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ABSTRACT

Eco-innovation has emerged as a strategic mechanism for enhancing corporate sustainability, particularly
in emerging African economies facing environmental and institutional pressures. Despite growing interest,
empirical evidence explaining how eco-innovation translates into sustainable business performance
remains limited. This study investigates the direct and indirect effects of eco-innovation on sustainable
business performance, incorporating green competitive advantage as a mediating construct. Using survey
data collected from 312 manufacturing and service firms across Nigeria, Kenya, and South Africa, the
study applies Partial Least Squares Structural Equation Modeling (PLS-SEM). The results reveal that
product, process, and organizational eco-innovation significantly enhance green competitive advantage
and sustainable business performance. Furthermore, green competitive advantage partially mediates the
eco-innovation—performance relationship. The findings contribute to eco-innovation literature in emerging
economies and provide strategic implications for managers and policymakers.

Keywords: Eco-innovation, Green competitive advantage, Sustainable business performance, Africa,
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Sustainable development has become a strategic imperative for firms operating in emerging economies.
African countries face increasing environmental degradation, energy inefficiency, and regulatory
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pressures, while firms simultaneously strive for profitability and competitiveness. This dual challenge
requires innovative approaches that integrate environmental responsibility with economic performance.
Eco-innovationinnovations that reduce environmental harm while creating valuehas been recognized as
a potential driver of sustainable growth. Although substantial evidence exists in developed economies,
empirical research in African contexts remains limited. Moreover, the mechanism through which eco-
innovation improves performance is not fully understood.This study proposes that green competitive
advantage mediates the relationship between eco-innovation and sustainable business performance.

LITERATURE REVIEW

Eco-Innovation

Eco-innovation refers to new products, processes, organizational structures, or business models that
reduce environmental impacts (Rennings, 2000). It is generally classified into:

O Product Eco-Innovation
O Process Eco-Innovation
O Organizational Eco-Innovation

Research suggests eco-innovation enhances efficiency, reduces costs, and strengthens market positioning.

Green Competitive Advantage

Green competitive advantage refers to a firm’s ability to differentiate itself through environmentally
responsible practices, resulting in superior reputation, cost leadership, and customer loyalty (Chen,
2008). The Resource-Based View suggests that eco-innovation capabilities can become strategic assets
that generate competitive advantage.

Sustainable Business Performance
Sustainable performance encompasses:

O Economic Performance

O Environmental Performance

O Social Performance

Studies indicate that firms integrating environmental innovation into strategy achieve superior long-term
outcomes (Albort-Morant et al. 2016).

1. Eco-Innovation and Sustainable Business Performance in Africa

Eco-innovation has gained traction in Africa as businesses increasingly adopt environmentally oriented
practices to improve performance. Recent systematic evidence shows that eco-process and eco-product
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innovations dominate in African firms, with demonstrated environmental benefit though economic gains
lag due to high upfront costs and limited social evaluations in earlier research. Furthermore, empirical work
from Nigeria’s agri-food sector highlights that eco-innovation strategies positively influence sustainable
development outcomes, reinforcing the relevance of eco-innovation in driving business resilience in
emerging African markets (Onobrakpeya & Uwagwu, 2025).

2. Green Innovation and Competitive Advantage

Green innovation acts both as an operational strategy and competitive differentiator in African contexts.
For example, green supply chain management practices significantly influence sustainability outcomes
among South African SMEs (Tsikada, Chasaya, & Ayandibu, 2025). Similarly, studies investigating
green innovation strategy in Ethiopian eco-hotels find that green innovation strongly predicts sustainable
competitive advantage, especially when mediated by green intellectual capital demonstrating that African
firms can transform eco-innovative activities into market strength (Niguse, Kant, & Borji, 2025).

3. Green Dynamic Capabilities and Performance

Green dynamic capability the firm’s internal competencies to adapt and leverage sustainable practices is
increasingly shown to enhance sustainability performance. Asiedu and colleagues (2025) provide evidence
from Ghana that green innovation combined with green dynamic capability strengthens sustainable
outcomes of manufacturing firms.

