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Abstract 

Existing research on the linkage mechanisms among green technology innovation (GTI), executive 

green perception (EGP), carbon performance (CP), and financial performance (FP), particularly 

systematic investigations within the context of China’s high-carbon industries, remains insufficient. 

To address this gap, this study explored the pathway through which GTI influences FP, as well as 

the mediating effect of EGP and the moderating effect of CP. Grounded in stakeholder theory and 

innovation diffusion theory, an integrated analytical framework was developed and tested using 

panel data from listed companies in China’s coal, energy, and manufacturing sectors spanning 2015 

to 2023 (N = 11,302). The analysis employed a two-way fixed effects model. The results revealed 

that GTI significantly and positively impacts FP (β = 0.199, p < 0.01), with EGP serving a partial 

mediating role in this relationship. Furthermore, CP positively moderates the connection between 

GTI and FP (β = 0.096, p < 0.01). The key innovation of this research is its unique simultaneous 

examination of both mediating and moderating mechanisms within a single model. The approach 

provides a deeper theoretical explanation and practical managerial insights for utilizing green 

innovation to enhance financial outcomes in high-carbon transitional settings. 
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1- Introduction 

Technological revolutions have led to an environmental crisis that many are describing as marked by "high resource 

consumption and high carbon emissions," which places global corporate development in a time of long-term challenges 

stemming from climate change, resource issues, and environmental pollution [1-3]. In this context, green technology 

innovation has emerged as one of the key routes organizations can take to achieve sustainability goals while at the same 

time remaining competitive economically [4-6]. However, as environmental pressures intensify and stakeholder 

expectations evolve, organizations face increasingly urgent strategic decisions regarding investment in green technology 

innovation. Such investments are no longer solely about meeting regulatory requirements, as they also relate to securing 

a social license to operate, achieving a competitive advantage, and ensuring long-term organizational viability. It, then, 

raises a critical and ongoing debate: Does green technology innovation genuinely enhance financial performance, or 
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might it instead reduce profitability? This question is especially significant for managers who must justify substantial 

investments in green initiatives to shareholders primarily focused on financial returns. 

The findings in the green technology innovation to financial performance relationship studies are mixed. Research 

suggests in some studies that green technology innovation lessened costs related to environmental issues, created new 

market opportunities, and competitive advantage that improved financial performance [3, 7-10]; nevertheless, other 

research has threshold effects that trigger a positive impact on financial performance once investment exceeds that 

threshold level [11, 12], whereas other research provides U-shaped and/or negative [13-16]. All the empirical findings 

essentially lead to a key question: under what conditions and through which mechanisms does green technology 

innovation enhance financial performance? The mixed findings in the existing literature suggest that this relationship is 

neither uniform nor straightforward but instead contingent on multiple factors. Variations may arise across industries 

due to differences in technological intensity, institutional environments, firm-specific characteristics, and 

entrepreneurial behavior. The implementation, integration, and management of green innovations within organizations 

may also influence financial outcomes. Moreover, the benefits of such innovations may emerge only under certain 

temporal or strategic conditions, shaping when and how financial returns are realized. Given the limited empirical 

evidence in this area, and assuming the validity of theoretical arguments supporting a generally positive relationship, 

further investigation into these contextual domains and related scenarios is both necessary and timely. 

We suggest understanding these mixed findings may lie in two contingencies. First, it may be that executives play 

an important role in the transmission mechanism of these results. As strategic decision officers, the environmental 

awareness of executives and their conscious prioritization of sustainability issues have a bearing on how effectively 

green technology investment is adopted and utilized in business strategies [17, 18]. Investment in green innovation 

among firms stimulates executive attention to environmental issues [19, 20]. In turn, this executive attention influences 

how resources are allocated and the extent to which green initiatives are incorporated into firm-level core strategies [21]. 

Executives with additionally stronger green perception, for instance, can more successfully convert green technologies 

to market advantages, cost efficiencies, and brand value [22]. It is thus possible that executive green perception helps 

identify why green innovation is successful in some firms and not in other firms. Two distinct pathways may explain 

how the mediating mechanism operates. One pathway suggests that executives with stronger green perceptions are more 

inclined to adopt environmentally oriented strategies that enhance corporate reputation and brand value, thereby 

attracting sustainability-conscious investors and customers [23]. Another pathway indicates that heightened 

environmental perception strengthens corporate social responsibility activities and overall ESG performance. Improved 

ESG performance can, in turn, expand access to financing, reduce capital costs, and enhance talent attraction, ultimately 

contributing to superior operational performance [7, 23-25]. 

Second, a firm's carbon management capabilities may influence its ability to financially benefit from adopting green 

innovation. Companies with strong carbon performance, for instance, typically have well-developed environmental 

management systems, established stakeholder trust, and recognized green credentials [26, 27]. These capabilities enable 

firms to transform green innovations into tangible returns, such as reduced operational expenses, improved reputation, 

increased investor confidence, and greater market acceptance [27]. On the other hand, companies that demonstrate poor 

carbon performance may be skeptical of green innovations at all, or possibly as "greenwashing," thus eliminating the 

thoughts of financial benefits from green innovation [28]. Evidence in the energy sector suggests that when firms have 

strong carbon performance, the positive link between green innovation and financial performance is significantly 

enhanced [28]. Thus, carbon performance is a boundary condition that delineates when and for which firms’ green 

technology innovation furthers a firm's financial outcome. For China, the world’s largest manufacturing economy and 

carbon emitter, green technology innovation has become a highly salient issue. More than half of the energy consumed 

in China can be attributed to the manufacturing sector [29], which has had significant economic impacts related to 

resource depletion and pollution [30]. Thus, in recent years, the Chinese government has set ambitious "dual carbon" 

goals (e.g., reach carbon peak by 2030 and carbon neutrality by 2060), indicating that green transformation is both 

necessary and allowed to happen, particularly for industries that are high in carbon, such as manufacturing, coal, and 

energy [31]. However, the pathway of how green technology innovation leads to financial performance in China's unique 

setting (i.e., state-owned structures, government-led environmental policies, and fast-changing markets) remains largely 

unknown [32].  

Despite growing scholarly interest in these relationships, several critical research gaps remain. Much of the existing 

literature focuses on the direct effects of green innovation on firm performance [7–10], but the underlying mechanisms 

through which this relationship unfolds remain insufficiently examined. Although some studies acknowledge the role 

of managerial cognition [22, 33], systematic analysis of executive environmental perception as a mediating mechanism 

is still limited. In addition, the boundary conditions under which green technology innovation translates into financial 

benefits are not well understood. Prior findings are inconsistent, ranging from positive linear relationships [7–9] to 

threshold effects [11] and U-shaped patterns [13, 14], indicating that important contextual contingencies may have been 

overlooked. Furthermore, although China is the world’s largest carbon emitter and has introduced ambitious “dual 

carbon” targets [31], empirical research integrating executive cognition with carbon management capabilities in high-
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carbon industries remains scarce. Recent studies accentuate the complexity of the environmental performance–financial 

performance nexus [24, 25], yet relatively few investigations have examined how these mechanisms operate within 

regulatory-intensive and state-influenced contexts, where pressures for green transformation are particularly 

pronounced. 

This study, thus, addresses these gaps by developing an integrated framework that jointly examines the mediating 

and moderating mechanisms linking green technology innovation to financial performance. Using extensive panel data 

from China’s coal, energy, and manufacturing sectors, which together account for more than 50% of national energy 

consumption [29], the study provides systematic evidence on how, when, and why green technology innovation 

generates financial value in high-carbon transitional contexts. The current study, therefore, has the potential to enhance 

understanding of the relationship between green technology innovation and firm performance in several significant 

ways. It offers novel empirical evidence from China's high-carbon industries, an inadequately examined yet essential 

context. Prior research reports mixed findings on the financial outcomes of green innovation, and this study examines 

how and to what extent green technology innovation influences firm performance under conditions of intensive carbon 

pressure. The study also contributes to theory through clarification of the mechanisms linking green technology 

innovation to performance. Rather than offering descriptive explanations alone, it examines how executive green 

perception shapes firms’ strategic use of green technology innovation as a mediating process. The analysis further 

identifies carbon performance as a key moderating factor, showing that the financial returns from green technology 

innovation depend on firm-level carbon outcomes and contextual conditions. Integration of mediating and moderating 

mechanisms within a unified analytical framework generates practical insights for non-state managers seeking to 

maximize returns on green innovation investments, as well as for government agencies aiming to accelerate green 

transformation in energy-intensive industries. 

