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EXECUTIVE SUMMARY

Climate change is fundamentally reshaping global water systems through more frequent
extremes and growing hydrological uncertainty. The resulting inthesagen water
securitywhileescalating risks to lives, critical infrastructure, and ecosysitfroeastal

citiesat the forefront Against this backdrop, th&limate Resilient Coastal Cifies
initiative wagnitiatedby Ashank Desai Centre for Policy Studies (ADOP8pmbay

in collaboration witindia Sanitation Coalition (1S€)d CDD India with financial support

from HSBC IndidJnder the initiative, ADCPBT Bombayed the scientificresearch
commnent and conducted comprehensive situational assessiets/Vater and
Sanitation Systenis 12 coastaltowns acros&ujarat Maharashtra Karnatakaand
Karnataka The primary objective afurassessmeis to evaluate the operational and
institutional readiness of water and sanitatsyistemgso adapt to an increasingly
volatile hydraeclimatic regimdn these coastal town3o achieve thisye map the
physicalwater and sanitationnfrastructurewithin the biophysical environment of the
city,and evaluat specific risks and challengesservice deliverggainstiocaland felt

climate realitiesThrough a comprehensive analysis of greenhouse gas (GHG) emissions,
energy footprints, institutioreahd policy landscapeand municipal finances, the report
identifies critical gaps and opportunities for adaptation and mitigatRather than
prescribing final solutions, this situational assessment provides the crucial evidence base
needed to lay the foundation for climatesilient WaSH futuresnd to inform future
research on actionable, contegtecificresiliencestrategies.

Coast al towns on I ndiads west sogpthet repr
implications of increasimjmatevariability for urbanwater security Unlike the acute

disaster risks of the east coast, these towns face chronic, persistennhsiessivad

52% increase in Arabian Sea cyclones since 2001, rapid degradation of protective
mangroves, and a reliance on short, seasonal rivers. These towns oscillate between
monsoon flash floods and acute summer water scarcity, worsened by saline intrusion into

loal aquifers. Studying these locations offers critical insights into tedongsilience

challenges that many Indian cities will confront in the coming deQadesse studies

across 12 coastalownsnot only highlight the increasing vulnerabilities of existing
infrastructurdneavy approaches but also illuminate the pathways forfagdre 1).

The future of urban water security will depend not on a single intervention, but on
whether cities can build coherent, adaptive, anddaron water systems that align
engineering solutions with ecological processes, financial innovation with equitable
savice provision, and climate foresight with institutional reform.



Towards CHRegdient Urban Water and Sanitation Systems: Sitaatignal Assessment of K
Karnataka

Vulnerabilities in Existing Lt
Forward
Approaches

Climate-Stressed Increasing Turbidity
Water Sources & Pollutant Loads

Diverse Water Integrated
Portfolios Governance

Seasonal Scarcity

Inadequate Rising Operational

Chronic Infrastructure Wastewater and : ) Energy-Efficient
. Energy & Carbon Ecological Restoration :
Deficit Faecal Sludge A Operations
Footprints and Costs
Treatment
. s . o Unmonitored
Financial Fragility of Institutional & Data
gility : Groundwater Context-$pecific Climate-Informed
ULBs Fragmentation - )
Dependence Technology Selection Planning

Deteriorating
Ageing Infrastructure Uneven Exposure of Groundwater
& increasing Service Vulnerable Quality - Salinisation Carbon Mitigation &
distruptions Communities & Faecal
Contamination

Integrated Town
Green Financing WaSH Plans

Leakages-Untreated

wastewater disposal into
fragile ecosystems

Figure: Systemic Vulnerabilities in existing approaches to WaSH and Pathways forward.

The report presents the study findingsfarnvar, a Clasdl town, in thé&jttar Kannada
district.Our situationalssessmenf Ka r w aMa$Hsinfrastructure & services from a
climate lensegevealed soméey challenges

WATER SUPPLY:

Seasonal Surface Water Volatility and Infrastructure Tradfs: Municipal reliance on

the Gangavali River faces climadeiven seasonal shortages. To secure summer storage,
a proposed vented barrage presents significant ecological tafte including land
submergence and altered flow dynamics, which are advandimgsiva comprehensive
Environmental Impact Assessment (EIA).

Upstream Fragmentation and Salinity IntrusioRiver flow is actively fragmented by
upstream agricultural and industrial diversions outside municipal jurisdiction. The
consequent reduction in freshwater base flows exacerbates the vulnerability of estuarine
aquifers to saltwater intrusion, threatenagh groundwater quality and local coastal
ecosystems.

Groundwater Overexploitation and ContaminatiorDespite existing surface water
infrastructure, there is a heavy reliance on shallow aquifers, particularly-ohehgjty
and lowincome wards. These aquifers face pronounced seasonal depletion and
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widespread faecal contamination, while a low rate of active piped connections masks
severe supply vulnerabilities.

Coastal Hydrometeorological Vulnerabilitiegs a lowelevation coastal town, Karwar

is highly exposed to seavel rise, storm surges, and extreme rainfall. These
hydrometeorological extremes threaten shoreline water infrastructure, overwhelm
existing drainage systems, and elevate public heakh tisough the contamination of
household wells during flood events.

Network Misalignments and Capacity Constraintglthough the municipal water
network was designed for a 10 MLD capacity, current active connections remain notably
low. Uncalibrated urbanisation and the scaling up of tap connections risk exposing older
network infrastructure to severe pressure fluchstileakages, and inequitable
distribution across growing wards.

SANITATION:

Affordability Barriers and Low Network ConnectivityHigh user charges for
desludging and steep upfront costs for underground drainage (UGD) connections
actively deter household adoption. This financial barrier contributes to a markedly low
sewerage connection rate (currently 13%) and drives residentsdowasafe onsite
containment methods, such as unlined pit latrines, which elevate the risk of groundwater
contamination.

Operational Failures in Centralised Infrastructufiéhe existing sewage treatment plant
(STP) and its associated network suffer from critical maintenance and operational
deficiencies. Field observations highlightfaoational wet wells and improperly sited
treated-water storage structures that allow gjacaiccumulation, frequently resulting in

the direct discharge of untreated blackwater into coastal stormwater drains.

Inadequate Septage and Onsite Managemei@iven the low sewerage network
coverage, the absence of a dedicated Faecal Sludge and Septage Treatment Plant
(FSSTP) represents a critical structural gap. The widespread reliance on unscientific
household pits and poorly managed public toilets, partigula highwater-table

areas, exacerbates local contamination risks and underscores the need for formalised
septage management.

Climate Vulnerability of Sanitation AssetsSanitation infrastructure exhibits high
vulnerability to coastal and hydrometeorological extremes. Prolonged high tides
frequently flood and disrupt STP operations, while elevated coastal salinity accelerates
the corrosion of critical metal componentgh&umore, monsoon inundation severely
overwhelms the network, contrasting sharply with acute operational challenges during
summer water scarcity.

Financial Constraints and Capital Dependendyhe Urban Local Body (ULB) operates
under a heavily grantiependent financial model, maintaining a critically low- cost
recovery rate (25%) for sanitation services despite high collection efficiencies. This
structural fiscal deficit restricts lelegm opeation and maintenance capabilities, a
strain further compounded by mandates requiring high local financial contributions for
national initiatives such as the Swachh Bharat Mission (SBM 2.0).
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ENERGYSE& GHG EMISSIOS!

Carbon Intensity of Surface Water Conveyang@ée bulk of municipal water relies on

a highly energyintensive supply chain, primarily driven by the ddistance lifting of

water to elevated storage (the Mother Tank). This conveyance stage alone consumes
over 3,000 MWh annually, generating more thaji00 tonnes of C& Without
integrating renewable energy or gravifed efficiencies, this infrastructure locks the
town into a higlemission trajectory.

Low-Emission Potential of Groundwateln sharp contrast to surface water operations,
local groundwater extraction presents a markedly lower carbon footprint. Drawing from
shallow aquifers (averaging a depth of 5 metres) requires just 106 MWh per year,
resulting in only 76 tonnes of E@missions. This disparity highlights the strategic value
of incorporating sustainable groundwater management into a hybrid municipal supply
matrix.

Methane Dominance from Onsite Containmeifihe sanitation sector's greenhouse gas
profile is heavily dominated by methane emissions from anaerobic onsite systems. Lined
and unlined soak pits generate an estimated 4,602R€&nnually, while septic tanks
contribute 3,114 tC@. Additionally, the disposal of sludge in drying beds at the
central treatment facility generates 470 t66)identifying faecal sludge management

as a critical emissions hotspot requiring urgent intervention.

Hidden Climate Impacts of Greywater Dischardeitrous oxide (RO) emissions from
untreated greywater represent a significant, yet frequently overlooked, climate risk. The
unchecked discharge of nitrogerh greywater into municipal stormwater drains and
estuarine environments generates over 1,100reC&hnually (combined from both
onsite and networkonnected households), highlighting a critical gap in integrated
wastewater planning.

FINANCIAHEALTH:

Revenue Instability and Collection DeficiencieShe municipality exhibits a highly
volatile cost recovery rate, which plummeted to 45% during the -202period.
Revenue generation is actively undermined by inconsistent collection efficiencies
dropping to 35% in 201718 with projected declines to 49%12024-25f driven by
outdated billing systems, public resistance to tariff adjustments, and weak enforcement
of payment compliance.

Escalating Operational Pressure&inancial strain is exacerbated by compounded
operational inefficiencies, notably high volumes ofeeenue water, escalating energy
tariffs, and fluctuating bulk water purchase costs. These mountitmaiayexpenses
continually outpace internal rewee generation, driving sustained operating and fiscal
deficits across the utility.

Structural Grant Dependencyoth the water and sanitation sectors demonstrate an
unsustainable reliance on external central and state government grants, which have
become increasingly erratic p@€20. Internal revenue generation remains heavily
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reliant on ondime underground drainage (UGD) connection fifggslding an
exceptionally low owanevenueto-grant ratio of just 0.08 leaving the municipality
highly vulnerable to unpredictable funding cycles.

Capital and Operational Expenditure Imbalancé/hile municipal spending structurally
prioritises new capital infrastructure development, fluctuating per capita capital
expenditure is accompanied by a severe underfunding of routine operational and
maintenance requirements. This systemic failure tackatapital investment with day
to-day operational spending directly jeopardises the ldagn functionality and
sustainability of municipal services.

Conclusion: Strategic Outlook and Gap Identification

The situational assessment of Karwar highlights the severe vulnerabilities of a low
elevation coastal municipality locked into an enénggnsive, centralised utility model
while facing acute hydrometeorological extremes. The town's heavy reliancarmn dist
surface water conveyance and gratgpendent sanitation infrastructure is increasingly
misaligned with its fragile estuarine geography and severely constrained fiscal capacity.
This structural mismatch not only exacerbates the municipal carbortfiodtpran by
longdistance pumping and pervasive methane emissions from inadequate onsite
containmefit but also deepens financial deficits through escalating operational costs
and consistently poor cost recovery. Moving forward, navigating these compounding
climate and economic risks requires a strategic shift towards integrated ,-chisilagpt
stewardship. The municipality must pivot away from a singular dependence on
vulnerable surface water and erratic external funding, focusing instead on a hybrid
suppgy model that safely integrates local groundwater alongside the formalisation of
decentralised faecal sludge management. By prioritising billing reforms to stabilise
internal revenue and adapting existing infrastructure to withstand coastal flooding,
Karwar can bridge its operational financing gap and secure a sustainablesddyon
pathway for urban service delivery.
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1. URBAN WATER & SANITATION SYSTEMS
IN A CHANGING CLIMATE

ASHISH DANGNEELAM RANA, N.C. NARAYAMAD PRIYAKSHI GOGOI

This chapter establisheautheersatlimateWaSH context and methodologysatillifor our

study of 12Zcoastal towns in Indlaexamines the impact of an intensifying global water
onurbarwaters ecur i ty, focusing on the emeftt
is a shared chapter across all reports in this seriesp&oifia findings begin in Chapter

1.1 BACKGROUND

Theglobal average air temperature over land shows a significant rising trend over the past
decades witl2025 recordedas the third hottestear! (Figure ). The persistent warming of
the atmosphere effectively turns it into a larger sponge that can hold more water.

Figurel:Global annual average land temperature (1972025).

14.5+

Average temperature (°C)

1980 1990 2000 2010 2020

Data SourceGlobal Water Monitér




Towards CHReddient Urban Water and Sanitation Systems: Situational Assessment of Karw:

This leads to a volatile cycle: during dry periods, the 'thirstier' atmosphere aggressively
evaporates moisture from soil areservoirs, deepening drought conditions. However, once
this moisturkaden air is triggered to release by a cyclone or orographic lift, it discharges
with explosive intensity. Thus, cities are confronted with a dual reality referred tolasdhe
whiplashlonger, more intense dry spells that threaten source sustainability, interspersed with
violent, shortluration rainfall events that overwhelm drainage infrastructure. These hydro
climatic shifts due to intensification of the hydrological cycle, destakdter availability

while escalating the threat of wateglated disasters to human lives, critical infrastructure,
and natural ecosystemn.fact, hese hydrological extremes now constitute some of the most
tangible and widespread impacts of climate change.

Between 2001 and 2018, over 74% of global natural disasters were wadkated, causing

over 300,000 fatalities and- 1.7 trillion USD in economic damages worldwidasing
immense human and economic bss8fbal Climate Risk Index 2021 ranks India as the
seventimost exposed and vulnerable country to climate extrem@&th high risk of
concurrent flood incidents, the country is among the most vulnerable countries to climate change
as perintergovernmental Panel on Climate Change (Ifi&i@)assessment repdftore than

300 extreme events have hit the countryecent decades;ausing losses of more than INR

5,600 billior?. A recent evaluation indicates that more than 75% of districts in India, including
95% of coastal districts, are hotspots for extreme eyents

However, focusing solely on these acute disasters obscures the more iosigieus)
erosion of water secuttiat cities now face. The fundamental shift in the hydrological baseline
is creating a crisis of chronic unreliabilitye rising temperaturea one hand resultin a surge

in water demand and volatility in water availability on the otHeéurthermore, warmer
temperatures actively degrade water quality by promoting algal blooms and reducing
dissolved oxygen levels, meaning that even when water is physically available, it is
increasingly difficult and energgtensive to treat. Ultimatelygse shifts threaten to render
conventional infrastructure obsolete, transforming water security from a manageable
operational challenge into a persistent existential risk for growing urban populations.

