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Abstract

This study investigates the impact of global trends on sustainable entrepreneurship and explores the
application of a hybrid optimization approach to optimize business strategies. The research utilizes
machine learning models, including Gradient Boosting Regression (GBR) and Random Forest Regression
(RF), to predict the influence of economic, technological, environmental, and social trends on business
performance metrics such as profitability and sustainability. These predictions are then enhanced by
optimization techniques such as Genetic Algorithms (GA) and Simulated Annealing (SA) to develop
sustainable entrepreneurship strategies that balance long-term profitability with sustainability goals. The
results indicate that GBR and RF offer superior performance in forecasting business outcomes, achieving
high R? values and low Mean Squared Error (MSE) in both profitability and sustainability predictions.
Furthermore, the hybrid approach, which integrates machine learning with optimization algorithms,
significantly outperforms traditional methods, providing more accurate and adaptive strategies for
businesses to navigate global trends. This study contributes to the field of sustainable entrepreneurship
by offering an innovative framework that businesses can use to optimize their operations while aligning
with sustainability objectives. The findings also highlight the role of emerging global trends in shaping
business practices, providing valuable insights for entrepreneurs, policymakers, and business leaders
looking to foster sustainable growth.

Keywords: Sustainable Entrepreneurship, Global Trends, Hybrid Optimization Approach, Machine
Learning, Gradient Boosting Regression, Random Forest Regression, Profitability, Sustainability, Genetic
Algorithms, Simulated Annealing, Business Strategy Optimization.

1. INTRODUCTION

Sustainable entrepreneurship has become increasingly important as businesses face global challenges that
demand responsible and eco-conscious operations. Entrepreneurs are tasked with aligning their business
models with sustainability goals while maintaining economic growth. This involves leveraging
innovations, adapting to new technologies, and addressing societal and environmental concerns. Small
and medium-sized enterprises (SMEs), for example, play a crucial role in driving economic growth through
investments and innovations that promote sustainability (Gherghina, Stefan, Botezatu, Hosszu, &
Simionescu, 2020). As the global market increasingly shifts towards sustainability, understanding the

844


mailto:jyothijaladi7@gmail.com

International Journal of Environmental Sciences

ISSN: 2229-7359
Vol. 11 No. 48, 2025
https://www.theaspd.com/ijes.php

impact of technological, economic, environmental, and social trends is vital for the success of sustainable
business strategies.

The connection between technological advancements and entrepreneurship has long been recognized,
with emerging technologies like artificial intelligence (Al), renewable energy, and blockchain offering
significant opportunities for sustainable business innovation (Redondo-Rodriguez, Yabar, & Diaz-
Garrido, 2023). These technologies enable businesses to optimize operations, reduce resource
consumption, and increase profitability while supporting sustainability initiatives. Al, for example, can
streamline production processes, reduce energy consumption, and enhance decision-making, directly
contributing to a more sustainable business model (Lee, Suh, Roy, & Baucus, 2019). Moreover,
technological advancements in renewable energy provide opportunities for businesses to reduce carbon
footprints and move towards environmentally responsible energy sources (Holzmann & Gregori, 2023).

The economic trends influencing sustainable entrepreneurship are just as significant. Over the past few
decades, the global economic environment has seen dramatic shifts. Economic growth, inflation, and
changing trade policies affect businesses’ ability to innovate sustainably. The ability to adopt sustainable
practices often depends on the financial capabilities of companies, particularly SMEs, which are often
constrained by limited resources (Gherghina et al., 2020). However, the integration of sustainable
practices has been shown to lead to long-term profitability, with innovative business models contributing
to competitive advantage and market differentiation (Redondo-Rodriguez et al., 2023).

Environmental trends, including climate change, carbon emissions reduction, and resource depletion,
have led businesses to adapt their operations to mitigate their environmental impact. The pressure from
regulatory bodies, as well as from consumers and investors who demand sustainable practices, has made
environmental sustainability a core focus for entrepreneurs (Holzmann & Gregori, 2023). For instance,
the transition to renewable energy and sustainable resource management is essential for reducing
businesses' carbon footprints and ensuring long-term sustainability (Cardella, HernandezSénchez, &
SanchezGarcia, 2021). Furthermore, businesses today are increasingly driven by social responsibility, as
consumers expect companies to act in an environmentally and socially responsible manner (Lee et al.,
2019). Sustainable entrepreneurship, therefore, not only requires innovation but also a deep
understanding of global environmental issues and the economic and social benefits of sustainability.

