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EXECUTIVE SUMMARY

India ranks among the most climate-vulnerable countries globally, with coastal populations facing
severe risks from cyclones, floods, sea level rise, and ecosystem loss. The west coast has seen a
sharp rise in Arabian Sea cyclones due to rising sea surface temperatures, alongside threats of
erosion, land submergence, and saltwater intrusion. Weak Water and Sanitation infrastructure and
inadequate services further heighten risks, particularly for disadvantaged groups.

Against this backdrop, the Landscape Analysis for Four Coastal States on Climate-Resilient
Water and Sanitation Infrastructure Project, supported by HSBC-India, examines 12 towns across
Maharashtra, Gujarat, Goa, and Karnataka. This report focusses on Ratnagiri, is a Class-ll town
located in the Ratnagiri district in Konkan region of Maharashtra. The study assesses
Ratnagiri’s water and sanitation sector, highlighting service disparities, institutional roles, and
financial sustainability. It also evaluates greenhouse gas (GHG) emissions from urban water
and wastewater systems and identifies opportunities for both adaptation and mitigation. By
analyzing governance gaps and resilience needs, the report proposes actionable
recommendations to strengthen climate-resilient infrastructure and services.

The state is among the top three climate-vulnerable states in the country. The state’s 720 km long
indented coastline is prone to cyclones and tsunamis. Ratnagiri is flanked by a estuary towards its
south and a narrow low lying coastal strip to its north. A rocky outcrop flanks the city from its west,
protecting it from coastal erosion and storm surges. Coastal cities, such as Ratnagiri, Mumbai and
Dapoli are observing higher temperature. Exacerbating the climate vulnerabilities of the Konkan
region is the fact that, despite performing well in terms of access to water and sanitation services,
the region lags behind in the urban Multidimensional Poverty Index (MPI). This disparity can
primarily be attributed to poor health and housing conditions, particularly in urban slums, which
make the population disproportionately vulnerable to the impacts of climate change.

Ratnagiri faces growing water and sanitation challenges driven by rapid urbanization and the
increasing impacts of climate change, including erratic rainfall and extreme weather events. While
initiatives like Atal Mission for Rejuvenation and Urban Transformation (AMRUT) 2.0 and reductions
in Non-Revenue Water indicate progress, the city continues to face gaps in meeting water demand
and requires further investment in climate-resilient infrastructure, such as rainwater harvesting and
groundwater recharge. On the sanitation front, despite achieving Open Defecation Free (ODF++)
status, the city grapples with untreated sewage, reliance on soak pits, and a vulnerable centralized
sewage system ill-suited to climate disruptions. Decentralized or nature-based solutions offer a
more adaptable and cost-effective alternative. To build long-term resilience, the Ratnagiri
Municipal Council must strengthen financial management, improve cost recovery and revenue
generation, and align infrastructure planning with climate adaptation goals. This integrated
approach is critical to ensuring sustainable service delivery and enhancing the city's capacity to
withstand future climate risks.



KEY RECOMMENDATIONS

Water and Sanitation

9.

10.

11

12.

13.

14,

Reduce Losses: Upgrade pipelines, pressure management, and 100% metering to curb
2.7 Million Litres per Day (MLD) non-revenue water.

Rejuvenate Sources: Expedite AMRUT 2.0 works (Fish Market & Parit Vathar lakes), plus
watershed conservation, desilting, and catchment protection.

Close Data Gaps: Establish systematic water audits and energy accounting for better
planning, GHG tracking, and decision-making.

Strengthen Groundwater: Promote rainwater harvesting, recharge, and enforce
extraction norms in peri-urban /institutional areas.

Low-Carbon Tech: Favor local sourcing, efficient treatment/pumping, solar power for
WTPs, and decentralized systems in new zones.

Institutional & Financial Capacity: Train staff, integrate climate risk in planning, improve
inter-department coordination, and secure climate finance.

Future Growth Planning: Update population/water demand projections (including
tourists) to align infrastructure with climate-resilient needs.

Decentralized Systems: Prioritize decentralized /nature-based solutions (bio-digesters)
over single large Sewage Treatment Plants (STPs).

Urban Local Bodies (ULB) Role: Strengthen ULB participation in large-scale infrastructure
planning (e.g., STPs).

Capacity Building: Train ULB staff on decentralized Operation and Maintenance (O&M),
financial management, and technologies.

.Pilot Projects: Launch ward-level pilots for decentralized treatment with community

participation.

By-laws & Regulation: Update sanitation by-laws to regulate soak pits, penalize illegal
discharge, and incentivize compliance.

Faecal Sludge Management (FSM): Increase desludging frequency, scheduled emptying,
retrofitting pits/tanks, and use composting /biogas for energy recovery.
Climate-Friendly Operations: Adopt electric/hybrid desludging trucks, improve
stormwater systems, reduce nutrient discharge, and capture methane /nitrous oxide.

Financial Sustainability

1.

Focus on improving cost recovery and collection efficiency for both water supply and
sewerage & sanitation services.

e Enhancing billing systems.
e Reducing leakages.
e Introducing measures to ensure timely payment collection.

Explore new revenue streams:

e Implement or increase user charges.
e Seek innovative funding sources to reduce reliance on external grants and loans.

Strengthen financial management:

e Ensure better alignment of capital and revenue expenditure.
e Focus on long-term infrastructure sustainability through strategic investments.



4. Prioritize efficiency improvements and reform financial mechanisms to achieve fiscal
sustainability and ensure continued service delivery.

Infrastructure Resilience

1. Contextualized design & technology
e Hybrid, modular, decentralized sanitation suited to coastal risks.
e Avoid over-reliance on costly, flood-vulnerable tech (e.g., SBR).
e Explore nature based solutions, decentralized sewers, and hybrid systems.
2. Risk governance gaps
e Lack of local risk data, early warnings, and alert systems.
e Data mismatches (Service Level Benchmarks (SLB), Swacch Bharat Mission (SBM),
municipal vs. community info).
e Limited ULB autonomy; fragmented, state-driven development causes accountability
gaps.
e Need resilience plans, budgets, and clear jurisdiction.
3. Systemic risk reduction
e Adopt redundancy, continuity, and recovery protocols.
e Build ULB capacities with state advisory support, not direct control.
e Use participatory planning, land-use tools, and coordination across scales.
4. Revenue diversification
e Develop waste-to-energy, wastewater reuse, sludge markets.
e Shared services between towns; regulated PPPs for desludging, water tankers, etc.

e Empower ULBs fo design private sector agreements.
5. Mainstreaming Disaster Risk Reduction (DRR) & Climate Change Adaptation (CCA)
® Local climate/disaster cells within ULBs to integrate risk reduction in Water,
Sanitation and Hygiene (WaSH) planning.
e Reassess benchmarks, technology choices, and performance metrics for coastal
contexts.

e Flood management (retention ponds, diversions, storm drains) critical for Ratnagiri.
6. Disaster resilience investment

e No local DRR investment planning or ring-fenced budgets.
e Heavy reliance on post-disaster recovery; no safeguards for O&M funds.
e Rising costs and weak revenues worsen WaSH management.



CHAPTER 1: INTRODUCTION

NEELAM RANA, PRIYAKSHI GOGOI, SUCHARITA ROY, ASHISH DANGI, ABHAY JUNAGHARE,
TEJASH ANAND AND N.C. NARAYANAN

1.1 BACKGROUND

Global Climate Risk Index 2021 ranks India as the seventh-most exposed and vulnerable country
to climate extremes!. With high risk of concurrent flood incidents, the country is among the most
vulnerable countries to climate change as per the Intergovernmental Panel on Climate Change
(IPCC) sixth assessment report. This is especially true for the large coastal population (171 million
population in coastal districts). India is highly susceptible to cyclones and their related dangers such
as storm tide, intense winds, and substantial rainfall. More than 300 extreme events have hit the
country in recent decades, causing losses of more than INR 5,600 billion (Mohanty, et al., 2020)2.
A recent evaluation indicates that more than 75% of districts in India, including 95% of coastal
districts, are hotspots for extreme events (ibid).

Further exacerbating the risks posed by climate change is the inadequate infrastructure and
services in critical areas such as housing, sanitation, water, and public health, particularly for
socio-economically disadvantaged groups (Rumbach, 2018); (Yenneti, Tripathi, Wei, Chen, &
Joshi, 2016)34. Climate change induced water stress and insecurity can increase the incidences
of waterborne infectious diseases, thereby, hindering or reversing advancements made in
related Sustainable Development Goal (SDG) targets and amplifying inequalities (Braks &
Husman, 2013)%. Water and sanitation services face significant threats from climate change induced
hazards, and it is crucial to comprehend and enhance the ability of water and sanitation
infrastructure and services to withstand this impacts. This is particularly critical in small towns, which
are already finding it challenging to provide universal access to water and sanitation services
(Central Pollution Control Board , 2021). and are now exposed to climate change-related risks.
This requires adopting climate-responsive policies, infrastructure planning, financing mechanisms,
and institutional frameworks across all levels of governance. Such measures contribute to
strengthening urban resilience—enhancing a city’s ability to absorb shocks, adapt to changing
conditions, recover from disruptions, and continue to thrive.

With this understanding, a project “Landscape analysis for four coastal states on climate
resilient water and sanitation infrastructure project” was initiated with funding support from
HSBC. The project focuses on both adaptation and mitigation strategies to strengthen climate-
resilient urban water and sanitation infrastructure and services, with an emphasis on developing
actionable policy recommendations that are grounded in local realities.



The project focuses on 12 west coastal towns of Maharashtra, Gujarat, Goa, and Karnataka.
While the east coast has been more exposed to tropical cyclones, recent years show a greater
number of tropical cyclones (TC) forming in the Arabian Sea (west coast)(Deshpande, et al.,
2021Y. In recent years, the Arabian Sea has emerged as a key region for the formation of tropical
cyclones, which have led to severe impacts across western coast of India (Thomas & Lekshmy,
2022)8. For instance, the Arabian Sea region has witnessed a 52% surge in the occurrence of
cyclonic storms in the recent period (2001-2019), whereas the Bay of Bengal (east coast) has
experienced an 8% decline (Deshpande, et al., 2021). Along India’s west coast, the coastal districts
of Gujarat specifically have become increasingly vulnerable to tropical cyclones in recent years
(Boragapu, Guhathakurta, & Sreejith, 2023)7. This increase in the frequency and intensity of
cyclones in the Arabian Sea has been attributed to rapid rise in sea surface
temperatures(Deshpande, et al., 2021). Further, west coast states are more exposed to sea level
rise; every one-metre rise in sea level can inundate almost 5,763 km2 of land (Woodruff, BenDor,
& Strong, 2018)'0. Making the west coast more susceptible to coastal flooding and cyclones is the
significant loss of the complex mangrove ecosystem, which will continue to increase beyond 2100
as per UNFCC-IPCC 2023 report.

Furthermore, historically established as fishing villages and trading posts near river mouths or
perched along the slopes of the Konkan and Sahyadri mountains, the coastal settlements have
evolved into thriving industrial hubs, port cities, and tourist centres. The region’s undulating terrain,
fragile slopes, rising sea levels, erratic weather patterns, and increasing cyclonic activity
exacerbate its vulnerability. Challenges such as land submergence, wave shoaling, shoreline
erosion, salt intrusion, groundwater flooding, and coastal inundation are increasingly evident. These
threats contribute to environmental degradation, contamination of land and water, disruptions in
essential services, and potential infrastructure failures.

This report focusses on Ratnagiri, is a Class-ll town located in the Ratnagiri district in Konkan
region of Maharashtra. The state is among the top three climate-vulnerable states in the
country (Mohanty & Wadhawan, 2021)'. The state’s 720 km long indented coastline is prone
to cyclones and tsunamis (National Centre for Disease Control , 2022)'2, The state, third most
urbanized state in India, is also one of the major contributors towards urban domestic
wastewater related methane emissions in the country (Shroff, Caleb, Kolsepatil, & Mishra,

2022)13,

Ratnagiri is flanked by a estuary towards its south and a narrow low lying coastal strip to its
north. A rocky outcrop flanks the city from its west, protecting it from coastal erosion and storm
surges. Coastal cities, such as Ratnagiri, Mumbai and Dapoli are observing higher temperatures
(National Centre for Disease Control , 2022). Exacerbating the climate vulnerabilities of the
Konkan region is the fact that, despite performing well in terms of access to water and



sanitation services, the region lags behind in the urban Multidimensional Poverty Index (MPI)
(Mohanty et al., 2020)'4. This disparity can primarily be attributed to poor health and housing
conditions, particularly in urban slums, which make the population disproportionately
vulnerable to the impacts of climate change (ibid).

This report examinesthe current status of water and sanitation services in the town, highlights
challenges, and identifies opportunities related to water and sanitation services, with a particular
emphasis on disparities in service access, framed within the context of climate change. It maps the
institutional framework governing the urban sanitation and analysis the roles of different institutions
involved in service delivery—an essential step, as effective climate change measures rely on a clear
understanding of institutional responsibilities. Additionally, the report presents the findings on GHG
emissions associated with the urban water and wastewater cycle at the town level, aimed at
identifying actionable steps the town can take to reduce its GHG emissions. These findings inform
the risk assessment of water and sanitation infrastructure in the context of climate change. The study
also evaluates the financial sustainability of ULB, examining its capacity to meet current and future
demands while implementing climate change adaptation and mitigation measures. Additionally, the
study highlights key climate initiatives undertaken by the town’s water and sanitation sector that
contribute directly or indirectly to both adaptation and mitigation efforts.

The report begins with Chapter 1, which establishes the link between climate change and water
and sanitation, offers a brief overview of the importance of studying west coastal towns, and
introduces the study area—Ratnagiri . It also outlines the study's objectives, the methodology
adopted to achieve them, and the criteria used for town selection. Chapter 2 presents a detailed
town profile, covering demography, climate, topography, land use and land cover, as well as key
climate risks highlighted in literature. Chapter 3 focuses on the status of urban water supply in the
context of a changing climate, highlighting major challenges and estimating GHG emissions from
the sector. Chapter 4 examines the sanitation service chain, highlighting major challenges and
estimating GHG emissions from the sector and reviewing institutional arrangements in the sector.
Chapter 5 examines whether the town meets national service-level benchmarks (SLBs) in urban water
and sanitation and reviews the financial health of the ULB in sustaining and upgrading these services.
Chapter 6 presents the findings of the climate risk assessment for water and sanitation infrastructure
and services in Ratnagiri. Chapter 7 explores key climate change initiatives being undertaken at
the town level. Finally, Chapter 8 concludes the report with sector-specific recommendations.

1.2 OBJECTIVES

® Conduct a comprehensive assessment of the current state of water and sanitation
infrastructure and services in the town.

o Highlight critical issues and challenges confronting the town’s water and sanitation
systems.
Quantify the GHG footprint associated with the urban water and wastewater cycle.
Assess the financial sustainability of ULB in managing water and sanitation services.

Assess risk of water and sanitation infrastructure of the town.



® Propose recommendations to enhance resilience of water and sanitation infrastructure
and services.

1.3 METHODOLOGY

Twelve towns were selected for the study. This section outlines the criteria used for town selection
and describes the steps and data collection methods employed to meet the study's objectives.

TOWN SELECTION CRITERIA

Across the four states, the study focuses on 12 selected towns (Ref. Table 2). The town selection
followed a two-step process. First, a set of criteria was developed through a comprehensive
literature review (outlined in Table 1). These criteria were designed to ensure diversity among the
case study towns in terms of Water, Sanitation, and Hygiene(WaSH) infrastructure and services,
geography, demographics, and climate vulnerability, administrative status, thus enabling a more
representative and contextually grounded analysis.

e Current understanding of climate risks: The selection process considered the known climate
risks each town faces, as these are critical for assessing the vulnerability of WaSH
infrastructure to climate-related hazards.

e Variation in infrastructure and urban characteristics: Towns were selected to reflect
diversity in water and sanitation infrastructure and service levels, population size, climatic
conditions, and economic activities—factors that influence exposure and adaptive capacity
and GHG emissions.

e Socio-economic profile: Differences in socio-economic conditions lead to varied water
consumption and sanitation practices. These factors are crucial for understanding a town's
climate resilience and estimating GHG emissions in the WaSH sector.

o Administrative status: The administrative status of a town significantly influences its
capacity for climate change planning and response, especially in critical sectors like water
and sanitation. Towns with higher administrative status—such as municipal corporations or
class-l and beyond—tend to have greater autonomy, better institutional structures, and
access to financial and technical resources. They are more likely to have dedicated
departments, skilled personnel, and the ability to integrate climate considerations into urban
development plans. These towns also benefit from larger budgets, greater revenue-
generating powers, and enhanced eligibility for national and international funding schemes
focused on climate adaptation and mitigation. In contrast, smaller towns or panchayats often
rely heavily on state or district-level agencies, leading to delays in planning and
implementation. Moreover, higher status towns typically have better data systems and



monitoring capabilities, which are essential for assessing climate risks and emissions. Their

greater political visibility further enhances their chances of being included in pilot projects

or targeted policy interventions. Thus, a town’s administrative status directly shapes its ability

to design and implement effective, context-specific climate-resilient infrastructure and

services.

Table 1 : Town Selection Criteria

Key Parameters

Selection criteria

Administrative status

Municipal Corporation

Municipal Council

(A and B)

Nagar Panchayat

(C and D)

City Size based on

population

Class-1 to Class IV

Socio-economic profile

Capturing variability in socio-economic profile of the town population

Climate Change Exposure
and vulnerability

Low Risk/vulnerable

Medium
Risk /vulnerable

High Risk/vulnerable

Sanitation Infrastructure

Services Status

Only On-site Sanitation

OSS + %
networked system

OSS+ % networked + Non-
networked (NBS/
Conventional/ FSSTP)

Economic Contributions

/Profile

Industrial, agricultural, tourism, service sectors

State government and ULB
support

Past and current partnerships, collaborations

The above process generated a preliminary list of towns, from which the final selection was made

in consultation with the state Directors of SBM-U.

10



Table 2 : Selected Towns

State Town Population(2011) Class
Alibag 20,743 Class-lll
Ratnagiri 76,229 Class-Il
Maharashtra  [Vengurla 12,392 Class-IV
Mangaluru 4,99,487 Class-I
Kundapura 30,444 Class-lll
Karnataka
Karwar 77,139 Class-Il
Ratnagiri 12,434 Class-IV
Mormugao 94,393 Class-Il
Goa
Mapusa 39,989 Class-lll
Dwaraka 38,873 Class-lll
Gujarat Mandvi 51,376 Class-II
Valsad 1,70,060 Class-I

STEPS

Adopting resilient infrastructure not only helps reduce the intensity of adverse consequences from
disasters but also provides an opportunity to shift to lower carbon pathways. The risk of
infrastructure failure during disruptive events depends on several factors, including exposure to
hazards, locational limitations, technology, sensitivity of the infrastructure, its governance, access to
funding, and systemic agility. The Sendai Framework for Disaster Risk Reduction identifies the
resilience of critical infrastructure as key for risk reduction.
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An assessment of the resilience of the WaSH infrastructure of the town has been undertaken in the
context of climate change to inform future planning and build climate-resilient WaSH infrastructure
and services in the town. Guided by the Global Methodology for Infrastructure Resilience (UNDRR,
2023)'5, a three-step, contextualized methodology has been developed. This methodology
analyses the adequacy, reliability, and flexibility of WaSH infrastructure in the face of climate
change and the robustness of governance and finance to handle future risks. Thisframework enables
a comparative understanding of system resilience for WaSH infrastructure across towns and cities,
irrespective of the level of urbanization, population size, and local body capacity. It helps identify
trends and patterns across various classes of cities and develop a structured approach towards
building resilience of WaSH infrastructure in coastal cities.

1. Mapping the Existing Infrastructure and Services : The existing infrastructure and
services have been mapped and analysed based on data gathered from various sources
on performance, coverage, socio-spatial variability, technology, governance, key
stakeholders, existing policies, climate change initiatives, financial health of the ULB,
budgets, and future projects.

