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Abstract

Rapid urbanization and rising waste generation challenge cities to adopt innovative waste
management systems. This paper introduces the COLOUR SMART framework—a holistic,
technology-enabled approach centred on Classification and supported by Optimization,
Localization, Ownership, Upcycling, and Reporting, guided by SMART execution. It synthesizes
empirical insights with route-optimization algorithms, sensor-enabled smart bins, and
standardized classification practices, demonstrated through Indian policy context and global
best practices. The framework promises improved segregation, operational efficiency,
environmental outcomes, and stakeholder engagement.

Introduction

Municipal solid waste (MSW) poses significant environmental, economic, and social
challenges globally. In India alone, over 150,000 tonnes of waste are generated daily, yet only
20% is processed effectively (Environmental Science discussion, 2024, Reddit). Hyderabad, like
many Indian metros, faces similar issues: inefficient collection routes, low source segregation,
and overcrowded landfills. The Solid Waste Management Rules (2016) mandate waste
segregation into organic, dry, and hazardous streams, and encourage integration of informal
waste workers into formal systems (Waste Management in India, n.d. Wikipedia). However,
implementation remains sporadic.

This paper presents the COLOUR SMART framework, offering a structured, deployable model
for urban local bodies. Grounded in classification and augmented by smart technologies and
robust policy design, COLOUR SMART aims to deliver measurable improvements in system
performance and citizen participation.

The COLOUR SMART Framework Overview

COLOUR SMART expands as:
e C - Classification: Standardized color-coded segregation aligned with national rules.
¢ O - Optimization: Data-driven efficiency in routing and processes.
e L- Localization: Community-specific adaptation and inclusive systems.

e O -—Ownership: Stakeholder accountability and behavioural engagement.


https://en.wikipedia.org/wiki/Waste_management_in_India?utm_source=chatgpt.com

e U - Upcycling: Resource recovery through composting, recycling, and material
repurposing.

e R —Reporting: Transparent monitoring and enforcement.

The SMART overlay ensures goals are Specific, Measurable, Achievable, Relevant, and Time-
bound.

C - Classification: The Foundation

Proper classification is the backbone of an efficient waste system. India’s SWM Rules define
three mandatory segregation streams: biodegradable, dry recyclable, and domestic
hazardous, with bulk waste generators required to pre-process organic waste Wikipedia. This
aligns with broader global practices using color-coded bins—Green for wet waste, Blue for
recyclables, Black/Grey for rejects, Yellow for sanitary/hazardous, and White/special for
biomedical or e-waste as shown in Visual systems ( Figures 1 and 2 )

Al and loT can enhance classification. For instance, smart bins equipped with fill sensors and
cameras can auto-identify waste types. In Japan, a highly granular classification system—
covering 45 categories—has produced over 90% recycling rates in some areas.
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Figure 1: COLOUR SMART wheel showing classification as the initial stage.


https://en.wikipedia.org/wiki/Waste_management_in_India?utm_source=chatgpt.com

Figure 2: Colour-coded bin guide table illustrating Indian standard alignment.

O - Optimization through Technology

Route inefficiency remains costly. Scholarly models show that optimization can reduce
distance travelled by up to 30% (Waste Management Volume 43 study) ScienceDirect, while
GlIS-aided systems in Egypt achieved 21-26% time reductions and fuel savings (El Bousten,
Sfax cwejournal.orgarXiv). Dynamic models like the Dynamic Reverse IRP adjust plans using
real-time bin fill data to maximize waste collected while minimizing distance.

loT-enabled bins via LoORaWAN or NB-loT,(Refer Figure 3) as provided by firms like Ecube Labs,
offer fill-level telemetry and route-triggered alerts, enabling significant drops in unnecessary
pickup. Solar compactors extend capacity and reduce collection frequency.


https://www.sciencedirect.com/science/article/abs/pii/S0956053X15004432?utm_source=chatgpt.com
https://cwejournal.org/vol12no1/optimization-of-household-waste-collection-routes-using-gis-case-study-el-bousten-district-commune-of-sfax-tunisia?utm_source=chatgpt.com
https://arxiv.org/abs/2209.02652?utm_source=chatgpt.com

N llll

SENSORS DASHBOARD  OPTIMIZATION

Figure 3

L — Localization: Tailored Community Engagement

Urban waste systems must reflect local socio-cultural and economic realities. Pune’s SWaCH
cooperative model successfully integrated waste pickers into city collection frameworks,
increasing compliance from 58% to 85%. Reddit discussions highlight Delhi and Noida
residents noting that proper segregation only matters if waste is collected separately.

