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ABSTRACT 

This study investigates the complex relationship between artificial intelligence (AI) and 

sustainability, addressing the dual potential of AI to enhance sustainable practices while 

also presenting significant environmental challenges. To comprehensively understand 

these dynamics, an approach combining systematic literature review with quantitative 

analyses based on Web of Science (WoS) data was adopted; VOSviewer (version 1.6.20) 

software was utilized for bibliometric mapping. This methodology facilitated the 

examination of AI applications across various sectors, focusing specifically on their role 

in enhancing resource efficiency, optimizing energy management, and supporting 

decision-making processes aligned with the United Nations Sustainable Development 

Goals (SDGs). 

                                                             
1 This article is an out of print version of “The Paradox of Artificial Intelligence and Sustainable 

Entrepreneurship: A Bibliometric Analysis”, which was presented orally at the 1st National Student 

Congress on Sustainable Businesses in the Age of Artificial Intelligence, Ankara, Türkiye. 
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The findings reveal a paradox inherent in the deployment of AI technologies: while AI 

possesses the capacity to drive efficiencies and stimulate innovations in fields such as 

energy management, agriculture, and waste management, it concurrently contributes to 

substantial carbon footprints and energy consumption associated with its operational 

infrastructure. Particularly, the energy demands for training and maintaining AI systems, 

especially those reliant on non-renewable energy sources, raise critical concerns 

regarding their ecological sustainability. This phenomenon, often referred to as "Red AI," 

illustrates how the promise of AI in fostering sustainable outcomes can be undermined 

by the environmental costs of its implementation. 

Key ethical considerations also emerged prominently in the study, particularly concerning 

algorithmic biases and the risk of exacerbating existing inequalities when AI systems are 

applied without adequate oversight. Therefore, the research advocates for the 

development of "Sustainable AI" frameworks that integrate environmental responsibility 

and social equity into the design, deployment, and lifecycle management of AI, 

emphasizing that such frameworks must ensure ethical standards and sustainability goals 

alongside AI's technological benefits. 

In conclusion, stakeholders—including technologists, policymakers, and ethicists—must 

engage in collaborative efforts to reconcile the benefits of AI with its ecological impacts; 

adopt a responsible innovation approach prioritizing fairness, inclusivity, and 

environmental stewardship; and establish robust regulatory frameworks that guide the 

development and implementation of AI systems towards sustainable outcomes. By 

addressing these challenges proactively, AI holds significant potential to serve as a 

powerful tool in achieving meaningful progress towards global sustainability objectives. 

Keywords: Artificial Intelligence (AI), Sustainability, Sustainable Development Goals 

(SDGs), Sustainable AI, Environmental Impact, Bibliometric Analysis, Sustainable 

Entrepreneurship 
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1. INTRODUCTION 

The rapid advancement of Artificial Intelligence (AI) presents both significant 

opportunities and challenges, particularly within the realm of sustainability. As nations 

strive to fulfill the United Nations Sustainable Development Goals (SDGs), the 

integration of AI technologies into sustainability initiatives is becoming increasingly 

vital. AI has the potential to enhance resource management, improve decision-making 

processes, and drive innovations across sectors such as energy, agriculture, and urban 

planning. 

However, these benefits must be balanced against the pressing environmental costs that 

accompany AI deployment, notably in terms of energy consumption and resultant carbon 

emissions. The relationship between AI and sustainability is often described as a paradox; 

while AI can contribute remarkably to sustainable outcomes, its deployment frequently 

involves substantial ecological footprints that could undermine these very objectives. For 

instance, the energy-intensive processes required for training AI models, along with the 

lifecycle impacts of AI technologies—encompassing their production, operation, and 

disposal—pose significant risks to environmental integrity. More alarmingly, the reliance 

on non-renewable energy sources for these processes exacerbates the situation, making it 

imperative to adopt a holistic and sustainable approach to AI development. 

Furthermore, the ethical considerations surrounding AI's implementation cannot be 

overlooked. Issues such as algorithmic bias and the marginalization of certain 

stakeholders illustrate the social implications intertwined with technological 

advancements. For AI to fulfill its promise of contributing to sustainability, it is essential 

that frameworks are established to ensure that these technologies are developed 

transparently and equitably. This necessitates a commitment to "Sustainable AI," a 

concept that advocates for the design and operational strategies of AI systems to prioritize 

both environmental stewardship and social equity. 

