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About CWAS at CRDF CEPT University
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CEPT Universityôs core focus is human habitat.  Through its 

education, research and advisory activities, it strives to improve the 

impact of habitat professions in enriching the lives of people in 

India's villages, towns and cities.

CEPT Research and Development Foundation (CRDF) has been 

established by the University to manage their research and capacity 

building activities.  There are nine domain-focused centers in the 

CRDF. The Center for Water and Sanitation (CWAS) is among the 

first center to be established.

CWAS began its work in 2009 with focus on improving water and 

sanitation services in India.  It carries out activities related to action 

research and capacity building ïworking closely with city and state 

governments, enabling them to  improve delivery of services. 



About CWAS ðApproach and areas of work 
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MONITORING 
WASH SERVICES

From Infrastructure creation to 

Service Delivery

Data driven decision making 

for improved service delivery

GOVERNANCE AND 
FINANCING

ACTION RESEARCH 
FOR SANITATION

Sanitation services in small and 

medium towns that are sustainable, 

inclusive and equitable

Action research from cities be scaled 

up at the state and national level

Strengthening municipal 

finance and governance, 

planning and financing urban 

WASH

Public Goods 

Mindset

Government 

Engagement 

at All Levels

Learning Culture 

and Academic 

Roots

Working 

At scale

Action -oriented 

Research and 

Innovation

WATER 
SECURITY

Water Governance, 

management and climate 

resilience

Water supply service delivery 

and managing water resources

GENDER INCLUSION 
AND EQUITY IN 
SERVICES

Gender inclusion urban 

WASH

Ensuring sustainable and 

equitable access to safe 

water and sanitation at 

scale

Core values Thematic areas of work

CLIMATE 
CHANGE

Energy Transition in WASH 

services

Mitigation and Adaptation 

measures for WASH



Technology has shaped urban planning for centuries
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Mohenjo-daro grid 

and drain 

technology

Roman Timgad and 

advanced road 

technology for military 

discipline - chariots, 

carts, marching 

soldiers
Aqueducts bringing water from far away ï

enabling Rome to become a sprawling 

metropolis

Invention of gunpowder influencing 

design of forts 



Technology in India is growing at a ve ry fast pace 
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Mobiles and internet 

penetration have enabled this



India is becoming more 
and more urban
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Urban population %Around 2030, the rural population 
is expected to decline while the 
urban population rises rapidly

What is the role of technology in this 
modern age of urban planning?

What are the urban problems technology 
needs to solve today?



Need for innovation to solve modern urban challenges and achieve 
sustainable development
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The Sustainable Development Goals (SDGs) are a set of 17 global goals adopted by all United 

Nations member states as part of the 2030 Agenda for Sustainable Development . They serve 

as a "shared blueprint" to achieve a better and more sustainable future for all, addressing the 

worldôs most urgent challenges.

Indiaôs National Missions 

oriented towards these issues



https://www.pmfias.com/smart-cities-mission/

https://www.ibef.org/government-schemes/smart-cities-mission

https://www.india.gov.in/spotlight/smart-cities-mission-step-towards-smart-india

https://currentaffairs.adda247.com/smart-cities-mission-in-india-objectives-principles-and-characteristics/

Launched by PM Narendra Modi in 2015, it sought to 

transform 100 Indian cities into smart, sustainable, and 

citizen-friendly urban centers through a competitive 

ñSmart City Challenge.ò

Smart Cities Mission in India  

What is a Smart City?

ÅNo universal definition !

ÅSMART cities in India is an urban renewal and 

retrofitting programme focusing on livability, 

sustainability, economic growth

ÅLeverage tech and data to enhance services, 

sustainability, quality of life and economic growth

ÅFour pillars: Institutional (governance), Physical 

(infrastructure), Social (quality of life), Economic 

(competitiveness)
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Smart Cities Mission in India  

Mission Objectives :

- Provide Core infrastructure : water, electricity, sanitation, mobility, housing, 

IT/digitalization, governance, environment, safety, health, and education.

- Area-based development : strategies include retrofitting , redevelopment , 

and greenfield development , alongside pan-city smart solutions .

