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Abstract

Rapid urbanization and water scarcity have intensified the need for innovative water management
solutions in megacities like Mumbai. The Municipal Corporation of Greater Mumbai (MCGM) currently
relies on traditional mechanical meters for domestic and commercial billing, which are often limited by
manual data collection, delayed reporting, and high levels of non-revenue water (NRW). In this context,
there is a growing need for urban local bodies like MCGM to transition towards a fully wireless Advanced
Metering Infrastructure (AMI) to improve operational efficiency, consumer transparency, and sustainable
water governance. This study addresses the critical challenge of evaluating diverse smart water meter
technologies—specifically their wireless communication protocols—and assesses their integration into an
AMI system suitable for large-scale urban implementation. Using the DropByDrop (DBD) analytics
platform, a pilot project in the K/East Ward of Mumbai tested various smart water meters equipped with
LoRaWAN, NB-loT, SIGFOX, and GSM modules installed in parallel with existing mechanical meters.
This configuration allowed uninterrupted continuity of MCGM’s current billing system while enabling
comparative assessment. Leveraging pre-existing consumer databases and geospatial water distribution
maps, the project explored communication reliability, data accuracy, alert generation (leaks, empty pipe),
and potential for behavior-driven conservation. The results offer compelling evidence for scaling smart
meter adoption across other urban local bodies in India. This research contributes a practical framework
for policymakers and urban planners seeking to adopt interoperable, consumer-centric, and resilient
smart water management systems under India’s Smart Cities Mission.

Keywords: Smart Water Management, Internet of Things, Smart City, Automatic Metering
Infrastructure, Urban Water Distribution, Mumbai Water metering.



1. Introduction

Urban water scarcity and infrastructure challenges are intensifying worldwide. By 2050, over half of the
global population is projected to live in water-stressed regions, while roughly 68% will reside in cities [1].
This underscores an urgent need for sustainable water management aligned with UN SDG6. In response,
“smart water management” — the use of ICT and real-time monitoring to optimize supply, detect leaks,
and control distribution — has emerged as a critical strategy for urban sustainability [1]. A key component
is the widespread deployment of smart water meters, which provide continuous, granular consumption
data to both utilities and consumers. Smart meters enable early leak detection and rapid response,
support accurate and timely billing, and promote consumer awareness of usage patterns. Together, these
features help curb losses and illegal consumption (non-revenue water), improve operational efficiency,
and encourage conservation [2]. In practice, smart metering has achieved significant gains: studies report
that smart meter installations can reduce household water use by up to 5-22%, and detect hidden leaks
to save up to 46% of consumption [2]. Globally, cities like Singapore, Barcelona, and Amsterdam have
adopted smart water management strategies to address these issues by integrating real-time monitoring,
Al-powered analytics, and digital twin simulations into their water infrastructure. These examples
underscore the value of digital innovation in improving efficiency and resilience in water systems.
Mumbai, India’s most densely populated megacity, faces significant water distribution challenges despite
the Municipal Corporation of Greater Mumbai (MCGM) supplying approximately 3,800 million Liters of
water daily. [3] The city continues to grapple with high NRW, aging

infrastructure, and inefficient manual metering systems. To address these issues, a smart water metering
pilot project was initiated by MCGM under the sponsorship of the Ministry of Housing and Urban Affairs
(MoHUA), Government of India, to evaluate a scalable AMI architecture suitable for Indian urban
contexts. [4] The K/East ward was selected for its representative mix of domestic, commercial, and
industrial consumers, supported by existing consumer records and detailed water distribution maps.
Importantly, the smart meters were installed in series with mechanical meters to maintain the existing
billing process.

This research aims to evaluate the communication performance of various wireless-enabled smart water
meters (LoRaWAN, NB-loT, SIGFOX, and GSM), their integration with the existing billing ERP system,
and the added benefits to consumers—such as usage trend analysis, timely alerts for leaks or empty
pipes, and improved billing transparency. The project employed a cloud-based Internet of Things platform
capable of interfacing with multiple meters makes and data protocols, supported by REST APIs to ensure
compatibility with MCGM'’s systems. This platform provided tools for real-time monitoring, dynamic
consumption management, and data export in required formats. The central research question explores
the effectiveness and readiness of diverse smart water metering technologies for full-scale AMI
deployment in urban India, building upon known data, infrastructure, and global best practices to derive
actionable insights for water utilities and policymakers.