Figure 2illustrates the intensification of the water cycle driven by global warming and its
cascading consequences for urban water secwWitdisrupted natural systemeduces
reliability of water supply, degrag@swater quality and places infrastructure at riSkastal

cities are particularly vulnerable in this changing regime, facing compounding threats from
surging cyclones, séavel rise, and storm surges that overwhelm drainage networks and force
saline intrusion into freshwater aquifers.
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Figure2:Intensification of the water cycle due to global warming and its impact on urban water security.
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Nowhere are thesbydro-meteoological shifts 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 qudity in coastal areas More intense rainfall combined with rising sea
levels amplify storm surges, salinity intrusions and surfac# plecing coastal settlements

at heightened risk. These shifts not only impact freshwater resources but also exacerbate
existing vulnerabties to flooding and inundatioA.warmer atmosphere and ocean provide
additional energy for storm intensification, leading to a greater number of extreme weather
events. Cyclones, in particular, pose catastrophic threats not just to lives and infrastructure, but
to the very backbone ofrban 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 exising 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, wherepproximately 18% of its populatioresides in 72 coastal districts

This escalating hydimatic volatility inevitably converges on Wateranagement
particularlyin cities, where dense populations, concentrated infrastructure, and increasingly
fragile ecosystems intersect. Urban watgstemsspanning water supply, wastewater
management, drainage, and groundwater regulation, were designed for a different climatic
reality and are now struggling to cope. For instance, the January 2025 wildfires in Los Angeles
exposed critical vulnerabilitiesurban water systems. Firefighting efforts were crippled when
water storage tanks ran dry; officials acknowledged the system was "designed to put out
house fires, not multiple neighbourhoods or fifielditional management focused solely on
balancing supply and demand becomes obsolete. Instead, WaSH systems must evolve into
adaptive instruments for disaster preparedness and public health. In an era of uncertainty,
safeguarding urban liveability requiresansforming these interdependent systems to
withstand the dual threats of chronic scarcity and acute extrem&s)g resilient WaSH
infrastructure the cornerstone of sustainable cities.

1.2 THERISING CLIMATE THREAT ™ODI A6S WEST COAST

The West Coast of India is rapidly emerging as a new frontier of climate risk, driven by a
dangerous synergy between the warming Arabian Sea and the region's unique topography.
While the Bay of Bengal has historically been the more active basin, recemedadts a
paradigm shift: the Arabian Sea has witnessed a 52% increase in the frequency of cyclonic
storms and a threefold rise in very severe cyclonic storms during the recent epoéh (2001
2019)10 This intensificationfigelled by rising Sea Surface Temperatures and Ocean Heat
Content, which act as a massive "moisture pump" ensuring a constant supply of water vapour
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to the warming air with a greater water holding capa¥itylhis is corroborated by lottgrm

at mospheric data showing a sharp surge in 1In
in the 2020s where levels have consistently exceeded 68%u(e 3. When this moisture

laden air intercepts the steep barrier of the Western Ghats, the resulting orographic lift
triggers explosive, higimtensity rainfall events.

Figure3: Annual time series of air humidity over Indian landmass.
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Al ong I ndiads west coast, the coastal distri:
vulnerable to tropical cyclones in recent y&arsurther, west coast states are more exposed

to sea level rise; every ofmetre rise in sea level can inundate almost 5,763ckdand4.

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 IPCC

2023 report>s.

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 touristrcens . The regionds
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, grauater 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.
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1.3 SYSTEMIC VULNERABILITIES AND THE CLIMATE MULTIPLIER EFFEQ

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 conaéapiproaches

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 measuresndaige 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 wastewatet flavs 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 thestassed context of India,
shoriterm needs are often understdably prioritised over longerm sustainability
particularly for a need as vital as water: the lifeblood of urban life. However, this-tvffde

may no longer be tenable.

Even without climate pressumgater management itndian cities facedeep structural
challenges: widening demaistipply gaps, shrinking freshwater sources, falling groundwater
tables, and the degradation of rivers, wetlands, and aquifers. Conventional approaches such
as large dams, longistance water transfers, deeper ettion, and engineered floed
control measures, have historically prioritised-gont supply augmentation at the expense

of ecological stability.

The consequences are-faaching:

1 Altered river flows and disrupted drainage systhresto unplanned urban
development

Low groundwater recharcgused by impermeable surfaces

High dependence amergyintensive pumpinigicreasing carbon emissions

Large volumes of untreated wastevdigeharged into rivers, seas, and aquifers
Increased vulnerability to floods and salinity intasiooastal ecosystems such as
mangroves and estuaries decline

=a =4 4 A

As a result, urban water systems across India operate under chronic stress, with climate change
amplifying existing weaknesses and introducing new, compounding risks.

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
socieeconomically disadvantaged groép5-18.19 and are now exposed to climate change
related risks.
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Governance and Policy Gaps: A Structural Barrier to Resilience

Despite clear evidence of climate impacts, policy responses across water, energy, and urban
development remain fragmented. Governance arrangements continue to operate in sectoral
silos:

1 Water policiegocus on augmenting supply rather than reducing demand or building
resilience.

1 Energy policiearely account for the energy footprint of WaSH services and the water
footprint of energy generation and distribution.

1 Climate strategié®quently overlook the carbon footprint and vulnerabilities of water
and wastewater infrastructure.

Urban Local Bodies (ULBs) face chronic financial and technical capacity constraints. Many rely
on adhoc, projectriven solutions that respond to immediate complaints but do little to
address systemic vulnerabilities. Institutional inertia, overlappsdjcjfions, and limited
accountability impede loAgrm planning. Meanwhile, the most severe impacts are
disproportionately borne by marginalised communities, deepeningspatia inequities.

Without integrated governance mechanisms, cities remain locked into cycles- of over
extraction, infrastructure stress, ecological decline, and rising climate vulnefadaility.
comprehensive insights on policy landscape refer to our policy analysis.report

1.4 REIMAGINING URBAN WATER RESILIENCE IN THE FACE OF CLIMAT

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 watgated challenges brought by urliaation,
threatening the sustainability of urban water systems. As temperatures continue to rise,
conventional water management approaches focused on-$agje infrastructure, and
reactive coping strategies may prove insufficient under these compourdsdres. In fact,

such strategies could worsen loegn vulnerabilities by disrupting the natural water cycle,
especially in fragile coastal ecosystems.

Climate change thus acts as a walgecall, urging policymakers to reassess the fragile
relationship between urban water systems and the natural water cycle. Ensurtegrong
water security and resilience demands a new paradigm that not only addresisesiddiate

impacts of climate change but also strives to harmonise existing water systems with natural
cycles.
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With this understanding,study titeddo L andscape analysis for four
resilient wat er a wasindiaedunderatheiClimate Resilient €zastal uct ur
Cities(CRCCinitiatve financialy supportoy HSBGndia Thestudyfocuses oavaluating the

existing water and sanitation systems in the backdrop of emerging climate r&alRies

coastal townacrosdMaharashtra, GujaraKarnataka and KarnatakaFigue 4)

Figure4: Case study towns across 4 west coastal states of India
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1.5 METHODOLOGY

Theprimary objectivef ourstudy ig0 assess the operational and institutional readiness of the
Urban Water & Sanitation sector to adapt to a changing-bimdratic regimevhile identifying
pathways for lowcarbon and sustainable service deliv@rige methodology is structured to
build a cumulative evidence base, moving from baseline profiling to detailed diagaagtics
resilience evaluation.

1.5.1 ANALYTICAL FRAMEWORK

The process begins with a systematic literature review to establétatyecal framework
governing the interaction between climate impacts and water and sanitation (WaSH)
infrastructure.

Figure5: The WateiEnergyClimate Nexus in urban water systems.

Policies &
Institutions

Cli
GHG Emissions from Energy Systems I mate

Sour ce: Aut hords Il lustration

Our methodological approach is grounded in a systbinking framework that
conceptuades urban water and sanitation (WaSH) not as an isolated sector, but as a dynamic
component of the WatdenergyClimate nexus. As illustratedHigure5, this approach




Towards CHReddient Urban Water and Sanitation Systems: Situational Assessment of Karw:

evaluates the bilirectional interactions between these three critical domains, all of which are
mediated by central governance structures.

The framework is structured around four primary nodes and their interacting flows:

1. The WateClimate Interacit The framework assesses the dual relationship between
WaSH infrastructure and climate change. It evaluates the physical climate impacts on
Urban Water Systems (UWS)ch as extreme weather events, altered hydrological
cycles, and coastal hazardsile simultaneously quantifying the GHG emissions from
UWS, establishing the carbon footprint of current water management practices.

2. The WateEnergy Interdependeritmaps the resource interdependencies, specifically
focusing on the Energy for Water requirement. This involves auditing the energy
intensity of extracting, treating, and distributing water, as well as conveying and
treating wastewater.

3. The Energ@limate Linkag&he framework acknowledges that the energy systems
powering WaSH are themselves vulnerable to climate impacts, while their baseline
GHG emissions dictate the overall carbon intensity of the urban water cycle.

4. Policies & InstitutioRkaced at the core of the framework, institutional governance acts
as the primary mediating force. The framework analyzes how governing bodies
respond to systemic stressarsh as demand pressures, ecological degradation, and
risk/resilience needsnd how they shape the physical systems through infrastructure
planning, resource allocation, technology pricing, and the implementation of
adaptation and mitigation policies.

By applying this holistic framework, the situational assessment moves beyond simple
infrastructure mapping. It allows us to systematically identify operational vulnerabilities,
calculate environmental footprints, and evaluate the institutional readiqpeissdd¢o build
climateresilient WaSH systems.

1.5.2TOWN SELECTION CRITERIA

The town selection followed a tst@p process. First, a set of criteria was developed through

a comprehensive literature reviewailined in Table).1These criteria were designed to ensure
diversity among the case study towns in terms of WaSH infrastructure and services,
geography, demographics, and climate vulnerability, administrative status, thus enabling a
more representative and contextually gnoled analysis.

10
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1 Current understanding of climate riskhe selection process considered the known
climate risks each town faces, as these are critical for assessing the vulnerability of
WaSH infrastructure to climatelated hazards.

1 Variation in infrastructure and urban characteristicGowns were selected to reflect
diversity in water and sanitation infrastructure and service levels, population size,
climatic conditions, and economic actifitfestors that influence exposure and
adaptive capacity and GHG emissions.

1 Socieeconomic profileDifferences in soceEconomic 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.

1 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 fstatich as municipal
corporations or cladsand beyondi 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 anbdevelopment plans. These towns also benefit from
larger budgets, greater reventgenerating powers, and enhanced eligibility for
national and international funding schemes focused on climate adaptation and
mitigation. In contrast, smaller towns or payets often rely heavily on state or
districtlevel 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 riskemmnssions. Their greater political
visibility further enhances their chances of being inclaodgeidt projects or targeted

policy interventions. Thus, a townds admi
design and implement effective, contegécific climateesilient infrastructure and
services.

The above process generated a preliminary list of towns, from which the final selection was
made in consultation with the state Diratésof Swachh Bharat Mission Urban (SBM

11
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Table1:Town Selection Criteria

Key Parameters Selection criteria

Administrative status Municipal Municipal Council Nagar Panchayat
Corporation
(A and B) (Cand D)

City Size based on Classdl to Class IV
population

Socieeconomic profile Capturing variability in socieconomic profile of the town population

Climate Change Exposure Low Medium Risk/vulnerabl¢ High Risk/vulnerable
and vulnerability Risk/vulnerable

Sanitation Infrastructure  Only  Onsite| OSS + % networkec OSS+ % networked +

Services Status Sanitation system Nonnetworked (NBS)
Conventional/ FSSTP)
Economic Contributions  Industrial, agricultural, tourism, service sectors
/Profile
State government and UL Past and current partnerships, collaborations
support
Table2 : Selected Towns
‘ State Town Population (2011 Class
Maharashtra  Alibag 20,743 Clasdlll
Ratnagiri 76,229 Clasdl
Vengurla 12,392 ClasslV
Karnataka Mangaluru 4,99,487 Clasd
Kundapura 30,444 Clasdlll
Karwar 77,139 Classll
Goa Canacona 12,434 ClasdV
Mormugao 94,393 Clasdll
Mapusa 39,989 Clasdlll
Gujarat Dwaraka 38,873 Clasdll
Mandvi 51,376 Classll
Valsad 1,70,060 Classl

12
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1.5.3STEMBY-STEP APPROACH $TOUATIONAL ASSESSMENT

Figure6: Methodological framework for the situational assessment and resilience evaluation of urban WaSH systems.
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As illustrated irrigure 6 our townlevel situationahssessment follows a logical, raiép
progressiorthat begins with town profiling to establish demographic, spatial, and climatic
baselinesWe then map the entire water and sanitation service chain to evaluate physical
infrastructure, operational performance, environmental footprints, and institutional
responsibilities. This is followed by a financial health assessment of the Urban Ldcal Body
analyse municipal budgets and expenditure trends. Next, we identify specific vulnerabilities
by mapping coastal hazards against critical infrastructure locations and emerging risk
hotspots. These steps finally culminate in a comprehensive resilience adsaissvadumtes

the overall adequacy, flexibility, reliability, and financial risk governance of the system.

1.5.4 DATA COLLECTION

To assess the resilience of water and sanitation infrastructure, the study employed a mixed
method approach combining extensive ewssed research with targeted fieldwork. Initial
reviews of national and municipal datasets (e.g., Census/Jb&dthablishek the analytical
framework and identified critical data gaps, which were subsequently addressed through
stakeholder consultations with ULB and-ttaéd officials. This was complemented by on
ground validation, including technical site visits to kestnicture assets (WTPs, reservoirs)
and rapid assessments of vulnerability hotspots, wheressantured interviews with
residents provided critical insights into service delivery challenges and local climate impacts.
Detailed data collection steps agdestionnaire for grourtduthing (resident interviews) are
provided inAnnexurd of the report.

The study also identified several critical data gaps that limit comprehensive assessment and
effective decisioimaking. These gaps, detailed imnexurdl, highlight the need for
improved data collection, systematic reporting, and stronger integration of information across
institutions to better inform future planning and resiliead@ing efforts.

Ths situation assessment repoiresents the study findings fisarwar, a Classl|

coastal town i n Kar dsaittwitk a@opulation df @ppreximételyn n a d a
63,755 (Census 2011), situated in one of the four most climatginerable states in

India2. The report primarily examines the towno
sanitation sector amid climate change and as
risk assessment of climate change impacts on its infrastructure and services.

