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Abstract: This study investigates the extent to which renewable energy adoption contributes to achieving a
sustainable competitive advantage in Jordanian small and medium-sized enterprises (SMEs) through enhanced
sustainability practices. A quantitative research design was employed, utilizing data collected from 467
administrative personnel across 43 SMEs operating in diverse industries to ensure representativeness. Structural
equation modeling (SEM) was conducted using SmartPLS 4 to examine both the direct and indirect effects of
renewable energy adoption on corporate sustainability practices and its subsequent impact on long-term
competitiveness. The findings indicate that integrating renewable energy into business operations significantly
strengthens sustainable competitive advantage by improving operational efficiency, reducing costs, and enhancing
corporate reputation. Furthermore, the results highlight the role of renewable energy adoption in reinforcing
sustainability initiatives, thereby aligning environmental stewardship with strategic business objectives. These
insights provide valuable implications for SMEs seeking to enhance market positioning through sustainability-
driven strategies. Additionally, the study contributes to the existing body of knowledge on corporate sustainability
and strategic management by elucidating the mechanisms through which renewable energy facilitates long-term
competitive positioning. Practical recommendations are offered to policymakers and business leaders to support
the effective implementation of sustainability initiatives within the SME sector.

Keywords: Renewable energy adoption; Sustainable competitive advantage; Corporate sustainability; Small and
medium-sized enterprises (SMES); Green business strategy; Structural equation modeling (SEM); SmartPLS

1. Introduction

The international drive towards sustainability has pushed businesses to adopt renewable energy solutions in
their operations as a way of achieving environmental and economic objectives. With rising energy costs and the
specter of climate change, SMEs worldwide are embracing renewable energy as a way of enhancing efficiency
and competitiveness. Jordan's dependence on foreign energy and the consequent heavy electricity bills are serious
issues, and adopting renewable energy is a strategic imperative, especially for SMEs, which have the burden of
operational costs. Incentives and policies adopted by the government have been prodding investment in clean
energy by business entities, but their impact on SMEs has so far not been extensively studied. This research
examines the role of renewable energy adoption in the adoption of sustainability-driven business strategies and
competitiveness of Jordanian SMEs. By filling this gap, the research makes significant contributions to SMEs,
policymakers, and business strategists towards the development of long-term sustainability and competitiveness.

As international focus on environmental sustainability and responsibility increases, more pressure is being
brought to bear on companies to implement strategies that lead to long-term environmental and economic success.
One such practice is the incorporation of renewable energy into organizational operations, which can serve to
fulfill sustainability objectives and strengthen the competitive advantage of a firm (Batool et al., 2024; Fatima et
al., 2021; Mio et al., 2020). This trend is especially applicable to Jordanian SMEs, considering the fact that
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businesses, particularly manufacturing and technology companies, must learn to cope with both regulatory
environments and market competition for sustainable practice (Khawaldeh et al., 2025; Jum'a et al., 2021). Hamed
et al. (2023) explained how the incorporation of renewable energy into businesses helps in creating a sustainable
competitive advantage for Jordanian SMEs environmentally and market-wise. Specific. Use of renewable energy
is far from being exaggerated for SMEs in the Jordanian case, where energy consumption is one of the largest
issues and sustainability is more and more of utmost concern to decision-making.

Green energy investment will be capable of assisting SMEs in minimizing their cost of operation, increasing
their business reputation, adapting to changing regulations, and gaining green-aware customers (Chen et al., 2022;
Fatima et al., 2021; Hamed et al., 2023). This research attempted to find out the role that renewable energy plays
in influencing business sustainability practices and the role played by corporate sustainability practices in assisting
SMEs in achieving a sustainable long-run competitive advantage.

Among the significant research questions to be answered by this research is: To what extent does the integration
of renewable energy impact the sustainable competitive advantage in Jordanian SMESs' sustainability practices?
That's where the question goes right to the root of explaining the wide implications of adopting renewable energy,
which changes the business strategy in view while seeking to provide insights on how SMEs can enhance
competitiveness using green energy solutions to secure competitiveness in the increasingly ecologically conscious
market. The study, therefore, tries to explore how the practices of sustainability affect the sustainable competitive
advantage through direct and indirect paths, using the integration of renewable energy as a lens.

2. Literature Review
2.1 Theories

2.1.1 Adoption of renewable energy

The application of renewable energy in company operations has become a key element of company
sustainability planning to reduce the consumption of fossil fuels and environmental pollution (Fatima et al., 2021).
SMEs are especially likely to obtain wonderful advantages from using renewable energy since it, in addition to
saving carbon emissions, has long-term economic advantages through reducing energy costs (Batool et al., 2024;
Zhao et al., 2024). Aside from this, utilization of renewable energy by SMEs enhances the reputation of the
corporation and allows them to comply with stricter regulations regarding sustainability, hence becoming green
companies (Ofori et al., 2022).

Agnostine aside, even with these advantages, SMEs have been facing key challenges in the adoption of
renewable energy technologies, some of which are high capital-intensive initial start-up expenses, lack of adequate
technical staff, and access to funds (Dato, 2018; Ofori et al., 2022). However, they can be overcome by government
policy stimulus, strategic alliances, and technological innovation, as research indicates, making renewable energy
a good long-term investment (Ghobakhloo & Fathi, 2021; Lu et al., 2020). Moreover, firms that incorporate
renewable energy use into broader sustainability-based approaches achieve improved financial and competitive
performance (Alsayegh et al., 2020; Haseeb et al., 2019).

