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Abstract

From a knowledge-based perspective, monopolizing knowledge is getting difficult and is
an emerging source for innovation and organizational performance. This study explores
to what extent knowledge sources stimulate green innovation to enhance organizational
performance, with moderation affecting resource orchestrion capability. Data were collected
from Chinese manufacturing industries during February and April 2025. This study
employed SmartPLS 4.1.12, which is widely used to analyze complex models of mediation
and moderation for first- and second-order constructs. The results show that knowledge
sources, both internal and external, act as stimulants to promote green innovation and
improve organizational performance. In addition, green innovation also positively mediates
between knowledge sources and organizational performance. Furthermore, resource
orchestration capability strengthens the relationship between knowledge sources and green
innovation. Future research may broaden the concept beyond other industrial businesses.
Green innovation, tacit knowledge management, affective trust, and task efficiency can
also be explored to stimulate organizational performance. This study provides proof
that knowledge sources are essential for green innovation. Managers and organization
leaders should encourage knowledge sharing initiatives inside and outside the company
to improve organizational performance and green innovation. This study fills existing
research areas that have received limited empirical attention and improve understanding
of knowledge sources, inside and outside organizations, to boost green innovation and
overall performance. Mediation and moderation research explores knowledge sources to
foster green innovation and organizational performance.

Keywords: knowledge sources; green innovation; resource orchestration capability;
organizational performance

1. Introduction
Organizations are gradually emphasizing social, financial, and operational perfor-

mance to remain competitive in the market [1]. In this context, organizations are increas-
ingly relying on green innovation (GI) as a practical pathway to enhance sustainability
and manage environmental demands [2]. Therefore, organizations need to incorporate
internal knowledge sources (INT) and external knowledge sources (EXT) into their inno-
vation processes for competitive advantage and societal alignment [3,4]. The acquisition,
dissemination, and application of knowledge sources (KS) are crucial for organizations
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seeking sustainable innovation and improving their operational, financial, and social per-
formance [5].

GI has the potential to drive organizational performance (OP) with advancing environ-
mental responsibility across different economies [6]. Several crucial factors influence GI’s
success, but knowledge stands out as a critical component [5]. Although many researchers
have been working on different forms of knowledge, e.g., green knowledge [7], technologi-
cal knowledge [8], and the knowledge creation process [9], the connection between KS and
GI still needs to be explored to stimulate the OP. The critical challenge for organizations
is achieving environmentally friendly and responsible growth with minimum cost [10].
We aim to fill a critical gap in understanding the pathways through which KS and GI
capabilities contribute to OP (operational, financial, and social). Therefore, based on the
preceding discussion, a conceptual framework was developed (Figure 1), highlighting the
significance of this research domain for several key reasons.

Figure 1. Research model.

Knowledge derived from internal and external sources has become a predominant
economic and competitive asset [11]. Technologies and knowledge have significance for
organizational innovation while effective knowledge utilization and related techniques
are also crucial for organizations GI [5]. When organizations access, integrate, and apply
diverse knowledge, they are better furnished to develop eco-friendly products, processes,
and technologies [12]. Even though researchers have explored different types and forms of
knowledge with GI [7–9], integration of KS and GI is still limited and needs to be examined.

Secondly, GI in organizations involves adopting eco-friendly practices to enhance
sustainability, which aligns with global environmental commitments, with social poten-
tial, and promotes long-term competitiveness and responsible resource management [13].
Global commitments like the Paris Agreement and technological progress both stress the
importance of GI, but the cost is still high. Businesses that use GI could eventually experi-
ence production losses and inefficiencies [14]. Therefore, organizations will not invest in
the development of environmentally friendly innovation until they can predict a return
on investment [15]. Due to this, the most important question that has to be addressed as
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a result is whether GI can stimulate OP (i.e., operational, financial, and social) while still
maintaining the positive effects that it has on the atmosphere [16].

Thirdly, organizations that leverage diverse KS to achieve strategic goals such as
operational, financial, and social objectives can significantly enhance OP [17,18]. Studies
on GI and their effectiveness have sometimes produced contradictory findings [19,20],
such as risks associated with knowledge transfer [21]. Furthermore, ref. [22] studies that
found a significant negative impact of EXT on GI growth have captured the attention of
scholars [23,24]. Therefore, this study addresses these ambiguities by adopting a boundary-
condition perspective to examine when and how KS and GI contribute to operational,
financial, and social performance in Chinese manufacturing firms, which are increasingly
under pressure to meet sustainability requirements.

Fourthly, resource-based theory states that firms can obtain a competitive edge by hold-
ing a large number of valuable and uncommon resources to attain specific objectives [25].
These valuable and uncommon resources are difficult to duplicate for competitors [26]. At
the same time, strategic theorists point out that possessing resources and competencies may
not harvest the best results, particularly when insufficient consideration is paid to evalu-
ating and deploying resources and capabilities through proper management actions [27].
ROC is an emerging topic and it is very important to examine in recent research work
to make an organization produce more efficient results and innovation [28,29]. ROC is a
boundary condition that determines when KS translates into GI to stimulate OP. Therefore,
we still need to examine more research to explore how ROC strengthens or weakens the
connection between KS and GI.