Karwar lies between the Arabian Sea and the Western Ghats. The coastal plains of Karwar

are relatively narrow, quickly transitioning into hilly and forested terrain as they extend
inland. These plains, in which the city is located, support both agranudturban settlements

and is adjacent to the Kali River estuatgrwar faces significant challenges due to its tropical
monsoon climate, increasing intensity of precipitation and rising sea levels driven by climate
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change. Further, while coastal districts in Karnataka excel in Human Development Index (HDI),
Multidimensional Poverty Index (MPI), and poverty levels, they face increasing vulnerability due
to direct threats from cyclones in the Arabian Sea and iinadp@ctis from eastern coastline
cyclonesThe city is exposed to high risks from increasing cyclones, storm surges, and heavy
precipitation, leading to flooding, inundation, landslides and saltwater intrusion. These risks
are exacerbated by the city's low elevation, nearly 50 % of the adminigérdéand at an

elevation less than 10 meters abowean sea leveMSL).
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2. TOWN PROFILE

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

This chapter presents a detailed town profile, covering demography, climate, topography, land
use and land cover, as well as key climate risks highlighted in literature.

Karwar, a coastal town in the Uttara Kannada district of Karnataka, is situated along a

30-kilometer stretch of coastline on the west coast of India. It lies between Latitude 14° 45' N
and 14° 55' N, and Longitude 74° E to 74° 07' 30" E (National Centre for Cloastearch).

The City Municipal Council of Karwar was formed on June 30, 1864, and later upgraded to
a City Municipal Council on January 1, 1986. Covering an area of 27.15 square kilometers,
it includes 31 council wards and has approximately 210 kilometeoads. Serving as the
administrative headquarters of Uttara Kannada, Karwar is located along the Kali River. The
town is uniquely positioned between the Arabian Sea and the Western Ghatsoastal

plains of Karwar are relatively narrow, quickly transitioning into hilly and forested terrain as
they extend inland. These plains support both agriculture and urban settlements, but their
proximity to the sea makes them susceptible to stogassand saline intrusion. Karwar is
flanked by the Western Ghats, a UNESCO World Heritage Site renowned for its biodiversity
and ecological significance. The steep slopes of these hills influence local weather patterns,
causing orographic rainfall duriniget southwest monsoon. Their elevation accelerates runoff,
limiting groundwater recharge and increasing the risk of flash floods. The Kali River, a key
water body in the region, flows into the Arabian Sea near Karwar, creating estuarine
ecosystems vital fdsiodiversity and fisheries. However, increased runoff during heavy
rainfall can lead to flooding, affecting both natural and built environments.

Demographic Profiléne city has 16,369 households according to the 2011 census in 31 wards.
As per the 2011 census, Karwar city has a total population of 63,755, including 32,207 males
and 31,548 females. The average sex ratio is 979 females per 1,000 males. The child
popuhltion aged G6 years is 5,753, which is 9% of the total population. Karwar boasts a
literacy rate of 93%, surpassing the district's average of 84.8%. A total of 22,872 individuals

in KMC area were engaged in work activities. Of these workers, 85.2% wegreysd in

main work (defined as employment lasting more than six months), while 14.8% were involved
in marginal work, earning a livelihood for less than six months. Among the 27,708 main
workers, only 111 were cultivators (either owners a@avarers), and.53 were agricultural
labourerst.
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Figure7: : Municipal Council Map with Population Density and Bulllp Area
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Landuse Land CoverKarwar city is the administrative centre of Karwar taluks. The taluk
region has a significant forest cover, plantations and croplands and has seen a significant
increase in built up over the last couple of decades. The major landcover classifications for
Karwar city are built up, vegetation and water (figuBetable 3). The Kali River estuary has

one of the highest numbers of mangrove species present in the KarnatakaTdoastard

level built up footprint reveals that wards 1, 25, 29 and 31 are the least built up. These
wards together form a ridge which is a continuation of the ghats in the east, densely
vegetated, and sloping down both in the north towards the Kalirgsama towards the

south with low lying wards habited by fishing communities.
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Table3: Wardwise Population Distribution and Buiip Footprint

Ward Populati Estimated Estimat Built Ward Population Estimated Estimated Built
on Population ed Area Census Population Area (sq. Area
Census Density Area % 2011 Density km) %
2011 (sq.
km)

2 1553 1934 0.8 15.6% 18 1929 5034 0.4 46.5%
3 1102 7972 0.1 68.9% 19 3703 7718 0.5 46.4%
4 1677 3514 0.5 43.2% 20 2560 16458 0.2 40.8%
5 2568 3998 0.6 32.9% 21 1955 2631 0.7 30.6%
6 3377 8339 0.4 39.8% 22 1236 2082 0.6 35.6%
7 2582 4372 0.6 30.3% 23 1853 2698 0.7 30.2%
8 1157 4854 0.2 40.0% 24 2652 10412 0.3 45.6%
9 1611 3157 0.5 17.6% 25 2555 904 2.8 8.9%
10 2359 2488 0.9 19.4% 26 2684 1336 2.0 13.3%
11 1118 3320 0.3 39.4% 27 1266 2306 0.5 23.0%
12 1037 3244 0.3 45.1% 28 2312 3670 0.6 22.5%
13 2115 7800 0.3 60.7% 29 814 455 1.8 8.1%
14 2494 7384 0.3 45.3% 30 1447 686 2.1 15.7%
15 1666 5763 0.3 47.5% 31 2751 506 54 5.6%
16 3990 8826 0.5 41.4%

ClimateThe data at town level is lacking. Uttara Kannada district has a tropical monsoon
climate, with hot and humid conditions along the coastrgead. Temperatures rise from
January, peaking around 30°C in May, occasionally reaching 38°C. The distridsegeiv
average of 2,750 mm of rainfall annually over 103 rainy daysth Karwar taluk ranking
among the top five for rainfall(Ref. Figur®).
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Figure8: Land cover and buitup footprint of Karwar
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Figure9: Historical Annual Rainfall in Karwar Taluka
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Disasterdown level data on disasters is lacking. Hence, we relied upon district and taluk
level secondary data on disasters. Cyclones in the district are low frequency and high impact
hazards (Ref. Tablé). Historically, the worst cyclone to hit the district was during the year
1979. No major damage was reported during that period. On the other hand, floods in Uttara
Kannada are a high frequency and high impact phenomenon. Draughts in Uttara Kannada
distrct are high frequency and high impact hazards as compared to floods. The district faced
many drought conditions earlier due to deficit rainfall and overexploitation of groundwater
resourcé.

Karwar taluk, which experiences higtteanaverage annual rainfall compared to the district,

saw approximately 7,000 people affected during the 2019 floods. As per the t&ble
Karwar Municipal Council seems to be also impacted by the floods (Uttara Kannada District
Disaster Management Authority, 2023). In August 2019, heavy monsoon rains led to
widespread flooding in Karwar city, causing significant transportation disruptidns
property damagé“. Intense rainfall, combined with dam releases, led to severe waterlogging
and inundation, submerging parts of National Highway 66 and temporarily disconnecting
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Karwar from Goa. While no Iives were | ost, tF
flooding during extreme rainfall, highlighting deficiencies in drainage infrastructure.

Table4: Impact vs Frequency Mapping of Hazards in Uttara Kannada District

Events High impact low frequency  High impact High frequency

Cyclones/Heavy Rains

Floods

Draughts

Sea Erosion

Source: (Uttara Kannada District Disaster Management Authority, 2023)

Table5: History of Disasters in Uttara Kannada District, Karnataka

Events 2009 | 2010 2011 @ 2012 2013 2014 2015 2016 | 2017 2018 2019 2020 2021

Cyclones/
Heavy
Rains

Floods

Draughts

Sea
Erosion

Source: (Uttara Kannada District Disaster Management Authority, 2023)
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Figure10: Flood Impacted Areas in Karwar Taluk
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As per climate change projections,he dr ought & years are project
of 1 to 3 years under RCP 4.5 scenario, and 1 to 4 years under RCP 8.5 scenario for Short

term (2030s), for Uttara Kannada. However, about 15 districts in Karnataka, excluding Uttara
Kannada, are prticularly vulnerable to heat waves (Government of Karnataka, 2023)e

increased heat wave incidences will lead to increase in water demand for both potable and
norrpotable purpose®. In Karnataka, an increase in the number of rainy days is projected

for most of the districts of Karnataka, under both RCP 4.5 and 8.5 scenarios.
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3. STATUS OF WATER INFRASTRUCTURE
AND SERVICES

ASHISH DANGIAND NC NARAYANAN

This chapter provides a situational assessmeatepiinfrastructure and servicesainvi,

Karnataka, through a climate lens. It examines how the town is responding to increasing water
demand amid growing constraints on availability and quality, as wekxdstipig systemic
challenges. The analysis highlights critical gaps, vulnerabiditigstential opportunities for
transitioning toward more climegsilient urban water systems.

The port city of Karwar is uniquely positioned, bordered by the Kali River to the north, the
Arabian Sea to the west and south, and the Kali River estuary to the east (Ref. Figure 5). This
distinct geography, with its combination of hills and water badfasences local hydrology,
groundwater recharge, and urban expansion. While the proximity to water sources provides
opportunities for water supply, it also poses challenges such as saltwater intrusion, flood risks,
and limited space for infrastructurepaxsion.

Figure1l: Geographical features of Karwar

SourceAut hor 6s il lustration using Google Earth satelli
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3.1 SURFACE WATER SOURCES

GangavalRiver

The Gangavali River, also known as Bedthi or Gangavalli, is a crucial water source for Karwar
and surrounding areas. Originating in Dharwad district, it flows for approximately 161 km
through Uttara Kannada, Dharwad, and Haveri before draining into thbi#raSea at
ManjguniAnkola (refer figurel2). The river has a catchment area of 3,935 sqg. km,
encompassing key towns such as Sirsi, Mundgod, Ankola, Hubli, Dharwad, and Shiggaon. Its
major tributaries include Bedthi, Vibuthi Holé, Huli Devara Kodlu, Yenne Hole, Shalmala, and
Sonda. Rainfall in thmatchment varies significantly due to orographic influences, ranging from
1,000 mm in the plains of Hubli to over 4,500 mm in the Ghats of Yellapura, contributing to
an estimated water yield of 45 to 70 TMC. The catchment's population has grown steadily,
increasing from 879,809 in 2001 to 1,014,711 in 2011. This growing demand, coupled with
numerous smatale diversions such as check dams and bunds, highlights the need for
sustainable water management to balance ecological and human water needs imote reg

Figure12: Gangavalli or Bedthi River in the West flowing rivers from Tadri to Kanyakumari Basin

River Name: Gangavalli Or Bedti R

gavalli Or Bedti R

Vard®

Haveri
°

Source: Indi@Vater Resources Information Systg¢RI§

In this context, the Haladi River is more than just a natural resource; itis a shared and contested
system shaped by both natural forces and human interventions. Ensuringtésnlong
sustainability will require integrated watershed management that rtscor climatic
variability, upstreandownstream equity, and the cumulative impact of human activities across
the basin.
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3.2 GROUNDWATER

Laterite rocks are prominent in the area forming potential phreatic aquifers. These are highly
porous and permeable and get fully recharged after monsoon. The aquifer drains out due to

subsurface out flow in the post monsoon period. The dug wells tdmsagtuifers located
in sloping grounds get dried up during summer months, even if the groundwater extraction in
the area is low.

Figure13: Hydrogeology Uttara Kannada district Kanyakumari Basin
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Granite AquifersTheinland areas surrounding Karwar are underlain by granite r¢agare

13). These hard rock formations typically have limited primary porosity but can store and
transmit groundwater through secondary porosity features such as fractures and weathered
zones. Alluvial Aquifers: Along river valleys and floodplains near Karwaiabtdeposits
composed of sand, silt, and clay can form aquifers. These alluvial aquifers are often
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unconfined and can be significant sources of groundwater. However, due to their unconfined
nature they are highly susceptible to contamination.

Estuarine AquifersThe Kali River to the north of Karwar estuary plays a significant role in
shaping estuarine aquifers by mixing freshwater from rivers and saline water from the sea.
The interaction between river discharge and tidal movement directly affects the salinity
gradient within such aquifers. Karwar lies at the far end of Kali River and therefore highly
vulnerable to interruptions in river discharge due to human interventions upstream. These
aquifers highly sensitive to climate change due to their connectiomthifreshwater and
seawater systems. Climate change alters hydrological balances, increasing tisalirsikyof

ingress, reduced freshwater recharge, and ecosystem degradafidrese aquifers sustain
mangrove ecosystems, which are crucial for biodiversity and coastal protection.

According to a report by groundwater directorate Karnataka and the Central Ground Water
Board published i20202°, Karwar Block is classified as ¢
around 45% of resources utilized as of March 2Q&igure 14)

Figure14: Categorization of assessment units in Uttar Kannada district based on Groundwater Estimation Methodology2@BGEE;
as on March 2017 (CGWB)
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Figure15: Observed Range of water level (mbgl) between May 2023 to May 2024

Figurel5 illustrates the observed range of groundwater levels (meters below ground level,
mbgl) from May 2023 to May 2024 across different telemetry stations in the Karwar region.
The Karwar city center exhibits significant seasonal fluctuations, with highgerdahag
monsoon months and notable depletion in dry periods. This variation suggests intensive
groundwater extraction, particularly in higbpulationdensity areas, indicating a strong
reliance on groundwater to meet the city's water demand. Thetatistations to the south

of the city exhibit relatively lower variations, suggesting more stable aquifer conditions or
lower dependence on groundwater extraction.

Ground Water Quality

As per the ground water year book of KarnatakZ021)3! , fluoride concentration of 1.67
mg/L was observed which is more than permissible limit of 1.5 Fgther, the CGWB
identi fies Karwards groundwater as being vul
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Figurel16: Areas vulnerable to Ground Water Contamination
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Kukanur et. Al2021)32 conducted a study (refer figure7l in Karwar to assess the
bacteriological quality of household well water at both the source and point of consumption.
The study involved 30 households selected through simple random sampling. These households
were classified into four groups based onrtkecioeconomic status based orBth@. Prasad

SES scale 202&/hich takes into account per capita income of a family. The findings revealed
thatall well water samples were contaminated witEscherichia c@. coli) indicating fecal
contamination. Furthermore, 80% of the samples collatcted point of consumptioralso

showed coliform presence, Wifo confirming E. coli contamination

These results highlight significant health risks associated with consuming untreated well water
in the region. The study also noted that water handling practices at the point of consumption
played a critical role in water quality, suggesting that padction contamination is a major
concerrparticularly in low-income households To mitigate these risks, it is essential to
implement regular water quality monitoring, improve sanitation infrastructure to prevent
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faecal contamination, and promote effective household water treatment and safe storage
practices.

