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Introduction

Businesses use renewable energy to achieve both economic and environmental sustainability in a world that
is sustainable. People across the globe are turning to renewable energy to reduce rising energy prices and
address global warming. Pakistan’s high energy costs and dependence on imports provide a compelling
reason for companies to invest in renewable energy especially for those who have struggled financially.
Governments implement policies that offer firms incentives to invest in renewable energy however, there
has been little understanding of the overall impact of renewable energy use on firms. Therefore, this study
will investigate business strategies and competitive positioning via the utilization of renewable energy. In
addition to addressing this knowledge gap, this study will also inform government and business strategies
for sustainability and long-term competitive positioning. As international focus on sustainability and
accountability continues to grow, businesses are being forced to adopt policies that promote long-term
environmental and economic success. Renewable energy can be integrated into company operations to meet
sustainability objectives while creating a competitive advantage (Batool et al., 2024). However, technology-
based and industrial companies must adapt to regulations, remain competitive, and focus on sustainability
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(Khawaldeh et al., 2025). Batool et al. (2024), Hamed et al. (2023), and Khawaldeh et al. (2025) indicate
that investment in renewable energy represents a sustainable competitive advantage for businesses. For
companies, adopting renewable energy is necessary because energy use is one of the most significant
sustainability issues. By investing in green energy, firms can potentially reduce costs, improve their
reputations, comply with regulatory requirements, and attract customers (Hamed et al., 2023). The study
investigated the impact of renewable energy on business sustainability practices and how corporate
sustainability strategies can lead to the development of long-term competitive advantages. What is the effect
of utilizing renewable energy on competitive advantage in sustainability practice? This question investigates
the effects of integrating renewable energy into business strategy and the role of green energy in enhancing
competitiveness within an environmentally conscious market. The study examines the influence of
sustainability policies on competitive advantage through both direct and indirect paths, such as the adoption
of renewable energy.

Literature Review

Renewable energy adoption and sustainability practices: Renewable energy will likely have large-scale
impacts on sustainable development (Dato, 2018) as small businesses (SMES) are capable of enhancing their
own sustainability through implementing renewable energy options thus, they will reduce environmental
impacts (air pollution, greenhouse gas emissions), waste generation, resource utilization, and optimize
energy usage (Chen et al., 2022; Wang et al., 2025). The adoption of renewable energy technology is
expected to significantly drive the incorporation of "green" practices across the supply chain and the
business's operations. Therefore, the implementation of renewable energy technologies is anticipated to
become one aspect of the organization's overall sustainability strategy, generating the adoption of additional
"green" practices and a holistic sustainability strategy (Awamleh et al., 2024). Hence, this research proposes:

H1: Renewable energy adoption improves sustainable competitive advantages.

Mediating role of sustainable practice: Renewable energy use and adoption lead to improved “green”
performance and cost efficiency for an organization. The strategic potential of renewable energy will be
realized when it is implemented as part of an overall organizational sustainability strategy (Potr¢ et al.,
2021). Although renewable energy reduces both energy consumption and greenhouse gas emissions from
operations, the longer-term benefits will be most fully realized when it is used in combination with other
elements of a sustainable business model. Elements of a sustainable business model could include reducing
waste, improving resource efficiency, using sustainable or environmentally responsible suppliers or vendors,
and implementing green marketing or branding programs to promote products and services. Such sustainable
business models can help smaller organizations develop and implement long-term competitive advantages in
the rapidly expanding global green marketplace (Thakkar, 2021; Ameer et al., 2024; Song et al., 2024). The
implementation of a renewable energy-based sustainability plan may also provide an organization with
opportunities to reduce costs, comply with existing environmental protection regulations, and develop new
products and processes. In addition, combining renewable energy with other sustainability efforts will likely
improve an organization’s reputation. Organizations which focus upon sustainability and incorporate
renewable energy options into their sustainability plans will attract customers who purchase products and
services based upon the sustainability characteristics of those products and services attract investors who
support companies which have sustainability at the core of their mission and strategy and attract partners
who support sustainability and wish to partner with like-minded organizations (Patil et al., 2025). Research
indicates that developing and implementing sustainability plans may lead to increased consumer loyalty and
trust, easier access to green financing, and other benefits. Therefore, organizations that adopt sustainability
plans will potentially establish themselves as leaders in their industry segments over time (Haseeb et al.,
2019). Additionally, implementing sustainable business models helps organizations mitigate risks associated
with economic uncertainty and/or environmental uncertainty. Sustainable business models enable
organizations to manage better risks associated with fluctuating commodity prices (e.g., fossil fuels),
changes in government policies and regulations related to environmental issues (e.g., carbon pricing), and
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other factors. Overall, a comprehensive sustainability strategy will enhance the effectiveness of renewable
energy usage and create a sustainable competitive advantage. Incorporating renewable energy into a
company’s sustainability strategy will enhance the company’s value, brand, and sustainability. As
previously noted, a comprehensive sustainability strategy includes not only energy efficiency but also
sustainable procurement practices, socially responsible corporate behavior, stakeholder participation in
sustainability-related decision-making, etc. Therefore, this study hypothesizes:

H2: There are positive relationship of renewable energy on sustainable practice
H3: There are positive relationship of sustainable practice on competitive advantage.