2.1.2 Sustainable competitive advantage

Sustainable competitive advantage is the ability of an organization to maintain a market leadership status in the
long term through unique, replicable capabilities, and assets (ljomah et al., 2024; Marjerison et al., 2022).
Enhancement of operational efficiency using renewable energy as a major determinant is one of the most
prominent drivers of sustainable competitive advantage (Fatima et al., 2021; Hamed et al., 2023). SMEs utilizing
renewable energy within strategic planning earn worthy benefits like decreased operation risks, improved
confidence in stakeholders, and compliance with evolving environmental legislation (Zhao et al., 2024; Tsalis et
al., 2020).

In addition, as environmental sustainability emerges as a compelling pull to consumer and investor decisions,
sustainable SMEs conducive to the use of renewable energy become more market appealing (Batool et al., 2024;
Potr¢ et al., 2021).

Sustainable SMEs are long-term, competitive, and more investor- and customer-friendly (Cantele & Zardini,
2018; Ghobakhloo & Fathi, 2021). These strategies, in very dynamic markets, preserve cost leadership and
differentiation as well as offer protection from regulatory shocks and unstable energy prices (Alarabiat et al., 2025;
Bager & Lambin, 2020; Haseeb et al., 2019).

2.1.3 Sustainability-driven business strategy

A Dbusiness strategy that is sustainability-led involves embedding ESG factors into business operations to
generate long-term value (Alsayegh et al., 2020; Mio et al., 2020). It is not a compliance- or CSR-led strategy but
one that is consciously crafted to enhance financial performance, brand value, and stakeholder relationships
(Batool et al., 2024; Tsalis et al., 2020). Companies that combine renewable energy adoption, resource efficiency,
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and waste minimization into a sustainability strategy have achieved profitability and market resilience in the long
run (Bager & Lambin, 2020; Ghobakhloo & Fathi, 2021). Sustainability in SMEs grants them operational benefits,
including improved resource utilization, cost savings, and conformity, setting them on the road to long-term
success in the marketplace (Mio et al., 2020; Hamed et al., 2023).

Furthermore, companies that start their sustainability journey ahead of others gain a competitive edge through
differentiation in the perception of ecologically conscious consumers and socially responsible investors (Tsalis et
al., 2020; Ofori et al., 2022). New studies have revealed that organizations adopting full-scale sustainability
measures improve not just environmental efficiency but also long-term resilience and innovation-driven
development (Bager & Lambin, 2020; Alsayegh et al., 2020). As increasingly globalized competitive business
environments shift focus towards sustainability, SMEs need to incorporate their renewable energy ventures into
full-scale sustainability frameworks for maximum possible economic as well as environmental benefits (Haseeb
et al., 2019; Dato, 2018). Harmonizing renewable energy with sustainability trends thus not only embeds risk
considerations but also optimizes the capacity of firms to adapt and be grounded for resilience in the evolving
regulatory as well as competitive environments (Lu et al., 2020; Potr¢ et al., 2021).

2.2 Research Hypotheses

2.2.1 Renewable energy adoption and sustainability practices

The adoption of renewable energy in corporate operations could be a major driver of sustainability practices in
organizations (Dato, 2018; Hamed et al., 2023). By integrating renewable energy solutions, SMEs not only reduce
their environmental impact but also enhance their overall sustainability practices in areas such as waste reduction,
resource optimization, and energy efficiency (Chen et al., 2022; Lu et al., 2020). Adoption of renewable energy
might spill over to evoke wider changes across organizational processes in the implementation of environmentally
friendly strategies throughout the supply chain and day-to-day operations. In addition, the adoption of renewable
energy could be a cornerstone in an organization's sustainability agenda, encouraging a business to adopt other
green practices, and reinforcing a comprehensive sustainability framework (Lu et al., 2020; Mastrocinque et al.,
2020; Awamleh et al., 2024). Therefore, this study hypothesizes:

HI: Renewable energy adoption (REA) positively affects sustainability practices (SP).

2.2.2 Renewable energy adoption and sustainable competitive advantage

Renewable energy may directly affect the SCA of an SME. At the same time, renewable energy enhances
environmental performance and, therefore, is a cost-effective long-term solution that competitively places an
enterprise in the market by allowing SMEs to decrease their operation costs via energy savings (Ghobakhloo &
Fathi, 2021; Khan et al., 2020). Besides, the adoption of renewable energy by SMEs could be related to increased
brand equity since consumers and investors tend to favor those firms that demonstrate their concern for
sustainability. By reducing dependence on traditional sources of energy, SMEs can also achieve energy
independence and reduce their vulnerability to market volatility (Chen et al., 2022; Hamed et al., 2023; Ofori et
al., 2022). In this way, renewable energy adoption enhances both operational efficiency and market positioning,
leading to an improved sustainable competitive advantage (Ofori et al., 2022). Therefore, the study hypothesizes
that:

H?2: Renewable energy adoption positively affects sustainable competitive advantage (SCA).

