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Abstract

Rapidly increasing volume and dangerous material
of electronic waste—e-waste—have made it a
major environmental issue. Recent projections
indicate that global e-waste production surpassed
50 million metric tonnes in 2019 and is projected
to increase to 74 Mt by 2030. Often fragmented
and ineffective, traditional collection and recycling
methods cause resource loss and illegal dumping.
Modern  information and  communication
technologies (ICT) - especially web-based
solutions - provide fresh ways to interact
stakeholders and simplify operations. This paper
reviews relevant studies on basic IoT integration
for e- waste management, mobile apps, databases,
cloud services, web portals, and then suggests an
integrated framework. Included in the framework
are loT-enabled smart bins to track fill levels, a
cloud-hosted database for inventory and analytics,
and a user-facing web/mobile portal for scheduling
pickups and finding recycling sites. We talk about
possible advantages and design approach,
including better tracking, openness, and
involvement. Academic source references—
journals and conferences—are included to support
the design and show viability.

Introduction

A rapidly expanding worldwide issue is electronic
waste—discarded  electronic  devices  and
components. Of the 53.6 million tonnes of e-waste
produced globally in 2019, only a small portion
was correctly gathered and recycled. E-waste
contains toxic chemicals (e.g. lead, mercury) as
well as precious resources (metals, rare earths), so
good management is both an environmental need
and an economic chance. Often paper-based or
informal, traditional collection systems lack real-
time tracking. Modernizing e-waste management
may be greatly aided by web technologies and the
Internet of Things (loT). For instance, cloud
systems can aggregate loT sensor live fill-level

data from bins for analysis and scheduling. Mobile

applications and web portals can help consumers
and manufacturers engage in collection plans more
easily. Basic web technologies—web portals, cloud
services, mobile/web apps, databases, and
straightforward loT integration—and their potential
to enhance e-waste collection, tracking, and
recycling are the main topics of this paper. We
examine pertinent studies, outline a system
development approach, and present a framework for
an ICT-enabled e-waste management platform

Literature Review

Recent research has looked at several ICT tools for

e-waste and waste management. Important new
ideas are:

e [oT-enabled Smart Bins: Studies
have shown that sensor-equipped
smart  containers—for  example,
ultrasonic distance sensors—can track
waste levels in real time. For instance,
Farjana et al. created an loT-based e-
waste system in which smart bins'
ultrasonic sensors transmit level data
to a cloud database. This enables
automatic notifications for full bins.
Naseer et al. likewise demonstrated
that cloud systems could hold sensor
data and enable predictive algorithms
such ARIMA to estimate fill times,
therefore maximizing pickup plans.
Such systems notify collectors only
when required, so lowering overflow

and labor.
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e Web Portals for E-Waste: Web-based systems are
suggested to consolidate services and information.
Waghmare et al. present a web portal functioning as a "E-
Waste Facility Locator" to provide users access to disposal
information. Users of their site may input device
information and locate recycling sites. A comparable design
stresses open processes: people may register electronic
devices, choose pickup sites, and reach out to recyclers via
the website. By informing users about how their devices are
handled, these portals seek to foster trust. Reviews of
literature also highlight the significance of multi-step
processing (evaluation -> collection -> recycling), data
collecting forms, and safe login in online systems.

¢ Cloud Databases &

Analytics: Cloud-based centralized databases allow
quick data sharing among stakeholders. For
example, Lotlikar suggests a cloud-hosted database
for cellphone e-waste, pointing out that it enables
simple data transfer among users, recyclers, and
manufacturers. Based on kept component toxicities,
this common data model enables sorting and reuse
choices. Cloud systems also enable analytics:
Farjana et al. forecast bin fill levels using ARIMA
models and a time- series database on the cloud.
Addas et al. show further that an loT + cloud
architecture with real-time data can produce notable
efficiency improvements in urban waste systems
(e.0. 32% route efficiency enhancement). These
instances demonstrate  how essential cloud
platforms are for managing the speed and amount
of e- waste data.

Mobile/Web  Applications:  Mobile-  friendly
interfaces increase accessibility. Future-oriented
research emphasizes mobile apps as vital for
contacting workers and people. For instance,
suggested systems feature a responsive mobile app
that users and collectors can access to see pickup
routes and assignments. Although particular mobile-
app case studies are few, analogies with general
waste apps imply features like digital reporting,
notifications, and service scheduling (e.g. scanning
barcodes on electronics). An expanding body of e-
waste literature advocates for these tools to
encourage consumer involvement and simplify

planning.

All things considered, studies have revealed that better
waste systems result from combining user interfaces,
cloud, and sensors. Many studies, meanwhile,
concentrate on general waste or sophisticated artificial
intelligence; few have thorough end-to-end e-waste
systems. Emphasizing user involvement (web forms,
apps), data centralization (cloud DB), and
straightforward loT monitoring, the examined works
direct our design.

