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ABSTRACT: This study investigates how Green Technology 
Innovation (GTI) enhances Sustainable Business Performance 
(SBP) through the mediating role of Circular Economy (CE) 
practices, offering an integrative framework that addresses firm-
level sustainability strategy. A quantitative, cross-sectional survey 
was conducted among 250 manufacturing firms. Using validated 
instruments, data were collected on GTI activities, CE 
implementation, and SBP outcomes. Structural Equation 
Modeling–Partial Least Squares (SEM-PLS) was employed to test 
direct and indirect relationships, with bootstrapping applied to 
assess mediation effects.Findings reveal that GTI positively 
influences both CE adoption (β = 0.64, p < 0.001) and SBP (β = 
0.32, p < 0.01). CE also directly enhances SBP (β = 0.58, p < 0.001) 
and partially mediates the GTI–SBP relationship (indirect β = 0.37, 
p < 0.001). Sectoral and geographic variations in adoption were 
noted, with larger and high-tech firms demonstrating higher 
engagement. The results validate the Natural Resource–Based View 
(NRBV), indicating that firms with integrated GTI–CE strategies 
gain competitive and environmental advantages. CE was found to 
serve as both a performance enabler and a resilience mechanism. 
GTI and CE are complementary strategies for achieving SBP. Firms 
should embed CE into their innovation strategies to maximize 
outcomes. Policymakers are encouraged to promote supportive 
regulatory and fiscal environments. Future studies should explore 
longitudinal effects and sector-specific dynamics.  
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INTRODUCTION 

As environmental degradation and climate volatility escalate, businesses face increased urgency to 

strategically integrate sustainability into core innovation activities, particularly through Green 

Technology Innovation (GTI) and Circular Economy (CE) practices. Global challenges—such as 

climate change, resource depletion, and rising social inequality—are reshaping corporate strategy 

by compelling firms to embed sustainability into innovation and value creation processes. As Chen 

et al. (2023) argue, climate change remains one of the most pressing issues, compelling firms to 
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reassess their operational frameworks to remain viable and competitive in the long term. This 

environmental imperative is further underscored by Oduncular et al. (2024), who note that rising 

global temperatures and the frequency of extreme weather events necessitate proactive corporate 

responses that integrate sustainability as a core strategic objective. These concerns are echoed by 

Ağan & Balcılar (2023), who emphasize the role of macroeconomic variables and technological 

innovation particularly in green domains in fostering resilience and mitigating ecological threats. 

In response to these challenges, businesses are increasingly embracing eco-innovation, driven by 

both regulatory requirements and evolving market expectations. Teng et al. (2023) highlight the 

increasing importance of regulatory pressure, noting that environmental frameworks such as the 

European Green Deal which aims for net-zero emissions by 2050 are reshaping corporate 

environmental commitments. In parallel, financial institutions and investors are incorporating 

environmental, social, and governance (ESG) indicators into their valuation models (Shi & Shao, 

2024), creating additional incentives for firms to adopt green practices. The rapid expansion of 

green finance has also made funding for sustainable projects more accessible, positioning green 

innovation as both a strategic imperative and a competitive advantage (Magalhães-Timotio et al., 

2024). 

In recent years, Green Technology Innovation (GTI) has emerged as a cornerstone of corporate 

sustainability. GTI encompasses the development and application of technologies that reduce 

environmental impacts while maintaining or improving economic output. These include renewable 

energy systems, low-carbon production processes, and eco-friendly product designs (Alshammari 

& Alshammari, 2023). These innovations not only help organizations meet regulatory demands 

but also enable cost efficiency and enhanced product differentiation. Moreover, as Li et al. (2022) 

contend, technological innovation is reshaping the dynamics of sustainable finance and green 

markets, enabling novel solutions and improved organizational performance. 

Simultaneously, the concept of the Circular Economy (CE) has gained considerable traction as a 

complementary strategy to GTI. CE promotes sustainable resource use through practices such as 

reuse, recycling, remanufacturing, and modular design, reducing dependency on virgin materials 

and minimizing waste. Sarkodie et al. (2021) observe that CE has increasingly been integrated into 

corporate sustainability agendas, with firms adopting circular strategies to strengthen 

environmental performance. The interaction between GTI and CE offers a synergistic pathway to 

enhance firm-level sustainability. As noted by Huo et al. (2023), the convergence of these strategies 

fosters operational efficiency, innovation, and market differentiation. 