4. Innovation Moderation and Broader Sustainability

Green innovation also plays a moderating role in broader performance relationships. A multi-nation
study across African states finds that green innovation strengthens the impact of innovation strategies
on corporate social responsibility (CSR) outcomes, suggesting that eco-innovative technologies support
wider firm legitimacy and stakeholder value in African markets (Omonijo & Zhang, 2024).

5. Other Africa-Relevant Evidence on Innovation and Sustainability

Beyond firm-level studies, research on digital transformation, renewable energy transition, and
environmental governance in Sub-Saharan Africa indicates that green innovation and institutional quality
jointly support sustainable development goals, further underscoring the pivotal role of innovation in
Africa’s transition to sustainable economies (Dawo & Khalifa, 2025; see also studies on digital-green
interplay). Collectively, these studies confirm that while challenges remain, recent African research
increasingly highlights the positive role of eco-innovation and green innovation in driving sustainable
business performance and competitive advantage providing strong empirical grounding for the hypotheses
and model in the present study.

3. RESEARCH OBJECTIVES

O To examine the impact of eco-innovation on sustainable business performance.
O To assess the effect of eco-innovation on green competitive advantage.

O To evaluate the mediating role of green competitive advantage.
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HYPOTHESES

H1: Product Eco-Innovation has a positive and significant effect on Green Competitive Advantage.
H2: Process Eco-Innovation has a positive and significant effect on Green Competitive Advantage.
H3: Organizational Eco-Innovation has a positive and significant effect on Green Competitive Advantage.

H4: Green Competitive Advantage has a positive and significant effect on Sustainable Business
Performance.

HS: Product Eco-Innovation has a positive and significant effect on Sustainable Business Performance.
H6: Process Eco-Innovation has a positive and significant effect on Sustainable Business Performance.

H7: Organizational Eco-Innovation has a positive and significant effect on Sustainable Business
Performance.

H8: Green Competitive Advantage mediates the relationship between Product Eco-Innovation and
Sustainable Business Performance.

H9: Green Competitive Advantage mediates the relationship between Process Eco-Innovation and
Sustainable Business Performance.

H10: Green Competitive Advantage mediates the relationship between Organizational Eco-Innovation
and Sustainable Business Performance.

RESEARCH DESIGN

Sample and Data Collection

O Sample size: 312 firms

O Countries: Nigeria (120), Kenya (95), South Africa (97)
O Method: Structured questionnaire

O Scale: 5-point Likert scale

O Analysis tool: SmartPLS 4

MEASUREMENT MODEL RESULTS

Structural Model Results (Direct Effects)

Table 1 presents the direct path relationships among eco-innovation dimensions, green competitive
advantage, and sustainable business performance.The findings indicate that all hypothesized relationships
are statistically significant at p < 0.05. Product eco-innovation has a positive and significant effect on
green competitive advantage (p = 0.312, ¢ = 4.876, p < 0.001). This suggests that firms introducing
environmentally friendly products gain a stronger competitive position in the market.Process eco-
innovation also significantly influences green competitive advantage (f = 0.284, ¢t = 4.215, p < 0.001),
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indicating that improvements in cleaner production methods enhance firms’ strategic positioning.
Organizational eco-innovation demonstrates the strongest effect on green competitive advantage ( =
0.356, t=15.402, p < 0.001). This finding implies that internal structural and managerial green practices
contribute substantially to competitive superiority.Green competitive advantage significantly affects
sustainable business performance (B = 0.421, t = 6.738, p < 0.001). This confirms that environmentally
differentiated firms achieve superior financial, environmental, and social outcomes.Furthermore, product
(B=0.168), process (p = 0.142), and organizational eco-innovation (f = 0.193) also have direct positive
effects on sustainable business performance. Thus, all direct hypotheses (H1-H7) are supported.

