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Abstract—Urban waste management remains highly frag-
mented due to centralized allocation bottlenecks, a lack of
direct reporting channels for citizens, and absence of structured
financial incentives for localized clean-up workers. This paper
presents the design, development, and execution of a decentral-
ized peer-to-peer Waste Management Platform using the MERN
stack (MongoDB, Express.js, React.js, Node.js). The architecture
features an automated multi-role validation pipeline connecting
citizen reporters with independent sanitation workers (cleaners).
To enforce trust and data consistency, the platform implements
a secure backend transactional escrow ledger. When a report
is logged, funds are locked within a server-side wallet registry.
Following photo-verified completion and reporter validation,
an automated commission settlement engine splits the escrow
atomically: 90% to the cleaner, 8% as platform maintenance
revenue, and a 2% balance translated into gamified promotional
points divided equally between both parties (1% to reporter, 1%
to cleaner where 1 point = 1). Secured by JSON Web Tokens
(JWT) for role-based protection, integrated with Google Maps
API for spatial tracking, and evaluated under high concurrent
simulations, the platform completely eliminates manual billing
reconciliation, guarantees payment integrity, and drives sustained
user engagement.
Index Terms—Waste Management, MERN Stack, Payment
Gateway, Points System, Role-Based Access Control, Escrow
Settlement.

[. INTRODUCTION
A. Background

Rapid urbanization combined with high population density
has put immense pressure on municipal waste bodies. Modern
civic cleanliness scales poorly when reliant purely on fixed
government oversight routes. Citizen engagement portals have
surfaced as a viable alternative, allowing communities to
actively register sanitation shortfalls. Single Page Application
(SPA) paradigms, combined with geospatial mapping layers,
enable instantaneous problem mapping and crowdsourced de-
ployment models.

B. Problem Statement

Existing municipal reporting and private trash disposal
systems encounter significant functional and technical barriers:

1) Opaque Monetization and Delivery: Traditional re-
porting systems lack immediate financial or tokenized
incentives for individual collectors, leading to unfulfilled
requests.

2) Transactional Trust Deficit: Without an intermediary
escrow architecture, workers risk non-payment post-
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cleanup, while reporters risk losing capital if work is
abandoned.

Siloed Dashboards: Current frameworks fail to separate
operational views among supervisors, citizens, and field
workers, causing visual noise and bad inputs.

Manual Verification Discrepancies: The lack of an
immutable, server-validated “before-and-after” photo ev-
idence framework allows for false data entry.

3)

4)

C. Objectives

The primary objectives of the proposed system are as
follows:

- To design an optimized, mobile-responsive client portal
using React.js and Tailwind CSS featuring dynamic role
layouts.

- To construct an event-driven Node.js backend managing
user wallets, balance holds, and atomic splits.

- To integrate Google Maps API allowing coordinates to
be linked directly with database objects.

- To create a secure cryptographic state machine evaluating
job states (Pending — Accepted — In Progress —
Waiting Verification — Completed).

- To implement a dual token system converting 2% of cash
inputs into redeemable ledger credits (1 point = 1).

II. SYSTEM ARCHITECTURE

The system employs a tightly decoupled, three-tier micro-
service configuration to isolate client actions from heavy
transaction math.

TABLE I
THREE-TIER MERN ARCHITECTURE DISTRIBUTION

Layer Technology Architectural Function
Dynamic  cross-device Ul
Presentation React.js, Tailwind dashboards, Google Maps

canvas overlays.

JWT decoding, escrow holds,
atomic point calculations, rout-
ing protection.

Business Logic ~ Node.js, Express.js

Distributed JSON collections
for ledgers, job states, index
coordinates.

Database Layer ~ MongoDB, Mongoose
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A. Role-Based Access Control (RBAC)

The database schemas enforce strict isolation vectors to
guarantee that client tokens cannot bypass data boundaries:

- Reporter Unit: Authorizes users to deduct funds from
personal wallets, capture and pin geo-tagged trash sites,
trigger job audit checks, and issue final completion sig-
natures.

- Cleaner Unit: Provides geospatial job exploration
queries, status state updates, and an engine to stream
verification photos to secure cloud endpoints.

- Admin Unit: Delivers comprehensive system-wide mon-
itoring analytics, platform commission tracking, user bal-
ance logs, and global operational oversight.

