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Abstract: The global environmental crisis caused by population growth, waste, and resource 
exploitation demands a shift towards a more sustainable economic system. This study examines the 
role of Artifical Intelligence (AI) and Blockchain technological innovations as solutions in 
strengthening the implementation of the circular economy at the global level. Using qualitative methods 
through literature studies and focused group discussions, the resuts show that AI can optimize waste 
management and supply chains efficiently, while Blockchain increases transparency and accountability 
through secure digital recording. The integration of the two forms the Digital Circular Economy 
(DCE)-an innovative solution that promotes resource efficiency, data fairness, and global carbon 
footprint reducation. DCE is a strategic step toward creating new sustainability standards that are 
smart, transparent, and future-oriented. 

Keywords: Circular Economy; Artificial Intelligence; Blockchain; Sustanbility; technological 
Innovation. 

 

1. Introduction 

Background 

The rapid growth of the world’s population has had a major impact on global 
consumption and production patterns. According to a report by the United Nations (UN), 
the world’s population exceeded 8 billion in 2024 and is projected to continue to increase 
(United Nations, 2022). This increase in population is directly proportional to the increase in 
the volume of household waste and garbage, which poses a majir challenge to environmental 
sustaiblitlity. Data from the world Bank shows that every year humans produce more that 2 
billion tons of solid waste, and more than 30% of it is not properly managed, ending up 
polluting the soil, water, and air (World Bank., 2023). 

The exploitation of natural resources to meet the needs of industry and global 
consumption continues to increase. This situation has led to a decline in the availability of 
recources and has the potential to cause an ecological crisi. As a result, the phenomenon of 
global warming is becoming more severe, characterized by an increase in the average 
temperature of the earth, extreme climate change, and more frequent environmental disasters. 
This situation necessitates a paradigm shift in the global economy towards a more sustainable 
and efficient system in terms of resource use. The concept of a circular economy has emerged 
as a strategic solution to address these issues. The circular economy emphasize the principles 
of reduce, reuse, recycle, which is to minimize waste and maximize the reuse of resource in 
the production and consumption cycle (Ellen MacArthur Foundation, 2022). However, the 
global implementation of the circular economy still faces various obstacles, such as a lack of 
supply chain transparency, low waste management efficiency, and limited data and tracking 
systems (Schmidt & Müller, 2025). 
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Advances in digital technology such as Artificial Intelligence (AI) and Blockchain offer 
significant innovations in strengthening the implementation of the circular economy. AI can 
be used to analyze big data in waste management, predict resource needs, and optimize supply 
chains to be more efficient and environmentally friendly (Noman et al., 2022). Meanwhile, 
blockchain technology can increase transparency and accountability in circular economy 
systems through secure, decentralized, and tamper-proof transaction recording (Rajput et al., 
2025). The synergy between AI and blockchain has the potential to revolutionize global 
sustainability standards by introducing a more transparent, efficient, and equitable digital 
economic system (Rao et al., 2025). 

Based on the above description, this research is important to examine how digital 
technology innovations, particularly AI and block chain, can strengthen the implementation 
of a circular economy in facing the global environmental crisis and uphold new sustainability 
standards at the international level. 

Problem Statement 

a. What is the current global situation regarding population growth, household waste, 

and the depletion of natural resources that contribute to global warming? 

b. How can the circular economy concept be a solution to these sustainability issues? 

c. How can digital technology, particularly Artificial Intelligence (AI) and 

Blockchain, play role in strengthening the global circular economy system? 

d. How can the application of these technological innovations helps hapenew 

global sustainability standards? 

Research Objectives 

This research aims to: 

a. Describe the global conditions related to population growth, house hold waste volume, 

and declining natural resource availability that contribute to global warming. 

b. Analyze the concept of the circular economy as a solution to environmental and resource 

sustainability issues. 

c. Examine the role and contribution of Artificial Intelligence (AI) and Blockchain 

technologies in strengthening the implementation of the circular economy at the global 

level. 

d. Identify how the synergy between AI and block chain can shape and renew global 

sustainability standards that are more transparent, efficient, and inclusive. 

Research Benefits 

a. Theoretical Benefits 

This research is expected to contribute to the development of knowledge in the 

fields of digital economics and global sustainability, particularly regarding the integration 

of AI and block chain technology in circular economic systems. The results of this 

research can be used as a reference for further studies examining the relationship between 

technological innovation and economic sustainability. 

b. Practical Benefits 

In practical terms, this research can provide insights for: 
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1) Governments, in formulating digital technology-based sustainable economic policies 

to reduce waste and improve resource efficiency. 

2) Companies and industry players, as a reference for implementing AI and blockchain-

based circular business models to create more transparent and environmentally 

friendly supply chains. 

3) The public and academics, to understand the importance of digital transformation in 

encouraging more environmentally responsible consumption and production 

behaviors. 

