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EXECUTIVE SUMMARY 

Climate change is fundamentally reshaping global water systems through more frequent 

extremes and growing hydrological uncertainty. The resulting impacts threaten water 

security while escalating risks to lives, critical infrastructure, and ecosystems, with coastal 

cities at the forefront. Against this backdrop, the ôClimate Resilient Coastal Citiesõ 

initiative was initiated by Ashank Desai Centre for Policy Studies (ADCPS), IIT Bombay 

in collaboration with India Sanitation Coalition (ISC) and CDD India with financial support 

from HSBC India. Under the initiative, ADCPS, IIT Bombay led the scientific research 

component and conducted comprehensive situational assessments of the Water and 

Sanitation Systems in 12 coastal towns across Gujarat, Maharashtra, Goa and 

Karnataka. The primary objective of our assessment is to evaluate the operational and 

institutional readiness of water and sanitation systems to adapt to an increasingly 

volatile hydro-climatic regime in these coastal towns. To achieve this, we map the 

physical water and sanitation infrastructure within the biophysical environment of the 

city, and evaluate specific risks and challenges to service delivery against local and felt 

climate realities. Through a comprehensive analysis of greenhouse gas (GHG) emissions, 

energy footprints, institutional and policy landscape, and municipal finances, the report 

identifies critical gaps and opportunities for adaptation and mitigation. Rather than 

prescribing final solutions, this situational assessment provides the crucial evidence base 

needed to lay the foundation for climate-resilient WaSH futures and to inform future 

research on actionable, context-specific resilience strategies. 

Coastal towns on Indiaõs west coast represent extreme cases for analysing the 

implications of increasing climate variability for urban water security. Unlike the acute 

disaster risks of the east coast, these towns face chronic, persistent stress: an observed 

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 

local aquifers. Studying these locations offers critical insights into the long-term resilience 

challenges that many Indian cities will confront in the coming decades. Our case studies 

across 12 coastal towns not only highlight the increasing vulnerabilities of existing 

infrastructure-heavy approaches but also illuminate the pathways forward (figure 1). 

The future of urban water security will depend not on a single intervention, but on 

whether cities can build coherent, adaptive, and low-carbon water systems that align 

engineering solutions with ecological processes, financial innovation with equitable 

service provision, and climate foresight with institutional reform. 
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Figure 1: Systemic Vulnerabilities in existing approaches to WaSH and Pathways forward. 

 

The report presents the study findings for Mormugao, a Class-II town, in the Mormugao 

Taluka of South Goa District. Our assessment of Mormugao revealed some critical 

challenges of WaSH infrastructure & services:  

WATER SUPPLY:  

Critical Source Vulnerability: Mormugao's over-reliance on a single, distant surface 

water source (Salaulim Dam) leaves the town acutely vulnerable to climate-induced 

hydrological changes and reservoir sedimentation. Simultaneously, a surge in 

unregulated groundwater extraction risks severe aquifer depletion and saline intrusion 

in estuarine zones. 

Fragile Infrastructure and High Losses: Ageing infrastructure and the town's 

geographic position at the tail-end of the transmission system lead to chronic service 

interruptions. Furthermore, a staggering 38% Non-Revenue Water (NRW) rate heavily 

wastes treated water and significantly inflates the carbon footprint of the municipal 

supply. 

Reactive Maintenance and Competing Demands: A predominantly reactive approach 

to operation and maintenance (O&M) leaves the network highly susceptible to cascading 

failures during power fluctuations or climate disruptions. This fragility makes it 
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increasingly difficult to balance growing domestic needs with heavy port and industrial 

demands. 

Urgent Need for Structural Reform: While demand-side incentives (such as free water 

schemes) aim to promote conservation, they are insufficient on their own. Bridging the 

demand-supply gap and ensuring equitable, reliable access requires urgent, long-term 

capital investments and comprehensive governance reforms. 

SANITATION:  

Infrastructure Gaps in Vulnerable Zones: Informal settlements and low-lying areas 

suffer from acute service disparities and chronic monsoon waterlogging, compounding 

public health risks and climate vulnerability. Decentralised and nature-based solutions 

are needed where traditional infrastructure is unfeasible. 

High-Impact Climate Liabilities: Unmanaged pits and septic tanks act as massive 

methane hotspots due to inadequate Faecal Sludge Management (FSM). This is worsened 

by significant, often overlooked nitrous oxide (NϜO) emissions from untreated greywater 

and sewer network leakages. 