- Promote sustainable financing through co-funding, PPPs, municipal bonds, 

Pooled Finance Development Fund, and the National Investment and 

Infrastructure Fund



Vijayawada ïGolden Mile Project
Smart street prototype: includes free Wi -Fi, smart lighting , smart 

parking , kiosks , surveillance , and a city digital platform.

Aurangabad Industrial City (AURIC)
Greenfield smart industrial city under DMIC, inaugurated in 

September 2019 , integrating plug-and-play infrastructure across 

10,000 acres.

Palava City (Maharashtra)
Planned township spanning ~5,000 acres, focused on sustainability, 

walkability, green infrastructure, and net-zero ambitionsðmodel 

urban development.

New Town, Kolkata
Evolved from marshland into a sustainable, IT-driven smart satellite 

city with green buildings and advanced mobilityðsmart status since 

2017.

Indore ïRiverfront Development
Rejuvenation of Kanh and Saraswati rivers through a 3.9 km 

riverfront redevelopment under the missionôs objectives.

Bhopal ïQuality of life
BRTS reduced travel time, Water supply: 125 LPCD, Uninterrupted 

power supply

How did Indian cities leverage this mission?



ENVIRONMENTAL 

MONITORING & 

RESILIENCE

ÅSensors for air/water quality 

measurement

ÅLiDAR-based 3D digital twins

for flood risks and emergency 

planning.

ÅAI & satellite tools map urban 

heat vulnerability at granular 

levels.

https://en.wikipedia.org/wiki/Safetipin

https://pubadmin.institute/urban-local-governance/smart-cities-transforming-urban-india

https://en.wikipedia.org/wiki/Chennai_Smart_City

A range of digital innovations applied
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Pune ð
òbest pitchó 

in the 
Smart City 
Challenge
- pan city 

applications
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Role of AI ðThe future of SMART cities is not simple tech!
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Urban issues are 

well known

IoT devices and information systems are 

established and increasingly applied

ñAgentic AIò is needed!

A real-life example é

Your SMART fridge detects through its 

camera that bread is running low

It knows ï

Å Your preferred e-market and 

brands

Å Your purchase history

It analysis ï

Å Based on your purchase history, 

you will run out of bread in 2 days

Å Optimum delivery times based on 

your schedule

Å Best prices

It orders bread for you in the 

background and it arrives right on 

time at your doorstep

- Without any action on your end



Role of AI ðThe future of SMART cities is not simple tech!
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Urban issues are 

well known

IoT devices and information systems are 

established and increasingly applied

ñAgentic AIò is needed!

Scale and variability of 
problems is huge!

Some problems are decision intensive 
and human resource intensive ς
segregation?

Human resource limited

Constant monitoring 
is required to improve 
existing urban 
services

There is a need to go from 

ñfirefighting modeò to ñpredictive 

managementò

Source: Municipal Performance Index, 2020 by MoHUA, Institute of Competitiveness, AatmnirbharBharat. 
National Average of Governance Sectorshttps://smartcities.gov.in/sites/default/files/2023-
07/MoHUA%20Municipal%20Performance%20Index%20MPI%202020.pdf

Need to move 
away from 
human touch in 
some aspects!

https://smartcities.gov.in/sites/default/files/2023-07/MoHUA%20Municipal%20Performance%20Index%20MPI%202020.pdf
https://smartcities.gov.in/sites/default/files/2023-07/MoHUA%20Municipal%20Performance%20Index%20MPI%202020.pdf
https://smartcities.gov.in/sites/default/files/2023-07/MoHUA%20Municipal%20Performance%20Index%20MPI%202020.pdf


Most common use of AI by SMART cities - Mobility and Urban 
transport
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Å Ahmedabad, Jabalpur, Nagpur, PCMC, Ranchi, Tumakuru, 
Vishakhapatnam etc. 

Å Use of computer visioning for traffic management

Å Automatic number plate recognition and challan issuing

Å Enforcing traffic rules by automatic detection of
Å over-speeding
Å no seat-belt
Å no helmet
Å wrong way
Å illegal parking etc.

Å Additionally, systems for better traffic management ς
assessing average wait time at signal and improving 
signaling system



Bangalore - AI for groundwater?