2. Identifying the Infrastructure Exposure and Vulnerability: The climate hazards faced
bythe settlement has been identified based on literature review. Three critical coastal
risks—flooding and inundation, storm surges and coastal erosion, and saltwater intrusion—
have been considered. Satellite data has been utilized to assess land use and land cover
(LULC), elevation, built-up footprints, road networks, shoreline change detection, mangrove
and water bodies, storm surge locations, and flood risk zones. This data has been overlaid
with information from municipal bodies on administrative boundaries, flood hotspots,
population distribution, and critical utility locations to identify the exposure. Primary data
on water usage, sanitation practices, water quality, access disparities, socioeconomic
vulnerability, behavioural practices, and exposure history collected through discussions,
interviews, household surveys, and ground-truthing via transect walks and visual surveys
were further collated and overlayed to identify ward level exposure and infrastructure
vulnerability.

3. Assessing the resilience: The adequacy, flexibility and reliability of the infrastructure, its
governance and financial sustainability and systemic gaps have been identified and
assessed along with the exposure and vulnerability. The summary of risks to WaSH
infrastructure provide insights into the resilience measures needed for the coastal town.

DATA COLLECTION

1. Desk Based Research: An extensive desk study was conducted to review existing literature
and collect secondary data from various government sources. The study utilized secondary
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data and information from a range of national, state, district, and town-level sources,
including the Census, National Family Health Survey, SBM-U, Central Pollution Control Board
(CPCB), Performance Assessment System for urban water and sanitation (PAS) website,
District Disaster Management Plans (DDMP), and the municipality website (refer to the table
for details). Additionally, the review was instrumental in mapping key stakeholders, defining
their roles and responsibilities, and developing the analytical framework for various
thematic studies, including GHG emission estimation.

The desk study not only informed the overall research design but also facilitated the
identification of data gaps and discrepancies, which subsequently guided the development
of data collection protocols as well as the planning and execution of the fieldwork.

Field Work: To address data gaps, validate secondary data, and resolve data
discrepancies, the study incorporated rapid field assessments, site visits, and semi-structured
interviews. These interviews were conducted with local residents, as well as district and
municipal officials from the town planning, water and sanitation, sewerage, public works,
and disaster management departments. These interviews were conducted with local
residents, as well as district and municipal officials from the town planning, water and
sanitation, sewerage, public works, and disaster management departments. Field work also
involved mapping of the critical infrastructure in the water and sanitation sector. The pre-
assessment in Ratnagiri was undertaken through remote sensed data to identify the low-
lying areas and zones with high population density, inferred through the close spatial
arrangement of structures. Areas that exhibited both low elevation and dense construction
were prioritized as hotspots for data collection. In order to develop a comprehensive
understanding other dense nodes of the city and the slum like developments along the coast
were identified for data collection through visual observation for ground truthing and semi
structured interviews with residents. A total of 14 such hotspots were explored across the
city.

e Secondary Data Collection from Town Water and Sanitation Departments:
Meetings with ULBs were held to collect a wide range of documents and data,
including city maps, land-use and land cover maps, and electricity bills. Additional
information was gathered on SLB indicators, SBM-U, AMRUT, financial reports, and
other relevant datasets.We also obtained detailed information on the number,
condition, and operation and maintenance (O&M) structures of community toilets
(CTs) and public toilets (PTs) in the city were collected to better understand the scale
and performance of the existing sanitation infrastructure.

e Semi-Structured Interviews: In Ratnagiri Municipal Council (RMC), we interviewed
(semi-structured interviews) key ULB officials—including the Chief officer (1),
Additional Chief officer (1), SBM-U Coordinator (1), Junior Engineer, Water (1) to
understand the status of water and sanitation infrastructure and services, as well as
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to gather information on recent and past extreme events—such as floods, droughts,
cyclones and heavy rainfall—and their impacts. These discussions also provided
insights into the effects of climate change as experienced locally. Importantly, the
interviews helped identify vulnerable areas and communities within the town, which
informed the design of the rapid assessment study.

Site Visits: Site visits were conducted to validate the functioning of critical water
and sanitation infrastructure, such as water treatment plants (WTP), Elevated Level
Storage Reservoirs (ELSRs) and Ground Level Storage Reservoirs (GLSRs). These
visits focused on gathering information on operational status, environmental
compliance, and electricity consumption. These site visits also facilitated the
integration of critical infrastructure into the GIS platform for further spatial analysis.

Rapid Assessments: The assessment process included on-ground observations and
in-depth conversations with (14) residents, with a particular focus on low-income
neighbourhoods and areas identified as vulnerable to extreme events during
interviews with ULB officials. These interactions were designed to validate and
triangulate data collected from secondary sources. This approach provided
valuable insights into both the condition of local infrastructure and the lived
experiences of residents, especially those from vulnerable communities.

The primary emphasis was on understanding challenges related to access,
affordability, and reliability of water and sanitation services in the context of
climate change. Residents were asked whether they had private toilets on their
premises. As the city does not have a sewerage network connection we collected
information on the type of On-site Sanitation (OSS) in use, the frequency and cost
of septic tank cleaning, the service providers involved, and the affordability and
challenges associated with these services. Additional questions addressed methods
of greywater disposal, sources of tap water, costs related to water connections, and
any support received from the ULB during disaster events. For households without
individual toilets, we explored the alternative sanitation arrangements they relied
upon.

The team engaged with (14) residents across the city, carefully selecting locations to
represent a range of socio-economic backgrounds (refer figure 1). Our discussions
with residents primarily focused on their access to and the quality of water and
sanitation services.Additionally, the team visited 1 public toilet to assess their
condition firsthand. During our rapid field assessment, we visited the public toilet
located in junctions where people can use.
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Figure 1: Locations for the interviews

Mandavi Bééch

Source: IITB team, Mapped using Google earth

The study findings were shared during a stakeholder and expert consultation workshop held on
13th August 2025, with participation from State Public Works Departments, ULBs, and State
Pollution Control Boards (SPCB). The feedback and comments received have been incorporated into
the town assessment reports, details of which are provided in the annexure-Il. The workshop also
helped define the way forward for the research team.

GREENHOUSE GAS EMISSION ESTIMATION

Assessing the carbon footprint of urban water systems requires a comprehensive approach that
accounts for emissions across different stages of water abstraction, treatment, conveyance,
distribution, and wastewater management. These emissions originate from various processes,
including direct GHG releases, energy and chemical consumption in operations, and emissions
embedded in materials that make up the physical infrastructure. In this estimation, emissions are
classified into three broad categories: Direct Emissions, Indirect Emissions, and Embedded
Emissions. Each category captures different sources of carbon emissions within the urban water
cycle.
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Table 3 : Scope of emissions methodology for carbon footprint assessment of the urban water cycle

Category

Possible Sources of Emissions

Methodology

Direct Emissions

- Methane (CH4) emissions from anaerobic decomposition of
organic matter in wastewater.

- Nitrous Oxide (N;O) Emissions from nitrification and
denitrification of nitrogen compounds wastewater

- Methane (CH4) emissions from the decomposition of organic
matter in anaerobic sediments in freshwater reservoirs*

2006 IPCC Guidelines for National
Greenhouse Gas Inventories (2019
Refinement)

- Indirect emissions from electricity consumption

Indirect Electricity consumption data obtained
. - Life cycle GHG emissions associated with the chemicals used from urban local bodies and an
Emissions . average grid emission factor 0.716
in water and wastewater treatment processes (alum, hypo,
chlorine etc.)* fCOQ/MWh (FY 2022-23,
Central  Electricity ~ Authority) for
Indian grid used for CO2 estimation.
- Emissions from diesel combustion for transportation
Diesel consumption for desludging
trucks based on information obtained
from interviewing fruck operators.
- Life cycle GHG emissions associated with the materials used
Embedded in the physical infrastructure. * Not estimated due to non-availability
Emissions of data on material footprint.

*Emissions not considered in the estimation due to non-availability of reliable activity data for the same.

The comprehensive town assessments also revealed several data gaps, which are detailed in Annexure-

l.
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CHAPTER 2: TOWN PROFILE: RATNAGIRI

NEELAM RANA, PRIYAKSHI GOGOI, SUCHARITA ROY, TEJASH ANAND & N.C. NARAYANAN1¢

Ratnagiri is a coastal city in the district of Ratnagiri, and is part of the Konkan division in
Maharashtra (Ref. Figure 2). It is located at 16.98°N 73.3°E and has an average elevation of 11
meters. The Sahyadri mountains border Ratnagiri to the east. The city spans over 10.49 sgkm. The
district headquarters is located at Ratnagiri Town.

Figure 2 : Ratnagiri District Map
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Demographic Profile: Ratnagiri district is one of the least urbanized districts in the state. Ratnagiri
city is divided into 28 wards. According to the 2011 Census report from Census India, RMC has a
population of 76,229, with 37,670 males and 38,559 females. The female sex ratio in Ratnagiri
is 1,024, higher than the state average of 929. The literacy rate in Ratnagiri is 91.88%, surpassing
the state average of 82.34%. The council oversees 17,585 households, providing essential services
like water and sewerage. The estimated population of Ratnagiri Municipal Council in 2025 is
approximately 110,000.

Scheduled Castes (SC) make up 2.52% of the population, while Scheduled Tribes (ST) constitute
0.71%. Of the total population, 24,941 individuals are engaged in work or business, with 19,057
males and 5,884 females. In the census, workers are defined as individuals involved in business,
employment, services, or agricultural labor. Of the 24,941 working individuals, 93.01% are
involved in Main Work, and 6.99% are engaged in Marginal Work. The economy is primarily
driven by agriculture, fisheries (14% of the state’s total number of fishermen households are from
Ratnagiri district) , and tourism.

Topography:Ratnagiri city has a hilly topography with more than 85 % of the administrative land
at an elevation >10 m above sea level, a rocky outcrop at its west and undulating terrain which
slopes down towards the north and the south. Small strips of low-lying zones near the Kajali River
mouth at the south and the coast at the north consist of alluvial as well as sandy and saline soil.

Landuse and Landcover: Ratnagiri city primarily has a hilly terrain and has scrublands and grassland.
The coastal strips support coconut and areca plantations. Some flooded vegetation can be seen
near the estuary of river Kajli which border the city towards the south. The distribution of built-up
cover revedls linear city developed along east - west axial pattern alongside the major road
network (Ref. Figure 3).

The densest development can be seen in wards 4, 8 and 9, 12 and 15 (Ref. Table 4). Ward 15 is
also a low-lying ward at the estuary and can be identified as one of the vulnerable wards of the
city due to the exposure of the population to coastal risks.
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Table 4 : Ward-wise Distribution of Built-up Footprint

Ward Area (sq. km) Built Area % Ward Area (sq. km) Built Area %
1 0.6 30.3% 9 0.4 63.2%
2 0.7 40.8% 10 0.8 34.6%
3 0.7 50.6% 11 0.5 28.1%
4 0.4 43.8% 12 0.3 57.7%
5 0.8 43.5% 13 1.1 15.6%
6 1.7 25.8% 14 0.5 35.5%
7 0.8 42.7% 15 0.4 50.5%
8 0.4 45.6%
Figure 3 : Landcover and Built-up Footprint of Ratnagiri
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Source: Sentinal 2 10m (LULC), 2024; Open Street Map; Survey of India; Landsat 9 (Mangroves), 2024
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Climate: Ratnagiri falls under the very high rainfall agro-climate classification (Ref. Figure 4), and
is part of Konkan administrative division and Ratnagiri district. The district falls under a very high
rainfall zone - South Konkan Zone. The coastal belt of the Ratnagiri district receives approximately
annual average rainfall of 2978.6 mm (The Energy Research Institute , 2014)'8, The districts of
Ratnagiri have more number of rainy days as compared to other districts. During the summer,
temperature can rise up to 42°C, while in the winter, it can drop as low as 10°C.

Figure 4: Agro-climatic Zones of Maharashtra
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Annual Rainfall (mm)

Figure 5 : Administrative Division Map of Maharashtra
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Figure 6 : Annual Average Rainfall (mm) in Ratnagiri Tahsil
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Source: (Disaster Management Plan. Ratnagiri District, 2023-24)2!
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Disasters and Climate Change Vulnerability: Town level data on disasters and climate impacts is
lacking. Hence, we relied upon district, administrative division and taluk level secondary data on
disasters and climate change projections.

Cyclones

As per the Niti Aayog, the Sindhudurg district falls under moderate damage risk zone for the wind
hazard, and moderate in terms of maximum sustained winds during cyclones (Niti Aayog, 2025)22
(refer figure 7).

Figure 7 : District Exposure to Wind Hazard
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Figure 8 : District Exposure to Maximum Sustained Winds During Cyclonic Activities

0y

Maximum Sustained Wind (MSW) in Knots

Wzsis47
Ratnagiri Mas6s
Oe4-90

Sindhudurg B 91 or more

Source: (Niti Aayog, 2025)

The State Climate Change Action Plan (The Energy Research Institute , 2014, p. 8) classifies
Ratnagiri as less vulnerable to climate change compared to other districts. However, the district
is considered one of the flood-prone districts in the state (National Centre for Disease Control,
2022)- moderately vulnerable to floods and cyclones (ibid). At the taluka level, according to the
district disaster management plan, Ratnagiri taluka faces a low risk of disasters such as floods and
cyclones. However, water scarcity and disease outbreaks are considered significant concerns (Ref.
Table 5)(District Disaster Management Authority, 2024)23,

Table 5 : Probability of Disaster Episodes in Ratnagiri District

Sl. No. Flood Cyclone Water Scarcity Disease Outbreak

Low

Source: Disaster Management Plan Ratnagiri District

According to the state disaster action plan 2023, the most recent cyclones to hit the State was
cyclone Okhi in 2016, cyclone Nisarga in 2022, cyclone Tauktae in 2021 caused loss of life and
infrastructural losses in coastal areas (Government of Maharashtra, 2023) caused loss of properties
in Ratnagiri  district?4.

Climate Vulnerability : Although Ratnagiri district is considered less vulnerable as compared to the
other districts in the state (The Energy Research Institute,2014), the Konkan region remains
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particularly vulnerable to climate change. This is primarily due to high-intensity rainfall, coastal
salinity, and severe soil and coastal erosion.

The Konkan division is projected to experience an increase (10-30%) in the monsoon rainfall
(average at 2578.2 mm) by 2030. The projected percentage increase in extreme rainfall in 2030s
relative to baseline is expected to increase by 10-14% for Konkan division (Mumbai, Ratnagiri,
Sindhudurg areas). Overall Konkan division is projected to continue to receive more rainfall in
absolute terms than other divisions (The Energy Research Institute,2014).

For Maharashtra, the coastal erosion due to rise in mean sea level is expected to increase in
climate change scenarios. For instance, an increase of about 0.24 m to 0.66 m in mean sea level
(MSL) by the end of the 21st century is projected by the state climate action plan (2014)25. The
selected cities in Konkan division namely Alibag , Ratnagiri and Vengurla have average elevation
of Om, 11m and 11m respectively. Furthermore, the sea level rise may coincide with heightened
wave heights, intense wind speeds, and increased storm surges. One of the main impacts of
the sea level rise is coastal erosion, inundation (a 1Tmm rise could lead to inundation of about
0.5m per year). Ratnagiri district is dominated by a stable coast with a few pockets of low erosion
and accretion (National Centre for Coastal Research, 2022).

Coastal erosion, soil erosion, and inundation can lead to saltwater intrusion, particularly into
groundwater aquifers, thereby reducing the avadilability of freshwater(The Energy Research
Institute , 2014)The impacts of this are evident in the Ratnagiri district and Konkan division ((The
Energy Research Institute , 2014) ; (Central Ground Water Board, 2014)26. OQur field work in
Ratnagiri town revels salinity in the ground water.

This issue is of particular concern from both a water availability and water security perspective.
Despite receiving substantial annual rainfall (ranging from 2,300 to 3,200 mm/year), water
scarcity during the non-monsoon season remains a significant challenge for many villages in
Ratnagiri district, as they face water shortages during the summer months. This is primarily
due to over-exploitation of groundwater, with the average groundwater development stage
exceeding 70% for the district, not even factoring in the additional extraction by irrigation
borewells (The Energy Research Institute , 2014). The importance of addressing saltwater ingress
is highlighted by the State Water Policy, which stresses the need to limit groundwater over-
extraction in coastal districts such as Sindhudurg, Raigad, and Ratnagiri to prevent further intrusion
of saltwater.

They are formed due to the inundation of the sea, where by part of coastal soils become salty.
They are locally known as Khar, Khajan and Kharvat etc. They are found along coastal strip of
Dapoli, Guhagar and Ratnagiri tehsils.
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Maharashtra is also observing higher temperatures in coastal cities, such as Ratnagiri, Mumbai,
and Dapoli (National Centre for Disease Control, 2022). Additionally, although the Konkan
division is projected to experience a relatively modest rise in mean temperature (1.1-1.28°C,
reaching 26.99°C) by 2030, the anticipated increase in the heat index for the region, relative to
the baseline (The Energy Research Institute , 2014), could significantly amplify pressure on water
resources. This rise in temperature may intensify heat stress, elevate the likelihood of malaria
transmission, and boost energy demand for cooling. It could also heighten water demand in urban
areas, exacerbating the urban heat island effect.

Increase in temperature means a warmer atmosphere which may also lead to extreme rainfall
events with longer dry or low rainfall spells between these events. Among various divisions, Konkan
division (Mumbai, parts of Ratnagiri, Sindhudurg, parts of Raigad) is expected to have the least
increase in the number of dry days (The Energy Research Institute , 2014) . The study forecasted
an increase of 3 to 5 days in number of dry days in 2030s relative to baseline for Konkan division
as compared to 8-9 days for certain parts in south central Maharashtra. These dry spells are
specifically a matter of concern for agriculture and water resources. The impact on water resources
could pose a threat for access to equitable water services at ULB level, especially in light of the
top-down push for 24x7 and 150 Ipcd norms.

Exacerbating the climate vulnerabilities of the Konkan region is the fact that, despite performing
well in terms of access to water and sanitation services, the region lags behind in the urban
Multidimensional Poverty Index (MPI)(Mohanty et al., 2020)?7.This disparity can primarily be
attributed to poor health and housing conditions, particularly in urban slums, which make the
population disproportionately vulnerable to the impacts of climate change (ibid).
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CHAPTER 3: URBAN WATER SYSTEMS IN
CHANGING CLIMATE: A CASE STUDY OF
RATNAGIRI

ASHISH DANGI28 AND NC NARAYANAN

3.1 BACKGROUND

Water at the Heart of the Climate Crisis

The Earth's average surface temperature has risen by 1.2° C above pre-industrial levels, and with
current policies in place, a potentially catastrophic 3.1° C increase is predicted by the end of the
century 29, This warming of the planet alters one of the key drivers of the natural water cycle, i.e.,
temperature. The natural water cycle, which is the continuous movement of water between land,
ocean and atmospheric systems, determines not just how much water is available, but also where
and when. As temperatures rise, this delicate balance becomes increasingly unstable, causing
widespread changes in rainfall patterns, local climates, and the intensity and frequency of extreme
weather events.

In fact, the most tangible impacts of climate change are being felt through water- the presence,
absence or access to it30.Rising temperatures increase variability in water availability, quality, and
demand across both regions and seasons. Regions across the globe are already experiencing an
increase in heavy precipitation events and floods on one extreme and more frequent and intense
droughts on the opposite extreme. Around 74% of all natural disasters between 2001 and 2018,
were water related causing over 300,000 fatalities and ~ 1.7 trillion USD in economic damages
worldwide3132,

Coastal Cities at the Crossroads of Climate Extremes

Nowhere are these changes more immediately felt than in coastal cities, where land, ocean, and
atmospheric systems intersect. The rapid retreat of glaciers and ice cover is causing sea levels to
rise at unprecedented rates, further compromising the water availability and quality in coastal
areas33. More intense rainfall combined with rising sea levels amplify storm surges, salinity
intrusions and surface run-off placing coastal settlements at heightened risk. These ‘hydro-
meteorogical’ shifts not only impact freshwater resources but also exacerbate existing
vulnerabilities to flooding and inundation. A warmer atmosphere and ocean provide additional
energy for storm intensification, leading to a greater number of extreme weather events. Cyclones,
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in particular, pose catastrophic threats not just to lives and infrastructure, but to the very backbone
of urban resilience: access to WaSH. By damaging water supply and wastewater infrastructure,
such events jeopardise public health and disrupt the essential services that coastal cities rely on,
placing them at even greater risk. These hazards compound the existing pressures of urbanisation,
placing critical water infrastructure under significant stress and exposing vulnerabilities in already
stretched systems. These new risks are especially critical in India, where about 171 million people
live along its 7,515 km-long coastline face unique and escalating risks34.

