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ABSTRACT

Closing the post-consumer loop remains a persistent challenge in waste management and pollution control.
While blockchain technology has improved upstream traceability, most systems terminate tracking at the point
of sale, leaving consumer disposal undocumented. This blind spot undermines circular economy
implementation, limits Extended Producer Responsibility (EPR) compliance, and exacerbates municipal solid
waste pollution. This study addresses this gap by developing a blockchain-enabled tracking framework that
integrates an immutable ledger for life cycle tracking, a consumer mobile application for disposal registration,
and IoT-enabled smart disposal machines to verify physical waste recovery events. The system’s technical
feasibility was validated through a functional prototype and Minimum Viable Product (MVP) blockchain
validation, confirming efficient transaction handling and secure life cycle updates. Furthermore, socio-technical
factors driving user adoption of this green technology were evaluated using an empirical survey (¥r* = .72, *p*
< .001) and stakeholder interviews. This research provides an enhanced framework incorporating Digital
Product Passports (DPP) to improve global material recovery and reduce environmental contamination. The
system architecture is evaluated across high-impact waste streams including fast-moving consumer goods
(FMCQG), automotive parts, and electronic waste (mobile phones) while contextualizing regional regulatory
challenges against global sustainability standards. Visual diagrams and policy comparison analyses support a
clearer understanding of life cycle traceability and tech-driven pollution mitigation. These contributions offer a
validated, scalable framework that organizations can leverage to enhance consumer participation, improve
material recovery, and enable data-driven environmental management.

1. Introduction

In recent years, the consequences of the linear “take-make-
dispose” economic model have become alarmingly clear, with
global municipal solid waste projected to increase to 3.40
billion tons by 2050 (Kaza et al., 2018). The circular economy
(CE) has emerged as a vital alternative (Kirchherr et al., 2017,
Min, 2019; Unal et al., 2019), promoting the extension of a
product’s lifecycle  through reuse, recycling, and
remanufacturing. Transitioning to a circular model could
generate significant economic benefits and drastically reduce
greenhouse gas emissions (Behnke & Janssen, 2020;
Kouhizadeh et al., 2021).

This economic potential is further underscored by the United
Nations report “Beyond an Age of Waste”, which outlines the
necessity of transitioning waste management from a cost center

to a profit generating resource model (UNEP, 2024). Historical
cases such as Zhang Yin’s (Nine Dragons Paper) rise in the
global recycling industry demonstrate the profitability of
material recovery when supported by structured systems
(Flannery, 2007).

However, the transition varies significantly by region. In the
specific context of Sri Lanka, while a legal framework for
scheduled waste exists under the National Environmental Act
(Parliament of Sri Lanka, 1980), implementation remains
fragmented.

Recent policy analyses indicate that despite the existence of
licensed collectors, the coverage and enforcement for complex
waste streams, specifically End-of-Life Vehicles (ELVs) and e-
waste, are limited,
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leading to high rates of informal disposal and environmental
leakage (Ministry of Environment, 2023; Central
Environmental Authority, 2023; Ranasinghe & Perera, 2023).
This creates a unique opportunity for digital platforms to
“leapfrog” traditional infrastructure by establishing a
transparent verification layer.

While blockchain technology offers a powerful solution for
enhancing traceability, a critical limitation persists: tracking
capabilities typically cease once a product reaches the
consumer (Francisco & Swanson, 2018; Geissdoerfer et al.,
2018; Pagoropoulos et al., 2017). This creates a fundamental
disconnect between forward and reverse logistics, leaving the
post-consumer phase largely undocumented (Centobelli et al.,
2020; Nandi et al., 2020). A systematic review in 2022 (de
Souza et al., 2022) identified key barriers to implementing
blockchain in circular supply chains, including a lack of
consumer engagement mechanisms and the socio-technical
complexity of bridging digital systems with physical actions.
Without overcoming these barriers, companies cannot
effectively implement closed-loop systems or verify their
environmental claims.

While this study focuses specifically on post-consumer
FMCG packaging such as plastic bottles and aluminium cans,
the broader implications extend across multiple product
categories. Global policies, including the EU Digital Product
Passport (DPP) framework, emphasize transparency and
traceability not only for packaging but also for electronics,
textiles, vehicles, and other durable goods. Although these
categories fall outside the scope of the present research, they
provide useful benchmarking examples to understand how Sri
Lanka can gradually expand circular traceability systems
beyond FMCG packaging in the future.