From a strategic perspective, integrating GTI and CE is perceived by firms as a pathway to enhance 

long-term value. Chen et al. (2024) argue that sustainability-oriented strategies contribute not only 

to environmental stewardship but also deliver measurable economic benefits such as cost 

reduction, process efficiency, and brand loyalty. This is especially relevant in the manufacturing 

sector, where the intersection of digitalization and sustainability has led to the reduction of carbon 

footprints through advanced green technologies (L. Chen et al., 2022). 
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Despite the acknowledged importance of GTI and CE, empirical understanding of their joint 

effects on sustainable business outcomes remains fragmented. Existing research often isolates 

these concepts rather than examining their synergistic potential. Stephenson (2016) and Wang et 

al. (2022) point to the scarcity of integrative studies exploring how GTI enables CE and how, in 

turn, CE contributes to improved Sustainable Business Performance (SBP). This gap highlights 

the need for multidisciplinary research that elucidates the mechanisms linking green innovation 

and circular strategies. 

Furthermore, policy dynamics and consumer expectations are exerting additional pressure on firms 

to innovate sustainably. According to Li et al. (2023), more stringent environmental policies 

correlate positively with green investment, suggesting that regulatory environments can catalyze 

innovation. Cumming et al. (2024) add that rising consumer demand for sustainable products is 

shaping business behavior, compelling firms to integrate sustainability deeper into their core 

innovation frameworks. This evolving business context underscores the necessity of embedding 

GTI and CE not as peripheral strategies, but as integral components of corporate identity and 

competitive advantage. 

The convergence of GTI and CE within the broader context of sustainability strategy is thus not 

only timely but essential. Firms that strategically align their innovation and circularity initiatives are 

better positioned to manage environmental risks, satisfy stakeholder expectations, and realize 

enhanced financial performance. This research aims to investigate how GTI influences SBP and 

the mediating role played by CE in this relationship. The findings are expected to offer critical 

insights for theory development and practical applications in sustainability-driven innovation. In 

doing so, the study responds to an urgent call for integrated frameworks that address both 

environmental imperatives and economic performance, thereby contributing to the future of 

responsible business practice.  

 

METHOD 

This study adopts a quantitative, cross-sectional design to investigate the influence of Green 

Technology Innovation (GTI) on Sustainable Business Performance (SBP), mediated by Circular 

Economy (CE) practices. The research employs survey-based data collection from manufacturing 

firms and applies Structural Equation Modeling (SEM), particularly the Partial Least Squares (PLS-

SEM) approach, to test the proposed mediation model. 

A structured questionnaire was developed to collect primary data from sustainability managers, 

innovation officers, and environmental compliance professionals within manufacturing firms. This 

approach allows the empirical testing of relationships between GTI, CE, and SBP constructs, as 

derived from the Natural Resource–Based View (NRBV) theoretical framework. The cross-

sectional design captures firm-level practices at a single point in time, suitable for examining 

structural relationships. 
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The population comprises medium to large manufacturing firms that have adopted, or are in the 

process of adopting, sustainability-oriented practices. A stratified sampling method was applied to 

ensure diversity across industries (e.g., electronics, textiles, chemicals). The targeted sample size 

was 250 firms, based on SEM-PLS minimum sample recommendations. The sampling frame 

included companies listed in environmental databases or those reporting ESG metrics. 

Green Technology Innovation (GTI) 

GTI was measured using multiple indicators adapted from recent literature. These include: 

● Number of green patents granted 

● Percentage reduction in carbon emissions due to technological upgrades 

● Energy efficiency improvements linked to new systems 

● R&D expenditure allocated specifically to green initiatives 

● Share of sustainable products within total product offerings 

● Frequency and scale of employee training in environmental innovation 

These indicators align with Chen et al. (2023), Islam et al. (2024), and Li et al. (2022), 

providing both quantitative and qualitative insights into green innovation efforts. 

Circular Economy Practices (CE) 

CE practices were operationalized using indicators that reflect firms' engagement with reuse, 

recycling, remanufacturing, and waste reduction. Metrics included: 

● Volume of materials reused and recycled annually 

● Adoption of modular product design 

● Implementation of reverse logistics systems 

● Reduction in landfill waste as a percentage of total waste 

● Resource recovery efficiency 

These items were adapted from Sarkodie et al. (2021), capturing the extent and sophistication of 

CE implementation. 