Inequitable Maintenance Burdens: The current operational model places the financial 

and daily labor burden of maintaining community toilets entirely on marginalized users. 

The Urban Local Body (ULB) must take ownership through subsidies or direct management 

to ensure equitable service delivery. 

Governance Limits and Revenue Potential: Inadequate devolution of administrative 

and financial powers to the ULB fragments sanitation management. Empowering the 

municipal council would not only improve context-specific planning but also unlock new 

revenue streams, such as the sale of treated wastewater and dried sludge. 

GHG EMISSIONS: 

Supply-Side Carbon Intensity: Water treatment and conveyance are the largest sources 

of supply-related emissions, heavily exacerbated by staggering distribution losses 

(38%) that inflate the carbon footprint of every liter delivered. 

Methane Hotspots in Sanitation: Because of infrequent desludging and limited Faecal 

Sludge Management (FSM), widespread on-site sanitation systems (pits and septic tanks) 

act as the city's largest unmanaged source of methane. 

Hidden Nitrous Oxide Risks: Uncontrolled greywater discharge, sewer network 

leakages, and even treated effluents generate substantial nitrous oxide (NϜO) emissions, 

presenting a major but frequently overlooked climate threat. 

Complexities in Centralised Treatment: While centralised sewage treatment plants 

(STPs) emit fewer GHGs per unit of waste compared to on-site systems, their ongoing 

energy consumption and residual methane release remain significant contributors to the 

overall municipal footprint. 
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FINANCIAL HEALTH: 

Declining Capital for Infrastructure: A concerning drop in capital receipts severely 

restricts the funding available for long-term projects. Furthermore, while capital 

expenditure has seen a slight increase, overall spending remains too conservative to 

support the urgent modernisation and expansion of the water network. 

Operational Deficits and Instability: Despite steady growth in revenue income, it 

consistently fails to cover ongoing operational costs. This widening gap between revenue 

generation and expenditure, coupled with fluctuating fiscal surpluses, signals systemic 

inefficiencies and long-term financial instability. 

Volatile Reliance on External Grants: The department remains heavily dependent on 

external financial support, with the ratio of grants to self-generated revenue fluctuating 

drastically over recent years. This unpredictability undermines sustainable, long-term 

planning. 

Urgent Need for Fiscal Reform: Securing the future of municipal water and sanitation 

services requires a strategic overhaul of financial management. This must include stricter 

cost controls, enhanced internal revenue generation, and sustained capital investment to 

reduce grant dependency and close operational deficits. 

 

Ultimately, securing Mormugaoõs urban resilience requires a paradigm shift from reactive, 

fragmented management to an integrated, climate-sensitive approach. The compounding 

vulnerabilities across water scarcity, sanitation inequities, escalating greenhouse gas 

emissions, and financial instability demand urgent structural reform. By empowering the 

Urban Local Body with greater administrative and fiscal autonomy, aggressively targeting 

infrastructural inefficiencies, and transitioning towards low-carbon, decentralised solutions, 

the municipality can successfully bridge the widening demand-supply gap. Transforming 

these systemic liabilities into opportunities will not only safeguard public health and 

ecosystem integrity, but also establish a financially sustainable foundation for the town's 

future. 
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1. URBAN WATER & SANITATION SYSTEMS 

IN A CHANGING CLIMATE 

ASHISH DANGI, NEELAM RANA, N.C. NARAYANAN AND PRIYAKSHI GOGOI 

 

 

 

 

1.1 BACKGROUND 

The global average air temperature over land shows a significant rising trend over the past 

decades with 2025 recorded as the third hottest year1 (Figure 1). The persistent warming of 

the atmosphere effectively turns it into a larger sponge that can hold more water.  

Figure 1:Global annual average land temperature (1979-2025). 