2. Research Method 

This research uses a descriptive qualitative method with a Focus Group Discussion 

(FGD) approach and literature review. The descriptive qualitative approach is used to 

describe and analyze the phenomenon of AI and blockchain application in the context 

of the circular economy in depth. FGD (Focus Group Discussion) was conducted to 

obtain views from experts, practitioners, and academics regarding the application of 

digital technology in economic sustainability. Literature review was used to collect and 

analyze secondary data from journals, international reports, and policy documents 

relevant to the research topic. 

3. Literature Review 

Circular Economy 

The circular economy is an economic model that aims to maintain the value of 

products, materials, and resources for as long as possible within the economic cycle, while 

minimizing waste by redesigning production and consumption processes. This concept 

contrasts with the currently dominant linear economy (take-make-dispose) (Ellen 

MacArthur Foundation, 2022). The three main principles of the circular economy are: 

a. Eliminating waste and pollution from the outset of the design process. 

b. Keeping products and materials in use for as long as possible. 

c. Restoring natural systems through resource regeneration. 

The application of the circular economy has been proven to increase resource 

efficiency, reduce carbon emissions, and create new environmentally friendly economic 

opportunities (Geissdoerfer et al., 2017). However, at the global level, there are still many 

challenges to be faced, such as limited recycling infrastructure, unintegrated data, and a 

lack of transparency in the supply chain. 

 

Artificial Intelligence (AI) in the Circular Economy 

Artificial Intelligence (AI) plays an important role in supporting the transformation 

towards a circular economy. AI can be used to: 

a. Predicting material and energy needs, thereby preventing resource waste. 

b. Automatically classifying and managing waste through computer vision and machine 

learning technologies. 

c. Optimizing logistics and supply chain storeduce distribution distances and carbon 
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emissions. 

d. Analyzing product life cycles (Life Cycle Assessment - LCA) to determine recycling 

strategies or product lifespan extension. 

According to (Noman et al., 2022), the integration of AI in waste management and 

industrial production can significantly improve resource efficiency, especially when 

supported by real-time data and automated monitoring systems. 

Blockchain Technology in the Circular Economy 

Blockchain is a decentralized, secure, and immutable digital recording system. In the 

context of the circular economy, this technology is used to: 

a. Tracking the origin and movement of raw materials in the supply chain transparently. 

b. Ensuring product authenticity and sustainability through smart contracts and asset to 

kenization. 

c. Improving accountability and carbon footprint auditing from production to 

consumption. 

d. Facilitating the sharing economy and incentive system stoencourage community 

participation. 

According to (Rajput et al., 2025), blockchain provides an important solution in 

building trust between stakeholders across the supply chain, while supporting verifiable 

data-driven decision making. 

Integration of AI and Blockchain in the Digital Circular Economy 

The integration of AI and blockchain in the circular economy creates a smart, 

adaptive, and transparent digital ecosystem. (Rao et al., 2025) states that the combination 

of these two technologies can: 

a. Providing real-time data that is automatically analyzed and permanently recorded in the 

blockchain. 

b. Enabling the creation of digital token-based incentive systems to support recycling and 

responsible consumption behaviors. 

c. Improving decision-making efficiency in resource management and waste logistics. 

d. Strengthening global sustainability standards by expanding access to openly verifiable 

data. 

4. Theoretical And Conceptual Framework 

Theoretical Foundation 

This research is based on theories and concepts relevant to three main areas: 

environmental sustainability, circular economy, and digital transformation through AI 

and blockchain. 

Sustainability Theory 

Sustainability theory explains that economic development must consider three 

main aspects: economic, environmental, and social, so that current generations can meet 



 
 
 
 
Proceeding of the International Conference on Economics, Accounting, and Taxation 2025, vol. 2, no. 1, Fauziah, et al. 106 of 112 

 

their needs without compromising future generations (Brundtland Commission, 1987). 

In the context of this study, sustainability is an important foundation for evaluating the 

role of technology in resource efficiency and reducing environmental impact. 

Circular Economy Theory 

The circular economy model is based on the principle that production and 

consumption processes must extend the life of products, reduce the use of new resources, 

and avoid waste and pollution (Geissdoerfer et al., 2017). This theory serves as a basic 

framework for understanding how economic systems can be redesigned to be more 

closed-loop, efficient, and environmentally friendly. 

Technological Innovation Theory 

Technological innovation theory explains how new technologies are adopted in 

social or economic systems to overcome challenges or improve efficiency (Rogers, 2003). 

In this case, the application of AI and blockchain is seen as an innovation that drives 

systemic change in resource management and supply chains in the circular economy. 

