
 

International Journal of Advance and Innovative Research   
Volume 13, Issue 1 (IV): January - March 2026 
 

 

 
 

 
 

328 

ISSN 2394 - 7780 

JVM's Mehta Degree College, Sector 19, Airoli 
NAAC Re-accredited  "A+" Grade 
IQAC in association with Western Regional Centre, ICSSR Organized one day National Conference on "Integrating Multidisciplinary 
Approaches to Build a Resilient and Sustainable Future", held on 10th January 2026 

AI FOR SUSTAINABILITY: CHALLENGES, STRATEGIES AND SOLUTIONS 

MS. Zainab Abdul Qadir Shaikh 

Assistant Professor, Rajiv College of Arts, Commerce & Science 

ABSTRACT 

Artificial Intelligence (AI) has evolved from a futuristic concept into a pragmatic engine for global 

transformation, offering unprecedented capabilities to address sustainability objectives across social, economic, 

and environmental domains. By leveraging predictive analytics and autonomous decision-making, AI systems 

are reshaping sectors ranging from renewable energy management and climate modelling to smart urban 

planning and precision agriculture. However, this technological promise is accompanied by the "AI Green 

Paradox"—a complex dynamic where the environmental costs of training large models may offset some of their 

benefits. This paper explores the dual nature of AI as both a catalyst for the United Nations Sustainable 

Development Goals (SDGs) and a source of new ethical and ecological challenges. Through a review of current 

literature and an analysis of primary survey data, this study identifies critical governance gaps and proposes 

actionable strategies to ensure AI is deployed responsibly, inclusively, and effectively for the future of the 

planet. 

Keywords: Artificial Intelligence, Sustainability, Climate Change, Ethical AI, Sustainable Development Goals 
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1. INTRODUCTION 

In the 21st century, humanity faces a convergence of existential crises: accelerating climate change, rapid 
biodiversity loss, and widening social inequality. These challenges have coalesced into a global mandate for 
sustainability, formalised by the United Nations' Sustainable Development Goals (SDGs). As nations and 
corporations race to meet these targets, Artificial Intelligence (AI) has emerged as a critical accelerator. 

Defined as systems capable of performing tasks that typically require human intelligence—such as pattern 
recognition, problem-solving, and language understanding—AI offers tools of unparalleled speed and scale. In 
the business sector, it is driving a paradigm shift from reactive to proactive resource management. By processing 
vast troves of environmental data in real-time, AI equips organisations with the specific insights needed to 
decarbonise supply chains, design circular economies, and optimise operational efficiency. 

However, the integration of AI is not without friction. The technology itself consumes vast amounts of energy 
and relies on data that can reflect historical biases. This paper aims to provide a balanced examination of AI's 
role in sustainability. It investigates how "AI for Good" initiatives align with global goals, analyses the 
operational risks, and presents findings from a survey on public perception regarding AI's sustainability 
potential. 
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How AI for Good initiatives align to the United Nation “Sustainable Development Goals 

 

2. LITERATURE REVIEW 

The intersection of AI and sustainability has garnered significant academic interest in recent years. Vinuesa et 
al. (2020) published a landmark study in Nature Communications, finding that AI could enable the 
accomplishment of 134 targets across all the SDGs, but it could also inhibit 59 targets. This duality emphasizes 
the need for regulatory oversight. 

Reports from the OECD and the World Economic Forum have highlighted AI's capability to decouple economic 
growth from carbon emissions. For instance, "Harnessing AI for the Earth" suggests that AI applications could 
reduce global greenhouse gas emissions by up to 4% by 2030. However, researchers also warn of the "rebound 
effect," where increased efficiency leads to increased consumption, potentially negating environmental gains. 

Furthermore, the European Commission’s Ethics Guidelines for Trustworthy AI stresses that for AI to be 
sustainable, it must be human-centric and technically robust. Current literature suggests that while the 
technological capability exists, the governance frameworks required to guide "Green AI" are still in their 
infancy. 

3. THE INTERSECTION OF AI AND THE SDGS 

The potential of AI is best understood through its alignment with specific UN Sustainable Development Goals: 

3.1 Enhancing Human Well-being 

● SDG 3 (Good Health and Well-being): AI algorithms are revolutionising healthcare by predicting 
epidemics, personalising treatment plans, and accelerating drug discovery. For example, machine learning 
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models can analyse medical imaging faster than human radiologists, improving early detection rates. 

● SDG 4 (Quality Education): AI-driven platforms democratise access to education by providing adaptive 
learning environments. These systems can tailor curricula to individual student needs, bridging the gap in 
remote or underdeveloped regions where teacher shortages are acute. 