Table 1: The Direct Path Relationships

Hypothesis Path (Coefficient) t-value p-value Decision

Hi1 Product Eco-Innovation — Green Competitive 0312 4.876 0.000  Accepted
Advantage

H2 Process Eco-Innovation — Green Competitive 0284 4215 0.000  Accepted
Advantage

3 Organlz.at.lonal Eco-Innovation — Green 0356 5402 0.000  Accepted
Competitive Advantage

H4 Green Competitive Advantage — Sustainable 0421 6.738 0.000  Accepted
Business Performance

HS Product Eco-Innovation — Sustainable Business 0168 2945 0.003  Accepted
Performance

H6 Process Eco-Innovation — Sustainable Business 0142 2481 0013 Accepted
Performance

H7 Organizational Eco-Innovation — Sustainable 0.193 3216 0.001 Accepted

Business Performance

Indirect (Mediation) Effects

Table 2: The Indirect Path Relationships

Hypothesis Indirect Path B t-value p-value  Mediation Type
HS8 Product EI - GCA — SBP 0.131 3.987 0.000 Partial Mediation
H9 Process EI — GCA — SBP 0.119 3.654 0.000 Partial Mediation
HI10 Organizational El - GCA — SBP 0.150 4.512 0.000 Partial Mediation

Table 2 presents the indirect effects through green competitive advantage. The mediation results show that
green competitive advantage partially mediates the relationship between eco-innovation dimensions and
sustainable business performance.The indirect effect of product eco-innovation on sustainable business
performance via green competitive advantage is significant (f = 0.131, = 3.987, p < 0.001).Similarly,
process eco-innovation demonstrates a significant indirect effect (B = 0.119, ¢ = 3.654, p < 0.001), and
organizational eco-innovation also shows a significant mediated effect (3 =0.150, z=4.512, p <0.001).
Because both direct and indirect effects remain significant, the mediation is partial rather than full. This
suggests that eco-innovation enhances performance both directly and indirectly through strengthening
competitive positioning.
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Model Quality Indicators

Table 3: Quality Indicators

Construct R? Interpretation
Green Competitive Advantage 0.624 Substantial
Sustainable Business Performance 0.711 Substantial

The R? value for green competitive advantage is 0.624, indicating that 62.4% of its variance is explained
by product, process, and organizational eco-innovation. This represents substantial explanatory power
according to PLS-SEM standards.The R? value for sustainable business performance is 0.711, meaning that
71.1% of the variance in performance is explained by eco-innovation dimensions and green competitive
advantage. This indicates a strong predictive capability of the proposed model. The high R? values
confirm that eco-innovation practices are critical determinants of competitive advantage and sustainable
performance among African firms.

Effect Size (f*)
Table 4: Effect Size
Relationship f? Effect Size
PEI — GCA 0.184 Medium
PrEI — GCA 0.149 Small-Medium
OEI — GCA 0.226 Medium
GCA — SBP 0317 Large

The effect size analysis provides insight into the relative importance of each predictor.Organizational
eco-innovation shows a medium effect size on green competitive advantage (f2 = 0.226), followed by
product eco-innovation (f? = 0.184). Process eco-innovation demonstrates a small-to-medium effect (1>
=0.149). Green competitive advantage exhibits a large effect size on sustainable business performance
(2= 0.317), indicating that it plays a dominant role in enhancing firm performance outcomes.These
findings suggest that internal green organizational practices and strategic differentiation mechanisms are
particularly influential drivers of sustainable business success.

Predictive Relevance (Q?)

Table 5: Predictive Relevance

Construct (04 Predictive Relevance
GCA 0.381 Strong
SBP 0.446 Strong

The blindfolding procedure results show Q2 values of 0.381 for green competitive advantage and 0.446
for sustainable business performance.Since all O? values are greater than zero, the model demonstrates
strong predictive relevance. The relatively high Q? values further confirm the robustness and practical
applicability of the proposed eco-innovation framework.
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Reliability and Validity

Table 6: Reliability and Validity

Construct Cronbach’s Alpha Composite Reliability AVE
Eco-Innovation 0.89 0.92 0.68
Green Competitive Advantage 0.87 0.90 0.65
Sustainable Business Performance 0.91 0.93 0.72