A. Theoretical Foundation and Research Questions

The success of any consumer facing technology hinges on its
adoption by the target users. To understand the factors that
would drive consumer adoption of the proposed CSCM
system, this research is grounded in the Technology
Acceptance Model (TAM). TAM posits that user acceptance
of a new technology is primarily determined by two key
beliefs: Perceived Usefulness (PU) and Perceived Ease of Use
(PEOU). In the context of circular economy behaviors, PU can
be extended to include the perceived value of incentives and
environmental impact, while PEOU relates to the system’s
simplicity and convenience.

Based on TAM and the identified research gap, this study
aims to answer the following research questions (RQs):

RQ1: How do tangible incentives (Perceived
Usefulness) influence consumers’ intention to adopt
a blockchain enabled recycling system?

RQ2: To what extent does the system’s convenience
and simplicity (Perceived Ease of Use) affect its
potential for adoption by a diverse user base?

RQ3: What are the key technical and socio technical
components required to build a trusted and functional
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CSCM framework that addresses both PU and PEOU
for consumers?

This research addresses this gap by proposing and developing a
comprehensive blockchain enabled CSCM system. The system
extends product tracking beyond the point of sale by
integrating  manufacturers, consumers, and recycling
infrastructure on a single, transparent platform. It is composed
of three core components:

1. A blockchain infrastructure that provides a secure,
tamper proof record of all product movements and

lifecycle events.

A consumer mobile application that allows users to
register products, track their lifecycle status, and
receive tangible rewards for sustainable disposal.

A conceptual framework for smart disposal machines
that verify the physical act of disposal, bridging the
gap between digital records and real world actions.

This paper presents the architecture of this system, the
methodology used for its development, and an evaluation of its
key features through a functional prototype. Having identified
the disconnect between traditional and circular supply chains,
the following section outlines related work that situates this
study within current literature.

2. Background and Related Work
A. The Circular Supply Chain Disconnect

The transition from a linear to a circular supply chain requires a
paradigm shift from a one way flow to a closed loop system
where materials are continuously cycled. A significant
challenge identified in existing literature is the disconnect
between well optimized forward logistics (from production to
consumer) and underdeveloped reverse logistics (from
consumer back to recovery systems) (Kouhizadeh et al., 2021;
Treiblmaier, 2018; Kouhizadeh & Sarkis, 2018). This
asymmetry creates a critical gap, as products that reach
consumers often lack a clear pathway back into the production
cycle, thus breaking the “loop.”

B. Blockchain in Supply Chains

Current blockchain implementations excel at enhancing
upstream traceability (Saberi et al., 2019; Wang et al., 2019;
Geissdoerfer et al., 2018; Pagoropoulos et al., 2017). Systems
developed by IBM Food Trust, VeChain, and others have
successfully tracked products from raw material to retail,
combatting counterfeiting and verifying ethical sourcing.
However, a critical analysis reveals a persistent “post consumer
blind spot.” These systems are primarily business to business
(B2B) focused and lack the consumer facing engagement and
incentive mechanisms necessary to close the product lifecycle
loop.

Recent studies from reputable journals emphasize this
limitation. For example, research in the Journal of Cleaner
Production (Nguyen et al., 2022) highlights that without
integrating the consumer as an active participant through
accessible interfaces and effective circular business models,



blockchain’s potential in the circular economy remains largely
unrealized. Similarly, a 2023 paper in Sustainability (Lohmer
et al., 2023) analyzes the challenges of blockchain for plastic
waste management, arguing that the next frontier for these
systems is the development of robust socio technical systems
that can successfully bridge the gap between digital ledgers
and the complex realities of physical, end user actions. These
recent analyses confirm that simply providing upstream
transparency is insufficient for achieving a truly circular
system.

C. The Regulatory
Passports

Landscape and Digital Product

The drive for traceability is increasingly mandated by global
policy. As noted in the “Digitalization for Sustainability
(D4S)” report (Lange et al., 2023), the European Commission
is implementing the “Digital Product Passport” (DPP). This
instrument requires companies to create digital records
summarizing components, materials, repairability, and
disposal instructions for products.

This contrasts with the regulatory landscape in developing
regions. While the EU maintains harmonized, legally binding
directives (such as the ELV and WEEE Directives) (European
Commission, 2000) with strong Extended Producer
Responsibility (EPR), nations like Sri Lanka often lack a
centralized registry for waste flows. For developing
economies to match these stricter jurisdictions, there is a
critical need for a system that can bridge this gap. The
proposed blockchain framework aligns with the DPP concept
by assigning a digital identity linked to a barcode, Vehicle
Identification Number (VIN), or IMEI to ensure materials are
traced from origin to recovery.

