

ties. They aim to generate positive environmental benefits and are

one of the most important green finance tools. This article suggests

that vigorously developing the green bond market, improving the

green bond market system, and ensuring the green attributes of green

bonds are feasible ways to promote green collaborative innovation.

Therefore, this article proposes policy recommendations on how to

build a sustainable and healthy green bond market and promote cor-

porate green collaborative innovation.

First, it is essential to establish a comprehensive green bond mar-

ket system and implement supporting measures for green bond issu-

ance. Initially, policies such as tax incentives, subsidies, and

government guarantees for green bonds should be gradually improved

and developed from a top-down perspective. This will enable the con-

struction of a government-led policy support system for green bonds.

Second, the operational norms and processes for green bonds should

be improved, and the responsibilities and rights of all parties involved

should be clearly defined. Financial institutions should be encouraged

to actively engage in the green bond business, and companies should

be encouraged to utilize green bond tools to raise funds. Lastly, a uni-

fied green bond institutional framework should be established to pro-

mote the overall institutional system construction of green bonds and

international convergence, thereby encouraging overseas investors to

actively participate in the domestic green bond market.

Second, a multilevel green bond market system should be con-

structed to expand green financial products that meet the needs of

the issuing entities. Currently, green financial bonds occupy a large

proportion of the green bond market, while other types of green

bonds account for a relatively small proportion, resulting in an unbal-

anced development of the green bond market. Therefore, the market

can be expanded by developing green asset securitization (Green

ABS), green asset-backed notes (Green ABN), green revenue support

securities, and other green financial products to increase investment

choices for green investors and facilitate corporate financing, with a

focus on developing the green asset-backed securities market.

Third, a transparent and open green bond market system should

be established, and guidelines for green bond disclosure should be

strengthened. Governments and regulatory agencies should require

companies to regularly disclose the latest progress of green projects

and their environmental benefits and increase the frequency of regu-

lar reporting. Encouraging third-party green certification of green

bonds, and regulatory authorities should further improve the informa-

tion disclosure standards of green bonds, establish a transparent

tracking and evaluation system, coordinate multiple regulatory author-

ities, strengthen the supervisory role of third-party certification and

evaluation institutions, and encourage social supervision while punish-

ing “greenwashing” behaviors.
Fourth, a highly participatory green bond market system should be

constructed, with targeted policy incentives. To enhance corporate and

investor participation in green bonds, this article suggests that on the

issuing end, the “green channel” should continue to play a role in

fast-track approval. For the investment end, tax exemptions should be

provided for green bond investment income, to increase investor enthu-

siasm. At the same time, green investment consumer groups should be

cultivated, and green investment awareness should be encouraged.

Multiple green bond issuers should be encouraged to enter the green

bond market, and market-based means should be used to encourage

investment in the green industry, stimulate corporate social responsibil-

ity, and achieve high-quality development in the real economy.

9 | CONTRIBUTION

This study has at least the following contributions: first, we creatively

constructs a three-channel transmission mechanism for green bonds

to promote green collaborative innovation and points out that the

corporate green independent innovation, the level of resource financ-

ing constraints, and the corporate reputation are its key factors, which

fills in the lack of existing research on the influence factors for pro-

moting green collaborative innovation with the help of green financial

tools, enriches the theoretical research on green collaborative innova-

tion, and tries to answer the question of “How green bonds promote

firms' green collaborative innovation?”; second, we identifies the role

of the green attributes of green bonds in promoting green collabora-

tive innovation, expands the research entry point of green financial

instruments bonding green collaborative innovation, reveals the dif-

ferences in the effectiveness of green collaborative innovation

between listed companies issuing green bonds with different attri-

butes, and provides reference basis and methods for enterprises to

make reasonable decisions on the allocation of green bond resources

with different attributes; third, we pays close attention to the green

funding gap faced by the China's green bond market and the practical

challenges of green collaborative innovation among existing enter-

prises. Our research proves the strong practical feasibility of green

bonds in promoting green collaborative innovation; we provide useful

reference for the Chinese government to improve the development of

the green bond market and promote the integration of green collabo-

rative innovation practices among enterprises.