3.2 Protecting the Planet 

● SDG 13 (Climate Action): AI is indispensable for advanced climate modelling. It powers the complex 
simulations needed to predict extreme weather events, allowing communities to prepare and adapt. 

● SDG 15 (Life on Land): Conservationists are using AI-powered drones and acoustic sensors to monitor 
biodiversity. These tools can automatically detect the sounds of illegal logging chainsaws or identify 
endangered species in vast, dense forests. 

3.3 Economic and Social Equity 

● SDG 2 (Zero Hunger): In agriculture, AI optimizes the entire food production chain. From soil analysis to 
harvest robots, these technologies ensure maximum yield with minimum input, directly combating food 
insecurity. 

● SDG 11 (Sustainable Cities): Smart city grids utilize AI to synchronize traffic lights, manage waste 
logistics, and balance energy loads, creating urban environments that are cleaner and more liveable. 

● SDG 5 & 10 (Equality): While algorithms can inherit bias, they also offer the tools to detect it. AI is being 
used to analyze hiring patterns and pay gaps, helping organizations identify and rectify systemic inequalities. 

4. THE ROLE OF AI IN SUSTAINABILITY 

4.1 Environmental Sustainability 

AI supports environmental goals through: 

● Climate Modelling: Enhancing the accuracy of climate forecasts and early warning systems for extreme 
weather. 

● Energy Management: Optimizing renewable energy generation, balancing smart grids, and reducing overall 
consumption. 

● Biodiversity Conservation: Using computer vision and remote sensing to monitor wildlife, detect 
illegal logging, and protect habitats. 

● Waste Management: Improving recycling processes through intelligent sorting robotics and optimizing 
logistics to reduce landfill waste. 

● Water Resource Management: Predicting water demand, detecting leaks in distribution networks, and 
optimizing irrigation. 

4.2 Economic Sustainability 

AI contributes to economic resilience by: 

● Increasing productivity and operational efficiency across industries. 

● Supporting transparent and sustainable supply chain management. 

● Reducing costs through predictive maintenance and resource optimization. 

● Enabling green innovation and the creation of circular business models. 

4.3 Social Sustainability 

In the social domain, AI facilitates: 

● Improved access to essential services like healthcare and education. 

● Inclusive urban planning and the development of accessible smart cities. 

● Enhanced disaster response coordination and humanitarian aid delivery. 
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● Evidence-based policymaking for governments. 

How AI for Good initiatives align to the United Nations’ Sustainable Development Goals: 

 

5. CHALLENGES OF AI FOR SUSTAINABILITY 

5.1 High Energy Consumption 

The training and deployment of large AI models require substantial computational power. This leads to 
significant electricity usage and carbon emissions, particularly if the underlying data centres rely on non-
renewable energy sources. 

5.2 Data Bias and Quality Issues 

AI systems are only as good as the data they are trained on. Biased, incomplete, or low-quality datasets can 
result in inaccurate predictions and unfair outcomes that may undermine sustainability goals (e.g., biased 
resource allocation). 

5.3 Ethical and Social Concerns 

Key ethical challenges include: 

● Opacity: A lack of transparency and explainability in "black box" AI decisions. 

● Privacy: Increased risks of surveillance and data breaches. 

● Labor Markets: Potential job displacement due to automation. 

● Inequality: The "digital divide" may widen, as benefits accrue disproportionately to developed nations. 

5.4 Governance and Regulation Gaps 

Many jurisdictions lack clear policies and regulatory frameworks to guide responsible AI development. This can 
lead to misuse, a lack of accountability, and inconsistent safety standards. 

5.5 Limited Access and Capacity 
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Developing regions often face constraints regarding infrastructure, technical skills, and funding, limiting their 
ability to adopt and benefit from AI solutions for local sustainability challenges. 

6. STRATEGIES FOR SUSTAINABLE AI 

6.1 Green AI Development 

● Designing energy-efficient algorithms. 

● Powering data centres with renewable energy. 

● Standardizing the measurement and reporting of the carbon footprint of AI models. 

6.2 Ethical and Responsible AI 

● Implementing principles of fairness, accountability, and transparency. 

● Conducting rigorous ethical impact assessments prior to deployment. 

● Ensuring human oversight ("human-in-the-loop") for critical decision-making systems. 

6.3 Inclusive Data Practices 

● Curating diverse and representative datasets to reduce bias. 

● Encouraging open data sharing to foster collaborative sustainability research. 

● Robustly protecting data privacy and security. 

6.4 Policy and Governance Frameworks 

● Aligning national AI strategies with international sustainability goals. 

● Establishing clear regulations for responsible AI use. 