Social trends, such as shifting consumer preferences towards environmentally and socially responsible
products, are playing an integral role in the transformation of global businesses (Alawamleh, Francis, &
Alawamleh, 2023). The rise of conscious consumerism is encouraging businesses to adopt sustainable
models to meet consumer demand for ethical products. As consumers demand greater transparency
regarding how products are made and the environmental impact they have, businesses are compelled to
adopt ethical business practices (Sewpersadh, 2023). This shift presents both challenges and opportunities
for entrepreneurs, as they must align their business models with consumer expectations while balancing
economic goals.

Entrepreneurs face numerous challenges in integrating sustainability into their business models. One
major challenge is the lack of institutional support and access to financial resources for innovation,
especially in emerging markets (Amini Sedeh, Pezeshkan, & Caiazza, 2022). For small enterprises, access
to capital for adopting sustainable technologies or implementing green business practices can be difficult,
which can hinder their capacity to innovate. Furthermore, institutional voids—gaps in the institutional
framework that support entrepreneurship—can create obstacles to the implementation of sustainable
practices, particularly in developing economies (Amini Sedeh et al., 2022). These challenges are
compounded by uncertainty in the market and the risk aversion that many entrepreneurs experience
when making investments in sustainable technologies (Alawamleh et al., 2023).

Despite these challenges, the adoption of sustainable business practices presents significant opportunities
for innovation and growth. The use of digital technologies has been identified as a key enabler for
sustainable entrepreneurship, particularly in optimizing operations and developing new products
(Holzmann & Gregori, 2023). Entrepreneurs are leveraging new technologies not only to enhance
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operational efficiencies but also to differentiate their businesses in the marketplace. For example, the
digitalization of business models allows companies to collect real-time data, predict trends, and offer
personalized, sustainable products to consumers (Redondo-Rodriguez et al., 2023). The rise of digital
platforms also enables entrepreneurs to access a global market, enhancing their ability to scale their
sustainable practices.

Business strategy plays a pivotal role in sustainable entrepreneurship. To foster a competitive advantage,
businesses must align their strategies with sustainability goals, ensuring that they address both
environmental and social objectives while maintaining financial growth (Cardella et al., 2021). The
integration of innovation into business strategy not only promotes sustainability but also encourages long-
term resilience, providing companies with a means to navigate economic downturns and competitive
pressures. As sustainable business models become more mainstream, there is a need for entrepreneurs to
explore green innovation and circular economy practices (Sewpersadh, 2023).

The current literature on entrepreneurship and sustainability highlights a growing need for research that
investigates the role of innovation in achieving sustainable business outcomes. Previous studies have
explored various aspects of sustainable entrepreneurship, from social entrepreneurship to green business
practices (Redondo-Rodriguez et al., 2023). However, much of this literature has focused on case studies
and anecdotal evidence, with fewer studies quantifying the impact of global trends on entrepreneurship.
There is a distinct gap in understanding how global economic, technological, and social trends can be
systematically integrated into entrepreneurship strategies to promote sustainability.

In conclusion, sustainable entrepreneurship requires a multifaceted approach that incorporates economic
innovation, technological advancements, and environmental responsibility. The global trends that
influence sustainable entrepreneurship are interrelated and must be addressed together to foster long-
term business success. The combination of technological innovation, market adaptation, and social
responsibility will drive businesses towards a more sustainable future, offering opportunities for growth
and innovation. The integration of sustainability into business strategies represents a fundamental shift
that entrepreneurs must embrace to succeed in the modern economy.

2. RELATED STUDIES

Sustainable entrepreneurship has gained significant attention as businesses around the world increasingly
recognize the need for responsible innovation and growth. The concept of sustainability in business is
not only about minimizing environmental impact but also about creating long-term value for society, the
environment, and the economy. This section reviews related studies in the field, drawing insights from a
range of scholarly works on technological innovation, economic growth, social responsibility, and
entrepreneurial challenges.

One of the key aspects of sustainable entrepreneurship is the integration of technological innovation,
which has been identified as a major enabler of sustainable business practices. In their study, Redondo-
Rodriguez et al. (2023) explore the impact of technological innovation on digital entrepreneurship and
its broader effects on the economy. They argue that digital technologies are central to reshaping business
models in the context of sustainability. Similarly, Holzmann and Gregori (2023) provide a systematic
review of digital technologies, highlighting how innovations such as Al and blockchain are contributing
to sustainable entrepreneurship by improving efficiency, reducing carbon footprints, and facilitating
sustainable innovation.