2.2.3 Sustainability practices on sustainable competitive advantage

Sustainability practices allow companies to gain and sustain a sustainable competitive edge through the
implementation of environmentally friendly methods in their operations. Adopting such practices—i.e., energy
saving, waste reduction, and resource conservation—provides SMEs with the chance to differentiate themselves
in the market and achieve long-term competitiveness (Jum'a et al., 2021; Marjerison et al., 2022; Singh et al.,
2019). Empirical evidence indicates that environmentally sustainable firms are profitable and enjoy customer
loyalty, particularly as customers seek green products and services more and more.

In addition to the operational benefits, sustainability initiatives are linked to increased stakeholder relationships
and improved corporate reputation. Companies that implement comprehensive sustainability practices are believed
to be innovative and robust, which results in improved investor trust and market position (Agu et al., 2024; Cantele
& Zardini, 2018; Haseeb et al., 2019). Additionally, the incorporation of sustainability into business processes
provides cost-saving opportunities, innovation, and better regulatory compliance, further enhancing competitive
advantage. From this perspective, sustainability practices not only contribute to environmental and social
responsibility but are also the most significant drivers of sustainable competitive advantage, contributing to long-
term business viability and success. Hence, it is hypothesized that:

H3: Sustainability practices positively affect sustainable competitive advantage
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2.2.4 Renewable energy adoption, sustainability practices, and sustainable competitive advantage

Although the adoption of renewable energy directly has a positive impact on environmental performance and
operating costs, its full strategic benefit is realized when it is part of a wide sustainability agenda (Lu et al., 2020;
Potr¢ et al., 2021). Independent adoption of renewable energy can save costs on energy and greenhouse gas
emissions, but its long-term efficacy will rely on its embedding with other business practices that are driven by
sustainability. Efforts like waste minimization, resource efficiency, supply chain sustainability, and green
marketing generate synergies that compound the value of the use of renewable energy so that SMEs can attain
long-term resilience and stay competitive in an emerging green market (Ghobakhloo & Fathi, 2021; Nizeti¢ et al.,
2019; Thakkar, 2021). Firms can achieve operating effectiveness, compliance with regulations, and expansion
driven by innovation at the same time through the use of renewable energy as part of an integrated approach to
sustainability.

In addition, strategic alignment of clean energy uptake and overall sustainability initiatives greatly contributes
to a company's brand reputation and public perception. Businesses proudly declaring their support for clean energy
and environmental sustainability gain not just green-aware customers but also sustainability-conscious investors
and business partners (Dato, 2018; Lu et al., 2020; Patil et al., 2025). Empirical findings indicate that sustainability
strategy integration is more likely to encompass enhanced customer loyalty, stakeholder trust, and greater access
to green finance, thereby strengthening long-term market position and standing (Cantele & Zardini, 2018; Haseeb
et al., 2019). Moreover, sustainability business models enable SMEs to manage economic uncertainty and
environmental uncertainty and, therefore, mitigate the threat induced by unascertainable energy prices and
regulatory requirements.

Lastly, sustainability practices are a key mediator that strengthens the effectiveness of the uptake of renewable
energy in achieving sustainable competitive advantage. Through the use of renewable energy in an integrated
strategy for sustainability, SMEs can create enduring value, promote corporate image, and improve overall
business resilience. This emphasizes the need to embrace a comprehensive approach to sustainability where energy
efficiency is complemented by ethical resource management, ethical business practices, and active engagement
with sustainability-orientated stakeholders. Thus, the study hypothesizes that:

H4: Renewable energy adoption with sustainability practices positively affects sustainable competitive advantage
3. Methods
3.1 Design

This research utilizes the quantitative research paradigm to analyze the utilization of renewable energy in the
operations of SMEs to identify its contribution towards sustainability and competitiveness. The study utilizes a
stratified random sampling strategy to generate a suitable sample of SMEs from Jordan. Stratified sampling is
applied to split the population into meaningful subgroups (strata) based on some attribute such as industry sector
(for example, manufacturing, retailing, services), company size (small or medium-sized), and geography. This has
the effect that each subgroup is sampled proportionally in the sample, and this leads to a better generalizability of
results. The process of sampling begins with the identification of these strata in the SME population within Jordan.
Following stratification, random sampling of the subgroups is conducted. The research design enables the study
to achieve sectoral results and enhances the understanding of the impact of renewable energy adoption on
competitiveness and sustainability in different business environments. The stratified sampling design is especially
relevant to the understanding of diversified SME experiences in different industries and sizes and therefore
provides a suitable choice for this research (Memon et al., 2020).

3.2 Population and Sampling

The study sample is 467 administrative staff from 43 SMEs in Jordan. The selection process employed the
stratified random sampling technique that ensures the sample to cover all different sectors such as manufacturing,
services, and retail. Sectors were selected based on differences in their utilization of renewable energies and the
conditions of suitability to the research. Apart from this, the sample has been stratified by firm size and adoption
stage of renewable energy (already adopted renewable energy and yet to adopt renewable energy in the next five
years). Only companies that employ more than 20 employees and companies with an operation of two years and
more were applied in the research to guarantee the firms have significant experience in the operations to respond
appropriately (Hair et al., 2011; Russo & Stol, 2021).

As it had to make sure that the questions in the survey were simple enough for the participants to understand
and they would be able to answer accordingly, there was a pre-test before actual data collection. The pre-test was
also conducted among a small group of administrative staff, though from the same target population, but not from
the final sample. A pre-test was conducted to try out the appropriateness and readability of the survey items and
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possible wording or questionnaire design issues. Pre-test results were utilized to refine and enhance the survey,
ensuring greater clarity and comprehensibility for respondents regarding renewable energy adoption, sustainability
practices, and competitive advantage. This practice ensured the final questionnaire was thorough and readable to
everyone involved, which increased the validity and reliability of the study (Memon et al., 2020).