 

Data Source: Global Water Monitor1 

This chapter establishes the universal climate-WaSH context and methodology utilised for our 

study of 12 coastal towns in India. It examines the impact of an intensifying global water cycle 

on urban water security, focusing on the emerging climate risks along Indiaõs West Coast.  It 

is a shared chapter across all reports in this series. Town-specific findings begin in Chapter 2.  
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This leads to a volatile cycle: during dry periods, the 'thirstier' atmosphere aggressively 

evaporates moisture from soil and reservoirs, deepening drought conditions. However, once 

this moisture-laden 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 to as the climate 

whiplash: longer, more intense dry spells that threaten source sustainability, interspersed with 

violent, short-duration rainfall events that overwhelm drainage infrastructure. These hydro-

climatic shifts due to intensification of the hydrological cycle, destabilise water availability 

while escalating the threat of water-related disasters to human lives, critical infrastructure, 

and natural ecosystems. In fact, these 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 water-related, causing 

over 300,000 fatalities and~ 1.7 trillion USD in economic damages worldwide causing 

immense human and economic losses2,3. Global Climate Risk Index 2021 ranks India as the 

seventh-most exposed and vulnerable country to climate extremes4 . With high risk of 

concurrent flood incidents, the country is among the most vulnerable countries to climate change 

as per Intergovernmental Panel on Climate Change (IPCC) sixth assessment report. More than 

300 extreme events have hit the country in recent decades, causing losses of more than INR 

5,600 billion5. A recent evaluation indicates that more than 75% of districts in India, including 

95% of coastal districts, are hotspots for extreme events.6 

However, focusing solely on these acute disasters obscures the more insidious, long-term 

erosion of water security that cities now face. The fundamental shift in the hydrological baseline 

is creating a crisis of chronic unreliability. The rising temperatures on one hand result in a surge 

in water demand and volatility in water availability on the other. Furthermore, 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 energy-intensive to treat. Ultimately, these 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 2 illustrates the intensification of the water cycle driven by global warming and its 

cascading consequences for urban water security. A disrupted natural system reduces 

reliability of water supply, degrades water quality and places infrastructure at risk. Coastal 

cities are particularly vulnerable in this changing regime, facing compounding threats from 

surging cyclones, sea-level rise, and storm surges that overwhelm drainage networks and force 

saline intrusion into freshwater aquifers. 
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Figure 2:Intensification of the water cycle due to global warming and its impact on urban water security. 

 

Source: Authorõs Illustration 
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Nowhere are these hydro-meteorological 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 quality in coastal areas7.  More intense rainfall combined with rising sea 

levels amplify storm surges, salinity intrusions and surface run-off placing coastal settlements 

at heightened risk.  These shifts not only impact freshwater resources but also exacerbate 

existing vulnerabilities to flooding and inundation. A warmer atmosphere and ocean provide 

additional energy for storm intensification, leading to a greater number of extreme weather 

events. Cyclones, in particular, pose catastrophic threats not just to lives and infrastructure, but 

to the very backbone of urban resilience: access to WaSH. By damaging water supply and 

wastewater infrastructure, such events jeopardise public health and disrupt the essential 

services that coastal cities rely on, placing them at even greater risk. These hazards compound 

the existing pressures of urbanisation, placing critical water infrastructure under significant 

stress and exposing vulnerabilities in already stretched systems. These new risks are especially 

critical in India, where approximately 18% of its population resides in 72 coastal districts8.  

This escalating hydro-climatic volatility inevitably converges on Water management, 

particularly in cities, where dense populations, concentrated infrastructure, and increasingly 

fragile ecosystems intersect. Urban water systems spanning 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 vulnerabilities in urban 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 on fire"9. Traditional 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 requires transforming these interdependent systems to 

withstand the dual threats of chronic scarcity and acute extremes, making resilient WaSH 

infrastructure the cornerstone of sustainable cities. 

 

1.2 THE RISING CLIMATE THREAT TO INDIAõS 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, recent data reveals 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 epoch (2001ð

2019).10 This intensification is fuelled 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 capacity11. This is corroborated by long-term 

atmospheric data showing a sharp surge in Indiaõs average annual air humidity, particularly 

in the 2020s where levels have consistently exceeded 68% ( Figure 3). When this moisture-

laden air intercepts the steep barrier of the Western Ghats, the resulting orographic lift 

triggers explosive, high-intensity rainfall events.  

Figure 3: Annual time series of air humidity over Indian landmass. 

 

Data Source: Global Water Monitor Data Explorer12 

Along Indiaõs west coast, the coastal districts of Gujarat specifically have become increasingly 

vulnerable to tropical cyclones in recent years13.  Further, west coast states are more exposed 

to sea level rise; every one-metre rise in sea level can inundate almost 5,763 km2 of land14. 

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 report15.   