H4: There are mediating role of sustainable practice in between renewable energy and competitive
advantages.

Sustainable
Practice

Renewable Sustainable
i > Competitive
Energy Adoption Advantages
Conceptual Model
Methodology

This research examines how a company can adopt renewable energy as part of its sustainability strategy to
achieve a long-term competitive advantage in the Pakistani power sector. This research uses methodologies
and analytical tools that have been developed over time, based on previous research using multidisciplinary
articles written by F. Saddique & N Mushtaqg et al. (2020 to 2026), in which survey instruments were
distributed to employees of the Pakistani power generation industry. A total of 350 surveys were initially
sent; however, only 275 were completed and returned.

Table 1: Variables, No. of Items, and Reference

Variable Items Reference
Renewable Energy Adoption 5 (Nauman et al., 2023)
Sustainability Practices 5 (Khalil et al., 2024)
Sustainable Competitive Advantage 6 (Fahad et al., 2023)

Table 2 shows that the Total Number of Respondents was 210. Of those, 65 were females. The respondents'
ages were grouped into 5 categories. The largest group of respondents was aged 26-40 (n=110) as depicted
in Table 2. 35 respondents fell into the less than 25 categories. As for qualifications, respondents were
categorized into four groups. A large proportion of the sample (n = 120) had graduated from university, and
a very small proportion (n = 25) had completed Matric. Regarding Experience, respondents were categorized
into four groups. The largest percentage of respondents (n = 112) had 6 to 10 years of Experience, while the
smallest percentage (n = 33) had more than 10 years of Experience.
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Table 2: Sample Distribution

Characters F
Gender Male 210
Female 65
Total 275
Ages Below than 25 35
26-40 110
41-55 79
Above 55 51
Quialification Matric 25
Intermediate 66
Graduation 120
Post Graduate 64
Experience Less One Year 55
From 1 to 5 years 75
From 6 to 10 Years 112
Above 10 years 33

The reliability test of each scale was examined using Cronbach's alpha all given values are above then 0.70.
See table 3.

Table 3: Reliability Analysis

Variable Cronbach’s Alpha
Renewable Energy Adoption 0.79
Sustainability Practices 0.82
Sustainable Competitive Advantage 0.87

Correlation Analysis:

Table 4 presents the relationships that exist between the elements of this research. The relationship between
Sustainability Practices and Renewable Energy Adoption shows a moderate to high positive correlation (p =
.00; r = 0.389). Likewise, there is a moderate to high positive correlation between Sustainable Competitive
Advantage and Renewable Energy Adoption (p = .000; r = 0.390). Lastly, the relationship between
Sustainability Practices and Sustainable Competitive Advantage exists as a large to very large positive
correlation (p = .000; r = 0.413).

Table 4: Correlation Analysis

Variables 1 2

1. Renewable Energy Adoption 1

2. Sustainability Practices 0.389** 1

3. Sustainable Competitive Advantage 0.390** 0.413**

** Correlation is Shown Significant at 0.01 Level, *Correlation is Significant at 0.05 Level
Regression Analysis

The results in Table 5 represent an initial assessment of the relationship between renewable energy adoption
and sustainable competitive advantage, using appropriate regression analysis. In addition, the model fit well,
as indicated by an ANOVA P-Value of 0.05 or lower. Based on the R-Square of 0.123, it can be observed
that each unit increase in renewable energy adoption results in approximately a 12.3% variance in
sustainable competitive advantage. Additionally, the p-value for the coefficient is 0.00, which is less than
0.05; therefore, the relationship between the two variables is statistically significant. As demonstrated by the
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estimated coefficient (B = 0.254), renewable energy adoption appears to affect sustainable competitive
advantage. Therefore, hypothesis 1 is supported.

Table 5: Model between Renewable Energy Adoption and Sustainable Competitive Advantage

Variables R? B T sig

Renewable Energy Adoption 0.123 0.254 8.86 0.000

Dependent Variable: Sustainable Competitive Advantage *p < 0.05.

Table 6 shows that regression analysis results are shown to determine whether sustainability practices are
affected by renewable energy adoption. The model was determined to be valid based on the f-statistic p-
value (.000) being < .05. Based on the r-squared (.192), a unit increase in renewable energy adoption will
result in a 19.2% increase in sustainability practices. The coefficient's p-value (.000) is also below .05,
indicating an association. The coefficient "B" has been estimated at .487. This indicates a positive
relationship between renewable energy adoption and sustainability practices. Therefore, hypothesis no 2 is
supported.