Public borewells being upgraded 

with AI and IoT sensors -

ÅMonitor flow patterns and water 

levels

ÅAutomatically regulate pump 

operations , including shutdowns

when levels fall

ÅPrevent over-extraction and 

equipment damage.

Water sector ðSource sustainability
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Many of our Indian cities depend on groundwater.

Overextraction is an issue leading to ñDay Zeroò like conditions  

Kachchh and groundwater

Cities in Gujarat now increasingly dependent on 

Narmada water  - brought from 100s of kms away

Many are reportedly unable to manage the bills for 

bulk water purchase

Can they once again be self-reliant on their own 

groundwater sources?

Initiatives like ñcatch the rainò now promoting 

rainwater harvesting and ground water recharge

But such practices at city-scale require technical 

and extensive geo-hydrological studies

Can GIS, AI and 

remote sensing 

enable this?

CWAS research and projects in Gandhidham and Anjar demonstrated geo-

hydrology informed rainwater harvesting and groundwater recharge  



Need to improve data systems first!

In India, no metering

Only ~3% urban water connections with 

functional meters

Water sector ðMunicipal supply efficiency
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Leakages

Theft

ÅWhile Indian cities extract millions of litresof water daily, they are still not able to 

provide the minimum 135 litresper capita per day  benchmark to their citizens

Åнп ·  т ǿŀǘŜǊ ǎǳǇǇƭȅ ŀ Řƛǎǘŀƴǘ ŘǊŜŀƳ Χ ǘƘŜȅ ŀǊŜ ƻŦǘŜƴ ƴƻǘ ŀōƭŜ ǘƻ ǎǳǇǇƭȅ ǿŀǘŜǊ Řŀƛƭȅ ς

water once every few days!

Å Moreover, in most cities over 40% of supply water does not generate revenue or cover 

the cost of supplying it! 

Å Reduction of NRW or Non-Revenue Water is an important component of national 

flagship missions

SCADA Systems (Supervisory Control and Data Acquisition) 

installed by many SMART cities but often data not used to take 

decisions by waterworks departments due to limited knowledge!

SCADA often not available end-to-end ïsource to distribution 

terminals ïwhich is where the most leakage happens!

Can data analytics and AI help optimize water supply?

SmartTerra : NRW 

reduction ïIndonesia

Å Detect water loss 

even in intermittent 

supply

Å Abnormal meter 

reading detection 

Real time water losses 

monitoring system on 

transmission lines in 

Rajkot to monitor and 

reduce water losses. 



Linking identity proofs has 

streamlined banking and 

income tax. 

Such innovation also needs 

to enter the urban planning 

and  governance domain 

Water sector ðdata system strengthening to enable last mile 
connectivity ðòhar ghar nal se jal ó
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Å¢ƘŜ !aw¦¢ Ƴƛǎǎƛƻƴ Ƙŀǎ ŜƴŀōƭŜŘ άƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 

ƴŜǘǿƻǊƪǎέ ǘƻ ǊŜŀŎƘ ǘƻ ǾǳƭƴŜǊŀōƭŜ ŀǊŜŀǎΣ ǘƘƻǳƎƘ 

household connections have not been provided to all

Å Many vulnerable areas still rely on access to water 

through illegal connection, standposts, tanker supply

Å A CWAS study* noted that cities are improving 

άŀŦŦƻǊŘŀōƛƭƛǘȅέ ƻŦ ƎŜǘǘƛƴƎ ŎƻƴƴŜŎǘƛƻƴǎΣ ōǳǘ ƭŜƎŀƭ ŀƴŘ 

administrative barriers remain.

Can technology help synchronize public databases to enable smoother e-services?

Prove identity

Address proof

Prove house ownership

Building permission - NOC

Prove connection to drainage

Submit application

Get tap connection

Land revenue records Building permit and 

layout records

Other utility 

connection records

Aadhar and PANProperty tax records

* Source: CWAS (2023), Last Mile Connectivity for Urban Water Supply Services : A study done for  Ministry of Housing and Urban Affairs (MoHUA). Available at: 

https://cwas.org.in/resources/file_manager/Last%20mile%20connectivity%20for%20urban%20water%20supply%20services.pdf



Enhancing property tax  - major source of revenue for cities 
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ÅPoor level of property tax mobilization in India

ÅDoes not reflect market values ςreassessment exercises are time consuming and 

infrequent

ÅBilling efficiency ςOften property tax billing covers only 63ς80%of eligible properties

ÅCollection costs are very high ςarrears and exemption schemes

Can AI help enhance reassessment and improve collections?