2- Underpinning Theories and Hypothesis Development 

2-1- Theoretical Framework 

This study draws on Stakeholder Theory and Innovation Diffusion Theory to explain the interrelationships among 

green technology innovation, executive green perception, carbon performance, and firm financial performance. 

Stakeholder Theory helps explain the link between green technology innovation and corporate outcomes, as interactions 

with key stakeholders motivate firms to allocate resources toward green technology research and development [34]. 

Executive green perception captures the extent to which executives are attuned to the environmental demands of 

stakeholders. The stronger the executive green perception, the more likely they are to incorporate stakeholder views into 

strategic decision-making [35]. It identifies executive green perception as a mediating mechanism that links stakeholder 

pressures with green innovation investments, shaping strategic actions and enhancing financial outcomes. In a similar 

way, carbon performance can influence evaluations from key stakeholders such as government regulators, investors, or 

the general public [36]. Superior carbon performance generates evidence for stakeholders that a firm’s green innovation 

initiatives in the environment are "authentic" and "effective" [37]. The literature on carbon performance also suggests 

that firms with superior carbon performance are positioned to translate green innovation investments into financial 

returns, suggesting a moderating effect.  

Innovation Diffusion Theory [38] complements Stakeholder Theory by clarifying how innovations are adopted and 

implemented within organizations. Strategic decision-makers, in the forms of executives, will influence whether 

innovations in green technology are effectively adopted given executive understanding of the environment and 

understanding the prioritization of the environment by the organization [39]. The mediating role of executive green 

perception becomes evident, as executives with a stronger understanding of environmental issues are more likely to act 

as champions of green innovation and translate their intentions into effective implementation. Relative to Innovation 

Diffusion Theory, observability of innovation can enhance legitimacy and acceptance of the innovation in question. 

Once organizations demonstrate strong carbon performance based on publicly reported carbon performance, 

stakeholders are more likely to consider these green innovations as credible actions, thus increasing the positive impact 

of these innovations on financial performance [40, 41]. Thus, carbon performance acts as a visible signal to proactively 

build trust between a stakeholder and an organization, strengthening the relationship between green technology 

innovation and financial performance.  

The two theories form a coherent theoretical framework that supports the modeling of the interrelationships examined 

in this study. Stakeholder theory explains why firms pursue green innovation as well as the reasons why executive 

perception and carbon performance are important in these pursuits. Innovation Diffusion Theory explains how 

innovations are adopted (through executive championing of innovations) or when innovations were most efficacious (to 

the extent that innovations are visible to stakeholders in terms of their carbon performance). The theoretical frameworks 

are integrated with the proposed analytical model, in which green technology innovation enhances financial performance 

through the mediating role of executive green perception, and carbon performance serves as a signaling condition that 

strengthens the credibility and effectiveness of innovation outcomes reflected in financial performance. 
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2-2- Green Technology Innovation on Financial Performance 

Environmental issues on a global scale have garnered attention from both academics and widespread consideration 

amongst businesses and policymakers [42]. Study of the relationship between green technology innovation and financial 

performance may provide some reasonable recommendations to business managers when engaging in sustainable 

development [43]. More entrepreneurs are beginning to understand the necessity of having environmental issues at the 

forefront of grand conception of the business. As a result of this, business managers are becoming more concerned with 

financial performance along with contributions to their business profit and society and the environment [44]. 

Despite the increasing interest of research and academia, the relationships between performance capitalism, for 

example, financial performance, and green technology innovation continues to yield conflicting empirical studies. In the 

bulk of studies, researchers find a positive linear relationship [8, 9, 45]. Greater investment in green innovation is often 

associated with improved financial performance, but some studies identify a more complex U-shaped relationship. In 

other words, the financial impact of corporate green technology innovation will not always be a linear relationship [13, 

14, 46-48]. These findings suggest that investments into green innovation may lead to marginal benefit, little benefit, or 

even negative benefit for financial performance before significant benefits accrue. Other research studies have found 

that of innovation investment on financial performance follows a threshold effect indicating financial performance only 

becomes positive, once innovation investment yields a certain critical threshold level [11]. Other research presents other 

contradictory findings identifying either a negative relationship [15], or inverted U-shaped relationship [13, 14] between 

green technology innovation and financial performance where too much green innovation does not yield profitability in 

the enterprise.  

Stakeholder theory explains how firms differ in their use of green technology innovation to respond to stakeholder 

demands and advance social responsibility initiatives [49]. Such a perspective helps explain why some firms are better 

able than others to generate financial returns from investments in green technology [50]. 

Within the dynamic context of China's high-carbon industries, where regulatory requirements and environmental 

pressures are high, we expect a positive influence of green technology innovation on financial performance. In this case, 

we would expect green technology innovation to benefit financial performance through reducing compliance costs, 

building corporate reputation and creating competitive advantages. Therefore, our hypothesis is: 

H1: Green technology innovation positively affects financial performance. 

2-3- Mediating Role of Executive Green Perception 

The differing evidence concerning the relationship between green innovation and financial performance suggests 

that this association takes place through a number of mediating variables rather than relationships based on direct effects 

[51, 52]. We contend that executive green perception has a strong mediating role in regard to effects on financial 

performance from green technology innovation. Executive green perception is conceptually distinct from ESG in several 

important respects. ESG orientation reflects organization-level commitments that are manifested in formal policies and 

reporting frameworks [7, 49], whereas executive green perception captures the cognitive awareness and environmental 

beliefs formed by individual executives prior to strategic decision-making. Similarly, environmental strategy refers to 

deliberate and formalized action plans implemented at the organizational level [30], while executive green perception 

represents the antecedent perceptions and attentional focus that precede strategy formulation. 

Drawing on innovation diffusion theory [38], individual perception represents a critical initial stage in determining 

whether innovation is translated into organizational strategy. The text-based measurement approach captures executives’ 

expressed environmental awareness through narrative disclosures in annual reports, reflecting genuine cognitive 

attention and priority setting rather than symbolic reporting or strategic positioning. 

As the primary decision-makers of enterprises, executives inherently take responsibility for both the extent to which 

green technology investments generate financial performance and the way in which that financial performance is 

generated. The decision for investment in green technology innovation will spur, at the parent-level, an increase in 

executive attention to environmental factors and a parent-level commitment to sustainability at the 

organizational/enterprise level context [38, 53, 54]. The increase in built factors will specifically influence resource 

allocation choices, market orientation activities, and risk options related to the effective implementation of a green 

strategy [54, 55]. Executives with higher environmental perceptions are more prepared to develop a network of green 

technology capabilities, in terms of garnering market space, cost savings, and brand value as an outcome of their unique 

green technology success [56]. Executives with higher environmental perceptions will also facilitate the balancing act 

between sustainability, represented by long-term goals and objectives, and short-term profitability, which will in turn 

contribute to overall improved corporate performance [57, 58]. 

Overall, there is empirical evidence that supports this mediation process. Chen & Chang [22] showed that executive 

green perception mediated green innovation and organizational performance relationship. Yabing et al. [33] and Meiting 
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et al. [59] found executive green perception influences economic performance and environmental performance through 

resource allocation decisions. Wang et al. [60] verified the mediating role of executive green perception in the green 

innovation and environmental regulation relationship in the service sector. These studies imply that green technology 

innovation is insufficient alone as a factor for financial performance as it is contingent on whether executives have 

acknowledged its strategic importance and have embedded it into their organizational practice. 