Furthermore, historically established as fishing villages and trading posts near river mouths or 

perched along the slopes of the Konkan and Sahyadri mountains, the coastal settlements have 

evolved into thriving industrial hubs, port cities, and tourist centres. The regionõs undulating 

terrain, fragile slopes, rising sea levels, erratic weather patterns, and increasing cyclonic 

activity exacerbate its vulnerability. Challenges such as land submergence, wave shoaling, 

shoreline erosion, salt intrusion, groundwater flooding, and coastal inundation are increasingly 

evident. These threats contribute to environmental degradation, contamination of land and 

water, disruptions in essential services, and potential infrastructure failures. 
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1.3 SYSTEMIC VULNERABILITIES AND THE CLIMATE MULTIPLIER EFFECT  

Densely populated coastal cities have long grappled with rising demand amid diminishing 

water availability.  Over the years, infrastructure expansion, intensified water pumping, and 

landscape modification became embedded in policy and practice as conventional approaches 

to water management. Yet these approaches often degrade natural environments both within 

and beyond city boundaries. Water flows are altered through water extraction, river 

diversions, reservoir construction, and flood control measures. Impermeable built surfaces 

reduce rainwater infiltration and groundwater recharge, while the loss of vegetation disrupts 

processes like transpiration that help sustain the natural water cycle. At the same time, cities 

generate massive amounts of wastewater that flows back into the natural cycle, often 

untreated and poorly managed. In their determined efforts to cope up, cities have often 

compromised the very ecosystems they depend upon. In the water-stressed context of India, 

short-term needs are often understandably prioritised over long-term sustainability 

particularly for a need as vital as water: the lifeblood of urban life. However, this trade-off 

may no longer be tenable. 

Even without climate pressures, water management in Indian cities faces deep structural 

challenges: widening demandðsupply gaps, shrinking freshwater sources, falling groundwater 

tables, and the degradation of rivers, wetlands, and aquifers. Conventional approaches such 

as large dams, long-distance water transfers, deeper extraction, and engineered flood-

control measures, have historically prioritised short-term supply augmentation at the expense 

of ecological stability. 

The consequences are far-reaching: 

¶ Altered river flows and disrupted drainage systems due to unplanned urban 

development 

¶ Low groundwater recharge caused by impermeable surfaces 

¶ High dependence on energy-intensive pumping, increasing carbon emissions 

¶ Large volumes of untreated wastewater discharged into rivers, seas, and aquifers 

¶ Increased vulnerability to floods and salinity intrusion as coastal ecosystems such as 

mangroves and estuaries decline 

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 
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socio-economically disadvantaged groups16,17,18,19 and are now exposed to climate change-

related risks. 

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: 

¶ Water policies focus on augmenting supply rather than reducing demand or building 

resilience. 

¶ Energy policies rarely account for the energy footprint of WaSH services and the water 

footprint of energy generation and distribution. 

¶ Climate strategies frequently 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 ad-hoc, project-driven solutions that respond to immediate complaints but do little to 

address systemic vulnerabilities. Institutional inertia, overlapping jurisdictions, and limited 

accountability impede long-term planning. Meanwhile, the most severe impacts are 

disproportionately borne by marginalised communities, deepening socio-spatial inequities. 

Without integrated governance mechanisms, cities remain locked into cycles of over-

extraction, infrastructure stress, ecological decline, and rising climate vulnerability. For 

comprehensive insights on policy landscape refer to our policy analysis reports. 

 

1.4 REIMAGINING URBAN WATER RESILIENCE IN THE FACE OF CLIMATE CHANGE 

Climate change on one hand, underscores the urgent need for effective urban water 

management to enhance the health resilience of populations and mitigate its impacts on cities. 

On the other, it intensifies existing water-related challenges brought by urbanisation, 

threatening the sustainability of urban water systems. As temperatures continue to rise, 

conventional water management approaches focused on large-scale infrastructure, and 

reactive coping strategies may prove insufficient under these compounded pressures. In fact, 

such strategies could worsen long-term vulnerabilities by disrupting the natural water cycle, 

especially in fragile coastal ecosystems.  

Climate change thus acts as a wake-up call, urging policymakers to reassess the fragile 

relationship between urban water systems and the natural water cycle. Ensuring long-term 

water security and resilience demands a new paradigm that not only addresses the immediate 
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impacts of climate change but also strives to harmonise existing water systems with natural 

cycles.   