" We took the data of self-certified 

properties with the highest dues and 

used generative AI, which is a bot, to call 

the owners. 

This bot answers in real time. If you did 

not pay property tax, it will ask you what 

difficulties you faced and subsequently 

address your concerns. Before reaching 

out to people, we segregated the data 

into categories of those who promised to 

pay or refused to pay the taxes and 

those who faced difficulties in paying 

them.  Most of the people contacted 

ended up paying the taxesò

Computer vision and drone-

based imagery for geo-tagging 

and assessing properties

AI bots to automate 

communications for 

unpaid bill



Use of AI for improving E -Governance system
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Å Integrated grievance redressal 
system in Bengaluru

Å Easy integration and access to all 
complaintsby all the departments

Å Chatbot functionality has been 
integrated into Bengaluru Smart City 
Web Portal for remotely accessing 
complaints and knowing its status

Å Pune- Finds out the leakages in 
property tax collection.

aƻI¦!ΩǎSwachhataapp for 

streamlining complaint 

redressal system



Performance Assessment System at CWAS ðtech platform enabling 
cities to assess their services and access central govt funds
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ÅMeasure and monitor performance of water and sanitation services 
by urban local governments

ÅOnline self-assessment portal ςfilled by city officials annually

Å±ŀǊƛƻǳǎ ǾŀƭƛŘŀǘƛƻƴ ŎƘŜŎƪǎ ŀƴŘ ŎŀƭŎǳƭŀǘƛƻƴ ǘƻ ƎŜƴŜǊŀǘŜ ά{ŜǊǾƛŎŜ [ŜǾŜƭ 
.ŜƴŎƘƳŀǊƪǎέ

ÅSLBs published by state governments for cities to avail central grants ς
13th / 14th / 15th Finance commission

ÅData driven governance ςDashboards enabling informed decisions for 
improvement actions

ÅDashboard integrated in SMART cities AMPLIFI portal

WATER

SANITATION

SOLID WASTE

Now at 
6 states + all smart cities 

1000+ cities

160 Million population

Started with 
2 states

416 Cities

68 Million population



Digital monitoring for effective service delivery
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SaniTab ïfor 

sanitation surveys

SaniTrack ïfor monitoring 

septic tank emptying process
FROM Paper based ï

TO digital systems 

Use of monitoring systems across 

sanitation service chain ïdigital 

systems with dashboards

More information: SaniTab SaniTrack - Digital Monitoring Systems for FSSM  

Tech need not be pan-city services ï

sometime even process based

Eg: Digitizing traditional logbooks used 

in municipal services and surveys-

Chatbot for tracking 

efficiency and load received 

at treatment plants

https://cwas.org.in/cwas-resources/sanitab-sanitrack-digital-monitoring-systems-for-fssm
https://cwas.org.in/cwas-resources/sanitab-sanitrack-digital-monitoring-systems-for-fssm
https://cwas.org.in/cwas-resources/sanitab-sanitrack-digital-monitoring-systems-for-fssm
https://cwas.org.in/cwas-resources/sanitab-sanitrack-digital-monitoring-systems-for-fssm


Solid waste and sanitation ðtackling garbage segregation
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Å Indian cities generate ~160,000 tonnesof municipal solid waste every day.

Å Most goes to dumpsites, which are already overflowing.

Å Segregation helps divert 60ς70% of waste away from landfills

Å However, segregation is very human resource intensive

Å Moreover, door to door collection is also very capital intensive, human resource and infrastructure 

intensive ςa large amount of waste remains uncollected in cities

Sharjah

How are cities leveraging AI and robotics for segregation?