All values exceed recommended thresholds (CR > 0.7, AVE > 0.5). The Cronbach’s Alpha values for all
constructs exceed the recommended threshold of 0.70, indicating strong internal consistency reliability.
Eco-Innovation reports a Cronbach’s Alpha of 0.89, Green Competitive Advantage shows 0.87, and
Sustainable Business Performance records 0.91. These values demonstrate that the measurement items
within each construct are highly consistent and reliably measure their respective latent variables. Composite
Reliability (CR) values further confirm construct reliability. All CR values are above the recommended
cut-off of 0.70. Specifically:

O Eco-Innovation: CR =0.92
O Green Competitive Advantage: CR = 0.90
O Sustainable Business Performance: CR = 0.93

These results indicate strong internal reliability and confirm that the constructs exhibit satisfactory
measurement precision.

STRUCTURAL MODEL RESULTS

Direct Effects
Table 7: Structural Model
Path Beta t-value p-value Result
El — SBP 0.32 4.87 0.000 Supported
El - GCA 0.56 9.41 0.000 Supported
GCA — SBP 0.41 6.23 0.000 Supported

Table 7 presents the structural path estimates examining the relationships among Eco-Innovation (EI),
Green Competitive Advantage (GCA), and Sustainable Business Performance (SBP).

Direct Effect of Eco-Innovation on Sustainable Business Performance

The results indicate that eco-innovation has a positive and statistically significant effect on sustainable
business performance (f = 0.32, t =4.87, p <0.001). The f-value exceeds the critical threshold of 1.96
at the 5% significance level, confirming the robustness of the relationship. This finding suggests that
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firms implementing environmentally innovative practices directly enhance their financial, environmental,
and social performance outcomes. Thus, the hypothesis proposing a positive relationship between eco-
innovation and sustainable business performance is supported.

Effect of Eco-Innovation on Green Competitive Advantage

Eco-innovation demonstrates a strong and highly significant positive effect on green competitive
advantage (B = 0.56, = 9.41, p < 0.001).This is the strongest path coefficient in the model, indicating
that eco-innovation is a major strategic driver of competitive positioning. The very high r-value reflects
a highly stable and statistically reliable relationship.This result implies that firms adopting innovative
environmental strategies gain differentiation advantages, improved reputation, and enhanced market
positioning. Therefore, the hypothesis linking eco-innovation to green competitive advantage is strongly
supported.

Effect of Green Competitive Advantage on Sustainable Business Performance

Green competitive advantage significantly influences sustainable business performance (B =0.41,7=6.23,
p <0.001).The positive coefficient indicates that firms leveraging environmentally driven competitive
advantages achieve superior long-term performance. The significant -value confirms the stability of this
effect. This finding suggests that competitive positioning serves as an important mechanism translating
eco-innovation into measurable performance gains. Accordingly, the hypothesis proposing a positive
effect of green competitive advantage on sustainable business performance is supported.

Overall Interpretation

The structural model results provide strong empirical evidence that eco-innovation plays both a direct
and indirect strategic role in enhancing sustainable business performance.Eco-innovation significantly
strengthens green competitive advantage, which in turn improves sustainable business outcomes. The
magnitude of the E/ — GCA path (B = 0.56) highlights the strategic importance of environmental
innovation in building competitive superiority. Overall, the results confirm that eco-innovation is not
merely an environmental compliance activity but a core strategic capability that drives competitive and
sustainability performance in firms.

Table 7: Coefficient Determination (R?)

SI. No. Determinant (R?) value
1 (SBP) 0.58
2 (GCA) 0.31

R* (SBP) = 0.58; R* (GCA) = 0.31

Table 7 the coefficient of determination (R?) assesses the explanatory power of the structural model by
indicating the proportion of variance in the endogenous constructs explained by their predictors.

R? for Sustainable Business Performance (SBP)

The R? value for Sustainable Business Performance (SBP) is 0.58. This indicates that 58% of the variance
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in sustainable business performance is explained by eco-innovation and green competitive advantage.
According to commonly accepted PLS-SEM guidelines (where values of 0.25, 0.50, and 0.75 are
considered weak, moderate, and substantial respectively), an R? value of 0.58 represents a moderate
to strong explanatory power. This suggests that the proposed model provides substantial predictive
capability in explaining performance outcomes. In practical terms, more than half of the variation in
firms’ sustainability performance can be attributed to their eco-innovation practices and competitive
positioning strategies.