Escalating Urban Challenges in a Changing Climate

However, these challenges are not entirely new. Densely populated coastal cities have long
grappled with rising demand amid diminishing water availability. Over the years, infrastructure
expansion, intensified water pumping, and landscape modification became embedded in policy
and practice as conventional approaches to water management. Yet these approaches often
degrade natural environments both within and beyond city boundaries. Water flows are altered
through water extraction, river diversions, reservoir construction, and flood control measures.
Impermeable built surfaces reduce rainwater infiltration and groundwater recharge, while the loss
of vegetation disrupts processes like transpiration that help sustain the natural water cycle. At the
same time, cities generate massive amounts of wastewater that flows back into the natural cycle,
often untreated and poorly managed.

In their determined efforts to cope up, cities have often compromised the very ecosystems they
depend upon. In the water-stressed context of India, short-term needs are often understandably
prioritised over long-term sustainability particularly for a need as vital as water: the lifeblood of
urban life. However, this trade-off may no longer be tenable.

Reimagining Urban Water Resilience in the Face of Climate Change

Climate change on one hand, underscores the urgent need for effective urban water management
to enhance the health resilience of populations and mitigate its impacts on cities. On the other, it
intensifies existing water-related challenges brought by urbanisation, threatening the sustainability
of urban water systems. As temperatures continue to rise, conventional water management
approaches focused on large-scale infrastructure, and reactive coping strategies may prove
insufficient under these compounded pressures. In fact, such strategies could worsen long-term
vulnerabilities by disrupting the natural water cycle, especially in fragile coastal ecosystems.

Climate change thus acts as a wake-up call, urging policymakers to reassess the fragile relationship
between urban water systems and the natural water cycle. Ensuring long-term water security and
resilience demands a new paradigm that not only addresses the immediate impacts of climate
change but also strives to harmonise existing water systems with natural cycles.
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This chapter evaluates the state of water infrastructure and services in Ratnagiri, Maharashtra,
through a climate lens. It examines how the town is responding to increasing water demand
amid growing constraints on availability and quality, as well as pre-existing systemic
challenges. The analysis highlights critical gaps, vulnerabilities, and potential opportunities for
transitioning toward more climate-resilient urban water systems. Understanding how present-
day decisions influence future water security is crucial for ensuring that urban water services
remain sustainable, equitable, and resilient in the face of a changing climate.

3.2 STATUS OF WATER INFRASTRUCTURE AND SERVICES

3.2.1 WATER SOURCES

Ratnagiri lies in the Konkan coastal belt of Maharashtra, nestled between the Western Ghats to
the east and the Arabian Sea to the west, with several rivers and estuarine systems such as the
Shastri River (north), Kajali River (south), and Mirya and Bhatye creeks flowing through or around
the city. This coastal terrain, characterised by steep slopes, lateritic plateaus, and narrow river
valleys, allows for the formation of perennial surface water bodies such as Shil Talav and Panval
Talav, which are dammed to serve as Ratnagiri’s main municipal water sources.

These water bodies benefit from the high-intensity monsoon rainfall received in the region but are
also susceptible to seasonal fluctuations and catchment degradation due to urbanization and
deforestation. The shallow, lateritic aquifers of Ratnagiri make groundwater a dynamic yet limited
resource. The steep slopes lead to rapid surface runoff and low infiltration, which restrict the natural
recharge of groundwater. Dug wells and borewells often experience seasonal variability, with
water levels falling sharply during the dry months. Additionally, the proximity to the coast increases
the risk of saltwater intrusion, especially when groundwater is over-extracted. Furthermore, the
mangrove-lined estuaries and creeks around Ratnagiri while ecologically valuable are vulnerable
to encroachment and pollution, threatening both water quality and the natural buffering capacity
of the coastline. In sum, Ratnagiri’s coastal and hilly geography provides vital surface water sources
but also imposes serious limitations on groundwater sustainability. The setting makes the town highly
dependent on a few surface reservoirs, while groundwater plays a supplemental but fragile role.

3.2.2 SURFACE WATER

Ratnagiri primarily depends on three surface water sources for municipal supply: Shil Talav (Shil
Dam), Panval Talav (Panval Dam), and Nachane Talav.

Shil Talav (Shil Dam) lies about 9.5 km from the city and is the main perennial source supplying
most of Ratnagiri’'s demand. lts full reservoir volume is approximately 3.776 million m3, but its water
availability is increasingly threatened by erratic rainfall. In July 2023, for example, intense monsoon
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showers led to the dam reaching full capacity and overflowing—providing temporary relief to a
parched city3>. However, in stark contrast, by May—June 2024, the reservoir had dropped to just
25% of its capacity (0.82 million m3 out of 3.77 million m3), raising serious concerns about water
scarcity in the peak summer months3¢. This sharp fluctuation from overflow one year to critical
depletion the next is a clear example of how climate-induced rainfall variability undermines water
security. With a growing population and rising temperatures increasing demand and evaporation
losses, the stress on Shil Dam is only expected to worsen.

Panval Talav (Panval Dam) is located around 13.5 km from town. Though initially intended to share
the load, the dam now faces critical leakage—official estimates suggest 40—-50% seepage—and
has effectively been sidelined from routine supply operations3’. This renders Ratnagiri highly reliant
on Shil Dam alone in dry years.n an era of increasing climate uncertainty, such infrastructure
inefficiencies magnify vulnerabilities, especially when secondary sources are expected to buffer
against primary source failure. Panval’s limited capacity, compounded by climate pressures, means
the city cannot currently rely on it to meet peak summer demand, leaving Shil Dam overstretched.

Nachane Talav, situated closer to the city, functions as a tertiary or emergency water resource
when Shil Dam falls short. Though limited in storage and not consistently used, it helps during peak
demand periods or when other reservoirs are depleted. With no systematic recharge or capacity
enhancement, this lake’s utility remains constrained. Hydrologically, all three sources are seasonal
and dependent on timely and adequate monsoon rainfall. Rapid urban expansion has increased
demand sharply, placing the reservoirs under overwhelming stress. Water scarcity has forced the
municipality to ration supply—including once-a-day or alternate-day supply rotations—and
operate private tanker services during dry spells38. In response, under AMRUT 2.0, local authorities
have proposed rejuvenation projects for smaller lakes like Fish Market Lake and ParitVathar Lake
(~%0.75 cr and R0.678 cr respectively), to augment future source capacity3®. However, without
climate-proofing core infrastructure, investing in catchment protection, and implementing demand-
side management, Ratnagiri's water system will remain vulnerable to the intensifying effects of
climate change.

3.2.3 GROUNDWATER

The groundwater resource estimation for Ratnagiri block provides a useful snapshot of the current
status and potential for future use. As of 2022, the total annual extractable groundwater resource
is estimated at 3692.75 ha-m, of which about 1083.96 ha-m is being extracted annually (Figure
9). A significant portion of this is used for irrigation, while 156.76 ha-m is allocated for domestic
purposes. There is no reported groundwater extraction for industrial use in this block. With a stage
of extraction at 49.71%, the area falls within the ‘Safe’ category as per Central Ground Water
Board (CGWB) classification, indicating that current withdrawals are within sustainable limits.
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Figure 9: Ground Water Resource Assessment (2022) for Ratnagiri Block

Ratnagiri Block
Annual Extractable GW Resource
~3693 (Ham)

927.19
2608.8
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m Extraction for irrigation use m Annual GW Allocation for Domestic Use(2025)
m Extraction for industrial use Net GW Avaialability for future Use

STAGE OF GW EXTRACTION

M Extraction for irrigation use M Extraction for domestic use

M Extraction for industrial use ® Unextracted

Source: Central Ground Water Board40

However, this aggregate picture can mask localised stress and seasonal variability, particularly in
a coastal district like Ratnagiri where lateritic terrain and steep slopes can lead to rapid runoff and
limited recharge. Groundwater availability in such areas tends to be dynamic and closely linked to
monsoon performance. The net groundwater availability for future use is estimated at 2608.8 ha-
m, which appears substantial, but this figure must be interpreted cautiously, given the emerging
pressures from urbanisation, tourism growth, and increasing climatic variability. The entire allocation
for domestic use projected for 2025 (156.76 ha-m) is already being utilized, suggesting that any
further increase in domestic demand will have to compete with irrigation needs or depend on
surface water augmentation.
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It is also likely that the official estimates underreport informal domestic groundwater use, especially
during supply disruptions or in peri-urban and elevated zones where municipal supply may be
inadequate or unreliable. This underscores the need for granular, ward-level data and robust
monitoring systems to track both groundwater abstraction and aquifer health. In light of climate
change and the associated risks of declining rainfall or erratic recharge patterns, the safe status of
groundwater should not lead to complacency. Proactive measures such as rainwater harvesting,
protection of recharge zones, and reduction in irrigation inefficiencies will be essential to sustain this
vital resource.

3.3 WATER INFRASTRUCTURE

Historically, Ratnagiri’s residents depended on domestic wells tapping shallow groundwater aquifers
for their daily water needs. With growing urbanization and population pressure, the city gradually
transitioned from decentralized groundwater sources to a centralized piped water supply network.
This marked a significant shift in the city’s water provisioning model—from informal, household-
managed extraction to a municipality-regulated, infrastructure-intensive system.

The present-day water supply system in Ratnagiri is primarily surface water-based and draws from
two key perennial reservoirs: Shil Talav and Panval Talav. These lakes are situated 9.5 km and
13.5 km from the city, respectively. While both sources feed into the municipal water supply, Shil
Talav remains the dominant source, owing to its greater storage and supply capacity, while
Panval serves as a secondary source with limited yield. Both lakes are dammed creating controlled
reservoirs that allow for regulated abstraction.

Ratnagiri is served by two WTPs:
1. Salavi Stop WTP:
o Source: Shil Dam
o Design Capacity: 15 MLD

o Operational Capacity: 15 MLD (fully functional)

2. Nachane WTP:
o Source: Panval Dam
o Design Capacity: 7.5 MLD
o Operational Capacity: 1 MLD (underutilized)

Together, these plants offer a combined treatment capacity of 22.5 MLD, but only 16 MLD is
currently being treated, indicating an unused capacity of 6.5 MLD—which may be due to limited
water availability at Panval or underinvestment in pipeline /connectivity infrastructure.
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Distribution System and Storage Infrastructure: The distribution of treated water in Ratnagiri is
managed through an extensive storage and supply network. The city receives about 16 MLD of
bulk surface water, drawn at 15 MLD from Shil Dam and 1 MLD from Panval Dam. After
treatment, water from Salavi Stop WTP flows into the Master Balance Reservoir (MBR) at Salavi
Stop, from where it is distributed to various wards.

There are 14 service reservoirs across the city(Table 6), segregated across 15 administrative
wards, to ensure even pressure and supply management. This includes:

e 8 Ground Level Storage Reservoirs (GLSRs)
e 5 Elevated Level Storage Reservoirs (ELSRs)
e 1 Master Balance Reservoir (MBR)

Table 6: Capacity of Different Reservoirs

No. | Name of Reservoir Capacity (Lakh | Type
Litres)
1 Malnaka 1TLL GLSR
2 Peth Killa 6 LL GLSR
3 Theba Palace 6LL GLSR
4 DSP 4.8 LL GLSR
5 DSP 21LL ELSR
6 KhadapMoholla 5L GLSR
7 Pandhramad 51LL GLSR
8 Aalimwadi 2L GLSR
9 Salavi Stop 20 LL GLSR
10 | Salavi Stop 14 LL ELSR
11 Sahkarnagar 51L ELSR
12 | Salavi Stop (Master | 20 LL MBR
Balance)
13 | Athavda Bazaar (Market) 51LL ELSR
14 Nivkhol 1LL ELSR

These reservoirs support the gravitational distribution of treated water across the city’s terrain.
However, the spatial distribution of these reservoirs, especially ELSRs, must be optimized to handle
elevation differences across hilly zones and ensure equitable supply.

3.3 WATER DEMAND AND SUPPLY

RMC has a population of 76,229 spreads across 17,585 households as per census 201 1. The water
demand is estimated based on projected population (Table 7) for the town as follows:
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Table 7:Population projection

2025 2031 2041 2051
Estimated Population® 89393 Q4777 103579 112270
Domestic Demand ! 12.1 12.8 14.0 15.2
Floating Population Demand 2 0.40 0.43 0.47 0.51
Commercial Demand 3 1.21 1.28 1.42 1.56
Institutional Demand 4 1.21 1.28 1.40 1.52
Fire Demand > 0.03 0.03 0.03 0.03
Total Demand (MLD) 14.9 15.8 17.3 18.8

Estimated at 135 liters per capita / day (Ipcd)

?Floating population assumed to be 10 % of population (for all projections) owing to high number of tourist arrivals.
Demand estimated @ 45 lpcd.

3Commercial demand estimated @ 10 % of domestic demand growing @1% / year as per CPHEEO (2024)
“Water demand by institutions estimated @ 10 % of domestic demand.

5Fire demand = 100 VP m3 /day where P is the population. (CPHEEO 2024)

* While we maintain strong reservations about the capacity of static models to capture the highly fluid realities of coastal growth,
we employ this averaged methodology primarily out of pragmatic necessity: it is the established industry standard for Detailed

Project Reports (DPRs) for WaSH projects, ensuring our analysis remains interoperable with existing municipal frameworks and
policy planning.

The water demand projections for Ratnagiri show a steadily increasing trend over the coming
decades, closely linked to the town’s growing population and rising service needs. In 2025, the total
demand is estimated at 14.9 MLD, and this is expected to increase to 18.8 MLD by 2051, marking
a nearly 26% rise over 26 years. Domestic consumption remains the dominant component, growing
from 12.1 MLD in 2025 to 15.2 MLD in 2051, in line with population growth and assuming 135
Ipcd as per CPHEEO norms.

Additional pressures come from floating populations, especially due to Ratnagiri’s role as a coastal
tourist hub. Their demand, though relatively small in volume (0.40-0.51 MLD), represents a
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continuous burden on infrastructure due to peak-season surges. Commercial and institutional
demand, both pegged at 10% of domestic use, also show gradual growth, contributing to the overall
strain.

As per data from the PAS for the year 2023-24,, Ratnagiri demonstrates full piped water supply
coverage, serving all 23,240 households through a mix of domestic and bulk supply connections.
Of the total 10,952 connections, 2,961 are individual domestic, 899 serve apartment complexes
via bulk supply, and 92 are categorized as 'other' connections, though the nature of these is
unspecified.

The city draws water primarily from surface water sources, with an installed treatment capacity of
22 MLD and a current production volume of 19 MLD, indicating that the system operates well within
its capacity. Out of this, the total volume billed across all consumer categories—domestic (5.73
MLD), bulk apartments (8.89 MLD), and non-domestic (1.72 MLD)—amounts to 16.34 MLD, implying
relatively efficient utilization and metering.

While the data suggests good infrastructure reach and a significant proportion of water being
accounted for through billing, the gap between total production (19 MLD) and billed volume (16.34
MLD) also points to system losses of approximately 2.66 MLD (around 14%), likely due to
distribution inefficiencies or leakages. As Ratnagiri continues to grow, reducing these losses will be
essential to ensure sustainability, improve service equity, and reduce the energy and carbon
footprint associated with excess water extraction and treatment.

The total consumption recorded by RMC (16.34 MLD) exceeds our estimated demand of 14.9 MLD
for 2025, but this does not necessarily indicate oversupply. The demand projections presented here
are part of this study’s independent analysis, based on available Census 2011 data and standard
per capita norms. However, such projections may not fully capture recent demographic shifts,
migration trends, or expansion in housing typologies—particularly the rapid growth of bulk-
supplied apartment complexes. The higher per capita consumption observed in these apartments
(~152 Ipcd compared to ~133 Ipcd in individual domestic connections) also points to changing
water use patterns. Therefore, the apparent gap likely reflects a combination of higher actual
population, greater per capita consumption, and limitations of conventional projection
methodologies. This underscores the need for real-time monitoring and dynamic demand estimation
to better align planning with ground realities.

There are two WTPs at Ratnagiri, viz., Salavi Stop Water Treatment Plant and Nachane Water
Treatment Plant, Ratnagiri. The WTP at Salavi Stop has a source from Shil Dam and has a capacity
of 15 MLD. The WTP at Nachane has a source from Panval Dam and has a capacity of 7.5 MLD.
The operational capacity at Salavi Stop WTP is 15 MLD, whereas, at Nachane WTP is only 1 MLD.
Although the city has a water treatment capacity of 22.5 MLD, only 16.0 MLD is being treated,
leaving a treatment gap of 6.5 MLD.
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3.4 GREENHOUSE GAS EMISSIONS FROM WATER SECTOR

Urban water systems are increasingly recognised not only as victims of climate change but also as
contributors to GHG emissions. The energy-intensive nature of water supply—spanning extraction,
treatment, conveyance, and distribution—results in substantial indirect GHG emissions, primarily
from electricity use. Additionally, household-level pumping, purification, and heating contribute to
the carbon footprint, although such household level energy use is not accounted for here. Emissions
related to treatment chemicals, construction materials, and logistics also remain outside the scope
of this estimation due to data constraints. Furthermore, scientific studies suggest that freshwater
reservoirs like Salaulim may also release direct GHG emissions due to anaerobic decomposition of
organic matter in sediments?!. However, these are excluded from this analysis given methodological
limitations. This section focuses solely on electricity-related emissions across key components of the
water supply chain, as shown in Figure 10.

Figure 10: Carbon and energy footprint of Ratnagiri's water supply.

Ratnagiri

@ 2467t CO2
Shil Dam

Salavi Stop WTP Distribution

Nachane WTP

Panval Dam

lote:
» Calculations are based on flow and electricity consumption data for Nov-24 provided by Ratnagiri Municipal Council.

* Detailed data on water flow, consumption, and the transmission and distribution network associated with Panval Dam and
Nachane Water Treatment Plant (WTP) were not available from the Ratnagiri Municipal Council. As a result, the energy and
carbon footprint estimates are limited to abstraction from Shil Dam and subsequent treatment and pumping operations at
Salavi Stop WTP, for which reliable data were accessible.

Source: (Dangi & Narayanan, forthcoming)?

The municipal water supply in Ratnagiri is predominantly sourced from two surface water reservoirs:
Shil Dam and Panval Dam. Due to data limitations, GHG emission calculations have been performed
only for the Shil Dam—-Salavi Stop WTP supply chain, which constitutes the majority of the city’s
water.

e Electricity Consumption for Abstraction from Shil Dam: The process of lifting and conveying
water from Shil Dam consumes approximately 3446 MWh of electricity annually, resulting

in emissions of 2467 tonnes of CO,.
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e Electricity Consumption at Salavi Stop WTP: The treatment and pumping operations at the
Salavi Stop WTP use an additional 227 MWHh, contributing to 162 tonnes of CO;.

e Total Estimated Emissions (for the 15 MLD water supplied from Shil Dam):
» Energy Use: 3673 MWh/year
» Emissions: 2629 tonnes of CO;/year

This analysis clearly highlights that energy used in raw water abstraction from distant sources forms
the largest share of emissions in the municipal water supply chain. The absence of metering and
flow data limits us from estimating actual system losses. However, as per the SLB data around 14
% (2.66 MLD) of the water produced is lost in the distribution system. These distribution losses
represent a significant energy and emissions inefficiency, as water that is abstracted, treated, and
pumped does not reach any consumer but still contributes to GHG emissions.If we proportionately
apply the emission intensity (~175 t CO, per MLD from the Shil system), then:

e GHG emissions from losses (2.66 MLD) = 465 tonnes of CO; per year

This highlights the carbon cost of inefficiencies in the system. Reducing such avoidable losses could
offer a no-regret climate mitigation opportunity, especially since water supply in Ratnagiri is entirely
surface-water based and already incurs significant energy consumption for elevation and treatment.

3.5 CLIMATE RISKS AND CHALLENGES

Ratnagiri, a coastal town with a unique estuarine and lateritic landscape, faces several emerging
and intensifying climate-related risks that pose serious challenges to the sustainability and resilience
of its urban water system. As with many growing coastal towns in India, Ratnagiri’s water
infrastructure and resource base are increasingly under pressure from both anthropogenic drivers
and the growing volatility of the climate system.