LIAN ET AL. 15



9.1 | Limitations and future research

The limitations of this study are mainly manifested in several aspects that

can be improved in future research. First, green collaborative innovation

is not only a technological innovation brought by R&D investment but

also involves management method innovation, strategic innovation,

cooperation mode innovation, etc. However, the indicator of green joint

invention patent applications used in this study to measure green collab-

orative innovation may not be comprehensive. Therefore, in the future,

variable definitions of green collaborative innovation should be further

optimized, and more comprehensive measurement indicators should be

explored. Second, there are many mechanisms that affect green collabo-

rative innovation after issuing green bonds. Due to the multidimensional-

ity of research variables and data availability limitations, this study only

selected three influencing factors for exploration. Subsequent research

should analyze other factors to fully explain the inherent mechanism of

issuing green bonds on green collaborative innovation. Third, this study

did not consider alternative mechanisms for green bonds, that is,

whether other green financial instruments can promote green collabora-

tive innovation needs to be further verified. Therefore, future research

can explore the impact of green funds, green insurance, green guaran-

tees, and other perspectives on collaborative innovation.

FUNDING INFORMATION

Chongqing Federation Social Science Planning Project,

2021NDYB079. SiChuan International Studies University School-level

Scientific Research Project, sisu202134. Key Projects of the Science

and Technology Research Program of Chongqing Education Commis-

sion, KJZD-K202300902. SiChuan International Studies University

School-level Scientific Research Project, sisu202043. Humanities and

Social Sciences Research Project of Chongqing Education Commis-

sion, 23SKGH214. Youth Project of Science and Technology Research

Program of Chongqing Education Commission, KJQN202000901.

ORCID

Xuanshun Huang https://orcid.org/0009-0008-1945-376X

REFERENCES

Agliardi, E., & Agliardi, R. (2019). Financing environmentally-sustainable

projects with green bonds. Environment and Development Economics,

24(6), 608–623.
Al-Omoush, K. S., Ribeiro-Navarrete, S., Lassala, C., & Skare, M. (2022).

Networking and knowledge creation: Social capital and collaborative

innovation in responding to the COVID-19 crisis. Journal of Innova-

tion & Knowledge, 7(2), 100181. https://doi.org/10.1016/j.jik.2022.

100181

Bai, X., & Li, J. (2020). The best configuration of collaborative knowledge

innovation management from the perspective of artificial intelligence.

Knowledge Management Research & Practice, 18, 1–13.
Baron, R. M., & Kenny, D. A. (1986). The moderator–mediator variable dis-

tinction in social psychological research: Conceptual, strategic, and sta-

tistical considerations. Journal of Personality and Social Psychology,

51(6), 1173–1182.
Bauer, R., & Hann, D. (2010). Corporate environmental management and

credit risk. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.

1660470

Baulkaran, V. (2019). Stock market reaction to green bond issuance. Jour-

nal of Asset Management, 20(5), 331–340.
Beck, T., Levine, R., & Levkov, A. (2010). Big bad banks? The winners and

losers from bank deregulation in the United States. The Journal of

Finance, 65(5), 1637–1667.
Benhayoun, L., Le Dain, M.-A., Dominguez-Péry, C., & Lyons, A. C.

(2020). SMEs embedded in collaborative innovation networks:

How to measure their absorptive capacity? Technological Forecast-

ing and Social Change, 159, 120196. https://doi.org/10.1016/j.

techfore.2020.120196

Brockman, P., Khurana, I. K., Zhong, R., & (Irene). (2018). Societal trust and

open innovation. Research Policy, 47(10), 2048–2065. https://doi.org/
10.1016/j.respol.2018.07.010

Chava, S. (2014). Environmental externalities and cost of capital. Manage-

ment Science, 60(9), 2223–2247. https://doi.org/10.1287/mnsc.2013.

