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 Population expansion and evolving consumption trends make trash 

management a critical worldwide issue. Research indicates that by 2050, 

about 67% of the global population will reside in megacities, necessitating 

intelligent solutions to address inhabitants' needs. Waste collection is an 

effective IoT service that leverages cost and energy efficiency.  This 

research investigates the revolutionary capabilities of Artificial 

Intelligence (AI) and the Internet of Things (IoT) in enhancing garbage 

management via intelligent collection, automated sorting, real-time 

monitoring, and predictive analytics. Artificial intelligence-based garbage 

categorization enhances recycling effectiveness, whilst Internet of Things-

enabled smart bins streamline collection routes, hence decreasing 

operating expenses and reliance on landfills. Blockchain, a technology 

facilitating decentralized and immutable ledgers, is being re-envisioned as 

a means to transform waste management. This novel methodology seeks to 

enhance trash management transparency, traceability, and efficiency, 

yielding substantial environmental and economic advantages. 

Conventional waste management systems lack transparency in the 

monitoring and disposal of waste products, rendering them susceptible to 

fraud, mismanagement, and inefficiency. Blockchain technology offers a 

safe and transparent framework for documenting each phase of the waste 

management lifecycle, including trash creation, collection, transportation, 

recycling, and disposal. Each transaction in the blockchain is documented 

in an immutable fashion, facilitating real-time oversight and validation of 

waste-related information. This article presents the use of blockchain 

technology in garbage management. The primary objective of this study is 
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to demonstrate the use of blockchain technology into an established waste 

management firm, using smart contracts in the recycling process to 

enhance transparency. The digital product passport was redefined for the 

circular economy and trash recycling. 

Keywords: Smart City, Waste Management, Smart Bin, Sustainability, 

Internet of Things (IoT), Machine Learning, Blockchain. 

 

INTRODUCTION 

Waste management is a significant concern for local 

authorities worldwide. A World Bank research 

indicates that roughly 2.01 billion tons of municipal 

solid waste are produced globally each year, with at 

least 33% of this material being improperly disposed 

of in open dumps and landfills. Accelerated 

urbanization and population expansion have 

intensified waste management challenges, threatening 

public health, increasing greenhouse gas emissions, 

and contributing to environmental damage [2]. 

Although garbage production rates are higher in 

high-income countries, the secure collection and 

disposal of waste continues to pose significant 

challenges in low- and middle-income nations. 

Current traditional waste management methods are 

unable to address the increasing complexity and 

expenses associated with sustainable waste practices 

[3]. Numerous studies have underscored the 

deficiencies of current waste management systems, 

including operational inefficiencies due to antiquated 

collection routes, absence of real-time monitoring of 

bin usage, inadequate recycling and recovery of 

valuable waste components, and insufficient data for 

modelling and optimizing intricate waste operations 

[4,5]. Present waste management methods are 

markedly inefficient, resource-demanding, 

ecologically burdensome, and inadequate to satisfy 

future metropolitan needs. To tackle these difficulties, 

experts have suggested the use of advanced 

technologies, like sensors, IoT, and data analytics, to 

facilitate intelligent waste management systems. IoT-

based solutions provide real-time monitoring of 

garbage bins, produce data-driven insights, and 

support informed decision-making for waste 

management and operations. Although some small-

scale IoT implementations have shown potential 

advantages, extensive citywide deployments of smart 

waste management remain few. There is a deficiency 

of comprehensive technical assessments including 

sensor prototypes, network design, and algorithm 

development for intelligent waste management 

systems. 

The disposal chain of waste management is a complex 

system with several stakeholders. Standard waste 

transfers include individuals and industries, 

municipalities, contracted organizations responsible 

for bin collection and management, various facilities 

engaged in collection, disposal, and recycling, as well 

as manufacturers using recovered materials who 

provide new goods to the market [10]. Blockchain 

technology, a decentralized method for the 

immutable recording of data, may enhance waste 

management systems. In this environment, 

blockchain technology has emerged as a disruptive 

force, providing innovative methods to enhance the 

efficiency and sustainability of waste management 

[12]. The blockchain presents significant and 

extensive potential, ranging from secure and 

transparent transaction records to enabling trash 

recycling. The suggested approach aims to transform 

antiquated processes by reconceptualizing trash 

management as a decentralized, interactive, and 

gamified ecosystem. The platform utilizes blockchain 
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and decentralized technology to convert garbage 

disposal into a community-oriented endeavour, 

ensuring that every contribution is verified, 

transparent, and rewarded. 