● Promoting public–private partnerships to leverage resources. 

6.5 Capacity Building and Education 

● Training professionals in the intersection of AI and sustainability. 

● Supporting interdisciplinary research. 

● Empowering local communities with accessible AI tools and knowledge. 

7. SOLUTIONS AND FUTURE DIRECTIONS 

7.1 Case Study: AI for Electricity Sustainability (Smart Grids) 

A prime example of AI's impact is its application in Smart Power Grids. Electricity grids generate massive 
streams of data from smart meters, sensors, and substations. AI algorithms analyze this data to predict demand, 
detect faults, and balance supply from intermittent renewable sources like solar and wind. 

For instance, AI-based demand forecasting allows utility companies to anticipate peak usage hours accurately. 
Based on these predictions, the grid can automatically adjust power generation and distribution, significantly 
reducing energy wastage and preventing blackouts. Furthermore, AI can instantly detect transmission faults and 
reroute electricity, enhancing grid reliability. The result is a system with lower losses, better integration of 
renewables, and a reduced carbon footprint. 

7.2 AI-Powered Climate Action 

Integrating AI with the Internet of Things (IoT) and satellite data enhances real-time monitoring of greenhouse 
gas emissions, deforestation, and other environmental changes, allowing for rapid intervention. 

7.3 Sustainable Smart Cities 

AI-driven urban management can drastically reduce energy consumption in buildings, optimize public 
transportation routes to reduce traffic, and improve waste and water management systems. 

7.4 Sustainable Agriculture 

Precision agriculture utilizes AI to minimize chemical inputs (fertilizers and pesticides) and water usage while 
increasing crop resilience against climate change, directly supporting food security. 
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7.5 Collaborative Global Initiatives 

International collaboration is essential for sharing best practices, datasets, and technologies to ensure that the 
benefits of AI for sustainability are shared globally. 

8. METHODOLOGY(PRIMARY + SECONDARY DATA) 

To understand the public and professional perception of AI's role in sustainability, a quantitative study was 
conducted. 

● Research Instrument: A structured questionnaire was administered via Google Forms. The survey was 
designed to gauge awareness, identify perceived high-impact areas, and assess concerns regarding AI 
adoption. 

● Sample Size: A total of 87 valid responses were collected. 

● Demographics: The respondent pool was predominantly young, with the majority falling into the 18–25 age 
group. This indicates a strong representation of students, researchers, and early-career professionals—the 
demographic most likely to work with these technologies in the future. 

● Data Analysis: Responses were analyzed to identify trends in sentiment (optimism vs. scepticism) and to 
rank specific AI applications by their perceived utility. 

9.1. SURVEY RESULTS AND DISCUSSION (GOOGLE FORM ANALYSIS) 

A questionnaire was administered via Google Forms to collect primary data regarding public perception of AI 
for sustainability. 

Demographics & Awareness: A total of 87 valid responses were received. The respondents primarily belonged 
to the 18–25 age group, indicating strong participation from students and early-career professionals. The results 
revealed a high level of awareness regarding Artificial Intelligence; most participants reported being familiar 
with AI technologies, while a smaller portion indicated moderate familiarity. 
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KEY FINDINGS: 

● Impact Areas: Climate change mitigation, energy optimization, smart city development, and sustainable 
agriculture were identified as the domains where AI could have the most significant positive impact. 

● Challenges: The majority of respondents identified the high energy consumption of AI systems as a major 
challenge, acknowledging the "AI Green Paradox." 

● Strategy: There was strong support among participants for the adoption of "Green AI" and responsible 
governance strategies. 

● Applications: Smart energy grids, climate prediction systems, and precision agriculture were rated as the 
most effective specific applications. 

The analysis of the survey data yielded several key insights into how the next generation views the convergence 
of technology and ecology. 

9.1 High Awareness and Optimism 

The results revealed a high level of digital literacy among respondents. The vast majority were not only familiar 
with AI but actively engaged with the concept of "Green AI." This suggests that sustainability is becoming a 
core competency expected of modern technology. 

9.2 Key Impact Domains 

When asked where AI could make the biggest difference, respondents prioritized: 

1. Climate Change Mitigation: The ability to model and predict environmental shifts was seen as the most 
critical application. 

2. Smart Cities: Urban planning and energy optimization ranked highly, likely due to the visible nature of 
these technologies in daily life. 

3. Sustainable Agriculture: There was significant recognition of AI's role in food security. 

9.3 The Energy Concern 

Crucially, the survey highlighted a sophisticated understanding of the risks. The majority of participants 
identified high energy consumption as the primary drawback of AI. This aligns with the "AI Green 
Paradox" discussed in the literature. The respondents did not view AI as a magic bullet but as a tool requiring 
careful management. 