Based on the above discussion, this study will emphasize these questions:

• RQ1. To what extent does KS significantly influence GI?
• RQ2. Does GI significantly influence OP (i.e., operational, financial, and social)?
• RQ3. Does GI mediate the relationship between KS and OP?
• RQ4. Does ROC moderate the relationship between KS and GI?

Prior RBV and KBV studies have recognized that knowledge is a critical strategic
resource for innovation and performance. Integration of diverse knowledge and environ-
mental sustainability is a challenge for organizations [4,13]. Although, existing studies have
largely investigated different terms of knowledge with innovation, and OP in different
contexts. What is unclear is how KS impacts GI and OP with ROC, especially in the context
of Chinese manufacturing firms. The objective of this study is to determine which extent
internal and external KS contributes to the development and implementation of GI within
organizations. Additionally, this study aims to investigate how GI acts as a mediator
between KS and OP, explaining the pathways through which KS contributes to OP via GI.
This study also explores the moderating role of ROC between KS and GI, examining how
organizations’ ability to manage and coordinate diverse resources effectively influences
their capacity for GI.

By exploring this dynamic interplay, this study will contribute valuable literature to
the mechanisms through which KS contributes to GI, shaping the performance outcomes
of organizations committed to environmental responsibility. Furthermore, previous re-
searchers have not thoroughly examined the moderating roles of ROC, and the relationship
between KS and GI is also a novel point of this study.

2. Literature Review
2.1. KS and GI

Organizations who promote KS activities inside or outside the organization can han-
dle complex issues and can create new opportunities to encourage innovation [30]. Un-
derstanding and implementing the right knowledge can allow organizations to handle
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environmental issues and gain a competitive edge [31]. In this study, KS are conceptual-
ized as both internal and external knowledge inputs that support GI. Internal knowledge
sources (INT) include firm-specific knowledge embedded in employees, organizational
routines, and internal R&D activities, which represent tacit and explicit knowledge accu-
mulated within the organization. External knowledge sources (EXT) include knowledge
acquired from customers, suppliers, competitors, universities, and industry networks,
which provide technological and market insights [10]. Leveraging internal and external
knowledge allows organizations to tackle environmental challenges effectively and secure a
competitive advantage.

The INT of an organization is gathered from research which has been gathered over
time inside the organizations and promotes innovation [32]. Internally generated knowl-
edge can help an organization through idea generation and application which ultimate
lead to innovation [33]. INT plays an important role in promoting environmentally friendly
behaviors by stimulating ideation, development, and application [34]. Organizations with
strong INT management systems are experts at identifying opportunities, leveraging exist-
ing knowledge, and driving innovation toward sustainable solutions [35]. Organizations
with strong INT systems are better placed to tap into their intellectual capital and develop
environmentally friendly products, processes, and practices [36].

Organizations also focus on enhancing internal capabilities as well as focus on external
capabilities, which is essential for driving GI [37]. Organizations can enhance EXT partner-
ing with industrial specialists and the external research sector [38]. The external insight not
only enhances the creative process but also acts as a pool of knowledge instrumental in
conceptualizing and implementing novel and GI [22]. The application of EXT, particularly
originating from an organization’s research and development activities, significantly con-
tributes to the advancement of GI [34]. Furthermore, due to inadequate INT, specifically in
the current era of the Internet economy, firms must search for EXT to conduct GI [39].

Building trusting relationships between internal and external stakeholders promotes
knowledge activities and GI [22]. The adoption of EXT and INT can reduce GI’s vagueness.
Secondly, acquiring diverse knowledge can help firms overcome resource and capability
weaknesses, promoting GI [40]. While many studies have explored the connection between
knowledge and innovation [5,30], few have examined the specific influence of external and
internal knowledge sources on innovation but not GI. Therefore, this study discusses how
and what extent INT and EXT interact to influence GI. Based on prior discussions, the first
two hypotheses were formulated.

H1. INT positively influences GI.

H2. EXT positively influences GI.

2.2. KS and OP

KM refers to the organized process of identifying, recording, transferring, and ap-
plying the right knowledge to enhance OP [5]. This process strategically transforms
knowledge into intellectual resources, ultimately contributing to a company’s compet-
itive advantage [41]. KM is strategically energetic in developed economies to enhance
performance and build competitive advantages [42]. Many businesses are increasingly
investing in KM activities to provide the right information at the right time and in the
right format to enhance overall performance [30]. The productivity of knowledge sharing
within enterprises has been recognized as a key factor for triple bottom line of OP such as
operational, financial and social performance [43].