According to literature, either web of science or scopus database would be enough to 

make a bibliometric analysis in social sciences. Both gives parallel results (Öz et al., 



The Paradox of Artificial Intelligence and Sustainable… 177 

 

 
 

2023). To explore these intricate dynamics, this study employs a bibliometric analysis 

based on the Web of Science (WoS) database, utilizing VOSviewer 1.6.20 software to 

map the research landscape concerning the AI-sustainability paradox. In doing so, it seeks 

to identify pathways towards minimizing environmental harm while maximizing societal 

benefits. By addressing these complex dimensions, it aims to inform policymakers and 

stakeholders on the critical factors essential for harnessing AI as a tool for sustainable 

development. 

The remainder of this paper is structured as follows: Section 2 reviews the relevant 

literature on the AI-sustainability paradox. Section 3 details the bibliometric methodology 

employed. Section 4 presents and discusses the findings from the VOSviewer analysis. 

Finally, Section 5 concludes the study and offers recommendations for future research 

and practice. 

 

2. LITERATURE REVIEW (THEORETICAL FRAMEWORK) 

Artificial intelligence (AI) and sustainability are two critical areas of focus in 

contemporary research and policy-making, particularly in the context of global challenges 

such as climate change, resource scarcity, and urbanization. Understanding these 

concepts and the paradoxes associated with their interplay is fundamental to leveraging 

AI in a manner that enhances sustainable development. This literature review examines 

the paradox between AI's potential to advance sustainable practices and its associated 

environmental costs, with a specific focus on energy consumption and ethical 

considerations. 

Artificial intelligence is broadly defined as the simulation of human intelligence 

processes by machines, particularly computer systems. This includes learning, reasoning, 

and self-correction capabilities that allow AI systems to perform tasks traditionally 

requiring human intelligence (Hasas et al., 2024). AI can enhance efficiency across 

various sectors, optimize processes, and enable predictions that support decision-making.    
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Sustainability, on the other hand, refers to the capacity to meet the needs of the present 

without compromising the ability of future generations to meet their own needs. It 

encompasses three main dimensions: economic, environmental, and social (Dhiman et 

al., 2024). The commitment to sustainability has led to initiatives and frameworks such 

as the Sustainable Development Goals (SDGs), which aim to address global challenges 

while promoting prosperity and equity (Khan et al., 2024).   

 

2.1. The Paradox Between AI and Sustainability 

The relationship between AI and sustainability, however, presents a paradox as it 

embodies both opportunity and risk. On one side, AI has shown significant promise in 

contributing to sustainable outcomes through efficient resource management and 

innovation. For instance, AI applications in energy management can enhance the 

efficiency of renewable energy systems, streamline waste management, and improve 

agricultural practices by optimizing input use (Oyewole et al., 2024; Khakurel et al., 

2018). Khakurel et al. (2018) highlighted AI's long-term potential to drive sustainable 

development through various analyses - individual, social, economic, technical, and 

environmental - demonstrating the multidimensional benefits AI can offer (Oyewole et 

al., 2024). 

Conversely, the environmental impact of AI technologies raises critical concerns. The 

processes involved in AI, such as data storage, algorithm training, and the infrastructure 

required to support these technologies often lead to substantial energy consumption and 

increased carbon emissions. Naeeni and Nouhi (2023) pointed out that while AI can 

address many critical challenges, its deployment demands a holistic approach that 

carefully examines environmental implications (Kaur et al., 2024). The considerable 

energy requirements for training complex AI models contribute to a paradox where the 

gain in efficiency may be countered by the environmental costs associated with running 

these systems (Naeeni & Nouhi, 2023). 
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Additionally, the deployment of AI might inadvertently overlook local insights and 

ecological nuances due to a predominance of algorithm-driven decisions over community 

engagement. This highlights the need for integrating ethical considerations and 

community insights into AI development and implementation processes, as underscored 

by Ametepey et al. in their discourse on the societal impacts of AI (Jungwirth & Haluza, 

2023). 

Further complicating this relationship, studies have underscored the need for "sustainable 

AI," which blends environmentally responsible practices with technological 

advancement. For instance, the strong focus on optimizing AI infrastructures to reduce 

energy consumption and waste generation is a critical aspect of reconciling AI's benefits 

with sustainable outcomes (Ametepey et al., 2024; Naeeni, 2023). The push towards 

developing AI systems that prioritize environmental sustainability is essential for 

maintaining balance (Alkire et al., 2024; Halsband, 2022). 