Overall, our theorizing suggests that executive green perceptions may explain some of the reasons why some firms 

are able to successfully transform investments in green technology into financial returns while others do not. Green 

technology innovation raises executive cognizance of opportunities and risks associated with the environment and will 

influence strategic decision making and resource allocation that produces ultimately positive financial performance. 

Therefore: 

H2: Executive green perception mediates the relationship between green technology innovation and financial 

performance. 

2-4- Moderating Role of Carbon Performance 

Aside from executive green perception as a mediating mechanism, it is plausible that the financial performance, 

resulting from the implementation of green technology innovation, can also be dependent on a firm's carbon management 

capabilities. We argue that carbon performance exerts a boundary condition to identify when and which firms will 

translate green technology innovation into financial performance benefits. 

More precisely, carbon performance—measured through emissions management and carbon effectiveness—reflects 

an organization’s readiness and capability to generate financial returns from green innovation [61]. Firms with high 

carbon performance have established strong environmental management capabilities, as well as developed stakeholder 

trust and credible green credentials [62, 63]. As a result, they are better positioned to translate green technologies into 

financial returns through multiple channels. First, high carbon performance enables cost reductions through energy 

savings and lower compliance risks [64, 65]. Second, it signals authenticity to stakeholders, as investments in green 

technologies reduce skepticism related to greenwashing [66]. Third, strong carbon performance enhances corporate 

reputation and strengthens investor confidence, which typically leads to valuation premiums [67]. 

The logic of moderation is supported. Evidence in the OECD suggests that green technology innovation lowers 

emissions to a greater degree with more economic returns when firms can capitalize on existing environmental 

management competencies [68, 69]. Research in the energy industry suggests that the relationship between technology 

innovation and financial performance is enhanced where carbon performance is high relative to firms with lower carbon 

performance [27, 28]. Barbaglia et al. [70] produced evidence of indications that carbon management moderated the 

connection between carbon risk and corporate performance- this is further confirming that carbon capabilities are 

significant strategic resource to enhance value from the team’s environmental investments. 

The moderating mechanism happens through stakeholder perceptions of credibility. That is, firms with high carbon 

performance, when they invest and commit to green technology innovation, are likely to have their stakeholders perceive 

that the innovation is a real investment, not simply symbolic positioning. Further, this credibility leads to heightened 

acceptance from stakeholders, bolstering investor support and increasing customer loyalty, which serves to optimize 

financial return from the green innovation. In contrast, firms with low carbon performance may not fully realize benefits 

from the investment in green technologies because stakeholders would likely be skeptical of their commitment to the 

environment. 

Therefore, the carbon performance should enhance the relational positive impact of green technology innovation on 

financial performance; thus, we predict that carbon performance would moderate the positive return from green 

technology innovation. Therefore: 

H3: Carbon performance positively moderates the relationship between green technology innovation and financial 

performance. 

3- Material and Methods    

3-1- Sample and Data Sources 

To ensure the industry-specificity of the research, this study examines listed companies from China's coal, energy, 

and manufacturing sectors during 2015-2023, based on the National Bureau of Statistics' industry classification (GB/T 

4754-2017). After excluding delisted firms, ST firms, and observations with missing data, the final sample comprises 

11,302 firm-year observations from 3,718 companies.  
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3-2- Variable Measurement 

Consistent with previous studies, we measured the key variables as follows. Financial performance (FP) was 

measured as Return on Assets (ROA), or operating income divided by total assets [47]. Green technology innovation 

(GTI) was measured as the natural logarithm of green patent applications plus one [71-73]. The logarithmic 

transformation addressed the right-skewed nature of the patent counts as well as the presence of zero values.  

Executive green perception (EGP) was measured as a text analysis of the firm’s annual report, the natural logarithm 

of keyword frequency for 19 environment-related keywords [17]. Several factors support the validity of our EGP 

measurement approach in addressing concerns regarding symbolic reporting. First, prior studies demonstrate that text 

analysis of environmental keywords in the Management Discussion and Analysis (MD&A) section can effectively 

capture managers’ genuine attentional focus [17]. Executives’ perception frames and attention allocation shape how 

issues are interpreted and prioritized, thereby influencing whether they are subsequently translated into formal strategies. 

Recurrent and salient environmental expressions in managerial narratives therefore reflect underlying cognitive attention 

rather than merely ex post strategic outcomes. 

Second, EGP is measured using narrative sections that require direct executive involvement, rather than standardized 

and formulaic CSR disclosures. Third, the significant association between EGP and subsequent GTI investment (β = 

0.101, p < 0.01 in Model 3) provides evidence of convergent validity, as purely symbolic disclosures lacking substantive 

commitment would be unlikely to predict actual innovation investment. Similarly, the robustness of the empirical results 

across alternative model specifications further alleviates concerns regarding symbolic reporting. Finally, within China’s 

regulatory environment, false or misleading environmental claims are subject to penalties under the Environmental 

Protection Law of the People’s Republic of China, which weakens firms’ incentives to engage in purely symbolic 

environmental disclosure. 

Carbon performance (CP) was operationalized as the reciprocal of carbon emissions per million yuan of sales 

(sales/carbon emissions). The higher the value, the better the carbon performance [74-77]. Based on both theoretical and 

practical considerations, the reciprocal of carbon emissions per million yuan of sales is adopted as the measure of carbon 

performance. The intensity-based indicator captures carbon efficiency in a manner consistent with the value-creation 

logic emphasized in stakeholder theory [34]. Unlike absolute emission measures, an intensity-based metric accounts for 

firm-size heterogeneity and allows meaningful comparisons across firms of different scales within the sample [74–77]. 

Compared with alternative denominators such as total assets, a sales-based measure more directly reflects firms’ carbon 

management capability, as sales revenue represents productive output. The indicator has also been validated in prior 

research examining the relationship between carbon performance and firm performance in the context of global warming 

and climate change [26–28, 75–77]. 

We included several control variables to account for other firm characteristics associated with financial performance: 

total asset turnover rate, fixed asset growth rate, CEO duality, ownership concentration (the largest shareholder's 

shareholding ratio), current asset ratio, total asset growth rate, and firm age, which we measured in years since listing 

[17, 78-83]. Year and industry dummy variables are included to account for time and industry fixed effects. Table 1 

presents variable definitions and measurement formulas. 

Table 1. Variables and Method of measurement 

 Variable Notations Method of measurement 

Dependent Variable Finance performance FP Return on Assets (ROA). 

Independent Variable Green technology Innovation GTI ln(green patent applications + 1)* 

Mediating Variable Executive green perception EGP The natural logarithm of the frequency of keywords 

Moderating Variable Carbon performance CP 
The reciprocal of carbon emissions per million yuan of sales (Sales / Carbon 

Emission). 

Control Variables 

Total asset turnover rate TAT 
Operating income / ((Total assets at end of period + Total assets at beginning 

of period) / 2). 

Fixed asset growth rate Fix 
(Net fixed assets at end of period - Net fixed assets at beginning of period) / 

Net fixed assets at beginning of period × 100%. 

CEO duality Dual 1 if the chairman is also the CEO, 0 otherwise. 

First major shareholder's shareholding ratio Top1 Shareholding ratio of the largest shareholder. 

Current asset ratio Cr Current assets / Total assets. 

Total asset growth rate Tagr 
(Total assets at end of period - Total assets at beginning of period) / Total 

assets at beginning of period × 100%. 

Listing year Inage ln(Current year - Year of listing ). 

Year Year Year dummy variable 

Industry Ind Industry dummy variables 

* Note: ln indicates the natural logarithm. 
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Figure 1. Research methodology flowchart 

Figure 1 illustrates the sequential research process, beginning with the theoretical integration of Stakeholder and 

Diffusion theories, moving through the rigorous exclusion of outliers from the 11,302 observations, and concluding with 

the multi-stage mediation and moderation testing. 

3-3- Model 

We employ ordinary least squares (OLS) regression with time and industry two-way fixed effects to test our 

hypotheses. The analysis includes descriptive statistics, correlation analysis, and multicollinearity diagnostics (VIF 

tests). 

