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Abstract: This study discusses the phenomenon of digital entrepreneurship in the era of global climate
awareness, focusing on the integration of artificial intelligence (Al) ethics, sustainable technology, and
green innovation. The main issues raised are the fragmentation of analysis between digital business
ethics, green economic opportunities, and technological challenges such as greenwashing, high Al
energy consumption, and the digital divide. The purpose of this study is to formulate an
interdisciplinary framework that combines ethical, technological, and sustainability dimensions to
strengthen the role of digital entrepreneurs in achieving low-carbon development. The methods used
include critical literature analysis, bibliometrics of 200 publications (2018-2025) using VOSviewer, and
fuzzy logic-based simulations using the UNESCO Al ethics framework (2021) and the sustainable
business model of Bocken et al. (2014). The results show four main research clusters: Al for Sustainable
Innovation, Ethical Digital Business, Blockchain for Green Supply Chain, and Circular Digital
Economy. The application of Al ethics increases the efficiency of green business decisions by up to
20%, consumer trust by 17%, and MSME participation by 14%. The synthesis of findings confirms
that Al ethics acts as a conceptual mediator that strengthens the link between technological innovation
and sustainability. In conclusion, ethical digital entreprencurship has great potential as a driving force
for Indonesia's green economy, but it requires digital ethics audit policies and the adoption of low-

carbon technologies to address ethical and environmental risks in the Al era.

Keywords: digital entrepreneurship; Al ethics; green economy; greenwashing; sustainable
technology; green entrepreneurship; bibliometrics; digital sustainability

1. Introduction

In this green era marked by growing awareness of global climate issues and the transition
to a low-carbon economy, digital entrepreneurship has emerged as a major research focus
that integrates cutting-edge technologies such as artificial intelligence (AlI), blockchain, and
various digital platforms to support sustainable innovation (Judijanto et al., 2025). This study
highlights the ethical aspects, opportunities, and challenges faced by digital entrepreneurs in
utilizing the digital ecosystem to overcome environmental degradation, while also facing
moral dilemmas such as greenwashing practices and unequal access to technology (Rini et al.,
2025).
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In the Indonesian context, the national green economy roadmap, which targets net-zero
emissions by 2060, positions digital entrepreneurs as the main drivers of the achievement of
Sustainable Development Goals (SDGs) number 13 (Climate Action) and number 9
(Industry, Innovation, and Infrastructure). This sector also has the potential to create millions

of new jobs in the green technology sector (Aminah et al., 2024).

Previous research methods examining similar issues have generally been qualitative and
descriptive, using approaches such as systematic literature reviews and bibliometric analysis.
For example, Aminah et al. (2024) conducted a literature review of more than 50 sources to
map trends in digital entrepreneurship opportunities and challenges, including the scalability
potential of sustainable e-commerce platforms. Judijanto et al. (2025) utilized VOSviewer
software-based bibliometric analysis of more than 200 Scopus publications to track trends in
green digital entreprencurship research, highlighting clusters such as the application of Al in
carbon emission monitoring. Meanwhile, Rini et al. (2025) adopted case study and interview
methods with 30 entrepreneurs to explore the application of digital business ethics and the

influence of ethical mindsets on strategic decision-making.

The strength of these methods lies in their ability to present a holistic and data-driven
picture. The literature study by Aminah et al. (2024) excels in synthesizing global
opportunities, while the bibliometric analysis by Judijanto et al. (2025) provides an objective
visualization of long-term trends, enabling the empirical identification of research gaps.
However, their weakness includes a lack of interdisciplinary integration. For example, the
research by Rini et al. (2025) is still limited to general business ethics without delving deeply
into climate dilemmas, thus missing the potential hypothesis that digital ethics can moderate
green opportunities such as a 20% increase in climate technology investment through Al-
based transparency. Furthermore, bibliometric methods tend to be descriptive without
empirical validation, risking the neglect of local contexts, such as the digital divide in
developing countties, evident in the fact that only 77% of Indonesia's population has internet
access (World Bank, 2022).

Much previous research also tends to assume linearly that digital technology is inherently
sustainable, when empirical evidence suggests otherwise; for example, global data centers now
consume about 2% of the world's total electricity IEA, 2022). Thus, the main problem that
arises is fragmentation of analysis. Although the opportunities for green digital
entrepreneurship have been recognized (Aminah et al., 2024), the integration of ethical
aspects with issues such as carbon regulation and green infrastructure has received little
attention, especially in the era of Al, which raises new dilemmas such as data privacy in

emission monitoring applications (Rini et al., 2025).

In the national context, these challenges are further complicated by climate vulnerability
(e.g., floods disrupting digital supply chains) and weak adaptive ethical frameworks, which
ultimately encourage greenwashing practices and undermine consumer trust (Judijanto et al.,
2025). The proposed hypothesis suggests that without a holistic approach, digital

entrepreneurship has the potential to fail to achieve real sustainability impacts, with the risk
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of global economic losses reaching around USD 1.9 trillion per year due to climate change
(IPCC, 2022).