The paradox between artificial intelligence (AI) and sustainability primarily arises from 

the tension between the potential benefits of AI in advancing sustainable practices and 

the environmental costs associated with the technology itself. This duality presents 

significant challenges for researchers, policy-makers, and industry leaders who seek to 

leverage AI for sustainable outcomes while mitigating its negative impacts (Yılmaz et 

al.,2023). 

 

2.2. AI's Contribution to Sustainability 

AI is increasingly recognized for its potential to drive sustainable innovation and optimize 

resource use. For instance, in sectors such as environmental monitoring, agriculture, and 

urban management, AI has demonstrated significant capacity for enhancing efficiency 

and reducing waste (Jungwirth & Haluza, 2023; Wang et al., 2024). Techniques such as 

predictive analytics enable more accurate forecasting of resource needs, which can lead 

to more sustainable consumption patterns. Additionally, the role of AI in enhancing 

energy efficiency through smart grids and optimizing logistics to minimize carbon 
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footprints has been underscored in recent literature (Dhiman et al., 2024; Vinuesa et al., 

2020). Such applications align closely with the United Nations Sustainable Development 

Goals (SDGs), promoting ethical and sustainable practices across various domains 

(Jungwirth & Haluza, 2023). 

However, the deployment of AI systems also presents substantial challenges. The energy 

consumption associated with training large-scale machine learning models is a significant 

concern. Research has shown that the computational demands of AI can result in high 

carbon emissions, particularly when utilizing non-renewable energy sources (Wang et al., 

2024; Barbierato & Gatti, 2024). For instance, the intensive energy requirements for deep 

learning—often termed as "Red AI"—highlight a critical contradiction where the 

innovations sought in sustainability might be undermined by the detrimental effects of 

the technology itself (Barbierato & Gatti, 2024). 

 

2.3. The Environmental Costs of AI 

The paradox further extends to the lifecycle impacts of AI technologies. From the 

production and disposal of hardware to the continuous power consumption during 

operation, AI systems can contribute to resource depletion and environmental degradation 

(Jääskeläinen et al., 2022; Naeeni, 2023). In their analysis, researchers have noted that 

while AI can theoretically enhance productivity and efficiency, its actual environmental 

footprint can be counterproductive to sustainability goals if not managed effectively (Gao 

& Feng, 2023). As pointed out by Vinuesa et al. (2020), AI has the potential to hinder the 

achievement of certain sustainability targets even while facilitating progress on others, 

leading to a complex web of implications that must be unpacked within the broader 

sustainability discourse. 

Moreover, issues surrounding ethical deployment and social equity come into play. AI 

applications that perpetuate biases or overlook marginalized stakeholders may 

inadvertently exacerbate inequalities, further complicating sustainability efforts (Dhiman 

et al., 2024; Zhao & Fariñas, 2022). These ethical dilemmas necessitate a more 
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transparent approach to AI development and application, advocating for frameworks that 

prioritize fairness and inclusivity in alignment with sustainable goals (Jungwirth & 

Haluza, 2023; Yiğitcanlar, 2021). 

To reconcile the benefits and challenges of AI within the sustainability framework, many 

scholars advocate for the development of "Sustainable AI." This concept emphasizes the 

need for AI systems to be designed and operated in ways that prioritize environmental 

stewardship while enhancing social and economic outcomes (Wynsberghe, 2021; Naeeni, 

2023). Calls for responsible innovation suggest that sustainability should not only be a 

goal of AI applications but also a guiding principle in the technology's design and 

implementation (Jungwirth & Haluza, 2023; Gao & Feng, 2023). Further research is 

needed to explore specific strategies and frameworks for implementing Sustainable AI 

across various industries and applications. 