Figure17: Contamination of water samples taken at source and point of consumption among different communities belonging to
various SES
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Source: Own illustration based on Kukanur et. Al)(2021
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3.3 WATER INFRASTRUCTURE

The water supply scheme for Karwar, Ankola, enroute villages, and Aditya Birla Chemicals
(formerly Caustic Soda Factory) was commissioned in May 1975 (Ref. BigwéhLan
installed capacity of 40.86 MLD. The scheme sources water from tflewest Gangavali

River, located approximately 40 km from the supply area. Over the years, water allocation
was revised as Aditya Birla Chemicals could not utilise thatatloguantity and also to
accommodate urban expansion, particularly during improvements executed between 2009
and 2011.

Figure18: Allocations (1975) and reallocations (2011) under the Karwar Ankola Water supply scheme

Allocations 1975 (40.86 MLD)

Other
industri
es,
2.27

Karwar
Town 4.99

Enroute
villages 2.27
Ankola
town, 1.36 Caustic Sod.
Factory,
27.24

Ports &
Fisheries
2.27

Reallocations 2011 (40.86 MLD)

Karwar 10.2

Seabird19.3 Ankolg 2.58
Enroute
Villages5.1
Aditya Birla
Chemicals
3.68
Sour ce: Aut horso il lustration
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Figure19: Schematic of the water supply scheme and description of key components

SourceAut hor &8s

il lustration

using Googl e

Table6: Details of Water Supply Infrastructure

Abstraction

Conveyance

Treatment & Distribution

Intake works at Honnalli

- Jackwell & Low lift pum
house (3 x 125 HP DW,
Pumps)

- Flash mixer

- 2 x Clarifoculator

- 2 LL cap. Sump and hi
lift pumphouse (3 x 55{
HP centrifugal pumps )

Total capacity 40.86 MLD

8 km MS rising mains
700 mm)

50 LL cap. GLSR (Mott
tank)

31 km MS gravity mair|
(711 mm)

454 LL cap. Sump
Pumphouse (2 x 150 H
centrifugal pumps)
5LL cap. GLSR at Bing
bifurcation point

2.1 km MS rising mai
(508 mm)

13.2 MLD WTP at High church

- Aerator

- Gravity sand filter unit for 13.
MLD

-40 LL GLSR

- 2.5 LL backwash tank ( 9
staging)

5 MLD WTP at Baithkol

- 9LL&12LLGLSR
- Gravity sand filter unit (
MLD)

As shown in figure 19 and table Betscheme consists of three main components: abstraction,

SourceAut hor 6s

conveyance, and treatment & distribution.

9 Abstraction:

o Water is lifted 25 m from the Gangavali River at Honnalli using three 125 HP

deep well turbine (DWT) pumps.

o Suspended solids are removed via clariflocculators before further conveyance.

illustration
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1 Conveyance & Storage:

o The raw water is pumped 80 m uphill to a 50 lakh litre (LL) Mother Tank at
NavaGadde via an 8 km rising main (700 mm MS pipe).

o Water then flows 31 km by gravity (711 mm MS pipe) to Binaga, where it is
stored in a 4.4 LL sump.

o From Binaga, water is lifted 70 m using 150 HP centrifugal pumps and sent to
two treatment plantd Baithkol (5 MLD) and High Church (13.2 MLD).

1 Treatment & Distribution:
o High Church WTP (13.2 MLD):
Filtration through gravity sand filters.
Stored in a 40 LL GLSR before distribution by gravity.
o Baithkol WTP (5 MLD):

Treats 1.52 MLD.
Water is stored in 9 LL & 12 LL GLSRs before distribution by gravity.

HOUSEHOLD LEVEL WATER INFRASTRUCTURE

Rooted in a deep history of water access through dug wells, majority of the population in this
coastal town still relies on well water for their domestic needs. Only 23% of the households
have water access through tap water connections although thexesdicdf KMC, Karwar is
covered by piped water distribution network (Ref. Fi@@e

Figure20: Water access infrastructure in KMC area as on@%t2024

Tap Water Connections Households 16369
120 33
Number of open wells 3895
Number of Public Wells 3708

Number of Public tag 10
3765 Connections

m Residential m Non-residential m Commercial .
Number of tap connections 3918
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Analysis of Tap Water Dependency and Urban Density

The distribution of tap water connections within the municipality demonstrates a clear shift in
household water dependency, particularly in densely populated urban centers. As illustrated
in the spatial distribution map (Figureé & 22), the highest percentage of households with

tap connection§epresented by the prominent yellow vertical bardigure 22)strongly
correlates with areas of high population density, denoted by the dark red zones. In these
specific wards, land availability constraints and diminishing groundwater yields have
necessitated a transition from traditional groundwater extractionricipal piped supplies.

While some households retain existing dug wells within their premises as a secondary source
for nonpotable activities like gardening and washing, most traditional wells have been
neglected or the land reclaimed. This trend underschow urbanization and spatial
constraints directly drive the demand for formalized water infrastructure.

Figure21: Spatial distribution of tap water coverage in KMC

D % Households with tap connection
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Figure22: Wardwise distribution of households and tap water connections in KMC area
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Figure23: Wards with highest tap water coverage located along the Konenala drémnarked with yellow line)and STF

Sour ce: Aut hords il lustration using Google Earth sa
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Impact of Groundwater Quality and Drainage Infrastructure

Further examination of the wavdse data reveals that the highest tap water coverage is
concentrated in Wards 1, 2, 3,10, 11, 12, and 13. Both the line graph and the supplementary
bar chart confirm that domestic connections in these specific wardenegteshighest
proportion relative to total households. Geographically, these wards are situated along the
Konenala(Figure 23)the city's largest open drainage channel that discharges into the sea.
As highlighted in the accompanying satellite map showing the location of the 1.5 MLD Sewage
Treatment Plant (STP) along the drainage corridor, this area is highly susceptible ¢o sewag
contamination. Site visits confirming the pollution of the Konenala suggest that the shallow
aquifer in its vicinity is highly compromised. Consequently, the exceptionally high reliance on
municipal tap water in these specific wards is largely drivemdxgessity; the severe
degradation of local groundwater quality renders it fmotable, making the piped water
network critical for domestic consumption and public health.

3.4 WATER DEMAND & SUPPLY

As per the 2011 Census, Karwar has a population of 63,755, distributed across 16,369
households. The total water demand is estimated atMillidn Litres per DayMLD), based

on a domestic per capita consumption of 135 liters per capita per day (Ipcd), with an
additional 20% allocation for commercial and institutional demBadmeeting this demand
Karwar primarily relies on groundwater withdrawals as well as around 3.6 dfliibported

water from the Gangavalli river supplied by the Karnataka Urban Water Supply and
Drainage Board (KUWSDB). Assuming 20% distribution losses in the ageing piped water
distribution network of Karwar, approximately 2.9 MLD demand is met froméhpaaters
(surface water) and the remaining 7.4 MLD is presumed to be met through groundwater
withdrawals (Figure 24)

i Floating population demand is presumed to be accounted for in the commercial (10%) demand.
i Average billed bulk water consumption for CMC, Karwar for[3ep2024 by KUWS&DB.

i Note: Population projections for current year through standard population projection methods may be
unreliable for a small coastal town like Karwar due to limited land availability within municipal limits.
Additionally, new population growth is largelyncentrated in outgrowth areas beyond the municipal
boundary, and ouinigration is not accounted for in standard projection methods. Consequently, 2011
Census figures are used for demand estimation, though accurate and updated population data is
essentialdr more precise assessments of water demand and resource sustainability.
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Figure24: Water demand estimated on the basis of census 2011 and water supplied

Estimated Water Demand Water Supply (MLD)

10.3 MLD
= Surface Water = Ground Water

29
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Source: Aut horsdé Il lustration

3.5 CLIMATE RISKS AND CHALLENGES

Karwar, a coastal town at the confluence of the Western Ghats, the Arabian Sea, and the
Kali River estuary, lies at the frontline of compounding climate and -nektesd

vul nerabilities. The cityds unique geograph
heightened exposure to climateluced disruptions. As climate change accelerates, altering
t he water cycl e, Karwards reliance on season

and energyintensive infrastructure poses significant risks to wateritgeand urban
resilience.

FRAGILE SOURCE SUSTAINABILITY AND chRWHKN VARIABILITY

Karwar depends primarily on surface water drawn from the Gangavali River, dlowestg
river with a high monsoonal yield but notable seasonal variation. While monsoons guarantee
sufficient flow, the summer months are increasingly dry exacerbated bie atimaage
induced shifts in rainfall timing, intensity, and duration. Prolonged dry spells, sudden intense
rainfall events, and erratic monsoon behaviour have made the system more volatile.

The town draws only 38 MLD out of its 10 MLD allocated quota from the Gangavali River,
yet rising demand from surrounding urban, agricultural, and industrial areas continues to place
stress on the source. Without adaptive management and watershedipnotEmngterm

water security is at risk.
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To address seasonal shortages, a proposal has been made for constructing a vented barrage
across the Gangavali River, with a storage capacity of 0.383 TMC to provide 120 days of
summer water storage. While this intervention aims to enhance water seclriéguce
dependence on groundwater, it comes with notable environmental angskt@ddeoffs:

1 Submergence of 34.98 Ha of forest land and 17.90 Ha of-furast land, impacting
local ecosystems and potentially displacing flora and fauna.

1 Modification of river flow dynamics, which could affect downstream water availability
and aguatic ecosystems.

1 Exemption from Environmental Impact Assessment (EIA) requirements, as drinking water
projects are not mandated to undergo this process. This raises concerns about the lack
of comprehensive assessment of-teng ecological and soegzonomic impacts.

While the barrage is a strategic solution for improving seasonal water storage, ensuring
sustainable water management will require additional measures.

VULNERABILITY TO UPSTREAM INTERVENTIONS

The Gangaval. River flows over 150 km before
Along its course, upstream agricultural diversions, industrial withdrawals, check dams, and
bunds are already fragmenting flow patterns. Climate change further redasedlows and

i ntensifies the wunreliability of runof f . T h e
jurisdiction, directly impact downstream water availability, especially during lean periods.

The estuarine aquifers that border Karwar are also highly sensitive to such upstream changes.
Reduced freshwater flows acceleraaltwater intrusion posing longerm risks to both

aquifer health and coastal ecosystems like mangroves that are critical for biodiversity and
coastal protection.

OVERRELIANCE ON GROUNDWATER AND THE ILLUSION OF ABUNDANCE

Despite the presence of surface water infrastructure, Karwar continues to rely heavily on
groundwatefi particularly in highdensity and lowncome neighbourhoods. The relatively
shallow lateritic and alluvial aquifers recharge quickly during the monscene lalgo prone

to drying in summer. Groundwater levels exhibit significant seasonal fluctuation in telemetry
data, particularly around the urban core, indicating esraction.

Moreover, the cityods piped water coverage al
active household connections, creating an illusion of secure supply. During recent crises, such
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as the severe shortage at the Indian Navy b@&gure 25)emergency supplies had to be
brought in from Mumbai, revealing deep system vulnerabilities. This perceived reliability of
groundwater masks mounting risks: contamination, aquifer depletion, and increased
dependence on an invisible, poorly monitored sourc

Figure25: News report on water crisis at Karwar naval base in 2019

Kamataka

Karwar: Water crisis may force INS
officials to shift warships to Mumbai

The base requires six million litres per day (MLD), but it is receiving less than 1 MLD
water.

INS Kadamba Naval Base in Karwar | Express

Source: New Indian Expiess

COASTAL AND CLIMATIC HAZARDS: A DOUBLE BURDEN

As a lowelevation coastal town, Karwar is doubly exposed to hydrometeorological extremes.
Rising sea levels, coastal erosion, and storm surges intensified by warmer oceans and extreme
rainfall, pose direct threats to water infrastructure located neasltioee or within flood

prone zones. Sewage contamination of stormwater drains like the Konenala suggests that
already, heavy rains and urban runoff are overwhelming existing drainage systems and
compromising water quality.

In addition to infrastructure damage, these climate risks alsopreitie health concerns
Inadequate sanitation and poor water quality especially from untreated well water heighten
the risk of disease outbreaks during floods or service disruptions. Field studies have shown
widespread faecal contamination in household wells, particularly in J{meome
neighbourhoods.
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URBANISATION AND CHANGING DEMAND PATTERNS

Karwards urban growth over the past two decac
revealing misalignments between population trends and infrastructure capacity (Ref. Figure

26). The town's current water supply infrastructure was designed for a projected demand of

10 MLD, yet active connections and actual consumption remain well below this mark. As new

tap connections are added, especially in kighsity wards, challenges sashinequitable

distribution, pressure fluctuationsand leakagesare expected to rise.

Figure26: Karwar ward-wise population density 2001 Vs 2011
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Without upto-date population data and network recalibration, scaling up the system to
operate at full capacity may expose older parts of the network to failure. Additionally, many
low-income households continue to depend on dug wells despite contarmisks$ion
particularly in areas where piped water is either unreliable or unavailable.

41



Towards CHRed#ient Urban Water and Sanitation Systems: Situational Assessment of Karw:

NOTES & REFERENCES

2ZIAut hor 8s Not e: This chapter i s based on ongoin
supervision of Prof. N. C. Narayanan at the Ashank Desai Centre for Policy Studies (ADCPS), Indian
Institute of Technology Bombay. Key findings and interpretgtiessnted here are part of a
broader analysis that is currently being prepared for publication in a-pe@ewed academic
journal. Readers are requested to cite this report appropriately and direct any academic queries
to the author.