Dependence on Seasonal Rainfall and Surface Water Sources: Ratnagiri's water supply is heavily
reliant on two surface water sources—Shil and Panval Talav—fed by monsoon rains. Any reduction
in rainfall, delay in monsoon onset, or high-intensity short-duration rainfall events (which increase
runoff but reduce recharge) can severely affect storage in these dams. Recent news reports of
rapidly falling lake levels and water scarcity during dry spells illustrate the town’s vulnerability to
rainfall variability and shortfall in storage capacity. These risks are compounded by limited
augmentation options, as alternate sources are already under pressure or are of lower reliability.

Emerging Supply-Demand Gaps: Despite 100% piped supply coverage on paper, the town’s
water demand is increasing steadily due to urban expansion and a growing floating population
driven by tourism. The projected water demand is expected to rise from 14.9 MLD in 2025 to 18.8
MLD by 2051. The rising temperatures due to climate change can further cause an increase in
demand on one hand and decrease on supply on the other. However, water production is already
at 19 MLD in 2023-24, and the billed consumption is 16.34 MLD, suggesting potential
underestimation in official projections. This mismatch points to the challenges of relying on static
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census-based projection methods and underlines the need for more dynamic, real-time planning
tools that account for population shifts, visitor loads, and actual consumption patterns.

High System Losses and GHG Footprint: Though Ratnagiri’'s water system is relatively compact
compared to larger cities, it still incurs substantial energy and carbon costs—especially in
abstraction and treatment. For instance, abstraction from Shil Dam alone accounts for 3,446 MWh
of electricity use and 2,467 tonnes of CO, emissions annually. Additional emissions from treatment
and distribution raise the total footprint further. Moreover, water losses between production and
billing amount to around 14% (2.66 MLD), meaning that a significant share of energy is spent to
treat and pump water that never reaches end users—leading to avoidable emissions without
service benefits.

Underutilised Infrastructure and Data Gaps: While Ratnagiri has a treatment capacity of 22.5
MLD, only 16 MLD is currently treated. For example, the Nachane WTP operates at just 1 MLD
against a capacity of 7.5 MLD due to limited intake from Panval Dam. Additionally, lack of reliable
data on flows and energy use for Panval Dam and its transmission system impedes comprehensive
assessment and optimization. Such underutilisation and data gaps reflect institutional inertia and
technical challenges that are not uncommon in small towns.

Groundwater Vulnerability and Unmonitored Use: Groundwater is not a major part of the
municipal supply in Ratnagiri, but CGWB estimates show extraction of over 1,000 ha-m per year
for irrigation and domestic purposes. Though the block is currently classified as ‘safe’ with only
49.7% extraction, localised depletion or saline intrusion risks are likely, especially under a changing
climate and increased demand. Moreover, informal domestic or commercial withdrawals are not
adequately tracked, making long-term groundwater management difficult.

Institutional and Financial Constraints: Finally, like many tier-2 urban local bodies in India, RMC
faces institutional and financial constraints in proactively adapting to climate risks. Planning is often
reactive, infrastructure is ageing, and large-scale capital investments are difficult to secure and
sustain without external support. Rejuvenation of smaller water bodies (as proposed under AMRUT
2.0) is a promising step but requires detailed planning and climate-informed design to make a
meaningful impact. In sum, climate risks in Ratnagiri’s water sector manifest as both supply-side
stresses and systemic inefficiencies, amplified by data limitations and institutional capacity gaps.
Addressing these challenges requires not only better source protection and demand management
but also a shift toward integrated, climate-responsive water governance.
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CHAPTER 4: URBAN SANITATION SYSTEMS IN
RATNAGIRI: STATUS, INSTITUTIONSAND
CHALLENGES

NEELAM RANA, PRIYAKSHI GOGOI, NC NARAYANAN

4.1 BACKGROUND

Climate risks are significantly exacerbated by inadequate infrastructure in critical, interlinked
sectors such as water and sanitation —disproportionately affecting socio-economically
disadvantaged communities (Rumbach, 2018); (Yenneti, Tripathi, Wei, Chen, & Joshi, 2016);
(Central Pollution Control Board , 2021). Climate change-induced water stress and insecurity
have been linked to a rise in waterborne infectious diseases, threatening to reverse progress
toward the SDGs and exacerbating existing social and health inequities (Braks & Husman, 201 3).
WaSH services are essential for preventing disease outbreaks, particularly in the aftermath of
climate hazards such as heavy rainfall and flooding (Carlton et al., 2014; Jones et al., 2020)4344,
In this context, ensuring access to safe, reliable water, sanitation, and hygiene services is widely
recognized as a low-regret adaptation measure—offering substantial benefits regardless of the
severity of future climate scenarios (Cutter et al.,, 2012)45. IPCC highlights universal access to
WaSH—specifically the achievement of SDG targets 6.1 and 6.2—as a high-confidence
adaptation strategy, underscoring its central role in building climate resilience (Caretta et al.,
2022)46,

India has only one national-level policy dedicated to urban sanitation—the National Urban
Sanitation Policy (NUSP), introduced in 2008. The policy defines sanitation as the 'safe management
of human excreta, including its safe confinement, treatment, disposal, and associated hygiene-
related practices.' (Ministry of Urban and Housing Affairs, 2008, p. 6)4’. In the context of climate
change, the policy links sanitation to GHG emissions and advocates the adoption of low-energy
solutions, such as decentralized or onsite wastewater treatment technologies and distributed utilities.
City Sanitation Plans (CSPs) are expected to incorporate these concerns, including the impacts of
climate change, diminishing water resources, and the need for energy-efficient infrastructure (ibid).

Although sanitation is not explicitly identified as a focus area in India’s National Action Plan on
Climate Change (NAPCC), it is closely linked to climate action through missions on water, sustainable
habitats, and energy. The National Water Mission (NWM) emphasizes water conservation and
efficiency—=critical for sustainable sanitation systems, especially in water-stressed urban areas. The
National Mission on Sustainable Habitat (NMSH) more directly addresses sanitation-related concerns,
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including urban waste management, wastewater recycling, and climate-resilient infrastructure,
thereby contributing to both mitigation and adaptation objectives. Sanitation is also aligned with
the NAPCC’s broader emphasis on energy efficiency and GHG emission reduction, as centralized
wastewater treatment plants are significant sources of methane and nitrous oxide. Innovations such
as waste-to-energy systems and resource recovery from faecal sludge further support this agenda.
Additionally, State Action Plans on Climate Change (SAPCCs)—developed in line with the NAPCC—
are increasingly acknowledging sanitation as a key sector for climate intervention, particularly in
climate-vulnerable regions. Though the NAPCC predates the SDGs, it has gradually evolved to align
with global frameworks. National programs such as SBMand AMRUT have also begun integrating
climate resilience and sustainability into urban sanitation planning and implementation.

Hence, assessing the current state of sanitation services is essential for identifying infrastructure
gaps, vulnerabilities, and climate-related risks. Such an assessment supports the design of proactive
adaptation measures, promotes efficient resource use, and enables low-carbon development
strategies. A critical component of this process is mapping existing institutional arrangements—
clarifying responsibilities, particularly the role of ULB, their engagement across different
governance levels, and the interdependencies among key stakeholders. This chapter seeks to
address these objectives through a detailed case study of Ratnagiri. Data collection was primarily
conducted through secondary sources, supplemented by primary data gathered via semi-structured
interviews with ULB officials, district disaster management officers, and residents. These interviews
helped fill information gaps and validate secondary data.

The chapter is organized into the following sections: Section two discusses the sanitation service
chain, covering all critical stages—toilet access, containment, transportation, treatment, and final
disposal or end-use. Section three analyzes GHG emissions from the sanitation sector and explores
their broader environmental implications. Section four reviews the institutional framework, detailing
the roles and responsibilities of various stakeholders involved in sanitation governance. The final
section concludes the chapter by highlighting key challenges and opportunities for improving
sanitation infrastructure, service delivery, and governance.

4.2 SANITATION SERVICE CHAIN

Human waste must be safely managed throughout the entire sanitation service chain, which may
have different stages, including capture, containment, emptying, transport, treatment, and disposal
or end use (UNICEF,2020). This section outlines the service chain and identifies the key gaps. The
entire service chain is depicted in Figure 13.

® Capture: This includes toilets (individual household level, community, public). The primary
function of a toilet is to capture excreta while effectively separating people from the waste
to ensure safety and hygiene.
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o Toilets: According to the 2011 census, out of 17,585 households in the city, 79
lacked individual toilets. However, recent data from the Ratnagiri ULB which is SLB
2023-24 document confirms that all 30831 households now have access to
individual toilets equipped with septic tanks and soak pits and 429 households
access to community toilets . The town has been declared Open Defecation Free Plus
(ODF++), aligning with the SLBs, set by the Government of India and SDG target
6.2.

However, our field interviews with residents revealed significant gaps (refer figure
11). Some households continue to rely on community toilets provided by the ULB,
which are insufficient to meet the needs of ward 11. This community toilet lacks water
supply, as the ULB does not provide water connections, forcing individuals to
manually carry water for use. The community that depends on this community toilet
is mostly daily wage workers. In ward 4, we encountered an even more challenging
situation. The community lacks both individual toilets and ULB-supported community
toilets. Residents in this area primarily engage in rag picking as their livelihood. A
few years ago, they collectively built a community toilet specifically for women.
However, despite this effort, males of the community continue to resort to open
defecation due to the inadequacy of available facilities.

Figure 11: Locations of the informal settlements in ward 4 and 11 without access to individual or community
toilet

Mirya beach @ Yoy
<

@ Basra star old ship point

.

Source: |ITB team
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Figure 12: collectively built a community toilet specifically for women in ward 4 (a), old abundant community

toile without water supply in ward 11 (b)

Source: IITB team

Information on the typology of toilets is crucial—not only for assessing the quality
and adequacy of sanitation services, but also for estimating the GHG emissions
associated with different toilet systems. However, the last comprehensive assessment
was conducted as part of the 2011 Census, and no updated data has been made
available since, either at the national, state, or city level. Collecting such data would
require a dedicated household-level survey.

o CT and PTs“8: According to information from the ULB, which aligns with data from
the SBM-U dashboard, the city currently has 15 operational toilets: 10 CTs and 5
PTs. ULB officials reported that wastewater from these facilities is directed into
nearby closed drainage systems, which ultimately discharge untreated sewage into
local water bodies. The ULB also stated that water is supplied to these toilets via
piped connections. However, during our field visit, we observed that one community
toilet in Ward 11 does not have a direct water connection.

As a result, residents are forced to transport water themselves for use in the
community toilet. When inquiring about the status of the community toilets, the SBM
city coordinator explained that this particular toilet is no longer under the jurisdiction
of the ULB. The ULB follows specific criteria and standards for including functional
toilets in its Swachh Survekshan initiative, which encompass infrastructure quality and
maintenance. Unfortunately, the community toilets in question fail to meet these
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standards due to their deteriorating condition and lack of proper upkeep.
Consequently, the ULB plans to demolish these poorly maintained toilets.

Photo 1 : Pictures Showing Public Toilets in Ratnagiri

Source: IITB Team

To assess the condition of public toilets, we spoke with ULB officials, who reported that the
facilities are in good condition and well maintained. To verify these claims, our team visited
one public toilet (refer photo 1). During our visits, we observed that the toilet was indeed
clean, well maintained, and had access to running tap water. The water supply to the toilets
comes from municipal piped water. However, the ULB does not maintain any formal records
of cleaning activities.

While asking the ULB officials about the location selection , ULB officials stated that the
locations of these public toilets were strategically chosen based on the needs of the public.
However, information on community and public toilet coverage is unavailable, as the ULB
does not maintain any registers or records tracking the number of users or whether the
facilities are able to cater the demand.

Containment: In non-sewered sanitation systems, safe containment is achieved through toilet
containment technologies or systems, such as septic tanks or pits. In RMC area, there is no
sewerage network connection. Even the SLB 2023-24 information is showing that all the
properties have on site sanitation system but according to the ULB officials, most households
discharge untreated sewage directly into nearby water bodies through drainage systems.
Field observations revealed that in ward 13 most households rely on soak pits with break
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walls for waste management. Only a small number of households have fully contained
cemented septic tanks, often constructed when wells are present within the premises.

Understanding the OSS typology requires a household-level survey, which is beyond the
scope of the current project.

Emptying and Transport: In RMC areq, there is no sewerage network. A very small
percentage of households use septic tanks, while septage is collected by a ULB-owned
vacuum truck, which charges INR 1,000 per trip to households. However, the collected
septage is ultimately discharged into nearby water bodies. According to ULB officials, the
city is largely served by a stormwater drainage network. However, the SLB reports that
the total length of the road network is 175.8 km, with only 60.1 km covered by a paved
stormwater drainage system. Our field observations further confirm that the city is not fully
covered by a functional stormwater drainage network.

Treatment: According to both SLB data and ULB officials, the city generates approximately
12.3 MLD of wastewater but does not have a STP. As a result, wastewater is either managed
through OSS systems or discharged untreated into drains or nearby water bodies. While
the maijority of households use soak pits, a smaller proportion rely on septic tanks.
Unfortunately, the maintenance of these septic systems is inadequate, with only 3% being
cleaned annually, according to SLB data. Furthermore, the ULB official mentioned that the
septage and wastewater collected by the ULB's vacuum truck are discharged untreated into
local water bodies, creating significant environmental and public health risks.

Regarding greywater management from kitchens and bathrooms, our field visits revealed
considerable variation across households. In some homes, greywater is effectively directed
to separate soak pits, while in others, it is discharged into nearby drains. Additionally, a
few households directly channel greywater into open areas.

End-use Disposal (Sludge Management): The city does not have a dedicated sludge and
septage treatment system. The septage from various properties and CT/PT is collected by
one vacuum truck (owned by ULB) directly released to the water bodies.

Recycling and Reuse: The town currently lacks the infrastructure needed to recycle or reuse
its wastewater and sludge.
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Figure 13: Sanitation Service Chain in Ratnagiri
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4.3 GREENHOUSE GAS EMISSIONS FROM SANITATIONA49

The sanitation sector is increasingly recognised not just as a climate victim, but also a significant
contributor to GHG emissions. Energy plays a crucial role across the sanitation service chain,
particularly in the treatment and transportation of wastewater and sludge, leading to indirect
GHGemissions linked to electricity consumption. Wastewater treatment plants alone are estimated
to account for 3% global electricity consumption39. With the rise in sewage generation and
treatment capacity, the energy and carbon footprint of wastewater is likely to increase
dramatically in the near future in the absence of interventions. For example, domestic wastewater
emissions increased by 400% between 2000-2014 in China due to growth in WWTPs31, With the
increased variability posed by climate change the emission in WWTPs could further increase52.
Additionally, biological degradation of the organic matter present in sewage and grey water
across the containment, transport, treatment and discharge pathways in a sanitation service chain
results in direct methane (CH4) and nitrous oxide (N2O) emissions. Direct emissions in wastewater
treatment are significant at ~1.57% of global GHG emissions33.
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An assessment of the carbon footprints is thus important for understanding not only its implication
for sustainability of the sanitation systems but also for energy security and climate mitigation due
to growing evidence on rising emissions.

The sanitation-related GHG emissions in Ratnagiri are significantly high, largely due to heavy
reliance on on-site sanitation systems (refer figure 14). With a population of 76,229, the total
emissions are driven primarily by methane (CH4) and nitrous oxide (N,QO) from septic tanks, pits,
and nutrient-rich discharge into estuarine ecosystems. Methane emissions from septic tanks and pits
are estimated at 4,342 tCOe and 6,417 tCOe respectively—making these the largest sources
of emissions. Nitrous oxide emissions are also substantial: 226 tCO,e from septic tanks and 788
tCOye from estuarine impact zones via stormwater runoff carrying 88.6 tonnes of nitrogen annually.
Additionally, desludging trucks contribute 83.5 tCOje per year, and methane emissions from
discharged sludge add another 275 tCOe.

This clearly indicates that the bulk of Ratnagiri’s sanitation emissions stem from untreated waste in
pits and open discharge, compounded by irregular desludging and poor containment. Of the 946
tonnes of BOD (Biochemical Oxygen Demand) generated per year, much remains untreated or is
only partially treated in septic tanks, with the remainder adding to environmental degradation and
emissions.

Figure 14: Carbon and energy footprint across sanitation service chain in Ratnagiri.
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Key Insights:

e Methane emissions from pits and septic tanks (over 10,700 tCO,e) dominate the city’s
sanitation GHG footprint, due to anaerobic decomposition in unventilated or poorly
maintained systems.

¢ Stormwater-linked N,O emissions (788 tCO.e) point to severe nutrient runoff into
estuarine ecosystems, worsening both climate and water quality risks.

e Desludging inefficiencies (83.5 tCO,e/year) highlight the need for route optimization and
cleaner fleet alternatives.

¢ Absence of Faecal sludge treatment results in direct discharge of untreated sewage into
the fragile coastal ecosystem, causing severe pollution damage as well as GHG emissions.

4.4 INSTITUTIONAL ARRANGEMENTS

This section outlines the institutional arrangements, detailing the various departments, agencies, and
organizations involved, along with their respective roles in providing sanitation infrastructure and
services (refer table 8). It also highlights the role of the ULB in disaster governance.

Sanitation is a state subject, and under the 74th Constitutional Amendment Act, ULBs are primarily
responsible for delivering water supply and sanitation services. In this city, which lacks significant
sanitation infrastructure, the ULB's role is primarily limited to developing community and public toilets
and managing septage. To develop community and public sanitation facilities, the ULB utilizes its
own resources as well as SBM-Urban funds. However, at the household level, neither the ULB nor

any other institutions are involved in the design, construction, or enforcement of standards for toilets
and OSS.

The municipal officials have informed us that discussions are currently underway with the state
regarding the development of a STP using Sequential Batch Reactor (SBR) technology, along with
a sewage network and a Septage Treatment Plant in the city. This initiative is part of state schemes,
specifically the Vashistha Purana Yojna and the Bhumigat Gatar Yojna. However, conversations
with municipal officials revealed concerns about the lack of active involvement from the ULB in the
planning of such critical infrastructure. As a result, the choice of SBR technology—which is energy-
intensive and demands high operational and maintenance costs—has raised concerns, as these
financial burdens are beyond the ULB’s current capacity to manage effectively.
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Furthermore, interviews with the ULBs revealed that their role in disaster governance and planning
is limited. The town has a disaster management cell in the deputy collector office. The role of the
ULB is largely limited to dealing with post-disaster relief and recovery efforts such as provision of
drinking water sources, sanitation facilities, establishing shelters and provide temporary
accommodations?3. If public utilities are affected, they are responsible for restoring them. In cases

where residential houses are destroyed, the ULB must report to the DDMA.

Table 8: Institutional Arrangements: Sanitation Services

Interventio | Technolo Land Capital Technolog | Technology O&M O&M
n gy y implementat Funding
Selection Provision ion
Toilets HH HH HH HH HH HH HH
(013 HH HH HH Local Local HH HH
mesons/pri | mesons/priv
vate ate vendors
vendors Septage
removal by
vehicles of
ULB
CT ULB ULB ULB ULB ULB ULB ULB
SBM 1.0
PT ULB ULB ULB ULB ULB ULB ULB
SBM 1.0

Source: (Rana, Gogoi, & Narayanan, Forthcoming)3¢

4.5 CHALLENGES AND OPPORTUNITIES IN SANITATION INFRASTRUCTURE AND
SERVICES

It is clear that the town is not fully meeting several of the SLB norms set by the Government of India.
The challenges outlined below are key barriers to achieving the required service levels, but they
also present valuable opportunities in provision of equitable and affordable sanitation services to
all.
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Infrastructure Deficiencies: Despite the city’s ODF++ status, which mandates safe fecal
sludge management and the prevention of untreated waste discharge, there are ongoing
challenges related to sewage and septage management infrastructure. At the household
level, the use of soak pits for wastewater disposal raises potential concerns about
groundwater and environmental impacts. Additionally, ULB officials have noted that some
households discharge wastewater directly into drainage systems that lead to nearby water
bodies, bypassing treatment processes. Furthermore, some of the collected sewage is
released into these water bodies without treatment, which could contribute to pollution levels
and pose potential risks to public health and local ecosystems.

