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Abstract: The growing concern over environmental degradation has pushed firms towards
green innovation—technological progress that reduces environmental impact, especially in
the manufacturing regime. In this context, appropriability, or the ability of firms to protect
and profit from their innovations, particularly green technological innovation, becomes
crucial. This paper investigates the role of appropriability in the relationship between green
innovation and a firm’s performance and the circumstances in which that effect will be
strengthened or lessened. To conduct this study, we examined 618 Chinese manufacturing
firms from 2015 to 2021 and found that stronger green innovation appropriability (GIA)
leads to better firm performance. Furthermore, that positive effect is superior in discrete
technology regimes than in cumulative technology regimes; nonetheless, increasing the
shareholding of national institutional investors can intensify GIA’s force. This study
contributes to the literature on green innovation management and provides practical
insight for Chinese manufacturing firms aiming to pursue sustainable production processes
as well as improve their economic performance.

Keywords: green innovation appropriability; firm performance; discrete technology;
national institution investors

1. Introduction
Green innovation or eco-innovation is frequently highlighted as a critical driver of

firm performance, promising benefits such as enhanced stakeholders’ views [1], cost re-
duction, and new market opportunities [2]. However, the mechanism of green innovation
to enhance firm performance remains cumulative [3] and contentious among scholars.
For instance, research shows green innovation could significantly improve environmental
performance [4] and a firm’s innovation performance [5] but not directly improve a firm
financial performance [5–7].

Several challenges hinder the effective transformation of green technology into en-
hanced firm performance. These challenges include the dual externalities of green innova-
tions, difficulties in profiting from eco-products, and environmental policy rent-seeking
behaviours. The knowledge generated by green innovations tends to diffuse quickly and
widely, reducing the competitive advantage of the innovating firms [8]. The inherently
incremental nature of most green technologies often leads to improvements that are not
easily protected by patents or other intellectual property rights [9].

Moreover, policy rent-seeking activities further complicate the scenario in China.
The Chinese government has implemented a range of policies and incentives aimed at
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promoting green innovation, such as subsidies, tax incentives, and preferential procure-
ment policies. While these measures have successfully spurred the development of green
technologies, they have also led to unintended consequences, such as firms prioritizing
rent-seeking behaviours over genuine market-driven innovation [10]. Firms may engage in
strategic behaviours to maximize subsidies and other policy incentives, diverting resources
away from genuinely productive innovation activities. Researchers also note that policy
distortions can lead to inefficient allocation of resources, undermining the potential perfor-
mance benefits of green innovation [11]. Thus, helping innovators understand the rationale
behind how green innovation can improve firm performance should be a significant focus
for scholars.

The major concern for innovators is whether green technology can genuinely enhance
firm performance or at least avoid increasing costs. While the social benefits of green
innovation certainly motivate policymakers to promote eco-friendly production [12], firms
need assurance that such innovations will improve their performance. This assurance
serves as a continuous incentive for companies to invest in green technology R&D.

While cumulative research has studied how external policies can incentivize green in-
novation [13–15], few have explored how firms’ inner mechanism helps to capture value
from green innovation via the appropriability perspective. Scholars such as Arrow and Levin
have attributed the underinvestment in innovation to a lack of appropriability mechanisms,
which hampers firms’ ability to recoup innovation costs [16,17]. Teece’s definition of appropri-
ability mechanisms includes both the legal protection of innovations (e.g., patents) and the
commercialization of these innovations, which can reduce the extent of competitive imitation
and enhance a firm’s competitive advantage and value [18,19]. The theory of profit from
innovation (PFI) suggests that appropriability strategies play an essential role in ensuring that
firms can profit from their green innovations. However, applying the PFI framework and
appropriability mechanism in the Chinese green innovation scenario is still insufficient.

Moreover, the Chinese market is characterized by a high degree of competition and
rapid technological advancements, which can exacerbate the appropriability challenges
faced by firms. More specifically, the fast-paced nature of ‘discrete’ technological diffusion
means that innovations can be quickly imitated, reducing the competitive advantage of the
original innovator [17,20]. Furthermore, the industrial structure in China, which includes
a significant number of state capital and large conglomerates, influences the innovation
landscape. Better access to government support and resources can skew the competitive
balance and create barriers for smaller, private firms seeking to innovate [21].

In China, the effectiveness of green technology innovation in improving firm per-
formance is further complicated by the regulatory and market environment. Policy rent-
seeking, where firms invest in green technologies primarily to gain government subsidies
rather than market-driven benefits, can distort the true value of green innovations. This phe-
nomenon necessitates a nuanced understanding of how appropriability can mitigate such
challenges and support firm performance in the Chinese context. Bridging this gap will
help demonstrate the tangible benefits of green technology, thus incentivizing managers to
persist in their green R&D endeavours.

This study integrates research on profiting from innovation and technological innova-
tion management to examine the role of GIA in enhancing firm performance within the
Chinese manufacturing industry. We define and identify a firm’s appropriability of its
green innovations, measured using a Data Envelopment Analysis (DEA) model, which
illustrates the firm’s ability to capture value from green technologies through patent rights
protection. A previous study [22] has emphasized the importance of appropriability mech-
anisms in capturing the economic returns from innovation. However, there is limited
research specifically addressing the appropriability of green innovations. By employing the
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DEA model to measure GIA, which has been effectively used in performance measurement
and efficiency analysis in various contexts [23], this research will focus on the specific
appropriability strategies that can help firms capture value from their green innovations,
despite the inherent challenges in the Chinese market. Exploring the relationship between
GIA and firm financial performance via the OLS regression model, we argue that green
innovation per sum does not significantly improve firm performance, but an appropriabil-
ity strategy in green innovation can enhance financial performance. That positive impact
works better in discrete industry than cumulative industry where the corporate governance
could strengthen the appropriability strategy.

2. Literature Review and Hypotheses
2.1. Green Innovation and Firm’s Financial Performance

The literature provides mixed evidence on the relationship between green innovation
and financial performance. Numerous studies have documented a positive impact of green
innovation on firm performance. By implementing green process innovations, companies
enhance resource efficiency, leading to cost reductions and operational improvements.
Simultaneously, green product innovations bolster corporate reputation by meeting the
growing consumer demand for environmentally friendly products, thereby positively in-
fluencing financial performance [2,24]. The positive effects tend to manifest over time,
with multinational firms experiencing heightened financial returns after a few years [3].
Additionally, green investments in energy firms, supported by environmental taxes, subsi-
dies, and technological advancements, contribute to improved financial and environmental
outcomes [25]. Moreover, green patenting positively influences firm performance in China,
especially among state-owned enterprises [26], and the adoption of green innovations
enhances competitive advantage and overall organizational performance [1,2].

The relationship between green innovation and firm performance is multifaceted, with
some studies indicating neutral or negative impacts under certain conditions. Researchers
suggest that while green innovation intensity positively impacts financial performance over
time, it shows no significant immediate effect [3]. This implies that the benefits of green
innovation may be delayed, making it less appealing for firms seeking short-term gains.
Scholars also highlight that green innovative firms do not experience improved financial
performance compared to non-green innovative firms, especially in contexts with stringent
environmental regulations and higher normative levels [7]. This raises concerns about the
immediate financial viability of green innovations under strict regulatory environments.