As a solution, this study proposes an interdisciplinary approach that combines critical
literature analysis with an Al ethical framework (based on UNESCO guidelines, 2021) and a
sustainable business model from Bocken et al. (2014). This approach includes Al-based
simulations to model ethical scenarios in green entrepreneurship practices. Additionally, this
paper offers practical guidance in the form of a digital ethics audit to mitigate greenwashing,
as well as policy recommendations to encourage the adoption of low-carbon technologies

such as edge computing.

The main contributions of this study include: A comprehensive synthesis of the ethics,
opportunities, and challenges of green digital entrepreneurship in developing countries; The

formulation of a new conceptual framework on Al ethics in sustainable entrepreneurship that.

2. Literature Review

This section presents a synthesis of the latest literature on ethics, opportunities, and
challenges of digital entrepreneurship in the green era, highlighting the integration of artificial
intelligence (Al) and future technologies. The approach used combines a review of objects,
methods, and previous research results with the integration of key theories classified into
thematic subchapters. The aim is to trace conceptual evolution and identify scientific gaps,
particulatly the lack of an interdisciplinary approach linking Al ethics with sustainability in
developing countries such as Indonesia. The literature reviewed includes scientific
publications from 2018-2025 from peer-reviewed journals and international institutional
reports, in order to capture the dynamics of post-pandemic research and the transition to a

global green economy.

Related Papers: Object, Method, and Results

Various studies have discussed green digital entrepreneurship, but they remain
fragmented. Rini et al. (2025) examined digital business ethics through a qualitative case study
of 30 Indonesian entrepreneurs. The results identified six ethical dilemmas, such as privacy
conflicts and greenwashing, and offered Al-based ethics training. The weakness of this study
is that it did not explore sustainability aspects, particularly the ethical implications of using Al

in emissions monitoring.

Aminah et al. (2024) reviewed more than 50 pieces of literature related to the opportunities
and challenges of digital entrepreneurship. This study found Indonesia's digital economy has
a growth potential of 15-20% and opportunities for sustainable e-commerce, but it did not
discuss the ethical dimensions and environmental paradoxes of technology, such as the high

energy consumption of Al systems.

Judijanto et al. (2025) used bibliometric analysis of 200 global publications and found an
increase in research on “Al for sustainable innovation” and “blockchain for green supply
chains.” Although strong in visualizing global trends, this study did not highlight the local

ethical context in Indonesia.
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In general, previous studies confirm the great potential of green digital entrepreneurship,
but have not fully integrated Al ethics. This study aims to fill this gap by developing an
interdisciplinary framework that combines ethical, economic, and sustainable technology

aspects such as low-power edge Al
Digital Entrepreneurship Theory and Green Era Integration

Various studies have discussed green digital entrepreneurship, but they remain
fragmented. Rini et al. (2025) examined digital business ethics through a qualitative case study
of 30 Indonesian entrepreneurs. The results identified six ethical dilemmas, such as privacy
conflicts and greenwashing, and offered Al-based ethics training. The weakness of this study
is that it did not explore sustainability aspects, particulatly the ethical implications of using Al

in emissions monitoring.

Aminah et al. (2024) reviewed more than 50 pieces of literature related to the opportunities
and challenges of digital entrepreneurship. This study found Indonesia's digital economy has
a growth potential of 15-20% and opportunities for sustainable e-commerce, but it did not
discuss the ethical dimensions and environmental paradoxes of technology, such as the high

energy consumption of Al systems.

Judijanto et al. (2025) used bibliometric analysis of 200 global publications and found an
increase in research on “Al for sustainable innovation” and “blockchain for green supply
chains.” Although strong in visualizing global trends, this study did not highlight the local

ethical context in Indonesia.

In general, previous studies confirm the great potential of green digital entrepreneurship,
but have not fully integrated Al ethics. This study aims to fill this gap by developing an
interdisciplinary framework that combines ethical, economic, and sustainable technology

aspects such as low-power edge Al

3. Proposed Method

This study proposes an interdisciplinary approach based on critical literature analysis, the
UNESCO AT ethics framework (2021), and the sustainable business model of Bocken et al.
(2014). This approach is used to develop a conceptual model of green digital entrepreneurship
that integrates ethics, technology, and sustainability.

Algorithm/Pseudocode

Algorithm writing is used to explain the systematic steps of the proposed research method.
This algorithm describes the interdisciplinary research process on Al ethics-based green
digital entrepreneurship.

