
Research Paper
Impact Factor: 7.184
Peer Reviewed & Indexed Journal
www.ijbarr.com

IJBARR
E- ISSN -2347-856X

ISSN -2348-0653

International Journal of Business and Administration Research Review Vol.13, Issue -1 Jan - Mar 2026 Page 46

Special Issue

THE ROLE OF ARTIFICIAL INTELLIGENCE IN MONITORING CIRCULAR ECONOMY
ACTIVITIES IN INDIA

Dr.M.Sivakumar* Dr.K.Rajendran**
*Assistant Professor, Department of Commerce, Kandaswami Kandar’s College, Velur-Namakkal.

**Assistant Professor, Department of Economics, Kandaswami Kandar’s College, Velur-Namakkal.

Abstract
The world’s current linear economic model is unsustainable. This model encouragesimproper use of
limited natural resources and causes abundant waste production resulting in severe harm to the
environment. A circular economy (CE) is a sustainable, restorative, and regenerative alternative to the
current linear economy and is gaining popularity worldwide. Amongst various digital technologies,
Artificial intelligence (AI) is a crucial enabler for CE and can aid significantly with the adoption and
implementation of CE in real-world applications. In this paper, we describe the intersection of AI and
CE and policies around implementing CE principles using AI. As a means of grounding the discussion,
we discuss some initiatives taken by the  government to adopt circularity and explore the role AI plays in
these.. We argue that digitalisation has potential in CE and it has a major role to play in the transition
towards CE.We close the paper by reflecting on future steps around practical implementations of AI-
based CE processes.

Artificial Intelligence is a powerful enabler of the circular economy in India. From monitoring waste
and supply chains to promoting sustainable consumption and innovative business models, AI offers tools
to transform how products and services are produced, used, and reused. While challenges remain, with
coordinated efforts across government, industry, and academia, AI can significantly accelerate India's
transition to a resource-efficient and regenerative economic future.

Keywords: Circular Economy, Generative AI, Digitalisation, Artificial Intelligence.

Introduction
India, as one of the fastest-growing economies in the world, faces immense challenges in balancing
economic development with environmental sustainability. The traditional linear model of "take, make,
dispose" has led to significant resource depletion, environmental degradation, and waste accumulation.
To address these issues, India is increasingly embracing the concept of the circular economy (CE),
which emphasizes resource efficiency, reuse, recycling, and regenerative design. However, effectively
implementing and monitoring circular economy practices across a vast and diverse country like India
poses significant logistical and analytical challenges.

This is where Artificial Intelligence (AI) emerges as a transformative enabler. AI technologies—such as
machine learning, computer vision, and data analytics—can play a pivotal role in optimizing resource
flows, detecting inefficiencies, and enabling real-time monitoring of circular practices. From smart
waste management systems to predictive maintenance in manufacturing and intelligent supply chain
tracking, AI is becoming a key tool in operationalizing and scaling circular economy initiatives.

This paper explores the evolving role of AI in facilitating, tracking, and enhancing circular economy
activities in India. It examines the current applications, potential benefits, challenges, and policy
implications of integrating AI into CE frameworks, with a focus on sectors such as manufacturing,
agriculture, urban waste management, and renewable energy. By leveraging AI, India has the



Research Paper
Impact Factor: 7.184
Peer Reviewed & Indexed Journal
www.ijbarr.com

IJBARR
E- ISSN -2347-856X

ISSN -2348-0653

International Journal of Business and Administration Research Review Vol.13, Issue -1 Jan - Mar 2026 Page 47

Special Issue

opportunity to leapfrog traditional development pathways and pioneer a sustainable, data-driven circular
economy model tailored to its unique socio-economic context.

Circular Economy
The linear economy (LE) operates on a traditional supply chain model characterized by a sequence of
stages:

1. Raw materials like metals, minerals, or agricultural goods are extracted and used as inputs for
production.

2. These raw materials undergo various manufacturing processes to be converted into final
products.

3. The finished products are then transported and distributed, with intermediaries managing
inventory before they reach retailers.

4. Finally, the end users consume the products. Once these items are no longer usable, they are
typically disposed of as waste.

This system converts finite natural resources into waste, reflecting an unsustainable and environmentally
detrimental model. It leads to resource depletion, pollution, and significant environmental and economic
consequences. The linear economy represents a one-directional flow of resources, energy, and
information—described by Boulding as a “cowboy economy.”

In contrast, the Circular Economy (CE) offers a sustainable alternative focused on building a
regenerative system. CE aims to decouple economic development from the exploitation of limited
natural resources by keeping products, components, and materials in circulation for as long as possible.
This involves extending product life cycles or reintegrating materials into the system through recycling
and reuse.

Supply chains play a pivotal role in implementing CE, which relies on integrated and collaborative
practices such as recycling, reusing, and adopting closed-loop systems. As global pressure mounts for
sustainable practices, the shift from LE to CE is gaining momentum. However, this transition requires
more than reducing LE’s drawbacks—it demands systemic changes in infrastructure to enhance long-
term resilience, create economic opportunities, and deliver social and environmental gains. To facilitate
this transition, several key indicators—identified as of 13 March 2023—can guide the development of
CE: circular products, business models, consumer behavior, and financing.