Model 1: Direct Effect (H1) 

To test H1 regarding the direct relationship between green technology innovation and financial performance: 

ROAi,t=β0
+β

1
*GTIi,t+β2

*Cri,t+β3
*TATi,t+β4

*Fixi,t+β5
*Inage

i,t
+β

6
*Tagr

i,t
+β

7
*Top1

i,t
+β

8
*Duali,t+ ∑ Year+ ∑ IND             (1)  

where, ROAi,t is the dependent variable (financial performance), GTIi,t is the independent variables (green technology 

innovation), and Cri,t, TATi,t, Fixi,t, Inage
i,t

, Tagr
i,t

, Top1
i,t

, Duali,t are the control variables. The subscript i represents 

firms, t represents years, ∑Year represents year fixed effects, and ∑IND represents industry fixed effects. In the model, 

β₀ denotes the intercept, and β₁ through βₙ represent the regression coefficients associated with the explanatory variables.   

Models 2-4: Mediation Effect (H2) 

To test H2 regarding the mediating role of executive green perception, we follow the stepwise approach of Wen & 

Ye [84]: 

ROAi,t=β0
+β

1
*EGPi,t+β2

*Cri,t+β3
*TATi,t+β4

*Fixi,t+β5
*Inage

i,t
+β

6
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i,t
+β

7
*Top1

i,t
+β

8
*Duali,t+ ∑ Year+ ∑ IND           (2) 

EGPi,t=β0
+β
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*GTIi,t+β2

*Cri,t+β3
*TATi,t+β4
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i,t
+β

6
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i,t
+β

7
*Top1

i,t
+β

8
*Duali,t+ ∑ Year+ ∑ IND             (3) 

ROAi,t=β0
+β

1
*GTIi,t+β2

*EGPi,t+β3
*Cri,t+β4

*TATi,t+β5
*Fixi,t+β6
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i,t

+β
7
*Tagr

i,t
+β

8
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i,t
+β

9
*Duali,t+ ∑Year + ∑ IND    (4) 

where, EGPi,t is the mediator variable. In the model, β₀ denotes the intercept, and β₁ through βₙ represent the regression 

coefficients associated with the explanatory variables.  

Model (2) examines the effect of the mediator (EGP) on the dependent variable (ROA). Model (3) tests the effect of 

the independent variable (GTI) on the mediator (EGP). Model (4) includes both GTI and EGP to assess partial or full 

mediation. 
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Model 5: Moderation Effect (H3) 

To test H3 regarding the moderating role of carbon performance, we include an interaction term between GTI and 

CP: 

ROAi,t=β0
+β

1
*GTIi,t+β2

*CPi,t+β3
*CPi,t*GTIi,t+β4

*Cri,t+β5
*TATi,t+β6

*Fixi,t+β7
*Inage

i,t
+β

8
*Tagr

i,t
+β

9
*Top1

i,t
+β

10
*Duali,t+ ∑Year+ ∑ IND       (5) 

where, CPi,t is Moderator variable, The CPi,t*GTIi,t is the interaction term. The coefficient β₃ captures the moderating 

effect of carbon performance on the relationship between green technology innovation and financial performance. 

Even though two-way fixed effects account for time-invariant firm heterogeneity and common temporal shocks, 

potential endogeneity concerns remain, particularly the possibility of reverse causality in which stronger financial 

performance enables greater investment in green technology innovation. Several considerations help mitigate this 

concern in the present context. Green technology innovation typically involves substantial lead times associated with 

research and development activities as well as patent approval processes, which creates temporal separation between 

innovation efforts and subsequent financial outcomes. The sample also concentrates on high-carbon industries subject 

to stringent regulatory pressures [31], where green innovation is largely driven by compliance requirements rather than 

discretionary investments funded by prior profitability. In addition, prior studies conducted in comparable settings 

suggest that the dominant causal direction runs from green technology innovation to financial performance rather than 

the reverse [7-9]. Nevertheless, the cross-sectional time-series design does not fully eliminate endogeneity concerns, 

and any causal interpretations should therefore be made with appropriate caution. 

4- Results and Discussion 

4-1- Descriptive Statistics 

Table 2 presents the descriptive statistics for the variables. The mean ROA is 3.4429 with a standard deviation of 

5.9279, showing significant profitability differences among companies. The minimum value is -20.3135, indicating 

losses, while the maximum is 18.8943, representing high-profit firms. The mean GTI is 1.2221 with a standard deviation 

of 1.35 and a range of 0-7.3045, with a right-skewed distribution, indicating most companies have low GTI. The average 

CP is 0.7688, but a maximum of 36.6064 suggests some companies have outstanding carbon performance. The average 

EGP is 1.3088 with a standard deviation of 0.9162, indicating little variation in EGP across firms. 

Table 2. Descriptive Analysis 

Variable Obs Mean Std. dev. Min Max 

ROA 11,302 3.4429 5.9279 -20.3135 18.8943 

GTI 11,302 1.2221 1.3500 0.0000 7.3045 

CP 11,302 0.7688 1.0611 0.0000 36.6064 

EGP 11,302 1.3088 0.9162 0.0000 5.4116 

Cr 11,302 0.5338 0.1741 0.1173 0.8751 

TAT 11,302 0.6050 0.3372 0.1130 2.1082 

Fix 11,302 0.1293 0.3349 -0.3622 2.0184 

lnage 11,302 2.4640 0.6190 0.6931 3.4012 

Tagr 11,302 0.1212 0.2212 -0.2660 1.2176 

Top1 11,302 32.3478 14.2252 8.2600 70.3300 

Dual 11,302 0.2683 0.4431 0.0000 1.0000 

4-2- Correlation Analysis 

Table 3 shows the Pearson correlation results. GTI is positively correlated with ROA at a 5% significance level, 

correlation coefficient 0.021, suggesting that improving GTI may enhance FP, supporting Hypothesis 1. Additionally, 

EGP is positively correlated with ROA at the 1% level, correlation coefficient 0.028. Interestingly, CP initially shows a 

negative correlation with FP, with a coefficient of -0.044 at the 1% significance level. These findings align with prior 

research on environmental investments in capital-intensive industries [42, 43], where upfront costs precede long-term 

benefits. Carbon performance investments function more as strategic positioning, yielding returns through multiple 

channels: future energy savings, reduced compliance costs from avoiding increasingly stringent environmental 

regulations and carbon taxes, enhanced brand reputation, and strengthened customer loyalty. Realizing these benefits 

requires an extended time horizon. This mismatch in “time windows” is a significant reason for the observed negative 

correlation, which will be further discussed in Section 5. 
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Table 3. Correlation Analysis 

 ROA GTI CP EGP Cr TAT Fix lnage Tagr Top1 Dual 

ROA 1           

GTI 0.021** 1          

CP -0.044*** -0.01 1         

EGP 0.028*** 0.164*** 0.066*** 1        

Cr 0.103*** -0.014 0.037*** -0.221*** 1       

TAT 0.166*** 0.056*** -0.003 0.086*** 0.204*** 1      

Fix 0.122*** 0.025*** -0.003 -0.031*** -0.038*** -0.065*** 1     

lnage -0.068*** 0.175*** 0.175*** 0.201*** -0.138*** 0.126*** -0.185*** 1    

Tagr 0.305*** 0.037*** -0.087*** -0.062*** 0.074*** -0.060*** 0.397*** -0.244*** 1   

Top1 0.145*** 0.060*** -0.066*** 0.055*** -0.036*** 0.085*** 0.001 -0.044*** -0.005 1  

Dual 0.001 -0.033*** 0.009 -0.093*** 0.056*** -0.046*** 0.059*** -0.195*** 0.068*** -0.058*** 1 

* p < 0.1，** p < 0.05，*** p < 0.01 

*, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. 

To avoid multicollinearity issues in analyzing the relationship between GTI, EGP, CP, and FP, a VIF test was 
conducted. The mean VIF value of 1.12 is well below the critical value of 5, indicating no multicollinearity problem. 