Sustainable Business Performance (SBP) 

SBP was assessed through a dual focus on environmental and economic dimensions: 

● Emission reductions per production unit 

● Reduction in industrial waste output 

● Return on investment (ROI) 

● Revenue growth attributed to sustainability measures 

● Resource cost savings 

These indicators were developed from MDPI (2024) sources and reflect common SBP metrics 

used in ESG reporting. 
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Data Collection Procedures 

Surveys were distributed electronically with multiple follow-ups to maximize response rates. 

Confidentiality and anonymity were ensured. Non-response bias was assessed and controlled by 

comparing early and late respondents, revealing no significant differences. 

Analytical Method 

PLS-SEM was selected for its robustness in exploratory studies and capacity to model complex 

mediation paths. It supports non-normal data and smaller samples, which aligns with the research 

design. Bootstrapping with 5,000 resamples was used to assess mediation effects. Reliability 

(Cronbach’s Alpha, Composite Reliability) and validity (Average Variance Extracted, discriminant 

validity) were also tested. The model specification followed guidelines for testing indirect effects 

and interaction terms. 

Ethical Considerations 

The study complied with ethical research standards, including informed consent, voluntary 

participation, and secure data handling. 

In summary, this methodological framework integrates contemporary sustainability metrics and 

advanced statistical techniques to examine the dynamic interactions between GTI, CE, and SBP. 

The combination of firm-level indicators and SEM allows for a nuanced analysis of how 

technological and circular practices jointly drive sustainable outcomes.  

 

RESULT AND DISCUSSION 

Descriptive statistics summarize the extent of adoption for GTI, CE, and SBP across firms, 

indicating meaningful engagement and sectoral differences. The results reveal moderately high 

engagement with these practices among manufacturing companies. GTI scores averaged 5.3 (SD 

= 1.1), CE practices averaged 5.6 (SD = 0.9), and SBP averaged 5.1 (SD = 1.2) on a 7-point Likert 

scale. 

These findings are consistent with prior studies indicating increasing GTI adoption among large 

manufacturers in developed economies (Mulindwa et al., 2024; Wang et al., 2021), though adoption 

is relatively lower among smaller firms or those in emerging markets (Wang, 2022). CE practices 

were adopted by 50–60% of firms, especially those in sectors such as electronics and automotive, 

aligning with trends reported by Goyal et al. (2016). Larger, more established firms demonstrated 

stronger adoption due to resource availability and experience (Lutfi et al., 2023), while high-tech 

industries achieved better SBP outcomes than traditional sectors (Siregar et al., 2023). 

Environmental benchmarks showed that leading firms achieved CO2 reductions of over 30%, 

while others lagged at 10–15% (Jain, 2023). These statistics reflect performance variation based on 

sector and organizational maturity. 
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To validate the measurement model, internal consistency reliability was assessed using Cronbach’s 

alpha and composite reliability (CR). All constructs exceeded the 0.70 threshold ((Wang et al., 

2021), indicating acceptable reliability. 

Convergent validity was supported through Average Variance Extracted (AVE), where all 

constructs had AVE values above 0.50 (Miao & Zhao, 2023). Discriminant validity was established 

using the Fornell-Larcker criterion, confirming the uniqueness of constructs (Acquah et al., 2021). 

These results validate the multidimensional structure of GTI, CE, and SBP and support their use 

in further modeling. 

Path analysis using PLS-SEM evaluated direct and indirect effects between constructs. The model 

explained a substantial portion of variance in CE (R² = 0.41) and SBP (R² = 0.52), demonstrating 

strong explanatory power. 

Table 1. Path Coefficients and Significance 

Path β t-value p-value Result 

GTI → CE 0.64 7.45 <0.001 Supported 

CE → SBP 0.58 6.10 <0.001 Supported 

GTI → SBP 0.32 3.25 <0.01 Supported 

GTI → CE → SBP 0.37 4.80 <0.001 Mediation Confirmed 

These findings support previous evidence on strong links between GTI and CE, with correlation 

coefficients typically exceeding 0.60. CE was found to simultaneously enhance environmental and 

economic outcomes. This dual impact supports the value-creation role of CE in corporate 

sustainability. 

The partial mediation effect of CE aligns with earlier work emphasizing GTI’s role in enabling CE 

and subsequently improving SBP (Jesus et al., 2024). Moderating factors such as regulatory 

incentives and sector-specific competitiveness may further influence these relationships. These 

findings highlight the importance of internal innovation and external context in shaping 

sustainable outcomes. 