CircularProducts; In CE, the environmental footprint of a product is largely determined during its
design phase. Eco-design, a foundational principle of CE, encourages manufacturers to develop products
that minimize environmental harm throughout their lifecycle. This includes creating goods that are easy
to repair, remanufacture, recycle, or biodegrade. Eco-design strategies are often classified under “design
for X” approaches, where each “X” targets a specific lifecycle stage.

CircularBusinessModels:Adopting CE requires organizations to innovate their business models.
Circular business models (CBMs) promote optimal resource use while delivering value. Examples
include resource recovery, where materials from waste are reclaimed instead of extracting new
resources, significantly lowering emissions and conserving raw materials. Other models, such as product
sharing and leasing, reduce waste by extending the utility of existing goods.

ConsumerBehavior:Consumers play a vital role in the success of CBMs. Effective CE strategies rely
on public engagement in practices such as sharing, repairing, and recycling. For policy development,
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understanding the economic and behavioral drivers behind consumer choices is essential. Although
circular options may be more costly due to additional processing, informed consumers—armed with
knowledge about the origins and attributes of products—can make better purchasing decisions.
Alignment between consumer needs and product offerings is crucial to encourage widespread adoption.

Financing:Implementing CE at scale requires significant investment to support new business models,
technological innovation, and societal change. Governments and financial institutions are key players in
enabling this shift. Public sector support through subsidies, grants, and reduced capital costs can
accelerate circular projects. Meanwhile, financial institutions can integrate CE principles into risk
assessments and explore novel methods like green quantitative easing to promote sustainable
investments.

Gaps and Opportunities for Integrating AI in the Circular Economy

Identified Gaps
1. Lack of Awareness and Understanding:Although AI holds significant promise for advancing

circular economy (CE) initiatives, many stakeholders remain unaware of its practical
applications. This knowledge gap impedes the widespread adoption of AI in CE-related fields.

2. Challenges in Data Availability and Quality:The success of AI systems heavily depends on
access to reliable and comprehensive data. In sectors like waste management and recycling, poor
data availability and inconsistent quality limit the effectiveness of AI solutions, leading to less
accurate outcomes.

3. Interoperability Limitations:The absence of standardized frameworks and protocols for AI
technologies presents significant barriers to integration. Disconnected systems hinder effective
collaboration across industries and disrupt supply chain synchronization.
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Emerging Opportunities
1. Capacity Building through Education:There is strong potential in developing training and

educational programs aimed at raising awareness of AI's role in circular systems. Such initiatives
can cultivate understanding and drive greater stakeholder engagement.

2. Improved Data Infrastructure:Investing in robust data collection and management systems can
close current data gaps. Enhanced data infrastructure enables AI tools to generate more precise
insights and support data-driven decisions in CE processes.

3. Development of Standardized and Collaborative Platforms:The creation of shared standards
and interoperable systems offers a key opportunity to unify efforts across different sectors. These
collaborative frameworks can streamline AI integration and foster sector-wide alignment.

4. Advancements in AI Capabilities:Ongoing developments in AI fields like machine learning
and predictive analytics open new possibilities to overcome existing barriers. These innovations
can increase the flexibility and effectiveness of AI tools in supporting circular economy
objectives.

The Role of AI in Monitoring Circular Economy Activities
Smart Waste Segregation and Tracking
AI-powered technologies are enabling efficient monitoring of waste streams across urban and rural
India. Using computer vision and machine learning algorithms, smart bins and waste-sorting systems
can identify and segregate recyclable materials with high accuracy. For instance, startups like Recykal
utilize AI to track waste from collection to recycling, ensuring traceability and compliance with
regulations such as Extended Producer Responsibility (EPR).

Supply Chain Transparency and Product Lifecycle Monitoring
AI systems are enhancing visibility across supply chains, allowing businesses and regulators to monitor
the lifecycle of products—from raw material extraction to end-of-life recycling. Predictive analytics
help companies identify bottlenecks and inefficiencies, enabling closed-loop production systems. This is
especially valuable in sectors like electronics, plastics, and textiles, where tracking material flows is
essential for effective circular practices.

Digital Product Passports and Ecolabeling
AI is aiding the creation of digital product passports that carry information about a product’s origin,
material composition, environmental impact, and recyclability. Such data-driven tools, powered by AI
and blockchain, help consumers make informed choices and encourage the uptake of sustainable
products and services.