4-3- Benchmark Regression 

The results of the benchmark regression, which tests H1, are reported in Table 4. The results show that green 
technology innovation (GTI) has a statistically significant and positive impact on financial performance (ROA), with a 
coefficient of 0.199 (p < 0.01), supporting stakeholder value creation [34, 35] and corroborating previous studies 
showing a positive impact [7-9]. Thus, a one-unit increase in GTI is associated with a 0.199 percentage point increase 
in ROA after controlling firm characteristics including asset turnover, fixed asset growth, ownership structure, and age 
of firm.  indicating that firms with higher levels of green technology innovation exhibit superior financial performance. 

From a practical perspective, the finding indicates that investments in green technologies, including cleaner 
production processes, energy-saving technologies, and low-carbon innovations, can be translated into tangible financial 
returns. For managers, GTI should be regarded as a value-enhancing strategic investment rather than merely a 
compliance or environmental responsibility initiative. The magnitude of the effect (β = 0.199) implies that a one-unit 
increase in the logarithm of green patent applications corresponds to approximately a 0.2 percentage point improvement 
in ROA. Given the sample mean ROA of 3.44%, this represents a meaningful economic impact. Moreover, comparing 
effect sizes across control variables reveals that GTI's contribution to financial performance is comparable to established 
drivers such as asset turnover and ownership concentration, emphasizing green innovation's strategic importance as a 
performance determinant in high-carbon industries. Overall, the results offer strong support for H1, indicating that green 
technology innovation positively influences financial performance in China’s high-carbon sectors. These findings 
establish a foundation for subsequent analysis and hypothesis development. 

Table 4. Analysis of Benchmark Regression Results 

 
(Model 1) 

ROA 

GTI 
0.199*** 

(4.748) 

Cr 
4.215*** 

(11.522) 

TAT 
3.903*** 

(22.346) 

Fix 
0.384** 

(2.344) 

lnage 
-0.439*** 

(-4.545) 

Tagr 
7.796*** 

(30.639) 

Top1 
0.050*** 

(13.331) 

Dual 
0.004 

(0.033) 

_cons 
-2.955*** 

(-8.618) 

N 11297.000 

r2 0.215 

F 302.725 

t statistics in parentheses; 
* p < 0.1, ** p < 0.05, *** p < 0.01 
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4-4- Robustness Checks 

To verify the robustness of our main results, this research includes three different tests of robustness. We first replace 

the independent variable (GTI) with the natural log of total number of green invention patent applications as an 

alternative measure of green technology innovation [83]. Next, we replace the dependent variable (ROA) with the 

market-to-book ratio to provide a market-based measure of financial performance [85]. Finally, we re-estimate our 

benchmark regression with industry-clustered standard errors to account for the possibility of correlation within 

industries [86].  

The results from our robust tests are presented in Table 5. In our first specification with the alternative measure of 

GTI, we obtain a coefficient of 0.225 (p < 0.01). In the second specification with the market-to-book ratio as the 

dependent variable, we obtain a coefficient of 0.041 (p < 0.01). In the third specification with the industry-clustered 

standard errors, we obtain a coefficient of 0.199 (p < 0.01). In all three specifications, we find a statistically significant 

positive effect of GTI on financial performance at the 1% level. The consistent positive and statistically significant 

effects across all three specifications and estimation methods provides support for the robustness of our main finding 

that green technology innovation positively impacts financial performance and for H1. Given the capital-intensive nature 

of high-carbon industries where asset bases significantly influence profitability metrics, we verify our findings using the 

market-to-book ratio as an alternative performance measure. Column 2 of Table 5 demonstrates that GTI maintains a 

significant positive effect (β = 0.041, p < 0.01) on this market-based indicator. The consistent positive relationship across 

both accounting-based (ROA) and market-based (MBratio) measures confirms that green innovation enhances multiple 

dimensions of financial performance. The market-to-book ratio captures investors' forward-looking expectations of 

future cash flows, suggesting that capital markets recognize and value green innovation efforts beyond current 

accounting returns. Market validation is particularly important in high-carbon industries undergoing green 

transformation, where stakeholders increasingly scrutinize environmental commitments. 

Further comparison of effect sizes across different model specifications indicates that the economic contribution of 

GTI is comparable to, and in some cases exceeds, that of several conventional firm-level determinants. This highlights 

the relative importance of green innovation as a key performance driver in high-carbon industries. 

The robust test results strengthen confidence in the causal relevance of GTI and suggest that its financial benefits are 

persistent rather than confined to specific model settings. 

Table 5. Results of Regression Analysis for Robustness Test 

 (1) (2) (3) 

 ROA MBratio ROA 

GTI 
0.225*** 

(4.789) 
- - 

Cr 
4.170*** 

(11.413) 

-0.211*** 

(-14.689) 

4.215*** 

(3.895) 

TAT 
3.912*** 

(22.413) 

0.001 

(0.157) 

3.903*** 

(5.653) 

Fix 
0.383** 

(2.335) 

-0.013** 

(-1.968) 

0.384*** 

(3.029) 

lnage 
-0.436*** 

(-4.523) 

0.051*** 

(13.377) 

-0.439* 

(-1.867) 

Tagr 
7.815*** 

(30.747) 

-0.040*** 

(-4.033) 

7.796*** 

(14.695) 

Top1 
0.050*** 

(13.313) 

0.000*** 

(3.016) 

0.050*** 

(6.703) 

Dual 
-0.001 

(-0.009) 

-0.018*** 

(-3.867) 

0.004 

(0.018) 

GTI - 
0.041*** 

(24.898) 

0.199*** 

(2.833) 

_cons 
-2.886*** 

(-8.413) 

0.546*** 

(40.587) 

-2.955*** 

(-2.880) 

N 11297.000 11297.000 11297.000 

r2 0.215 0.404 0.215 

F 302.784 170.396 83.047 

t statistics in parentheses 

* p < 0.1, ** p < 0.05, *** p < 0.01 
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4-5- Heterogeneity Analysis 

To determine whether the impact of green technology innovation on financial performance differs across contexts, 

we examine heterogeneity based on industry characteristics. Table 6 shows results across industries with varying 

technological intensity and pollution levels. We find substantial heterogeneity in the GTI-performance relationship, with 

green technology innovation showing the greatest positive effect in the most polluting industries (β = 0.359, p < 0.01), 

in non-high-tech firms (β = 0.278, p < 0.01), in high-tech firms (β = 0.197, p < 0.01), and in the least polluting industries 

(β = 0.146, p < 0.01). A comparison of effect sizes across models indicates that the economic contribution of GTI is 

substantially stronger in pollution-intensive industries. Notably, the effect of GTI on ROA in heavy-polluting firms is 

more than twice that observed in non-heavy-polluting firms, suggesting that the financial returns to green technology 

innovation are highly context-dependent and amplified under stricter environmental constraints. 

From a practical standpoint, these coefficients imply that, holding other factors constant, a one-unit increase in GTI 

generates a significantly larger improvement in return on assets for firms operating in pollution-intensive sectors. This 

pattern suggests that green technology innovation enables heavy-polluting firms to realize tangible economic benefits 

through emission reductions, enhanced resource efficiency, and lower regulatory compliance costs. 

For non-high-tech firms, the relatively larger GTI coefficient (β = 0.278) indicates that green innovation may serve 

as a strategic substitute for technological disadvantages by improving production efficiency, strengthening regulatory 

legitimacy, and facilitating access to policy support. In contrast, although high-tech firms also benefit from green 

innovation (β = 0.197), their marginal financial gains are comparatively smaller, possibly because these firms already 

operate closer to the technological frontier and exhibit higher baseline innovation efficiency. 

Overall, the heterogeneity analysis demonstrates that green technology innovation generates disproportionately 

higher financial returns in industries subject to stricter environmental regulation and greater pollution pressures. The 

results stress the strategic role of green technology innovation as a mechanism for enhancing firm performance, 

particularly among firms in high-pollution sectors undergoing green transformation. 