Although operational, financial, and social performance represent conceptually dis-
tinct dimensions [44], this study conceptualizes OP as a higher-order construct reflecting
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firms’ overall sustainability-oriented performance. Drawing from the triple bottom line per-
spective, firms are increasingly evaluated based on their ability to simultaneously achieve
economic feasibility, environmental responsibility, and social goodwill [45]. These OP
dimensions are not independent; improvements in environmental efficiency and social
responsibility often enhance cost savings, operational efficiency, legitimacy, and long-
term competitiveness. Therefore, aggregating these dimensions captures the systemic and
interdependent nature of OP outcomes.

The role of INT and EXT in generating competitive advantage has become increasingly
important. Scholars and practitioners are paying growing attention to how firms acquire,
share, and utilize knowledge effectively [46]. Many prior researchers investigate knowl-
edge sharing enhances GI, others find that knowledge alone does not guarantee sustainable
outcomes due to implementation barriers [47]. From an enterprise’s resource-based (RBV)
perspective, knowledge is a strategic resource that enables it to configure competitive strate-
gies and gain substantial advantages when deployed more effectively than competitors.
Moreover, most prior research focuses on EXT, whereas INT remains underexplored [22].
These contradictions suggest the need for a comprehensive framework that shows how KS
stimulates OP. Understanding internal and external environments, adapting to changes,
encouraging innovation, and fulfilling user expectations by effectively managing vital
KS can enhance an organization’s competitive edge and overall performance. Organiza-
tions must consider internal and external resources to promote better performance and
build competitive advantages. Based on the above discussion, the study developed the
following hypotheses.

H3. INT significantly influences OP.

H4. EXT significantly influences OP.

2.3. Mediation Role of GI

GI, engrained in the resource-based theory, is increasingly acknowledged as a key
driver of organizational effectiveness by protecting the environment, optimizing efficiency,
and reducing production costs for improved economic performance [13,32]. GI is a key
driver in shaping triple bottom line of OP (operational, financial, and social) [48]. Orga-
nizations must recognize GI as a strategic capability enabled by effective KS such as INT
and EXT, allowing firms to achieve competitive advantage, meet stakeholder expectations,
and improve sustainable OP [49]. Firms actively fetching in GI are likely to experience
various benefits, including increased profitability, access to new markets, and strengthened
financial resilience [50]. Businesses that use GI have stronger competitive advantages,
lower rates of earnings retention, and higher asset returns than traditional businesses [51].

Implementing GI in organizations can improve the efficiency of energy, materials,
reduce waste emissions in production, and contribute to achieving clean production [7].
Achieving GI efficiency will improve the organizational environment, increase employee
satisfaction, enhance employee work efficiency, and ultimately enhance labor productivity
and OP [52]. From social point of view, investment in GI strategies can reduce environ-
mental pollution and can ultimately meet social performance and enhance organization
goodwill [53]. Studies indicate that organizations engaged with GI can reduce resource
consumption and optimize processes to enhance their operational performance. In addition,
some scholars believe that implementing GI will increase costs for enterprises, and the
uncertainty in the process will increase operational risks [22]. In the contemporary business
landscape, GI is key driver for to organizational success, as reflected in the triple bottom
line of operational, financial, and social performance [8,50].
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New products help organizations gain new competitive advantages and achieve better
performance [5]. Obtaining information sources is a critical component that significantly in-
fluences the success of the innovation process [30]. The GI victory reflects the organization’s
ability to effectively integrate external knowledge with its internal capabilities [38,50].

Although prior scholars distinguish between green product and green process inno-
vation, this study conceptualizes GI as a single construct capturing organizations overall
capability to develop and implement environmentally oriented innovations [54]. In the
context of Chinese manufacturing firms, and particularly in emerging economies, green
product and process innovations are often tightly coupled, as eco-friendly products typi-
cally require cleaner production processes, and process improvements frequently enable
greener product designs [55]. Treating GI as a single construct reflects its strategic and
systemic nature rather than isolated innovation activities. Furthermore, many previous
scholars discuss how GI significantly affects OP. However, between KS and OP, GI has
never been explored before. GI can provide evidence that an organization can compete in a
market over social operational and financial performance. Based on the above discussions,
this study developed following hypotheses stated below.

H5. GI significantly influences OP.

H6. GI mediates the relationship between INT and OP.

H7. GI mediates the relationship between EXT and OP.

2.4. Moderating Role of ROC

ROC has recently become a viable approach to investigate how organizations might
strategically use their resources to improve OP [12]. According to resource-based theory
(RBT), businesses get a competitive edge by gaining a large number of valuable and special
resources [13,30]. These resources are combined through partnerships, collaborations, or
networks to achieve specific aims, such as optimizing production processes to reduce waste
and emissions and stay ahead of the competition for a long time [26].