Some researchers explore the impact of green R&D on firm performance, finding
that while such investments reduce carbon emissions, their positive financial impact is
not straightforward [27]. Similarly, in Indonesian manufacturing firms, green process
innovation has no significant effect on firm performance, though green product innovation
does positively impact performance [28]. This distinction suggests that not all types of
green innovation equally contribute to economic benefits, with process innovations possibly
requiring more time or additional supportive measures to yield financial returns.

Also, green innovation can negatively impact firm value in heavy pollution industries
in China, though this negative effect can be mitigated by increasing executive equity
incentives and management-employee pay gaps [29]. This indicates that the success of
green innovation in improving firm value might depend on specific internal management
strategies and incentive structures. Furthermore, green issues can compound the positive
effects of green process innovation on firm performance but not on product innovation [30],
which suggests the role of management focus in determining the financial outcomes of
green innovation.
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These studies collectively reveal that while green innovation has the potential to
enhance firm performance, its economic benefits are not universally guaranteed and can
be influenced by various factors, including the type of innovation, managerial concerns,
regulatory environments, and internal incentive structures. Therefore, we propose the
following hypothesis to investigate the effects of green innovation further:

H1. Green innovation does not significantly improve a firm’s economic performance.

2.2. GIA Is the Key to Profiting from Green Innovation

GIA is a new concept developed from the ‘appropriability’ term in the profiting from
innovation (PFI) theory [18], which particularly refers to the appropriability mechanism of
green technological innovation. Green technology innovation, facing the dual challenge of
enhancing environmental benefits and increasing firm value, can also be examined through
the PFI lens. Appropriability mechanisms play a crucial role in bridging between innova-
tion inputs and profiting outputs. According to the PFI framework, firms can improve their
financial performance through appropriability mechanisms when implementing technolog-
ical innovations [18]. By applying the PFI framework to green technology innovation, we
aim to analyse corporate profit strategies, providing sustainable green innovation strategies
for firms in competitive markets.

Appropriability is crucial in understanding how companies can secure returns on their
investments in new technologies and processes. Teece [18] introduced the PFI framework,
highlighting that the effectiveness of appropriability mechanisms—such as patents, trade
secrets, and complementary assets—determines a firm’s capacity to profit from its innovations.
Accordingly, appropriability mechanisms consist of two components: external intellectual
property protection systems and internal capabilities to commercialize innovations.

This framework emphasizes that merely creating innovation is insufficient; firms
must also establish strategies to protect and capitalize on their innovations to achieve
competitive advantage. Over the past thirty years, PFI theory has evolved from relying
primarily on exogenous intellectual property protection to incorporating endogenous
mechanisms that enhance appropriability to drive firm value growth [18,19]. Some research
also examined how the strength of appropriability mechanisms affects value capture,
emphasizing the importance of following these mechanisms with a firm’s competitive
position [31]. Additionally, scholars revisited the role of intellectual property in protecting
innovation rents, providing updated insights into how firms utilize these mechanisms in
contemporary markets [32].

Researchers have increasingly focused on the role of appropriability mechanisms in
corporate innovation management. However, there is no consensus on the exact impact
of these mechanisms on innovation performance. Studies indicate a positive correlation
between early-stage innovation performance and semi-formal appropriability mechanisms
(e.g., contracts), while formal mechanisms (e.g., patents) show a negative correlation [33].
Stronger appropriability through patent protection or ownership of specialized complemen-
tary assets can enhance economic performance at the firm level [34]. Scholars empirically
analysed data from 2392 Korean firms in 2018, showing that combining appropriability
mechanisms with external collaboration improved innovation performance [35].

These findings underscore the importance of a nuanced approach to appropriability
in fostering green innovation. Strengthening appropriability mechanisms is essential for
firms to profit from technological innovation [36,37]. This includes leveraging external
legal protections [38,39], internal business models [40], and processes that commercialize
innovations. Similarly, for green technology innovation, firms can achieve profitability by
enhancing the strength of their appropriability mechanisms. Firms must balance external
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and internal mechanisms to maximize the economic benefits of their green technological
advancements, thereby contributing to both environmental sustainability and corporate
profitability. Thus, this study aims to build a balanced index of internal and external metrics
to measure the GIA and to further examine the following hypothesis:

H2. GIA can help with a firm’s economic performance.

2.3. Impacting Factors of Appropriability in PFI
2.3.1. Appropriability Strategy in Discrete Technology and Cumulative Technology

The relationship between technological innovation and financial performance varies
across industries due to differences in the nature of technology, which shapes how in-
novation contributes to firm outcomes [18,41]. From the knowledge-based view (KBV)
of the firm, emphasising that knowledge is the most strategically significant resource,
driving innovation and competitive advantage [42,43], green innovation can also enhance
the firm performance via effective knowledge dissemination [44]. However, variations in
the characteristics of knowledge affect dissemination pathways, leading to divergences in
appropriability strategies across different contexts.

Knowledge varies significantly across industries in terms of its discriminability, absorp-
tiveness, and susceptibility to spillover effects, which in turn influence the effectiveness of
appropriability mechanisms. Particularly, knowledge spillovers, one crucial impactor to
returns from R&D investments [45], decide the appropriability efficiency in intellectual prop-
erty protection as well as in commercialisation. For example, highly tacit or firm-specific
knowledge is easier to protect when secured by discrete technology, while explicit or codified
knowledge may be more prone to spillovers, requiring more robust appropriability strate-
gies [42]. In contrast, cumulative technologies, which involve iterative and interconnected
knowledge flows, depend more on mechanisms like secrecy, complementary assets, and lead
time to capture value from innovation [46]. The distinction between discrete and cumulative
technologies significantly influences their respective appropriability strategies.

By aligning appropriability strategies with the nature of the technology and knowledge
involved, firms can more effectively capture the value of their innovations and maintain
a competitive advantage. Green innovation in discrete technologies, characterized by
their independence [47], strong intellectual property protection [48], significant market
differentiation advantages [49], and high technological regime support [50], enables firms
to convert innovation more effectively into financial returns. In contrast, green innovation
in cumulative technologies, due to its high reliance on collaboration, significant knowledge
spillovers [51], and strong standardisation requirements [52], results in more dispersed and
indirect financial outcomes.

The effectiveness of GIA on firm financial performance varies notably between dis-
crete and cumulative technologies, largely due to differences in innovation processes and
profit-making mechanisms in various knowledge discrimination paths. Appropriability
strategies determine the extent to which firms can capture financial returns from their
green innovations, and these strategies function differently depending on the technological
knowledge regime. Thus, studying GIA in different knowledge regimes helps to figure out
the PFI trail of the Chinese manufacturing industry.

Discrete technologies refer to innovations that are typically self-contained, with limited
reliance on prior technologies or knowledge bases [53]. Examples include pharmaceuti-
cals or certain engineering products. In discrete technologies, innovations are typically
standalone and clearly delineated, as seen in industries like pharmaceuticals and semicon-
ductors. These sectors rely heavily on intellectual property protections, such as patents, to
safeguard innovations. Green innovation in these contexts often results in distinct products
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or processes that can be directly monetized. For instance, green manufacturing innovations
in semiconductors, when protected by patents, enable firms to command premium pricing
or secure market exclusivity, leading to superior financial outcomes [47]. The direct link
between innovation and marketable output ensures that firms in discrete technologies can
achieve high appropriability and financial returns.