D. Comparison of Existing Systems

To highlight the novelty of the proposed system, Table 1
compares its features against existing approaches. It
demonstrates that while previous systems have focused on
upstream transparency or isolated incentive apps, this work
integrates these components into a single, cohesive framework
that connects digital records to verified physical disposal
(Nandi et al., 2020; Centobelli et al., 2020).

System/ Consumer Verif‘“led Efld to End

Approach Key Focus Incentiv Physical Lifecycle
pproac centives Disposal Tracking

Traditional Upstream No No No (stops at

SCM (e.g., Traceability retail)

IBM Food

Trust)

Standalone Gamified Yes No No

Recycling Rewards

Apps (e.g.,

RecycleBan

k)

Academic Theoretical Conceptuali | Conceptu | Partial

Frameworks | Models zed alized

Proposed Integrated Yes Yes Yes (Origin to

CSCM Framework (Tangible (IoT Disposal)

System & Verified) | linked)

(This Study)

Table 1: Comparison of CSCM Approaches
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Building on these findings, the following section introduces the
proposed architecture and workflow that operationalize post
consumer lifecycle tracking.

2.1 Proposed System Architecture and Digital Product
Passport (DPP) Design

A. Overview

To address the challenges outlined, we designed a multi layered,
service oriented architecture. The system is structured to be
scalable, secure, and capable of integrating diverse
stakeholders (Geissdoerfer et al., 2018; Nandi et al., 2020). It
integrates blockchain, mobile applications, and IoT smart
disposal units through five layers. The overall architecture is
depicted in Fig. 1.

Client Layer

Distributor Portal Manufacturer Portal| | Disposal Machine Interface | Mobile Application| | Retailer Portal

API Gateway Layer Intergration Layer

AP Gateway ERP Connector 10T Connector | | QR/Barcade Service

Service Layer

Nofication Servics| | Disposal Service | | Reward Service | | Auhentication Service | | User Service | | Product Service Supply Chain Service

Monitoring and Management Blockchain Layer Data Layer

e bl
Gache ‘ Operational Database | | Fils Storage
— - .

Logging System | | Manitoring System Smart Contracts

1 BAM Dashborad |* Blockchain

Figure 1: Proposed System Architecture
The architecture is organized into the following key layers:

e Client Layer — This is the primary interface for all
users. It includes the Consumer Mobile Application
(for product registration, tracking, and rewards), and
portals for manufacturers, distributors, and retailers to
manage their roles in the supply chain.

e Service Layer — A set of microservices that handle
the core business logic. This includes services for user
authentication,  product  registration,  rewards
management, and processing disposal events.

e Blockchain Layer — The foundational layer that
ensures data integrity. It consists of the distributed
ledger and self executing smart contracts that govern
key transactions like ownership transfer, disposal
verification, and reward distribution. For the prototype,
this layer is simulated to interact with the data layer.

e Data Layer — Includes an operational database for
storing mutable data such as user profiles, and file
storage for product images. This layer provides the
fast data access needed for a responsive user

experience.
e Integration Layer — Provides connectors for
interfacing  with  external systems, such as

manufacturer Enterprise Resource Planning (ERP)
systems and the Internet of Things (IoT) components
within the smart disposal machines.
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Figure 2: Unified Blockchain Enabled Circular Supply Chain
Ecosystem, integrating high-frequency FMCG (Fast Loop)
and complex durable goods (Deep Loop) tracking and
verification.

Supported Material Streams for the Fast and Deep Loops

To address the diverse nature of waste, the architecture
supports a “Dual Stream” workflow in Fig. 2:

2.

The Fast Loop (FMCG) — For high volume items
like plastic bottles, glass, and paper/cardboard. These
are processed via IoT enabled Reverse Vending
Machines (RVMs) located in retail nodes (e.g.,
supermarkets), utilizing sensors to instantly verify
material type and issue micro rewards.

The Deep Loop (Durable Goods) — For complex,
high-value assets such as End-of-Life Vehicles
(ELVs), mobile phones, and refrigerators. The
system tracks these via unique identifiers (VIN for
cars, IMEI for phones). Unlike the Fast Loop, this
stream requires a “Depollution Verification” step
recorded on the blockchain, ensuring hazardous
fluids and batteries are safely removed by certified
professionals before the asset is dismantled for
valuable raw materials like steel, copper, and gold.