Table 6. Heterogeneity Analysis by Industry Characteristics 

 
High tech level 

enterprise 

Non-high-tech 

enterprises 

Heavy polluting 

enterprises 

Non heavy polluting 

enterprises 

 ROA ROA ROA ROA 

GTI 
0.197*** 

(4.173) 

0.278*** 

(2.959) 

0.359*** 

(4.639) 

0.146*** 

(2.936) 

Cr 
4.808*** 

(11.324) 

3.109*** 

(4.246) 

1.029 

(1.589) 

5.572*** 

(12.473) 

TAT 
3.530*** 

(17.527) 

5.131*** 

(14.614) 

2.614*** 

(9.631) 

4.898*** 

(21.702) 

Fix 
0.462** 

(2.514) 

0.219 

(0.600) 

-0.086 

(-0.292) 

0.555*** 

(2.838) 

lnage 
-0.621*** 

(-5.532) 

0.206 

(1.070) 

0.001 

(0.004) 

-0.693*** 

(-5.995) 

Tagr 
7.802*** 

(27.389) 

7.585*** 

(13.287) 

9.580*** 

(19.564) 

7.164*** 

(24.117) 

Top1 
0.047*** 

(10.507) 

0.061*** 

(8.246) 

0.024*** 

(3.635) 

0.059*** 

(12.748) 

Dual 
0.004 

(0.032) 

0.096 

(0.379) 

0.065 

(0.294) 

0.050 

(0.372) 

_cons 
-2.784*** 

(-7.141) 

-4.431*** 

(-6.060) 

-0.970 

(-1.502) 

-3.983*** 

(-9.859) 

N 8391.000 2897.000 3580.000 7709.000 

r2 0.220 0.219 0.185 0.248 

F 232.279 76.441 78.793 242.693 

t statistics in parentheses 

* p < 0.1, ** p < 0.05, *** p < 0.01 

The above research results indicate that the value-creation effect of green technology innovation is not uniform across 

firms but is contingent on industry characteristics and regulatory environments. Building on this contextual evidence, 

the following section further examines the internal mechanisms and boundary conditions, specifically executive green 

perception and carbon performance, that shape how green innovation is translated into financial outcomes. 



Emerging Science Journal | Vol. 10, No. 2 

Page | 1032 

4-6- Mediating Effect of Executive Green Perception and Moderating Effect of Carbon Performance 

Table 7 presents the mediation and moderation analysis results corresponding to Models 2-5 specified in Section 3.3. 

The concluding analyses explored mediation (models 2-4, H2) and moderation (model 5, H3). Using Wen & Ye's [84] 

stepwise method, we examined executive green perception's mediating role. The model 2 results indicated executive 

green perception significantly and positively predicted ROA (β = 0.234, p < 0.01). The effect is larger than the direct 

impact of GTI in Model 4 (0.179). The result suggests that leaders’ psychological commitment and strategic awareness 

may exert a stronger influence on ROA than technology alone. Furthermore, model 3 results revealed that green 

technology innovation has a significant, positive effect on executive green perception (β = 0.101, p < 0.01), further 

demonstrating that green technology innovation fosters executive environmental awareness. As firms engage in green 

R&D, the leadership team becomes more environmentally literate, which in turn helps them manage resources more 

efficiently. Model 4 tested, simultaneously, green technology innovation and executive green perception, which 

continued to have a positive and significant relationship with ROA (β = 0.179 and β = 0.194, p < 0.01). The direct effect 

of green technology innovation on ROA dropped from 0.199 in model 1 to 0.179 in model 4, yet remains significant in 

model 4, suggesting partial mediation and indicating that executive green perception is an important mechanism that 

connects green technology innovation to financial performance, thus supporting H2. The results indicate that for green 

technology innovation to maximize ROA, it must influence the executive suite's mindset. When leaders perceive "green" 

as a core value, they are more likely to align marketing, operations, and supply chains with that innovation, leading to 

better financial performance. 

Overall green technology innovation does not automatically translate into profit through technology alone. Instead, 

a significant portion of the value is unlocked through the stockholders and Innovations Diffusion Theory, where the 

technology reshapes executive green perceptions, leading to more effective environmental strategy execution, which 

subsequently enhances financial performance. 

The moderation analysis is found in model 5 (H3), which included carbon performance as the moderating variable 

and tested the interaction effect, using GTI×CP. The results showed the interaction term has a positive and significant 

coefficient (β = 0.096, p < 0.01), indicating carbon performance moderates the positive relationship between green 

technology innovation and financial performance. Firms with high carbon performance potentially gain an additional 

0.096-unit increase in ROA for each unit of GTI. The results indicate that carbon performance provides another platform 

for firms to leverage prior investments in green innovation by optimizing the direct translation of investment into return 

for green innovation.  

The direct effect of carbon performance on ROA is negative (β = -0.157, p < 0.10), suggesting potential upfront costs 

for advisor-related carbon management. In business terms, this represents the "compliance burden." Improving carbon 

performance, such as installing scrubbers or hiring carbon auditors, is an expensive upfront investment that initially 

drags down ROA. Nonetheless, the interaction effect suggests that the enhanced pay-off of green technology innovation 

is compounded with carbon performance, thus supporting H3. 

These results reveal a synergistic relationship between operational environmental outcomes and technological 

innovation. While improving carbon performance imposes upfront costs that initially drag down ROA (β = -0.157, p < 

0.10), representing investments in emission control equipment, energy management systems, and carbon monitoring 

infrastructure, the positive interaction term (β = 0.096, p < 0.01) demonstrates that these investments create a 

"complementary asset" structure. Firms with superior carbon management systems possess the organizational 

infrastructure, technical expertise, and stakeholder credibility to more efficiently leverage new green technologies, 

thereby amplifying the financial returns from innovative investments. 

The economic interpretation is informative. Firms with high carbon performance achieve an additional 0.096-unit 

increase in ROA for each unit increase in green technology innovation, beyond the baseline direct effect. Carbon 

performance therefore does not generate value independently and may initially suppress profitability due to associated 

compliance and management costs. Instead, carbon performance functions as a value-enhancing condition that amplifies 

the financial returns of green innovation. The pattern reconciles the seemingly divergent direct and interaction effects, 

indicating that carbon management is costly in the short term yet strategically necessary, as it creates the conditions 

under which green technology innovation can be effectively translated into financial gains. 

From a managerial perspective, this suggests firms should view carbon performance improvements and green 

technology investments as integrated strategic initiatives rather than independent activities. The synergy between these 

two dimensions means that firms investing in green innovation without corresponding carbon management capabilities 

may fail to realize full financial benefits, while firms improving carbon performance without concurrent innovation 

investments bear costs without commensurate returns. 
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Table 7. The Mediating Role of EGP and the Moderating Role of CP 

 (Model 2) (Model 3) (Model 4) (Model 5) 

 ROA EGP ROA ROA 

EGP 
0.234*** 

(3.761) 
- 

0.194*** 

(3.084) 
- 

Cr 
4.227*** 

(11.529) 

-0.448*** 

(-8.176) 

4.302*** 

(11.730) 

4.225*** 

(11.549) 

TAT 
3.937*** 

(22.577) 

0.071*** 

(2.725) 

3.889*** 

(22.268) 

3.893*** 

(22.290) 

Fix 
0.401** 

(2.447) 

-0.001 

(-0.023) 

0.385** 

(2.345) 

0.382** 

(2.327) 

lnage 
-0.388*** 

(-4.063) 

0.078*** 

(5.375) 

-0.454*** 

(-4.697) 

-0.438*** 

(-4.540) 

Tagr 
7.872*** 

(31.007) 

0.015 

(0.401) 

7.793*** 

(30.639) 

7.795*** 

(30.634) 

Top1 
0.052*** 

(13.662) 

0.002*** 

(2.903) 

0.050*** 

(13.247) 

0.050*** 

(13.338) 

Dual 
0.020 

(0.171) 

-0.074*** 

(-4.260) 

0.018 

(0.157) 

0.002 

(0.020) 

GTI - 
0.101*** 

(16.136) 

0.179*** 

(4.232) 

0.127** 

(2.524) 

CP - - - 
-0.157* 

(-1.713) 

GTI*CP - - - 
0.096*** 

(2.612) 

_cons 
-3.221*** 

(-9.193) 

1.155*** 

(22.480) 

-3.179*** 

(-9.074) 

-2.835*** 

(-8.105) 

N 11297.000 11297.000 11297.000 11297.000 

r2 0.215 0.263 0.216 0.216 

F 301.451 59.582 270.349 242.984 

t statistics in parentheses 

* p < 0.1, ** p < 0.05, *** p < 0.01 

4-7- Discussion 

The research demonstrates a significant positive impact of green technology innovation on financial performance    

(β = 0.199, p < 0.01). Regardless of the alternative models employed, our findings consistently support the positive 

impact of green technology innovation, aligning with the results of prior studies [8, 9, 45]. The study finds evidence of 

the positive financial effect operating via multi-path mechanisms compatible with stakeholder theory [34, 35]. 