Limited role of ULB in Critical Infrastructural Planning: The ULB has little to no involvement
in decisions related to large-scale sanitation infrastructure, which has led to the selection of
technologies with high O&M costs—placing a significant burden on the ULB, as indicated in
our discussions with municipal officials. Moreover, this lack of ULB participation in the
planning process has resulted in choices such as a centralized sewerage network with a
single large STP, which increases both O&M costs and energy consumption. From a climate
resilience perspective, such centralized solutions are less adaptable to changing conditions
and more vulnerable to disruptions, particularly in the face of climate-induced challenges
like extreme weather events. According to the ULB, decentralized approaches or nature-
based solutions would have been more appropriate, offering greater flexibility, lower costs,
and enhanced resilience to climate impacts. These alternatives would not only be more
sustainable but also better aligned with the city’s long-term goals of climate adaptation
and infrastructure resilience.
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CHAPTER 5: PERFORMANCE AND FINANCIAL
ANALYSIS OF WATER SUPPLY AND
SANITATION AT RATNAGIRI TOWN
MUNICIPAL COUNCIL

ABHAY JUNAGHARES” AND NC NARAYANAN

5.1 BACKGROUND

This chapter analyses the performance analysis against the SLBs for urban water supply and
sanitation by the Ministry of Housing and Urban Affairs (MoHUA). This chapter analyses the revenue
streams and grants available to RMC for water supply and sewerage & sanitation. The revenue
sources include central government grants, state government grants, and their own revenue sources.
Here, the ratio of grants to own revenue sources is analyzed to identify the percentage availability
of each source for water supply and sewerage & sanitation. The assessment of financial health of
the water utility and sewerage & sanitation is performed here by examining the capital receipts,
capital expenditure, revenue expenditure, & revenue receipts from the city municipal budget
statements. The water and sanitation budgets are created from the municipal budget to analyse
the cost recovery, collection efficiency, operating ratio, cost of bulk water purchase, per capita
expenditure, the revenue and fiscal deficits, budget trends (capital receipts, capital expenditure,
revenue expenditure, & revenue receipts), and compound annual growth rate (CAGR)38. The above
given ratios are essential to identify the financial health of the water utility and sewerage &
sanitation at ULB.

5.2 PERFORMANCE ANALYSIS: SERVICE LEVEL BENCHMARKS

The performance®? of the water utility and sewerage & sanitation in Ratnagiri can be assessed
based on the performance indicators. These nine performance indicators known as the SLBs for
urban water supply and sewerage and sanitation in India were proposed by the then ministry of
urban development (now MoHUA) These SLBs are able to ascertain the inefficiencies in the urban
water supply system (UWSS) and sewerage & sanitation besides providing the corrective measures
that are vital to achieve sustainable water supply and sewerage & sanitation. The SLBs can be
distinguished into four major indicator groups, viz., access, quality of water supply and treated used
water, financial viability and environmental sustainability that further fits into the dimensions of
social, economic and environment. Increasing urbanization, unplanned floating tourist population
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and changing consumption patterns have stressed the existing water supply and sewerage &
sanitation infrastructure of the town.

5.2.1 WATER SUPPLY

The performance indicators for water supply in RMC reveal a mixed picture when compared to the
benchmarks and the national average. RMC has a significant gap in terms of coverage connections
(Ref. Table 9). The benchmark for this indicator is 100%, meaning every household should have
access to a water supply connection. However, RMC only reaches 46.77% of households, far below
the national average of 70%. This gap of -53.23% indicates a major challenge in ensuring universal
water connection coverage for the population. The per capita water supply in RMC stands at
132.92 litres per capita per day (Ipcd), which is close to the benchmark of 135 lpcd and surpasses
the national average of 114 Ipcd. The gap here is only 2.08 Ipcd, suggesting that RMC is doing
relatively well in terms of supplying water to its residents, although there is still a slight shortfall
compared to the optimal benchmark. The extent of metering of water connections in RMC is at
95.4%, which is quite close to the benchmark of 100%, and significantly higher than the national
average of 22%. The small gap of -4.6% shows that while most of the connections are metered,
there is still room for improvement in achieving full metering.

Table 9: Performance Indicators for Water Supply at RMC

# | Water Supply | Calculations Benchmarks | India Average* 2023- Gaps
24%*
1. | Coverage (Total no. of HHs with water 100% 70.00% | 46.77% | -53.23%
Connections supply connections)/(Total no. of

HHs in the City)

2. | Per capita | (Water  supplied)/(Population 135 Ipcd 114 Ipcd 132.92 | 2.08 Ipcd
supply (Ipcd) served)

3. | Metering  of | (No. of metered connections + 100% 22.00% 95.40% -4.60%
connections No. of metered Public
Standposts)/  (Total no. of
connections + Total no. of Public

Standposts)
4. | Non-revenue (Total water produced) - (Total 15% 31% 14% 1%
water (NRW) water sold)/(Total water
produced)
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5. | Continuity of | Average hours of water supply 24 hours 2.7 hours 2.00 22 hours
water supply
(hours)
6. | Quality and | (Number of samples that meet 100% 95% | 100.00% 0.00%
treatment the specified potable water
standards)/(Total number of
water supply related complaints
received)
7. | Redressal of | (Total number of complaints 80% 89% | 100.00% 20.00%
customer redressed)/ (Total number of
complaints water supply related complaints
received)

Source: * CPHEEO Guidelines for 24x7 WSS (Drink from Tap), Dec 2021; **Ratnagiri Municipal Council, 2024

RMC's Non Revenue Water (NRW) is at a commendable 14%, which is much lower than the
benchmark of 15% and slightly better than the national average of 31%. This indicates a good
level of efficiency in water distribution and minimal losses in the system. The gap here is just 1%,
which shows that RMC is managing its water production and sales effectively. The continuity of
water supply in RMC is a major concern, with an average supply of only 2 hours per day, far below
the benchmark of 24 hours. This represents a significant shortfall of 22 hours in water supply, which
reflects a critical issue in ensuring regular and continuous access to water for the residents of RMC.
RMC has achieved 100% compliance with potable water standards, aligning with the benchmark
of 100%. The quality of water supplied is in line with national standards, and there are no gaps in
meeting these quality requirements. This is a positive indicator for the municipality in terms of

maintaining safe and clean water.

The redressal rate of customer complaints in RMC is 100%, which exceeds the benchmark of 80%
and is on par with the national average of 89%. This demonstrates that RMC is responsive to
customer issues and ensures that all complaints related to water supply are resolved. While RMC
performs well in some areas, such as water quality, customer complaint redressal, and NRW, it
faces significant challenges in terms of coverage connections, and continuity of supply.

5.2.2 SEWERAGE AND SANITATION

The sewerage and sanitation performance indicators for RMC present significant concerns, with most
areas falling far short of the national benchmarks (Ref. Table 10). RMC achieves 100% coverage
in terms of access to individual or community toilets, which aligns perfectly with the benchmark. This
means every household in the city has access to a toilet within walking distance, meeting the national
standard with no gaps. This is a strong positive for RMC's sanitation efforts. Similarly, RMC has
achieved 100% coverage for sewage network services, indicating that every household in the city
is connected to the sewage network or has onsite sanitation disposal system. This aligns with the
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benchmark and reflects a well-developed sewage infrastructure, with no gaps in coverage. A major
area of concern is the collection efficiency of the sewage network. RMC reports a collection
efficiency of 0%, which is a significant failure, especially when compared to the benchmark of
100%. This suggests that the sewage network is not effectively collecting wastewater, which could
lead to serious environmental and public health risks. The gap of -100% is a critical issue that needs
urgent attention.

RMC also falls short when it comes to the adequacy of its sewage treatment capacity, with only
0.05% of the treatment plant capacity relative to the total water consumed and the number of
households connected to the sewage network. This is far below the benchmark of 100%, showing
that the city’s sewage treatment infrastructure is grossly insufficient to handle the volume of
wastewater generated. The gap of -99.95% is alarming and points to a severe underinvestment in
sewage treatment facilities. RMC does not meet the specified secondary treatment standards for
its sewage, as indicated by the absence of samples passing these standards. The quality of sewage
treatment is reported as 0%, which is significantly below the benchmark of 100%. This points to
poor treatment processes or possibly a lack of operational sewage treatment plants that adhere
to national quality standards, with a gap of -100%. The extent of reuse and recycling of sewage
in RMC is also non-existent, as there is no wastewater recycled or reused after treatment. This is a
significant gap from the benchmark of 20%, which highlights the missed opportunity for sustainable
water management and resource recovery in the city. The gap of -20% underscores the need for
RMC to implement measures to recycle and reuse treated sewage for non-potable purposes.

Table 10: Performance Indicators for Sewerage & Sanitation at RMC

# | Sewerage and | Calculations Benchmarks 2023-24* Gaps
Sanitation Indicators

1. | Coverage of Toilets (Total number of HHs with access to 100% 100.00% 0.00%
individual or community toilets within
walking distance in the city)/ (Total
number of HHs without individual or
community toilets within  walking

distance)
2. | Coverage of Sewage | (Total number of HHs with direct 100% 100% 0.00%
Network Services connection to the sewage network)/

(Total number of HHs in the city)

3. | Collection Efficiency of | (Wastewater collected)/ (Total water 100% 0.00% | -100.00%
the Sewage Network supplied + Estimated water use from
other sources)

4. | Adequacy of Sewage | (Treatment plant capacity)/ (Total 100% 0.05% | -99.95%
Treatment Capacity water consumed + Total number of
HHs with direct connection to sewage
network)
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5. | Quality of Sewage | (Number of samples that pass 100% 0.00% | -100.00%
Treatment specified secondary treatment
standards)/  (Total number  of
wastewater samples tested in a month)

6. | Extent of Reuse and | (Wastewater recycled or reused after 20% 0.00% | -20.00%
Recycling of Sewage appropriate treatment)/
(Wastewater received at STPs)

7. | Efficiency in Redressal of | (Total number of complaints redressed 80% 100.00% 20.00%
Customer Complaints within the month)/ (Total number of
sewage-related complaints received
per month)

Source: RMC, 2024

On a positive note, RMC performs well in the efficiency of redressing customer complaints. It has
addressed 100% of the sewage-related complaints within the month, exceeding the benchmark of
80%. This indicates that RMC is responsive to customer issues related to sewage and sanitation, with
a positive gap of 20%. RMC has successfully provided toilet coverage and sewage network
connections to all households; however, it faces major challenges in sewage treatment, collection,
and financial sustainability. The gaps in collection efficiency, treatment capacity, and sewage
recycling highlight significant shortcomings in the city’s sewage and sanitation systems.

5.3 REVENUE STREAMS AT RATNAGIRI MUNICIPAL COUNCIL

This section analyses the revenue streams and grants available to RMC for water supply and
sewerage & sanitation. The revenue sources include central government grants, state government
grants, and their own revenue sources. Here, the ratio of grants to own revenue sources is analysed
to identify the percentage availability of each source for water supply and sewerage & sanitation.
The assessment of financial health of the water utility and sewerage & sanitation is performed here
by examining the capital receipts, capital expenditure, revenue expenditure, & revenue receipts
from the city municipal budget statements. The water and sanitation budgets are created from the
municipal budget to analyse the revenue streams. This helps assess RMC’s preparedness to meet
current and future demands for water supply and sewerage & sanitation infrastructure and services,
and to enhance climate resilience of its residents. These actions ultimately contribute to improved
public health outcomes and more sustainable urban environments. This section is structured in four
subsections viz., 1) funds received from central government schemes, 2) funds received from state
government schemes, 3) RMC’s own revenue, and 4) Ratio of grants to own revenue at Ratnagiri
for water supply and sewerage & sanitation.
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5.3.1 WATER SUPPLY

Central Government Funds

The analysis of central government grants received by RMC for water supply from 2009-10 to
2022-23 reveals fluctuating funding trends, primarily from the 13th, 14th, and 15th Finance

Commissions (Ref. Table 11). Initially, grants were minimal, with only a ¥24,12,319 grant from the

13th Finance Commission in 2009-10. However, from 2012-13 onwards, funding saw significant

increases, especially in 2015-16, when RMC received substantial grants totalling ¥4,67,81,004,

marking the highest grant period.

Table 11: Funds received by RMC for Water Supply under Central Government Schemes (in INR)

Year Local Area | 11th Finance | 12th Finance | 13th Finance | 14th Finance | 15th Finance
Development Commission Commission | Commission | Commission | Commission
Program (MP)
2009-10 0 0 24,12,319 0 0 0
2010-11 0 0 0 0 0 0
2011-12 0 0 0 0 0 0
2012-13 0 0 0] 2,29,15,310 0 0
2013-14 0 0 0| 3,02,53,438 0 0
2014-15 4,62,376 27,865 44,825 82,44,344 0 0
2015-16 4,99,000 0 0 1,48,27,803 | 3,19,54,201 0
2016-17 19,57,000 0 0 74,32,575 0 0
2017-18 0 0 0 0 0 0
2018-19 0] 0] 0] 0] 12,45,28,13 0]
8

2019-20 3,53,000 0 0 0| 9,70,86,685 0
2020-21 0 0 0 0 0 33286200
2021-22 0 0 0 0 0 42076381
2022-23 0 0 0 0 0 0

Total 32,71,376 27,865 24,57,144 | 8,36,73,470 | 25,35,69,024 | 7,53,62,581

Source: Budget Documents, RMC
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Grants continued through the 13th and 14th Finance Commissions, with smaller contributions from
the 15th Finance Commission in later years. While the funding was irregular, there was a general
upward trend, with the largest overall contributions coming from the 13th and 14th Finance
Commissions, particularly from 2012 to 2020, and continued support from the 15th Finance
Commission in the later years. The total grants highlight a focus on water supply projects, peaking
between 2015 and 2020.

State Government Funds

The analysis of state government grants received by RMC for water supply from 2009-10 to 2022-
23 shows fluctuating funding, with grants coming from various schemes like Nagarotthan
Mahabhiyan, Swachh Maharashtra Abhiyaan, Innovative Schemes, and Maharashtra Sujal Nirmal
Abhiyan (Table 12). Early years (2009-10 to 2013-14) saw minimal funding, but from 2014-15
onwards, grants increased significantly, particularly under Nagarotthan Mahabhiyan and
Maharashtra Sujal Nirmal Abhiyan. Notable spikes occurred in 2016-17 and 2018-19, with RMC
receiving large sums, including ¥2,00,00,000 from Innovative Schemes in 2018-19 and
%2,20,95,457 from Nagarotthan Mahabhiyan in 2020-21.

Table 12: Funds received by RMC for Water Supply under State Government Schemes (in INR)

Year Municipal | Nagarotth Swachh Innovativ | Special Local Grants Deposit Security Develop
ity Share | an Maharas e Grants Area under received Deposit - | ment
under Mahabhiy htra Schemes Develop Maharas from the | Tap Scheme
Nagarotth | an (State) - | Abhiyaa ment htra Sujal | public - | Connecti Work
an Water n Program Nirmal water ons Grant
Mahabhi Supply (MLA) Abhiyan connectio
yan Grants n

2009- 0 0 0 0 0 0 0 0 0 | 13,3424
10 7

2010- 0 0 0 0 0 0 0 0 0 0
11

2011- 0 0 0 0 0 0 0 0 0| 1,70,000
12

2012- 0 0 0 0 2,00,000 0 0 0 0 0
13

2013- 0 0 0 | 74,2392 40,00,00 0 | 1,00,29,0 0 0 0
14 8 0 00

2014- 0 0 0 | 14,9077 1,82,49,9 0| 270,536 0 0 0
15 6 91

2015- 0 0 0 0 0 0 0 0| 5,19,421 0
16

2016- 3,00,000 0 0 | 33,00,00 1,00,00,0 4,99,00 0 0| 6,16,952 0
17 0 00 0

2017- 40,2416 0 0 0 0 0 0 24,000 | 4,75,000 0
18 9

2018- 0 0 0 | 48,96,00 | 2,00,00,0 0| 78,8038 5,000 | 6,84,000 0
19 0 00 )

2019- 0 0 0 0 | 2,00,00,0 21,42,0 0 1,500 83,500 0
20 00 00

2020- 2,20,95,4 0| 1,33,12,4 | 30,12,00 36,04,85 18,02,0 0 0 6,500 0
21 57 55 0 0 00

2021- 0 17,6517, 0 0 10,00,00, 0| 3,21,158 0 0 0
22 000 000

2022- 0 0 0 0 0 0 0 0 0 0
23

Total 2,64,19,6 | 17,65,17,0 | 1,33,124 | 2,01,22,7 17,60,54, | 44,43,00 | 1,85,01,0 30,500 | 23,85,37 15,04,24

26 00 55 04 841 [}) 80 3 7
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Source: Budget Documents, RMC Ratnagiri

The largest grant, £17,65,17,000, was received in 2021-22 under Nagarotthan Mahabhiyan
(State). However, there were gaps in funding, particularly in 2017-18 and 2022-23, indicating an
inconsistent allocation of resources for water supply projects over the years. Despite this, the general

trend reflects a marked increase in state support for water supply from 2014-15 to 2021-22,
peaking in 2021-22.

Own Revenue

The analysis of the Own Revenue for Water Supply received by RMC from 2009-10 to 2022-23
highlights a steady increase in income generated from various water supply services, including
water tanker supply, water connection fees, water bill collections, and general water taxes (Ref.
Table 13). Initially, in the early years, revenue was modest, with general water tax being the
primary source of income. However, from 2013-14 onwards, there was noticeable growth,
particularly in water connection fees and water bill collections, which continued to rise in the
following years.

Table 13: Revenue Income from Water Supply at Ratnagiri (in INR)

Year Water Tanker | Water Name change | Water Bill | Measuring Advance General Water
Supply Connection for Tap | (Municipality instrument Water Bill Tax
Fee Connection Officials) Water meter
rental

2009-10 2,100 0 4,100 13,520 3,184 0 2,18,92,717
2010-11 1,500 0 5,420 13,320 2,796 0 2,29,86,947
2011-12 0 0 6,100 13,390 3,196 0 2,40,93,472
2012-13 300 4,90,650 3,600 12,895 2,707 (o] 2,45,89,846
2013-14 0 5,15,835 4,800 11,720 88 0 1,63,19,751
2014-15 0 4,55,135 5,800 19,395 (o] (o] 2,89,29,600
2015-16 0 4,04,665 6,000 9,295 0 0 2,67,69,814
2016-17 0 4,04,050 10,310 12,840 0 0 2,74,72,160
2017-18 18,700 5,79,550 3,500 12,540 60,197 3,56,007 2,60,49,618
2018-19 1,84,615 5,37,760 4,800 10,505 0 4,01,189 2,60,24,973
2019-20 2,33,700 1,15,125 3,800 9,295 0 4,88,449 2,26,75,476
2020-21 2,08,610 42,375 4,300 10,405 (o] 4,42,851 2,85,69,229
2021-22 16,600 42,195 0 9,420 0 7,111,230 2,60,21,240
2022-23 3,000 1,67,520 0 0 (o] 3,43,935 3,09,70,450
Total 6,69,125 37,54,860 62,530 1,58,540 72,168 27,43,661 35,33,65,293

Source: Budget Documents, RMC Ratnagiri

The period from 2020-21 to 2022-23 saw significant jumps in revenue, with the highest recorded
in 2022-23, reaching ¥35,33,65,293. This increase was largely driven by higher water connection
fees, water tanker supply charges, and general water taxes. Overall, the revenue trend reflects an
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upward trajectory, with RMC successfully improving its financial management and service provision,
particularly in the last few years, which contributed to the municipality's strong financial position by
2022-23.

Ratio of grants and own revenue

The analysis of RMC's water supply funding from 2009-10 to 2022-23 reveals a shift in the
municipality's financial structure, with a growing reliance on external grants from both the Central
and State Governments (Ref. Figure 15). Central Government grants contributed 34%, State
Government grants made up 36%, and RMC's own revenue accounted for 30% of the total funding.
Initially, RMC relied more on its own revenue, with high ratios of owned revenue to grants in the
early years, such as 2009-10 and 2011-12.