Optimizing Resource Lifecycles
Optimizing resource lifecycles through artificial intelligence (AI) involves two key strategies: AI-
enabled resource track-ing and monitoring, and predictive analytics for resource consumption. AI-driven
resource tracking employs advanced sensors and data analytics to monitor the entire lifecycle of
materials, from production to disposal. This enables real-time visibility into resource flows, facilitating
efficient man-agement and identification of potential inefficiencies. On the other hand, predictive
analytics utilizes machine learning algorithms to forecast future resource consumption patterns. By
analyzing historical data and current trends, AI can pre-dict demand, optimize usage, and identify
opportunities for resource conservation. Together, these AI-powered ap-proaches offer a dynamic and
proactive means to enhance resource efficiency, minimize waste, and contribute to the principles of a
circular economy.
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Challenges in Integrating AI with the Circular Economy
The earlier sections have explored the motivations for adopting Circular Economy (CE) strategies and
the potential role of Artificial Intelligence (AI) in enabling this transformation. We reviewed
government-led initiatives, particularly from India, that promote the integration of AI in CE, discussed
foundational AI techniques, and highlighted examples of companies applying AI in their circular
practices. While it is evident that AI can significantly enhance CE efforts, its successful implementation
is not without challenges. Many of these obstacles are not exclusive to CE but are common in real-world
AI applications across sectors.

Insufficient Training Data
A key requirement for developing robust AI models in CE is access to extensive and high-quality
training data. However, gathering such data presents a significant challenge. Building effective AI
solutions for circular processes often demands vast datasets that are both time-consuming and costly to
collect and curate. In the absence of sufficient training data, the performance and scalability of AI
systems may be compromised.

One viable workaround is transfer learning, a method commonly used in deep learning. This approach
involves leveraging pre-trained models—originally developed for different tasks with rich datasets—and
adapting them to new applications with limited data. Through this method, existing knowledge can be
transferred to CE use cases, helping bridge the data gap.

Privacy and Ethical Concerns
Implementing AI in CE often involves processing data from a variety of platforms to build models
capable of optimizing circular systems. However, this raises concerns around data privacy, ethics, and
legal compliance. Many CE applications—especially those linked to consumer behavior—rely on
personal data obtained from sources like online platforms and geolocation services.

Such data, when used without appropriate safeguards, can lead to privacy breaches. For instance,
geospatial data can inadvertently expose individuals' personal habits, social affiliations, or even political
leanings. Inferences made by AI systems such as those analyzing smart meter data to optimize energy
use could potentially be exploited for unethical or fraudulent purposes.

To address these risks, AI development for CE must incorporate robust privacy, ethical, and legal
frameworks. It is essential to evaluate the societal impacts of these technologies and ensure responsible
data governance throughout model training and deployment.

Lack of Collaborative Infrastructure
The CE model thrives on interconnectedness, requiring cooperation between multiple stakeholders,
including businesses, policymakers, researchers, and consumers. Implementing AI in such a distributed
and dynamic environment demands a collaborative ecosystem that facilitates data sharing, trust, and
joint innovation.

However, many regions lack the necessary infrastructure to support this level of collaboration. Without
platforms that enable seamless interaction between public institutions, private enterprises, and research
bodies, scaling AI solutions for CE remains a formidable task.

To overcome this, governments should prioritize the development of Collaborative AI Ecosystems.
These environments should support shared research, standardized tools, and strategic partnerships to
ensure AI innovations align with the goals of CE and drive sustainable, system-wide improvements.
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Conclusions and Future Directions
Artificial Intelligence (AI) holds substantial promise as a driver of circular economy (CE) initiatives in
India. Its applications range from optimizing waste management and tracking supply chains to fostering
sustainable consumption habits and creating innovative business models. By reimagining how goods are
produced, consumed, and repurposed, AI can serve as a catalyst for a more sustainable and regenerative
economy.

Despite its potential, fully leveraging AI within CE systems presents a number of challenges.
Addressing these requires coordinated action among government bodies, industry leaders, and academic
institutions. A transition from the traditional linear economic model to a circular one is more urgent than
ever, and digital technologies, particularly AI, are poised to play a transformative role in this shift.

Over the past decade, digitalization has rapidly reshaped industries, and stakeholders are increasingly
exploring AI solutions not only for economic gains but also for achieving environmental sustainability.
While AI can significantly accelerate the adoption of CE models globally, knowledge gaps still exist
regarding its practical application across sectors. Bridging this gap is essential to unlock the full benefits
of circularity powered by AI.

Raising awareness about the intersection of AI and CE is now crucial. As AI development tools become
more accessible and easier to use, broader adoption across real-world applications becomes more
feasible. Encouraging this integration will allow governments, industries, and organizations to harness
AI’s potential in achieving circular objectives.

Future Work
Looking ahead, our next steps will involve targeted engagement with stakeholders through interviews
and collaborative sessions. We will concentrate on specific sectors such as construction, waste
management, and the bio-economy to better understand how circularity can be realized within these
contexts and the specific contributions AI can make.

These interactions will help uncover the practical challenges and requirements faced by companies,
policy-makers,and practitioners when deploying AI solutions for CE.While digital technologies
including the Internet of Things (IoT), Big Data, and Cloud Computing are often highlighted as enablers
of circular transformation, AI stands out as a particularly promising tool.However, for AI-based systems
to be effective, they must undergo thorough design, testing, and validation. This demands considerable
time and resources, which can become a barrier to widespread implementation.Understanding and
addressing these barriers through collaborative research and policy guidance will be essential to foster a
robust digital foundation for the circular economy.
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