 

2.4. Significance of Examining the AI-Sustainability Paradox  

Examining the paradox between artificial intelligence (AI) and sustainability is essential 

for several compelling reasons, reflecting the multifaceted impacts of technology on 

environmental issues and societal well-being. Here are the key factors that underscore the 

importance of this examination: 

AI technologies hold remarkable potential for driving efficiencies and innovations that 

can contribute to sustainability across various sectors. For example, AI can optimize 

energy management, enhance resource efficiency, and improve decision-making 

processes in areas like agriculture, transportation, and urban planning (Naeeni & Nouhi, 

2023; Isabelle & Westerlund, 2022; Yiğitcanlar, 2021). However, alongside these 

benefits, it is critical to address the environmental costs associated with the deployment 

of AI, particularly regarding energy consumption and emissions generated during the 

training of models (Naeeni, 2023; Xiao, 2023). The paradox emerges as AI's benefits in 

promoting sustainability can be counteracted by its substantial ecological footprint, 
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necessitating a careful assessment of both its positive and negative impacts (Naeeni & 

Nouhi, 2023; Xiao, 2023). 

The integration of AI into sustainability initiatives introduces various ethical 

considerations, such as algorithmic bias, inequality in access to technology, and data 

privacy concerns (Zhao, 2024; Sakapaji & Puthenkalam, 2023). As AI technologies 

proliferate, there is a risk that they may exacerbate existing social inequalities, 

undermining the foundational principles of sustainable development that advocate for 

inclusivity and equity. By critically examining the paradox between AI and sustainability, 

stakeholders can better align technological advancements with ethical standards, ensuring 

that AI applications do not harm underserved communities (Sakapaji & Puthenkalam, 

2023; Dhiman et al., 2024). 

Understanding the interactions between AI and sustainability is paramount for informing 

effective policies and regulatory frameworks. Policymakers can leverage insights from 

this examination to create strategies that maximize the benefits of AI while minimizing 

its environmental consequences (Vinuesa et al., 2020). Moreover, it is essential for 

regulations to address not only the technical aspects of AI deployment but also the broader 

social implications, ensuring that technology is harnessed to achieve global sustainability 

objectives such as the United Nations Sustainable Development Goals (SDGs) (Isabelle 

& Westerlund, 2022; Vinuesa et al., 2020). Achieving a balance between fostering 

innovation and protecting the environment will require robust regulatory oversight that 

considers the complexity of AI's impacts (Fan et al., 2023). 

As AI technology progresses, it becomes increasingly intertwined with the achievement 

of the SDGs. Research indicates that AI can significantly contribute to the realization of 

numerous targets within the SDGs (Madancian et al., 2024; Isabelle & Westerlund, 2022; 

Vinuesa et al., 2020). However, the realization of these benefits is contingent upon 

addressing the paradox of AI, as unregulated or poorly planned implementations could 

inhibit sustainable development efforts (Vinuesa et al., 2020). An in-depth exploration of 
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this paradox is thus vital for ensuring that AI technologies are effectively utilized in ways 

that promote sustainability rather than hinder it. 

The recognition of the AI-sustainability paradox has led to significant discourse around 

the concept of "Sustainable AI," which aims to develop AI technologies that prioritize 

ecological integrity and social responsibility (Naeeni & Nouhi, 2023; Yiğitcanlar, 2021). 

By examining the paradox, researchers and practitioners can innovate pathways for 

creating AI applications that not only enhance efficiency but also contribute positively to 

environmental sustainability. This may include developing energy-efficient algorithms, 

utilizing renewable energy sources for data centers, and implementing lifecycle 

assessments for AI technologies (Naeeni, 2023; Henriksen et al., 2024). 

In conclusion, this literature review has explored the intricate and paradoxical relationship 

between artificial intelligence (AI) and sustainability, two domains of paramount 

importance in addressing contemporary global challenges. The analysis reveals that while 

AI offers substantial potential for advancing sustainable practices through enhanced 

efficiency, resource optimization, and informed decision-making across various sectors, 

its deployment also presents significant environmental costs, primarily associated with 

energy consumption and infrastructure demands. This duality creates a critical paradox 

that necessitates careful consideration and strategic approaches within the scholarly 

discourse. 

Furthermore, the integration of AI into sustainability initiatives raises important ethical 

considerations, including issues of algorithmic bias and social equity, which must be 

addressed to ensure that technological advancements align with the principles of 

sustainable development. The concept of "Sustainable AI" has emerged as a crucial 

framework within the literature, advocating for the development and implementation of 

AI systems that prioritize environmental stewardship alongside social and economic 

outcomes. 