1I. KEY FUNCTIONAL MODULES
A. Financial System & Escrow Model

The engine prevents payment cancellation vectors by treat-
ing the platform backend as a trusted third-party holding
authority. The programmatic transactional split operates on an
immutable mathematical distribution schema:

WCleaner =P x 090 (1)
RAdmin =P x0.08 (2)
PtSRep(mer =P x 001’ PtSCleaner =P x 001 (3)

Where P represents total job price deposited by the reporter.

Reporter Wallet Update (Deposit)
!

Report Generation — Transaction Escrow Lock

!
Cleaner Task Upload — Validation Check

Approvlal Split:

90% Cleaner — 8% Admin — 1% Reporter Pts — 1% Cleaner Pts

OR
Rejection Split: 100% Wallet Refund to Reporter

Fig. 1. Algorithmic Flow of Platform Escrow Settlements.

B. Points System Calculations

To guarantee predictable consumer behavior, points are
backed by exact equivalent currency reserves. The financial

parameters governing the system are mapped below:
TABLE II
POINTS SYSTEM PARAMETER DEFINITIONS

C. Job Lifecycle State Machine

The scheduling engine relies on structural constraints pre-
venting double-allocation updates. Jobs strictly follow an
ordered progression path:

Pending — Accepted — In Progress — Waiting Verification —

Q)

IV. SECURITY & SYNCHRONIZATION

A. Authentication & Router Isolation

Passwords undergo cryptographic salting using bcrypt
prior to storage. Session tracking relies entirely on stateless
JSON Web Tokens (JWT) signed with a secure server-side
hashing key, operating with a fixed 30-day expiration config-
uration.

B. Transactional Integrity Logic

To eliminate standard asynchronous data race conditions
(e.g., connection losses or rapid clicking during balance trans-
fers), the engine executes checks directly within a unified
server code block.

Algorithm 1 Atomic Financial Distribution Engine
1:Receive reportId and status from Reporter payload.

2: Retrieve Report and lock entry within MongoDB.

3: if status == ’Approved’ then

4:  Calculate base fee P = Report.amount.

5. UpdateCleaner.wallet « Cleaner.wallet +

(P x 0.90).

6: Update Admin.revenue <« Admin.revenue +
(P x0.08).

7. Update Reporter.points —

Reporter.points + (P x0.01).
UpdateCleaner.points <« Cleaner.points +

(P x 0.01).
9: Update Report.lifecycle « ’'Completed’.
10: else if status == ’"Rejected’ then

11:  Refund full hold amount: Reporter.wallet <«
Reporter.wallet + P.

12: Update Report.lifecycle « 'Rejected’.

: end if

14: Commit changes and release document lock.

System Parameter Configured Operational Value

V. RESULTS & METRICS

1% of base transactional charge (P)
1 Point =1 INR

10 Points (= 10)

Direct conversion into wallet balance

Points Generation Rate

Unit Point Valuation

Minimum Ledger Redemption Limit
Operational Usage Pipeline

Simulated load profiles were directed at the Node.js API to
verify latency stability under scaled operations. Key Perfor-
mance Indicators (KPIs) are segmented across user categories
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TABLE II
SYSTEM PERFORMANCE METRICS AND OPERATIONAL KPIS

Role Category Evaluated Performance Metric Recorded Value
Job Submission Processing Time 145 ms
Reporter Ledger  Validation Accuracy Rate 99.4%
Average Generated Points Per Job 4.5 pts
Geospatial Job Fetch Latency 95 ms
Cleaner Ledger Average Professional Rating 48/50
Completion Rate Efficiency 96.2%
Aggregated Commission Yield 48,250
Admin Console Platform Database Sync Stability 100%
System Concurrent Success Rate 99.8%

VI. CONCLUSION

The engineered full-stack waste management application
successfully addresses trust and delivery inefficiencies inherent
in modern peer-to-peer municipal software. Leveraging the
MERN framework provides low latency response cycles across
geo-tracking transactions. By routing operations through a
backend escrow engine, both payment confirmation drops and
balance updates are eliminated. Combining photo-verification
pipelines with points incentives increases long-term user re-
tention, delivering a practical, production-ready solution to
modern decentralized urban waste processing.

VII. FUTURE SCOPE

Future releases will scale system features across the follow-

ing channels:

- Real-Time Tracker Streams: Incorporating
Socket.io networks to establish continuous active
live tracking maps for reporters awaiting cleaner arrivals.

- Automated Trash Identification: Integrating Machine
Learning vision layers (TensorFlow.js) to estimate re-
quired cleaner fees based automatically on submitted
before-photos.

- Recurrent Scheduling Core: Designing cron-job au-
tomation workers to support persistent, subscription-
based trash collections for regular businesses.
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