28 Central Ground Water Board (CGWB). 2012. Ground Water Information booklet, Uttar Kannada
District, Karnataka. Ministry of Jal Shakti, Department of Water Resources, Government of India.
Last accessed on June 25, 2025 from
https://www.cgwb.gov.in/old_website/District_Profile/karnataka/2012/Uttara%20Kannada%2
Obrochure2012.pdf

29 Central Ground Water Board (CGWB). 2020. iaynic Groundwater Resources of Karnataka
March 2017, Groundwater Directoratésovernment of Karnataka and Central Groundwater
Board South Western Region, Bengallrast accessed on June 25, 2025 from

https://antharjala.karnataka.gov.in/storage/pdf
files/Groundwater%?20assesment%20reports/Dynamic%20Groundwaer%20Resources%200f%2
OKarnataka_2017.pdf

30 India Water Resources Information System, NATIONAL WATER INFORMATICS CENTRE Ministry of
Jal Shakti, Department of Water Resources, River Development and Ganga Rejuvenation
Government of India. Last accessed on June 25, 2025 from
https://indiawris.gov.in/wris/#/groundWater

31 Central Ground Water Board (CGWB). 2021. Groundwater Year Book of Karna2@iz®-2021,
Central Groundwater Boar8outh Western RegioBengaluruMinistry of Jal Shakti, Department
of Water Resources, Government of India. Last accessed on June 25, 2025 from:

https://cgwb.gov.in/cgwbpnm/public/uploads/documents/1687946527154928501 1file.pdf

32 Kukanur FS, Sriprada NS, Gouda S, Meghana R, Naveen G, Kotian S. Bacteriological Analysis of
Household Water at the Source and Point of Consumption at Karwar,JIriRlime Appl
Microbiol.2021;15(4):21522162. doi: 10.22207/JPAM.15.4.38

33 Karwar: Water crisis may force INS officials to shift warships to Mumbai. 05 June 2019. Retrieved

July 1, 2025. https://www.newindianexpress.com/states/karnataka/2019/Jun/04/karwar
water-crisismay-force-insofficialsto-shiftwarshipgo-mumbail 986205.html

42


https://www.cgwb.gov.in/old_website/District_Profile/karnataka/2012/Uttara%20Kannada%20brochure-2012.pdf
https://www.cgwb.gov.in/old_website/District_Profile/karnataka/2012/Uttara%20Kannada%20brochure-2012.pdf
https://antharjala.karnataka.gov.in/storage/pdf-files/Groundwater%20assesment%20reports/Dynamic%20Groundwaer%20Resources%20of%20Karnataka_2017.pdf
https://antharjala.karnataka.gov.in/storage/pdf-files/Groundwater%20assesment%20reports/Dynamic%20Groundwaer%20Resources%20of%20Karnataka_2017.pdf
https://antharjala.karnataka.gov.in/storage/pdf-files/Groundwater%20assesment%20reports/Dynamic%20Groundwaer%20Resources%20of%20Karnataka_2017.pdf
https://indiawris.gov.in/wris/#/groundWater
https://www.newindianexpress.com/states/karnataka/2019/Jun/04/karwar-water-crisis-may-force-ins-officials-to-shift-warships-to-mumbai-1986205.html
https://www.newindianexpress.com/states/karnataka/2019/Jun/04/karwar-water-crisis-may-force-ins-officials-to-shift-warships-to-mumbai-1986205.html

4. URBAN SANITATION SYSTEMS IN
KARWARSTATUS, INSTITUTIONS AND
CHALLENGES

NEELAM RANA, PRIYAKSHI GOGOI, NC NARAYANAN

Assessing the state of sanitation services is critical for identifying infrastructure gapsatsdrvice
vulnerabilities, and climaigated risks, and for informing adaptive, reseeffa@ent, and lovearbon

development strategies. This assesdsemvalves mapping institutional arrangements to clarify the

roles of Urban Local Bodies (ULBs), their interactions across governance levels, and the interdependencies
among key stakeholders. This chapter addresses these objectives through & cétaijeoiasvar

drawing primarily on secondary data supplemented {streetoired interviews with ULB officials, district

disaster management officers, and residents to validate findings and address data gaps. The chapter
examines the sanitation service andmeviews the institutional framework governing sanitation services,

and concludes by identifying key challenges and opportunities for strengthening sanitation infrastructure,
service delivery, and governance.

4.1 BACKGROUND

Climate risks are significantly exacerbated by inadequate infrastructure in critical, interlinked
sectors such as water and sanitation which disproportionately affectingcsowmically
disadvantaged communité#:36. Climate chang@duced 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 iIdédMas#l services are essential

for preventing disease outbreaks, particularly in the aftermath of climate hazards such as
heavy rainfall and floodingg, 3. In this contexgnsuring access to safe, reliable water,
sanitation, and hygiene servisewidelyrecognizedas alowregret adaptation measfire
offering substantial benefitegardless of the severity of future climeg¢@d®. ThelPCC
highlightsuniversal access toa®Hi specifically the achievement of SDG targets 6.1 and
6.2 as ahighconfidence adaptation strateggderscoring itentral rolgl.

India has only one nationkgvel policy dedicated to urban sanitatiomhe National Urban
Sanitation Policy (NUSP), introduced in 2008. The policy defines sanitation as the 'safe
management of human excreta, including its safe confinement, treatmersgl,despd
associated hygieneelated practice®€. In the context of climate change, the policy links
sanitation to GHG emissions and advocates the adoption edériergy solutions, such as
decentralized or onsite wastewater treatment technologies and distributed utilities. City
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Sanitation Plans (CSPs) are expected to incorporate these concerns, including the impacts of
climate change, diminishing water resources, and the need for @figcggnt infrastructure
(ibid).

Al t hough sanitation i s not e xNationatActioh Blani dent i
on Climate Change (NAPCIE)s closely linked to climate action through missions on water,
sustainable habitats, and energy. THetional Water Mission (NWMmphasizes water
conservation and efficiertycritical for sustainable sanitation systems, especially in-water
stressed urban areas. Thitional Mission on Sustainable Habitat (NM&i# directly

addresses sanitatieelated concerns, including urban waste management, wastewater
recycling, and climateesilient infrastructure, thereby contributing to both mitigation and
adaptation objectives. Sanitation is also aligned with the NBRCC br oader emphas
energy efficiency and GHG emission redwagioentralized wastewater treatment plants are
significant sources of methane and nitrous oxide. Innovations sactesisenergy systems

and resource recovery from faecal sltuttiger support this agenda. AdditionalBgate Action

Plans on Climate Change (SARTdeyeloped in line with the NAP&@re increasingly
acknowledging sanitation as a key sector for climate intervention, particularly in-climate
vulnerable regions. Though the NAPCC predatesilasit has gradually evolved to align

with global frameworks. National programs suchS&/ and AMRUAave 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 climatelated risks. Such an assessment supports the design of
proactive adaptation measures, promotes efficient resourceandeenables lovearbon
development strategies. A critical component of this process is mapping existing institutional
arrangement$ clarifying responsibilities, particularly the role of ULB, their engagement
across different governance levels, and therdependencies among key stakeholders. This
chapter seeks to address these objectives through a detailed case stiaiyvat Data
collection was primarily conducted through secondary sources, supplemented by primary data
gathered via semstructured interviews with ULB officials, district disaster management
officers, and residents. These interviews helped fill informatioragdpslidate secondary

data.

The chapter is organized into the following sections: Sectiiscugses the sanitation service
chain, covering all critical stagietoilet access, containment, transportation, treatment, and
final disposal or endise.Sectiorthreereviews the institutional framework, detailing the roles
and responsibilities of various stakeholders involved in sanitation goveTieniceal section
concludes the chapter by highlighting key challenges and opportunities for improving
sanitation infrastructure, service delivery, and governance.

44



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 u&e This section outlines the service chain and identifies the key gaps.
The entire service chain is depicteHigure27.

Figure27: Sanitation Service Chain iKarwar
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0 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.

3 Toilets:According to the 2011 Census, out of 19,820 (Karwar municipal council
+Out growth) households in the area, 3,872 households did not have individual
toilets. However, the latest data from KMC, as reported in the SLB23022
report, confirms that all housé&d® now have access to individual toilets,
achievindl00% coverageThe town has been declared Open Defecation Free
PlugODFE++) aligning with the SLB set by the Government of India and SDG
target 6.2. While a few households without toilets still rely on community or
public toilets, significant progress has been made. The ULB provided us data
on IHHL. Under the SBiduseholds with legal land rights but without individual
toilets were provided with sanitation faciliti€urrently, 1,356 households
have Individual Household Latrines (IHHLs) across different wards of the city
(Ref. Figure &. Furthermore, under SBM 2.0, the city is constructing an
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additional 250 Individual Household Latrines to further improve sanitation
coverage.

Figure28: Wardwise details of Individual Household Toilets under SBM
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3 Community Toilets and Public Toilets According to the data received from
the ULB, currently, the city has a total 38 functional community (30) and public
toilets (8), which serve areas and habitation without access to toilets. While
asking the ULB officials about the location selectiomftitiBls stated that
the locations of thesepublic toilets were strategically chosen based on the
needs of the public. However, informationcommunity and public toilet
coverageis unavailable, as the ULB does not maintain any registers or records
tracking the number of users or whether the facilitiesable to cater the
demand.

To assess the condition of public toilets, we spoke with ULB officials, who
reported that the facilities are in good condition and well maintaine@o

verify these claims, our team visited two toilets (Ref. Photo). During our visits,
we observed that both toilets were indeed clean, well maintained, and had
access to running tap water. However, the ULB does not maintain any formal
records of cleaningctivities. Additionally, the ULB has recently received Rs.18
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lakhs from SBM 2.0 to construct 3 PT with 12 seats in the city and Rs.18 lakhs
for one aspirational toilet with 12 seats.

Photo: Community Toilet in-r@m@me Locality

0 Containment:According to the SLB (2023) data from the ULB, 13% of properties
are connected to the sewerage network. And about 87% of properties rely on the
OSSsuch as septic tanks combined with soak pits or release wastewater untreated.

Information on the typology of toilets and OSS is ¢rumlonly for assessing the
guality 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 updaatal has been made
available, either at the national, state, or city level. Collecting such data would require

a dedicated householi@vel survey, which falls outside the scope of routine
assessments.

O«

Emptying and TransportAs mentioned in the previous section, properties connected to
sewerage networks is only 13% as highlighted in the SLB2®2&port and 7% of

the population (63,755 people as per Census 2011). As per the ULB, sewerage
network connections are available in only 8 out of the city's 31 wards which were
commissioned in021. The (figure Q) illustrates the wardvise distribution of
households with sewerage connections, emphasizing wards with a notably higher
percentage of connections compared to others. According to the ULB, wards with a
lower percentage of connections may have experietigsdlisparity due to residents
perceiving the onéme sewage connection fee of INR 4500 as prohibitively
expensive.
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The remaining 87% of the properties depend on septic tanks with soak pits, which are
serviced by two vacuum trucks owned by the ULB. The ULB charges INR 2300 for
residential and INR 5350 for commercial properties for emptying the septicAanks.

per the ULB officials, the wastewater from CT and PT gets collected in the sewerage
network. However, there is conflicting information in this matter, certain community
toilets might be releasing wastewater directly into nearby open drain or open land.

Figure29: Wardwise Percentage of Households with Sewerage Network Connection in Karwar
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The SLB 20223 data reveals that 86% of the city hastormwater drainage
network coverage Our field observations align with this data, as we found evidence
of extensive drainage infrastructure on the ground. However, apart from stormwater
drainage coverage, there is a lack of secondary data regarding typology and GHG
emissions. For this ieds detailed studies, which is out of our study scope.

The typology of the sewerage network and stormwater drains was beyond the scope
of this study. Furthermore, the ULB does not possess any maps of the sewerage
network, and relevant information regarding the type of drainage system is also
unavailable in semdary sources.
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Figure30: Sanitation Infrastructure Map
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Treatment:The city generates 5.2 MLD of wastewéteiThe city has 1 Sewage
Treatment Plant (commission year 2011) of installed capacity 1.5 MLD, hence, creating
a gap of about 3.7 MLD. Therefore, the town has substantial potential to achieve the
SLB norm of 100% treatment and to make further contributiotise national
commitment to SDG target &3 he technology used is Membrane Bioreactor (MBR),
which as per the ULB can treat wastewater up to secondary level. The team was unable
to access environmental compliance records for the STP. While the SLB data provided
by the ULB indicates a 100% sewagedatment quality for the year 20222, the

team noted the presence of a foul odour and black colour wastewater near the STP
outlet, shown in the figuBd. This could lead to environmental and sea pollution.

The ULB is planning to upgrade its sewage treatment capacity through two new
proposals: a 3 MLD plant under Karnataka Urban Water Supply and Drainage
Board and an 8.69 MLD plant under Karnataka Urban Infrastructure Development
and Finance Corporation (KUREL).

In terms ofjreywater managementfield visits revealed a wide variation in practices
across households. Some homes direct greywater into separate soak pits, while others
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discharge it into nearby drains and open areas. A few householdsceaenel
greywater directly into the sewerage network

Figure31: Black Water Flowing through the drainage system and mixing with the sea water
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Enduse Disposal (Sludge Managemeni)he city does not have a dedicated sludge
treatment system. The septage from various properties (OSS) and CT/PT is collected
by 2 jetting/suction machines (owned by ULB) in the wet well within the STP premise
which is directly going to the STP for treatm&he ULB charges INR 2300 for
residential and INR 5350 for commercial properties for emptying the septi¢’tAhks

the STP, there are 4 drying beds constructed with sand and stone. Once the sludge
has dried, it is transported to the solid waste management landfill site, located on the
city outskirts. There, the dried sludge is mixed with manure to producerfeniflizh

is then sold to local residents, and local nurseries at a rate of INR 1 per kg. This is an
extra source of revenue for the ULB. The treated effluent is discharged through a pipe
into a holding tank, which was previously a water well, and thepeubimto a pond

with a mud structure and a plastic lining. From there, jetting trucks collect the water to
be subsequently recycled for Apatable uses, including irrigation of public parks and
green spaces, and the maintenance of public roads. The ha@lting tank (well)
potentially leads to groundwater recharging.
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0 Recycling and ReuseThe town currently recycles and reuses only 0.2% of its
wastewater, falling significantly short of the 20% SLB norm.

Figure32: lllustration of Steps in Sewage Managemedfrom collection to treatment to disposal

Treated WW storage pond Treated WW pumped into the bottomless well

4.3 INSTITUTIONAL ARRANGEMENTS

This section examines the institutional arrangements, outlining the various departments,
agencies, and organizations, along with their respective roles in delivering sanitation
infrastructure and services. It also emphasizes the role of the urban logah lashster
governance.
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Sanitation is a state subject, and under the 74th Constitutional Amendment Act (CAA), ULBs
are primarily responsible for delivering water supply and sanitation services. However, in
practice, we observed a mutfiakeholder, mullevel governance framewornvolved in the
provision of sanitation infrastructure and services (Ref. Mable

Table7: Institutional Arrangements: Sanitation Services

Interventio  Technology Land Capital Technology | Technology o&M
n Selection Provision | implementa Funding
tion
Toilets HH HH HH Local Local HH HH
mesons/priv| mesons/priv
0SS HH HH HH ate vendors| ate vendors HH HH
septage
removal by
vehicles of ULH
CT ULB ULB ULB ULB ULB ULB ULB

Centre (15th
Finance Commissio
Tourism departmen

SBM 2.0)
PT ULB ULB ULB ULB uLB ULB (3 PT) ULB (3 PT)
Centre (15th Private (5 PT) For
Finance Commissio remaining
tourism department User
SBM 2.0) charges
paid to
private
O&M
vendor
Sewerage State uLB IFls State State uLB uLB
Network (KUIDFC) (KUIDFC) (KUIDFC)
STP State ULB IFls State State ULB ULB
(KUIDFC) (KUIDFC) (KUIDFC)

Source(Rana, Gogoi, & Narayanan, Forthcorﬁ?ﬂg)

Although ULBs serve as the nodal agency for sanitation services, the current institutional
arrangement at the town level reveals their limited role, particularly in relation to larger
infrastructure projects, as shown in the table below.