3.3 Measurement

The assessment of the adoption of renewable energy and the success of a sustainability-orientated strategy is
thus done through a structured three-section questionnaire. That is, adoption of renewable energy is a broad
research field and is a 5-point Likert scale on integration of renewable technology, e.g., solar panels and wind
power (Khan et al., 2020; Suman, 2021). The second part gauged practices of sustainability with regards to
corporate social responsibility and the use of resources using a Likert scale (Abbasi et al., 2022; Stawicka, 2021).
The third part gauged sustainable competitive advantage in the manner of market share, customer retention, and
the efficiency of operation, and therefore the business results of going renewable (Haseeb et al., 2019; Hossain et
al., 2021). Other demographic variables, like firm size and industry, were also taken to analyze the moderating
effects.

3.4 Data Analysis

Smart PLS 4 was used in this research because of its capacity to process complex models and moderately small
samples, and the efficacy of its use in testing the data of 467 administrative staff members of 43 SMEs in Jordan
is high. Smart PLS 4 is unique among SEM software because it is tolerant of non-normal distribution of data and
can test structural and measurement models for reliability and validity. Its strong bootstrapping feature fortifies
the significance testing of path coefficients, while its multi-group option gives penetrating inferences for
moderating effects, such as industry segmentation and firm size. These features positioned Smart PLS 4 to be the
optimal tool to employ in examining paths between renewable energy adoption, sustainable behaviors, and
competitive advantage of SMEs.

The analysis began by beginning with a descriptive statistic to summarize the characteristics of the sample in
quantitative terms, followed by assessing the measurement model for internal consistency and validity based on
metrics that included Cronbach's Alpha and Average Variance Extracted amongst others. Testing within the
structural model involves the direct and indirect relationships between variables of the study; therefore, the results
will be interpreted through the path coefficients, R2values, and effect size. In assessing the significance of these
path coefficients, the use of bootstrapping was employed to ensure robust results. Besides, the study examined
other moderating influences, like industry type and firm size, through multi-group analysis. It thus gave way to a
richer contextual understanding regarding the issue at hand with the adoption of renewable energy (Cheah et al.,
2024; Russo & Stol, 2021).

4. Results
4.1 Descriptive Statistics

As shown in Table 1, the high scores of mean value for uptake of renewable energy (4.10), sustainability
practices (4.20), and competitive sustainable advantage (4.15) indicate that the respondents strongly believe in
them as necessary in their business strategies. Therefore, the research implication is that SMEs doing business in
Jordan in different industry sectors view practicing sustainability as well as adopting renewable energy as vital
elements towards obtaining a competitive advantage. The quite small standard deviations confirm that there is a
broad consensus on how crucial these practices are, with a degree of variance in their perception and therefore
very likely disparate regions with divergent priorities on these areas. The minimum to maximum value range also
testifies to such variation, although one is within a common direction of opinions over the range of different views
across the sample overall, but in a common trend to support these methods for ultimate success.

Table 1. Descriptive statistics of study variables

Variable Mean Standard Deviation Min Max

Renewable Energy Adoption 4.10 0.62 25 50
Sustainability Practices 4.20 0.58 30 50
Sustainable Competitive Advantage  4.15 0.55 30 50

4.2 Reliability and Validity Tests

As shown in Table 2, reliability analysis suggested that both Cronbach's Alpha and Composite Reliability were
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higher than 0.70 for all constructs, showing internally consistent results across all the survey items. Each of these
items in different constructs represents the concept under measurement across all measurement items. However,
this is also in line with the convergent validity when AVE for all the constructs resulted in more than 0.50. The
results confirm that the constructs explained a good level of variance in their items, hence their relevance to the
objectives of the study. Discriminant validity was also affirmed, as evidenced by the Fornell-Larcker criterion,
where the square roots of the AVEs were higher than the correlations between constructs, indicating that the
constructs were distinct and not overlapping.

Table 2. Reliability and validity analysis of constructs

Construct Items Loading (o) (CR) (AVE)
REA1 0.88
. REA2 0.84
Renewable Energy Adoption REA3 0.86 085 0.90 072
REA4 0.87
SP1 0.89
SP2 0.87
R . SP3 0.85
Sustainability Practices Spa 0.83

0.87 0091 0.75

SP5 0.79

SP6 0.81

SCA1l 0.84

. . SCA2 0.86
Sustainable Competitive Advantage SCA3 0.82 082 088 0.70

SCA4 0.81

As shown in Table 3, the discriminant validity analysis through the Fornell-Larcker criterion is such that the
square root of the AVE for each construct (REA = 0.85, SP = 0.87, SCA = 0.84) is greater than the correlations
with other constructs. This indicates that each construct is distinct and more highly related to its indicators than to
other constructs, thus satisfying the requirements for discriminant validity.