2. Case Study: Mumbai K-East Ward

2.1. Introduction

Mumbai, one of the world’s largest megacities, faces acute challenges in managing water supply for its
21 million residents. The city’s water infrastructure is strained by rapid urban expansion, population
growth, and aging supply systems. In response to longstanding issues such as water loss, non-functional
meters, and poor cost recovery, the Municipal Corporation of Greater Mumbai (MCGM) launched a pilot
project in 2024 to evaluate smart water meter performance with various wireless technologies for high
volume water consumers in ward K East and gathering of automatic data for the MCGM consumer billing
software Aqua billing platform. Use of DBD multi communication channel data gathering Head End
System and Meter Data management system with seamless integration with MCGM aqua billing platform.
This initiative aimed to enhance billing accuracy, improve revenue collection, and promote long-term
demand management with consumer awareness of usage pattern to reduce water consumption. [4]
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2.1.2.  Urban and Institutional Context

Mumbai, the capital of Maharashtra, is the seventh largest megacity in the world. It experiences a
tropical, wet and dry climate with a pronounced monsoon season (June to September), during which it
receives heavy rainfall and is susceptible to major flooding events.[3]

Historically, Mumbai was a cluster of islands connected through extensive land reclamation projects.
Over time, it expanded northward into suburban areas, culminating in the formation of the peninsula
known as Greater Mumbai, covering an area of 437.71 sg. km. Today, Greater Mumbai is composed of
three regions: the island city, and the eastern and western suburbs.

2.1.3.  Water Management Issues in Mumbai

Mumbai has long struggled with critical water management challenges. When smart water technologies
were first proposed in 2005, the city was already experiencing a significant shortfall in water supply,
estimated at approximately 850 million litres per day (MLD) [5]. This deficit led to irregular water
distribution schedules, with some areas receiving supply for only two to four hours a day, while a few
zones enjoyed round-the-clock access [6], [7]. Compounding the issue was the ageing and deteriorating
infrastructure, marked by frequent pipe bursts, leakage incidents, and non-revenue water losses that
exceeded 20% [8]-[10].

Water metering was another area of concern. While metering is essential for tracking consumption and
generating revenues from both water supply and sewerage services, Mumbai faced several challenges in
this domain. By 2011, the city had installed around 300,000 water meters, yet nearly 50% of domestic
meters and 20% of bulk meters were either damaged or not operational [9]. Despite a policy of billing
based on metered usage, technical shortcomings meant that many users were charged based on
average consumption. Inaccurate billing and delayed bill generation led to substantial arrears—around
INR 525 crores (~$70 million) [11].

One of the major contributors to this problem was the manual method of reading mechanical water
meters. Factors such as dense housing, improper installation, and seasonal waterlogging further
hindered access to meters, making readings difficult and often unreliable [12]. Manual meter readings not
only required considerable manpower but also left room for human error and meter tampering.

This metering inefficiency impacted equitable water distribution. A notable study found that south
Mumbai, despite its relatively low population, received the highest per capita water supply, while the more
densely populated suburban zones received significantly less [9]. These disparities underscored the
urgent need for meter modernization and improvements in reading technologies to enable efficient water
allocation and future smart water interventions.

2.1.4. Status and Challenges of AMR Meter Implementation in Mumbai

The introduction of Automated Meter Reading (AMR) technology in Mumbai aimed to improve billing
efficiency through remote data reading and transmission. However, the key advantage of AMR—its
remote reading capability—was significantly undermined due to persistent issues in data capture using
Handheld Units (HHUs) and the fragility of external sensing devices such as Cyble units. These
components were prone to damage, particularly in Mumbai’s monsoon conditions, where RF signal
transmission often failed due to flooded chambers.

Additional challenges included the high cost of AMR technology, limited availability of repair and
maintenance infrastructure, and difficulties in enforcing cost recovery for damaged or stolen meters—
issues often met with resistance from consumers. These shortcomings raised concerns about the viability
of continuing with the existing AMR systems.