1863

Chen, P.-C., & Hung, S.-W. (2014). Collaborative green innovation in

emerging countries: A social capital perspective. International Journal

of Operations & Production Management, 34(3), 347–363. https://doi.
org/10.1108/IJOPM-06-2012-0222

Cheng, B., Ioannou, I., & Serafeim, G. (2014). Corporate social responsi-

bility and access to finance. Strategic Management Journal, 35(1),

1–23.
Criscuolo, C., & Menon, C. (2015). Environmental policies and risk finance

in the green sector: Cross-country evidence. Energy Policy, 83, 38–56.
https://doi.org/10.1016/j.enpol.2015.03.023

Fatica, S., Panzica, R., & Rancan, M. (2021). The pricing of green bonds:

Are financial institutions special? Journal of Financial Stability, 54,

100873.

Flammer, C. (2021). Corporate green bonds. Journal of Financial Economics,

142(2), 499–516. https://doi.org/10.1016/j.jfineco.2021.01.010
Gianfrate, G., & Peri, M. (2019). The green advantage: Exploring the con-

venience of issuing green bonds. Journal of Cleaner Production, 219,

127–135.
Guan, K. L., & Zhang, R. (2019). Corporate reputation and earnings man-

agement: Efficient contract theory or rent-seeking theory. Accounting

Research, 2019(1), 59–64. https://doi.org/10.3969/j.issn.1003-2886.
2019.01.009

Hachenberg, B., & Schiereck, D. (2018). Are green bonds priced differently

from. Conventional bonds? Journal of Asset Management, 19(6),

371–383.
Hadlock, C. J., & Pierce, J. R. (2010). New evidence on measuring financial

constraints: Moving beyond the KZ index. Review of Financial Studies,

23(5), 1909–1940.
Hall, B. H. (2002). The financing of research and development. Oxford

Review of Economic Policy, 18(1), 35–51.
Himmelberg, C. P., & Petersen, B. C. (1994). R & D and internal finance: A

panel study of small firms in high-tech industries. The Review of Eco-

nomics and Statistics, 76(1), 38.

Hong, J., Zheng, R., Deng, H., & Zhou, Y. (2019). Green supply chain collab-

orative innovation, absorptive capacity and innovation performance:

Evidence from China. Journal of Cleaner Production, 241, 118377.

Horbach, J., Rammer, C., & Rennings, K. (2012). Determinants of eco-

innovations by type of environmental impact—The role of regulatory

push/pull, technology push and market pull. Ecological Economics, 78,

112–122.
Huang, H. B., Xu, C. H., & Sun, Y. N. (2023). Does the setting of R&D sub-

sidiaries in business groups will facilitate collaborative innovation?

Business and Management Journal, 45(1), 125–143. https://doi.org/10.
19616/j.cnki.bmj.2023.01.007

Huang, H. B., Zhang, Y. Y., & Sun, Y. N. (2023). Does supply network loca-

tion promote collaborative innovation among enterprises? Securities

Market Herald, 2023(6), 3–14.
Huang, T., & Yue, Q. (2020). How the game changer was generated? An

analysis on the legal rules and development of China's green bond

16 LIAN ET AL.

https://orcid.org/0009-0008-1945-376X
https://orcid.org/0009-0008-1945-376X
https://doi.org/10.1016/j.jik.2022.100181
https://doi.org/10.1016/j.jik.2022.100181
https://doi.org/10.2139/ssrn.1660470
https://doi.org/10.2139/ssrn.1660470
https://doi.org/10.1016/j.techfore.2020.120196
https://doi.org/10.1016/j.techfore.2020.120196
https://doi.org/10.1016/j.respol.2018.07.010
https://doi.org/10.1016/j.respol.2018.07.010
https://doi.org/10.1287/mnsc.2013.1863
https://doi.org/10.1287/mnsc.2013.1863
https://doi.org/10.1108/IJOPM-06-2012-0222
https://doi.org/10.1108/IJOPM-06-2012-0222
https://doi.org/10.1016/j.enpol.2015.03.023
https://doi.org/10.1016/j.jfineco.2021.01.010
https://doi.org/10.3969/j.issn.1003-2886.2019.01.009
https://doi.org/10.3969/j.issn.1003-2886.2019.01.009
https://doi.org/10.19616/j.cnki.bmj.2023.01.007
https://doi.org/10.19616/j.cnki.bmj.2023.01.007


market. International Environmental Agreements: Politics, Law and Eco-

nomics, 20(1), 85–102. https://doi.org/10.1007/s10784-019-09460-9
Hyun, S., Park, D., & Tian, S. (2020). The price of going green: The role of

greenness in green bond markets. Accounting & Finance, 60(1), 73–95.
https://doi.org/10.1111/acfi.12515

Hyun, S., Park, D., & Tian, S. (2021). Pricing of green labeling: A compari-

son of labeled and unlabeled green bonds. Finance Research Letters,

41, 101816.