B. Data Flow and User Interaction Workflow

Figure 2 illustrates the end to end data flow:

1.

Consumers register and scan products through the
mobile app.

Product metadata is stored via API calls to the
backend and appended to the blockchain ledger.

Disposal machines authenticate user and product IDs,
triggering a smart contract to update lifecycle status
and credit rewards.

The system dashboard provides stakeholders
(manufacturers, recyclers) with analytics on product
recovery rates.
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Figure 3: Data Flow & Workflow diagram
C. User Interface Mockups
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Figure 4: Product Scan Screen
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Figure 5: Lifecycle Details and Reward Screen
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Step | Screen Description

1 Product Scan Screen User scans barcode to register product
(Fig. 4)

2 Lifecycle Details (Fig. | Shows product status (Registered — In
5) Use — Ready for Disposal)

3 Reward Screen (Fig. Displays earned points and rewards
5)

These visuals enhance comprehension of user interactions and
real world wusability. To validate the feasibility and
effectiveness of this proposed architecture and user interface,
a robust research methodology was employed, as detailed in
the following section.

2.2 Empirical Evaluation Methodology

This research employed a sequential explanatory mixed
methods design, combining quantitative, qualitative, and
design science phases. The first phase involved a quantitative
survey of 75 consumers, selected via convenience sampling,
to gather baseline data on recycling habits, technology
acceptance, and incentive preferences. The second phase
consisted of qualitative, semi structured interviews with 10
key stakeholders, selected via purposive sampling (including
supermarket managers, retail workers, and diverse consumers),
to provide deep, contextual insights. The final phase employed
a design science approach, where the findings from the first
two phases informed the development of a functional
prototype comprising a backend API, a mock blockchain
service, and a Flutter mobile application to serve as a tangible
artifact for validation.

A. Sampling and Participant Demographics

This study employed a mixed methods approach utilizing both
quantitative and qualitative data collection.

e Quantitative Survey — A survey was administered
to a sample of 75 consumers in urban areas of Sri
Lanka, selected via convenience sampling. This
method was chosen for its efficiency in gathering
exploratory data on consumer attitudes for this initial
study. The sample was demographically diverse, with
participants’ ages ranging from 18 to 75+ and
representing varied technological literacy levels,
from tech savvy students to less frequent smartphone
users.

o Qualitative Interviews — Semi structured
interviews were conducted with 10 stakeholders,
selected via purposive sampling. This method was
used to ensure the inclusion of key perspectives
relevant to the CSCM ecosystem, including 2
supermarket managers, 1 retail worker, and 7
consumers from different age and professional
backgrounds (e.g., university student, housewife,
office worker, elderly citizen).

B. Qualitative Sample Justification

For the qualitative component, the sample size of 10
participants was strategically chosen to achieve thematic
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saturation. Saturation is a well established principle in
qualitative research where data collection continues until no
new significant themes emerge from subsequent interviews.

This approach prioritizes depth of information over breadth of
participants and is highly effective for focused research
questions. The use of small, targeted samples is a common and
accepted practice in high impact technology and sustainability
research. For instance, a study on blockchain adoption in the
food supply chain published in Computers & Industrial
Engineering successfully derived its findings from 14
interviews. Similarly, research in the Journal of Cleaner
Production (Nguyen et al., 2022) on circular economy business
models utilized 12 case studies with focused interviews to
develop its framework.

In this study, saturation was observed around the eighth
interview, as subsequent discussions consistently reiterated the
same core barriers (convenience, lack of incentives) and
motivators (cash rewards, trust), confirming the adequacy of
the sample size for providing deep, contextual insights.

C. Study Limitations and Scope

It is important to acknowledge the limitations of this study. The
primary research was conducted with a geographically focused
sample in Sri Lanka, selected via non probability sampling,
which limits the statistical generalizability of the quantitative
findings. Furthermore, the prototype’s evaluation was primarily
based on a simulated blockchain, supplemented by a mock
blockchain environment for MVP level validation. While this
confirms technical feasibility, full scale performance testing on
a public network (e.g., Ethereum testnet) remains future work.
Consequently, real world performance metrics crucial for full
scale deployment such as transaction latency, data throughput,
gas fees (cost), and hardware reliability were not assessed. The
absence of a pilot test on a live blockchain network (e.g., an
Ethereum testnet) means that the technical feasibility has been
validated at a conceptual level but not yet under real world
network conditions.

Insights from these studies guided the prototype development
described below.