With this understanding, a study titled òLandscape analysis for four coastal states on climate 

resilient water and sanitation infrastructureó was initiated under the Climate Resilient Coastal 

Cities (CRCC) initiative financially support by HSBC India. The study focuses on evaluating the 

existing water and sanitation systems in the backdrop of emerging climate realities in12 

coastal towns across Maharashtra, Gujarat, Goa, and Karnataka (Figure 4).  

Figure 4: Case study towns across 4 west coastal states of India 

 

Image Source: Authorõs Illustration 
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1.5 METHODOLOGY  

The primary objective of our study is to assess the operational and institutional readiness of the 

Urban Water & Sanitation sector to adapt to a changing hydro-climatic regime, while identifying 

pathways for low-carbon and sustainable service delivery. The methodology is structured to 

build a cumulative evidence base, moving from baseline profiling to detailed diagnostics and 

resilience evaluation. 

 

1.5.1 ANALYTICAL FRAMEWORK 

The process begins with a systematic literature review to establish the analytical framework 

governing the interaction between climate impacts and water and sanitation (WaSH) 

infrastructure.  

Figure 5: The Water-Energy-Climate Nexus in urban water systems. 

 

Source: Authorõs Illustration 

Our methodological approach is grounded in a systems-thinking framework that 

conceptualises urban water and sanitation (WaSH) not as an isolated sector, but as a dynamic 

component of the Water-Energy-Climate nexus.  As illustrated in Figure 5, this approach 
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evaluates the bi-directional 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 Water-Climate Interaction: The framework assesses the dual relationship between 

WaSH infrastructure and climate change. It evaluates the physical climate impacts on 

Urban Water Systems (UWS) such as extreme weather events, altered hydrological 

cycles, and coastal hazards while simultaneously quantifying the GHG emissions from 

UWS, establishing the carbon footprint of current water management practices. 

2. The Water-Energy Interdependency: It maps 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 Energy-Climate Linkage: The 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 & Institutions: Placed at the core of the framework, institutional governance acts 

as the primary mediating force. The framework analyzes how governing bodies 

respond to systemic stressors such as demand pressures, ecological degradation, and 

risk/resilience needs and 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 readiness required to build 

climate-resilient WaSH systems. 

 

1.5.2 TOWN SELECTION CRITERIA 

The town selection followed a two-step process. First, a set of criteria was developed through 

a comprehensive literature review (outlined in Table 1). These criteria were designed to ensure 

diversity among the case study towns in terms of WaSH infrastructure and services, 

geography, demographics, and climate vulnerability, administrative status, thus enabling a 

more representative and contextually grounded analysis.  
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¶ Current understanding of climate risks: The selection process considered the known 

climate risks each town faces, as these are critical for assessing the vulnerability of 

WaSH infrastructure to climate-related hazards. 

¶ Variation in infrastructure and urban characteristics: Towns were selected to reflect 

diversity in water and sanitation infrastructure and service levels, population size, 

climatic conditions, and economic activitiesñfactors that influence exposure and 

adaptive capacity and GHG emissions. 

¶ Socio-economic profile: Differences in socio-economic conditions lead to varied water 

consumption and sanitation practices. These factors are crucial for understanding a 

town's climate resilience and estimating GHG emissions in the WaSH sector. 

¶ 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 statusñsuch as municipal 

corporations or class-I and beyondñtend to have greater autonomy, better 

institutional structures, and access to financial and technical resources. They are more 

likely to have dedicated departments, skilled personnel, and the ability to integrate 

climate considerations into urban development plans. These towns also benefit from 

larger budgets, greater revenue-generating powers, and enhanced eligibility for 

national and international funding schemes focused on climate adaptation and 

mitigation. In contrast, smaller towns or panchayats often rely heavily on state or 

district-level agencies, leading to delays in planning and implementation. Moreover, 

higher status towns typically have better data systems and monitoring capabilities, 

which are essential for assessing climate risks and emissions. Their greater political 

visibility further enhances their chances of being included in pilot projects or targeted 

policy interventions. Thus, a townõs administrative status directly shapes its ability to 

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

services. 

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

made in consultation with the state Directorates of Swachh Bharat Mission Urban (SBM-U).  