Environmental regulations compel energy-intensive industries to adopt green technologies, while government subsidies 

allow firms implementing innovative technologies to reduce their innovation costs [87-89]. Government support is only 

one aspect of market-level mechanisms; this framework also encompasses the green premiums generated by pro-

environmental consumer behavior [48] and collaborations with supply chain partners that lower compliance costs. Green 

technology innovation enables firms to offer differentiated products, thereby capturing greater market share and 

enhancing pricing power. More importantly, by leveraging innovation to meet or exceed environmental regulatory 

requirements in advance, firms can avoid substantial carbon taxes, environmental fines, and the risks of legal litigation. 

Conversely, other studies have identified the presence of threshold effects [11] or an inverted U-shaped relationship 

[13, 14]. Given the heterogeneity of research contexts, the impact of green technology innovation on industry remains 

inconclusive when considering initial investment costs; at this stage, such technologies may even constitute a structural 

barrier [11]. However, as green technologies mature, firms can naturally achieve economies of scale, enhance 

operational efficiency, and ultimately reduce costs [38]. Regarding the inverted U-shaped relationship, the logic posits 

that during the nascent stages of innovation, firms can easily capture "low-hanging fruit" by optimizing processes and 

improving resource utilization [14]. In this phase, the economic returns from innovation significantly outweigh R&D 

expenditure, leading to an upward trend in financial performance. Nevertheless, as the intensity of green innovation 

deepens, firms transition into the development of cutting-edge technologies characterized by prolonged cycles and high 

uncertainty. The substantial capital commitment required creates a formidable "crowding-out effect," diverting funds 

originally intended for core business expansion. Consequently, this leads to a decline in marginal returns, resulting in 

an overall inverted U-shaped trajectory between green technology innovation and financial performance. 

Furthermore, the heterogeneity analysis shows GTI influences improvements to financial performance strongest in 

heavily polluting industries (β = 0.359, p < 0.01) with the highest pressures towards improving green technology 

innovation due to direct environmental regulations as evidence that aspects of industry contextualization and research 

contribute to our study [30, 90].  



Emerging Science Journal | Vol. 10, No. 2 

Page | 1034 

Beyond the direct impact of Green Technology Innovation (GTI) on financial performance, Executive Green 

Perception (EGP) emerges as a pivotal mediating mechanism, aligning with findings from prior research [22, 33, 59, 

60]. In contrast to previous studies, this research offers a novel theoretical perspective by drawing upon Innovation 

Diffusion Theory [34, 38]. It provides fresh insights and empirical evidence suggesting that specific groups or 

individuals make adoption decisions based on their cognitive structures regarding innovation. EGP operates through 

pro-environmental business strategies, which, analogous to social signaling mechanisms, enhance corporate reputation 

[58], while the EGP reduces the cost of capital required to achieve financial performance gains [7, 23]. 

Furthermore, our results are consistent with Stakeholder Theory [35, 49]. By elucidating this mechanism within a 

high-carbon context and quantifying the mediation proportion, these findings extend the scope of earlier research [22, 

33, 59]. Critically, our study indicates that green technology innovation alone is insufficient; executives must recognize 

its strategic significance and actively advocate for its implementation. Our interpretation also reconciles previous 

contradictory findings [14, 45], where the sequential relationship between green innovation and performance effects 

appeared inconsistent, a discrepancy that may be attributed to varying levels of executive environmental awareness. 

Carbon performance is important for moderating the boundary condition of the GTI-performance link (β = 0.096,         

p < 0.01) and offers support for the extension of previous studies on synergies [27, 28]. This study extends prior research 

by shifting the focus from symbolic to substantive environmental outcomes. Earlier scholarships posited that firms with 

superior environmental performance command higher levels of institutional legitimacy; within this framework, a robust 

environmental reputation (e.g., high ESG ratings) serves as a signal to attract investors, thereby enhancing financial 

performance through the reduction of financing costs. In contrast, the present study utilizes carbon performance as a 

direct output metric. This approach quantifies a firm’s functional capability to translate technological inputs into tangible 

emission reduction outcomes, rather than merely relying on external perceptions of environmental stewardship. A 

position consistent with stakeholder theory [35, 37], along with the diffusion theory construct "observability" [38, 40, 

41]. Strong carbon performance, for example, indicates authenticity [38, 91, 92], provides cost-efficiencies [27, 68-70] 

and positively influences investor confidence [41, 93]. The negative direct effect of carbon performance (β = -0.157,             

p < 0.10) reflects, on the surface, the costs associated with upfront high carbon industry costs [29, 44], particularly when 

customers do not possess preferences toward green. Although companies may incur upfront costs associated with carbon 

performance, the positive moderation of carbon performance indicates the potential benefits an extended green 

management strategy may have toward green innovation in the long-term to produce environmental responsibility that 

is competition advantageous [27, 41]. The results of this article help to clarify the earlier summarization of findings: 

carbon management supply costs upfront but provide value creation long-term through green innovation.  

In total, our findings help illustrate how financial performance can be appropriately optimized through 

accommodating technological investment, strategic commitments, leadership, and carbon management. Our framework 

expands stakeholder theory [34, 35] and the Innovation Diffusion Theory [38], to show how these three areas create 

interdependent systems that provide a virtuous cycle—GTI creates a demonstrated result, and develops executive 

cognitive capacities of strategic commitment, which generates financial performance through cost efficiency and 

positioning in the market sector. A strong carbon performance that is mutable becomes additive [68, 69, 91-94] and 

reductive of the financial risk [26, 27], while poor carbon performance negates overall green innovation through 

undermining the linkage to stakeholder trust. In doing this, as noted previously, our conceptual lens demonstrates that 

the seemingly contradictions identified [13-15, 46-48] are illuminated. Studies that show weak or negative relationships 

of green innovation performance presumably involved companies where executive cognitions were poor regarding 

stakeholder connectivity, or their frameworks were lost due to carbon performance signaling. Our framework shows 

how green innovation has financial outputs based both on internal (executive cognition) and external (carbon 

performance) indicators, and demonstrates heterogeneity in studies and builds theory, by representing the conditions in 

which, and the way, green innovation creates value. 