According to ROC theory and RBV, firms must actively orchestrate their resources
to transform them into innovation capabilities. KS represents critical strategic resources,
while GI reflects a capability that emerges from the effective integration and recombination
of knowledge. Therefore, ROC is theoretically positioned to moderate the relationship
between KS (INT and EXT) and GI by enhancing firms’ ability to convert knowledge into
innovative outcomes [12]. Successfully managing both internal and external resources
is critical for driving effective innovation outcomes [56]. To stay ahead in the market,
organizations must actively engage with knowledge intensive partners, research institutes,
and environmental NGOs, to acquire diverse KS related to green technology and environ-
mental regulations for sustainability [13]. The binding process involves collaborations,
while utilization entails applying diverse knowledge effectively to develop and implement
GI, driving continuous learning and adaptation [30]. This collaboration helps organizations
to learn, adapt, and utilize knowledge to develop and implement GI technologies. Effective
ROC allows organizations to manage KS and foster innovation, enabling them to respond
to environmental hurdles and seize opportunities in the evolution towards a GI [57].

Furthermore, strategic theorists emphasize that possessing abilities and resources by
themselves will not provide the greatest outcomes, particularly if careful consideration
is not given to assessing and making the most use of these assets through effective man-
agement techniques [27]. Organization needs to carefully analyze resources for achieving
greatest outcomes. Resources alone are incapable of generating value and competitive ad-
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vantages [56]. Based on the above arguments, this study intends to analyze two moderating
factors between knowledge sources and green innovation, which are stated below.

H8. ROC moderates the relationship between INT and GI.

H9. ROC moderates the relationship between EXT and GI.

3. Research Methodology
This study employed questionnaire survey deductive methodology which is legitimate

in many social science studies [58]. Data were collected from Chinese manufacturing indus-
tries because China plays an important role in boosting industrial economics has a strong
ability to adopt knowledge management and remain competitive in global markets [30].
Therefore, this study targets different managerial positions within Chinese manufacturing
industries (Appendix A).

Furthermore, we randomly contacted 200 Chinese manufacturing industries such as
(textile, sports goods, leather, chemical and petroleum etc.) published by Wind Info in Hu-
nan province of China [59,60]. Between February and June 2025, we engaged with company
representatives through phone and in-person interactions to describe the study goals. After
assuring them about privacy and anonymity, 189 organizations agreed to participate in data
collection. Building on prior work, we collected data by distributing 543 questionnaires
to managers operating at different hierarchical levels, enabling representation of varied
competencies and strategic knowledge [5].

Of the 428 returned surveys, 353 were retained after removing 48 incomplete responses,
yielding a 65.19% valid response rate. A t-test comparing early and late respondents showed
no significant differences in age or gender (p > 0.05), indicating minimal non-response
bias. The final sample included 162 females (46%) and 191 males (54%) (Appendix A).
Furthermore, this study employed SmartPLS software (4.1.1.2), and we strictly followed
the sampling procedure established SEM guidelines with a sample size of 353, meeting the
threshold for robust analysis [31,61].

3.1. Measurement of Variable

An established construct was used to measure the variable. Data were assessed using
a 7-point Likert scale for superior answer quality [62]:

INT was assessed using seven indicators adopted from [63];
EXT was evaluated through six indicators adapted from [64];
ROC was captured with three items developed by [28];
GI measurement relied on seven indicators from [65];
FP was measured in the study by using the following five items [66];
Five items were adopted to measure the OPP taken from the study [67];
SP was evaluated using four indicators referenced [68].
This study examined the impact of control variables on organizational performance

such as firm type, ownership form, firm size, and firm age. Many prior studies also
analyzed and examined control variables in different contexts [10].

3.2. Common Method Bias

To verify that the dataset was not affected by method variance, we applied a CMB
diagnostic in line with recommendations by [69]. We reviewed inner-model VIF statistics,
and values at or below 3.3 indicated that bias was not a concern, consistent with [70].
Furthermore, later we also test Herman’s single factor which is 25.239% of the total variance
and met the threshold less than the standardized value, 50%.
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3.3. Data Analysis
Analytical Approach

This study utilized SmartPLS 4.1.1.2 because the research characteristics align with the
strengths of variance-based structural equation modeling (PLS-SEM) [58]. First, the primary
objective of this study is to explain the variance in OP by examining a complex mediation
and moderation framework involving KS and GI. PLS-SEM is particularly suitable for
predictive research models with multiple latent constructs and interaction effects [71].
Second, PLS-SEM is appropriate for studies with relatively moderate sample sizes and
non-normal data distributions, which are common in organizational and survey-based
research contexts [72]. Moreover, PLS-SEM allows robust estimation of complex structural
models without strict distributional assumptions [72,73]. Therefore, PLS-SEM was selected
based on methodological appropriateness rather than mere popularity in prior literature.

4. Results
4.1. Assessment of Measurement Quality

Our primary step involved confirming construct reliability and validity. All indicators
met recommended thresholds AVE ≥ 0.50 and reliability coefficients (alpha, CR, rho_A)
above 0.70 consistent with prior recommendations [71,74,75]. The results are presented in
Tables 1 and 2.

Table 1. First-order measurement results.