Framework 

 

5. Results and Discussion 

Global Sustainability Challenges: Population, Waste, and Resource Crisis 

Population growth reaching more than 8 billion people (United Nations, 2022) has 

a direct impact on increased consumption and global waste volumes. Every year, more 

than 2 billion tons of solid waste is produced, and around 30% is not managed properly 

(World Bank, 2023). This situation puts enormous pressure on the environment, from 
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pollution to over exploitation of natural resources 

This phenomenon contributes to global warming, characterized by rising average 

global temperatures, melting polar ice caps, and extreme weather events. Therefore, 

systemic changes in economic models and resource management are needed to ensure 

long-term sustainability. 

The Circular Economy as the Answer to the Ecological Crisis 

The circular economy offers an alternative paradigm that places resource efficiency 

and regeneration at the heart of production and consumption processes. The application 

of the reduce, reuse, recycle principles in this model not only reduces waste but also 

extends the life cycle of materials and products. However, the implementation of the 

circular economy still faces structural obstacles: 

a. Lack of integrated waste management infrastructure, 

b. The absence of a reliable tracking system, 

c. Lack of transparency in the supply chain. 

To overcome these challenges, digital technology interventions are needed to 

transform the economic system into one that is more adaptive, transparent, and efficient. 

The Role of AI in Improving Circular Economy Efficiency 

Artificial Intelligence (AI) is an important enabler in the modern circular economy. Its 

roles include: 

a. Resource demand prediction: Predictive algorithms can help industries accurately 

determine the amount of materials needed. 

b. Waste management automation: Computer vision and machine learning 

technologies enable real- time waste classification. 

c. Logistics and supply chain optimization: AI can design distribution systems with 

minimal carbon footprint and travel time. 

d. Product life cycle analysis: Supports product life extension through reuse and 

refurbishment strategies based on LCA (Life Cycle Assessment) data. 

These AI capabilities not only improve production efficiency but also strengthen 

control over the recycling process. 

The Role of Blockchain in Transparency and Accountability 

Blockchain serves as a solution to the lack of transparency in the global circular 

economy. This technology enables: 

a. Tracking raw materials from upstream to downstream: Providing assurance of 

product origin and sustainability. 

b. The implementation of smart contracts: Automating and securing transactions 

between parties in the supply chain. 
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c. Auditable carbon footprint: Enables consumers and regulators to assess the 

environmental impact of a product or process. 

d. Digital incentive systems: Encourages active community participation 

through tokenization (rewards for environmentally friendly behavior). 

Blockchain, with its decentralized and immutable nature, creates a more equitable 

and trustworthy economic system. 

AI and Blockchain Synergy: Realizing a Digital Circular Economy 

The integration of AI and blockchain forms an adaptive and transparent digital circular 

economy infrastructure. Some examples of this synergy include: 

1. AI analyzes waste data, while blockchain permanently records this data, forming 

an auditable waste history. 

2. Smart contracts are used to provide behavior-based incentives captured by 

sensors or AI (e.g., tokenization for recycling). 

3. AI optimizes resource recovery from waste, and the results of this process are openly 

documented in blockchain to increase public trust. 

This integrative model also opens opportunities for new sustainability standards that 

are more universal, data-driven, and inclusive, where all parties (industry, government, 

consumers) can contribute and verify processes in real-time. 

Building Global Sustainability Standards Through Technology 

To introduce new global sustainability standards, the synergy of AI and blockchain must 

be adopted systematically through: 

a. Real-time data-driven policies: Governments can design responsive and adaptive 

regulations with input from AI + blockchain systems. 

b. Transparent environmental auditing: Industries can no longer manipulate 

emissions data or carbon footprints because all information is recorded in a 

distributed system. 

c. Public education and digital literacy: End users must understand how to actively 

participate in technology-based circular systems. 

Focus Group Discussion (FGD) Results 

a. Awareness of the Environmental Crisis 

The majority of participants expressed concern about global environmental 

conditions, particularly the increase in waste volume and the impact of climate change. 

They agreed that the linear economy is no longer relevant and that a transformation to 

a circular economy is necessary. 
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b. Need for Transparency and Efficiency 

Industry players expressed difficulties in tracking the origin of raw materials and 

product cycles. They welcomed blockchain technology as a solution to create a more 

transparent and auditable supply chain. 

c. The Potential of AI in Waste Management and Production 

AI developers emphasized that with sufficient data availability; AI systems can 

improve logistics efficiency and automatically classify waste, which can reduce 

emissions and industrial operating costs. 

d. AI + Blockchain Synergy 

The discussion resulted in a consensus that the integration of these two 

technologies can strengthen decision-making in resource management and form an 

adaptive and accountable sustainability system. 