2.3 Prototype Implementation

A functional prototype was developed to demonstrate the core
features of the proposed CSCM system.

The technology stack was chosen to enable rapid prototyping
while adhering to modern software architecture principles.

2. Backend — Node.js with the Express.js framework,
providing a RESTful APIL.

3. Database — MongoDB, a NoSQL database, used for
its flexible schema.

4. Frontend — Flutter, a cross-platform framework,
used to develop the consumer mobile application for
both Android and iOS from a single codebase.

5. Blockchain — A mock blockchain service was
implemented to simulate the recording of lifecycle
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events. This service mimics the behavior of a real
blockchain by appending to an immutable history log
for each product in the database.

The smart contract design, smart contracts automate the
disposal reward process.

e Validate ownership
e Record disposal
e Trigger reward allocation

Each contract instance logs immutable events ensuring
auditability. The IoT integration for smart disposal machines,
IoT enabled disposal machines use QR scanners and secure
Wi-Fi modules to communicate disposal data. Each scan
updates the blockchain via microservice APIs. The security
and privacy considerations are:

1. Encrypted HTTPS communication and JWT tokens

2. Data anonymization through hashed user IDs

3. Blockchain immutability ensures record integrity
4. GDPR inspired principles applied for data
minimization

A. Justification of Blockchain Simulation

A simulated blockchain was initially used for prototype
validation due to infrastructure limitations. To strengthen
technical validation, a mock blockchain environment (using a
local Ethereum compatible test network) was later integrated
with the backend API. This allowed live transaction testing
and measurement of system performance metrics, serving as a
functional Minimum Viable Product (MVP) demonstration.
Future implementation will extend this to a public testnet for
full validation.

B. Key Feature — End to End Lifecycle Tracking

The mobile application provides users with a comprehensive
view of a product’s entire journey. Upon scanning a product’s
barcode, the user can see its manufacturing origin, its path
through the supply chain, and its current status.

C. Key Feature — Verified Disposal and Reward
Issuance

The most critical interaction is the disposal process. The
system is designed to connect the digital record with a
physical action. The workflow is as follows:

e The user selects a product that is “Ready for
Disposal” in the app.

e At a smart disposal machine, the user first scans a
personal QR code from their app to initiate a secure
session.

e The user then scans the product’s barcode.

e The system validates that the user owns the product

and that it is eligible for disposal.

J. Environ. Sustain. Sci. 1-3 (2026) pp:145-155

Upon successful validation, the smart contract is
triggered, the product’s status is updated to
“Disposed” on the blockchain, and reward points are
automatically credited to the user’s account.

This verified process ensures that incentives are only provided
for correct disposal, addressing the contamination issues
plaguing current public recycling systems. The validated
prototype enabled a structured evaluation of system
performance and user responses.

D. Live Blockchain Validation and MVP Testing

To enhance the technical validation of the proposed system, a
mock blockchain environment was implemented and integrated
with the backend API to validate the end to end transaction
workflow. The objective of this setup was to evaluate the
system’s functionality as a Minimum Viable Product (MVP)
and verify the feasibility of blockchain enabled lifecycle
tracking under real time interaction conditions.

The backend was connected to a locally deployed Ethereum
compatible blockchain network (Ganache), along with a smart
contract named ProductTracker that manages product
registration, disposal verification, and reward allocation.

Upon initialization, the backend successfully established
connections with both the MongoDB database and the
blockchain contract, confirming the system’s ability to perform
secure and verifiable transactions. The terminal output of this
initialization process is shown in Figure 6.

hiniMacBook-Pro BlockchainRecycling % cd /Users/user/Developer/BlockchainRecycling/backend
Pro backend % npm start

nitialized. Connected to local ProductTracker contract.

Figure 6: Terminal Output Confirming Successful Backend Initialization

Although this phase utilized a mock blockchain, the validation
process simulated real blockchain operations, including
transaction creation, state updates, and event logging. This
allowed for performance observation under controlled
conditions while maintaining full architectural integrity.

Table 2 summarizes the performance metrics obtained during
this MVP test.
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Metric Measurement Description
Average Transaction 4.2 seconds Time between API call and
Latency transaction confirmation
Throughput 3.1 Average rate of lifecycle events
transactions/seco | recorded
nd
Simulated Gas Cost 0.000018 ETH Estimated cost per transaction
(= LKR 0.95) under Ethereum test conditions

All transactions executed
successfully

Transaction Success
Rate

100% (n = 20)

Table 2: Performance Metrics from MVP Test

These results validate the system’s technical feasibility and
confirm that the architecture can support core blockchain
operations efficiently. The mock implementation successfully



demonstrated the system’s logic and interoperability between
components, meeting the objectives of an MVP level
validation. Future work will extend this phase by deploying
the ProductTracker contract on a live testnet (e.g., Ethereum
Sepolia or Hyperledger Fabric) to measure performance
metrics under real network conditions.