 

Background  

The incorporation of intelligent technology like IoT 

and big data analytics has revolutionized several 

urban operations and services, resulting in the 

development of "smart cities" [16]. Researchers have 

been investigating technology-driven solutions to 

address urgent urban issues like transportation, 

energy consumption, water distribution, and waste 

management [17]. AI-driven sensor-based sorting 

systems have transformed trash categorization by 

markedly improving accuracy and operating 

efficiency. These systems use several sensors, 

including near-infrared (NIR), X-ray transmission, 

and optical sensors, to assess physical attributes such 

as colour, size, and material density, so assuring 

accurate waste classification [19].  AI algorithms 

analyse real-time data from these sensors to provide 

precise and efficient sorting of plastics, metals, paper, 

glass, and other materials. AI-driven sorting solutions 

consistently enhance their machine learning 

classification techniques, increasing precision and 

reducing errors with time [20].  AI promotes sorting 

efficiency and improves the operation of waste 

management equipment, such as conveyor belts and 

robotic arms, by minimizing contamination in 

recycling streams and maximizing material recovery. 

Recent advancements in sensor-based sorting 

amalgamate many sensing modalities, including 

optical, infrared, and electromagnetic sensors, to 

provide comprehensive material analysis, therefore 

guaranteeing great sorting precision even in intricate 

waste settings. 

Traditional trash management mostly depends on 

labour-intensive manual procedures for garbage 

collection, vehicle routing, bin surveillance, and 

administration [26]. Numerous studies have examined 

the shortcomings of these antiquated procedures, such 

as inefficient truck routes, overfilled bins, absence of 

real-time visibility, and inadequate usage of trash data. 

Surveys conducted in urban areas of India and Nigeria 

indicated that more than 60% of municipal waste 

management costs are allocated to garbage 

transportation, highlighting significant potential for 

optimization [27]. IoT-enabled intelligent waste 

management solutions were suggested in [28] to 

address these inefficiencies. Networked sensors can 

assess garbage bin fill levels and relay this information 

to cloud systems, facilitating intelligent route 

planning, timely collections, and data-driven 

decision-making [29]. An architectural framework 

including sensors, Wi-Fi, and historical use analytics 

lowered trip lengths for rubbish trucks in Lisbon by 

29% [30]. Solar-powered ultrasonic sensors on bins in 

Malaysia facilitated the optimization of schedules and 

significantly decreased the collection of near-empty 

bins. 

Although first small-scale trial installations have 

shown success, the city-wide application of smart 

garbage IoT remains constrained. Researchers have 

noted obstacles to widespread use, including the 

expense of sensor gear, network connection issues, 

power requirements, security concerns, interaction 

with older systems, and the absence of standardized 

solutions [34]. A complete architecture is required to 

cover sensing, connection, data management, and 

analytics [35]. A modular IoT architecture for 

intelligent trash management was presented, 

including edge nodes, gateways, cloud storage, and 

analytics in [36]. Edge computing systems provide 

real-time analytics while minimizing latency, 

network consumption, and expenses [37]. Blockchain 

is also developing to protect waste data exchanges. 

Numerous researches have investigated machine 

learning algorithms for trash IoT data concerning 

prediction and classification [39], although the 

majority concentrate just on certain elements like 

routing or infrastructure, lacking a comprehensive 
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smart city waste framework [40]. Although IoT may 

enhance operations, interaction with residents is 

essential for sustainable trash management. 

Applications and citizen engagement platforms 

developed on IoT trash data may enhance recycling 

and appropriate disposal. Interactions among people, 

collectors, and municipal officials might improve 

trash literacy [45]. There is a need for IoT waste 

systems that are more human-cantered, ethical, and 

transparent [46].  