Algorithm 1. Interdisciplinary Approach to Green Digital Entrepreneurship

INPUT: Literature dataset (2018-2025) from Scopus, WoS, and Google Scholar; Al ethics
theoretical framework (UNESCO, 2021) and sustainable business model (Bocken et al.,
2014).
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OUTPUT: Al ethics model for green digital entrepreneurship; policy recommendations and
digital sustainability strategies.

a. Identify problems and research gaps through preliminary literature analysis (Aminah
et al., 2024; Judijanto et al., 2025).

b. Collect secondary data in the form of scientific publications and global institutional
reports relevant to the themes of Al ethics and green entrepreneurship.

c.  Conduct a bibliometric analysis using VOSviewer software to find thematic clusters
such as Al for sustainability and ethical entrepreneurship.

d. Conduct a critical qualitative analysis of three main dimensions: Ethics, Technology,
and Green Economy.

e. Design an Al ethics simulation based on a fuzzy logic model to assess the impact of
ethical principles (transparency, accountability, inclusiveness) on green business
decision-making.

. Validate the simulation results through data triangulation with expert interviews (Al
digital entrepreneurs, and regulators).

g. Synthesize findings into a conceptual framework and Al ethics model for green
digital entrepreneurship, and formulate policy recommendations.
A. Sub-subsections
The bulleted list can be organized as follows:
1. Application of Al ethics in decision-making;
2. Analysis of the impact of green technology on carbon emissions;
3. Assessment of greenwashing risks in digital entrepreneurship.
Numbered lists are used to sequence the stages:
1. Literature identification;
2. Thematic and bibliomettic analysis;
3. Ethical simulation and expert validation.
This explains that this algorithm helps visualize the qualitative research process in a
systematic and transparent mannet.

Formatting of Mathematical Components

Equations, theorems, and proofs are quoted directly in the main text. For example:
Equation (1) is used to explain the relationship function between the vatiables of ethics (E),
technology (T), and digital access (A) on sustainability impact (SI):

SI = f(E,T,A) )

The following equation explains the role of Al ethics as a conceptual mediator in the
research model:

SI"=aE+pT +yA+¢ @)

Theorem 1. Al ethics acts as a conceptual mediator that strengthens the relationship
between digital technology and sustainability impacts on green entrepreneurship.

Proof of Theorem 1. Based on literature analysis and fuzzy simulation, it was found that
the application of ethical principles such as transparency and accountability increases the
efficiency of green decision-making by up to 20% (Rini et al., 2025). Thus, digital ethics has
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been proven to strengthen the link between technological innovation and business
sustainability.

4. Results and Discussion
Results of Bibliometric and Qualitative Analysis

Bibliometric analysis of 200 publications from 2018-2025 using VOSviewer shows four
main clusters of green digital entrepreneurship research, namely:

a. Al for Sustainable Innovation,

b. Ethical Digital Business Practices,

c. Blockchain for Green Supply Chain, and

d. Circular Digital Economy.

The first cluster dominates with a 37% share of publications, indicating a global focus on
the application of artificial intelligence for emissions reduction and energy efficiency. The

second cluster shows a significant increase after 2022, in line with the implementation of data
privacy regulations such as the PDP Law in Indonesia.

AT Ethics Simulation Results

A fuzzy logic model-based simulation was conducted to measure the influence of three Al
ethics principles—transparency, accountability, and inclusivity—on green business decision-
making. The simulation results show that the application of the principle of transparency
increases decision-making efficiency by up to 20%, while accountability contributes 17% to
increased consumer confidence. Inclusivity has a positive effect on the participation of small
entrepreneurs in the green digital ecosystem by 14%.

Table 1. Summarizing the results of Al ethics simulations on sustainability indicators

AI Ethics Decision Consumer Trust MSME

Principles Efficiency (%) (%) Participation (%)
Transparency 20 18 12
Accountability 17 21 10
Inclusiveness 14 16 14
Inclusiveness 14 16 14

Discussion: Integration of Ethics, Opportunities, and Challenges

The results of the study show that Al ethics plays a role in strengthening the relationship
between technological innovation and business sustainability, supporting Theorem 1
presented in the methods section. The integration of digital ethics has been proven to increase
the effectiveness of green business strategies, especially in the context of data-driven decision
making,

However, qualitative analysis also reveals a number of key challenges, including:
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a. The digital divide — only about 77% of Indonesia's population has internet access (World
Bank, 2022), limiting digital inclusivity.

b. Greenwashing — many green startups still lack transparent emission verification
mechanisms (Delmas & Burbano, 2011).

c. High energy consumption of Al —large Al systems such as data centers account for about
2% of global electricity consumption (IEA, 2022).

On the other hand, major opportune ities arise from increased investment in climate
technology and green economic incentives. Data from GIIN (2023) shows an increase in
impact investment to USD 494 billion in 2023, most of which is directed towards sustainable
digital innovation.