Cumulative technologies involve a sequence of innovations where new advancements
build upon existing knowledge [54]. Industries like those found in information technology
or automotive industries operate differently. These sectors rely on iterative innovation
processes where advancements build on prior developments. In such ecosystems, green
innovation often involves shared platforms and system-wide improvements [55]. For
example, green innovations in automotive manufacturing, such as energy-efficient engines
or emission reduction technologies, require collaboration and standardisation across the
supply chain. This collaborative nature complicates the exclusive appropriation of financial
gains, as benefits are dispersed across multiple stakeholders [51]. Consequently, cumulative
technologies exhibit a bigger challenge in appropriability, reducing the direct financial
impact of green innovation.

The differences in technological knowledge regimes further accentuate these dynam-
ics. Discrete technologies operate under conditions of high technological opportunity and
appropriability, allowing firms to capitalize more effectively on their green innovations [48].
In contrast, cumulative technologies are characterized by challenging appropriability and
higher knowledge spillovers, where financial returns are shared rather than concentrated.
Additionally, discrete technologies often benefit from market differentiation strategies,
where environmentally friendly products appeal to niche markets with specific environ-
mental certifications [56,57]. This clear market positioning enhances the financial outcomes
of green innovations in discrete settings [49]. Firms in discrete technology sectors generally
achieve better financial outcomes from direct GIA than those in cumulative technology
sectors. For instance, industries with robust intellectual property systems and well-defined
innovation outputs consistently outperform sectors where collaboration and knowledge
sharing dilute financial returns [50].

Given the more favourable appropriability conditions in the discrete technology
industry and their direct impact on financial performance, it is reasonable to hypothesize:

H3a. GIA in discrete technology has better effects on a firm’s financial performance.

2.3.2. Appropriability Strategy and National Institutional Investors

To consider the mechanism of appropriability in different industries, dynamic capa-
bility theory [58,59] provides a valuable framework for implicated scenarios. Dynamic
capabilities enable firms to design and implement appropriability mechanisms strategically,
ensuring the successful translation of innovative efforts into financial returns [60].

Firms with strong dynamic capabilities can adapt their appropriability strategies to
specific industry or market conditions, such as shifting from reliance on patents in weak IP
environments to employing trade secrecy or strategic partnerships [37]. Enhancing dynamic
capabilities also enables firms to reconfigure resources in response to external challenges,
such as regulatory changes or competitive pressures in specific industries, ensuring the
appropriability strategy remains robust [61]. The ongoing profit impact of market strategies
and performance is closely tied to institutional dynamics [62], especially within the Chinese
market [63]. These investors often enhance the manufacturers’ dynamic capabilities by
providing critical resources, fostering collaboration, and encouraging strategic flexibility
during green innovation.
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The involvement of national institutional investors often aligns firms’ strategies with
national innovation policies and industrial priorities. This alignment not only encourages
firms to innovate in strategically significant areas, such as advanced manufacturing and
green technologies but also ensures that firms operate within a regulatory and institutional
framework that supports the appropriation of innovation returns. For instance, direct
environmental regulations are shown to promote green technology innovations, particu-
larly in technology-capital-intensive industries, and institutional investors following their
strategies with these regulations can amplify the positive impacts of GIA [64].

National institutional investors, such as government-backed funds or state-owned
investment entities, provide financial stability and resources that enable firms to invest
in long-term R&D projects [65] (e.g., green technological innovation). These resources
allow firms to sense emerging green opportunities, seize them through innovation, and
transform their operational processes to achieve a competitive. For Chinese manufacturers,
such financial backing often reduces risks associated with innovation and facilitates the
implementation of appropriability mechanisms, such as robust intellectual property protec-
tions and market expansion strategies, which is important for green technology or product
launching [66].

National institutional investors also play a role in facilitating partnerships and collab-
orations between firms, research institutions, and government bodies. Such alliances are
instrumental in developing complementary assets for fostering cumulative technologies—
such as cross-section manufacturing capabilities or specialized knowledge—that are essen-
tial for capturing the value of innovations [18]. This network-building effect strengthens
their capacity to adapt to changing market conditions and enhances their appropriability
strategies, particularly in the cumulative technology industry.

They also facilitate continuous improvement and learning, allowing firms to refine
their mechanisms for capturing value from subsequent innovations [67]. This adaptability
is particularly various in different industries, where dissimilar technological characteristics
and market shifts often challenge appropriability strategies. In this case, the interplay
between appropriability mechanisms and national institutional investors significantly
impacts green innovation, particularly within cumulative technological regimes.

National institutional investors significantly strengthen the effects of GIA, particularly
within cumulative technology regimes, where pressure-resistant institutional investors
positively influence green innovation in China, modulated further by political ties [15].
Similarly, robust appropriability regimes significantly improve green co-innovation perfor-
mance in Taiwan’s manufacturing sector, highlighting the role of effective legal protections
and commercialization strategies [68].

Studies highlight that firms in China with strong ties to national institutional investors
often demonstrate superior innovation performance and financial outcomes [69]. These
firms leverage the dynamic capabilities fostered by investor involvement to implement
effective appropriability mechanisms, such as international patenting or strategic market
entry, ensuring that they secure and protect returns from their innovations. Scholars show
that fund holdings also enhance corporate green innovation, mediated by corporate so-
cial responsibility disclosures, suggesting that transparency promotion by institutional
investors strengthens green innovation appropriability [70]. Thus, national institutional in-
vestors play a key role in green technology innovation, with supportive financial structures
enabling national institutional investors to enhance GIA by backing favourable financial
conditions and regulations and maximizing economic and environmental outcomes [71].
Based on these analyses, this study proposes the following hypothesis:

H3b. National institutional investors can strengthen GIA’s effects in the cumulative technology regime.
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Building on the discussion above, we present the following research framework
showing in Figure 1.
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3. Research Design
3.1. Data Collection and Sampling

This study uses panel data from 618 A-share listed companies in China over a span of
7 years. Due to the unavailability of R&D investment data prior to 2015, the sample period
ranges from 2015 to 2021, focusing on companies engaged in technological research and
development. We processed the raw data by excluding companies that received delisting
warnings, financial and insurance companies, and firms with missing R&D investment
data. Ultimately, we obtained data from 618 companies, resulting in 4326 observations.

The primary data used in this research come from three databases. First, the China
Research Data Service Platform (CNRD) provides data on R&D investment, the number of
R&D personnel, and patent grants. Second, the financial and market data of companies
come from the Resset database, which includes information on Tobin’s Q, market-to-book
ratio, shareholding of the national team, sales revenue, and other control variables.

3.2. Variables Measurement
3.2.1. Dependent Variable

Firm performance: this study utilizes Tobin’s Q for this purpose. Market-based
indicators, such as Tobin’s Q and market returns, are also effective for assessing finan-
cial performance. While there is extensive debate on the appropriate measurement of
financial performance, Tobin’s Q is considered a key indicator in innovation research. It
reflects a company’s market value and potential for sustainable growth from investors’
perspectives [72]. However, there is still controversy regarding the relationship between
accounting-based measures, such as ROA, and market-based indicators [73].

Tobin’s Q provides a comprehensive view of a firm’s market valuation, integrating both
current performance and future growth potential. Unlike ROA, which primarily focuses on
historical accounting data, Tobin’s Q captures investor sentiment and expectations about
a firm’s future profitability. This forward-looking perspective is particularly important
in innovation research, where the potential for future growth and development often
outweighs past performance [74,75].