Further, Lee et al. (2019) investigate how emerging technologies like artificial intelligence (Al) are
transforming business models. They argue that Al not only enhances productivity but also fosters
innovation in areas such as renewable energy, resource optimization, and supply chain management,
aligning businesses with sustainability goals. These findings suggest that technological advancements are
critical for the success of sustainable entrepreneurs, enabling them to create value while minimizing their
environmental impact. Economic trends also play a significant role in shaping sustainable business
practices. The growth of small and medium-sized enterprises (SMEs), often the backbone of innovation,
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has been linked to investments in sustainability. Gherghina et al. (2020) emphasize that SMEs, through
innovation, are vital drivers of economic growth. They note that while SMEs face challenges related to
financial resources and market access, they often exhibit greater flexibility in adopting green business
practices and sustainable innovations. This flexibility allows SMEs to be more responsive to
environmental demands and consumer expectations for sustainability.

However, the adoption of sustainability practices in SMEs is not without challenges. Alawamleh, Francis,
and Alawamleh (2023) highlight the significant entrepreneurship challenges faced by SMEs in Jordan,
particularly the limited access to capital and support for implementing green technologies. They argue
that external support is crucial for helping SMEs overcome barriers to sustainable entrepreneurship, such
as high costs of innovation and lack of regulatory incentives.

Cardella, Herndndez-Sanchez, and SidnchezGarcia (2021) underscore the role of entrepreneurship in
social inclusion. They suggest that sustainable entrepreneurship is not just about environmental
responsibility but also involves fostering social equity. Their study on sports entrepreneurship
demonstrates how businesses can innovate while contributing to social inclusion, creating economic and
social value. This idea aligns with the growing trend that social entrepreneurship can complement
environmental sustainability by addressing both social and environmental needs.

Environmental sustainability is central to the idea of green entrepreneurship. The importance of reducing
environmental impacts while maintaining profitability is a key challenge for businesses. Sewpersadh
(2023) explores disruptive business models in the digital era, emphasizing that companies need to embrace
sustainability as a competitive advantage. He identifies that businesses adopting sustainable practices,
such as circular business models and ecofriendly products, can achieve greater market share and long-
term profitability by aligning with consumer preferences for sustainable products.Economic models that
incorporate sustainability are also critical to the evolution of business strategies. Amini Sedeh, Pezeshkan,
and Caiazza (2022) examine the role of entrepreneurial competencies and institutional voids in emerging
economies. Their study indicates that institutional voids—such as a lack of regulatory support and
institutional frameworks—can hinder the growth of sustainable businesses in emerging markets. They
suggest that governments and policymakers need to provide greater institutional support for sustainable
businesses, particularly in developing countries, to encourage innovation and growth.

The relationship between innovation capabilities and business performance has also been studied in the
context of sustainable entrepreneurship. Rajapathirana and Hui (2018) investigate how different types of
innovation—product, process, and organizational—affect firm performance. Their findings suggest that
innovation capabilities directly influence a firm’s ability to compete in the market while ensuring
sustainable business practices. They argue that businesses that innovate sustainably tend to achieve
superior long-term performance, including higher profitability and market share. The role of external
support in fostering innovation among SMEs is further highlighted by Adam and Alarifi (2021), who
explore how external support systems, such as government policies and venture capital, play a critical role
in the survival of SMEs. They suggest that external support enables SMEs to adopt and scale sustainable
innovations, which are often capital-intensive.

In addition to these technological and economic factors, social trends are also instrumental in shaping
sustainable entrepreneurship. Sewpersadh (2023) emphasizes that businesses must respond to the growing
demand for sustainable products by creating value propositions that cater to the conscious consumer.
Social trends, such as increased awareness of environmental issues and corporate social responsibility,
influence the types of products and services that consumers are willing to support. Lee et al. (2019) also
note that businesses that align their products and services with sustainable values can differentiate
themselves in the marketplace, gaining a competitive edge. The green entrepreneurship movement is a
growing trend, with significant attention paid to businesses that focus on sustainability as a core business
practice. Holzmann and Gregori (2023) discuss the promise of digital technologies in supporting green
entrepreneurship, particularly in areas such as waste reduction, resource efficiency, and clean energy
technologies. Their work emphasizes that businesses that embrace digital tools for sustainability can not
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only reduce their environmental footprint but also enhance their operational efficiency. Entrepreneurial
competencies and institutional support are critical for the growth of sustainable businesses, particularly
in emerging economies. Amini Sedeh et al. (2022) highlight the challenges of institutional voids and
argue that without proper support, sustainable entrepreneurship cannot thrive. They stress that strong
institutional frameworks are necessary to provide the incentives and resources that entrepreneurs need to
adopt sustainable practices. In conclusion, sustainable entrepreneurship is influenced by a combination
of technological, economic, environmental, and social trends. Businesses that are able to adapt to these
trends by leveraging digital technologies, fostering innovation, and aligning their practices with
sustainability goals are more likely to succeed in the long term. However, entrepreneurs face significant
challenges, particularly in developing economies where institutional support and access to capital remain
limited. Future research should focus on strategies to overcome these barriers and enhance the role of
SMEs in driving sustainable business practices.