E. Scalability, Privacy, and Technical Limitations

While the prototype validated the core workflow, a full scale
implementation requires a deeper consideration of scalability,
privacy, and performance.

e Scalability — The system was designed with
scalability in mind. The microservices architecture
(Figure 1) allows for independent scaling of
components (e.g., user authentication, rewards
service) based on demand. For a production
deployment, the backend services would be
containerized (e.g., using Docker) and managed with
an orchestration platform like Kubernetes to handle
high transaction volumes from thousands of users
and IoT devices.

Data Privacy — Protecting user data was a key
design principle. Privacy is addressed through a multi
layered approach.

o Data Anonymization — Only hashed user
IDs are stored on the blockchain ledger to
anonymize on chain activities, preventing

direct linkage to a user’s real-world identity.

Secure Communication All data
transmitted between the mobile application
and the backend is encrypted end to end
using HTTPS and JWT tokens for secure,
authenticated sessions.

Data Minimization — The system is
designed  following GDPR  inspired
principles, collecting only the minimum
data necessary to facilitate the circular
workflow and reward process.

Technical Limitations of the Simulation — The
use of a simulated blockchain was a deliberate choice
to rapidly validate the system’s logic within the
project’s scope. However, this approach has clear
limitations. The prototype could not be used to
measure critical technical performance metrics that
would be essential for a live deployment. These
unmeasured metrics include:

o Transaction Latency — The time required
for a disposal event to be confirmed on a

real decentralized network.

Data Throughput — The number of
transactions the system can process per
second (TPS).
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o Cost Efficiency — The “gas fees” or
transaction costs associated with writing data
to a public blockchain like Ethereum.

3. Results and Discussion

The mixed methods research yielded significant insights that
directly answer the research questions framed by the
Technology Acceptance Model.

A. User Study Findings

Analysis of the quantitative survey and qualitative interview
data revealed several key findings. The survey provided a
statistical baseline for consumer habits and preferences, which
was further enriched by the contextual insights from the
interviews.

Metric Finding Percentage

151

Primary Disposal Method Recyclables in regular 61%

garbage
75%

Primary Barrier No financial incentive

Lack of convenient 58%

facilities

Secondary Barrier

Cash Rewards / Direct
Cashback

Most Preferred Incentive 82%

Preferred Machine Location Supermarkets / Shopping | 89%

Centers

Table 3: Key Quantitative Survey Findings (n=75)
The analysis of these findings revealed several critical insights:

e Primary Barriers to Recycling — The most
frequently cited barriers were a “lack of convenient
recycling facilities” (6/10 participants) and “no

financial incentive” (8/10 participants) (Choi, 2019).

Incentive Preferences — Tangible rewards such as
“Cash/Money” and “Supermarket discounts” were the
most potent motivators across nearly all demographic

groups.

Location Preferences “Supermarkets” and
“Shopping centers” were overwhelmingly the most
preferred locations for placing disposal machines
(9/10 participants), validating the strategy of
integrating the system into retail environments (Choi,
2019).

Usability and Trust — While smartphone ownership
is high (over 90%), concerns about data privacy and
case of use for older, less tech-savvy users were
significant. This validated the non-functional
requirements for a simple Ul and strong security.

The results are presented below in relation to the three research
questions (RQs) defined in the Introduction.

Answering RQ1 — The Role of Tangible Incentives
(Perceived Usefulness)

The findings overwhelmingly support the critical role of
incentives in establishing Perceived Usefulness. The survey



revealed that 75% of participants identified “no financial
incentive” as the primary barrier to recycling, and 82%
preferred tangible rewards like Cash Rewards / Direct
Cashback. This empirically validates that PU, in the form of
direct, tangible benefits, is the single most powerful motivator
for driving consumer adoption.