The choice of Tobin’s Q over other metrics, such as ROA, is motivated by its ability to
address key challenges in evaluating innovative firms. Innovation often involves long-term
investments with uncertain payoffs, making short-term accounting-based metrics less
effective. Moreover, Tobin’s Q is less influenced by accounting practices and standards,
which can vary significantly across firms and regions. Despite its advantages, Tobin’s Q
has its limitations; for instance, it may be influenced by stock market volatility and external
economic factors, which could distort the assessment of firm performance. Nonetheless,
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its applicability in capturing both present market value and future growth potential is
consistent well with the objectives of this study.

3.2.2. Independent Variable

Firm’s green innovation appropriability, GIA: We measure a firm’s green innovation
appropriability by multiplying the number of green patent applications (Green) in a given
year by the firm’s efficiency of technology transfer (ETT):

GIAi,t = Greeni,t × ETTi,t

According to the definition of green innovation appropriability, we consider the
efficiency of a firm’s technology conversion of existing green patents to assess the potential
social returns to the innovator. Due to the intangible nature of technological innovation,
quantitative analysis is challenging, and patent data is often used to measure technological
innovation and the output of innovation activities.

Patent data objectively reflect a company’s technological level and innovation vitality
over a period. The methods to measure green innovation include R&D, patents, and total
factor productivity (TFP). However, due to data limitations, R&D and TFP are difficult
to specify for the green sector or determine whether technological innovation is leaning
towards green. Therefore, patent data are used as key tools to identify green technology
innovation activities.

Each patent application is classified into detailed technical subcategories according to
the International Patent Classification (IPC), allowing for the identification of green tech-
nology innovation activities [76]. Thus, green patent data become an important indicator
of firm-level green innovation.

On the other hand, measuring a firm’s efficiency of technology transfer has always
been considered a challenge in innovation management research. Efficiency encompasses
both inputs and outputs. Furthermore, appropriability mechanisms are not static outcomes
of a single year but are continuous and dynamic features of innovation activities [18].
Therefore, we believe that using the Malmquist index, which calculates efficiency growth
rates, to measure a firm’s technological appropriability relative to the previous year can
better reflect the strength of a firm’s appropriability mechanism. This index model provides
a dynamic efficiency analysis of decision-making units D over different periods. In this
study, we use DEA to compute the Malmquist index under the assumption of variable
returns to scale.

The Malmquist productivity index can be decomposed into changes in relative tech-
nical efficiency and technological progress [77]. In empirical research, there are two ap-
proaches to decomposing the Malmquist index. To obtain the total factor productivity with
period t as the base period and t + 1 as the comparison period, we follow the method of
Fare, Grosskopf and Norris, using Fisher’s concept of taking the geometric mean of two
Malmquist indices to calculate productivity changes [78,79].

Mi

(
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Dt+1
i (xt, yt)

][
Dt+1

i
(
xt+1, yt+1)

Dt
i (xt+1, yt+1)

]} 1
2

=
Dt

i
(
xt, yt)

Dt+1
i (xt, yt)

(
Dt+1

i
(

xt+1, yt+1)
Dt

i (xt+1, yt+1)

) 1
2

= E
(

xt+1, yt+1; xt, yt
)

TP
(

xt+1, yt+1; xt, yt
)



Sustainability 2025, 17, 517 10 of 25

In the above formula, E(·) is the relative efficiency change index under the condition
of various returns to scale and free disposability of inputs, measuring the extent to which
each observation catches up to the best practice frontier from period t to t + 1. TP(·) is
the technological progress index, which measures the shift of the technology frontier from
period t to t + 1. When M is greater than 1, it indicates a growing trend in technological
appropriability; when M is less than 1, it indicates a declining trend.

This study uses the number of R&D personnel and R&D investment to measure
various aspects of technological innovation inputs; it uses the number of patent grants
and new product sales revenue to measure the exogenous and endogenous outcomes of
technology transfer. Since R&D investment typically cannot produce innovation outcomes
immediately, we use patent grants instead of patent applications to reflect the time lag.
Additionally, since firm-level new product sales revenue data are unavailable, we follow the
method of Sofka and Grimpe (2010), multiplying industry-level new product sales revenue
by the firm’s return on investment to calculate the firm’s new product sales revenue [80].
For samples with zero patent grants, we adopt the approach of previous scholars and
replace it with a small value of 0.01 [81].

3.2.3. Moderation Variables

National institutional investors (NI). This study uses the shareholding of the “national
team” as the indicator of national institutional investors. National institutional investors,
often referred to as the “national team”, are large, government-linked financial institutions
that play a significant role in capital markets. These investors include sovereign wealth
funds, public pension funds, and other state-owned investment entities. National institu-
tional investors contribute to improved corporate governance and firm performance by
actively monitoring and engaging with the companies they invest in [82]. Their sharehold-
ing networks enhance market information efficiency by facilitating the dissemination of
information and reducing asymmetry [83]. Furthermore, they positively influence enter-
prise innovation by driving increased innovation investments, particularly in firms with
substantial financial slack [84]. These insights collectively underscore the important role of
national institutional investors in shaping firm behaviour, market dynamics, and overall
economic development in China.

Discrete industry (Discrete). Technological areas are divided into cumulative and
discrete categories, with cumulative technologies involving many patentable elements
and discrete technologies having relatively few [85]. Firms in discrete industries, like
chemicals, use patents to block competitors, whereas firms in cumulative industries, such
as telecommunications, use patents for negotiation leverage [22]. The classification is
influenced by patent policies and the nature of the product. Following the classification
of Cohen [22], A dummy variable, Discrete, equals “1” for discrete product industries
(food, textiles, chemicals, drugs, metals, and metal products) and “0” for cumulative
product industries (machinery, computers, electrical equipment, electronic components,
instruments, and transportation equipment).

Additionally, we selected firm size (Size), firm age (Age), firm growth (Growth), cash
flow ratio (Cashflow), and management expense ratio (Mfee) as control variables. Detailed
descriptions of these variables are provided in Table 1.

Appropriating the economic returns from technical innovations is very important not
only for individual inventors and innovators but also for technical change in individual
markets and for the whole economy. Since appropriability is difficult to measure directly,
many researchers have been trying to investigate it indirectly and qualitatively by exam-
ining the effectiveness of various means. The most important of these means are patents,
secrecy, lead time, and related advantages.
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Table 1. Variable Descriptions.

Variable Name Measurement

Dependent variable GIA GTAi,t = Greeni,t × ETTi,t

Independent variable Firm performance

Tobin’s Q value is calculated as (market value of
equity + net debt)/current value of tangible assets.
The specifics are as follows:
For companies with only A-shares, the calculation is:
A-share price × total number of shares. For companies
with only B-shares, the calculation is: B-share price × total
number of shares × exchange rate. For companies with
both A-shares and B-shares, the calculation is: A-share
price × (non-tradable A-shares + tradable A-shares) +
B-share price × B-shares × exchange rate.
Net debt is calculated as total liabilities minus wages
payable, welfare payable, dividends payable, taxes
payable, other payables, accrued expenses, and
deferred tax credits. Tangible assets are calculated as
total assets minus deferred expenses, intangible assets
and other assets, and deferred tax debits.

Moderation variables

National Institutional Investors (NI).

The proportion of shares held by institutional
investors such as the China Securities Finance
Corporation, the National Social Security Fund, and
Central Huijin Investment Ltd. relative to the total
number of company shares.

Discrete industry.