Table 3. Discriminant validity (Fornell-Larcker criterion)

Construct REA SP SCA
Renewable Energy Adoption (REA) 0.85
Sustainability Practices (SP) 0.52 0.87

Sustainable Competitive Advantage (SCA) 054 055 0.84

4.3 SEM

As shown in Table 4, the direct relationships among renewable energy adoption, sustainability practices, and
sustainable competitive advantage were tested using SEM. All path coefficients were significant at p < 0.05,
confirming all hypothesized relationships. More precisely, the results indicated that renewable energy adoption
significantly and positively influenced sustainability practices, which in turn had a significant positive effect on
sustainable competitive advantage. The results strongly support the conceptual model, underlining how relevant
renewable energy is given sustainability strategies and competitiveness increases within the concerned SMEs.

Table 4. Path analysis results for direct hypotheses testing

Hypothesis  Path Coefficient t-value p-value Result

REA — SP 0.47 5.83 0.02 Supported
REA — SCA 0.42 4.80 0.03 Supported
SP — SCA 0.51 6.10 0.01 Supported

4.4 Mediation Analysis

As shown in Table 5, to ascertain whether the sustainability practices mediated the influence of renewable
energy adoption on achieving sustainable competitive advantage, mediation analysis was performed. The result of
the bootstrapping procedure at 5,000 resamples showed that the indirect effect of renewable energy adoption on
sustainable competitive advantage through sustainability practices was significant. The result, therefore, infers
partial mediation; though renewable energy adoption exerts a direct impact on the achievement of sustainable
competitive advantage, it is the sustainability practice that amplifies this phenomenon. In particular, this analysis
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showed that sustainability practices explained a 31% improvement in the association of renewable energy adoption
with sustainable competitive advantage, underlining their important role in reinforcing the contribution of
renewable energy integration.

Table 5. Mediation analysis results

Path Indirect Effect Bootstrapped t-value Bootstrapped p-value Mediation Type
REA — SP — SCA 0.32 4.35 0.000 Partial

4.5 Goodness-of-Fit Indices

As shown in Table 6, the goodness-of-fit indices for the model were indicative of a good fit; the value of SRMR
was 0.054, well below the threshold of acceptability at 0.08. This will indicate that the estimated model fits the
observed data very well and further supports the structural model. The good fit makes these findings strong and
strengthens the credibility of conclusions that can be drawn from this analysis.

Table 6. Model fit indices

Fit Index Threshold Model Value Fit
SRMR <0.08 0.056 Good Fit

As shown in Figure 1, overall, the findings from this study show that the adoption of renewable energy exerts a
positive impact on sustainability practices, and such practices increase sustainable competitive advantage in SMEs.
The mediation analysis confirms that sustainability practices are important to strengthen the influence of the
integration of renewable energy on business competitiveness. These findings give very useful insights for SMEs
that seek to utilize renewable energy as a strategic instrument for attaining sustainability-driven competitive
advantage.

(spes1) [spes2| [spes3| [spes4] [spess| [spess

Sustainability-Driven
Business Strategies

Sustainability
Practices

o] sca1

N
(5]

A
Indirect effect hoosﬁts outcome by 32%

Renewable
Energy
Adoption

Sustainable
Competitive
Advantage

ya  tvalue = 4.35, p < 0.00*

(e

t-value = 4.80, p < 0.03*

Hz2

Figure 1. Structural model

5. Discussion

The first hypothesis, which is linked to the effect of REA on SP, shows that the REA significantly affects SP
because the path coefficient is 0.47 at p < 0.05, thus supporting the literature about the facilitation of
sustainability practices through renewable energy (Lu et al., 2020; J & Majid, 2020). This finding confirms the
work of Khan et al. (2020), who indicated that the adoption of renewable energy is important in improving
sustainability practices among organizations. However, other researchers, such as Ostergaard et al. (2022),
have argued that the effectiveness of renewable energy adoption on sustainability may differ across industries
or particular practices and requires further research to consider these contextual factors.

The second hypothesis deals with how SCA is related to renewable energy adoption. Indeed, the result verified
the hypothesis for positive influence (0.42; p-value < 0.05), supporting the possibility that the firm can explore
opportunities to benefit in the form of a competitive advantage as regards improved sustainability performance
arising out of renewable energy adoption. It follows earlier findings from Khan et al. (2020), which have identified
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a relationship between adopting renewable energy and building a strategic advantage in competitiveness. Another
approach includes research by Zahedi et al. (2022), which advises the link between competitiveness from
renewable energy adoption being especially applicable to industries where sustainability issues create key market
differentiation.

The third hypothesis is about sustainability practices affecting sustainable competitive advantage, with the path
coefficient coming to 0.51, showing a positive significant impact (p < 0.05). This evidence supports the assertion
by Kwarteng et al. (2016), that sustainable practices are essential for long-term competitiveness, as sustainability
practice improves a company's reputation, reduces operational costs, and attracts environmental consumers.
However, all sustainability practices are not transformed into competitive advantages, as the successful
implementation of such practices requires correct application and must be matched with the strategic objectives of
the company (Saputra et al., 2023).