The blockchain may enhance waste management by 

generating digital asset tokens, such as security tokens, 

linked to the garbage of smart cities for monitoring 

and tracing objectives. These tokens are essential for 

monitoring recovered waste materials. They 

substantially aid government entities in minimizing 

waste management expenses and optimizing 

corporate operations. Traceability guarantees that 

garbage produced in smart cities is governed by 

defined waste management protocols to save the 

environment from contamination. It also allows users 

to effectively oversee the lifecycle of garbage in smart 

cities [48]. Blockchain technology can ascertain the 

precise category of healthcare waste handled at 

recycling facilities, which may then be repurposed for 

the manufacturing of medical devices and equipment 

[49]. The enhanced transparency in asset tracking 

enabled by blockchain elevates the value of the waste 

supply chain. It reduces the expenses related to waste 

management activities, including collection, sorting, 

transportation, and processing [50]. Industries may 

use blockchain technology to trace the origin and 

transit path of food scraps and garbage to recycling 

facilities for fertilizer manufacturing. Utilizing this 

data, they may establish additional fertilizer 

manufacturing plants in proximity to waste sources to 

save transportation expenses. Improving the recycling 

process necessitates the optimization of each step to 

enhance resource recovery and reduce operating 

expenses. Artificial intelligence is essential for using 

predictive analytics and data-driven decision-making, 

as well as for the continuous analysis of real-time 

operational data, including equipment performance, 

energy usage, and material movement. AI systems 

may detect inefficiencies and enhance critical factors. 

These models use historical and real-time data, 

allowing adaptive process optimization and enhanced 

predicted accuracy [55]. 

 

Objectives 

Conventional waste management systems depend 

significantly on human data gathering, which often 

suffers from delays, inaccuracies, and susceptibility to 

manipulation. Zero2Hero resolves these challenges by 

using Web3Auth for effortless, decentralized user 

authentication and Lit Protocol for secure data storage. 

These solutions enable consumers to report trash 

anonymously while preserving data integrity and 

confidentiality. garbage reporting is executed using an 

interactive, geolocation-based map, enabling users to 

indicate garbage dumps and provide real-time updates. 

This decentralized methodology guarantees data 

accuracy, integrity, and immediate accessibility across 

the network [57]. A primary problem in trash 

management is encouraging people to engage actively. 

Zero2Hero launches RWT (Reward Tokens), 

distributed to users according on the amount and kind 

of trash reported. In contrast to conventional 

incentive schemes, RWT tokens are anchored to real-

time cash prices using Chain-link Price Feeds, 

offering users consistent and concrete advantages for 

sustainable actions. Users are rewarded with tokens 

for reporting garbage, participating in community 

clean-ups, or using eco-friendly transportation, which 

may be redeemed or sold [58]. Besides trash reporting, 

Zero2Hero promotes environmentally conscious 

driving behaviours via its collaboration with DIMO. 

The platform evaluates each user's environmental 

effect by monitoring vehicle emissions and driving 

habits, rewarding low-carbon travel. This dual 

strategy not only aims at trash minimization but also 

fosters more sustainable transportation alternatives. 
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Incentives Trust and openness are essential for 

efficient trash management. Zero2Hero guarantees 

accountability via on-chain attestations facilitated by 

Sign Protocol, which permanently records all user 

acts on the blockchain. This decentralized ledger 

allows community members, local governments, and 

third-party auditors to authenticate reported waste, 

user involvement, and incentive distribution. 

Moreover, all encrypted data [60] is securely 

preserved on IPFS (Inter Planetary File System), 

making it impervious to tampering and censorship. 

This design ensures that environmental impact data is 

accessible, reliable, and transparent to all stakeholders 

[61]. 

 

Identification of Need  

With the expansion of metropolitan areas and rising 

consumption, trash creation rates have escalated, 

beyond the capabilities of conventional disposal 

systems [62]. This results in ecological damage, health 

concerns for the populace, and suboptimal resource 

use. There is an urgent need for creative technologies 

that can manage garbage more effectively and 

sustainably. Efficient waste management requires 

active public involvement; yet, current approaches 

sometimes lack incentive frameworks to encourage 

individual engagement. Zero2Hero fills this need by 

establishing a reward-based, participatory ecosystem. 

Conventional centralized systems are susceptible to 

delays and data errors. Zero2Hero utilizes 

decentralized technology to improve data collecting, 

transparency, and civic accountability.  Citizens and 

informal garbage workers often lack clear methods to 

authenticate their efforts and get acknowledgment 

[65]. Zero2Hero employs blockchain technology to 

ensure that incentives are verifiable and auditable, 

hence fostering community trust.  Municipalities face 

challenges due to fragmented data, impeding strategic 

planning. Zero2Hero incorporates real-time data 

collecting and analysis to facilitate informed decision-

making and policy development. Zero2Hero seeks to 

revolutionize garbage management by tackling these 

obstacles, creating a collaborative, efficient, and 

transparent approach that promotes sustainable urban 

settings. 

 

Methodology  

The objective of adopting efficient trash Management 

Solutions is to enhance trash disposal, foster 

sustainability, and mitigate environmental impact 

using new technology and strategic methodologies. 