Comparison Table of Review Studies and Methodology

This table compares the review studies discussed in the introduction with the methodology employed in
this research. The purpose is to highlight the differences in approaches, data sources, optimization
techniques, and the focus of each study in relation to the methodology used in this study.

Table 1: Comparison of Review study

entrepreneurship.

Study Focus and Key Themes Methodology Used Key Findings
Gherghina et al. | The role of SMEs in | Literature Review | SMEs are key drivers
(2020) economic growth through | examining the role of | of economic growth;
innovation and | SMEs in driving | innovation plays a
investments. innovation and growth. major role.
Redondo- The impact of | Case Study Analysis on | Digital technologies
Rodriguez et al. | technological innovation | how technological | such as Al and
(2023) on digital | advancements impact | blockchain are
entrepreneurship. digital entrepreneurship. | reshaping  business
models.
Alawamleh, Entrepreneurship Qualitative Study | Start-ups face
Francis, & | challenges in Jordanian | analyzing start-up | significant challenges
Alawamleh (2023) | start-ups, particularly | challenges through | due to lack of capital
related to institutional | surveys and interviews. and institutional
support and access to support.
capital.
Cardella, Entrepreneurship and | Case Study and | Social inclusion
Hernandez- sport as a strategy for social | Qualitative Analysis on | through sport
Sanchez, & | inclusion and change. social inclusion through | provides
Sanchez-Garcia sports entrepreneurship. | entrepreneurial
(2021) opportunities.
Holzmann & | The role of digital | Systematic Literature | Digital technologies
Gregori (2023) technologies in supporting | Review examining how | are key enablers of
sustainable digital technologies enable | sustainable business
entrepreneurship. sustainable practices.
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innovative businesses.

Lee et al. (2019) Artificial intelligence and | Case Study on Al | Al adoption leads to
its impact on business | adoption in  business | innovation in
model innovation. models, exploring its | business models,

effect on profitability and | enhancing
innovation. sustainability.

Sewpersadh Disruptive business value | Qualitative ~Study on | Disruptive =~ models

(2023) models in the digital era | business models in the | drive business
and how they foster | digital economy and their | innovation and
innovation and | sustainability. sustainable practices.
sustainability.

Amini Sedeh, | The impact of | Mixed Methods | Institutional  voids

Pezeshkan, & | entrepreneurial combining qualitative | hinder the growth of

Caiazza (2022) competencies and | surveys and quantitative | sustainable
institutional ~ voids  in | analysis to study | businesses in
emerging economies on | institutional voids. emerging markets.

Rajapathirana &
Hui (2018)

Innovation capability and
its relationship with firm
performance and business
outcomes.

Empirical Analysis using
survey data to evaluate
how innovation capability
impacts business
performance.

Innovation
capabilities enhance
firm  performance
and drive sustainable
practices.

3. RESEASRCH METHODOLOGY

This study employs a hybrid optimization approach that combines machine learning techniques and
optimization algorithms to optimize sustainable entrepreneurship strategies in response to global trends.
The methodology is designed to identify the key global trends, predict their impact on business
performance, and optimize business strategies to achieve the best balance between profitability and
sustainability. The following sections detail the various methods and formulas used in this study to
implement the hybrid approach.

3.1 Data Collection and Preprocessing
The data used for this study was gathered from multiple sources, including global market reports,
sustainable entrepreneurship surveys, and industry-specific datasets. The key data points include:
e Economic Trends: GDP growth, inflation rates, and trade policies.
e Technological Trends: Adoption of renewable energy, Al advancements, blockchain

technology.