The fourth hypothesis is to test Partial mediation in the direct link between renewable energy uptake and
sustainable competitive advantage, with an indirect effect size of 0.32 (p < 0.05), shows that sustainability practices
significantly contribute to improving competitive advantage but do not capture the overall effect of renewable
energy uptake. This is a sign that other variables beyond sustainability practices are affecting the competitive
advantage. Industry-specific factors, including technological preparedness, availability of resources, and
regulatory pressures, can influence the effect of renewable energy adoption on competitiveness (Azizian & Ullah,
2024; Zhao et al., 2024). Additionally, organizational-level elements such as leadership support, firm size, and
financial capability are key forces behind the success of renewable energy adoption in competitiveness
improvement (Basheer et al., 2024). Other sectors can be dissuaded from taking up sustainability initiatives, such
as enormous investment in infrastructure, knowledge, and human capacity, based on the industry (Hamed et al.,
2023; Batool et al., 2024). Additionally, policy design and market structure would also play important roles in
affecting the extent and speed of take-up of renewable energy, rendering the mediation role even more complicated.
Subsequent research, therefore, would have to account for these additional external and company-specific factors
to move further in tracing the dynamic relationship between sustainable competitive advantage, the adoption of
renewable energy, and sustainability practices.

6. Conclusion and Managerial Implications

6.1 Conclusion

This study examines the crossroads of renewable energy uptake, sustainability practice, and sustainable
competitive advantage in the context of the need for having these variables in SMEs. The findings indicate that
the adoption of renewable energy significantly influences the drive towards sustainability practice, which
contributes to increased competitive advantage. Sustainability practices mediate in part, focusing on how they
ensure maximization of benefits from renewable energy. This result is most applicable to SMEs in developing
nations, where high capital expenses and low levels of technical expertise may make the uptake of green
technologies difficult. The results of this study indicate that not only do SMEs need to pay attention to renewable
energy adoption but also need to adopt overall sustainability plans to ensure long-term competitiveness. The
policymakers and entrepreneurs have to finance the SMEs through some incentives and knowledge-sharing
activities to encourage the use of green practices and renewable energy. By doing so, the SMEs will be in a position
to break market barriers, access eco-friendly consumers, and come out more competitively, in line with
international sustainability objectives.

6.2 Theoretical and Practical Implications Section

The present research contributes to the literature by providing evidence of the central positioning of renewable
energy adoption in promoting sustainability practice that enhances sustainable competitive advantage in SMEs
further. It highlights the integration of sustainability in business models to obtain maximum benefits from
renewable energy investment. The research is a complement to resource-based and institutional theories since it
shows how SMEs leverage sustainability programs in establishing long-term competitive advantages. Moreover,
evidence is presented of the scope for additional research on other mediating factors like organizational culture,
technological innovations, and regulation regimes that potentially affect the nexus between the application of
renewable energy and competitive advantage. Future research can examine the long-term economic and
environmental consequences of sustainable initiatives with a focus on industry and spatially differential rates of
take-up.

To policymakers and business entrepreneurs, the research presents crucial information on how SMEs can use
the application of renewable energy as a strategy for long-term competitiveness and sustainability. According to
the research findings, not only do SMEs need to be invested in renewable energy but also have total policies for
sustainability in place to ensure maximum advantages. The industry associations and governments need to make
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arrangements for supporting policies, investment incentives, and training schemes that will aid in the shift toward
sustainable business practices. The organizations also need to take a proactive approach through the initiation of
innovative environments, greater employee participation in sustainability, and stakeholder engagement to resist
barriers toward green technology adaptation. Through responses to these drivers, SMEs can strengthen their market
position, acquire ecologically aware customers, and advance global efforts toward sustainability more effectively.

6.3 Limitations

Despite these useful findings, there are some real limitations to the study. The sample is confined to SMEs
within particular sectors, and this might impact generalization to other industries. Future research can apply the
model to a wider range of industries and make use of objective measurement tools to further validate these findings.
Furthermore, the investigation of other probable mediators and moderators, such as leadership style, corporate
culture, and market conditions, may provide further insight into which elements affect the association of renewable
energy adoption with competitive advantage.

Data Availability
The data used to support the research findings are available from the corresponding author upon request.
Acknowledgements
The authors would like to thank Amman Arab University for its support.
Conflicts of Interest
The authors declare no conflict of interest.
References

Abbasi, K. R., Shahbaz, M., Zhang, J., Irfan, M., & Alvarado, R. (2022). Analyze the environmental sustainability
factors of China: The role of fossil fuel energy and renewable energy. Rene. Energy, 187, 390-402.
https://doi.org/10.1016/j.renene.2022.01.066.

Agu, E. E., lyelolu, T. V., Idemudia, C., & ljomah, T. I. (2024). Exploring the relationship between sustainable
business practices and increased brand loyalty. Int. J. Manage. Entrep. Res., 6(8), 2463-2475.
https://doi.org/10.51594/ijmer.v6i8.1365.

Alarabiat, Y. A., Alayed, H. M., & Awamleh, F. T. (2025). Green innovation strategies in achieving corporate
sustainable performance through big data analytics. Int. J. Sustain. Dev. Plann., 20(2), 751-759.
https://doi.org/10.18280/ijsdp.200224.

Alsayegh, M. F., Abdul Rahman, R., & Homayoun, S. (2020). Corporate economic, environmental, and social
sustainability performance transformation through ESG disclosure. Sustainability, 12(9), 3910.
https://doi.org/10.3390/s5u12093910.

Awamleh, F. T., Alarabiat, Y. A., & Bustami, A. N. (2024). Enhancing sustainable development through
international performance indicators: The role of business intelligence techniques. Chall. Sustain., 12(3),
203-218. https://doi.org/10.56578/cis120304.

Azizian, D. & Ullah, A. (2024). Assessing the role of leadership styles in promoting innovation in renewable
energy project management. Master thesis, J&nk&ping University, Sweden.