This quantitative finding was reinforced by the qualitative
interviews, where participants consistently identified
“Cash/Money” and “Supermarket discounts” as the most
potent motivators. To add empirical rigor, a simple statistical
analysis was performed on the survey data. Participants rated
the importance of incentives (a proxy for PU) and their
likelihood of using the system on a 5 point Likert scale. A
Pearson correlation was conducted and revealed a strong,
positive correlation (*r* = .72, *p* < .001). This statistically
significant result indicates that as the perceived value of
incentives increases, the intention to adopt the recycling
system also increases substantially. This provides strong
empirical support for the first research question and aligns
with recent research by Khan (2024), which suggests that
blockchain can enable “intelligent business models” where
value is created and distributed across the entire supply chain.

Answering RQ2 — The Importance of Convenience
(Perceived Ease of Use)

The data confirmed that Perceived Ease of Use is a crucial
factor. The survey showed that “Lack of convenient facilities”
was the second highest barrier (58%), and “Supermarkets /
Shopping Centers” were the overwhelmingly preferred
locations for disposal machines (89%).

The qualitative data from interviews further supported this,
with 6 out of 10 participants citing a “lack of convenient
recycling facilities” as a primary barrier. Furthermore,
feedback from older, less tech savvy users highlighted
concerns about complex interfaces. This validates the design
choice of a simple, intuitive mobile application and strategic
placement of machines in high traffic retail locations.

To complete the TAM validation, a statistical analysis was
performed to measure the impact of PEOU on adoption intent.
PEOU was measured by averaging participant ratings on two
S-point Likert scale questions regarding the system’s expected
simplicity and ease of finding disposal locations. A Pearson
correlation was conducted between this averaged PEOU score
and the likelihood of using the system. The analysis revealed a
strong, positive correlation (*r* = .68, *p* < .001). This
statistically significant result demonstrates that as the system
is perceived to be easier and more convenient to use, the
intention to adopt it also increases significantly. These
findings are consistent with the socio technical challenges
identified by Lohmer et al. (2023), demonstrating that
overcoming practical, real world friction is as important as the
underlying technology itself.

Answering RQ3 — The Validated CSCM Socio Technical
Framework

The research confirms that a successful system must be a
socio technical one. The developed prototype serves as a
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validated framework that addresses both technical and social
components. While smartphone ownership is high (over 90%),
confirming the viability of a mobile first approach, qualitative
interviews revealed that concerns about data privacy and
usability were significant.

Therefore, the technical components (blockchain for trust,
strong security, and an IoT link for verification), aligned with
frameworks proposed by Kumar (2023), provide the necessary
infrastructure to build trust. The social components (tangible
incentives addressing PU, and convenient locations with a
simple Ul addressing PEOU) ensure the technology is both
desirable and accessible, creating a cohesive and functional
system.

B. Global Benchmarking — Incentives and Efficiency

The study’s findings on the correlation between incentives and
adoption align with global data on Deposit Return Systems
(DRS) (Read, 2024). High performing systems, such as
Sweden’s “Pant” system, achieve return rates of approximately
85-90% by combining convenience with reliable financial
rewards (Returpack, 2024). In contrast, jurisdictions with low
deposit values or voluntary schemes (e.g., parts of Australia)
struggle to exceed 65% return rates, while countries lacking
structured incentives face high rates of plastic mismanagement.
This comparison confirms that for the proposed system to
succeed in Sri Lanka, the incentive model must be robust and
comparable to global “best practice” standards rather than
passive collection methods.

C. Evidence of Current System Failures

Field observations of existing public recycling bins in Sri
Lanka provided powerful visual evidence of the problem, as
shown in Figure 5. These passive collection systems suffer
from high rates of contamination, with non recyclable items
and general waste being mixed indiscriminately. This is a direct
result of a lack of user engagement, verification, and
motivation, which the CSCM system is specifically designed to
overcome.
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[Space for Figure 5: Evidence of Current System Failures]

D. Prototype Validation

The functional prototype was successfully tested against the
core functional requirements. The end-to-end workflow from
user registration and product scanning to simulated disposal
and reward allocation was validated. The API response times
for critical operations were under 500ms, and the Flutter



application demonstrated a responsive and intuitive user
experience, confirming the feasibility of the proposed
technical solution.

4. Conclusion

This research successfully designed and validated a
blockchain enabled Circular Supply Chain Management
system that addresses the critical post consumer tracking gap.
By creating a transparent and immutable record of a product’s
entire lifecycle and integrating an incentive mechanism to
drive consumer behavior, the proposed system provides a
viable framework for organizations to implement authentic
circular economy models (Kirchherr et al., 2017; Min, 2019;
Kouhizadeh et al., 2021; Unal et al., 2019; Ellen MacArthur
Foundation, 2019). The findings confirm that a successful
system must prioritize convenience, provide tangible rewards,
and ensure user trust through a secure and simple interface.
The prototype was further validated through a mock
blockchain environment, confirming successful backend
blockchain interaction and demonstrating the feasibility of the
system as a Minimum Viable Product (MVP).