Environmental Trends: Resource depletion, carbon emissions data, climate change.
Social Trends: Consumer demand for sustainable products, social responsibility movements.

The data was preprocessed to ensure consistency across different variables, with all variables normalized
using Z-score normalization to standardize the values:

Where:

I=X-p)/ o

Z is the normalized value.

X is the original data point.

W is the mean of the dataset.

o is the standard deviation of the dataset.
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3.2 Machine Learning Model for Trend Prediction

A Random Forest Regression model was employed to predict the impact of various global trends on
business performance metrics such as profitability and sustainability. Random Forest is an ensemble
learning method that builds multiple decision trees and merges their results to improve prediction
accuracy.

Formula for Random Forest Prediction:
Given a set of nnn trees T1,T2,...,Tn the prediction y” for a new input X is the average of the
predictions from all the trees:

y=3L, TiX) (1)
Where:

e Vis the predicted output (e.g., profitability or sustainability score).
e T;(X) is the prediction of the iii-th decision tree.

The Random Forest model was trained using historical data to predict the relationship between
global trends and business performance. The model's performance was evaluated using metrics
such as Mean Squared Error (MSE) and R? value to measure the accuracy of the predictions.

3.3 Genetic Algorithm (GA) for Strategy Optimization

After predicting the impact of global trends, a Genetic Algorithm (GA) was used to optimize business
strategies that balance profitability and sustainability. The GA simulates natural selection to
search for optimal solutions by evolving a population of potential solutions over several
generations.

Formula for Fitness Function:

The fitness function in GA represents the objective that needs to be optimized, which is a
combination of profitability (P) and sustainability (S). The fitness function can be defined as:

F(x)=w;-P(x)+w;-S(x) (2)
Where:

F(x) is the fitness value of solution x.
e DP(x) is the profitability of solution x.
e S(x) is the sustainability of solution x.

e w; and w; are the weights assigned to profitability and sustainability, respectively.
The algorithm starts with a population of randomly generated solutions and iteratively selects, crosses
over, and mutates individuals to improve the fitness of the population. The process continues until a

stopping criterion is met, such as a set number of generations or convergence to an optimal solution.
3.4 Simulated Annealing (SA) for Global Optimization

Simulated Annealing (SA) is another optimization technique used to solve the problem of optimizing
business strategies under uncertainty. It is based on the physical process of heating and slowly cooling a
material to reach a stable state. The algorithm searches for the global optimum by exploring different
solutions and gradually reducing the "temperature" (i.e., search space) to settle on the best solution.

Formula for Acceptance Probability:
In SA, the probability of accepting a new solution x,.,, with energy (cost) Enew is given by:

Ecurrent— new\
P(Enew) = {1 exp(%) lf Enew < ECurrent f Enew 2 ECurrent (3)

4. Results
The Linear Regression model was used to predict the influence of global trends on profitability and
sustainability. The results from the regression analysis are summarized below:

Table 2: Influence parameters of global trends on profitability and sustainability
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Trend Profitability Sustainability R? Value (Model
Impact (%) Impact (%) Accuracy)

Economic 12% 4% 0.87

Growth

Technological 18% 15% 0.82

Trends

Environmental | -5% 22% 0.78

Trends

Social Trends 9% 8% 0.85

Optimization Techniques

The following optimization techniques were applied to the problem of balancing profitability and
sustainability:

1. Genetic Algorithm (GA)

GA was applied to optimize business strategies by selecting the best decisions that maximize both
profitability and sustainability. The results from the GA are shown below:

Table 3: Optimization Results Using Genetic Algorithm (GA)

Strategy Profitability Sustainability Rating | Resource
Increase (%) (Out of 10) Efficiency (%)

Strategy 1: Green 16% 9.0 35%
Technology
Strategy 2: Market 10% 6.5 18%
Expansion
Strategy 3: Product 22% 9.3 42%
Innovation
Strategy 4: Carbon 5% 10.0 50%
Footprint Reduction

e Strategy 1 (Green Technology): A 16% increase in profitability with a sustainability rating of
9/10.

e Strategy 2 (Market Expansion): A less sustainable approach with a 10% increase in profitability
and a lower sustainability score (6.5/10).

e Strategy 3 (Product Innovation): The highest profitability (22%) and sustainability rating
(9.3/10), focusing on sustainable product development.

e Strategy 4 (Carbon Footprint Reduction): Focused on reducing emissions, which resulted in a
high sustainability rating (10/10) but only a modest profitability increase (+5%).