Dummy “1” for food, textiles, chemicals, drugs,
metals, and metal products industries and “0” for
machinery, computers, electrical equipment,
electronic components, instruments, and
transportation equipment

Control variables

Size Number of employees in the company

Age Age of the company = ln (current year − year of
establishment + 1)

Growth Growth rate of operating revenue = (current year’s
operating revenue/last year’s operating revenue) − 1

Cashflow Net cash flow from operating activities divided by
total assets

Mfee The ratio of management expenses to current
operating revenue

3.2.4. Empirical Specifications

In this study, we employ a two-way fixed-effect estimator in the panel OLS regression
to control for unobservable firm-specific and time-specific factors that might influence firm
performance. The baseline specifications are as follows. Formula (1) is used to test H1, and
Formula (2) is used to test H2, and Formulas (3) and (4) is used to test H3.

FirmPer f ormancei,t = β0 + β1Greeni,t + Controlsi,t + θt + γi + ϵi,t (1)

FirmPer f ormancei,t = β0 + β1GTAi,t + Controlsi,t + θt + γi + ϵi,t (2)

FirmPer f ormancei,t = β0 + β1GTAi,t + β2Discretei,t + β3GTAi,t × Discretei,t + Controlsi,t + θt + γi + ϵi,t (3)
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FirmPer f ormancei,t = β0 + β1GTAi,t + β2NIi,t + β3GTAi,t × NIi,t + Controlsi,t + θt + γi (4)

where β’s are regression coefficients. GTAi,t refers to firm i’s GIA at time t. Controlsi,t

denotes a set of firm-specific control variables. θt denotes yeat fixed effects and γi de-
notes firm fixed effects. They represent unobserved characteristics that are assumed to be
correlated with the dependent variables. ϵi,t is the idiosyncratic error.

4. Result
4.1. Main Result

Table 2 provides the descriptive statistics for all variables. The correlations indicate no
severe multicollinearity concerns for the regression analysis. The baseline regression results
are presented in Table 3. In column (1), the coefficient for Green is positive but not statistically
significant, suggesting no significant direct effect of green practices on firm performance. H1
is supported. Column (2) includes GIA, which shows a highly significant positive effect on
firm performance (β = 0.3641, p < 0.01). This indicates that greater GIA can improve firm
performance. H2 is supported. Column (3) further includes the interaction term between GIA
and Discrete industries. The coefficient for GIA remains highly significant (β = 0.4737, p <
0.01), and Discrete industries themselves have a significant positive effect on firm performance
(β = 0.0646, p < 0.05). Importantly, the interaction term (GIA × Discrete) is also highly
significant (β = 0.8184, p < 0.01), indicating that the effect of GIA on firm performance
is considerably stronger in discrete industries compared to cumulative industries. H3a is
supported. These results suggest that while green practices alone do not significantly impact
firm performance, green innovation appropriability significantly enhances performance,
especially in discrete industries where the effect is amplified.

Table 2. Data description and correlation matrix.

Variable N Mean s.d. Firm Performance GIA NI Discrete Age Size Growth Cashflow Mfee

Firm
performance 4326 5.123 8.231 1.000

GIA 4326 6.357 26.182 −0.018 1.000
NI 4326 1.045 0.261 −0.021 0.142 *** 1.000
Discrete 4326 1.167 1.623 −0.011 0.103 *** 0.072 *** 1.000
Age 4326 2.940 0.285 −0.025 0.001 0.037 0.005 1.000
Size 4326 8.078 1.190 −0.120 *** 0.339 *** 0.185 *** 0.298 *** 0.071 *** 1.000
Growth 4326 0.148 0.351 0.089 *** −0.020 −0.041 * 0.012 −0.088 *** −0.049 * 1.000
Cashflow 4326 0.135 0.098 −0.027 −0.016 −0.030 0.052 ** −0.024 −0.086 *** 0.006 1.000
Mfee 4326 0.097 0.172 0.071 *** −0.035 −0.006 −0.006 −0.091 *** −0.164 *** 0.155 *** 0.021 1.000

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1.

Table 3. Two-way fixed effects OLS estimation on firm performance.

(1) (2) (3)

Green 0.0030
(0.0027)

GIA 0.3641 *** 0.4737 ***
(0.0488) (0.0334)

Discrete 0.0646 **
(0.0148)

GIA × Discrete 0.8184 ***
(0.0719)

Age −0.7647 0.1144 ** 0.1303 **
(0.5764) (0.0396) (0.0316)

Size 0.1405 *** 0.0590 * 0.0560 *
(0.0301) (0.0213) (0.0213)



Sustainability 2025, 17, 517 13 of 25

Table 3. Cont.

(1) (2) (3)

Growth 0.0009 −0.0070 −0.0147
(0.0599) (0.0318) (0.0299)

Cashflow −0.5263 ** −0.1899 ** −0.1589 **
(0.1342) (0.0415) (0.0372)

Mfee −0.2871 0.0172 0.1378
(1.027) (0.1110) (0.1304)

Fixed Effects Firms, Years Firms, Years Firms, Years
Num.Obs. 4326 4326 4326
R2 0.3561 0.2056 0.2110

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1. Industry cluster standard errors are in parentheses.

These findings are consistent with similar studies in other emerging markets. For
example, a study conducted in Indonesia found that firms adopting green innovation strate-
gies saw significant improvements in financial performance, particularly when supported
by government incentives and institutional investments [86]. However, results in China
may vary due to distinct institutional characteristics, such as strong state ownership and
regulatory enforcement, which might amplify or dilute the observed effects depending on
the specific sector [87].

Table 4 presents the regression results for different groups categorized by Discrete,
reflecting the analysis in column (3) of Table 3. Columns (1) and (3) represent firms in the
discrete technology industry, while columns (2) and (4) pertain to firms in the cumulative
technology industry. To ensure the comparability of the group regression results, the
seemingly unrelated regression (SUR) model was used to test for between-group differences
in the variables GIA and GIA × NI.

Table 4. Results of heterogeneity analysis.

(1) Discrete (2) Cumulative (3) Discrete (4) Cumulative

GIA 0.4635 *** 0.5166 −0.9677 1.7181 ***
(0.0146) (0.3757) (2.449) (0.0613)

NI 0.0389 0.0180
(0.4161) (0.1126)

GIA × NI 0.1351 7.9102 ***
(0.1296) (0.2888)

Age 0.4263 ** −0.2108 *** 0.4325 ** −0.1774 ***
(0.1464) (0.0240) (0.1440) (0.0277)

Size 0.0803 ** 0.0147 0.0797 *** 0.0149
(0.0267) (0.0077) (0.0148) (0.0078)

Growth 0.0709 −0.0422 0.0725 −0.0426 *
(0.0398) (0.0183) (0.0404) (0.0170)

Cashflow −0.1165 −0.2239 * −0.0812 −0.2384
(0.1354) (0.0871) (0.2195) (0.1322)

Mfee −0.5665 ** 0.0856 −0.5794 *** 0.1533
(0.1489) (0.0751) (0.1188) (0.0679)

Fixed Effects Firms, Years Firms, Years Firms, Years Firms, Years
Num.Obs. 1689 2637 1689 2637
R2 0.2092 0.3291 0.2094 0.3383
Between-Group Differences 0.002 * 0.0017

Signif. codes: ***: 0.01, **: 0.05, *: 0.1. Industry cluster standard errors are in parentheses.

In Table 4, columns (1) and (2) compare the effects of GIA on firm performance between
discrete and cumulative technology industries. In discrete technology industries, GIA has a
positive and significant impact on firm performance (β = 0.4635, p < 0.001), indicating that
firms in these industries benefit substantially from their green technology investments. In
contrast, the coefficient for GIA in cumulative technology industries is also positive but not
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statistically significant (β = 0.5166), suggesting that the impact of GIA on firm performance
in these industries is less pronounced and not statistically significant.