Bager, S. L. & Lambin, E. F. (2020). Sustainability strategies by companies in the global coffee sector. Bus.
Strategy Environ., 29(8), 3555-3570. https://doi.org/10.1002/bse.2596.

Basheer, M. F., Hassan, S. G., Ali, A, Sabir, S. A., & Waemustafa, W. (2024). The influence of renewable energy,
humanistic culture, and green knowledge on corporate social responsibility and corporate environmental
performance. Clean Technol. Environ. Policy, 1-20. https://doi.org/10.1007/s10098-024-02889-w.

Batool, K., Zhao, Z.-Y ., & Irfan, M. (2024). Factors influencing consumers’ willingness to adopt renewable energy
technologies: A paradigm to  alleviate  energy  poverty.  Energy, 309,  133005.
https://doi.org/10.1016/j.energy.2024.133005.

Cantele, S. & Zardini, A. (2018). Is sustainability a competitive advantage for small businesses? An empirical
analysis of possible mediators in the sustainability-financial performance relationship. J. Cleaner Prod., 182,
166-176. https://doi.org/10.1016/j.jclepro.2018.02.016.

Cheah, J.-H., Magno, F., & Cassia, F. (2024). Reviewing the SmartPLS 4 software: The latest features and
enhancements. J. Market. Anal., 12, 97-107. https://doi.org/10.1057/s41270-023-00266-y.

143



Chen, H., Shi, Y., & Zhao, X. (2022). Investment in renewable energy resources, sustainable financial inclusion
and energy efficiency: A case of US economy. Resour. Policy, 77, 102680.
https://doi.org/10.1016/j.resourpol.2022.102680.

Dato, P. (2018). Investment in energy efficiency, adoption of renewable energy and household behavior: Evidence
from OECD countries. Energy J., 39(3), 213-244. https://doi.org/10.5547/01956574.39.3.pdat.

Fatima, N., Li, Y., Ahmad, M., Jabeen, G., & Li, X. (2021). Factors influencing renewable energy generation
development: A way to environmental sustainability. Environ. Sci. Pollut. Res., 28(37), 51714-51732.
https://doi.org/10.1007/s11356-021-14256-z.

Ghobakhloo, M. & Fathi, M. (2021). Industry 4.0 and opportunities for energy sustainability. J. Cleaner Prod.,
295, 126427. https://doi.org/10.1016/j.jclepro.2021.126427.

Hair, J. F., Ringle, C. M., & Sarstedt, M. (2011). PLS-SEM: Indeed asilver bullet. J. Mark. Theory Practice, 19(2),
139-152. https://doi.org/10.2753/MTP1069-6679190202.

Hamed, M. M., Mohammed, A., & Olabi, A. G. (2023). Renewable energy adoption decisions in Jordan’s
industrial sector: Statistical analysis with unobserved heterogeneity. Renew. Sustain. Energy Rev., 184,
113568. https://doi.org/10.1016/j.rser.2023.113568.

Haseeb, M., Hussain, H. I., Kot, S., Androniceanu, A., & Jermsittiparsert, K. (2019). Role of social and
technological challenges in achieving a sustainable competitive advantage and sustainable business
performance. Sustainability, 11(14), 3811. https://doi.org/10.3390/su11143811.

Hossain, M. S., Kannan, S. N., & Raman Nair, S. K. K. (2021). Factors influencing sustainable competitive
advantage in the hospitality industry. J. Qual. Assur. Hosp. Tour.,, 22(6), 679-710.
https://doi.org/10.1080/1528008X.2020.1837049.

ljomah, T. I., Idemudia, C., Eyo-Udo, N. L., & Anjorin, K. F. (2024). Innovative digital marketing strategies for
SMEs: Driving competitive advantage and sustainable growth. Int. J. Manage. Entrep. Res., 6(7), 2173-2188.
https://doi.org/ 10.51594/ijmer.v6i7.1265.

J, C.R. K. & Majid, M. A. (2020). Renewable energy for sustainable development in India: Current status, future
prospects, challenges, employment, and investment opportunities. Energy Sustain. Soc., 10(1), 1-36.
https://doi.org/10.1186/s13705-019-0232-1.

Jum’a, L., Zimon, D., & lkram, M. (2021). A relationship between supply chain practices, environmental
sustainability and financial performance: Evidence from manufacturing companies in Jordan. Sustainability,
13(4), 1-22. https://doi.org/10.3390/s5u13042152.

Khan, S. A. R., Zhang, Y., Kumar, A., Zavadskas, E., & Streimikiene, D. (2020). Measuring the impact of
renewable energy, public health expenditure, logistics, and environmental performance on sustainable
economic growth. Sustain. Dev., 28(4), 833-843. https://doi.org/10.1002/sd.2034.

Khawaldeh, K., Awamleh, F. T., Al-Shibly, M. S., & Al-Kharabsheh, A. (2025). Data-driven strategic planning:
The mediating role of the Blockchain-based supply chain in enhancing digital logistics performance. Int. J.
Innov. Res. Sci. Stud., 8(1), 2680-2687. https://doi.org/10.53894/ijirss.v8il1.5041.

Kwarteng, A., Dadzie, S. A., & Famiyeh, S. (2016). Sustainability and competitive advantage from a developing
economy. J. Glob. Responsib., 7(1), 110-125. https://doi.org/10.1108/JGR-02-2016-0003.