According to data provided by the Municipal Corporation of Greater Mumbai (MCGM) as of January 5,
2025:

e There are 3,434 (20mm) meters still in stock.

e Out of approximately 400,000 water connections across the city, only about 100,000 are
equipped with AMR meters, raising questions about the operational status of the remaining
300,000 connections and the broader objective of ensuring universal meter functionality.

While the AMR technology itself is considered functional, the project’s shortcomings are attributed largely
to poor contractor performance during implementation. Interestingly, field reports indicate that
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approximately 85% of AMR meters have remained operational at their respective sites for over a decade,
suggesting that the core technology is sound but has suffered from execution and maintenance failures.
The initial pilot phase, conducted between January and July 2009, was evaluated by the Technical
Evaluation Committee (TEC), which recommended modifications to the meter specifications. These
changes were subsequently confirmed by both the manufacturers and contractors. A full-scale
implementation plan was launched in October 2009, involving the installation of 311,126 meters
(including connections in slum areas), along with a five-year contract for meter reading and maintenance,
fully funded by the MCGM.

Despite this initiative, by July 2010, the same operational issues persisted, primarily due to poor data
retrieval and infrastructure vulnerabilities. As of now, approximately 95,000 AMR meters of varying sizes
(15mm to 100mm) have been installed. Additionally, 20,599 AMR meters remain in MCGM’s custody,
comprising 13,031 units of 20mm size and 7,568 units of 25mm size.

This experience has prompted MCGM to reassess its strategy, drawing on lessons from the pilot to
determine appropriate specifications, communication technologies, and implementation plans for scaling
smart metering to cover approximately 425,000 water connections across the city.

Year 2041:

for 17.0 Million Population

=d 15,000 Consumers: 60% Revenue —

6,940 MLD (million liters = 100,000 AMR Meters —_—
per day)

NON-REVENUE WATER AT 34%

Figure 1: Mumbai Water current Infrastructure

Table 1: Current Metering Policy (Source: DBD Water Systems)

Draft Consumer Metering Slum Area Non-Slum Area
Policy

Allowed Meters Mechanical, Ultrasonic and Ultrasonic and
Electromagnetic Meters Electromagnetic Meters

Ownership and Purchase Consumers and Government| Consumers and Government

Buildings by MCGM Buildings by MCGM
Warranty by Meter 5 Years for Mechanical, 10 | 10 Years for Ultrasonic and
manufacturers Years for other EM




2.2. Solution Brief

The Smart Water Management System was designed to address the challenges by leveraging loT-based
solutions. The DropByDrop (DBD) platform was selected for its:

Table 2: Selection criteria of various components (Source: DBD Water Systems)

Smart Meter Consumer Data Method Communication: HES Compatibility MDMS
Selection Types Only wireless Compatibility
Static Type Residential Only AMI LoRaWAN:2 LNS  All Meter Data Protocol Aqua Billing API
With Battery Commercial NO AMR SIGFOX All Wireless

Communication
R =>250 industrial No wired GSM
MCGM lab Tested No External Power NB-loT
IP 68
No Neighbouring
Country OEM

1. Hardware Vendor Neutrality — Compatible with multiple smart metering devices.

2. Multi-Protocol Support — Integration with various communication technologies (LoRaWAN, NB-IoT,
SIGFOX, BLE, WMBUS and GSM).

3. Cloud-Based Data Management — Secure storage, analysis, and billing integration.

4. Automated Alerts and Consumption Monitoring — Real-time tracking for improved operational
efficiency.

NS
w

Scope of the Pilot project:

Gather consumer data, including high water usage patterns, in Ward K East.

Collect details of existing connection line sizes and installed meter specifications.

Identify suitable pilot installation sites with existing meters and high consumption.

Estimate budget for devices, communication hardware, and network services.

Decide on a mix of wireless smart meter communication technologies (LoRaWAN / Sigfox / NB-I0T)
Procure smart meters, communication hardware, and finalize network service providers.

Install smart meters and communication gateways at pilot locations.

Integrate smart meters with the communication network and DBD Head-End System.

Configure DBD Meter Data Management System (MDMS) and integrate with MCGM Aqua Billing
platform via API.

10. Compare pilot smart meter data with existing meters and evaluate communication performance.
11. Prepare a smart meter performance report and assist MCGM in developing a scale-up strategy for
15,000 high-volume connections.

© o N TOODNRE

2.4. Deliverables and Expected outcomes:

Installation of new-generation smart water meters with wireless communication.