The empirical results of this study underscore the significant roles that Green Technology 

Innovation (GTI) and Circular Economy (CE) practices play in driving Sustainable Business 

Performance (SBP). The findings confirm that CE partially mediates the relationship between GTI 

and SBP, aligning with broader global trends and theoretical frameworks such as the Natural 

Resource–Based View (NRBV). 

Cross-national comparisons reveal substantial disparities in the adoption and impact of GTI and 

CE. Developed economies especially those in Europe tend to lead in GTI implementation due to 

well-established regulatory infrastructures and policy incentives (Xue et al., 2019; Xie et al., 2019). 

In contrast, emerging economies such as China exhibit sector-specific advancements driven by 

compliance with environmental regulations (Mulaessa & Lefen, 2021). Similarly, industry-wise, 
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technology-intensive sectors such as automotive and pharmaceuticals show more robust GTI and 

CE engagement than resource-intensive sectors like textiles and agriculture (Tian et al., 2023). 

The mediating role of CE is strategically transformative. CE practices integrate sustainability goals 

directly into operational frameworks, thereby acting as enablers of resilience, innovation, and value 

creation (Fernando et al., 2016). CE not only facilitates environmental compliance but also 

enhances competitive advantage by embedding resource efficiency into product and process 

design. Firms that leverage CE principles report improved operational efficiency, increased 

stakeholder satisfaction, and stronger market positions (Wicki & Hansen, 2019). 

In today’s volatile global markets, CE also provides strategic buffering. Circular supply chains 

reduce dependency on finite resources, allowing firms to navigate disruptions with greater agility 

(Leoncini et al., 2017). This dual function as both performance enhancer and risk mitigator 

reinforces CE's importance as a mediator in the GTI–SBP nexus. 

These findings are strongly supported by NRBV theory, which posits that sustainable competitive 

advantage stems from the intelligent management of unique environmental resources (Liu & 

Wang, 2024). GTI and CE, when aligned, generate resource-based capabilities that yield long-term 

financial and environmental dividends (Becker, 2023). NRBV’s emphasis on resource uniqueness 

and environmental stewardship is echoed in the demonstrated synergy between GTI and CE in 

this study. By internalizing CE strategies, firms extend the impact of GTI, amplifying gains in both 

economic and environmental performance (Qing et al., 2022; Tao et al., 2023). 

From a practical standpoint, the integration of GTI and CE into Environmental, Social, and 

Governance (ESG) frameworks should be approached methodically. Firms are advised to adopt 

standardized and transparent indicators for their green innovation and circular economy practices, 

allowing stakeholders to evaluate sustainability efforts more objectively (Du & Wang, 2022). In 

tandem, firms should supplement quantitative metrics with qualitative disclosures that 

contextualize their strategic intentions and highlight broader impacts (Tang et al., 2017). 

Collaborative frameworks also offer pathways for amplifying sustainability adoption. Partnerships 

among industry consortia, academic institutions, and government bodies can facilitate knowledge 

transfer and promote shared best practices (Adomako & Tran, 2024). These collaborations 

support capacity-building, especially for smaller firms struggling with implementation barriers. 

Additionally, linking sustainability performance to executive compensation could serve as a 

powerful incentive mechanism. Aligning leadership incentives with GTI and CE objectives would 

institutionalize sustainability and drive cultural change within organizations. 

In summary, this study confirms that GTI and CE practices jointly shape firm-level sustainability 

performance. CE acts not only as a conduit for translating innovation into performance but also 

as a catalyst for long-term resilience and strategic differentiation. The findings extend NRBV 

theory and offer actionable recommendations for practitioners aiming to embed sustainability into 

core business strategy.  
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CONCLUSION  

This study examined the impact of Green Technology Innovation (GTI) on Sustainable Business 

Performance (SBP), emphasizing the mediating role of Circular Economy (CE) practices. The 

findings demonstrate that GTI significantly enhances SBP, and its effectiveness is amplified 

when aligned with CE strategies such as reuse, recycling, and reverse logistics. These results 

highlight CE’s strategic role in translating technological innovation into tangible sustainability 

outcomes, thereby reinforcing the theoretical underpinnings of the Natural Resource–Based 

View (NRBV). 

The research contributes to sustainability literature by integrating innovation and circularity 

within a unified framework. Practically, firms are encouraged to institutionalize CE within their 

innovation agendas to drive both environmental and financial performance. Policy implications 

include the need for enabling ecosystems through fiscal incentives, regulatory clarity, and ESG 

standardization. Future research should adopt longitudinal approaches and sectoral analyses to 

deepen understanding of the GTI–CE–SBP nexus across different industrial contexts.  
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