This result is consistent with evidence from other emerging economies, such as Brazil,
where cumulative industries showed mixed performance outcomes due to weaker institu-
tional frameworks and investor participation [28]. Conversely, discrete industries in Brazil
exhibited strong performance gains under green innovation policies.

Columns (3) and (4) further examine the moderating effect of national institutional
investors (NI) on the relationship between GIA and firm performance. In the dis-
crete technology industry, the interaction term GIA × NI is positive but not significant
(β = 0.1351), indicating that while NI presence slightly enhances the impact of GIA, the
effect is not strong enough to be statistically significant. The main effect of GIA in this
context is negative (β = −0.9677) and not significant, suggesting a cumulative interplay
that might dilute the expected positive impact.

In contrast, for cumulative technology industries, the interaction term GIA × NI is
highly significant (β = 7.9102, p < 0.001), indicating a strong moderation effect where the
presence of national institutional investors greatly amplifies the positive impact of GIA on
firm performance. Here, the main effect of GIA is highly significant and positive (β = 1.7181,
p < 0.001), reinforcing the importance of institutional support in maximizing the benefits
of green technology investments in cumulative industries. To illustrate the moderating
effect of national institutional investors (NI) on green innovation appropriability (GIA),
we utilized the sjPlot 2.8.17 package in R4.0 to generate a visual representation of the
interaction in Figure 2
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Figure 2. Moderation effect of national institutional investors on green innovation appropriability.

This pattern mirrors findings in India, where cumulative industries benefit signif-
icantly from institutional investor support due to the long-term nature of their green
investments [5]. The institutional environment in China further reinforces this trend,
emphasizing the critical role of government-backed financial mechanisms.

These comparisons reveal that while GIA generally enhances firm performance, the
presence and influence of national institutional investors play a critical role, particularly in
cumulative technology industries. This suggests that institutional investors can significantly
improve the effectiveness of green technology investments. This underscores the necessity
for tailored strategies that consider industry-specific dynamics and the important role of
NI support in driving sustainable innovation and performance improvements [82–84].

4.2. Robustness Check and Endogeneity Analysis

In this study, the market-to-book ratio was used instead of Tobin’s Q for the regressions
in Tables 3 and 4, yielding similar results (Tables 5 and 6). This indicates that the conclusions
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of this study are robust. We employ the 2SLS model to address the endogeneity issues of
column (2) of Table 3 and Column (1,2) of Table 4. We construct the instrument variable
for GIA by using the Lewbel IV estimator [88]; this estimator uses heteroskedasticity to
internally generate IVs as functions of the model’s data in the first stage of regression.
Table 7 shows the results. According to the result, potential endogeneity issues in GIA do
not appear to affect our OLS estimates. Therefore, our baseline OLS estimates are favoured
over the IV results because they demonstrate consistency (unbiasedness) and are more
efficient, having the smallest variance.

Table 5. Robustness check for basic regression analysis.

(1) (2) (3)

Green 0.0014
(0.0032)

GIA 1.284 *** 0.9370 ***
(0.0481) (0.1524)

Discrete 0.4722 **
(0.1418)

GIA × Discrete 0.4660 *
(0.2206)

Age −4.110 ** 1.614 ** 1.207 **
(1.209) (0.3639) (0.2879)

Size −0.0647 0.2657 *** 0.2839 **
(0.0488) (0.0577) (0.0635)

Growth −0.2057 *** −0.1999 *** −0.1642 **
(0.0243) (0.0389) (0.0495)

Cashflow −0.9016 ** −0.7533 ** −0.9838 **
(0.3066) (0.2405) (0.2272)

Mfee 2.358 * −2.105 −2.731
(0.8651) (1.406) (1.632)

Fixed Effects Firms, Years Firms, Years Firms, Years
Num.Obs. 4326 4326 4326
R2 0.8511 0.3278 0.3727

Signif. codes: ***: 0.01, **: 0.05, *: 0.1. Industry cluster standard errors are in parentheses.

Table 6. Robust check for heterogeneity analysis.

(1) Discrete (2) Cumulative (3) Discrete (4) Cumulative

GIA 1.141 *** 0.1389 −0.0606 4.096 **
(0.1519) (0.4348) (0.5362) (1.279)

NI 0.2535 0.0590
(0.2447) (0.1701)

GIA × NI −2.1221 2.2901 ***
(1.5744) (0.4162)

Age 1.198 *** 3.110 *** 1.112 *** 3.105 ***
(0.0976) (0.2179) (0.1758) (0.1692)

Size 0.1238 *** 0.5930 *** 0.1182 *** 0.5896 ***
(0.0192) (0.0551) (0.0132) (0.0567)

Growth −0.1664 −0.0700 −0.1963 * −0.0846
(0.1029) (0.0388) (0.0842) (0.0547)

Cashflow −1.236 −1.374 * −1.329 −1.215
(0.6338) (0.4967) (0.6271) (0.6460)

Mfee −2.052 ** −1.416 −1.928 ** −1.153
(0.5693) (1.661) (0.4418) (1.558)

Fixed Effects Firms, Years Firms, Years Firms, Years Firms, Years
Num.Obs. 1689 2637 1689 2637
R2 0.2092 0.3291 0.2094 0.3383
Between-Group Differences 0.0013 * 0.0001 *

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1. Industry cluster standard errors are in parentheses.
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Table 7. Lewbel instrumental variable (IV) 2SLS regressions.

(1) (2) (3) (4) (5) (6)

IV stages First Second First Second First Second
Dependent Var.: GIA Firm performance GIA Firm performance GIA Firm performance
GIAiv 0.0549 *** 0.4366 *** 0.0542 ***

(3.14 × 10−5) (0.0420) (2.38 × 10−5)
GIA 0.7477 *** 0.4981 *** 0.9452

(0.0821) (0.0130) (0.4919)
Age −0.0162 1.603 ** −0.0204 *** 0.4725 ** 0.0507 ** −0.2115 ***

(0.0100) (0.3620) (0.0041) (0.1589) (0.0101) (0.0234)
Size −0.0017 ** 0.2631 *** −0.0003 0.0804 ** −0.0005 0.0150

(0.0005) (0.0566) (0.0011) (0.0252) (0.0010) (0.0077)
Growth −0.0095 ** −0.2057 *** −0.0081 * 0.0803 −0.0063 ** −0.0421

(0.0029) (0.0372) (0.0031) (0.0450) (0.0015) (0.0184)
Cashflow −0.0107 −0.7759 ** −0.0137 −0.1250 −0.0173 −0.2214 *

(0.0073) (0.2355) (0.0140) (0.1425) (0.0175) (0.0886)
Mfee 0.0870 * −2.111 0.0364 −0.6597 *** 0.0577 ** 0.0906

(0.0340) (1.423) (0.0384) (0.1098) (0.0138) (0.0756)
Fixed-Effects: ————— ————— ————— ————— ————— —————
Firms Yes Yes Yes Yes Yes Yes
Years Yes Yes Yes Yes Yes Yes
________________ _______________ _______________ _______________ _______________ _______________ _______________
S.E.: Clustered by: Industry by: Industry by: Industry by: Industry by: Industry by: Industry
Observations 4326 4326 1689 1689 2637 2637
R2 0.81559 0.32682 0.83665 0.20882 0.87565 0.32900
Within R2 0.81348 0.15018 0.83178 0.03251 0.87388 0.05998
F-test (IV only) 2035.4 657.93 1931.9

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1.