Factor Loading VIF C.A rho_A C.R AVE

External knowledge source 0.845 0.854 0.896 0.682
EXT1 Deleted
EXT2 0.820 1.790
EXT3 0.785 1.866
EXT4 0.846 2.780
EXT5 0.850 2.669
EXT6 Deleted
Financial performance 0.783 0.795 0.860 0.608
FP1 Deleted
FP2 0.720 1.440
FP3 0.845 1.997
FP4 0.827 1.893
FP5 0.717 1.391
Green Innovation 0.886 0.890 0.911 0.596
GI1 0.737 2.024
GI2 0.758 1.975
GI3 0.818 2.631
GI4 0.821 2.519
GI5 0.793 3.029
GI6 0.776 3.174
GI7 0.691 2.033
Internal knowledge source 0.878 0.893 0.905 0.580
INT1 0.861 3.768
INT2 0.742 2.582
INT3 0.848 4.819
INT4 0.747 1.940
INT5 0.779 2.722
INT6 Deleted
INT7 0.731 3.397
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Table 1. Cont.

Factor Loading VIF C.A rho_A C.R AVE

Operational performance 0.814 0.821 0.878 0.643
OPP1 Deleted
OPP2 0.770 1.625
OPP3 0.848 2.121
OPP4 0.842 2.028
OPP5 0.741 1.480
Resource orchestration capability 0.859 0.913 0.896 0.743
ROC1 0.727 2.029
ROC2 0.904 2.124
ROC3 0.941 2.527
Social performance 0.844 0.850 0.896 0.683
SP1 0.806 1.987
SP2 0.886 2.665
SP3 0.822 2.097
SP4 0.787 1.730

Table 2. Second-order measurement results.

Factor Loading VIF C.A rho_A C.R AVE

Organizational performance 0.715 0.796 0.838 0.637
Financial 0.845 1.766
Operational 0.892 1.710
Social 0.634 1.198

Factor loading revealed each variable’s dominant factor via correlation matrix analysis.
Tables 1 and 2 show factor loadings; first-order constructs should be ≥0.6 [58]. We assessed
multicollinearity for each component using variance inflation factors (VIFs) based on [76].
The analysis confirmed that multicollinearity was not a concern if VIFs are below 5 [71].
See Tables 1 and 2 and Figures 2 and 3 for results. Furthermore, during assessment of the
measurement model, followed by prior studies, items with low factor loadings (EXT1, EP1,
and OPP1) were removed to ensure constructs retained their theoretical integrity [30]. This
validation stage also enabled us to confirm the distinctiveness of the constructs, including
assessments involving the higher-order structure [73].

After VIF, validity, and reliability analyses, we assessed discriminant validity. For-
nell Larker criteria, heterotrait–monotrait ratios are commonly used to test the dis-
criminant validity of all variables [77]. HTMT values ≤ 0.85 or 0.90 indicate HTMT
establishment [78,79]. Furthermore, according to the [80], each construct’s diagonal value
exceeded its inter-construct correlations, confirming discriminant validity Tables 3–6 show
discriminant validity results indicating that they met the recommended threshold.

Table 3. First-order Fornell Larker criteria.

EXT FP GI INT OPP ROC SP

EXT 0.826
FP 0.219 0.780
GI 0.450 0.281 0.772
INT 0.403 0.38 0.501 0.761
OPP 0.351 0.635 0.485 0.491 0.802
ROC −0.086 0.025 −0.123 −0.03 0.035 0.862
SP 0.231 0.385 0.26 0.255 0.346 −0.063 0.826
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Figure 2. First-order measurement model.

 

Figure 3. Second-order measurement model.

Table 4. First-order HTMT results.

EXT FP GI INT OPP ROC SP

EXT
FP 0.262
GI 0.513 0.338
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Table 4. Cont.

EXT FP GI INT OPP ROC SP

INT 0.431 0.495 0.522
OPP 0.425 0.773 0.582 0.566
ROC 0.119 0.122 0.116 0.073 0.085
SP 0.267 0.475 0.300 0.299 0.421 0.063

Table 5. Second-order Fornell Larker criteria.

EXT GI INT OP ROC

EXT 0.826
GI 0.450 0.772
INT 0.391 0.485 0.761
OP 0.344 0.450 0.494 0.798
ROC −0.086 −0.123 −0.033 0.010 0.862

Table 6. Second-order HTMT.

EXT GI INT OP ROC

EXT
GI 0.513
INT 0.455 0.522
OP 0.420 0.540 0.604
ROC 0.119 0.116 0.073 0.115

4.2. Predictive Relevance

R2 and Q2 analyses indicated that the model explained a moderate proportion of
variance in GI (R2 = 0.367) and OP (R2 = 0.305). The Q2 values were greater than zero,
suggesting acceptable predictive relevance [58,81]. Table 7 states the results of R2 and Q2.

Table 7. R2 and Q2.

R2 Q2

GI 0.367 0.210
OP 0.305 0.181

4.3. Structural Model Assessment

This study tested five direct, two mediation, and two moderation hypotheses. We used
bootstrapping (5000 resamples) to analyze the structural model and assess the significance
of relationships [71].