Table 6: Model between Renewable Energy Adoption and Sustainability Practices

Variables R2 B T Sig

Renewable Energy Adoption 0.192 0.487 9.23 0.000

Dependent variable: Sustainability Practices, *p < 0.05.

Table 7 shows that an initial regression analysis was conducted to assess the effect of Sustainability
Practices on Sustainable Competitive Advantage. Since the ANOVA significance (sig) value for this table is
0.00 < 0.05, we have a good model. The R-Square Value of 0.212 indicates that if we increase Sustainability
Practices by 1 unit, it will cause a 21.2 % change in Sustainable Competitive Advantage. The P-Value of the
Coefficient (B), 0.00, is less than 0.05; thus, as indicated above, there is a statistically significant
relationship between them. Therefore, B = .457 shows the extent to which Sustainability Practices impact
Sustainable Competitive Advantage. In conclusion, Hypothesis 3 is supported.

Table 7: Model between Sustainability Practices and Sustainable Competitive Advantage

Variables R? B t Sig

Renewable Energy Adoption 0.212 0.457 10.90 0.000

Dependent Variable: Sustainable Competitive Advantage, *p < 0.05
Mediation Analysis

The mediator variable was assessed by performing 1,000 bootstrap samples to obtain upper and lower limits
for a 95% Confidence Interval. The mediation model indicated that sustainability practices mediate the
relationship between renewable energy adoption and sustainable competitive advantage. An indirect effect
(beta = .421; LL =.390; UL = .591; P < .01) existed; however, it was less than the direct relationship (beta =
112; P < .01). Therefore, since there is no "zero™ value within the upper and lower bounds or limit of the
confidence interval, the results provide support for Hypothesis H4.

Table 8: Mediation analysis using through Bootstrap

Bootstraps @ 95%

Relationships B P L UL Hypotheses
REA 2SP 22SCA

Direct effect 0.112 *** (0.178 0.267

Indirect effect 0421 *** 0.390 0.591

Note: REA= Renewable Energy Adoption, SP= Sustainability Practices, SCA= Sustainable Competitive
Advantage, ***p<0.01
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Discussion

In addition to encouraging the development of "green" practices throughout a company's supply chain and in
general operations through the use of renewable resources, using renewable energy will most likely lead to a
dramatic change in how companies develop sustainability programs. For example, if a company decides to
incorporate renewable energy into its sustainability program, this can serve as one of many triggers for it to
pursue or adopt even more "green" practices. As noted above, while the short-term benefits of reduced
energy consumption and lower emissions from renewable energy will continue to exist so long as renewable
energy is used, the long-term benefits of this form of energy are realized when they are included in a
comprehensive sustainability strategy. Some ways renewable energy can contribute to this overall strategy
include reducing waste, increasing resource efficiency, pursuing environmentally responsible purchasing
practices in supply chain management, and establishing "green™ marketing programs. These activities will
enable small- and medium-sized enterprises (SMEs) to maintain their ability to adapt over time and remain
competitive in increasingly "green™ markets. To create these long-term advantages, a company must first
establish a comprehensive sustainability strategy that includes a plan for renewable energy. This type of
strategy will provide a company with cost-saving opportunities, support compliance efforts, and foster a
culture of innovation.

Additionally, integrating renewable energy into a company's sustainability strategy will positively impact its
reputation and image. Companies that focus on sustainability will attract customers who share similar
values, investors who support businesses that make decisions based on social responsibility, and partners
who are interested in working with organizations that conduct themselves ethically. According to research,
companies that implement sustainability plans will experience increased customer loyalty and confidence, as
well as improved access to funding through green financing mechanisms, thereby enhancing their long-term
standing in the marketplace. Lastly, companies that operate under a sustainable business model will be better
equipped to handle both economic and environmental uncertainty associated with fluctuating energy prices
and changing regulations; thus, reducing the potential risks of using renewable energy sources. The
integration of renewable energy into a company's sustainability strategy creates a sustainable competitive
advantage. Companies that choose to integrate renewable energy into their sustainability strategy will
enhance their value proposition, improve their brand, and reinforce their commitment to sustainability. As
discussed above, all possible hypotheses are accepted.

Conclusion

Renewable energy use and sustainability practices drive competitive advantage in Pakistan's power sector.
By using renewable energy, companies can develop sustainable business practices that enhance their
competitive advantage. Organizations can achieve these enhanced competitive advantages by developing
and implementing appropriate sustainability strategies. Policy makers and other organizations interested in
promoting renewable energy development should implement programs to encourage the adoption of
sustainable business practices and the sharing of knowledge and best practices.

Funding: Funding is inappropriate for this research study.

Data availability: The statistics supporting the outcomes of this research are accessible upon reasonable
request from the first author.
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