Integration of the DBD Smart Water Management platform for centralized monitoring.

API-based integration with cloud server and export of meter reading data.

Evaluation of Automatic Meter Reading (AMR) and Automatic Metering Infrastructure (AMI)
performance.

Automated data collection and near real-time monitoring of water consumption.

Alert management with including leak detection, empty pipe alerts, meter malfunction notifications,
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and reverse flow detection.
7. Improved accuracy and time in billing and revenue generation with timely meter reading data.
8. Selection of the cost-effective wireless communication technology for large-scale deployment.

2.5. Implementation Plan

25.1. Consumer Data Assessment
e Conduct a detailed analysis of consumer data in Ward K East, including identification of high

water volume users.
¢ Classify connections based on line size and meter specifications—prioritize 50mm and 20mm
connections with high consumption for the pilot.

2.5.2. Site Selection and Field Verification
e Shortlist pilot installation sites based on high consumption, accessibility, and infrastructure
readiness.
e Conduct field visits to assess the feasibility of communication technology based on RF studies
and environmental conditions (e.g., meter chamber flooding).

2.5.3. Budget Estimation and Meter Planning
e Prepare a detailed device budget, selecting appropriate smart meter make and models based on
technical compatibility and cost-efficiency.
o Determine the number of smart meters to be deployed within budgetary constraints.

2.5.4. Communication Strategy and Technology Choice
e Select a hybrid wireless communication approach (LoRaWAN, Sigfox, NB-loT) based on site -
specific suitability.
¢ Plan gateway installation points with adequate power access and environmental protection.

MCGM ® P
- @

Figure 2: (a) Sigfox and Lorawan Gateway Infrastructure and Installation and (b) DBD interface
showing Meter Locations (Source: DBD Water Systems)

2.5.5. Procurement and Vendor Engagement

e Finalize vendors for smart meters and communication hardware.

e Issue work orders and process advance payments for supply and installation.
Coordinate with network service providers for communication bandwidth and integration support.



2.5.6. Device and Infrastructure Deployment

Figure 3: (a) (b) Smart Meter Installation on Site: Plot No. 27 and Plot No. 89 (Source: DBD
Water Systems).

2.5.7. System Integration and Platform Configuration
e Integrate smart meters with DBD’s cloud-based Head-End System (HES) via REST APIs.
e Set up geo-tagging of meters, consumer IDs, and configure Meter Data Management System
(MDMS) for real-time monitoring.
e Connect data feeds to the MCGM Aqua Billing platform through API for automated billing
integration.

2.5.8. Data Monitoring and Performance Analysis
e Monitor communication performance
e Compare smart meter readings with historical Aqua billing data to validate accuracy and
reliability.
e Use alert management tools to detect anomalies or data transmission failures.

2.5.9. Reporting and Strategic Planning Support
e Generate detailed performance reports, including consumption trends, hourly usage patterns,
and communication success rates.
e Engage with MCGM officials through meetings and workshops to shape the roadmap for scaling
to all smart meters for high-volume users and domestic consumers.

3. Findings and Results

The primary objective of the project was to evaluate the performance of wireless smart water meters and
their associated communication technologies in the context of smart cities in India.

3.1. Metrology

The project primarily utilized Ultrasonic water meters, all with IP68 grade protection and a minimum accuracy
class of R=250. These meters were wireless and smart-enabled.

A majority of the installed meters are still operational and continue to transmit data effectively. Each unit
underwent testing and approval at the BMC test laboratory located in Byculla.

3.2. Communication Technologies

The project employed multiple communication protocols, namely LORAWAN, SIGFOX, NBIoT, and GSM,
enabling automated daily transmission of meter readings.

GSM meters operate with a private communication protocol, whereas all other meters support open protocol
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standards.

All communication protocols demonstrated consistent data transmission to the backend server.

4. However, battery life cycles of meters were not comprehensively tested in relation to their communication
technology, aside from the noted battery drainage issues.

5. LORAWAN-enabled meters transmitted data regularly to the cloud, although some units were initially irregular
in joining the network. This issue was resolved by adjusting the gateway direction and installing a frequency
cavity filter at the gateway site.

6. SIGFOX meters communicated reliably with the cloud, though access to the SIGFOX network was managed
solely by the SIGFOX operator.