Both forms of KS have shown a significantly positive relationship with GI. Results
indicate the 1st hypothesis EXT → GI β value is 0.277, the T value is 5.403, and the p-value
is 0.000, indicating the positive relationship and the 2nd hypothesis INT → GI β value is
0.360, the T value is 6.759, and the p-value is 0.000, indicating the positive relationship. EXT
and INT also have a significant positive connection with OP. The 3rd and 4th hypothesis
results indicate EXT → OP β value is 0.105, the T value is 2.094, the p-value is 0.018, and
INT → OP β value is 0.337, the T value is 6.371, and the p-value is 0.000, respectively.
The 5th hypothesis also indicates a significant relationship between GI and OP results.
GI → OP β Value is 0.240, the T value is 4.334, and the p-value is 0.000. (See Table 8).
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Table 8. Direct hypotheses.

Hypotheses (O) (STDEV) T p Results

H1 EXT → GI 0.277 0.051 5.403 0.000 Significant
H2 INT → GI 0.360 0.053 6.759 0.000 Significant
H3 EXT → OP 0.105 0.050 2.094 0.018 Significant
H4 INT → OP 0.337 0.053 6.371 0.000 Significant
H5 GI → OP 0.240 0.055 4.334 0.000 Significant

For mediation analyses, we followed [58,82,83]. EXT → GI → OP (β = 0.066, T = 3.236,
p = 0.001) and INT → GI → OP (β = 0.086, T = 3.776, p < 0.001) show significant positive
relationships (see Table 9).

Table 9. Mediation hypotheses.

Meditation Hypotheses O STDEV T p Results

H6 EXT → GI → OP 0.066 0.021 3.236 0.001 Significant
H7 INT → GI → OP 0.086 0.023 3.776 0.000 Significant

ROC insignificantly moderates the effect of EXT on GI (β = 0.050, T = 0.827, p = 0.204)
but significantly moderates the effect of INT on GI (β = 0.165, T = 2.520, p = 0.006) (Table 10,
Figures 4 and 5).

Table 10. Moderation hypotheses.

Moderation Hypotheses O STDEV T p Results

H8 EXT*ROC→ GI 0.050 0.061 0.827 0.204 Insignificant
H9 INT*ROC→ GI 0.165 0.066 2.520 0.006 Significant

 

Figure 4. Structural model.
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Figure 5. INT*ROC→ GI.

The results for the control variables show that none were statistically significant (see
Table 11). This indicates that control variables did not have a meaningful effect on the OP.

Table 11. Control variable effect on OP.

Construct B SD T Value Sig.

Ownership form 0.107 −0.058 −1.091 0.276
Firm type 0.023 −0.046 −0.866 0.387
Firm size 0.038 0.044 0.814 0.416
Firm age 0.049 0.037 0.683 0.495

5. Discussion
Many prior researchers acknowledge that knowledge is the backbone of innovation [5,7].

Organizational innovation and employees’ creativity depend upon how effectively an
organization can utilize its knowledge to stimulate the OP [30]. Implementing green
solutions is complex and requires balancing ecological and economic considerations [14].
Therefore, organizations need to create an environment where knowledge is shared and
utilized effectively, and optimal innovation is gained by overcoming technological hurdles
and tackling environmental challenges while promoting organizational performance [32].
This process is significantly influenced by acquiring accurate knowledge, which stands
out as a key point for organizations [5]. Based on the available literature and using a
research model, this research investigated the relationship between KS, GI, OP (operational,
financial, and social), and the moderating role of ROC.

Firstly, it has become increasingly challenging from a KM perspective to monopolize
knowledge, and innovation is getting more and more complicated [5]. Therefore, businesses
are experiencing significant pressure to enhance their quality and efficiency towards GI [84].
Our first research question is whether KS (INT and EXT) significantly influences GI. Our
findings demonstrate that KS significantly impacted GI, indicating knowledge serves as a
vital resource for driving innovation towards environmental sustainability [85]. In a wider
perspective, prior researchers also discuss how integrated internal knowledge and external
collaborations empowers organizations to generate creative solutions for a greener fu-
ture [86]. Furthermore, our study results showed a significant positive connection between
KS and OP, extend the KM literature, and suggest that leveraging INT and EXT contributes
to improved OP, such as enhanced operational, financial, and social performance [34,36].
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An organization’s ability to acquire, retain, and integrate relevant knowledge is crucial for
enhancing GI and OP [32]. By leveraging KS, firms cannot just cultivate innovative ideas
but also gain a competitive advantage over their competitors [5].

Secondly, organizations that aim to enhance their OP in the operational, financial,
and social context are strongly connected with environmentally friendly solutions [87].
Although GI has several well-known advantages for organizations, this relationship is
still complex [53]. This study showed a significant positive relationship between GI and
OP, and extended the existing literature and suggests firms that create environmentally
friendly innovations can gain an advantage over their competitors and stay ahead in the
market dimensions [3,88]. Establishing the critical role of GI in shaping overall OP and
investing in GI is likely to experience positive outcomes across operational, financial, and
social dimensions [7,89].