The imperative to examine the AI-sustainability paradox, as highlighted in this review, 

stems from the profound implications for policy-making, regulatory frameworks, and the 
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achievement of global sustainability objectives, particularly the United Nations 

Sustainable Development Goals (SDGs). Understanding the complex interactions 

between AI and sustainability is vital for harnessing the transformative power of AI in 

ways that genuinely contribute to a sustainable future, rather than inadvertently 

undermining it. The body of literature reviewed underscores the ongoing need for 

research and interdisciplinary collaboration to navigate this paradox effectively, fostering 

innovation while mitigating the environmental and societal risks associated with AI 

technologies. Future research should continue to investigate specific applications and 

policy interventions that can maximize the synergistic potential of AI and sustainability 

while minimizing their inherent tensions. 

While this review highlights the key themes, opportunities, and tensions within the AI 

and sustainability discourse, the field is characterized by rapid growth, diverse 

perspectives, and complex interconnections. The sheer volume and fragmentation of 

research make it challenging to grasp a holistic view of the knowledge landscape solely 

through traditional literature reviews. Understanding the intellectual structure, prominent 

research themes, influential authors and publications, collaborative networks, and 

emerging trends requires a more quantitative and systematic overview. Therefore, this 

study employs a bibliometric analysis to systematically map the research landscape, 

providing objective insights into the evolution and current state of knowledge at the 

intersection of AI, sustainability, and related concepts like sustainable entrepreneurship. 

This approach allows for the identification of research hotspots, gaps, and potential future 

directions within this critical and rapidly evolving field. 

 

3. METHODOLOGY 

This study employed a bibliometric analysis to examine the intricate relationship between 

artificial intelligence (AI) and sustainable entrepreneurship, particularly focusing on the 

paradoxical nature of AI's environmental impact. Bibliometric analysis is a suitable 

method for quantitatively examining publications within a specific research area and 
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mapping the relationships between these publications, thereby providing insights into the 

intellectual structure and evolution of the field (van Eck & Waltman, 2010). 

 

3.1. Data Source and Search Strategy 

The Web of Science (WoS) database was used as the data source for this study. WoS is a 

widely preferred source for bibliometric studies due to its comprehensive and reliable 

coverage of scholarly publications. The data collection process was conducted using a 

comprehensive search strategy developed based on the study's title and focus. The search 

query targeted publications with the following keyword groups in their title (TI):  

("Artificial Intelligence" OR "AI") 

("Sustainability" OR "Sustainable Development" OR "Environmental Impact" OR 

"Green AI") 

("Paradox" OR "Dilemma" OR "Challenge") 

This search string aimed to encompass publications focusing on AI, sustainability, and 

the paradoxical relationship between these two concepts. The search was conducted 

without any time restrictions and included all document types. 

 

3.2. Data Collection and Processing 

The bibliographic information of the publications retrieved from the search (title, authors, 

publication year, source, abstract, keywords, citation count, etc.) was downloaded in 

"Plain Text File" format. This format was chosen due to its compatibility with VOSviewer 

software. The downloaded dataset was not subjected to any manual cleaning or filtering 

before being analyzed with VOSviewer. 

 

3.3. Data Analysis 

In this study, VOSviewer software (version 1.6.20) was used for the analysis and 

visualization of the downloaded bibliographic data (van Eck & Waltman, 2010). 
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VOSviewer is a tool specifically designed for constructing and visualizing bibliometric 

networks. The following types of analyses were performed in this study: 

Co-occurrence of Keywords Analysis: This analysis aimed to identify the main themes 

and conceptual relationships within the research area by examining the frequency with 

which keywords appear together in publications. Both author-provided keywords (Author 

Keywords) and Web of Science-indexed keywords (Keywords Plus) were included in the 

analysis. 

Citation Analysis: This analysis aimed to identify the most influential and central 

publications and authors in the field by examining the citation relationships between 

publications. The total number of citations received by each publication was considered. 

Co-authorship Analysis: This analysis aimed to reveal collaboration networks and 

significant research groups within the field by examining the frequency with which 

authors and institutions co-publish. 

The network maps generated by VOSviewer consist of nodes and links between these 

nodes. Nodes represent keywords, publications, authors, or institutions depending on the 

analysis type, while links represent the relationships between these elements (e.g., co-

occurrence, citation, co-authorship). The size of a node typically indicates the importance 

of the element (e.g., frequency of a keyword, citation count of a publication), while the 

thickness of a link represents the strength of the relationship (e.g., frequency of co-

occurrence, number of citations). Colors were used to represent different themes or 

clusters. 