Methodology

The system development is user- centered and phased.
First, we collect needs from literature and
stakeholders (e.g., capacity planning, regulatory
compliance). Important needs are safe registration,
waste- detail input forms, pickup scheduling, and
status tracking. We then create the system
architecture stressing modularity and usability.

Included in the modules are loT integration, cloud
backend, mobile Ul, and web frontend. As outlined
in current designs, we give a simple interface with
clear instructions (registration, add

e-waste details, select pickup, contact) top priority.

Implementation uses standard web technologies—
HTML/CSS/JavaScript front end, RESTful APIs,
relational database on the cloud. Prototype bins use
off-the-shelf ultrasonic Sensors and
microcontrollers—e.g., ESP8266—for loT. The
database schema keeps track of every e-waste item's
location data and attributes (type, condition, owner).
We then do iterative testing: usability tests guarantee
the portal is intuitive, and functionality tests confirm
that data flows correctly from web forms and loT
devices into the central database.

User data is protected by security audits (SSL,
authentication). This approach fits with comparable
initiatives stressing planning, design, testing, and
input.

Proposed Framework

The Proposed e-waste management system combines
five key elements: data analytics, loT- enabled
collection bins, a cloud database, a stakeholder
portal, and a web/mobile user interface. Described
below are the high-level architecture and main
components:
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e User Interface (Web Portal & Mobile App).
The front end provides a means for businesses
and residents to engage. Users set up accounts
(secure login) and can then input e-waste items:
e.g. "laptop, not working" or "old smartphone".
A form gathers information including device
type, condition, and photographs. Then users
choose a drop-off or pickup choice. For
instance, they could ask home pickup or pick a
close collection Center. The interface lets users
monitor their request status and displays pickup
times. A responsive web app (or native app) on
mobile offers comparable features on the fly.
Users may get app, SMS, or email alerts on
collection times. Using traditional web forms
and mapping tools, this feature directs users to
approved recycling sites.

Figure: Cloud-based server infrastructure for data
storage and processing.

e Stakeholder Portal. A different portal is
available to manufacturers and recyclers. For
Extended Producer Responsibility (EPR)
compliance, manufacturers record production
volumes. Recyclers record their processing
capacity and facilities. The portal dashboard
shows total data for every device category, for
example, total collected weight. Here, policies
like certification and recycling goals can be
controlled. This layer guarantees that every
participant—government, corporations,
NGOs—can cooperate in one online system.

Cloud Backend & Database. A Central to it all
is a cloud-hosted database holding system data
and all e- waste records. This central database
guarantees data consistency and extensive
analysis. Time- series tables, for instance, track
sensor readings from smart bins (bin ID,
timestamp, fill level). A different group of tables
keeps track of inventory of gathered items and
pickup requests. The cloud server offers web and
mobile app APIs to read/write data. Being
centrally run, stakeholders everywhere may
access

the database. Cloud computing also offers low initial
costs and scalability. Access controls and data
encryption guarantee security.

¢ I0T Sensor Integration. We use smart e- waste
bins with fill-level sensors—e.g., ultrasonic or
weight  sensors—to  automate  collection
monitoring. Every bin has a microcontroller—e.g.,
ESP8266—that

Wi-Fi or LPWANS sends its status to the cloud. The
system notifies the collection crew and updates the
database when a bin nears capacity. This allows
for dynamic scheduling: rather than set routes,
trucks can be sent only to full bins, therefore
lowering empty trips and fuel consumption. Every
large e-waste item can also be marked with a QR
code or RFID for item-level tracking. Scanning
the tag (using a mobile app) records the item into
the database, therefore tracing it from pick-up to
last recycling.

e Data Analytics & Optimization. Analytics
helps the system to support decision-making.
Statistical models or machine learning can
handle stored data. For instance, historical data
might help an ARIMA model forecast when
each bin will fill up, so allowing pre-emptive
collection.

Real-time bin locations help route optimization
algorithms to design effective truck routes. The
system can also produce reports, such as
monthly recycling statistics by area or
projections of resource recovery.

These statistics guide managers on measuring
sustainability targets and enhancing operations.

Discussion

Including fundamental web technologies into e- waste

management could have several advantages. First,
efficiency increases: 10T sensors and cloud analytics can
reduce collection costs by more than 30% via optimized
routing, as Addas et al. showed for general waste. Our
system likewise makes use of live data to reduce pointless
pickups. Second, confidence and openness grow: a web
portal lets people view where their

e-waste goes and what processes are applied. This can

increase user involvement and collaboration. Central data
storage lets regulators track compliance (EPR goals,
collection rates) in almost real-time. Third, data-driven
insights become possible: with a centralized database, we
can identify hotspots of e-waste generation or assess the
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research indicates.
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