Our findings from China's high-carbon industries may differ in other contexts in several important ways. Regarding 

industry context, high-carbon industries face substantially stronger regulatory pressures and stakeholder scrutiny [20, 

21, 31], amplifying both the costs and financial benefits of green innovation. In low-carbon industries where 

environmental compliance costs are lower and baseline emissions are minimal, the direct effect of GTI on financial 

performance might be weaker but potentially more linear, lacking the upfront cost barriers observed in capital-intensive 

sectors. The moderating effect of carbon performance would likely be less pronounced in industries where carbon 

management is peripheral rather than central to stakeholder evaluation and regulatory compliance. Regarding 

institutional context, China's unique characteristics shape our findings in specific ways. The strong government 

environmental mandates and 'dual carbon' policy framework [31] create powerful institutional pressures that drive green 

innovation adoption regardless of immediate profitability concerns. China's high prevalence of state ownership (as 

shown in our heterogeneity analysis, Table 6) means many firms face softer budget constraints and can absorb upfront 

carbon management costs more readily than purely market-driven enterprises. In Western market economies with 

stronger consumer environmental consciousness, the mediating role of executive green perception might be less critical 

as market mechanisms directly reward green innovation. On the contrary, in contexts with weaker environmental 

regulations, the financial benefits of green innovation might materialize more slowly and depend more heavily on 

voluntary market differentiation strategies. 
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5- Conclusions 

Integrating Stakeholder Theory and Innovation Diffusion Theory, this research investigates the mechanism through 

which Green Technology Innovation (GTI) influences financial performance. Specifically, the study examines the 

mediating role of Executive Green Perception (EGP) and the moderating influence of Carbon Performance (CP). 

Leveraging an extensive panel dataset comprising 11,302 firm-year observations of Chinese listed companies in the 

coal, energy, and manufacturing sectors from 2015 to 2023, we employ a two-way fixed-effects model to control for 

industry-specific and time-variant factors. The empirical results demonstrate that GTI exerts a significant positive effect 

on financial performance (β = 0.199, p < 0.01), suggesting that sustainable research and development creates tangible 

economic value even in heavy-polluting industries. Furthermore, the results reveal that EGP acts as a partial mediator 

(β = 0.179, p < 0.01), indicating that GTI reshapes the cognitive structures of the upper echelon, which subsequently 

optimizes strategic resource allocation. Furthermore, CP serves as a positive moderator (β = 0.096, p < 0.01), implying 

that superior carbon management acts as a "multiplier" that amplifies the returns on green investment. Synthetically, 

these findings suggest that the successful translation of green innovation into financial performance is not automatic; it 

necessitates a holistic approach that integrates technological investment, strategic leadership focus, and robust carbon 

management. This study reconciles prior contradictory findings by demonstrating that executive advocacy and 

operational carbon efficiency are essential boundary conditions. For policymakers and managers in high-carbon sectors, 

these results underscore the importance of shifting from symbolic environmental compliance to substantive 

technological and cognitive transformation to achieve sustainable competitive advantage. 

This study provides a nuanced explanation for the inconsistent and often contradictory conclusions prevalent in 

extant literature regarding the "green technology innovation-performance" nexus. By incorporating Executive Green 

Perception (EGP) as a mediator and Carbon Performance (CP) as a moderator, we demonstrate that the financial 

dividends of Green Technology Innovation (GTI) are not realized automatically. Rather, the efficacy of green innovation 

is maximized only when it is supported by proactive managerial advocacy and a robust carbon management 

infrastructure. Based on these empirical findings, several critical policy implications emerge. First, policymakers should 

transition from merely incentivizing innovation "inputs", such as research and development tax credits or general 

expenditure grants, to rewarding quantifiable environmental "outputs," specifically substantial improvements in carbon 

performance. Our results indicate that substantive carbon reduction serves as a critical catalyst for institutional financial 

viability, providing a more reliable indicator of long-term value than raw research and development spending alone. 

Furthermore, given the significant mediating role of EGP, government agencies should implement environmental 

literacy and strategic training programs tailored for corporate boards and senior management. Such initiatives are 

essential to ensure that green subsidies and technological assets are effectively translated into coherent strategic actions 

rather than being treated as isolated, fragmented technical projects. Most crucially, the study underscores the necessity 

for differentiated green financial instruments specifically tailored for high-carbon industries. These instruments should 

be designed to help firms overcome the formidable "threshold costs" and structural inertia associated with the initial 

stages of a green transition. By facilitating access to sustainability-linked loans or specialized green bonds, regulators 

can help high-carbon enterprises achieve the economies of scale necessary to bridge the gap between high-cost 

innovation and sustained profitability. 

5-1- Limitations of the Study 

This study has some limitations. First, the external validity of this study is clearly limited. Given that the sample 

originates solely from China's high-carbon industries (coal, energy, and manufacturing), the applicability of conclusions 

to low-carbon sectors or less capital-intensive industries remains open to debate. Furthermore, China's unique 

institutional context, characterized by strong state ownership, government-led environmental policies, and rapid 

regulatory changes, may limit generalizability to market-driven economies in Europe and North America where different 

incentive structures and stakeholder dynamics prevail. Second, the study's institutional setting is unique to China and 

involves state ownership and government-driven policies, therefore it may not apply to Western market economies. 

Third, although patents can serve as a measure of green innovation, it is limited in that it cannot capture minor 

improvements that are not based on a patent or organizational innovations, both have been considered in green 

innovation literature. Fourth, by applying fixed effects to substantiate endogeneity, the cross-sectional, time-series 

design of the study does not allow for full causality. Fifth, while our two-way fixed effects approach addresses several 

endogeneity sources, we cannot fully rule out reverse causality between financial performance and green innovation. 

Future research employing instrumental variable approaches, natural experiments, or longer-lagged specifications would 

strengthen causal inference. Despite this limitation, our theoretical framework, institutional context (regulatory-driven 

innovation), and consistency with prior research [7-9] support the proposed causal direction.  

Finally, even though we provide comprehensive theoretical justification for the negative direct effect of carbon 

performance on financial performance (Section 4.6), our analysis does not include subgroup analyses that could further 

validate this finding across different firm characteristics. Specifically, testing whether the negative cost burden of carbon 

management (β = -0.157, p < 0.10) varies systematically across firms with different levels of green innovation intensity, 
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ownership structures, or financial slack would strengthen our complementary assets interpretation. For instance, we 

hypothesize that the negative effect would be more pronounced in firms with low GTI (where carbon management yields 

no synergistic benefits) and attenuated or reversed in high-GTI firms (where complementarity effects materialize). Such 

conditional analysis would directly test whether carbon performance transitions from cost burden to value driver only 

when coupled with green innovation but was beyond the scope of the current study given sample size considerations 

when creating multiple cross-classified subgroups. Future research examining these boundary conditions would provide 

more granular insights into the optimal sequencing and bundling of green investments. 

5-2- Future Research 

Future research can extend the understanding in multiple ways. First, it would be useful to examine additional 

mediating mechanisms, involving green supply chain collaboration, organizational learning, or dynamic capabilities, to 

develop a more holistic understanding of the transmission mechanisms. Second, longitudinal studies would help clarify 

how the relationships between the antecedents and consequences of innovation evolve across technology maturity. 

Third, exploring heterogeneity in the carbon performance-financial performance relationship through targeted subgroup 

analyses would validate and extend our complementary assets framework. Specifically, future studies should test 

whether the negative direct effect of carbon performance varies across: (1) green innovation intensity levels, directly 

testing our hypothesis that the cost burden is most severe in low-GTI firms where carbon management lacks synergistic 

benefits, while potentially neutral or positive in high-GTI firms where complementarity effects materialize; (2) financial 

resource availability, examining whether financially constrained firms face more pronounced negative effects due to 

inability to absorb upfront carbon management investments; (3) ownership structures, investigating whether state-owned 

enterprises can more readily absorb short-term profitability reductions given softer budget constraints and longer 

investment horizons; and (4) industry regulatory stringency, testing whether firms in heavily regulated sectors face 

different cost-benefit dynamics. Such conditional analyses would identify the precise boundary conditions under which 

carbon management transitions from financial burden to strategic enabler, providing actionable guidance for managers 

regarding optimal timing and sequencing of green investments. Fourth, machine learning approaches, employing data 

from different types of sources, e.g., patent text, energy consumption, and government indicators, would help to identify 

nonlinearities and threshold effects. Lastly, Cross-national comparative studies would test whether our framework holds 

across different institutional contexts, particularly examining how varying levels of environmental regulation stringency, 

state ownership prevalence, and green finance market development influence the relationships among GTI, EGP, CP, 

and financial performance. Moreover, extending the framework to low-carbon industries or service sectors would clarify 

whether our findings represent industry-specific dynamics or generalizable mechanisms of green value creation. 
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