Through these analyses, this study aims to provide a comprehensive overview of the 

current research trends, prominent themes, influential publications, and collaboration 

structures in the field of artificial intelligence and the sustainability paradox. 

 

3.4. Data Collection and Analysis 

The data for this study were retrieved from the Web of Science Core Collection database. 

The initial search yielded 1,829,689 results. To ensure the relevance of the collected data 
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to the study's focus on the intersection of artificial intelligence, sustainable 

entrepreneurship, and the environmental impact paradox, a refinement process was 

undertaken. 

First, the initial dataset was refined by Web of Science Categories. This refinement 

focused on categories closely related to the study's scope, including: Business, Business 

Finance, Economics, Environmental Sciences, Environmental Studies, Ethics, Green 

Sustainable Science Technology, Political Science, Public Administration, and Social 

Sciences Interdisciplinary. This categorization resulted in a reduced dataset of 642,097 

results. 

Subsequently, the dataset was further refined by Language to include publications written 

in English and Turkish, the primary languages relevant to the researcher's context. This 

final refinement step yielded a dataset of 634,159 results, which formed the basis for the 

subsequent bibliometric analysis. 

 

4. INTERPRETATION AND DISCUSSION OF FINDINGS 

This section presents the findings of the bibliometric analysis conducted using 

VOSviewer (1.6.20) software to examine the collaboration patterns and intellectual 

structure in the research area focusing on the intricate relationship between artificial 

intelligence (AI) and sustainable entrepreneurship, particularly the paradoxical nature of 

AI's environmental impact. 

 

4.1. Co-authorship Analysis 

The initial analysis focused on co-authorship patterns within the dataset retrieved from 

the Web of Science. The analysis involved selecting "Co-authorship" as the type of 

analysis and "Authors" as the unit of analysis, with a minimum of one document per 

author as the threshold. Focusing on the largest connected component, the analysis 

revealed a core collaborative group of 16 authors. 
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Figure 1. Co-authorship Analysis Network Visulization 

 

The network visualization Fig. 1 illustrates the co-authorship relationships within this 

central group. Nodes represent authors, and links indicate co-authorship, with link 

thickness suggesting collaboration strength. This network highlights the primary 

collaborative ties within the most interconnected segment of the research field. 
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Figure 2. Co-authorship Analysis Overlay Visualization 

 

The overlay visualization Fig. 2 provides a temporal perspective on the publications of 

these 16 authors. Node colors, ranging from blue (older publications) to yellow (more 

recent), depict the evolution of collaborations over time within this core group. 
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Figure 3. Co-authorship Analysis Denisty Visualization 

 

The density visualization Fig. 3 emphasizes the intensity of collaboration within this 

specific group. Brighter areas indicate authors with a higher number of co-authors, 

signifying central and influential positions in their collaborative network. 

The co-authorship analysis reveals a central collaborative cluster actively engaged in 

research on the intersection of AI and the sustainable entrepreneurship paradox. 

 

4.2. Keyword Co-occurrence Analysis 

The subsequent analysis examined the co-occurrence of keywords to identify the main 

themes and conceptual relationships within the research area. The analysis involved 

selecting "Co-occurrence" as the type of analysis and "Keywords" as the unit of analysis, 

with "Full counting" as the counting method. A threshold of a minimum of 5 occurrences 

was applied, resulting in 11 keywords being selected for visualization. 
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Figure 4. Co-occurrence Analysis Network Visualization 

 

The network visualization Fig. 4 displays the relationships between these 11 keywords. 

Node size likely corresponds to keyword frequency, and link thickness indicates the 

strength of co-occurrence. Distinct clusters of keywords suggest underlying thematic 

areas, with "sustainable development," "environmental sustainability," and "challenges" 

forming a prominent cluster indicative of the research focus on the AI and sustainability 

paradox. 
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Figure 5. Co-occurrence Analysis Overlay Visualization 

 

The overlay visualization Fig. 5 adds a temporal dimension, with colors indicating 

publication years (blue for older, yellow for more recent). This visualization shows the 

evolution of keyword prominence, with "sustainable development goals" gaining 

emphasis in recent publications. 
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Figure 6. Co-occurrence Analysis  Denisty Visualization 

 

The density visualization Fig. 6 illustrates the intensity of keyword co-occurrence. 