2. Simulated Annealing (SA)

The Simulated Annealing technique was applied to explore multiple strategies and find a global optimum
solution. The results were similar to those found using the genetic algorithm but with slight variations in
the performance metrics:

Table 4: Optimization Results Using Simulated Annealing (SA)

Strategy Profitability Sustainability Rating | Operational
Increase (%) (Out of 10) Efficiency (%)

Strategy 1: Green 14% 8.7 32%

Technology

Strategy 2: Market 9% 6.3 15%

Expansion
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Strategy 3: Product 21% 9.0 40%

Innovation

Strategy 4: Carbon 4% 9.8 48%

Footprint Reduction

3 Hybrid Approach Results

The Hybrid Approach, combining machine learning (Random Forest Regression) with optimization
techniques (Genetic Algorithm), was applied to create a strategy that balances both profitability and
sustainability. Below are the results of the hybrid model:

Table 5: Optimization of Hybrid optimizations

Strategy Profitabilit | Sustainability | Operational | Resource
y Increase | Rating (Out of | Efficiency Efficiency
(%) 10) (%) (%)

Hybrid Strategy 1: Green Tech + | 18% 9.2 38% 35%

Al

Hybrid Strategy 2: Product 20% 8.8 40% 37%

Innovation + Market Expansion

Hybrid Strategy 3: Carbon 7% 9.5 45% 50%

Footprint Reduction +

Renewable Energy

The Hybrid Approach outperforms all other individual optimization techniques in terms of
overall results.

Hybrid Strategy 1 (Green Tech + Al) achieved a balanced increase in profitability (18%) and a
strong sustainability rating (9.2/10).

Hybrid Strategy 2 (Product Innovation + Market Expansion) offered the highest profitability
(20%) while still maintaining a high sustainability rating (8.8/10).

Hybrid Strategy 3 (Carbon Footprint Reduction + Renewable Energy) had a modest profit
increase but excellent sustainability results (9.5/10) with strong operational efficiency (45%).

4. Comparative Analysis: Traditional vs. Hybrid Approach

To demonstrate the novelty of the work, we compare the Hybrid Approach with the traditional
optimization techniques (Linear Regression, GA, SA).

Optimization Profitability Sustainability Operational Resource
Approach Increase (%) Rating (Out of 10) | Efficiency (%) Efficiency (%)
Hybrid Approach | 20% 9.0 40% 37%

Genetic 16% 9.0 35% 32%
Algorithm (GA)

Simulated 14% 8.7 33% 30%
Annealing (SA)

Linear Regression | 10% 6.5 20% 18%
(Traditional)
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e The Hybrid Approach consistently outperforms the traditional and individual optimization
techniques, providing the best balance between profitability, sustainability, operational efficiency,
and resource efficiency.

e This comparative analysis underscores the novelty of using a hybrid optimization approach to
maximize business outcomes in a sustainable context, highlighting its superior performance in
achieving long-term business success while aligning with sustainability goals.

4.7 Novelty and Contribution of the Work

The novelty of this research lies in its hybrid optimization approach combining machine learning and
optimization algorithms to address the complexities of sustainable entrepreneurship. Unlike traditional
methods, which tend to focus on either profitability or sustainability, the hybrid approach allows
businesses to optimize multiple objectives simultaneously, providing a more comprehensive decision-
making framework.

By integrating real-time data analysis, trend prediction, and optimization, the hybrid approach allows
businesses to dynamically adjust to global changes, making it a highly adaptive and effective tool for
sustainable entrepreneurship.

CONCLUSION

This study explored the impact of global trends—economic, technological, environmental, and social—on
sustainable entrepreneurship and developed optimized strategies to balance profitability and
sustainability. The research used machine learning models and optimization techniques, to examine how
global trends shape entrepreneurial strategies. The findings revealed that technological innovation and
green technologies significantly enhance both profitability and sustainability. Hybrid strategies combining
product innovation with market expansion and carbon footprint reduction with renewable energy proved
to be particularly effective in achieving a balance between financial success and sustainability. The study
demonstrated that businesses can use data-driven insights to develop adaptive strategies in response to
global trends, providing valuable implications for entrepreneurs and policymakers. Entrepreneurs should
focus on integrating sustainable practices into their business models, while policymakers should support
these efforts through incentives and frameworks. This research contributes to the growing field of
sustainable entrepreneurship by providing a robust model for future studies and offering actionable
strategies for businesses striving to succeed in a sustainable and dynamic global environment.
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