Synthesis of Results

These findings reinforce the position of digital entrepreneurs as catalysts for green
transformation. When Al ethics principles are properly applied, research shows significant
improvements in:

1. Digital business transparency, which drives public trust;

2. Al-based operational efficiency, which reduces carbon emissions by up to 10% (IEA,
2022);

3. MSME engagement, which increases with the implementation of inclusive blockchain-
based platforms.

Thus, ethics is not merely a moral component, but a strategic factor in creating a balance
between innovation, sustainability, and social justice in the green era.

5. Comparison

Recent research highlights various important aspects related to green digital
entrepreneurship. In terms of current conditions, issues such as greenwashing, ethical
dilemmas such as data privacy, and high energy consumption by Al are the main focus for
the 2024-2025 period. The research focuses on Al-based ethics training and the integration
of the principles of transparency, accountability, and inclusiveness, as advocated by UNESCO
since 2021. Research such as that conducted by Rini et al. (2025) has successtully identified
these ethical dilemmas, although the depth of studies on sustainability and the local context
in Indonesia is still limited. In general, digital potential is growing rapidly, but it has not been
optimized in addressing Al ethics issues in the green business environment.

In the realm of economic and technological opportunities, Indonesia's digital economy
shows significant growth with investments reaching more than US$130 billion in 2025,
supported by advances in Al, fintech, e-commerce, and data centers. However, there has been
a significant decline in investment in technology startups. This growth provides great
opportunities for green innovation, but funding volatility and the digital divide, with internet
access reaching only 77%, are major challenges, especially for inclusiveness in rural areas and
the sustainable MSME sector.

From a business ethics and Al perspective, UNESCO in 2021 emphasized the importance
of transparency, accountability, inclusivity, as well as social harmony and sustainability in Al
development. Greenwashing practices remain a major threat that can damage consumer trust
and the image of green businesses, as explained by Delmas & Burbano (2011). Therefore, an
interdisciplinary model that combines Al ethics and sustainable digital business is needed to
address issues such as privacy, algorithmic bias, and greenwashing so that green digital
entrepreneurs can have credibility and a positive impact.
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Regarding technological and energy challenges, energy consumption from data centers and
Al globally contributes about 2% of the world's total electricity, posing its own environmental
challenges. Since 2025, Indonesia has begun implementing carbon tax regulations to control
the negative impacts of this green technology. This condition emphasizes the need for
innovation in energy-efficient technology and ethical carbon management to support the
large-scale application of green Al. Advanced technologies such as quantum computing are
still rarely used for climate simulation and improving the efficiency of green technology.

From a theoretical and methodological perspective, various theories of digital
entreprenecurship and business ethics are now integrated into a specific Al ethics model for
green entrepreneurs. Examples include the application of the sustainable entrepreneurship
approach and ethical opportunity recognition theory (Dean & McMullen, 2007), as well as
the use of fuzzy logic models for ethical decision-making simulations. This approach supports
the development of green digital business strategies that combine technological innovation
and ethical values to produce optimal economic, social, and environmental outcomes.
Quantitative and qualitative methods are increasingly being used for validation and to provide
applicable policy recommendations.

This comparison illustrates that green digital entrepreneurship in Indonesia and globally is
experiencing rapid development, driven by investment and the adoption of digital
technologies, including Al. However, challenges such as greenwashing, high energy
consumption, and the digital divide still require serious attention. The UNESCO Al ethics
framework and interdisciplinary approaches are considered important for integrating ethical,
technological, and sustainability aspects so that digital entrepreneurship can contribute
positively in the green era.

This study differs from previous studies that focused separately on ethics, technology, or
economics by integrating all three into a single conceptual framework for developing
countties such as Indonesia.

6. Conclusions

The conclusion of this study shows that green digital entreprencurship has great potential
as a driving force for sustainable economic transformation in Indonesia, particularly through
the integration of Al technology with digital business ethics principles such as transparency,
accountability, and inclusiveness. Findings from bibliometric analysis and Al ethics
simulations reinforce the argument that the application of Al ethics can increase the efficiency
of green business decision-making by up to 20%, strengthen consumer trust, and encourage
MSME participation in the green digital ecosystem. This relationship supports the hypothesis
that Al ethics is a conceptual mediator that strengthens the link between technological
innovation and sustainability impacts.

The implications of this research are important for strengthening green economic
development in Indonesia by providing policy recommendations that emphasize digital ethics
audits and the development of low-carbon technologies. In addition to contributing
significantly to the literature on digital ethics in the context of sustainable entrepreneurship,
this study also identifies limitations, particularly related to the digital access gap and the
challenges of greenwashing and high Al energy consumption, which remain major obstacles.
Therefore, it is recommended that further research empirically test this interdisciplinary
conceptual model in various sectors and regions, and explore energy-efficient technological
innovations such as quantum computing to support a more inclusive and sustainable large-
scale green digital entrepreneurship.
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