5. Results and Discussion
5.1. Results Analysis

The findings presented in this study offer significant insights into the relationship
between green innovation practices and firm performance, with particular emphasis on the
role of green patents and GIA. The baseline regression results, as detailed in Table 3, are
critical for discussing the two primary arguments: the limited impact of green patents on
firm performance and the positive influence of GIA.

Green patents do not significantly improve firm performance in a direct way, which is
supported by the regression results in column (1). Despite the positive coefficient for green
patents, the effect is not statistically significant. This finding is consistent with the existing
literature, which indicates that while green patents can bring financial benefits, these effects
may vary based on the firm’s size and the timing of the patent’s implementation [89].
Additionally, the researcher found that the increase in green patent applications might
lead to a short-term devaluation of firm value in heavily polluting industries, further
supporting the notion that green patents alone may not guarantee improved economic
performance [29]. This could be due to the high costs associated with obtaining and
maintaining patents, as well as the uncertain and delayed returns on these investments.

On the other hand, GIA positively impacts firm performance. The results in columns
(2) and (3) strongly support this argument. GIA shows a highly significant positive effect
on firm performance, both in isolation and when interacting with discrete industries. This
indicates that firms capable of effectively appropriating the benefits of their green innova-
tions tend to perform better economically. This finding is consistent with research by other
scholars, which highlights the importance of green innovation and the implementation of
green technologies in enhancing competitive advantage and economic performance [1].
Moreover, the significant interaction term between GIA and discrete industries suggests
that the impact of GIA is more important in these industries, which typically involve fewer
patentable elements and clearer pathways for leveraging green innovations.
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The findings from Table 4 provide an analysis of the relationship between GIA and
firm performance, as well as the moderating role of national institutional investors (NI). The
results demonstrate the differential impacts of GIA in discrete versus cumulative technology
industries and highlight the significant role that NI plays in enhancing these effects.

In discrete industries, GIA has a significant positive impact on firm performance,
suggesting that firms in these sectors are able to effectively capture the economic benefits
of their green innovations. This finding is consistent with the study that environmental
management systems and innovations can positively impact firm performance by enhanc-
ing operational efficiencies and reducing costs [90]. Furthermore, other researchers discuss
how green manufacturing practices in discrete industries can lead to improved efficiency
and reduced environmental impact, which likely contributes to the observed positive effect
of GIA on firm performance in these industries [91].

Conversely, in cumulative technology industries, the impact of GIA on firm perfor-
mance, while positive, is not statistically significant. This could be due to the inherent
complexities and higher uncertainties in these industries, which make it more challenging
to capture the full economic benefits of green innovations. Researchers suggest that in
cumulative industries, the effectiveness of appropriability mechanisms may be moderated
by the need for complementary assets and capabilities, which might not be fully accounted
for in the current analysis [31].

The interaction term between GIA and NI is highly significant in cumulative industries,
indicating that the presence of NI greatly enhances the positive impact of GIA on firm
performance. This finding is consistent with the research shows that institutional investors
can play a crucial role in promoting green innovation by providing the necessary resources
and support, thereby overcoming the barriers associated with cumulative technology [15].

The significant moderation effect of NI in cumulative industries underscores the
importance of institutional support in gaining the benefits of GIA. National institutional
investors, with their substantial resources and long-term investment horizons, can provide
the stability and support needed for firms to navigate the complexities of green innovation.

While green patents alone may not significantly enhance economic performance due
to various challenges and limitations, GIA plays a crucial role in driving firm success,
particularly when supported by institutional investors and in specific industry contexts.
These findings emphasize the need for firms to develop robust strategies for appropriating
the benefits of their green innovations and leveraging institutional support to maximize
their economic impact.

5.2. Implication Discussion

The findings of this study have important theoretical and practical implications for
understanding the relationship between green innovation, appropriability, and firm perfor-
mance, particularly within the Chinese manufacturing industry.

5.2.1. Theoretical Implications

The findings of this study make significant contributions to the theoretical and method-
ological advancements in innovation management and sustainability research. First, this
study develops the novel concept of “Green Innovation Appropriability” (GIA), extending
profiting from innovation (PFI) theory into the realm of sustainable economic contexts [18].
By addressing the unique challenges of capturing value from environmentally focused in-
novations, this study enriches our understanding of appropriability in the green technology
domain. Rather than focusing on how green technological innovation directly generates
financial profits, GIA is the key to the black box.
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Second, it offers a theoretical framework to examine how firms can incentivize green
technological innovation from an internal perspective, emphasizing the crucial role of
GIA mechanisms. This framework builds on prior research on appropriability strate-
gies [22] and provides a lens through which firms can align their innovation strategies with
environmental goals.

Lastly, this study constructs a robust measuring index for GIA using a Data Envel-
opment Analysis (DEA) model [23], enabling quantitative assessment of firms’ ability to
capture the economic benefits of green innovations. This methodological contribution lays
the foundation for future empirical studies and practical applications, offering insights into
optimizing green innovation outcomes across industries. This tool enables firms to bench-
mark their GIA practices, identify gaps, and implement strategies to improve value capture
from green innovations. Policymakers can also use this metric to assess and incentivize
green innovation at the industry level, promoting policies that encourage firms to adopt
effective appropriability strategies aligned with environmental objectives.

Overall, this research contributes to the literature on green innovation and PFI by
demonstrating that GIA is a critical mechanism in enhancing firm performance. While previ-
ous studies have highlighted the general importance of appropriability mechanisms [18,31],
this study specifically focuses on the green innovation context, filling a gap in the existing
literature. By employing a DEA model to measure GIA, this research provides a novel
methodological approach to quantifying appropriability, which could be used not only
in green technologies but also in the general innovation appropriability mechanism. This
study also extends the discourse on industry-specific dynamics by showing that the ef-
fectiveness of GIA is more pronounced in discrete industries compared to cumulative
industries, where the presence of national institutional investors (NI) plays a moderating
role. These insights enrich the understanding of how appropriability mechanisms function
under varying technological and institutional conditions.

5.2.2. Practical Implications

The practical implications of this study provide actionable insights for firms, policymakers,
and investors aiming to enhance the economic and environmental impact of green innovations.

GIA as booster of financial performance

The introduction of GIA equips firms with a strategic lens to assess and improve their
capacity to capture the economic benefits of green technologies. Firms can leverage this
understanding to design robust appropriability mechanisms, such as stronger intellectual
property protections and complementary asset management, which are particularly fun-
damental in industries where green innovation plays a critical role in competitiveness. To
maximize financial returns from long-term green-tech R&D projects, firms should prioritize
strengthening GIA. GIA serves as a dual-purpose framework: legally protecting innova-
tions and facilitating their commercial transition into practical applications or marketable
products. Effective GIA strategies can usually be identified in discrete technologies regimes,
which involve intellectual property management, technology transfer mechanisms, and
commercialization efforts that align with the specific characteristics of green technologies.