Figure 15: Share of grants vs own revenue for water supply at RMC Ratnagiri

Own Revenue Central Government

from Water Supply Grants
30% 34%

State Government
Grants
36%

Source: RMC, 2024

However, from 2013-14 onward, as grants increased, the ratio of owned revenue to grants steadily
decreased, reflecting RMC'’s increasing dependence on external funding to meet the growing
demand for water supply services. This trend was particularly evident in the later years, with a
significant drop in the ratio by 2021-22, when the grants far outpaced own revenue. The overall

57



trend indicates a shift towards external support, particularly from the State Government,
underscoring RMC’s growing reliance on grants to finance water supply infrastructure.

5.3.2SEWERAGE AND SANITATION

Central Government Funds

The analysis of central government grants received by RMC for sewerage and sanitation from
2009-10 to 2022-23 reveals fluctuating financial support, primarily from programs like the Local
Area Development Program, Swachh Bharat Abhiyaan, and the Finance Commissions (Ref. Table
14). Grants were minimal in the early years, with notable contributions from the 12th and 13th
Finance Commissions in 2012-13 and 2013-14. Starting in 2014-15, there was a significant
increase in funding, particularly under the Swachh Bharat Abhiyaan and the 14th Finance
Commission.

Table 14: Funds received by RMC for Sewerage & Sanitation under Central Government Schemes (in INR)

Year Local Area | Swachh Bharat | 11th 12th 13th 14th 15th 15th
Development Abhiyaan Finance Finance Finance Finance Finance Finance
Program (MP) (Incentive Commission | Commission | Commission | Commission | Commission | Commissio
Grant) (Tied Grant) n (Basic
Grant)

2009- 0 0 0 24,112,319 0 0 0 0
10

2010- 0 0 0 0 0 0 0 0
11

2011- 0 0 0 0 0 0 0 0
12

2012- 0 0 0 0 | 2,29,15,310 0 0 0
13

2013- 0 0 0 0 | 3,02,53,438 0 0 0
14

2014- 4,62,376 0 0 0 0 0 0 0
15

2015- 4,99,000 91,03,000 0 0 | 1,48,27,803 | 3,19,54,201 0 0
16

2016- 19,57,000 25,16,744 0 0 74,32,575 0 0 0
17

2017- 0 46,578 0 0 0 0 0 0
18

2018- 0 2,98,59,980 0 0 0 | 12,45,28,13 0 0
19 8

2019- 3,53,000 5,00,00,000 0 0 0 | 9,70,86,685 0 0
20

2020- 0 0 0 0 0 0 | 1,13,78,664 | 2,19,07,536
21

2021- 0 5,00,00,000 0 0 0 0 | 2,96,54,099 | 1,24,22,282
22

2022- 0 0 0 0 0 0 0 0
23

Total 32,71,376 14,15,26,302 0 24,12,319 | 7,54,29,126 | 25,35,69,02 | 4,10,32,763 | 3,43,29,818

4

Source: Budget Documents, RMC Ratnagiri
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The largest surge occurred in 2018-19 and 2019-20, when RMC received substantial support from
the Swachh Bharat Abhiyaan and the 15th Finance Commission, with key contributions totalling
32,98,59,980 and %12,45,28,138 respectively in 2018-19. By the end of the period, the total
central government grants for sewerage and sanitation amounted to ¥81.63 crore, with the 15th
Finance Commission providing the largest share. These grants reflect the growing national focus on
improving local sanitation and sewerage infrastructure, although the distribution remained variable,
tied to national priorities and RMC's evolving needs.

State Government Funds

The state government grants received by RMC for sewerage and sanitation from 2009-10 to 2022-
23 show fluctuating financial support, with significant contributions from programs like Swarna
Jayanti Nagarotthan Mahabhiyan, Swachh Maharashtra Abhiyaan, and other special grants (Ref.
Table 15). The most substantial support began in 2012-13, especially from the Swarna Jayanti
Nagarotthan Mahabhiyan (District) scheme, which provided ¥97,54,701 in 2012-13 and
%1,73,19,535 in 2013-14. A notable surge occurred in 2014-15, with 14,22,49,766 from the

State scheme and %1,82,49,991 from Swachh Maharashtra Abhiyaan.

Table 15: Funds received by RMC for Sewerage & Sanitation under State Government Schemes (in INR)

Year Grants under | Grants Municipality | Swachh Special Local Area | Developme Grants  for

Swarna under Share under | Maharashir Grants Developme nt Scheme | Cleanliness

Jayanti Swarna Nagarottha a Abhiyaan nt Program | Work Grant Drives

Nagarotthan Jayanti n (MLA)

Mahabhiyan Nagarotthan | Mahabhiya

(District) Mahabhiya n

n (State)
2009-10 0 0 0 0 0 0 13,34,247 0
2010-11 0 0 0 0 0 0 0 0
2011-12 0 0 0 0 0 0 1,70,000 0
2012-13 97,54,701 0 0 0 2,00,000 0 0 0
2013-14 1,73,19,535 0 0 0 40,00,000 0 0 1,50,000
2014-15 2,29,50,768 | 14,22,49,76 0 0 | 1,82,49,991 0 0 44,000
6
2015-16 2,50,23,109 | 5,00,00,000 0 0 0 0 0 0
2016-17 3,17,19,759 | 5,03,02,000 3,00,000 0 | 1,00,00,000 4,99,000 0 0
2017-18 5,76,79,410 0 40,24,169 o] 0 0 0 0
2018-19 6,70,71,798 0 0 0 | 2,00,00,000 0 0 0
2019-20 4,58,59,500 0 0 22,92,500 | 2,00,00,000 21,42,000 0 0
2020-21 4,92,31,457 0 | 2,20,95,457 | 1,33,12,455 36,04,850 18,02,000 (o] 0
2021-22 13,00,14,616 0 0 0 | 10,00,00,00 0 0 0
0
2022-23 2,87,93,310 0 0 0 0 0 0 0
Total 48,54,17,963 | 24,25,51,76 | 2,64,19,626 | 1,56,04,955 | 17,60,54,84 44,43,000 15,04,247 1,94,000
6 1

Source: Budget Documents, RMC Ratnagiri

The years 2015-16 to 2017-18 saw continued support, including substantial amounts under both
the district and state schemes, with ¥5,03,02,000 allocated in 2016-17. However, funding
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fluctuated over time, with a significant decrease in 2022-23. The total grants during this period
amounted to I48.54 crore from the district scheme and %24.25 crore from the state scheme,
supplemented by other special grants. Despite fluctuations, these grants were vital for the
development of sewerage and sanitation infrastructure in RMC, reflecting the changing priorities
and challenges faced by the municipal council.

Own Revenue

The own revenue generated by RMC for sewerage and sanitation from 2009-10 to 2022-23 shows
a steady, though modest, stream of income, primarily from nightsoil vehicle /tanker rentals, which
have been the largest and most consistent source (Ref. Table 16). The revenue from nightsoil vehicle
rentals grew from 86,196 in 2009-10 to ¥3,18,500 in 2022-23, totalling ¥34,09,808 over the
period. Toilet rentals, including entry fees and specific location rentals, contributed additional but
smaller amounts, particularly from 2011-12 onwards.

Table 16: Revenue Income from Sewerage & Sanitation at Ratnagiri (in INR)

Year Nightsoil  vehicle/ | Toilet Rental | Weekly Market | Ram Ali Toilet | Laxmi Chowk
tanker rental (Special | (Entry Fee) Toilet Rental Rental Toilet Rental
Sanitation Tax)
2009-10 86,196 0 0 0] 0
2010-11 1,62,852 0 0 0] 0]
2011-12 44,790 30,600 0 0 0
2012-13 1,55,890 3,208 0 0] 0]
2013-14 98,356 0 1,33,485 0] 0]
2014-15 3,33,284 800 0 0] 0]
2015-16 3,60,470 0 0 0] 0]
2016-17 3,31,100 0 3,100 600 250
2017-18 3,62,490 200 0 0] 0]
2018-19 2,64,755 0 1,400 0] 0]
2019-20 2,63,220 2,600 0 0] 0]
2020-21 3,29,755 0 0 2,625 0]
2021-22 2,98,150 0 0 0] 0]
2022-23 3,18,500 0 21,600 0] 0]
Total 34,09,808 37,408 1,59,585 3,225 250

Source: Budget Documents, RMC

Despite some fluctuations, these sources of revenue remain secondary to the nightsoil vehicle rentals.
Overall, RMC's own revenue for sanitation has shown gradual growth but remains relatively limited,
indicating a heavy reliance on external government grants to fund sewerage and sanitation
infrastructure.

60



Ration of grants and own revenue

From 2009-10 to 2022-23, RMC has been heavily dependent on central and state government
grants to fund its sewerage and sanitation projects, with minimal contributions from its own revenue
(Ref. Figure 16). Central government grants accounted for 36.59% of the total funding
(355,15,70,728), while state government grants made up an even larger share of 63.17%
(395,21,90,398), primarily supporting programs like Swachh Maharashtra Abhiyaan and Swarna
Jayanti Nagarotthan Mahabhiyan. RMC's own revenue from sanitation services contributed only
0.24% of the total funding, totalling ¥36,10,276, reflecting a significant reliance on external
funding.

Figure 16: Share of grants vs own revenue for Sewerage & Sanitation at RMC Ratnagiri

Own Revenue from
Sewerage & Sanitation
0%

Central Government

Grants
37%

State Government Grants
63%

Source: Budget Documents, RMC Ratnagiri

The ratio of own revenue to grants has consistently been low, peaking at 44.35% in 2011-12, but
generally remaining under 1% after 2014-15. This underscores the financial dependency on
government grants for sewerage and sanitation, highlighting the need for RMC to explore strategies
for increasing local revenue generation to reduce reliance on external funding and enhance
financial sustainability.

5.4 ASSESSMENT OF FINANCES

The upcoming sections analyse the trends from the SLBs for water supply and sewerage & sanitation
at RMC.

5.4.1 WATER SUPPLY

The cost recovery for RMC in its water supply system has been highly variable and generally low
from 2008-09 to 2023-24, reflecting significant challenges in balancing operational expenses with
revenue generation (Ref. Figure 17). In the early years, cost recovery fluctuated, with a high of
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107.62% in 2009-10, but it decreased sharply to 35.11% by 2012-13, indicating difficulties in
matching rising operational costs with revenues. After 2012-13, recovery rates stabilized but
remained below 55%, with a notable drop to 36.71% in 2023-24.

Figure 17: Trend analysis of cost recovery in water supply charges at RMC
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This indicates RMC's ongoing struggle to cover its water supply system's operational expenses
through revenue, likely due to inefficiencies in billing, low collection rates, or high operational costs.
The persistently low-cost recovery highlights the need for reforms in financial management and
revenue collection to ensure the sustainability of RMC's water supply services.

The collection efficiency for the water supply system in RMC has fluctuated significantly over the
years, with notable peaks and declines (Fig. 18). Initially, in 2008-09, it was high at 92.44%, but
by 2010-11, it dropped to 76.01%, and further declined to 73.85% in 2012-13. A peak was
achieved in 2014-15, reaching 98.89%, but this was short-lived, and by 2019-20, the efficiency
had fallen to 64.46%.
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Figure 18: Trend analysis of collection efficiency in water supply charges at RMC
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The most concerning decline occurred in 2023-24, with efficiency plummeting to just 35.84%,
indicating severe challenges in revenue collection. This decline could be due to issues such as
inefficient billing systems, increasing unpaid bills, or inadequate enforcement. The sharp drop in
recent years signals the urgent need for reforms in the billing and collection processes to ensure the
financial sustainability of the water supply system.

5.4.2 SEWERAGE AND SANITATION

The cost recovery for sewerage and sanitation in RMC has been highly inconsistent, reflecting
significant financial challenges (Ref. Figure 19). From 2008-201 2, there was either no operational
expenditure or no revenue generation, indicating an underdeveloped sanitation system. Starting in
2012-13, RMC began incurring operating costs, but recovery rates remained very low, with only
0.33% in 2012-13.

A brief spike in 2015-16 (133.33%) was followed by a return to more sustainable levels, peaking
at 100% in 2017-18. However, from 2018-19 onwards, recovery rates sharply declined, falling
to just 2.19% in 2022-23 and 3.21% in 2023-24. This persistent drop signals that the sanitation

system is financially unsustainable, relying on external funding to cover costs. Inmediate action is
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needed to improve revenue collection, revise charges, and secure alternative funding sources to
ensure the system’s viability.

Figure 19: Trend analysis of cost recovery in sewerage & sanitation charges at RMC
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The collection efficiency for sewerage and sanitation in RMC has been severely poor, with no
formalized revenue collection system in place during the early years (2008-2012) (Ref. Figure 20).
From 2012-13 onwards, while there was a slight increase in revenue demand, the collection
efficiency remained dismal, with no payments collected in most years. In 2012-13, there was a
brief spike to 100% collection efficiency, likely due to a one-off payment, but this was not sustained.

Figure 20: Trend analysis of collection efficiency in sewerage & sanitation charges at RMC
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From then on, collection efficiency remained at 0%, indicating serious challenges in administrative
processes, enforcement, and possibly low public willingness to pay. This ongoing failure to collect
revenues is a major barrier to the financial sustainability of the sewerage system and requires
urgent reforms in billing and collection practices to ensure the system's viability.

5.5 KEY FINANCIAL CHALLENGES

From 2009-10 to 2022-23, RMC faced significant financial challenges in sustaining its water supply
services, primarily due to fluctuating revenue sources and low-cost recovery. Although external
grants from the central and state governments rose over time, particularly between 2015-2020,
RMC's own revenue, mainly from water bills and taxes, remained insufficient to meet growing
operational costs. The cost recovery ratio stayed below 55%, plummeting to 36.71% by 2023-24,
while collection efficiency dropped dramatically from 92.44% in 2008-09 to just 35.84% in 2023-
24. These trends highlighted severe billing and enforcement issues, contributing to a growing fiscal
deficit, which peaked at ¥53.19 crore in 2022-23. Despite rising capital expenditures aimed at
upgrading infrastructure, the Council's increasing dependence on external funds and mounting
deficits underscore the need for comprehensive financial reforms to achieve sustainable water
supply management.

The key challenges faced by RMC in financing its sewerage and sanitation projects between 2009 -
10 and 2022-23 include a heavy reliance on external government grants with limited local revenue
generation. Central and state grants, totalling over 150 crore, far outweighed RMC's own revenue
from sanitation services, which remained modest at 36 lakh over the period. The municipality
struggled with low-cost recovery, poor collection efficiency, and a growing fiscal deficit, which
peaked at T58.79 crore in 2022-23. Despite occasional increases in infrastructure investments,
RMC's local revenue covered only a small fraction of operational costs, highlighting systemic issues
in billing, enforcement, and financial management. Consequently, the municipality's long-term
sustainability depends on improving revenue collection, addressing fiscal deficits, and finding new
funding sources.
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CHAPTER 6: RISK ASSESSMENT OF WASH
INFRASTRUCTURE& SERVICES IN RATNAGIRI

SUCHARITA ROY, TEJASH ANAND AND NC NARAYANAN

6.1 BACKGROUND

Urban infrastructure today faces dual pressures: rapid urbanization and extreme natural events
driven by climate change. The World Risk Report 2016 highlights that inadequate infrastructure
amplifies losses to life and property while increasing the likelihood of disasters arising from extreme
natural events. Resilient infrastructure, by definition, refers to systems capable of absorbing,
rebounding, and adapting to hazards and shocks to ensure continuity and safety.

This chapter captures the exposure and vulnerability of the WaSH infrastructure of Ratnagiri, a
class Il city in the Konkan region of Maharashtra. The situational analysis has been based on the
detailed sectoral analysis undertaken by sectoral teams and captured in Chapters 3 (water), 4
(sanitation), and 5 (finances). The resilient assessment of the WaSH infrastructure captures the
contextual risks and gaps in the systems.

6.2 EXPOSURE TO CLIMATE RISK

Ratnagiri experiences a humid tropical climate with hot summers and mild winters. Summers are hot
and humid, and winters mild der. Annual rainfall is around 3300 mm primarily due to the southwest
monsoon. There is no uniform pattern, but the rainfall is extremely heavy in the foothills of the
Sahyadri. Rainfall of 450 mm in 24 hours occur at some places.

Along with sea level rise, storm surges, extensive rainfall, and flash floods due to orographic
precipitation are making the area more vulnerable. Since 1978, high tide levels rose to 5-6 cm,
causing recession of the beaches and damage to estuaries and flatlands. Due to coastal recession,
the loss of shoreline up to few feet has become a frequent phenomenon. Ratnagiri Taluk has been
identified as one with high risk from flooding, earthquakes, water scarcity and disease outbreak.¢0

Ratnagiri city is not prone to flooding. The flood hazards mapping based on 10 years past data
as seen on the Mapviewer of the GIRI Platform ¢! does not reflect any flood prone areas in the
city. The elevation profile of the city reveals only around 15 % of the land is at an elevation less
than 10 m above MSL. The city thus is at low risk of vulnerable to coastal inundation. It has also not
listed as affected by river flooding by major rivers of the district by the district authority. Though
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the district located on the foothills of the Sahyadri has witnessed landslides and rockfalls at the
foothills, however Ratnagiri taluka has not seen any landslides in last 2 decades.

The occurrence of storms and swells are significantly low along the Ratnagiri coast. The probability
of risk caused by storms and swells is also negligible. However, the sea level along the west coast
of Maharashtra has gone up by 5-6 cm in the past 20 years. The 5—6 cm rise translates into the
saline water intruding up to one kilometre inland, damaging mangroves, eroding beaches, and
filling creeks with sand and silt through erosion.¢?

A study undertaken on sea water intrusion in the coastal aquifers of India in 2020, in Maharashtra,
it has been found that the movement of seawater from the Arabian Sea towards the inland areas
is facilitated by deep seated faults/lineaments. The study indicates that the southwestern parts of
the state are under higher seawater influence. Low-lying areas are affected by the seawater
intrusion due to the backwater of the sea through the rivers. Seawater intrusion has also been seen
through the creeks in the coastal regions. Seawater intrusion has been traced even in the deeper
aquifer, which is a serious cause of concern in the state. The coastal regions in the state are mostly
covered by the Deccan traps, composed of basalts. The volcanic rock comprises numerous vesicles
and lava flows, which allows the inflow of seawater in several places along the coast during high
tide periods. ¢3

Saltwater intrusion can present a critical challenge in two primary ways. For areas without piped
water, it compromises the access to safe, fresh water. Moreover, saltwater increases the conductivity
of groundwater, which accelerates the corrosion of underground water and wastewater collection
pipes. Research has shown that changes in soil and groundwater chemistry due to saltwater
intrusion—and rising sea levels in general—can significantly shorten the service life of infrastructure
such as ductile iron pipes, which are typically expected to last between 80 and 100 years under
ideal conditions.®4 In Ratnagiri, instances of salinity intrusion in wells have been reported by
residents during field interviews from the sparsely populated, low-lying areas of wards 1, 12, and
15, facing coastal inundation. However municipal water access is available in this area. Salt intrusion
has not been reported from the other populated areas of the town.

Similarly, the accumulation of saline influents in treatment units and sanitation pits—including septic
tanks—can impair the removal of pollutants like organic matter and nutrients. High electrical
conductivity, a hallmark of saltwater, has been found to adversely affect microbial diversity and
the efficiency of organic matter breakdown.®> However, as per the current locations of critical
infrastructure components (Refer Figure 21) the town has its primary treatment facilities aways from
the coast and hence safe from any impact due to salinity ingress.
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Ratnagiri taluk lies in Zone IV on the seismic hazard zonation, and the district has district authority’s
hazard vulnerability assessment has identified it at medium risk from earthquakes though with a
high probability occurrence due to the high incidence of seismic activity in the Koyna valley. Seismic
activities can compound coastal risks like subsidence of land, change in ecological system, diversion
of river flow or tsunami leading to extreme high waves as has been witnessed in Kutch coasts.
Similarly, co- occurrence of two or more hazards has often been witnessed for example earthquakes
and landslides, earthquakes and heavy precipitation. In a recent study appearing in Science
Advances, the researchers report that episodes of heavy snowfall and rain likely contributed to a
swarm of earthquakes over the past several years in northern Japan. The study is the first to show
that climate conditions could initiate some quakes.®® Located on a hilly terrain and receiving high
precipitation, the risk to infrastructure from landslides and rockfalls from the Sahyadri’s due to
seismic jolt is high.