9.4 Support for Regulation 

There was a strong consensus on the need for governance. Participants overwhelmingly supported the adoption 
of "Green AI" strategies and ethical guidelines, indicating that the public expects tech companies to take 
responsibility for their algorithm's carbon footprint. 

10. CHALLENGES AND RISKS 

While the benefits are compelling, the path to sustainable AI is fraught with obstacles that must be addressed. 
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10.1 The Carbon Footprint of Compute 

Training a single large language model can emit as much carbon as five cars in their lifetimes. As models get 
larger, their energy demand grows exponentially. If data centers continue to rely on fossil-fuel-based electricity, 
the growth of AI could directly contradict climate goals. 

10.2 The "Black Box" and Bias 

AI systems often operate as "black boxes," making decisions that are difficult to explain. If a model optimizes 
for efficiency without ethical constraints, it might make decisions that are sustainable on paper but unjust in 
practice—such as cutting power to vulnerable neighborhoods to balance a grid. Furthermore, if training data 
contains historical biases, the AI will replicate and automate these inequalities. 

10.3 Electronic Waste and Resource Extraction 

The physical infrastructure of AI—GPUs, servers, and cooling systems—requires rare earth minerals. The 
mining of these materials often involves environmental degradation and human rights abuses. Additionally, the 
rapid obsolescence of hardware contributes to the growing global e-waste crisis. 

10.4 The Digital Divide 

There is a risk that AI for sustainability will become a luxury for wealthy nations. If developing regions lack the 
infrastructure (reliable electricity, high-speed internet) to run these systems, they will be left behind, widening 
the gap between the Global North and South. 

10.5 Strategies for a Sustainable Future 

To navigate these challenges, we propose a multi-faceted strategic framework. 

10.5.1 Advancing "Green AI" 

Research must shift focus from "Red AI" (buying performance with massive computational power) to "Green 
AI" (prioritizing efficiency). This includes developing lighter models that can run on edge devices and ensuring 
all major data centers transition to 100% renewable energy. 

10.5.2 Inclusive and Ethical Governance 

Governments must establish clear regulatory frameworks that mandate transparency. AI systems used for 
resource allocation must be auditable. Furthermore, diverse datasets must be curated to ensure that AI solutions 
work for all populations, not just those in data-rich environments. 

10.5.3 Collaborative Action 

Sustainability is a global problem requiring global solutions. International bodies should foster knowledge 
sharing, allowing countries to share open-source AI models for climate prediction and conservation. Public-
private partnerships can help transfer these technologies to developing regions. 

10.5.4 Education and Capacity Building 

We must invest in interdisciplinary education that bridges the gap between computer science and environmental 
science. The next generation of engineers needs to be trained to think about the carbon cost of their code just as 
they think about its financial cost. 

11. CONCLUSION 

AI holds significant potential to support sustainability across environmental, economic, and social dimensions. 
However, without careful design, governance, and ethical consideration, AI risks creating new sustainability 
challenges. By adopting Green AI practices, responsible governance, inclusive data strategies, and strong 
capacity-building efforts, AI can become a powerful catalyst for achieving long-term sustainable development. 

This study analyzed the dynamic role of AI in promoting global sustainability. It demonstrated that AI is an 
indispensable tool capable of optimizing complex systems in sectors ranging from energy to agriculture. 
However, the analysis also highlighted the "AI Green Paradox" (its ecological footprint) and socio-economic 
risks such as data bias and the digital divide. 

To maximize benefits and mitigate risks, strategic directions must include investing in "Green AI" research, 
establishing ethical governance frameworks, and fostering international collaboration. Only through a 
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conscious, ethical, and collaborative approach can we ensure that AI becomes a true partner in building a 
healthier planet and a more equitable society for future generations. 
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Table and Charts: 

Tables: 

Table 1: Largest Primary Energy Consumption Country Wise Report 

 

Table 2: World TES history (in million tons of oil equivalent) 
Country TES PE 

China 3650 2950 

India 927 615 

Russia 811 1516 

Japan 400 52 

South Korea 298 151 

Canada 289 536 

https://www.sciencedirect.com/science/article/pii/S2444569X25001374
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Germany 286 102 

Saudi Arabia 219 610 

Table 3: Final consumption in most using countries and per person (as of 2018) 

 

Table 4: Countries consuming most (85%) in Europe as of 2018 

 

Figures: 

Figure 1.1: Largest Primary Energy Consumption Country Wise Report 
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Figure 1.2: World TES history (in million tons of oil equivalent) 
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