7. NBIoT communication became recently available in Mumbai. Airtel SIMs were issued for NBloT-enabled
meters, which are successfully transmitting daily readings.

w

Table 3: Comparison chart: Current and Smart meters in Month May 2024 (Source: DBD Water Systems)

Sr. No CCN/MRB Sb_/ltr Customer Meter Serial Numb Data on 3rd May (6-8PM) -  Data on 6th May (5-6PM) - Co_"_“’ Data on 3rd May (6-8PM) - New Data on 6th May (5-6PM) - New  Compari
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K139-65 m

Plat No. - 123

Snehal shroff
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15 |developer MIDC| Genus 23040020
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3.3. Data and Billing Integration

1. The project deployed a cloud-based Head End System (HES) and Meter Data Management System (MDMS).
These systems receive data through REST APIs developed for different meter manufacturers and
communication platforms.

2. A dedicated MCGM Data Connector was also built, which allows data exports in MCGM-compatible formats,
including Excel and CSV.

3.4. Meter Selection and Certification

1. The project utilized exclusively Ultrasonic water meters, conforming to ISO 4064 standards. The most of the
selected meters were MID certified, India type-approved, and FCRI approved.

2. Electromagnetic meters were deliberately excluded, as the manufacturers did not provide support for the
required wireless communication protocols and open-source data formats.

3. The need for IP68 certification was reinforced due to heavy rainfall and flood conditions, which pose a risk to
meter durability.

3.5. Meter Performance
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2.
3.

Majority of the installed smart meters functioned efficiently, providing accurate near real-time data.
Some meters experienced technical issues in communication with AMI due to range of gateway from them.
Many Smart meters successfully recorded and calculated water consumption with high accuracy.

3.6. HES (Head End System) and MDMS (Meter Data Management

System) Performance

1.

w

Accurate data collection was achieved through REST API integration with the cloud-based Head-End System
(HES).

Smart meters provided real-time consumption trends, enabling better demand forecasting.

Hourly consumption pattern for each consumer.

Monthly meter readings ensured timely and accurate billing for consumers.
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11.

12.

13.

14.

4, Discussion

4.1. Communication Protocols and Deployment Considerations

All smart meters deployed used one of the following communication technologies: LORAWAN, SIGFOX,
NBIoT, or GSM, with the goal of achieving automated daily meter data uploads.

Given the diverse range of meter manufacturers and communication types, the project maintained a single daily
data uplink per meter, which is sufficient for volume data transmission.

For optimal communication, domestic meter installations should be placed above ground and in open-air
locations. This helps reduce communication disruptions and minimizes the number of gateways needed.

Bulk water meters, typically installed underground, should include external antenna provisions to maintain
reliable connectivity.

All meters must support open protocols, and any required device keys should be shared with ULBs. This
ensures that ULBs are not vendor-locked and can use any standard Head End System (HES) available in the
market to collect meter data.

For NBIoT communication, which relies on telecom SIM cards, a one-time SIM charge policy is recommended
instead of recurring monthly fees. This prevents billing disputes post-commissioning.

NBIloT-enabled meters should also support telecom operator portability and allow for external provisioning
methods.

The smart meters used in the project are LORAWAN, SIGFOX, NBIOT and GSM communication with
automatic daily update of meter readings.

Kristnam GSM meters are only communicating with private protocol, All other meters have open protocol
standards.

All the above communications are sending timely data to the server.

The meter battery life cycle is NOT tested with respect to communication selected, except reporting as above
meter battery drain issue.

LORAWAN communication meters are regularly sending data to the cloud, with few exception meters are
irregular in joining the network, which was regularized after shifting the gateway direction and frequency cavity
filter installation at gateway site. So Lorawan seems to be working well as far communication media is
concerned.

SIGFOX communication meters are communicating properly to the cloud. SIGFOX gateway network access
was with Sigfox operator only. India support of Sigfox was stopped in later period of observation of the project.
NBIOT communication is available recently in Mumbai and AIRTEL has issued SIMs, and meters with NBIOT
Airtel SIM are sending regular daily meter data most of the time, and suddenly the coverage of network started
fluctuating in the last period of observation. It seems the NB-loT network coverage is not yet established
properly in the project area.