A. Implications of the Research
Theoretical Implications of TAM Findings

The findings of this study extend the Technology Acceptance
Model (TAM) by demonstrating how its core constructs
Perceived Usefulness (PU) and Perceived Ease of Use (PEOU)
operate within a circular economy context that requires both
digital engagement and physical action. The strong correlation
between incentives and adoption intention suggests that PU in
sustainability oriented technologies must account not only for
functional benefits but also for tangible, behavior shaping
rewards that directly influence pro-environmental actions.
Similarly, the role of convenience in shaping PEOU highlights
that ease of use extends beyond interface simplicity to include
infrastructural accessibility, such as the availability and
placement of disposal machines. These insights indicate that
traditional interpretations of TAM may underestimate the
importance of environmental, socio-technical, and incentive
driven factors in consumer facing circular supply chain
systems. Therefore, this study contributes to TAM scholarship
by illustrating how the model can be expanded to capture the
motivational and contextual dynamics unique to blockchain
enabled circular economy platforms.

Practical Implications

The practical implications of this research highlight the
transformative potential of integrating blockchain technology
with consumer facing incentive systems to enhance circular
supply chain performance. By demonstrating that users are
strongly motivated by tangible rewards and convenient
disposal options, the findings show that circular economy
initiatives must move beyond awareness campaigns and adopt
digitally enabled, behavior driven strategies. The proposed
system offers a scalable, low friction method for verifying
disposal events, improving material recovery, and reducing
contamination in recycling streams. This creates a more
reliable end of life data trail that manufacturers and recyclers
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can leverage to optimize resource planning, reduce waste
management costs, and generate new forms of value through
extended product stewardship.

Managerial Implications

For managers, the results emphasize the need to design circular
supply chain solutions that prioritize both user centric design
and transparent data governance. The strong influence of
incentives on adoption suggests that organizations must rethink
their approach to consumer participation by incorporating
reward based models into sustainability programs. Managers
can use the blockchain backed lifecycle data to strengthen ESG
reporting, validate green claims, and comply with emerging
EPR regulations. Furthermore, the socio-technical framework
validated in this study provides a clear roadmap for
implementation highlighting the importance of intuitive mobile
interfaces, secure data flows, and strategically placed IoT
enabled disposal units. These insights equip managers with
evidence based guidelines for deploying circular economy
technologies that align with consumer motivations and
operational realities.

Furthermore, the system offers distinct partnership
opportunities for Sri Lankan conglomerates. Companies in the
retail and FMCG sectors, such as Cargills (Ceylon) PLC,
Ceylon Cold Stores (Elephant House), and CBL Natural Foods,
could integrate this platform to offer “Green Label” loyalty
rewards. By sponsoring the reward pool, these organizations
can enhance their corporate sustainability profiles while
ensuring the recovery of their packaging materials, effectively
closing the loop in the local market.

Policy Implications

From a policy perspective, this research provides empirical
evidence supporting the need for infrastructure backed
incentive systems to accelerate national and regional circular
economy agendas. Policymakers can leverage the findings to
design programs that integrate digital traceability with verified
disposal mechanisms, ensuring that recycling incentives are
tied to authenticated consumer actions rather than voluntary or
unverified declarations. The blockchain enabled audit trail
provides a credible foundation for EPR schemes, carbon
accounting mechanisms, and waste recovery benchmarks. By
promoting partnerships between government, retailers, and
technology providers, policymakers can enable scalable
deployments of smart disposal infrastructure that make
sustainable behavior both attractive and accessible to citizens.
Ultimately, the study demonstrates how digitally mediated
incentives can bridge long standing gaps Dbetween
environmental policy goals and real world consumer behavior.

B. Academic and Practical Contributions

Academic Contribution — This study contributes to
the literature by applying and empirically validating
the Technology Acceptance Model (TAM) in the
context of blockchain based circular economy systems.
It provides evidence that Perceived Usefulness (via
incentives) and Perceived Ease of Use (via



convenience) are the dominant factors

consumer adoption intent.

driving

Practical Contribution — The research provides a
validated, socio technical framework for businesses
and policymakers seeking to implement authentic
circular economy models. It offers a practical
pathway for enhancing Extended Producer
Responsibility (EPR) compliance and generating
valuable data on post consumer product flows.
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