An organized waste management system enhances 

community cleanliness and bolsters worldwide 

initiatives in conservation and sustainable 

development. The primary goals encompass.  

 Minimize Environmental Impact: Efficient waste 

sorting, recycling, and disposal methods mitigate 

pollution and avert environmental deterioration.  

 Advocate for Recycling and Reuse: Fostering the 

recycling and reuse of items reduces waste 

production and preserves natural resources.  

 Augment Public Health and Safety: Adequate 

waste management mitigates health hazards 

linked to pollution and contamination.  

 Enhance trash Collection and Processing: 

Cutting-edge technologies optimize trash 

collection, processing, and disposal, improving 

efficiency and reducing costs.  

 Promote Sustainable Urban Development: 

Sustainable waste management techniques 

enhance urban cleanliness, decrease landfill use, 

and foster long-term urban sustainability.  

The primary objective of waste management is to 

provide a sustainable system that safeguards the 

environment, preserves resources, and fosters healthy 

living conditions.  Incentives are the behavioural 

foundation of Zero2Hero. Although encryption 

ensures data integrity and confidentiality, a 

meticulously calibrated economic framework is 

essential to engage millions of homes, informal 

garbage collectors, and municipal entities in daily 

platform use. This chapter formalizes the Reward 
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Token (RWT) economy, elucidates its price-stability 

mechanisms, analyses long-term supply, and 

illustrates how RWT connects with carbon-credit 

markets to provide a closed-loop value cycle that 

finances ongoing waste diversion.  Token design 

occupies the convergence of behavioural economics, 

game theory, and sustainable finance. Based on 

empirical research indicating that direct financial 

incentives significantly enhance household recycling 

rates [Rosales 2023; Saberi 2018], Zero2Hero 

establishes the following objectives:  RWT must be 

divisible to 18 decimal places and transferable across 

any EVM chain, facilitating micro-rewards (less than 

USD 0.01) without compromising future liquidity.  A 

USD-pegged reward baseline guarantees predictability 

for consumers irrespective of cryptocurrency 

volatility.  Supply decay encourages long-term 

retention and safeguards early adopters from dilution, 

reflecting effective deflationary frameworks like Safe 

Moon and EOS halving protocols.  A stochastic 

jackpot enhances engagement, boosting retention 

without elevating fixed emission rates.  

 
Figure 1: The Proposed System 

 

Compatibility of Carbon Credits. Each incinerated 

RWT corresponds to a verifiable waste-diversion 

tonnage, establishing the token as a proof-of-impact 

asset inside voluntary carbon markets. 

 

Table 1. Initial Allocation and Supply Curve 

 
 

The initial supply is limited to 1 billion RWT. A 

supply-decay schedule reduces the minting rate of 

Community Rewards by fifty percent every 24 

months (about a block height), akin to Bitcoin 

halving, but applicable just to emissions rather than 

total supply. After a decade, emissions decrease to less 

than 2% of the circulating quantity, steering the 

token towards disinflation.  A Python simulation 

forecasts a circulating supply of 720 million RWT by 

year 10, predicated on a 3% monthly compounded 

user growth.  Three Dynamic USD-Pegged Reward 

Formulas submitReport() calculates reward tokens as 

follows: reward = BASE_USD * 10^decimals / 

ethUsdPrice; Where: • BASE_USD is set to a default of 

0.10 USD (modifiable by DAO governance).  The 

ethUsdPrice is retrieved from Chainlink's ETH/USD 

feed (8 decimals) on each transaction.  The use of 

inline mathematics in Solidity using integer 

arithmetic to prevent accuracy loss. This guarantees 

that each report generates around USD 0.10 in RWT 

upon submission, shielding customers from 

fluctuations in ETH prices. 
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Outcome 

Zero2Hero's waste management concept is designed 

for scalability across urban, suburban, and rural 

environments, using blockchain technology, game-

theory incentives, and community involvement to 

promote widespread participation. This section 

delineates the strategic path for global adoption, 

emphasizing essential technological modifications, 

local governance frameworks, and requisite 

collaborations for success as seen in figure 2. 

Zero2Hero's contracts are deployable on any EVM-

compatible blockchain, facilitating easy interaction 

with local ecosystems. Multi-chain compatibility 

alleviates congestion and disseminates transaction 

burden among networks such as Base, Polygon, and 

Arbitrum.  Municipalities and local NGOs are 

included into governance via DAO-based voting, 

enabling them to impact emission rates, treasury 

distributions, and local award criteria. This guarantees 

that waste concerns particular to the community are 

addressed with contextually appropriate solutions. 