From a firm’s perspective, investing in comprehensive patent portfolios is a critical
strategy for safeguarding green innovations on a global scale. Patents provide legal protec-
tion, ensuring that firms maintain exclusive rights to their technologies, which prevents
imitation and supports competitive advantage in the marketplace. By securing patents,
firms can also create revenue opportunities through licensing agreements and partner-
ships while building barriers to entry for competitors [92]. For example, Tesla Inc. has
actively patented its advanced battery management systems and other green technolo-
gies, ensuring exclusivity over these innovations. These patents have not only protected
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Tesla’s intellectual property but also reinforced its leadership position in the sustainable
energy sector by enabling the company to focus on further R&D and market expansion [93].
Moreover, studies indicate that firms with robust patent strategies are better positioned to
attract investment, as patents signal technological capability and innovation potential to
stakeholders [94]. As industries worldwide adopt sustainability practices, building patent
portfolios around green technologies becomes an essential element of competitive strategy,
aligning long-term financial performance with environmental objectives.

Meanwhile, firms could invest in complementary assets, such as production facili-
ties, distribution networks, and specialized human resources, to effectively scale green
innovations for commercial use. These assets are crucial in bridging the gap between
R&D and market deployment, ensuring that green technologies transition seamlessly into
consumer-ready products. Complementary assets allow firms to produce innovations at
scale, reduce unit costs, and meet market demands efficiently, thereby enhancing the finan-
cial viability of green innovations [95]. For instance, Procter and Gamble (P&G, Cincinnati,
OH, USA) exemplify this approach through its development of biodegradable plastics for
packaging. P&G not only secured patents to protect the intellectual property underlying
these innovations but also invested heavily in production facilities to scale manufacturing,
ensuring consistent supply for global markets [43]. Additionally, a strong distribution net-
work further enables firms to penetrate diverse markets, enhancing their ability to generate
revenues while advancing sustainability goals [64]. This integration of complementary
assets not only supports the commercialisation of green innovations but also aligns with the
firm’s broader environmental and financial objectives, establishing a competitive advantage
in increasingly sustainability-driven markets via GIA.

GIA efficiency mechanism

Tailoring appropriability strategies to the specific characteristics of cumulative and
discrete industries is essential for optimizing the financial and environmental outcomes of
green innovation. GIA works better in the discrete technologies industry. In comparison,
national institutional investors play a positively moderate role in cumulative industries.

In discrete technology industries, where innovations are self-contained and more easily
protected through intellectual property systems, the involvement of national institutional
investors is often less impactful. In these contexts, firms can achieve financial performance
by directly enhancing their GIA mechanisms by supplementing with external governance
support. The firm’s GIA, which focuses on legally safeguarding innovations and converting
them into market-ready products, is a direct driver of financial returns. Firms in discrete
technology sectors, such as pharmaceuticals or semiconductors, often rely on robust IP pro-
tections, such as patents, and complementary assets, like specialized production facilities, to
capitalize on their innovations. Priority patents and trade secrets not only secure exclusivity
but also enable firms to command premium pricing and maintain competitive advantages,
directly boosting financial outcomes. From a governance perspective, policymakers can
significantly optimize the success of appropriability strategies in discrete industries. For
example, reinforcing intellectual property systems is critical to ensuring that firms can
effectively protect and monetize their innovations. Stronger IP frameworks reduce the risk
of imitation and enhance the financial viability of green innovations.

Conversely, in cumulative industries, such as automotive manufacturing and information
technology, firms often face high levels of uncertainty and significant knowledge spillovers
during green innovation processes. To navigate these complexities, firms may prioritize the
involvement of national institutional investors, who play a critical role in providing financial
resources, reducing risks, and fostering long-term stability in innovation ecosystems.

Institutional investors, such as government-backed funds, can leverage the findings
of this research to strategically support firms engaged in green innovation, ensuring the
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alignment of financial and environmental returns. For example, such investors might
incentive collaborative green-R&D projects by reducing market uncertainties and offering
consistent funding, which is crucial for industries with incremental and dispersed inno-
vation benefits [96]. By facilitating partnerships between firms, research institutions, and
government bodies, they promote knowledge-sharing and the development of comple-
mentary assets, such as production infrastructure and standardization protocols, ensuring
that green innovations transition effectively from R&D to marketable solutions [97]. Their
involvement strengthens firms’ ability to capture value from green innovation, maximizing
both financial and environmental returns. Simultaneously, policymakers could encourage
technology transfer and commercialization through Industry-University-Institute (IUI)
collaborations, which have proven effective in bridging the gap between academic research
and industrial application [98]. IUI collaborations facilitate the exchange of knowledge
and resources, enabling firms to refine their green technologies and bring them to market
more efficiently [99]. For instance, partnerships between universities and industry have
been shown to significantly enhance the commercialization potential of green innovations,
ultimately contributing to both economic and environmental sustainability [100].

6. Conclusions
This study provides key insights into the relationship between GIA and firm per-

formance, particularly in the context of Chinese manufacturing firms. While regulatory
and market-based policies play a significant role in promoting eco-innovation [101], this
research highlights the critical importance of understanding and leveraging the internal
benefits of green innovation, such as cost savings, improved operational efficiency, and
enhanced competitive positioning, to sustain long-term investment in environmentally
friendly technologies [102].

By introducing the concept of GIA, this study emphasizes the role of appropriability
mechanisms in enabling firms to profit from their green technological innovations. Appro-
priability serves as an internal incentive, encouraging firms to prioritize green innovation
by demonstrating how they can achieve financial returns on their investments. The findings
reveal that a stronger GIA leads to better financial performance, particularly in discrete
technology regimes where the pathways to appropriability are clearer and less reliant on
cumulative technological interdependencies. Furthermore, this study shows that national
institutional investors can amplify the positive effects of GIA in cumulative technology
regimes by providing critical resources and stability.

These conclusions not only contribute to the theoretical understanding of green inno-
vation and appropriability but also offer practical implications for firms and policymakers.
For firms, developing robust appropriability strategies can enhance their ability to capture
value from green innovations, thus driving both economic performance and sustainability
goals. For policymakers, fostering institutional frameworks that support appropriability
mechanisms and encourage investment from institutional investors can further enhance
the effectiveness of green innovation initiatives.

Ultimately, this study underscores the importance of tailoring appropriability strate-
gies to the specific contexts of different industries, as these strategies must address the
distinct challenges and opportunities inherent in diverse technological and market envi-
ronments. By viewing GIA as a central profiting mechanism, firms are better equipped to
integrate sustainability into their core strategies, achieving a balance between economic
growth and environmental responsibility. This study thus provides a foundation for fur-
ther exploration of appropriability strategies in green innovation management, offering
pathways for firms to thrive in an increasingly eco-conscious global market.
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There are several limitations to this study that could be addressed in future research.
First, this study may have overlooked certain unobserved factors within the GIA mecha-
nism, such as organisational culture, leadership styles, or specific technological capabilities
that influence how firms capture value from green innovations [103]. Exploring these
dimensions could provide a more nuanced understanding of the mechanisms driving GIA
effectiveness [104]. Second, while the findings focus on the manufacturing industry, future
research could expand the scope to include other sectors, such as the service industry, where
green innovation and appropriability strategies may operate differently due to variations in
service delivery models and intangible asset utilization. For instance, the service industry
often relies more on customer engagement and relational capital, which could alter the
dynamics of innovation appropriability [105]. Last but not least, this study focuses on
firms operating within China, and future research could examine the applicability of these
insights in different national and institutional contexts. The effectiveness of GIA mecha-
nisms may vary significantly based on regional differences in intellectual property systems,
regulatory environments, and cultural attitudes toward sustainability [106]. By exploring
cross-country comparisons, future studies could uncover how varying institutional and
cultural frameworks influence the design and success of GIA strategies.
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