Illawarra, Australia,
Computer vision - Combining AI, Camera 

inputs and robots to automate waste 

segregation - achieving 76% waste 

diversion rate

Household waste trapped in plastic bin bags 

makes segregation difficult

A pre-trained dataset curated from historical 

records of the recycling company Remondis

uses  camera footage directly from trucks to 

detect plastic bags in collected waste



Solid waste and sanitation ðgarbage collection efficiency
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Å Combining IoT and AI

Å IoT to sense 90% full bin

Å AI to optimize collection route ïdynamic 

route allocation

Å Efficiency ïreduce unnecessary trips

Å CCTV cameras and computer vision

Å Littering detection and full bin 

detection through cameras

Å Alerts to authorities through SMS / 

email

In a different domain - Surat
Surat is exploring AI with CCTV for cattle management

on road. The technology uses COMPUTER VISION to

detect cattle as well as their behavior and body

language. It is popularly used in large farms in USA.



Sewers and storm water drain maintenance
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Å Equipped with human-like arms and a range of gas sensors to identify and assess 

sewage conditions inside drainage chambers 

Å Machine Vision: It uses machine vision technology for operators to see inside 

manholes, even in low-light conditions.

Stormharvester Intelligent sewer suite - Wessex, UK

Å IoT sensors under access covers and 

at outlets 

Å Alerts about blockages and potential 

pollutants

Å Anomaly detection

Bandicoot robot ïKerala

Endobot robot and Swasth AI ïChennai, Goa

Å Crawls inside the water pipelines in the area and helps identify contamination points, 

cracks, leaks, encrustations, and broken pipe walls 

Å Inclination calculations / network mapping for old infrastructure

ñManholeò to ñMachine holeò - Can AI help mitigate manual scavenging? 



Optimizing treatment facilities ðpredictive maintenance
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Å AI models can predict chemical dosing 

requirements in treatment plants based on 

influent quality data.

Å AI can optimize aeration systems in STPs to 

reduce energy consumption.

Å Integration of AI-driven models to enhance 

process efficiency and to maximize biogas 

yield from waste in Singapore.

Toronto - AI for optimizing treatment facilities



AI for healthy water bodies
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Clearbot robot ïHong Kong & Meghalaya AquaNurch digital twin models for water bodies

Å Lake cleaning and pollution detection-trash, water 

hyacinth

Å Autonomous ïswim on its own

Å One robot is able to collect a metric ton of trash a day

Å Computer vision -ñWe generate data about whatôs in the 

water, whatôs the make-up of the stuff thatôs there, how 

much of it is recyclable and what materials we should be 

focusing on.ò

Å Weather and climate data + water quality 

data from sensors to maintain health of 

water body for improving fish farming / 

ecological restoration

CWAS research ïMachine learning to 

estimate lake water quality using satellite 

imagery 



The real challenge ς

ARE 4000+ INDIAN CITIES 
GEARED UP FOR AI?
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Input Data Processing
Decision 
making

Action

IoT: sensors, 
smart meters, 
cameras, GPS

Digital 
databases: 

property tax , 
calendar, 

historical rainfall 
data

Network 
designs: pipe 
diagram, road  

Robotics:  
segregation 

arm/conveyor 
belt, 

Communication 
for human 

action:  SMS to 
valve operator, 
virtual assistant 

/ chatbot 
response 

ARTIFICIAL
INTELLIGENCE

MACHINE 
LEARNING

Feed model information for it to learn 
to take decisions on its own

AGENTIC AI? AI is only processing algorithms ðcannot perform 
practical functions alone



AI requires data pipelines and infrastructure

4. DATA PROCESSING
Comprises of AI

3. DATA STORAGE 
INFRASTRUCTURE
Comprises of Storage 
Hardware

2. NETWORK INFRASTRUCTURE
Comprises of Cloud Software

1. SENSOR & DATA COLLECTION 
INFRASTRUCTURE
Comprises of IoT (Sensors, Cameras, 
etc.)

5. DATA VISUALIZATION
Comprises of Dashboards

Error Prediction

Anomaly detection

By AI Human actionChecking 
for errors

Automated Maintenance

Human action can be 
reduced after several 
cycles

Asset 
requirement 
Prediction

Robotics to execute 
tasks such as cleaning 
etc.

Error Diagnoses