The district has a high disease burden with gastro-enteritis, cholera, dysentery, pneumonia, jaundice,
typhoid, diarrhoea etc. are the common diseases. It is to be noted that most of the diseases
identified in DDMP are caused by water contamination.

Although Ratnagiri district is considered less vulnerable compared to other districts in the state, the
Konkan region remains particularly susceptible to climate change due to high-intensity rainfall,
coastal salinity, and soil and coastal erosion. By 2030, the Konkan division is projected to
experience a 10-30% increase in monsoon rainfall, with extreme rainfall expected to rise by 10-
14%. This region will continue to receive more rainfall in absolute terms than other divisions. Some
coastal cities like Ratnagiri city are also experiencing higher temperatures in recent years.

Coastal and soil erosion, along with inundation, can lead to saltwater intrusion into groundwater
aquifers, reducing freshwater availability. These impacts are evident in the Ratnagiri district and
the broader Konkan division. However, Ratnagiri city, with its elevation profile where 85 % of the
land is at a level higher than 10 m above sea level, is not significantly exposed to coastal inundation
or ground water flooding. In most places ground water is sweet has been observed to be sweet
except at the low-lying edges of the backwaters in the south of the city and near the coast. Change
detection based on Sentinel data spanning 10 years reveals some changes along the shoreline near
the back waters. In the absence of adjacency to any rivers, the city is also at no significant risk due
to river flooding.

Risks from cyclones is categorised at a low for the Ratnagiri taluka. Some field responses reveal
that while some outages during strong winds have been faced earlier, underground electricity lines
have reduced outages in recent years.
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Figure 21: Emerging Vulnerability Hotspots and Exposure of Ratnagiri City to Climate Hazards
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Figure 22: Location Of Critical Components of the Wash Infrastructure within Administrative Boundary
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6.3 VULNERABILITY OF THE WASH INFRASTRUCTURE

The vulnerability of the WaSH infrastructure analyses the status of the infrastructure with respect to

its adequacy, reliability and risk governance. Adequacy has been investigated respect to coverage
of the services, suitability of technology, safety of infrastructure based on its age. Reliability of the
services has been studies based on data where available on outages, response and recovery
including contingencies and redundancies, ownership and accountability and provision of monitoring
and regulation of the systems.
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The infrastructure risk governance looks at the financial stability and safeguards, autonomy in
decision making, and jurisdictions regarding preparedness and recovery in the context of disasters.

6.3.1. ADEQUACY OF INFRASTRUCTURE
Ratnagiri has inadequate WaSH infrastructure in terms of coverage, technology s and adequacy.

A little less than half of the city’s population receives safe piped water while the remaining
population depends on ground water.

Water scarcity in the summer months is an emerging crisis. Water scarcity has also been identified
as one of the risks facing the city and the district due to its geomorphological status and limited
river systems. Summer shortages in water supply have been reported from some locations in the city
during field studies. Ground water is increasingly contaminated due to unmonitored on- site
sanitation systems and discharge of black water into open drains.

Despite the city’s open defecation free status, which mandates safe faecal sludge management and
the prevention of untreated waste discharge, containment conveyance and discharge of sewage is
less than adequate. Open defecation is practiced by the vulnerable communities in the absence of
adequate community toilets. Community toilets are improperly designed and discharge into drains.
At the household level, the use of soak pits for sewerage waste, disposal of black water in storm
drains, dumping of collected sewage by desludging tankers into local wate bodies are some
alarming practices plaguing the city (Refer Chapter 4 on sanitation).

Sludge treatment facility is nearly absent. A new facility with SBR technology is under planning
which can prove to be a capital intensive and energy intensive facility. High incidence of disaster
outbreaks, mostly water borne, as reported in the DDMP also highlights the need for corrective
retrofitting of local sanitation infrastructure.

6.3.2. RELIABILITY, FLEXIBILITY AND REDUNDANCY

Flexibility in design of water systems can help in ensuring reliable services during disruptive events.
Reliability of large-scale water systems is often dependant on sustainable access to adequate
water sources, adequate capacities to handle the systems, energy for pumping and conveyance.
Redundancy helps systems withstand failures and continue to operate smoothly in the case of a
disturbance reducing the likelihood of a single point of failure causing a catastrophic breakdown.

Source sustainability is an emerging concern for Ratnagiri like many other smaller and emergent
coastal towns depending on ground water. There are no significant river systems which can serve
as source for the city. Ratnagiri is dependent on non-flowing surface water stocks available nearby.
Groundwater contamination poses a challenge, with saltwater intrusion and poorly constructed
sanitation systems during flooding can lead to higher TDS (Total Dissolved Solids) levels. Monitoring,
protection and sustainability of ground and surface water sources is an emerging need for the city.
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6.3.3. INFRASTRUCTURE RISK GOVERNANCE AND FINANCE

Effective governance is essential for resilient infrastructure. This involves the policies, frameworks,
norms, processes, and tools that public bodies use to plan, decide on, implement, and monitor the
entire lifecycle of public infrastructure. In the context of resilience, governance transformation may
include progressive decision-making, regular updates to codes and standards, comprehensive
regulatory frameworks, and dedicated risk and resilience funding.

The sanitation infrastructure of Ratnagiri exposes the lack of infrastructure governance at the local
level. Municipal Council is not involved in the design, construction, or enforcement of standards for
toilets for the on-site sanitation facilities. This has led to an unregulated sanitation infrastructure
system cascading risks like environmental degradation and of health outbreaks due to
contamination of land and water resources.Release of wastewater into the ecosystem, often
untreated, is not only a significant risk for the city prone to frequent flooding, but also a missed
opportunity for circular resource planning in the face of seasonal water shortages which is an
emerging crisis.RMC is unable to undertake planning for city-wide safe sanitation due to its
dependence on central, state government, and IFls for capital funds. This has resulted in fragmented
development of the sanitation infrastructure. RMC is struggling to mobilize its own funds for
infrastructure upgradations.

The role of the ULB is largely limited to dealing with post-disaster relief and recovery efforts such
as provision of drinking water sources, sanitation facilities, establishing shelters and providing
temporary accommodation. If public utilities are affected, they are responsible for restoring them.
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CHAPTER 7: STATUS OF CLIMATE CHANGE
INITIATIVES IN RATNAGIRI

NEELAM RANA, PRIYAKSHI GOGOI, NC NARAYANAN

Several national and state-level programmes and schemes—both directly and indirectly—
address climate change concerns within the water and sanitation sector. This chapter presents
the implementation status of key initiatives in Ratnagiri. The analysis draws primarily on interviews
conducted with officials from ULB and the Disaster Management Office.

Ratnagiri town currently lacks dedicated climate change-related strategies or initiatives at the city
level. However, interviews with ULB officials indicate that groundwater management is an area
where regulatory mechanisms are actively implemented. The Groundwater Department plays a key
role in monitoring both groundwater levels and quality through periodic assessments and data
collection from observation wells. This monitoring helps in early detection of over-extraction or
quality deterioration, which is crucial for sustainable resource management in a coastal region like
Ratnagiri. In addition, residents and commercial users are required to obtain a No Obijection
Certificate (NOC) before initiating groundwater extraction. This regulatory requirement is intended
to control unsustainable abstraction and ensure equitable access to groundwater resources. While
these efforts are not explicitly framed within a climate change agenda, they contribute indirectly
to climate resilience by protecting water security and preserving aquifer health—especially
important in the context of increasing climate variability and rising demand. The establishment of
an integrated, climate-informed water resource management framework could further strengthen
these efforts and align Ratnagiri’'s water governance with broader sustainability and adaptation
goals.
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CHAPTER 8: SECTORAL RECOMMENDATIONS
FOR ENHANCING CLIMATE RESILIENCE OF
WASH INFRASTRUCTURE & SERVICES IN
RATNAGIRI

NEELAM RANA, PRIYAKSHI GOGOI, SUCHARITA ROY, ASHISH DANGI , ABHAY JUNAGHARE,
TEJASH ANAND & N.C. NARAYANAN

8.1 BACKGROUND

The previous chapter of this report analysed the status of water and sanitation infrastructure
and services, and their interaction with climate change. It also examined the financial
sustainability of ULBs and identified both direct and indirect climate change initiatives currently
underway at the town level. Key challenges and gaps were highlighted as part of this assessment.

Ratnagiri, a coastal town in Maharashtra, faces growing water and sanitation challenges driven by
rapid urbanization and the increasing impacts of climate change, including erratic rainfall and
extreme weather events. While initiatives like AMRUT 2.0 and reductions in NRW indicate progress,
the city continues to face gaps in meeting water demand and requires further investment in climate-
resilient infrastructure, such as rainwater harvesting and groundwater recharge. On the sanitation
front, despite achieving ODF++ status, the city grapples with untreated sewage, reliance on soak
pits, and a vulnerable centralized sewage system ill-suited to climate disruptions. Decentralized or
nature-based solutions offer a more adaptable and cost-effective alternative. To build long-term
resilience, the RMC must strengthen financial management, improve cost recovery and revenue
generation, and align infrastructure planning with climate adaptation goals. This integrated
approach is critical to ensuring sustainable service delivery and enhancing the city's capacity to
withstand future climate risks.

Building on these insights, the following section presents town-level recommendations for
strengthening the water and sanitation sectors, with a focus on enhancing climate resilience
and service delivery.

8.2 WATER

e Improve Water Supply Efficiency and Reduce Losses: Ratnagiri currently experiences
significant distribution losses, with nearly 2.7 MLD of treated water unaccounted for.
Upgrading ageing pipelines, introducing pressure management, and implementing 100%
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metering of connections (including bulk consumers) are critical to minimize non-revenue water
and improve overall system performance.

Secure and Rejuvenate Local Water Sources: The city depends heavily on two surface
sources (Shil and PanvalTalavs) which are increasingly vulnerable to seasonal variability
and urbanization pressure. Investments under AMRUT 2.0 to rejuvenate Fish Market Lake
and ParitVathar Lake should be expedited. Parallel efforts must focus on watershed
conservation, catchment protection, and desilting to enhance the reliability and recharge
capacity of local reservoirs.

Close Data Gaps for Informed Decision-Making: There is a lack of reliable flow,
consumption, and energy use data. RMC should establish a transparent and systematic
water audit and energy accounting process. This will improve resource management and
enable better estimates of GHG emissions and future needs.

Strengthen Groundwater Resilience: Although the Ratnagiri block is currently categorized
as 'safe’, the reliance on informal groundwater withdrawals may be underestimated. The
city should promote rooftop rainwater harvesting, groundwater recharge structures, and
enforce groundwater extraction norms, especially in peri-urban and institutional zones.
Adopt Low-Carbon and Climate-Resilient Technologies: With surface water extraction
relatively less energy intensive than groundwater or tanker supply, investments should favor
local sourcing and energy-efficient treatment and pumping systems. Exploring solar energy
for WTP operations and decentralized systems in new development zones could significantly
reduce GHG emissions.

Build Institutional and Financial Capacity for Climate Resilience: RMC should strengthen
its institutional mechanisms to mainstream climate risk assessment in urban water planning.
This includes training municipal staff, improving coordination across departments, and
securing climate finance for long-term infrastructure upgrades and adaptive capacity.
Plan for Future Growth and Changing Demand Patterns: Current population projections
may underestimate actual growth and water use, especially in rapidly urbanizing coastal
cities like Ratnagiri. Regular updating of projections, including floating and tourist
populations, is essential for planning adequate infrastructure and service delivery under
future climate scenarios.

8.3 SANITATION

ULB Participation: ULB should take a more active role in large-scale sanitation infrastructure
planning like STP.

Promote Decentralized Approaches:Decentralized approaches or nature-based solutions
are preferred over centralized sewerage networks with a single large STP.

Capacity Building Programs: Organize regular training for ULB staff on decentralized
wastewater technologies, O&M best practices, and financial management.

Pilot Decentralized/Nature-Based Solutions: Initiate pilot projects for decentralized
wastewater treatment in select wards, with close monitoring and community involvement.
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Update Local Sanitation By-laws: Periodically review and strengthen local policies to
regulate soak pits and direct wastewater discharge, with clear penalties and incentives for
compliance.

Accelerate desludging frequency and improve coverage through scheduled emptying
programs and community awareness.

Introduce decentralized treatment units (e.g., DEWATS, bio-digesters) to reduce organic
load and improve methane capture.

Promote composting or biogas use from faecal sludge to offset emissions and generate
renewable energy.

Upgrade stormwater management systems to reduce nutrient discharge into estuaries and
curb nitrous oxide emissions.

Incentivize retrofitting of existing pits and septic tanks with ventilation, lining, and baffling
features to reduce methane emissions.

Adopt electric or hybrid desludging trucks and improve maintenance to lower
transportation-related emissions.

8.4 FINANCIAL SUSTAINABILITY

Focus on improving cost recovery and collection efficiency for both water supply and
sewerage & sanitation services.

e Enhancing billing systems.

e Reducing leakages.

e Introducing measures to ensure timely payment collection.
Explore new revenue streams:

e Implement or increase user charges.

e Seek innovative funding sources to reduce reliance on external grants and loans.
Strengthen financial management:

e Ensure better alignment of capital and revenue expenditure.

e Focus on long-term infrastructure sustainability through strategic investments.
Prioritize efficiency improvements and reform financial mechanisms to achieve fiscal
sustainability and ensure continued service delivery.

8.5 INFRASTRUCTURE RESILIENCE

Contextualized infrastructure design and suitable technological solutions for coastal
ecosystems:

The diverse technology base provides an opportunity for hybrid sanitation solutions, such as "waste

watersheds" and "sanitation zones" identified through socio-spatial zoning, participatory mapping,

and a weighted analysis of geomorphological and hydrological indicators.” When overlayed with

emerging hotspots due to emerging climate risks and terrain conditions, the location and placement
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of critical components of infrastructure can be designed and choice of technology suitable in face
of such risks. Modular and decentralised designs with scope for scaling can help reduce risks of an
already exposed population.

Sophisticated technology solutions like SBR under proposal for Ratnagiri are often not resilient to
saltwater intrusion or massive flooding and can lead to city wide disruption of services as has been
observed in coastal city of Ratnagiri. These technologies can be burdensome for cities with limited
technical and financial capabilities. While Ratnagiri is dependent on community infrastructure it has
still not been able to formalise the same to ensure adequate sanitation services for all.

Ratnagiri could adopt taluka level NbIS solutions in waste treatment and wastewater reuse for
settlement clusters. Integrating NbIS-based waste management infrastructure could benefit the
hinterland, generate revenue for operations and also enable safe siting and better utilisation of
treatment systems. Innovative decentralized, hybrid and intermediate system designs integrated with
centralized systems can plug the gaps in coverage effectively. Intermediate solutions such as Community
Septic Tanks (CST) and decentralized shallow sewer systems should be considered as less capital-
intensive and safer alternatives for handling sewage remote wards.

Gaps in risk governance of Infrastructure

Generating awareness and hyperlocal level risk information is crucial for risk informed planning of
infrastructure in coastal towns since coastal risks are sometimes sudden as in strong cyclonic storms
and at other slow onset hazards like salt intrusion in ground water. Transition into new systems will
require community willingness and ownership for success. There are no alerting systems for failures
due to inefficiency, energy outages, or creeping disasters with the infrastructure systems. Information
regarding risks flow top-down, missing ground intel and early warnings. For cities like Ratnagiri,
multiple sudden local risks like flooding, contamination, breach of pipes, disruption of electricity etc
can result in disruptions which when stemmed in time can reduce risk of city-wide outage. Integrated
into city wide monitoring systems, this can generate valuable local data for evidence-based
planning.

Data gaps and mismatches have been noted in published SLBs, SBM data, municipal data, and
community information. This highlights the need for integration of real time alerting systems and
community observatories and community institutions to generate, validate and  audit data to
support effective data- driven planning and governance. Limited autonomy in decision making:
Local authorities, key enablers of local level coordination and locally suited adaptations, have
limited autonomy in decision-making in the local infrastructure development, with multiple agencies
and unclear asset ownership and accountability resulting in gaps in services and provisions. The
direct engagement of state agencies in city infrastructure development creates unclear asset
ownership and accountability resulting in gaps in services and provisions. Fragmented development
of infrastructure becomes burdensome for Municipal Councils, disbalances expenditures and make
the city vulnerable to secondary risks and further dependent on external funds for capital-intensive
infrastructure development. While the city has a dedicated climate cell, clear definition of
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regulatory jurisdiction for infrastructure resilience can be helpful for resilience governance.
Infrastructure Safety and Resilience Plans for large- infrastructure components need to be
provisioned as a an important component of disaster management plans with ring fenced
infrastructure protection and risk governance budgets.

Systemic risks reduction

There is need to evaluate the systemic risks and contingent liabilities, adopt redundancy and
continuity planning and establish protocols for infrastructure recovery post crisis. There is need for
building capacities of the local administration and of handholding support for transitioning
settlements in undertaking system evaluations to understand the risks to services due to the coastal
and climate shock events. Local authorities, key enablers of local level coordination and locally
suited adaptations, have limited autonomy in decision-making in the local infrastructure
development, with multiple agencies and unclear asset ownership and accountability resulting in
gaps in services and provisions and lack of ownership in residents. Piecemeal development of
infrastructure and high O&M costs are increasingly burdensome for the Municipal Council who are
dependent on external funds for capital-intensive infrastructure development. Advisory support by
state agencies in place of direct engagement in the process of development can help in building
local level capacities in handling climate resilient infrastructure. In WaSH infrastructure development
coastal challenges can be eased using locally appropriate combinations of decision analysis, land-
use planning, public participation, diverse knowledge systems and conflict resolution approaches
that are adjusted over time as circumstances change (high confidence). Key enablers for
implementing effective responses to climate-related changes in the ocean and cryosphere include
intensifying cooperation and coordination among governing authorities across spatial scales and
planning horizons. ¢8

Revenue diversification and sustainability:

Local WaSH infrastructure development can be improved through an integrated approach in water
and sanitation for revenue generation from business models in waste-to-energy, wastewater
markets in rural areas, and WaSH charges from tourism, industries, and ports. The surrounding
agricultural villages and farms can benefit from wastewater market and waste to energy
development. The absence of wastewater treatment facility missed opportunity for a city like
Ratnagiri. With a agricultural hinterland and the emergence of a water crisis Ratnagiri needs to
explore the reuse of wastewater through tertiary freatment and use it as a source of
revenue.Shared WaSH services between settlements can reduce expenditure and provide
alternative revenue sources. Sludge and wastewater treatment with NblS, aggregation models for
operations at scale and development of viable waste markets at a cluster level for agricultural use
can benefit Ratnagiri. Private sector partnership in service delivery can help bridge the gaps in
coastal cities which occur due to terrain limitations or funding challenges. Regulated private services
like desludging, water tanker services can not only ensure equitable access but also provide services
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during climate events. Public private partnership in service delivery needs to be explored. The
urban local bodies should be empowered and encouraged to undertake the building of such
agreements or engaging private sector to develop waste value chains.

Mainstreaming DRR, CCA and circular resource planning:

For infrastructure design and development, specifically WaSH which directly impacts land and
water resources of a settlement, a dedicated climate cell at the local level, as an integral part of
the city disaster management cell, can help in mainstreaming of risk reduction into city administrative
processes. This will further enable integration of organizational learning at local level and real time
evaluation of the outcomes from its actions. It is recommended to make climate cells and disaster
management cells integral part of all ULBs with jurisdiction to engage and inform the infrastructure
design and management, particularly WaSH.

The adoption of capital-intensive infrastructure in small towns leads to an increased footprint in
water and energy usage, making WaSH infrastructure unsustainable. Service level benchmarks
should be reevaluated and agreed upon at a local level to suit the context. Technology choices,
performance measurement indicators, and policy frameworks under which WaSH is provisioned,
should be reevaluated especially for coastal towns and cities which majorly face heavy
precipitation and frequent flooding annually.Flooding is an emerging concern for Ratnagiri like
most cities on the windward side of Sahyadri and needs to be managed through flood management
solutions like retention, holding ponds, diversions, adequately sized and designed storm water
drains etc.