In neighbourhoods where bins are painted by residents (e.g., green for kitchen, red for
plastics), behavioural results follow, particularly when fines for non-segregation are enforced

O — Ownership: Incentivizing Accountability

Ownership spans from households to producers. Policies like Extended Producer
Responsibility (EPR), deposit-return schemes, and gamified segregation apps can elevate
accountability. Chennai residents shared practical strategies, including self-colorizing bins and
ward-level compliance drives.

Municipalities can use property tax rebates, fines, and public recognition programs to
reinforce positive behaviour.



U — Upcycling: Waste as a Resource

Beyond collection, waste should create opportunity. Composting for organics, biogas
generation, and converting plastic to construction materials are well-established. For example,
Bangalore-based Daily Dump transforms kitchen waste into compost for urban gardens,
showcasing micro-entrepreneurship potential. These practices align with circular economy
models.

R — Reporting: Building Transparency and Compliance

Dashboards and dashboards matter. A digital command platform capturing smart-bin data,
pick-up metrics, and contamination rates—linked to SLAs for vendors—enables real-time
accountability and public trust.

Cities like Thiruvananthapuram are developing systems with geotagging, resident feedback
tools, and route monitoring to improve sanitation transparency.

The SMART Execution Layer
e Specific: e.g., "90% segregation participation in 3 wards by 2026."
e Measurable: Track using bin fill-level data, contamination rates.
e Achievable: Pilot scale - scale based on early success.
¢ Relevant: Supports SDG 11 (Sustainable Cities) and India’s mission.

¢ Time-bound: Yearly milestones.

Smart Bins as the fore runner of COLOUR SMART Framework

At the heart of this modern waste management framework lies a deceptively simple
innovation — the smart bin. Unlike traditional waste containers, smart bins are equipped with
sensors, connectivity modules, and sometimes even compaction mechanisms. Fill-level
sensors detect when the bin is nearing capacity, while weight sensors measure the quantity
of waste. Some models integrate Al-based image recognition to identify waste types,
automatically linking segregation quality to household or commercial compliance records.

In the COLOUR SMART framework, smart bins serve as both data collectors and behavioural
nudges. Color-coded exteriors guide proper segregation at the source, while embedded
Internet of Things (IoT) modules send real-time status updates to municipal dashboards. This
dual role supports:

o Classification: Ensuring accurate segregation through visual cues and automated
monitoring.



e Optimization: Allowing dynamic route planning so trucks visit only when bins are full.
e Reporting: Feeding live performance data into transparency and compliance systems.

Globally, cities like Seoul and Barcelona have adopted smart bins to reduce overflow, cut
collection costs, and increase recycling rates. In the Indian context, early pilots in cities such
as Pune and Indore have shown a 20-30% reduction in collection trips while boosting
segregation compliance. By embedding smart bins into the COLOUR SMART rollout,
municipalities can create an intelligent, citizen-friendly front-end for an otherwise complex
waste management ecosystem.

Implementation Roadmap
A typical implementation roadmap for the Colour Smart Framework is shown below.
1. Phase 1 (Year 1-2):
o Pilot smart, color-coded bins in select wards.
o Build dashboards and begin route optimization.
o Launch behaviour campaigns with penalties and incentives.
2. Phase 2 (Year 3-5):
o Scale across city; integrate informal sector formally.
o Add composting/upcycling micro hubs.
o Start EPR and producer-linked recovery systems.
3. Phase 3 (Year 5-8):
o Near-zero landfill dependency.
o Fully circular systems: compost to farmers, recyclables to MRFs.

o Public transparent reporting, fully operational command-control.

Impact Assessment
Expected outcomes that can be monitored include the following.
o Landfill diversion: Up to 75% reduction over 8 years.
e Operational savings: 20—30% cut in collection costs via route optimization.
e Environmental: Significant GHG reductions from fuel savings and healthy processing.
e Social: Job creation in recycling, composting, and app management.

Economic modelling from Latin America shows route-optimization yielded ~1,800 km fewer
trips annually, with proportionate cost savings.



Conclusions

The COLOUR SMART framework presents a pragmatic, scalable, and measurable model for
urban waste transformation, starting with Classification and reinforced by technology and
policy mechanisms. By sequencing phases—from pilots to city-wide rollouts—municipalities
like Hyderabad can lead India’s shift toward sustainability and circularity.
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