"Sustainable development" exhibits the highest co-occurrence density, underscoring its 

central role in the thematic landscape. 

The keyword co-occurrence analysis highlights "sustainable development" and 

"environmental sustainability" as core concepts within the research on the AI and 

sustainability paradox. The increasing prominence of "sustainable development goals" in 

recent literature suggests an evolving research focus. 

In conclusion, the bibliometric analysis of co-authorship and keyword co-occurrence 

provides valuable insights into the collaborative structure and thematic landscape of the 

research area concerning the paradox of artificial intelligence and sustainable 

entrepreneurship. The identification of a core collaborative group and the central themes 

explored in their publications contribute to a comprehensive understanding of this 

interdisciplinary field. 
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CONCLUSION AND RECOMMENDATIONS 

This study has delved into the complex interplay between artificial intelligence (AI) and 

sustainability, illuminating the inherent paradox that arises when the advancement of AI 

technologies intersects with the objectives of sustainable development. While AI holds 

substantial promise for bolstering sustainability initiatives through the optimization of 

processes and resources across diverse sectors, its development and deployment can also 

introduce significant environmental challenges, primarily stemming from energy-

intensive operations and the necessity for extensive data infrastructure. 

In conclusion, it is imperative to acknowledge that for AI to serve as a genuine catalyst 

in the progression towards sustainable goals, particularly those articulated within the 

United Nations Sustainable Development Goals (SDGs), a comprehensive and ethically 

grounded approach is indispensable. The identified AI-sustainability paradox underscores 

the critical need for proactive strategies and robust frameworks aimed at harmonizing the 

energy demands and environmental costs associated with AI deployment with its 

considerable potential benefits. This necessitates a fundamental reassessment of the 

design and implementation paradigms of AI systems to ensure they minimize ecological 

impact while upholding principles of equity and inclusivity. 

Based on the insights derived from this examination, the following recommendations are 

proposed to foster a more sustainable and responsible trajectory for AI development and 

application: 

Development of Sustainable AI Frameworks  

It is recommended that stakeholders prioritize the establishment of comprehensive 

frameworks to guide the development of AI systems in alignment with sustainability 

principles. Such frameworks should integrate the core tenets of environmental 

stewardship, economic efficiency, and social equity. Concrete sustainable AI practices 

may include the adoption of renewable energy sources for powering data centers, the 

development and utilization of energy-efficient algorithms, and the implementation of 
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thorough lifecycle assessments for AI technologies to effectively minimize their overall 

ecological footprint. 

Regulatory Oversight and Policy Development  

Policymakers are strongly encouraged to formulate and implement regulations that 

address both the technical and societal dimensions of AI deployment. This can be 

achieved through the establishment of clear standards that ensure AI applications do not 

inadvertently exacerbate existing societal inequalities or perpetuate biases. Regulatory 

bodies should actively engage in constructive dialogue with AI researchers, developers, 

and industry representatives to create informed policies that foster innovation while 

concurrently safeguarding critical environmental and social interests. 

Enhanced Collaboration between Sectors 

To cultivate a shared understanding of AI’s potential and limitations in the context of 

sustainability, fostering robust cross-disciplinary collaboration is vital. This collaboration 

should actively involve technologists, environmental scientists, ethicists, and 

policymakers. Engaging a diverse array of stakeholders in meaningful discussions 

surrounding the development and implementation of AI technologies can lead to more 

balanced and effective solutions that contribute positively and significantly to sustainable 

development outcomes. 

Investments in Research and Development  

Increased and targeted investment in research and development (R&D) focused on 

optimizing AI technologies for reduced energy consumption and less resource-intensive 

operational processes is essential. Encouraging innovation within academia and industry 

in this critical area will facilitate the development of novel solutions that effectively 

harness AI’s transformative potential while diligently addressing its associated 

environmental costs. 

In summary, effectively addressing the multifaceted challenges posed by the AI-

sustainability paradox requires a holistic approach that seamlessly integrates 

technological advancement with profound ethical considerations and a strong 
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commitment to environmental responsibility. By diligently implementing the 

recommendations presented herein, a more sustainable, equitable, and ultimately 

beneficial deployment of AI technologies can be purposefully and effectively forged. 
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