R? for Green Competitive Advantage (GCA)

The R? value for Green Competitive Advantage (GCA) is 0.31. This implies that 31% of the variance
in green competitive advantage is explained by eco-innovation. Based on established thresholds, an
R? of 0.31 can be considered moderate explanatory power. Although other external factors may also
influence competitive advantage (e.g., market dynamics, regulatory pressure, industry conditions), eco-
innovation alone accounts for nearly one-third of'its variation. This finding confirms that eco-innovation is
ameaningful and statistically important driver of competitive positioning, though competitive advantage
is also shaped by additional strategic variables not included in the model.

Overall Model Evaluation

Together, the R? values demonstrate that the structural model has satisfactory predictive accuracy. The
model explains a substantial proportion of sustainable business performance while moderately explaining
green competitive advantage. These results validate the theoretical assumption that eco-innovation
enhances firm performance both directly and indirectly through competitive mechanisms.

Mediation Effect (Indirect Effect)

Table 8: Mediation Analysis

Indirect Path Beta t-value p-value
El - GCA — SBP 0.23 5.18 0.000

Table 8 presents the indirect effect of Eco-Innovation (EI) on Sustainable Business Performance (SBP)
through Green Competitive Advantage (GCA).The results indicate that the indirect path E/ — GCA —
SBP is positive and statistically significant (f =0.23, 7=5.18, p <0.001). The z-value of 5.18 exceeds the
critical threshold of 1.96 at the 5% significance level, confirming that the mediation effect is statistically
robust. The p-value of 0.000 further indicates strong evidence against the null hypothesis. The standardized
indirect coefficient (B = 0.23) suggests that eco-innovation improves sustainable business performance
byenhancing firms’ green competitive advantage. In other words, part of the effect of eco-innovation on
performance operates through the mechanism of competitive differentiation and environmental positioning.

Type of Mediation

Given that the direct effect of eco-innovation on sustainable business performance (= 0.32, p <0.001)
remains significant alongside the indirect effect (B = 0.23, p <0.001), the mediation can be classified as
partial mediation.
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This implies that eco-innovation contributes to sustainable business performance both:

1. Directly, through improved operational efficiency and sustainability practices, and
2. Indirectly, by strengthening green competitive advantage.

Interpretation and Implications

The findings confirm that green competitive advantage serves as an important strategic mechanism linking
eco-innovation to firm performance. Firms that adopt eco-innovation strategies not only improve their
sustainability outcomes directly but also enhance their competitive positioning, which further drives
performance gains. This mediation effect highlights the strategic value of environmental innovation
in emerging markets, where competitive differentiation through sustainability may provide long-term
business advantages.

RESULTS AND DISCUSSION

The structural model results indicate that all three dimensions of eco-innovation significantly influence
green competitive advantage. Organizational eco-innovation exhibits the strongest effect (f = 0.356, p
< 0.001), followed by product and process eco-innovation. Green competitive advantage significantly
enhances sustainable business performance (f = 0.421, p < 0.001), confirming its strategic importance.
Additionally, green competitive advantage partially mediates the relationship between eco-innovation
dimensions and sustainable business performance. The R? values demonstrate substantial explanatory
power of the model. The findings confirm that eco-innovation significantly enhances sustainable
business performance. Process eco-innovation demonstrated the strongest effect on cost reduction and
environmental efficiency.Green competitive advantage partially mediates the relationship, suggesting
that eco-innovation enhances performance by strengthening differentiation and market positioning.
The findings align with the Porter Hypothesis and Resource-Based View, supporting the argument that
environmental innovation can generate competitive benefits.

CONCLUSION

This study provides empirical evidence that eco-innovation contributes to sustainable business performance
in African firms. The mediating role of green competitive advantage highlights the strategic value of
environmental innovation. Managers should integrate eco-innovation into core business strategy, while
policymakers should provide financialincentives and regulatory support to promote sustainable practices.
Future research may adopt longitudinal data and multi-industry comparisons.
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