Immel, M., Hachenberg, B., Kiesel, F., & Schiereck, D. (2021). Green bonds:

Shades of green and brown. Journal of Asset Management, 22(2),

96–109.
Ji, H., & Miao, Z. (2020). Corporate social responsibility and collaborative

innovation: The role of government support. Journal of Cleaner Produc-

tion, 260, 121028.

Jiang, S., Liu, X., Liu, Z., Shi, H., & Xu, H. (2022). Does green finance pro-

mote enterprises' green technology innovation in China? Frontiers in

Environmental Science, 10, 981013.

Jiao, H., Yang, J., Zhou, J., & Li, J. (2019). Commercial partnerships and col-

laborative innovation in China: The moderating effect of technological

uncertainty and dynamic capabilities. Journal of Knowledge Manage-

ment, 23(7), 1429–1454.
Kim, H., Youn, S., & Lee, D. (2019). The effect of corporate social responsi-

bility reputation on consumer support for cause-related marketing.

Total Quality Management & Business Excellence, 30(5–6), 682–707.
Kostopoulos, K., Papalexandris, A., Papachroni, M., & Ioannou, G. (2011).

Absorptive capacity, innovation, and financial performance. Journal of

Business Research, 64(12), 1335–1343.
Larcker, D. F., & Watts, E. M. (2020). Where's the greenium? Journal of

Accounting and Economics, 69(2–3), 101312. https://doi.org/10.1016/
j.jacceco.2020.101312

Li, C., & Wang, S. (2022). Digital optimization, Green R&D Collaboration,

and green technological innovation in manufacturing enterprises. Sus-

tainability, 14(19), 12106.

Li, Q., Zhang, K., & Wang, L. (2022). Where's the green bond premium?

Evidence from China. Finance Research Letters, 48, 102950.

Li, Y., Huang, J., Guo, H., & Wang, Z. (2021). Research on incentive mecha-

nism of benefit distribution in collaborative innovation of industry alli-

ance. MATEC Web of Conferences, 336, 9008.

Li, Z., Tang, Y., Wu, J., Zhang, J., & Lv, Q. (2020). The interest costs of

green bonds: Credit ratings, corporate social responsibility, and certifi-

cation. Emerging Markets Finance and Trade, 56(12), 2679–2692.
Liu, D., Chen, T., Liu, X., & Yu, Y. (2019). Do more subsidies promote

greater innovation? Evidence from the Chinese electronic manufactur-

ing industry. Economic Modelling, 80, 441–452.
Liu, H., Liu, Z., Lai, Y., & Li, L. (2021). Factors influencing collaborative inno-

vation project performance: The case of China. Sustainability, 13(13),

7380. https://doi.org/10.3390/su13137380

Loasby, B. J., Nelson, R. R., & Winter, S. G. (1983). An evolutionary theory

of economic change. The Economic Journal, 93(371), 652. https://doi.

org/10.2307/2232409

Meng, F., & Zhang, W. (2022). Digital finance and regional green innova-

tion: Evidence from Chinese cities. Environmental Science and Pollution

Research, 29(59), 89498–89521.
Montmartin, B., & Herrera, M. (2015). Internal and external effects of R&D

subsidies and fiscal incentives: Empirical evidence using spatial

dynamic panel models. Research Policy, 44(5), 1065–1079.
Murovec, N., & Prodan, I. (2009). Absorptive capacity, its determinants,

and influence on innovation output: Cross-cultural validation of the

structural model. Technovation, 29(12), 859–872. https://doi.org/10.
1016/j.technovation.2009.05.010
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