4.2. Software, Protocols, and Standardization

The project used open-source communication protocols and REST APIs for data exchange between meters,
HES, and MDMS.

The meters were carefully selected based on standards compliance (ISO 4064) and certification credentials
(MID, FCRI, OIML R49, WRAS).

The software architecture was designed to be interoperable, ensuring that data could be easily integrated with
municipal platforms such as those used by MCGM, with options for exporting in standard data formats.

The cloud HES and MDMS is receiving data via REST APIs built for various meter manufacturers and
communication. REST API was built, which automatically sending data to MCGM Aqua billing system.

An MCGM Data Connector is built, where meter data can be exported in MCGM format in Excel, CSV formats.
Open-Source cloud software and data protocols are used.



4.3. Benefits of Smart Water Management Implementation

4.3.1. Operational Efficiency for the Utility

1. Smart meters enabled reverse flow and near real-time leak detection, leading to faster repairs, and
reduced Non-Revenue Water (NRW) losses.

2. Automated and accurate billing eliminated human errors, ensuring fair and precise billing.

Smart meters helped detection and prevention of unauthorized water connections and tampering.

4. Data analytics supported predictive maintenance, which minimized unexpected failures and repair
Costs.

5. Automated meter reading reduced labor expenses, eliminating the need for manual readings.

6. Wireless communication (NB-l0T, LoRa) enabled remote monitoring and potential valve control
integration for efficient water distribution.

7. Permanent data storage enabled long-term analysis of consumption patterns and system performance

8. Meter malfunctioned occurred during observation period. There are issues like: 1. Physical location
issues as meters removed for redevelopment project 2. Meters are covered by earth material or
cement 3. Meter physically damaged 4. Due to heavy rain, meters are water logged 5. Some meters
are water damaged, due to IP68 is not sustained in heavy rains and prolonged water immersion.
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4.4.  Performance Comparison: Manual vs. Smart Meter Readings
1. Smart meters captured higher and more accurate consumption data compared to manual readings.

2. Immediate notifications for leaks, malfunctions, and meter failures allowed for quicker issue resolution.

3. Smart meters identified faulty mechanical meters, leading to timely replacements and better resource
management.

4. Smart meters can be installed in any orientation—horizontal, vertical, or sloping—without affecting
accuracy.

5. Eliminated air count errors common in manual meters, ensuring precise readings.

Table 4: Performance Comparison: Manual vs. Smart Meter Readings (Source: DBD Water Systems)
Mechanical Meter Electronic meter

.

A NRIOT

11.06.2024 7.370 m3
30.05.2024 2267.913 m3 3.928 m3
Consumption in m3 3.747 m3 3.442 m3
23.06.2024 2274.621 m3 10.076 m3
Consumption in m3 2.961 m3 2.706 m3



5. Challenges and Limitation

5.1.  High Initial Costs

A significant barrier to the deployment of smart water metering infrastructure is the high upfront investment
required. Costs include not only the procurement of advanced meters but also the establishment of a robust
communication infrastructure, cloud platforms, and integration services. This is particularly burdensome for
municipal corporations operating under tight budgetary constraints.

5.2.  Data Security and Privacy Concerns

The deployment of loT-enabled smart meters and the reliance on cloud-based systems raise substantial
concerns related to data security and user privacy. Ensuring secure data transmission, protecting consumer
information from cyber threats, and complying with privacy regulations remain ongoing challenges.

5.3.  Integration with Existing Infrastructure

Mumbai, like many older cities, has an aging and often undocumented underground pipeline network. This
poses a serious challenge for the installation and integration of smart meters, as it requires detailed mapping,
pipeline rehabilitation, or modification—adding complexity and cost to deployment efforts.

5.4.  Technical Issues

Despite careful selection of devices, technical failures were observed, including battery drainage and water
ingress, particularly in areas prone to flooding during monsoon seasons. Such environmental stressors
compromise the IP68-rated protection of the meters, thereby impacting meter longevity and accuracy.

5.5.  Scalability and Urban Deployment Challenges

1. Scalability of smart water metering in dense urban environments like Mumbai is constrained by several
context-specific limitations:
2. Access to Connection Pipelines: In many urban settings, service pipelines are difficult to access,

especially in high-density informal settlements or where infrastructure is embedded within congested
roadways and buildings.