Capital funding for major infrastructure is primarily provided by central or state governments,
or International Financial Institutions (IFIs), while the responsibility for O&M falls upon the ULBs.
Given that ULBs are responsible for O&M of such largasinficture, it is crucial to assess
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their financial health, as their capacity to sustain and manage these projects is directly linked
to their financial stabilitdiscussed in section under financial health of ULBS).

At the household level, neither ULBs nor any other institutions are involved in the design,
construction, or enforcement of standards for toilets and OSS. However, for larger
establishments, a mechanism for building plan approval is in place througimtipéatming
department to ensure compliance with relevant regulations and standards. Furthermore,
interviews with the ULBs revealed that their role in disaster governance and planning is limited.
They primarily focus on providing sanitation and water gugyaiing the relief phase of a
disaster.

4.4 CHALLENGES AND OPPORTUNITIES IN SANITATION INFRASTRUCT
SERVICES

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 anddafibe sanitation
services to all.

0 Affordability ConcernsThe cost of desludging is Rs 2,300 per trip for residents, and
feedback from our field interactions suggests that some residents find these charges
challenging. Consequently, a few households may explore alternative options, such as
pit latrines, which cgrose risks to groundwater quality. Despite significant investments
by the Central government in sanitation infrastructure, including STPs and sewerage
networks, affordability concerns, as highlighted during the transect walk, seem to limit
their widespred adoption. Residents mentioned the cost of sewerage connections (INR
4,500 onetime charge + INR 1,200 annual maintenance) as a barrier. Even in areas
with existing UGD networks, many households remain unconnected.

O«

Maintenance of Critical Infrastructurélthough the city has an STP, its operation
could be improved. During our visit, we observed areas with black water, particularly
in large drains leading to the sea. The centralized treatment plant's management
presents opportunities for improvement toradd environmental concerns. One of the

wet wells, an important component of the system, was not fully functional. Additionally,
the treated water storage well was in a drainage area, where black water was
flowing, and the well was bottomless, resultingflaating sludge. Effective
management of this infrastructure is cCcruct
health. If the city faces challenges in maintaining the system due to factors such as
funding, skilled personnel, or land availability, expbpraiternative solutions or
Improvements to the treatment process would be beneficial.
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Opportunities for Improving Septage Management Solution$here is an
opportunity to enhance septage management, particularly with the implementation of
solutions like a FSSTP, especially given that only 13% of properties are connected to
the sewerage network. Additionally, addressing the management of septage f
certain community and public toilets can improve both environmental and public health.
At the household level, transitioning from traditional pits to scientifically designed
septic tanks, coupled with solutions tailored to high water table areaselman h
mitigate the risk of groundwater contamination.

Need of Integration of Climate Resilience in Infrastruetarming: We were informed

that thehigh tides lastingd& hours frequently lead to flooding, which disrupts the
operations of STP and accelerates corrosion of metal components due to high salinity
(KMC Commissiondr3 August 2025, Stakeholder consultation workshop, Indian
Institute of Technology Bombay, Mumbai, Maharashtra, India)

Additionally, seasonal extremes pose significant chall@rgpesess water during the
monsoon overwhelms the system, while acute water scarcity in summer hampers its
functioning. These factors highlight the urgent need to integrate climate resilience
consideations into infrastructure planning and design.

Need of ResourcesAccording to our interviews, the ULB faces challenges in securing
sufficient funding for essential sanitation infrastructure such as sewerage networks and
sewage treatment plants. The ULB relies heavily on central and state grants for large
scale infrastrcture projects due to limited revenue and adost recovery rate (25%)

for sanitation servicés. However, it demonstrates a strong 95% efficiency in
sewerage charge collect®dnFurthermore, as highlighted in the below fi@&ethe
inconsistent performance of the ULB over the years in meeting the SLB norms for cost
recovery (100%) and sewage charge collection efficiency (90%).

Once infrastructure is developed and handed over to the ULB, ensuring its efficient
operation and maintenance becomes crucial for the-tkmg sustainability and
viability of these centralized services. Furthermore, initiatives under SBM 2.0, such as
the construction of IHHLs, present a financial challenge, as local bodies are required
to contribute 78% of the cost (INR 30,000 per unit), even as they work to address their
existing needs.
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Figure33: Cost Recovery and Efficiency in Sewerage Fee (2Q022)

Financial Performance of Sanitation Services Against SLBs

— Cost R yin Sewage h it (%) m Effieciency in Sewage Charges Collection (%)

=O=Effieciency in Sewage Charges Collection Norms (%) =0O=Cost Recovery in Sewage Management Norms (%)

(@'
80
70
60
50
-l I II Il I|| l

2013-2014 2014-15 2015-2016 201617 2017-18 2018-2019 2019-2020 2020-2021 2021-2022

»
=]

w
o

n
(=3

-
o

Need of Competent and Skilled Workforce in O&Meld observations highlighted

an opportunity to enhance the skill set of personnel for the operation and maintenance
of the STP. Addressing this gap through targeted training and resource allocation
could further improve treatment processes and overadtemeater management
effectiveness.

Limited Role of ULB in Infrastructure Planning and Developm&he ULBs' reliance

on state or central government capital funding can affect their deoisikimg
authority in infrastructure development and planning, particularly for -Ergle

projects like sewerage networks and sewage treatment plants, especaillyheke

funds come with conditionalities (e.g., finance commission grants). This financial
dependence may result in ULBS' sanitation concerns or specific requests being less
prioritized during the planning process. For instance, the ULB proposed usiig SBM
funds for both sewerage network development and STPs, given the city's lack of a
sewerage network, which makes investing solely in STP construction less viable.
However, these concerns were not fully addressed in the infrastructure planning
process.His situation can impact the autonomy of ULBs regarding funds, functions, and
functionality, as outlined in the 74th Constitutional Amendment Act.
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land are constraints in providing individual household toilet. These are for a more or less a fixed
user group. 6 (CPHEEO, 2018, p. 1)

45 According to the SLB reporting (202223) by KMC, the water supplied is at 101 Ipcd and
wastewater generated for a population of 64,599 at 80% is 5.4 MLD.

46 SLB target 6.3-: By 2030, improve water quality by reducing pollution, eliminating dumping and
minimizing release of hazardous chemicals and materials, halving the proportion of untreated
wastewater and substantially increasing recycling and safe gioisally.
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with a capacity of 4,000 liters.
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YExpressed as owastewater revenues as a perce
corresponding time perioddé (according to SLB)
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5. CLIMATE IMPACTS OF WATER &
SANITATION SYSTEMS

ASHISH DANGIAND NC NARAYANAN

This chapter focuss@s the climate impacts of the water and sanitation systentbe
greenhouse gas (GHG) emissionughout the service ch8ipestimatingtagewise energy
consumpticandGHGemissions, our assessprenides baseline evidefareplanningclimate
mitigation strategies in ttdaSHsector.

5.1 BACKGROUND

Globally, the water and sanitation ystems arencreasingly recognised naly as climate

victing but also significant contribigdo climate change as tBHG emissions from WaSH
continue to growEnergy is the key input to every step in an urban water cigtie from

water extractionto conveyance, treatment, distributi@amd enduse as well as for
wastewater collection, conveyanteatmentand re-use Ths energyusefurthertranslates

into GHG emissionassociated with energy generationater sectorwhich includes the
collection and treatment of wastewatagcounts fot% of total global electricity consumption

and around 3% of global greenhouse gas emi83ioAgcording to another estimate,
wastewater treatment plants alone are estimated to account for 3% global electricity
consumptiéh 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 (N20)>&émissions
Direct emissions in wastewater treatmeastameated to bsignificant at ~1.57% of global

GHG emissicéhs

Climate change impaois water availability, quality, and access as well as on wastewater
and stormwater management, are going ftother exacerbate the scendoiy directly
increasing the energy and carbon intensitthefwater cycle Additional water demand by

cities is often met by higher energy use in the water>yé&ler instance, between 2005 and
2015, while Beijing's water supply increased by only 10%, the energy consumption associated
with water supply surged by 215%. In fact, Wat e r ®lectritity codsamptien
projected taignificantly increagsth rising scarcity anmbuld rise to as high as 16% of total
energy consumption for countries faced with severe water scarcityas those in Middle
East8. With the rise in sewage generation and treatment capatityenergy and carbon
footprint of wastewater is likely to increase dramatically in the neanftherabsence of
interventions. For example, domestic wastewater emissions increased by 400% between
2000-2014 in China due to growth in WWT®s With the increased variability posed by
climate change the emission in WWTPs could further$ticrease
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Just as water systems are becoming increasingly ewemsndent,energy generation
remains heavily reliant on wawgth energysectod water consumption projected to rise by
60% between 2014 and 204@nd thefuture water demand for projected energy use in 2030
likely to surpass the available séh@yean energy transitions could exacerbate the water stress
as biofuels production, concentrating solar power, carbon capture and storage, green
hydrogen and nuclear power can have more significant water demands

Figure34: TheWaterEnergyClimate nexus in Urban Water Cycles
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As illustrated irfigure 27, urban water cycles relying on conventicgrargy-dependent
approaches remain trapped in a vicious cycle where intensification of climate impacts results
in increased carbon and energy footprint of urban water cycles which in turn results in
worsening of climatenpacts This escalating interdependence demonstrates exactly why
designing climateresilient urban water and sanitation systems is such an urgent priority.

The unavoidable overlap of water consumption and carbon emissions in urban environments
means that achieving true resilience requires explicit coordination between water and carbon
managemefit. An assessment of éreergy andarbon footprints isdétrefore cruciahot only

for ensuring the sustainability of urban water and sanitation systems, but also for informing
broader macrpolicykarnatakés like energy security and greenhouse gas (GHG) mitigation.
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5.2 SOURCES GFHG EMISSIONS IN URBAN WATER AND WASTEWATER

Energy is thenost vital input for operating a typicatban water and wastewater system
Energy is often consumed in the form of electricity for powering pumps and machinery,
resulting in indirect greenhouse gas (GHG) emisdigpsnding on the mode of power
generation. Energy is also consumed in the form of fossils fuels in trucks that are used to
transport water, sludge, material and chemicals throughout the servieeeshbiing in direct

GHG emissions. Direct GHG emisstamsalso come from large water reservoirs due to
sedimentation. Further, biological degradation of the organic matter present in sewage and
grey water results in direct methane (CH4) and nitrous oxide (N20) emissions. Additionally,
there is embedded eneygand carbon footprint associated with the physical infrastructure
and the materials and chemicedled Figure28 schematically illustrates the various steps in a
typical urban water cycle in India as well as the electricity consumption and GHG emissions
sources

Figure 35: Graphical representation of various steps and processes in a typical urban water cycle showmgces ofenergy
consumption and greenhouse gas emissions.
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5.3 SCOPE OF GREEN HOUSE GAS 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 origivetefiom
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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 categdregsct Emissions, Indirect Emissions, and
Embedded Emissions mentioned inDaBech category captures different sources of carbon
emissions within the urban wated sanitation systems

Table8: Scope of emissions methodology for carbon footprint assessment of the urban water cycle

Category Possible Sources of Emissions Methodology

Direct - Methane (Ck emissions from anaerobic 2006 IPCC Guidelines for
Emissions decomposition of organic matter in National Greenhouse Gas
wastewater. Inventorie® (2019
- Nitrous Oxide (RO) Emissions from Refinemeft)

nitrification and denitrification of nitrogen
compounds wastewater

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

Indirect - Indirect emissions from electricity Electricity consumption data
- consumption obtained from urban local
Emissions bodies and an average grid
- Life cycle GHG emissions associated wi e€mission factor 0.716
the chemicals used in water and tCO2/MWh (FY 202223,
wastewater treatment processes (alum, Central Electricity Authorfty)
hypo, chlorine etc.)* for Indian grid used for CO2
estimation.

- Emissions from diesel combustion for
transportation

Diesel consumption for
desludging trucks based on
information obtained from
interviewing truck operators.

Suleeliel - Life cycle GHG emissions associated wit Not estimated due to nen
Emissions the materials used in the physical availability of data on
infrastructure. * material footprint.

*Emissions not considered in the estimation due-é&waitability of reliable activity data for the
same.

61



5.4 GREENHOUSE GAS EMISSIONS FROM WATER SUPPLY

The energyintensive nature of water sup@yanning extraction, treatment, conveyance, and
distributionresults in substantial indirect GHG emissions, primarily from electricity use.
Additionally, househclével pumping, purification, and heating contribute to the carbon
footprint, although such household level energy use is not accounted for heres Eefaitesion

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 may also release direct GHG emission®dureerobic decomposition of organic

matter in sedimerits However, these are excluded from this analysis given methodological
limitationsHence, our assessmétuses solely on electrieigtated emissions across key
components of the water supply chain, as shokigune36.

Karwardés urban water supply, though reliant
River, is also supported by limited groundwater use. The eimgeggive nature of this system,
especially due to longistance water transfers and elevati@iated pumping, contributes
significantly to GHG emissions.

Figure36: Carbon and energy footprint of Karwar's water supply.

5146 ML

Gangavali
River

-
=

Enroute Villages
Project Seabird

2
E
i3
3
T
£

949 ML

Ankola

Treatment &
Distribution

Abstraction &
Clariflocculation

840 MWh 3018 MWh 376 MWh 14 MWh
) (Go) @ @)
601tC0O2 2161t €02 269tC02 10tCo2

Groundwater

Note:
+ All estimates ore calculoted on annual basis
« Groundwater extraction energy consumption is based on 70% pumping efficiency and an average GW extraction depth of 10 m
» Colculations are based on flow and electricity consumption data provided by KUWSEDB

62



Surface Water: Energyntensive Supply Chain

The bul k of Karwar s water (approxi mately

surface water. While 1,387 ML is treated and supplied to Karwar town, a much larger portion
(over 5,100 ML) is transferred to enroute villages, the Indian Navy badén@ustrial users.