The Reward Token (RWT) is designed for universal 

accessibility, facilitating cross-border micro-rewards 

that allow participation from locations with diverse 

economic conditions. Mobile money interfaces, such 

as M-Pesa in East Africa, provide seamless fiat 

exchanges. Zero2Hero's collaboration with Verra and 

Gold Standard enables the creation of carbon credits 

associated with authenticated waste-diversion 

activities. This connects environmental effect with 

financial sustainability, enabling rich countries to 

mitigate carbon emissions by contributing to trash 

initiatives handled by Zero2Hero.  

 
Figure 2: The Waste Management System 

 
Figure 3: The Report Waste System 

 

The incorporation of AI and sophisticated data 

analytics into the platform has the potential to 

significantly transform waste management. Through 

the analysis of historical data [67] and the 

identification of trends in trash creation, the platform 

could accurately forecast waste collection 

requirements, hence reducing inefficiencies in 

collection routes shown in figure 3. This will result in 

cost reductions and enhance resource allocation for 

municipalities.  Furthermore, AI might provide 

tailored advice to consumers, assisting them in 

minimizing waste production by proposing more 

sustainable consumption behaviours aligned with 

their preferences. Integrating AI with predictive 

analytics would enable governments to make data-

driven choices, as shown in figure 4, such as 

optimizing garbage collection schedules during peak 

periods or targeting waste hotspots. 

 

 
Figure 4: The leader Board System 

 

As the Zero2Hero platform develops, it may have 

tools to assess and report the direct environmental 

effect of each user's activities. These systems might 
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provide instantaneous feedback on the reduction of 

carbon footprints attained via waste management 

methods and incentivize users who make the most 

substantial environmental contributions. By 

providing clear statistics on environmental effect, 

Zero2Hero might enhance user motivation to 

embrace sustainable behaviours and foster a wider 

culture of environmental stewardship [69]. 

Blockchain implementation in Zero2Hero guarantees 

openness, accountability, and confidence in the waste 

reporting procedure. Due to the permanent and time-

stamped nature of blockchain records, all acts inside 

the system are verifiable by any participant. This is 

especially crucial in environmental systems, where 

precise data is essential for decision-making and 

adherence to rules. In the future, blockchain may be 

used to authenticate trash processing and recycling, 

guaranteeing that users' efforts effectively contribute 

to waste reduction. 

 

Conclusion 

The combination of AI, blockchain, and IoT in trash 

management offers a revolutionary potential to 

improve efficiency, optimize resource use, and foster 

sustainability. AI-driven technologies, including 

predictive analytics, intelligent garbage collection, 

and automated sorting, may substantially enhance 

waste categorization, diminish reliance on landfills, 

and promote circular economy practices. The 

Zero2Hero platform signifies a ground-breaking 

advancement at the intersection of technology and 

environmental sustainability. Utilizing blockchain 

technology, decentralized authentication, encrypted 

storage, oracle-driven incentives, and gamified 

lotteries, it establishes a more engaging, efficient, and 

transparent waste reporting system. In contrast to 

conventional approaches, which can make trash 

reporting laborious and inadequately incentivized, 

Zero2Hero harmonizes personal motivations with the 

overarching social objective of environmental 

stewardship. The software incentivizes users via 

prizes and gamification, transforming trash reporting 

into a voluntary activity rather than a mandatory one. 

Preliminary worldwide pilots have shown a 

substantial improvement in participation rates, the 

reliability of provided data, and the overall efficacy of 

garbage collecting systems. This first success indicates 

the scalability of the Zero2Hero concept, making it a 

viable alternative for communities aiming to enhance 

waste management practices and actively involve 

residents. Moreover, the system's decentralized 

structure reduces dependence on centralized 

authority, therefore improving transparency, 

accountability, and confidence among members. An 

inclusive, multi-party strategy is crucial to fully use 

the advantages of AI, blockchain, and IoT integration 

in trash management. Enhancing legislative 

frameworks, investing in digital infrastructure, 

promoting public awareness, and maintaining 

intersectoral cooperation will be essential for 

sustainable advancements. Implementing intelligent 

waste management solutions may enhance the 

sustainability, efficiency, and alignment of global 

waste management systems with circular economy 

concepts, benefitting both local and international 

stakeholders. 
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