Absence of Disaster resilience Investment planning:

There is currently no for disaster resilience investment planning by local bodies. Access to investment
tools, resources, and processes to avoid, reduce, and transfer risk is needed. Current resilience
measures are dominated by post-disaster response and recovery activities There is no provision for
a ring-fenced budget for DRR-related initiatives at a local level. There is an absence of safeguards
to protect infrastructure maintenance budgets. There is absence of provision for contingent liabilities,
redundancy plans and continuity plans or protocols for infrastructure resilience and recovery post
crisis. Rising operational expenditure, capital expenditure and reducing revenue income are the
critical challenges faced in WaSH infrastructure management.
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ANNEXURE -I: DATA GAPS

The project design necessitated a comprehensive review of secondary data sources pertaining to

the water and sanitation sector and climate change across various levels—national, state, district,

and town. This exercise highlighted several significant data gaps, which are detailed below.

Water

Inadequate Granular Water Consumption Data: Household-level water consumption is not
metered in many areas; bulk metering data (number of connections X billed consumption)
does not accurately capture per capita usage or disparities across income groups or
geographies (e.g., slums vs. apartments).

Unaccounted for Water (UFW) and NRW: Accurate estimation of transmission and
distribution losses is hampered by the absence of metering at intermediate system points
and outdated infrastructure records, making it difficult to precisely attribute inefficiencies
or quantify water losses.

Sanitation

Typology of Individual Household Toilets and OSS Systems: Understanding the typology of
individual household toilets and on-site sanitation systems is essential for assessing current
levels of access to sanitation infrastructure and determining whether these constitute
improved sanitation services. This information is a key indicator for tracking progress
towards the SDGs and is relevant for climate adaptation frameworks. Additionally, it plays
a critical role in estimating GHG emissions from the sanitation sector. However, the last
comprehensive assessment of household toilet typologies was conducted during the 2011
Census, and no updated data is currently available from national, state, or city-level sources.
The National Family Health Survey-5 (2019-2020)%? provides district-level data on access
to improved sanitation facilities, defined as the “population living in households that use an
improved sanitation facility.” However, disaggregated data at the town or municipal level
is not available. Collecting such data would require a detailed household-level survey.

Operational Status of Community and Public Toilets: Community and public toilets are
intended to serve populations without access to individual sanitation facilities, as well as the
floating population in public spaces. The operational status of these facilities—including
aspects such as functionality, availability of water supply, and cleanliness—is a key
requirement under the ODF+ certification framework. According to MoHUA guidelines,
ULBs are mandated to conduct regular audits of these facilities. However, data on the
coverage and adequacy of community and public toilets and operational statusis not
available with the ULB.
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4. Data on Storm Water Drainage: The role of stormwater drainage systems in urban
resilience is well recognized. However, the data available at the town level is limited to
information on overall coverage and does not provide details on the typology of the
drainage systems—such as whether they are open or closed, underground or surface-level,
mapped or unmapped, or man-made or natural. A comprehensive understanding of these
aspects would require detailed studies.

5. Integrated role of Sewerage Network, Creeks, and Nallahs: : It is essential to determine
whether natural and man-made water bodies—such as creeks and nallahs—are integrated
into the town's wastewater and stormwater management systems, and to clarify their
functional roles, whether they carry greywater, blackwater, stormwater, or a combination
of these. Equally important is evaluating the degree of interconnection between these
natural channels and engineered infrastructure. However, such information is not available
through secondary data sources, and ULB does not maintain a detailed sewerage network
map.

GHG Emissions

1. Groundwater Use Estimation Uncertain:There is no systematic monitoring of groundwater
abstraction volumes, especially from private borewells and tankers. The growing reliance
on groundwater is not reflected in official supply data, resulting in underestimation of its
energy and carbon footprint.

2. Missing Real-Time Energy Consumption Data:Energy data for various components
(pumping, treatment, household-level usage) are often estimated based on assumed
intensities (MWh/MLD) due to a lack of sub-metering across the water supply system.

3. Limited Data on On-Site Sanitation Systems: There is no centralized inventory of septic
tanks, pits, or their design standards. Emission estimates rely on assumed containment types,
desludging frequencies, and containment conditions, introducing uncertainty in CH, and N,O
emissions from faecal waste.

4. Industrial and Tourism Sector Use Opaque: Water and wastewater usage and discharge
data from hotels, industries, and large commercial establishments are often not
disaggregated or reported, masking the full impact of tourism and commercial activity on
urban emissions.

5. Stormwater and Greywater Flows Untracked:Greywater is often discharged into storm
drains without treatment or monitoring, leading to nutrient loading and emissions not
captured in inventories.

6. Sanitation GHG Methodology Limitations: Emission estimates are based on global default
emission factors and standard GWP values (IPCC 2013), which may not reflect local
climatic, operational, or containment-specific variables
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ANNEXURE-Il: STAKEHOLDER CONSULTATION
WORKSHOP ‘CLIMATE RESILIENT URBAN
WATER AND SANITATION INFRASTRUCTURE
SERVICES IN COASTAL TOWNS’: KEY
HIGHLIGHTS AND WAY FORWARD

Programme Highlights

On 13th August 2025, the Stakeholder Consultation Workshop on Climate Resilient Urban Water and
Sanitation Infrastructure Serviceswas held at VMCC, Room No. 21, Indian Institute of Technology
Bombay, Mumbai, Maharashtra, in a hybrid format accommodating both in-person and online
participation. The workshop brought together policymakers, experts, practitioners, and project
partners from Maharashtra, Goa, Gujarat, and Karnataka to discuss challenges and opportunities
in enhancing the resilience of water and sanitation systems in coastal towns. It provided a platform
to share project findings, examine policy and governance frameworks, and explore strategies for
integrated, climate-responsive urban infrastructure planning, fostering dialogue aimed at
strengthening the adaptive capacity of urban water and sanitation services.

The workshop commenced with registration from 9:00 AM to 9:30 AM, followed by a welcome
address by Prof. NC Narayanan, Ashank Desai Centre for Policy Studies, IIT Bombay, at 9:30
AM, who set the context for the discussions ahead. This was followed by an overview of the project
by Mr. Romit Sen, HSBC-India, highlighting the objectives, scope, and significance of the Landscape
Analysis for Climate Resilient Coastal Cities.

From 9:55 AM to 10:50 AM, the project highlights were presented. Prof. NC Narayanan began with
an overview of the background, tracing the history of water and sanitation research conducted by
the lab, which laid the foundation for the HSBC project. He highlighted the rationale for the project,
the significance of the West Coast, and why this region was chosen. This was followed by a
presentation on the Urban Water-Energy-Climate Nexus by Mr. Ashish Dangi, which outlined the
research framework and underscored the interconnections between water, energy, and climate.
Subsequently, Dr. Neelam Rana presented on Policy, Governance, and Finances in WaSH and Climate
Change, providing a comprehensive overview of the current landscape, key challenges, and
potential opportunities for enhancing climate resilience. The presentation highlighted that policies
remain largely focused on adaptation, which is appropriate in a developing country context where
ensuring access to basic services such as water and sanitation confinues to be a priority. The session
emphasized the importance of generating evidence on GHG reductions in the WaSH sector to
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inform mitigation policies. The session concluded with a discussion and Q&A, allowing participants to
clarify key aspects of the study and share preliminary observations.

The session was followed by tea and town-level poster presentations from 10:50 AM to 11:25
AM, enabling participants to engage directly with the project team and explore data, findings,
and visual insights from individual coastal towns.

State-wise discussions were held from 11:25 AM to 12:45 PM, moderated by domain experts:

¢ Karnataka: Mr. Vishwanath S, BIOME Environmental Solutions

e Goa: Mr. Depinder Kapur, National Institute of Urban Affairs (NIUA)
e Maharashtra: Ms. Lubaina Rangwala, World Resources Institute (WRI)
e Gujarat: Prof. Ajay Deshpande, IIT Bombay

These sessions facilitated a deep dive into state-specific and town-specific challenges, opportunities,
and lessons learned from local implementation of urban water and sanitation systems, including
climate and disaster resilience considerations.

From 12:45 PM to 1:15 PM, participants gained practical insights from field implementation in three
coastal towns of Maharashtra—Malvan, Dhanu, and Guhagarh. The session was presented by Mr. Irfan
from the Centre for DEWATS Dissemination (CDD), India, highlighting on-the-ground experiences, key
challenges in service delivery, and innovative approaches adopted to enhance the resilience of
water and sanitation infrastructure in smaller towns. Additionally, Mr. Irfan showcased the
vulnerability assessment tool developed by CDD-India as part of the project, which aids in evaluating
climate and disaster risks to water and sanitation infrastructure at the local level.

After the lunch break, the Feedback and Way Forward Session was held from 2:15 PM to 4:15 PM.
This session brought together key partners and experts, including Mr. Amit Mishra (India Sanitation
Coalition), Mr. Irfan (CDD India), Mr. Romit Sen (HSBC India), Mr. Vishwanath S, Mr. Depinder Kapur
(NIUA), Ms. Lubaina Rangwala (WRI), and Prof. Ajay Deshpande (lITB), who discussed actionable
recommendations, capacity-building needs, and strategies for future collaboration. The session also
featured contributions from state and city representatives, such as PWD officials from Goa, CO
Vengurla, MPCB officials, and officials from Mangaluru and Karwar, whose feedback,
suggestions, and observations provided valuable insights and guidance for the project team.

The workshop concluded with a vote of thanks from 4:15 PM to 4:30 PM, followed by high tea at
4:30 PM, marking the close of a productive day of knowledge sharing, deliberation, and collective
strategizing for climate-resilient urban water and sanitation infrastructure in coastal towns.
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Key Discussion Points
1. Maharashtra

During the Maharashtra session, several observations and recommendations were shared. Ms.
Lubaina Rangwala emphasized that climate financing currently favors large cities, while small and
medium-sized towns remain underserved. She highlighted the need to make tier-3 cities future-
ready, through cross-sectoral and networked thinking, incremental funding, and decentralized
options that generate co-benefits, particularly for coastal livelihoods.

Mr. Irfan from CDD shared insights from work in Malvan, Dhanu, and Guhagarh, emphasizing the
importance of source strengthening in smaller towns and accounting for tourism’s impact on local
water, sanitation, and solid waste management systems. He noted technical and financial gaps in
implementing infrastructure plans and suggested the development of localized, climate-resilient
treatment systems.

Alibag, Vengurla, and Ratnagiri: While no specific sectoral recommendations were recorded for
these towns, the general discussion reinforced the importance of focusing on smaller towns with
limited service delivery infrastructure.

2. Karnataka

Mr. Vishwanath S highlighted the potential of treated wastewater for groundwater recharge,
emphasizing co-benefits in cost savings, water conservation, energy savings, and climate change
mitigation. He noted that political and operational challenges often limit the functionality of STPs
and stressed the need to incorporate these challenges into reports.

Groundwater recharge in coastal towns was flagged as challenging due to high salinity levels.
Discussions around financial sustainability highlighted discrepancies in cost recovery, with
Mangaluru and Kundapura achieving over 95%, whereas Karwar had not yet reached the 50%
mark. Mr. Vishwanath S also underscored the low level of service delivery and the need for
adaptation-focused interventions.

Karwar: The Commissioner noted that STPs frequently stop functioning due to drought, monsoon
flooding, and high tides, which cause corrosion in metal components. It was recommended to
replicate models from Mangaluru and Kundapura, including engaging private vendors for utility
management.

Mangaluru Officials highlighted that STPs are outdated, with end-of-life expected by 2026, and
suggested adopting modern sewerage network techniques to detect and fix missing connections.
Pricing and cost recovery remain a challenge, with reported O&M losses of INR 15—-16 crore,
although updated data indicates higher recovery.
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3. Goa

PWD officials shared that Goa relies heavily on deep borewells and has implemented a 100%
metering system with annual tariff increases of 5%. Non-revenue water (NRW) is estimated at 25%,
with 15% attributable to manual errors. Initiatives include smart metering (3,000 units in Panaii),
free water up to 16m3, and slab-wise tourism tariffs. They aim to supply 24X7 water and are
planning energy audits to optimize energy use per cubic meter.

Mr. Vishwanath S and Goa, PWD officials noted that energy audits for water supply are underway,
but GHG emissions are not currently a primary focus for the state. Challenges include high turbidity
in raw water and local religious constraints on supply timing. Officials emphasized the need for
unified platforms for dialogue and knowledge-sharing to improve WASH infrastructure
performance.

Mapusa: The town sources water primarily from the Sal River, with a high water table and salinity
concerns. Financial challenges were noted regarding one-time settlement schemes for water
revenue, which were not continued after 2021-22.

4. Gujarat

Prof. Ajay Deshpande highlighted models for small and medium towns to assess WASH systems and
evolve into climate-resilient cities. He recommended standards for abstraction and infrastructure
and suggested policy advocacy measures. Ms. Nagma Modi, representing Valsad town, noted
severe waterlogging and flooding in coastal areas of Valsad, requiring immediate attention. Mr.
Depinder Kapur explained methods used to estimate population growth and future water demand
for planning purposes.

5. Expert Panel Comments and General Observations

Across states, several general observations emerged. Prof. Satish Agnihotri suggested triaging ODF
data with health metrics to identify towns where sanitation systems are failing or where positive
outcomes can be studied. Mr. Vishwanath S emphasized the need to ring-fence water utilities and
upgrade tariffs to achieve economies of scale. Prof. Ajay Deshpande recommended differential
vulnerability assessments, highlighting that ULBs often lack the capacity to interpret complex
assessments. Updated CRZ regulations were noted as an important tool for empowering ULBs.

Lubaina stressed the need for future-ready cities, equitable distribution of climate finance to smaller
towns, and community awareness. Vishwanath S highlighted low-cost technologies and the
importance of understanding groundwater extraction and aquifer potential. Mr. Depinder Kapur
underscored the need to consider both sewer-connected and non-sewered decentralized systems
as viable solutions.
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PWD officials from Goa noted ongoing energy audits, while Gujarat representatives stressed the
importance of industrial wastewater management in Valsad and policy-led sewage treatment.

Way Forward

In the short term, the team will incorporate the suggestions and feedback received, including
additional town- and state-specific information, into the respective reports. In the medium term, the
team plans to develop research papers, publications, and other outreach and communication
materials in collaboration with advocacy and implementation partners, namely the India Sanitation
Codlition (ISC) and CDD-India, aiming to achieve broader recognition and secure buy-in from
government stakeholders and the academic community. In the long term, the team aims to engage
governance stakeholders and local academic institutions through targeted capacity-building
exercises, leveraging the forthcoming toolkit designed to assess and enhance the resilience of water
and sanitation infrastructure and services in coastal towns across India.
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ANNEXURE -Ill: ABBREVIATIONS AND
GLOSSARY

Abbreviations
AMRUT Atal Mission for Rejuvenation and Urban Transformation
CCA Climate Change Adaptations
CDRI Coalition for Disaster Resilient Infrastructure
CGWB Central Ground Water Board
CT Community Toilet
DDMP District Disaster Management Plan
DM District Magistrate
DRR Disaster Risk Reduction
ELSR Elevated Level Storage Reservoirs
FSSTP Faecal Sludge and Septage Treatment Plant
GIRI Global Infrastructure Risk Model and Resilience Index
GIS Geographic Information System
GHG Greenhouse Gas
GLSR Ground Level Storage Reservoir
IFls International Financial Institutions
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IPCC Intergovernmental Panel on Climate Change
LPCD Litres Per Capita per Day

LULC Land Use Land Cover

MLD/ KLD Million Litres per Day/ Kilo Litres per Day
MsSL Mean Sea Level

NAPCC National Action Plan on Climate Change.
NbIS Nature-Based Infrastructure Solutions
NRW Non-Revenue Water

ODF Open Defecation Free

(023 On Site Sanitation Systems

Oo&M Operation and Maintenance

RIS Risk Information Systems

RMC Ratnagiri Municipal Council

SBM Swachh Bharat Mission

SBR Sequence Batch Reactors

SDG Sustainable Development Goal

SLBs Service Level Benchmarks

SoP Standard operating Procedure

STPs Sewage Treatment Plants
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ULB Urban Local Body

UNDRR United Nations Office for Disaster Risk Reduction
WTP Water Treatment Plant
WaSH Woater, Sanitation, and Hygiene

Glossary

Term

Definition

Adequacy

Making available in a universal and equitable manner which is sufficient,
acceptable and affordable for all.

Basic Infrastructure

Infrastructure that provides essential services to individuals, households,
communities, and businesses and includes water, drainage, sanitation
networks, local road, river, and rail networks, health and education facilities,
post-harvest processing and storage facilities etc.(CDRI, 2023)7°

Climate Adaptation

Adjustments in ecological, social, or economic systems in response to actual or
expected climatic stimuli and their effects. It refers to changes in processes,
practices and structures to moderate potential damages or to benefit from
opportunities associated with climate change
(UNFCCC, https://unfccc.int /topics/adaptation-and-resilience /the-big-
picture /introduction).

The presence of people; livelihoods; species or ecosystems; environmental

Exposure functions, services, and resources; infrastructure; or economic, social, or cultural
assets in places and settings that could be adversely affected. (UNDRR)
Ability of an infrastructure asset or system to perform the desired function

Flexibility based on specified requirements over time without interruption or

degradation. (CDRI, 2023)

Grey Infrastructure

Engineered physical structures that underpin  energy, transport,
communications (including wireless and digital), built form, water and
sanitation, and solid-waste management systems and that protect human lives
and livelihood. (CDRI, 2023)
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The potential occurrence of a natural or human-induced physical event or
trend that may cause loss of life, injury, or other health impacts, as well as

Hazard . s . .
damage and loss to property, infrastructure, livelihoods, service provision,
ecosystems and environmental resources. (UNDRR)

CDRI has defined infrastructure as “Individual assets, networks and systems

Infrastructure that provide specific services to support the functioning of a community or

society” (CDRI, 2023)

Infrastructure Governance

Infrastructure governance can be understood as the policies, frameworks,
norms, processes and tools used by public bodies to plan, make decisions,
implement and monitor the entire life cycle of public infrastructure. (OECD)

Infrastructure Resilience

Infrastructure systems and networks, the components, and assets thereof, and
the services they provide, that can resist and absorb disaster impacts, maintain
adequate levels of service continuity during crises, and swiftly recover in such
a manner that future risks are reduced or prevented. (CDRI,2023)

Nature based
Infrastructure Solutions

Actions to protect, conserve, restore, sustainably use and manage natural or
modified terrestrial, freshwater, coastal and marine ecosystems, which
address social, economic and environmental challenges effectively and
adaptively, while simultaneously providing human well-being, ecosystem
services, and resilience and biodiversity benefits (UNEP, 2022c).

ODF A city / ward can be notified /declared as ODF city/ ODF ward if, at any
point of the day, not a single person is found defecating in the open (Ministry
of Housing and Urban Affairs, 2020)7!

ODF+ A city / ward / work circle can be notified/declared as SBM
ODF+city /SBMODF+ward /SBMODF+work circle if, at any point of the day,
not a single person is found defecating and/ or urinating in the open, AND all
community and public toilets are functional and well maintained (Ministry of
Housing and Urban Affairs, 2020)
Alternative or back-up means created within an infrastructure system to

Redundancy

accommodate disruption, extreme pressures, or surges in demand. (CDRI)

Reliability of services

The ability of the system to maintain its required capacity and performance
during a given period under stated conditions or disastrous events. (CDRI,
2023)

Resilience

The capacity of interconnected social, economic and ecological systems to
cope with a hazardous event, trend or disturbance, responding or
reorganising in ways that maintain their essential function, identity and
structure. (AR, IPCC)
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Sensitivity

The degree to which a system or species is affected, either adversely or
beneficially, by climate variability or change. (AR6, IPCC)

89 International Institute for Population Sciences. 2020 National Family Health Survey — 5 (2019-2020). District Fact
Sheet. Ministry of Health and Family Welfare.

70CDRI. (2023). Map Viewer. Retrieved from Global Infrastructure Risk Model and Resilience Index, Measuring Risk

and Resileincein Infrastrucure Solutions: https://giri.unepgrid.ch/map

7Ministry of Housing and Urban Affairs. (2020). Declaring your City/Town SBM ODF+ and SBM ODF++ Toolkit for
Urban Local Bodies. New Delhi: Government of India.
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