1 Intake and AbstractionEnergy use begins at the jackwell, where 840 MWh
of electricity is consumed annually, resulting in 601 tonnesFa#ri€sions.

1 LongDistance ConveyanceA substantial share of energy (3,018 MWh per
year) is used to lift water to a hilltop Mother Tank from where it can flow under
gravity. This stage alone contributes 2,161 tonnes é¢f&@uallyi making
it the single largest source of emissions in the water supply chain.

1 Additional Pumping (Binaga Station)Further pumping to deliver water
specifically to Karwar town (1,387 ML) consumes another 376 MWh/year,
adding 269 tonnes of CB

1 Treatment and Local Distributiorst the High Church and Baithkol treatment
and distribution centers, only 14 MWh is used annually, contributing a minor
10 tonnes of C@

Groundwater: Lower Energy, Lower Emissions

Groundwater abstraction plays a secondary
2,719 ML annually. Thanks to the relatively shallow aquifers (average depth of 5 meters) and
assumed 70% pumping efficiency, the energy requirement is low aDgudt\Wh/year,
corresponding to 76 tonnes of E’his makes groundwater significantly less cdrttensive
compared to surface watdrased supply.

Key Insights

1 High Emissions from Lifting and Transférhe largest portion of emissions originates
not from treatment or endse, but from the energgtensive conveyance process.
Elevatiorrelated pumping and long distances from the source make the system
carbonheavy.

1 Groundwater as a LowCarbon Option: Despite its limited use, groundwater
abstraction exhibits a far smaller carbon footprint, suggesting opportunities for hybrid
supply strategies that leverage leemission sources where aquifers are sustainable.
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1 Opportunities for Efficiency:Upgrading pump efficiency, exploring graviigd
systems, or integrating renewable energy into pumping operations could significantly
reduce emissions in the heglergy conveyance stages.

This assessment highlights the critical link between water source choices, infrastructure design,
and climate impact reinforcing the importance of integrating energy and emissions
considerations into urban water planning for climate resilience.

ENERGY DEPENDENCE AND EMISSIONSN.OCK

Karwards water supply is not just wvulnerabl e
syst emds he avelectrditgiptensive pumpmneto liét water over long distances

and elevations (especially to the Mother Tank at NavaGadde) results in significant
GHGemissions. Conveyance alone consumes over 3,000 MWh/year, contributing more than
2,100 tonnes of C@

In contrast, groundwater abstraction, while much less eneggive (106 MWh/year, 76
tonnes CH, comes with ecological traddfs. Without a shift towardenergy-efficient
pumps gravity-fed designs or renewable integration Karwar risks getting locked into a
highemission path creating a feedback loop between climate impacts and mitigation failures.

5.5 GREENHOUSE GAS EMISSIONS FROM SANITATION

The GHG emissions throughout the sanitation service clawmandfe illustrated in Figure
37 below.

WATER USE & WASTEWATER GENERATION

1 The total annual water consumption is estimated at 3770 million liters (ML). Of this,
approximately 80% (3016 ML) is used indoors and subsequently becomes
wastewater, while the remaining 20% (754 ML) accounts for outdoor and consumptive
uses. (Based on P& ethodology for wastewater estimation).

1 Household wastewater generation (80% of total water consumption) is further
categorized as follows: Toilet use: 1257 ML and Other indoor uses: 1759 ML(As per
the National Building Code, 2016, BIS).

1 The total biochemical oxygen demand (BOD) load from domestic wastewater is

estimated at 791 tons of BOD per year, based on an average Bg2deration rate
of 34 g/person/day for India (IPCC 2006).
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Figure37: Carbon and energy footprint across sanitation service chain in Karwar.

Karwar

Note:
+ All estimates are calculated on annual basis.
« All emissions were converted to carbon dioxide equivalent {CO2e)

using the 100-year global warming potential (GWP) of each gas
(34 for methane, 298 for nitrous oxide) (IPCC, 2013)
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WASTEWATER MANAGEMENT & GHG EMISSIONS
Direct Methane (CH4) Emissions

1 Methane emissions fram-site sanitation systemsre significant:
o Lined/unlined pits (without a concrete bottom): 4602 f-E@lyear
0 Septic tanks: 3114 t Cleqgl/year

(Due to the lack of reliable data on containment system types, it is assumed that 50% of
onsite sanitation systems consist of septic tanks with soak pits or sand dispersal fields,
while the remaining 50% are lined/unlined pits with open bottoms. ps@ssilso

allows for a comparative analysis of the two predominant systems in the town.)

1 Desludging operations contribute 66.7 t C®eq/year, with vacuum trucks
transporting 51 t BOD/year from septic tanks and pits.
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(Desludging frequencies are assumed to be once every 5 years for septic tanks and once
every 10 years for pits, based on field interactions with residents, municipal authorities,
and desludging operators.)

91 Sludge disposalin sludge drying beds at Sewage treatment plant results in 470 t
COFegl/year due to methane emissions. This includes sludge emptied from onsite
systems and that generated at the STP.

1 44t COFReqglyear is emitted during the biological treatment process (MBR) at the
STP.

1 42t COFeql/year from treated wastewater effluent discharge from the STP into the
Kone Nalla.

Direct Nitrous Dioxide (N20) Emissions

1 160 t COreqgl/year from septic tanks: This results from the discharge of 192 tonnes
of nitrogen originating from protein consumption into onsite containment systems. Pit
latrines are not a significantf source (emission factor = 0 as per IPCC 2006).

1 565t COreql/year from greywater (OSS): This includes nitrogen contributions from
household products (13%) as per IPCC;comsumed protein in kitchen wastewater
(10%) (based on significant nitrogen content in Indian kitchen wastewater, as reported
by Kuntal et al), and an additional 10 % to account for Nitrogen from commercial
discharge. Field observations indicate that greywater is discharged into stormwater
drains, ultimately reaching the estuarine environment, where it contribut€3 to N
emissions.

1 546t CO~eg/year from additional nitrogen 42 t N entering the sewer system through
greywater discharge from households connected to UGD.

Indirect Emissions

1 130 MWh / yr is the estimated electricity consumption for treating 1.18 MLD
wastewater estimated to be generated by UGD connected household. AddiBg up
t COReq/year of indirect emissions.

(Note: The electricity consumption data for the STP was not made av&i&ailarby
Municipal Council and hence it was estimated using energy intensity for MBR technology
as per CPGBPerformance evaluation of sewage treatment plants irRQidiaThe

electricity of wetwells for pumping the wastewater to the STP could not be estimated due
lack of information on the same )
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KEY INSIGHTS

1 Water conveyance and wastewater management are the highest emteggive
processes, with pumping andsite sanitation contributing significantly to emissions.

1 Methane emissions from onsite sanitation are the dominant contributors to overall GHG
emissions, highlighting the need for improved faecal sludge management.

1 Nitrous oxide emissions from greywater discharge into stormwater drains are a hidden
but significant climate impact, emphasizing the need for integrated wastewater
management.

1 Groundwater abstraction is significantly more enafjigient than surface water
supply, which could inform future water resource planning.

Given the high energy intensity of wastewater management protgssegularly due to
pumping and oisite sanitatiom there is a pressing need to explore enesggfficient
sanitation alternatives. Methane emissions frosit@rsanitation systems emergetlas
dominant source of GHGs in the sanitation sector, underscoring the importance of
strengthening faecal sludge management practices. In parallel, nitrous oxide emissions from
greywater discharged into stormwater drains represent a less visible butyesjgalficant

climate risk, suggesting that more integrated and climéemed wastewater management
approaches are required.

5.6 CONCLUSION & WAY FORWARD

Karwarés munici pal e mi s s i-mnas energytedvy duacer e v e al s
water supply running parallel to a methaiméensive sanitation sector. The geographical

necessity of lifting surface water over long distances dictates the bl whter sector's

carbon footprint, creating a higgmission trajectory that contrasts sharply with the low energy
demands of local aquifers. Concurrently, the widespread reliance on anaerobic onsite
containmefnit coupled with the unregulated dischargeitfogenrich greywateii generates

massive, often overlooked, methane and nitrous oxide hotspots across the town.

Decarbonising these essential services necessitates a targeted, hybrid approach. To mitigate
the conveyance logk, the municipality must prioritise pump efficiency upgrades, giadity
network optimisations, and the sustainable integration etddwongroundwater into the

supply matrix. Simultaneously, climateofing the sanitation sector demands the urgent
formalisation of faecal sludge management to intercept methane emissions at the source,
alongside integrated greywater treatment strategies tobcdownstream nitrous oxide
pollution.
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6. PERFORMANCE AND FINANCIAL
ANALYSIS OF WATER SUPPLY AND
SANITATION

ABHAY JUNAGHARRBRND NC NARAYANAN

This chapter evaluates the operational and financial health of the water supply and sanitation
systems. It begins by assessing current service delivery against established performance
benchmarks for both the water and sewerage networks. Next, it &ealyseslying revenue

streams, focusing on retail tariffs and the sector's reliance on external grants versus internally
generated revenue. Finally, the chapter provides a comprehensive financial assessment to pinpoint
the primary fiscal challenges hindesustainable service delivery in these sectors.

6.1 BACKGROUND

This chapter analyses the performance analysis against the SLBs for urban water supply and
sanitation by the Ministry ¢fousingand Urban Affairs (MoHUA). The section also analyses
the revenue streams and grants available ©@MC 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 availalii 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 receigtfrom the city municipal budget statements. The water and sanitation
budgets are created from the municipal budget 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), armbmpound annual growth rate (CABRJhe above given ratios are
essential to identify the financial health of the water utility and sewerage & sanitation at
council.

6.2 PERFORMANCE ANALYSIS: SERVICE LEVEL BENCHMARKS

The performance of the utility for water and sanitation services 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 thétbeD(refer

to table 7). These SLBs can ascertain the inefficiencies in the urban water supply system and
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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 treststiwater, financial

viability and environmental sustainability that further fitssimt@l, economic and environment
dimensionsincreasing urbanization, unplanned floating tourist population and changing
consumption patterns have stressed the existing water supply and sewerage & sanitation
infrastructure of the town.

6.2.1 WATER SUPPLY

The water supply indicators fo€EKIC reveal significant gaps in service quality, accessibility,
and financial sustainability comparedtt® India average and national benchmari®ef.

Table 9). While some aspects, such as metering and complaint redressal, show positive
performance, major deficiencies exist in coverage, per capita supply, continuity, and cost
recovery.

Coverage of connections is alarmingly low at 24%, far below the national average of 70%
and the benchmark of 100%, leaving a 76% gap. This indicates that a substantial portion of
Karwar's population lacks direct access to piped water, potentially relyingeeliable or

unsafe alternatives. Expanding coverage should be a top priority to ensure universal access.
Per Capita Supply of Water is 101 litres per capita per day (Ipcd), which falls 34 Ipcd short

of the benchmark of 135 Ipcd and even below the Iraliarage of 114 Ipcd. This shortfall
suggests that residents receive insufficient water for daily needs, which may be due to
inadequate infrastructure, limited water sources, or distribution inefficiencies. Metering of
Connections stands at 97%, whicigisifecantly higher than the India average of 22% and

just 3% below the 100% benchmark. This is a positive indicator, as metering helps in
monitoring consumption and reducing wastage, contributing to better resource management.

NonRevenue Water (NRW), representing water lost due to leakages, theft, or unbilled
consumption, is at 20%, which is an improvement compared to the India average of 31% but
still 5% above the benchmark of 15%. Further reduction of NRW through leakahedecti
pipeline maintenance can improve efficiency and revenue collection. Continuity of Water
Supply is extremely poor, with an average supply of just 2 hours per day, significantly below
the 24-hour benchmark and even lower than the India average di@uvs. This 2Bour gap
indicates severe limitations in infrastructure and water availability, necessitating urgent
interventions to improve reliability. Water Quality and Treatmezgtstandards in only 80%

of cases, falling 20% short of the benchmark of 100%. This suggests that some of the supplied
water may not be safe for consumption, potentially leading to health risks. Strengthening
treatment processes and monitoring systemgial touensure potable water quality.
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Water Supply

Indicators

Table9: Performance Indicators for Water Supply at KCMC

Calculations

EERINES

India
Average*

2024-
25%*

Coverage of| (Total no. of HHs with water supy 100% 70% 24% | -76%
Connections | connections)/ (Total no. of HHs in the (
Per capita| (Water supplied)/ (Population served) 135 Ipcd 114 Ipcd 101 -34
supply (Ipcd) Ipcd Ipcd
Metering  of| (No. of metered connections + No. 100% 22.00% 97% -3%
connections metered Public Standposts)/ (Total no

connections + Total no. of Puf

Standposts)
Nonrevenue | (Total water produced} (Total water 15% 31% 20% 5%
water (NRW) | sold)/(Total water produced)

5 | Continuity off Average hours of water supply 24 hours| 2.7 hours 2 -22
water supply hours| hours
(hours)

6 | Quality and| (Number of samples that meet t 100% 95% 80% | -20%
treatment specified potable water standards

(Total number of complaints receiy
related to water supply)

7 | Redressal o] (Total number of complaints redresse 80% 89% | 100% 20%
customer (Total number of complaints receiy
complaints related to water supply)

Redressal of Customer Complaints is a strong point, with 100% of complaints being addressed,
surpassing the benchmark of 80% and the national average of 89%. This indicates an efficient
grievance redressal system, which helps maintain consumer trugatartbapply services.

6.2.2 SEWERAGE AND SANITATION

The sewerage and sanitation SLBs indicatorsaiCKpresent a mixed picture, with strong
performance in toilet coverage and sewage treatment quality, but severe gaps in sewage
network coverage, wastewater collection, recycling, and financial sustainability (refer to table
10).

Coverage of Toilets is at 100%, meeting the benchmark, indicating that all households have
access to either individual or community toilets. This is a significant achievement, as it prevents
open defecation and promotes hygiene. However, coverage of semag®rk services is
extremely poor, with only 13% of households connected to the sewage network, leaving a
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massive 87% gap. This suggests that a vast majority of residents rely on alternative sanitation
methods such as septic tanks, open drains, or improper disposal systems, which can lead to
environmental and health hazards. Collection efficiency of the sevedgerk is at 80%,

which is 20% below the benchmark. This means that a significant portion of wastewater
generated is not being collected properly, possibly leading to contamination and pollution of
local water bodies.