Lu, Y., Khan, Z. A., Alvarez-Alvarado, M. S., Zhang, Y., Huang, Z., & Imran, M. (2020). A critical review of
sustainable energy policies for the promotion of renewable energy sources. Sustainability, 12(12), 5078.
https://doi.org/10.3390/su12125078.

Marjerison, R. K., Andrews, M., & Kuan, G. (2022). Creating sustainable organizations through knowledge
sharing and organizational agility: Empirical evidence from China. Sustainability, 14(8), 4531.
https://doi.org/10.3390/su14084531.

Mastrocinque, E., Ram fez, F. J., Honrubia-Escribano, A., & Pham, D. T. (2020). An AHP-based multi-criteria
model for sustainable supply chain development in the renewable energy sector. Expert Syst. Appl., 150,
113321. https://doi.org/10.1016/j.eswa.2020.113321.

Memon, M. A, Ting, H., Cheah, J.-H., Thurasamy, R., Chuah, F., & Cham, T. H. (2020). Sample size for survey
research: Review and recommendations. J. Appl. Struct. Equ. Model.,, 4(2), 1-20.
https://doi.org/10.47263/JASEM.4(2)01.

Mio, C., Panfilo, S., & Blundo, B. (2020). Sustainable development goals and the strategic role of business: A
systematic literature review. Bus. Strategy Environ., 29(8), 3220-3245. https://doi.org/10.1002/bse.2568.

Nizeti¢, S., Djilali, N., Papadopoulos, A., & Rodrigues, J. J. P. C. (2019). Smart technologies for promotion of
energy efficiency, utilization of sustainable resources and waste management. J. Cleaner Prod., 231, 565—
591. https://doi.org/10.1016/j.jclepro.2019.04.397.

Ofori, C. G., Aboagye, A. Q. Q., Afful-Dadzie, A., & Bokpin, G. A. (2022). A real options approach to assessing
the cost savings potential of renewable energy adoption among SMEs in Ghana. Clim. Policy, 22(7), 851—
864. https://doi.org/10.1080/14693062.2022.2095332.

Ostergaard, P. A., Duic, N., Noorollahi, Y., & Kalogirou, S. (2022). Renewable energy for sustainable
development. Renew. Energy, 199, 1145-1152. https://doi.org/10.1016/j.renene.2022.09.065.

144



Patil, G., Tiwari, C., Kavitkar, S., Makwana, R., Mukhopadhyay, R., Aggarwal, S., Betala, N., & Sood, R. (2025).
Optimising energy efficiency in India: A sustainable energy transition through the adoption of district cooling
systems in Pune. Chall. Sustain., 13(1), 1-17. https://doi.org/10.56578/cis130101.

Potré, S., Cugek, L., Martin, M., & Kravanja, Z. (2021). Sustainable renewable energy supply networks
optimization—The gradual transition to a renewable energy system within the European Union by 2050.
Renew. Sustain. Energy Rev., 146, 111186. https://doi.org/10.1016/j.rser.2021.111186.

Russo, D. & Stol, K.-J. (2021). PLS-SEM for software engineering research: An introduction and survey. ACM
Comput. Surv., 54(4), 1-38. https://doi.org/10.1145/3447580.

Saputra, K. A. K., Subroto, B., Rahman, A. F., & Saraswati, E. (2023). Mediation role of environmental
management accounting on the effect of green competitive advantage on sustainable performance. J. Sustain.
Sci. Manage., 18(2), 103-115. http://doi.org/10.46754/jssm.2023.02.008.

Singh, S. K., Chen, J., Del Giudice, M., & El-Kassar, A.-N. (2019). Environmental ethics, environmental
performance, and competitive advantage: Role of environmental training. Technol. Forecast. Soc. Change,
146, 203-211. https://doi.org/10.1016/j.techfore.2019.05.032.

Stawicka, E. (2021). Sustainable business strategies as an element influencing diffusion on innovative solutions in
the field of renewable energy sources. Energies, 14(17), 5453. https://doi.org/10.3390/en14175453.

Suman, A. (2021). Role of renewable energy technologies in climate change adaptation and mitigation: A brief
review from Nepal. Renew. Sustain. Energy Rev., 151, 111524, https://doi.org/10.1016/j.rser.2021.111524.

Thakkar, R. (2021). Green marketing and sustainable development challenges and opportunities. Int. J. Manage.
Publ. Policy Res., 1(1), 15-23.

Tsalis, T. A., Malamateniou, K. E., Koulouriotis, D., & Nikolaou, I. E. (2020). New challenges for corporate
sustainability reporting: United Nations’ 2030 Agenda for sustainable development and the sustainable
development goals. Corp. Soc. Responsib.  Environ. Manage., 27(4), 1617-16209.
https://doi.org/10.1002/csr.1910.

Zahedi, R., Zahedi, A., & Ahmadi, A. (2022). Strategic study for renewable energy policy, optimizations and
sustainability in Iran. Sustainability, 14(4), 2418. https://doi.org/10.3390/su14042418.

Zhao, Q., Wang, L., Stan, S.-E., & Mirza, N. (2024). Can artificial intelligence help accelerate the transition to
renewable energy? Energy Econ., 134, 107584. https://doi.org/10.1016/j.eneco.2024.107584.

145