3. Flooding and Waterlogging: Mumbai’s monsoon-induced flooding poses a direct challenge to meter
durability and wireless communication reliability. Underground meter installations are particularly vulnerable,
facing issues with accessibility, water damage, and communication disruptions.

4, Communication Infrastructure Limitations: Effective wireless communication depends on the placement
of gateways at optimal elevations. However, identifying and securing suitable sites on high-rise buildings is a
logistical and bureaucratic hurdle. Moreover, reinforced concrete structures in modern buildings interfere with
wireless signal transmission, limiting the effective communication range between meters and gateways.

5. Installation Constraints in Informal Settlements: In areas where residents lack formal property rights or
live in temporary housing, installing smart meters poses legal and infrastructural challenges. These regions
may not have proper utility connections or consistent access for maintenance.



6. Recommendations and Suggestions

6.1. Meters and Metrology Selection

1. Smart meters should be Ultrasonic type for domestic sizes: 15mm to 40mm and Ultrasonic Bulk
type: 50mm to 200mm and Electro-Magnetic type for 200mm onwards. (Only ultrasonic type
meters performance is tested in this project)

Meters should be with FCRI/ MID/ India type approval.

Testing of meters should be performed at MCGM laboratory with ISO 4064 standards.
Minimum Accuracy, R should be equal or greater than 250.

Strict compliance with IP68 is must for all meters (Major issue and concern with meters tested).
Meter should be with inbuilt battery of minimum life of 10 years based on 1 data uplink per day.

ook~ wn

1.2. Communication

1. The meters should have compulsory dual communication inbuilt. With current communication
technologies available in Mumbai Municipal area, Lorawan IN865, 1 uplink per day, along with
wMBUS/RF communication should be available anytime. This will enable the missing Lorawan
meters to send data to Walk-By handheld. This dual communication should be available for
minimum 10 years of inbuilt battery life of the meter.

2. Installation of domestic meters should be above ground level and as much as free to air to avoid
wireless communication issues and less gateway requirement.

3. Meters should be in protection boxes and should be kept clean and avoiding hinderance of free
communication to gateways.

4. Bulk meters which are underground installation, should have some provision of external antenna
to have better communication.

5. Open protocol of the meters are must and device keys, if any should be shared with ULB, so that
ULB can use any Head End System from the market to acquire data and supply to Aqua Billing
system.

6. Inthe current coverage scenario, NBI-T and Sigfox communication method is not preferred in the
smart water meters for MCGM.

1.3. Communication Infrastructure and Integration with Billing

1. MCGM should appoint infrastructure solution provider, who will manage Lorawan fixed wireless
and AMR Walk-By communication infrastructure, which will take care consumer designated meters
readings per month.

MCGM Smart Water Management Architecture
Walk-By wMBUS/ Fixed Lorawan

CONSUMERS COMMUNICAION SERVICE PROVIDER MCGM
@'D ,,,,,,,,,,,,,,, >
>
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DN1S- ,))R:; 7 Loaawan heN App Desktop
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Figure 4: (a) (b) Smart Meter Installation on Site: Plot No. 27 and Plot No. 89 (Source: DBD
Water Systems).



6. Conclusion

The increasing application of smart water technologies in developing regions also calls for a re-examination of
the smart city concept itself. Evaluating cities solely based on their technological sophistication risks ignoring the
socio-political and institutional dynamics that determine real-world outcomes. Although India's Smart Cities
Mission emphasizes smart governance, critics argue that its technocratic orientation often neglects aspects
such as citizen participation, equitable access, financial sustainability, and human resource limitations—all of
which have influenced the trajectory and success of various projects The Smart Water Management System
successfully improved water tracking, billing accuracy, and operational efficiency. Wireless communication
technologies enabled real-time monitoring and automation. The project demonstrated a scalable solution for
reducing NRW and optimizing water distribution. The pilot project showcased key benefits such as automated
consumption tracking, predictive maintenance, improved demand planning, and cost savings by eliminating
manual meter readings. Despite challenges such as high initial costs, infrastructure compatibility issues, and
cybersecurity concerns, the overall findings highlight the effectiveness of smart metering in urban water
management. The results from this pilot provide a strong foundation for large-scale implementation, enabling
sustainable water distribution, reduced losses, and improved service delivery.
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