Table10: Performance Indicators for Sewerage & Sanitation at KCMC

Sewerage and| Calculations Benchmarks 2021-22

Sanitation (Target)
Indicators

Coverage of| (Total number of HHs with access
Toilets individual or community toilets wit
walking distance in the city)/ (Tot
number of HHs without individual
community toilets within  walki
distance)
2. Coverage of| (Total number of HHs with dirg 100% 62% 65% -38%
Sewage connection to the sewage networ
Network (Total number of HHs in the city)
Services
3. Collection (Wastewater collected)/ (Total watq 100% 85% 95% -15%
Efficiency of thq supplied + Estimated water use frg
Sewage other sources)
Network
4, Adequacy  of| (Treatment plant capacity)/ (Totj 100% 82% 85% -18%
Sewage water consumed + Total number
Treatment HHs with direct connection to sews:
Capacity network)
5. Quality of | (Number of samples that pa 100% 87% 95% -13%
Sewage specified secondary treatme
Treatment standards)/ (Total number ¢
wastewater samples tested in a mor|
6. Extent of Reus| (Wastewater recycled or reused aft§ 20% 80% 90% 60%
and Recycling o appropriate treatment)/ (Wastewate
Sewage received at STPs)
7. Efficiency in (Total number of complaints redresy 80% 85% 90% 5%
Redressal ol within the month)/ (Total number
Customer sewagerelated complaints receive
Complaints per month)

Adequacy of sewage treatment capacity is relatively high at 94%, just 6% below the
benchmark of 100%. This indicates that the existing treatment plants are nearly sufficient to
handle the current wastewater load, but further expansion might be neededagese
network coverage improves. Quality of sewage treatment is 100%, fully meeting the
benchmark. This is a strong positive indicator, showing that treated wastewater meets
secondary treatment standards, reducing environmental and health risks. Housy@nde
recycling of sewage is at an alarmingly low 1.3%, far below the 20% benchmark, with a
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19% shortfall. This suggests that almost all treated wastewater is discharged instead of being
reused for purposes like irrigation or industrial use. Increasing wastewater recycling can
enhance sustainability and reduce dependence on freshwater sodicesckfin redressal

of customer complaints is at 67%, falling 13% short of the benchmark of 80%. This indicates
a delay or inefficiency in resolving sewagdated grievances, which can negatively impact
public satisfaction and sanitation conditions.

6.3 REVENUE STREAMS AT KARGVARMUNICIPAL COUNQKCMC)

This section analyses the revenue streams and grants availaki®l@ r water supply

and sewerage & sanitation. The revenue sources include central government grants, state
government grants, and the own revenue sources. Here, the ratio of grants to own revenue
sources is analysed to identify the percentage availgwlfiteach source for water supply

and sewerage & sanitation.

6.3.1 WATER SUPPLY
Central Government Funds

KCMCreceived central government grants for water supply projects under the 14th and 15th
Finance Commissions (FC) (Tabje The 14th FC granted INR 3,49,38,000 in a single
instalment for 20148, with no further allocations until 2023. The 15th FC grants started

in 2018-19, with amounts steadily increasing from INR 2,63,20,000 to INR 4,24,99,000 in
2019-20, peaking duringhese years.

Table11: Funds received by KCMC (in INR Lakhs) for Water Supply under Central Government Schemes (in INR)

14th FC Grants 15th FC Grants

2015-16 0 0
2016-17 0 0
2017-18 34938000 0
2018-19 0 26320000
2019-20 0 42499000
2020-21 0 35909000
2021-22 0 21480122
2022-23 0 1422793

Total 3,49,38,000 12,76,30,915

However, funding declined in subsequent years, with grants dropping to INR 14,22,793 in
2022-23. The total grants under the 15th FC were INR 12,76,30,915, significantly higher
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than the 14th FCO0s |l NR 3,49, 38, 000. Thi s
improvements, with major investments made in the early years, followed by a tapering off
likely due to project completion or changes in funding priorities.

State Government Funds

KCMC received state government grants for water supply and MLA Local Area contributions,
with total funding for water supply amounting to INR 1,58,14,176 over the years (Tgble 1
Grants fluctuated significantly, with the highest allocation of INR 45,52,972 ir2P0a8d
substantial grants in 20167 (INR 39,34,900) and 201718 (INR 34,28,000). However, the
funding sharply declined in 2018 (INR 6,82,000) and remained low time subsequent
years, suggesting allocations were based on project needs and available state resources.

Table12: Funds received by KCMC (in INR Lakhs) for Water Supply under State Government Schemes (in INR)

Water Supply (State Government Grant Grants & Contributions for Specific

Purposes from State GovernmeniMLA

Local Area

2015-16 0 487500
2016-17 3934900 0
2017-18 3428000 0
2018-19 682000 0
2019-20 4552972 0
2020-21 500000 0
2021-22 1580656 0
2022-23 1135648 0

Total 1,58,14,176 4,87,500

A onetime MLA Local Area grant of INR 4,87,500 was received in 2@, %ut no further
contributions were made thereafter, indicating irregular deatel discretionary funding. The
inconsistent funding pattern suggests that while the state goverrppertesuwvater supply

projects, the reliance on Finance Commission grants likely became more crucial for sustained
infrastructure development.

Own Revenue

KCM C avater supplyrelated revenues and grants have shown notable fluctuations over the
years, with the total revenue from water supply charges amounting to INR 3,58,14,036 (Ref.
Table 13). The revenue generally increased, peaking at INR 1,11,20,264 in222hough

there was a significant drop in 203 and 2022-23, possibly due to billing or consumption
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iIssues. Penalty revenue was minimal, totalling just INR 2,615 H2@0d18ggesting weak
enforcement of penalties. Revenue from new tap connections totalled INR 56,26,087, with
consistent demand for new connections, particularly irnZ04a6d 2018-19.

Table13: Revenue Income from Water Supply at Karwar (in INR)

Water Supply

Penalties & Fines Tap Connection Salary Grants for

Charges Charges Water Supply

2015-16 2052474 0 193000 0
2016-17 2496863 0 761672 600000
2017-18 3200548 0 768149 486000
2018-19 5579680 0 990750 775000
2019-20 2338103 2615 424221 648000
2020-21 7877652 0 540954 660000
2021-22 11120264 0 990941 1046000
2022-23 1148452 0 956400 2500000

Total 3,58,14,036 2,615 56,26,087 67,15,000

Salary grants for water supply totalled INR 67,15,000, with allocations gradually increasing
from INR 6,00,000 in 20147 to INR 25,00,000 in 202223, indicating a rising dependency

on external funding for workforce expenses. The fluctuations in watbr cugges and the
negligible penalties highlight inefficiencies in revenue collection and enforcement, which could
jeopardize financial sustainability. To ensure-t@ngn viability, the KMC needs to improve
revenue collection, strengthen penalty enforcement, and reduce reliance on salary grants and
external funding.

Ratio of grants and own revenue for water supply

The financial ratio of owned revenue to grants for water supphCM®& reveals significant
fluctuations in the municipality's financial independence (Ref. Eyure 3

In 201516, the ratio was exceptionally high at 4.61, indicating strongsséficiency, but

this dropped sharply in 20187 to 0.98, suggesting a growing reliance on grants. Between
2017-18 and 2020-21, the ratio plummeted to as low as 0.07 in 26A®, with grants far
outpacing own revenue, reflecting weak revenue generation. A notable improvement occurred
in 2021-22, and by 202223, the ratio rebounded to 1.80, with own revenue surpassing
grants, indicating better revenue collection efforts. Howevarthw/gears, the average ratio

was only 0.27, meaning 73% of funding relied on external grants, raising concerns about
sustainability. The positive trend in 2622 should be maintained through improved billing
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efficiency, enforcement, and diversification of revenue sources to reduce dependence on
grants and ensure loftgrm financial health for water supply services.

Figure38: Share of grants vs own revenue for water supply at Karwar Municipal Council

State
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6.3.2 SEWERAGE AND SANITATION

Central Government Funds

KCMC received Central Government grants for sewerage and sanitation under three key
components, viz., the 14th and 15th Finance Commission (FC) Grants, and Spktifioilet
grants (Ref. Table4). The 14th FC Grants totalled INR 7.08 crore, received only in-2017

18 and 2020-21, indicating inconsistent funding, possibly due to policy changes or-project
specific allocations. The 15th FC Grants for Swachh Bharat Mission Detailed Project Report
(SBMDPR) began in 20120, with a total allocation of INR 6.54 crore, peaking in 210

at INR 4.24 crore, before declining in 2023.

The largest share of funding, INR 8.17 crore, came from SBM Toilet grants, which were highly
allocated in 201517, but saw a drastic reduction afterward, signalling the completion of
initial projects. While the shift from SBM Taipecific grants to brader sewerage and
sanitation infrastructure under the 15th FC aligns with a focus on wastewater management,
the decline in funding in recent years raises concerns about sustaining sanitation infrastructure.
The municipality needs to diversify funding ssuingrove sewerage charges, and create
longrterm financial plans to maintain the infrastructure after central grants taper off.
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Table14: Funds received by KCMC (in INR) for Sewerage & Sanitation under Central Government Schemes

14th FC Grants 15th FC GrantsSBM DPR Central Grants &
Contributions for Specific
Purposes SBM Toilet

2015-16 0 0 3,11,48,934
2016-17 0 0 3,07,37,394
2017-18 3,49,38,000 0 1,07,25,144
2018-19 0 0 45,42,343
2019-20 0 4,24,99,000 5,89,914
2020-21 3,59,09,000 0 10,00,000
2021-22 0 2,14,80,122 30,00,000
2022-23 0 14,22,793 0
Total INR 7,08,47,000 INR 6,54,01,915 INR 8,17,43,729

Source: Budget Documen@J&

State Government Funds

KCMC received a total of INR 3.74 crore in state government grants for sewerage and
sanitation, with funding starting only in 2€2®after an initial absence from 20158 (Ref.
Table 15). The first major state grant was INR 2.89 lakh in 2BQ.9followed by gradual
increases in 202Q1 (INR 10.85 lakh) and a significant jump in 2@21(INR 2.80 crore),
suggesting a greater state focus on sanitation projects. However, funding drodpdl to
80.32 lakh in 202223, indicating that state contributions may be prdpasted rather than
consistent annual allocations.

Table15: Funds received by KCMC (in INR) for Sewerage & Sanitation under State Government Schemes

Grants from State Government/ SBM DF Grants & Contributions for Specific

Grants Purposes MLA Local Area

2015-16 0 INR 4,87,500
2016-17 0 0
2017-18 0 0
2018-19 0 0
2019-20 2,89,500 0
2020-21 10,85,000 0
2021-22 2,80,11,156 0
2022-23 80,32,400 0

Total INR 3,74,18,056 INR 4,87,500

Source: Budget Documen@&
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A onetime MLA Local Area grant of INR 4.87 lakh in 2Q8was small and no further

grants were received under this scheme, highlighting that sanitation was not a major focus for
MLA funding. The inconsistent nature of state funding raises concernirapi@um
sustainability, suggesting the need for more stable, continuous support and a stronger focus
on securing lonterm state and local contributions for sewerage and sanitation infrastructure.

Own Revenue

KCMC generates revenue for its sewerage and sanitation services primarily through UGD
Charges and UGD Connection Charges. Between-20Hnd 2018-19, the UGD charges
yielded INR 25.55 lakh, peaking in 20418, but ceased after 20189, suggesting either a
policy change or a decline in collection efforts (Ref. Tabje 1

Table16: Revenue Income from Sewerage & Sanitation at Karwar (in INR)

UGD Charges UGD Connection Charges

2015-16 1,29,800 INR 500
2016-17 2,08,910 0
2017-18 11,96,716 0
2018-19 10,19,838 19,27,940
2019-20 0 3,16,250
2020-21 0 11,35,550
2021-22 0 14,64,400
2022-23 0 11,37,500
Total 25,55,264 59,82,140

In contrast, UGD Connection Charges, which started inl®01&alled INR 59.82 lakh by
2022-23, showing some fluctuation but stabilizing between INR 11.35 lakh and INR 14.64
lakh annually. The shift away from regular UGD charges to reliance on newtioonfezs

IS unsustainable longrm, as it depends on new users rather than consistent service payments.
KCMC should reinstate UGD charges to ensure stable, recurring revenue and implement better
billing and collection mechanisms to maintain the sewerage system's operational efficiency
and financial sustainability.
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Ratio of grants and own revenue

KCMCb6s sewerage and sanitation services ar
revenue contributing only 3% of the total grants received between-261dnd 2022-23.

The total grants amount to INR 25.59 crore, while thegeeHrated revenue is hnINR

85.37 lakh, reflecting a significant dependence on external funding (Ref. Fure 3

The ratio of owned revenue to grants was notably low, especially in the early years, with a
slight improvement in 2048 (0.649) due to increased revenue from connection charges.
However, this was not sustained, and the ratio dropped again in subseealentsjrowing

weak revenue collection mechanisms. The overall low ratio of 0.03 underscores the
unsustainable nature of the current model, as reliance on grants puts the financial sustainability
of sanitation services at risk. To address t8|G<should implement regular UGD service
charges, enforce user fees better, and explore new revenue sources like a sanitation cess to
build a more selfeliant, sustainable revenue model.

Figure39: Share of grants vs own revenue for Sewerage & Sanitation at Karwar Municipal Council

Own Revenue from
Sewerage &
Sanitation
3%
State Government

Grants
14%

Central Government
Grants
83%

6.4 ASSESSMENT OF FINANCES

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

6.4.1 WATER SUPPLY

Cost recovery for water supply aCKIC has experienced fluctuations, reflecting changes in
revenue collection, tariff structures, and operational costs (Ref. 40yuv&hile recovery
rates improved in recent years, they remained inconsistent, peaking at 72% 142013
before dropping to a low of 45% in 20221, likely due to the COVHD9 pandemic and
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reduced collections. However, the recovery rebounded to 73% in2Dahd reached 82%
in 2024-25, indicating a positive trend.

Figure40: Trend analysis of cost recovery in water supply charges at Karwar Municipal Council

Despite these improvements, the municipality has not achieved full cost recovery, with an 18%
gap remaining, which raises concerns about financial sustainability and service quality. Factors
like norrevenue water, rising operational costs, and ineffigsmg billing contribute to the
shortfall. To reach 100% recoveryCMC should focus on leakage detection, automated
billing, penalty enforcement, and adjusting tariffs to reflect operational costs while
maintaining affordability, all while ensuring water supply remains financialgusitient

without depending on exteal grants.

The collection efficiency for water supply charges @& has fluctuated significantly,
indicating challenges in recovering revenue from users. Betweerl£2GiRl 201516,
efficiency was relatively high at 65%0%, but it began to decline, dropping sharply to 35%
in 2017-18 due to factors like administrativaefficiencies, billing issues, and potential
resistance from consumers (Ref. Figljre 4
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