Thematic Analysis 

Based on FGD data and literature studies, the author identified four major themes: 

a. Digital Transformation as the Backbone of the Circular Economy 

Digital technology has evolved into a strategic tool for monitoring, optimizing, and 

reporting sustainability processes. The integration of AI and blockchain not only 

facilitates internal efficiency within companies, but also supports data transparency to 

the public. 

b. Blockchain Strengthens Ecosystem Trust 

Blockchain is considered capable of replacing traditional reporting systems that 

tend to be closed and manipulative. With smart contracts and decentralized recording, 

sustainability audits can be conducted automatically and in real time. 

c. AI Enables Data - Driven Adaptation 

AI works not only predictively but also prescriptively, meaning that this technology 

can provide practical recommendations based on data trends. In the context of the 

circular economy, AI helps: 

a) Determine optimal strategies for product recycling, 

b) Identify energy efficiency, 

c) Assessing emissions from the product lifecycle. 

d. New Global Sustainability Standards 

One of the interesting outcomes of the discussion was the need to establish digital-

based global sustainability standards. Some of the proposals included: 

a) "Green Trace" standards for carbon footprint audits, 

b) A blockchain-based token system to reward environmentally friendly behavior, 

c) Establishing global sustainability KPIs based on AI data. 
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Digital Circular Economy (DCE) Integration Model 

From the results of the FGD and literature, the author formulated the following 

conceptual model: 

a. Technology Layer: 

a) AI for prediction, classification, and optimization 

b) Blockchain for tracking, transparency, and incentives 

b. Operational Layer: 

a) Circular supply chain (upstream - downstream) 

b) Automated waste processing 

c) Participatory education & incentive platform 

c. Social & Global Impact Layer: 

a) Carbon footprint reduction 

b) Resource distribution equity 

c) Digital sustainability literacy 

This model can be used as a basis for creating real-time sustainability monitoring 

dashboards at the national and global levels. 

Discussion and Implications 

a. Academic Implications 

This study enriches the discourse on economic system transformation through digital 

technology. The integration of AI and blockchain in the circular economy has not been 

studied in depth, so these findings can serve as important literature for the development 

of interdisciplinary science: digital economy, sustainability, and information technology. 

b.  Practical Implications 

a) Governments can design policies based on real-time data and fair digital incentives. 

b) Companies can develop technology-based circular business models and increase 

consumer trust through transparency. 

c) The public can become more aware and actively involved in the circular 

ecosystem through digital applications that support recycling and responsible 

consumption. 

c. Risks and Challenges 

a) Privacy and data security issues in the integration of AI and blockchain. 

b) Technology access in equality in developing countries. 

c) High investment needs to build circular digital infrastructure. 

Results and Discussion 

Conclusion 

This study shows that the global environmental crisis—characterized by population 

growth, waste accumulation, and natural resource exploitation—requires a systemic 
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response in the form of economic transformation towards as marter, more efficient, and 

sustainable circular economy. 

From the results of the literature study and Focus Group Discussion (FGD), 

several key points were concluded: 

a. The circular economy is a relevant and strategic approach to addressing sustainability 

challenges. The principles of reduce, reuse, recycle provide a framework for 

managing resources regeneratively and reducing pressure on the environment. 

b. Artificial Intelligence (AI) acts as a catalyst in optimizing circular economy processes, 

from predicting material needs, automatic waste classification, to efficient and low-

emission supply chain planning. 

c. Blockchain supports transparency and accountability in the supply chain, enabling 

carbon footprint tracking, the implementation of smart contracts, and token-based 

digital incentives for sustainable behavior. 

d. The synergy between AI and Blockchain creates the foundation for the formation of 

the Digital Circular Economy (DCE), an economic ecosystem based on real-time, 

open, and fair data. This model paves the way for the establishment of new global 

sustainability standards that are technology-based and publicly verifiable. 

Recommendations 

The government needs to formulate policies that support the integration of digital 

technologies such as AI and blockchain in environmental management and the circular 

economy, while also building digital infrastructure that is inclusive and adaptive to 

technological developments. Industry players are advised to start adopting these 

technologies in their operational processes and supply chains, as well as to collaborate 

with technology solution providers and research institutions to create more sustainable 

production systems. For academics and researchers, it is important to expand empirical 

studies and develop digital sustainability evaluation methodologies that can be 

implemented across sectors and regions. Meanwhile, the general public also needs to 

improve their digital literacy and awareness of the importance of active participation in 

supporting a circular economy based on transparency and environmental responsibility. 

Research Limitations and Future Research Directions 

This research is qualitative and conceptual in nature, with an exploratory approach. 

Therefore, the results and models developed have not been tested quantitatively or 

implementatively. 

Going forward, further research could be directed towards: 

1. Developing AI–Blockchain system prototypes for the circular economy (e.g., 

token-based waste tracking applications). 

2. Analyzing the economic and social impacts of implementing his technology through 

case studies in specific sectors such as manufacturing, food, or electronics. 

3. Measuring the digital readiness of the industrial and government sectors in 

adopting the DCE ecosystem nationally and regionally. 
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