Thirdly, in order to boost OP, businesses must concentrate on enhancing their capacity
for innovation through internal and external collaboration [38,90]. Therefore, this study
discussed the mediating role of GI in the connection between KS and OP. Previous research
also discussed GI as a mediator and discussed how KM helps organizations gain GI and
significantly stimulate OP [91]. Our findings align with prior scholars who discussed how
knowledge can significantly enhance their GI outcomes and improve OP [92]. Furthermore,
our findings also highlight that strong KS with (INT and EXT) alone in organizations is
insufficient, and they also need to improve greener capabilities to generate OP [22].

Fourthly, organizations are struggling to gain, update, and deploy their resources to
explore new opportunities. Therefore, many previous scholars emphasize that ROC is an
emerging topic and cannot be ignored for organizational success and innovation [12,27].
Although organizations increasingly rely on KS and innovation capabilities, knowledge
alone is insufficient to generate GI. Consistent with ROC theory, firms must actively
structure, bundle, and leverage their knowledge resources to transform them into GI
outcomes [56].

Our findings indicate that stronger ROC enhances the effect of INT on GI. This sheds
light on the strategic importance of resource management in the innovation process [93].
In contrast, the interaction term for EXT and ROC is insignificant, suggesting that merely
having resources does not generate value or competitive advantages; dynamic and strategic
application of these resources is vital for creating value [56]. The divergence between
our findings and prior studies may be explained by contextual and organizational factors.
Chinese manufacturing firms face increasing regulatory and stakeholder pressure for en-
vironmental sustainability, which may strengthen the role of GI in driving OP outcomes.
Moreover, ROC as a moderator provides a boundary-condition explanation, showing that
KS led GI only when firms possess strong orchestration capabilities. Therefore, organiza-
tions need to pay more attention to evaluating and deploying resources and capabilities
through management actions to achieve GI [93].

5.1. Theoretical Implication

Existing RBV and KBV literature in the domain of strategy and management thor-
oughly emphasize that knowledge is the primary source for innovation and OP [22,32].
Moreover, previous scholars have investigated multiple knowledge dimensions and their
influence on GI and OP [8,35]. Despite extensive research on knowledge and innovation,
the mechanisms through which KS affects GI and OP via ROC remain underexplored,
especially in Chinese manufacturing contexts. Furthermore, prior studies have not si-
multaneously examined the pathway from KS to GI and subsequent social, financial, and
operational performance under the moderating influence of ROC. In this context, this re-
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search has substantially contributed to the advancement of the theory of KBV by examining
the link between KS, GI, OP, and ROC.

Firstly, many prior studies have stated that KS is a necessary cornerstone for GI [13,22].
In the GI context, KS reflects firms’ dissemination and integration of knowledge related to
eco-friendly technologies, waste minimization, and sustainable practices, which constitute
valuable and strategic intangible resources [38]. Such shared knowledge represents a critical
organizational capability that enables firms to recombine INT and EXT to generate GI [22].
Our study extends the literature and confirms that GI often relies on external knowledge
inputs and inter-organizational collaborations, reinforcing the role of knowledge as a central
strategic asset for sustainable OP.

Secondly, GI can increase the organizations reputation and make a social impact,
ultimately leading to better operational and financial performance [7]. Our findings demon-
strate that organizations that prioritize GI can attain a competitive advantage over their
competitors. In line with innovation diffusion theory, organizations that develop superior
innovation capabilities can achieve early-mover advantages, thereby strengthening their
OP [5]. Moreover, the finding indicates that GI significantly impacts on OP, e.g., operational,
financial, and social.

Thirdly, the mediation analysis demonstrates that GI significantly transmits the effect
of KS on OP [7,22]. From an RBV perspective, KS represents valuable strategic resources,
while GI reflects the capability to convert these resources into performance outcomes.
Consistent with the KBV, the findings suggest that firms that effectively integrate and
recombine internal and external knowledge can generate GI that enhances OP, including
financial performance, brand legitimacy, and operational efficiency. Furthermore, this
study extends the literature by showing that knowledge-driven GI acts as a critical mecha-
nism through which firms achieve early competitive advantages and superior OP in the
manufacturing context.

Finally, our findings also stress the important role of ROC with KS and contribute to
existing literature, which ultimately enhance organization GI [57]. This finding extends
resource orchestration theory by demonstrating its role in translating knowledge-based
resources into GI outcomes in emerging economy manufacturing firms. Our findings
underscore the theoretical importance of ROC as a boundary condition, demonstrating that
KS contribute more effectively to GI when firms possess the capability to structure, bundle,
and leverage their resources strategically.

5.2. Practical Implications

Business leaders and managers must acknowledge the significance of knowledge
exchange and prioritize it in the realm of GI. Implementing KS (INT and EXT) has major
advantages of organization by facilitating the integration of new knowledge. This study
discusses how Chinese managers can improve the OP with the help of knowledge sharing
activities. Organizations must strategically align their knowledge-sharing initiatives with
sustainability, and acknowledging the potential for green infrastructure to contribute to
long-term success [4].

Business managers and executives in manufacturing firms should establish structured
mechanisms to acquire and integrate both internal knowledge (e.g., employee expertise,
R&D experience) and external knowledge (e.g., suppliers, customers, universities) to
support GI initiatives. Manufacturing firms also need to understand that simply acquiring
knowledge is insufficient; manufacturing firms benefit when such knowledge is embedded
into GI solutions, such as cleaner production methods, energy-efficient machinery, and
environmentally compliant product designs. Our advice for managers is to recognize the
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significance of seeking knowledge from suppliers, customers, and competitors because
knowledge sharing improves worker motivation, engagement, and retention [34].

Furthermore, from an organization’s perspective, all sources and resources are impor-
tant; their impact on a company’s innovativeness is not equal. Therefore, organizations
also needed to manage their resources for their best output. Our research aims to assist
managers in implementing more effective orchestration techniques, with a specific focus
on the value of understanding the different knowledgeable stakeholder groups involved
in a company’s GI strategy. By doing so, manufacturing firms with complex production
systems should invest in managerial coordination mechanisms that align sustainability
initiatives across different departments. Therefore, our study demonstrates to organiza-
tional leaders and managers how GI promotes sustainable business performance in several
ways, which helps to clarify the importance of incorporating GI into business investment
strategies. Chinese industry policymakers can use these insights to improve strategies and
policies that motivate companies to embrace GI and support the green economy. However,
organizations should thoroughly examine contextual factors they might need to invest in
for developing capabilities and enabling the transformation of KS activities into practical
innovation and OP.

6. Research Limitation
This study employed a cross-sectional research design between KS factors with ROC

to motivate the GI to stimulate OP. However, future research is advised to enlarge the scope
of the study by including additional variables that might have an impact on the framework
utilized to select knowledge acquisition methodologies by consideration of some control
variables. Furthermore, future research may disaggregate operational, financial, and social
performance to examine whether GI and KS employ distinct effects on each OP dimension.

Moreover, this study discussed the Chinese manufacturing industries, and data were
collected in a single province, which may limit the generalizability of the study. Future stud-
ies may broaden to other industries and regions to motivate eco-friendly innovation, which
may expand the study generalizability. Furthermore, this study employed a self-reported
survey, which may cause CMB. Therefore, future research could consider multisource
data or a longitudinal study. Additionally, following PLS SEM guidelines, some items
were deleted that disturbed the construct validity and reliability; therefore, we encourage
future studies to employ a refined measurement scale or mixed method approach to ensure
comprehensive construct coverage. In addition, this was a cross-sectional study that uti-
lized SmartPLS for data analysis. For better understanding, researchers may employ other
methodologies such as AMOS, SPSS, or Mplus. Although ROC is considered a moderate
variable in this study, task efficiency and affective trust may also be considered for better
outcomes. Researchers also need to consider that tacit knowledge may also be employed to
stimulate green innovation because many previous researchers have given importance to
tacit knowledge, which is needed to study to increase innovation [5,30].

7. Conclusions
Our study analyzed the model between KS (INT and EXT), GI, and OP (i.e., operational,

financial, and social). This study developed four research questions: five direct, two
mediation, and two moderation hypotheses. Furthermore, we employed SmartPLS 4.1.1.2
version. By employing the SmartPLS 4.1.1.2 version, we conducted a thorough analysis of
the complex connections within our research model, ensuring precise interpretation of our
study’s results.

This study focused on how KS stimulates GI and OP. Furthermore, GI acts as a
mediator, and ROC acts as a moderator in our empirical model. This study’s conclusion
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offers a broad understanding of how KS, GI, and ROC collectively stimulate triple line
OP. Practically, these results stress the significance of fostering INT and ENT capabilities,
with a strategic emphasis on ROC, to drive green innovation and achieve operational
financial and social success. Our research findings are important and emphasize the
critical importance of encouragement, both internal and external knowledge capabilities,
strategically emphasizing resource orchestration for organization.
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Appendix A

Table A1. Demographic Table.

Frequency Percent

Ownership form
State owned 163 46.2
Non-state owned 190 53.8

Firm type
Textile 48 13.6
Chemical and petroleum 40 11.3
Sports goods 42 11.9
Leather 48 13.6
Autoparts manufacturing 44 12.5
Fertilizer 42 11.9
Cement 36 10.2
Others 53 15.0

Firm size
<100 71 20.1
100–250 67 19.0
251–500 69 19.5
501–1000 75 21.2
>1000 71 20.1
Total 353 100.0

Firm age
<5 years 85 24.1
6–10 years 95 26.9
11–25 years 88 24.9
>25 years 85 24.1
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