 

 

 



Towards Climate-Resilient Urban Water and Sanitation Systems: Situational Assessment of Mormugao, Goa 

12 
 

Table 1:Town Selection Criteria 

Key Parameters Selection criteria 

Administrative status Municipal 

Corporation  

Municipal Council  

(A and B) 

Nagar Panchayat  

(C and D)  

City Size based on 

population 

Class-I to Class IV 

Socio-economic profile  Capturing variability in socio-economic profile of the town population 

Climate Change Exposure 

and vulnerability 

Low 

Risk/vulnerable 

Medium Risk/vulnerable High Risk/vulnerable 

Sanitation Infrastructure 

Services Status   

Only On-site 

Sanitation 

OSS + % networked 

system 

OSS+ % networked + 

Non-networked (NBS/ 
Conventional/ FSSTP)  

Economic Contributions 
/Profile 

Industrial, agricultural, tourism, service sectors 

State government and ULB 
support 

Past and current partnerships, collaborations 

Table 2 : Selected Towns 

State Town Population (2011) Class 

 Maharashtra  Alibag 20,743 Class-III 

Ratnagiri 76,229 Class-II 

Vengurla 12,392 Class-IV 

Karnataka 

  

Mangaluru   4,99,487 Class-I 

Kundapura  30,444 Class-III 

Karwar  77,139 Class-II 

Goa  

  

Canacona 12,434 Class-IV 

Mormugao 94,393 Class-II 

Mapusa 39,989 Class-III 

Gujarat  Dwaraka 38,873 Class-III 

Mandvi 51,376 Class-II 

Valsad  1,70,060 Class-I 
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1.5.3 STEP-BY-STEP APPROACH TO SITUATIONAL ASSESSMENT 

Figure 6: Methodological framework for the situational assessment and resilience evaluation of urban WaSH systems. 
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As illustrated in Figure 6, our town-level situational assessment follows a logical, multi-step 

progression that begins with town profiling to establish demographic, spatial, and climatic 

baselines. We 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 Local Body to 

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 assessment that evaluates 

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 desk-based research with targeted fieldwork. Initial 

reviews of national and municipal datasets (e.g., Census, SBM-U) established the analytical 

framework and identified critical data gaps, which were subsequently addressed through 

stakeholder consultations with ULB and state-level officials. This was complemented by on-

ground validation, including technical site visits to key infrastructure assets (WTPs, reservoirs) 

and rapid assessments of vulnerability hotspots, where semi-structured interviews with 

residents provided critical insights into service delivery challenges and local climate impacts. 

Detailed data collection steps and questionnaire for ground truthing (resident interviews) are 

provided in Annexure-I of the report. 

The study also identified several critical data gaps that limit comprehensive assessment and 

effective decision-making. These gaps, detailed in Annexure-II, highlight the need for 

improved data collection, systematic reporting, and stronger integration of information across 

institutions to better inform future planning and resilience-building efforts. 

 

This situation assessment report presents the study findings for Mormugao, a Class-II town, in 

the Mormugao Taluka of South Goa District. The city is strategically positioned between the 

Arabian Sea and the Western Ghats. Jutting into the Arabian Sea and with high coastal elevation, 

the city is counted among India's top natural harbours. Mormugao is exposed to hazards such as 

sea level rise, coastal flooding, saltwater intrusion in low lying areas, storm surges, cyclones and 

landslides due to heavy precipitation in some vulnerable locations identified in recent years. The 

Goa State Climate Change Action Plan has prioritised the taluks of Mormugao, Bardez, Tiswadi 

and Salcete for adaptation efforts, as these regions host most of the state's population and 

economic activities, and are at higher risk due to climate change (NABCONS, 2023, p. 147)20.  
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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. 

Mormugao is a coastal town covering an area of 27.36 sqkm, located in the South Goa 

district of India. It serves as the administrative hub of the Mormugao taluka and is renowned 

for its deep, natural harbor, which remains Goa's primary port. As one of India's largest and 

oldest ports (commissioned in 1885) , Mormugao plays a crucial role in the state's economy. 

The town is also the headquarters of the Mormugao sub-division and is strategically situated 

along the banks of the Zuari River, as well as the seacoast.  

Demographic Profile: : Mormugao town is the most populous urban centre in the South Goa 

district 21, has 90% of the stateõs slum population, as per Census 2011. The Mormugao 

Municipal Council, according to the 2011 Census, has a population of 94,393, with 49,633 

males and 44,760 females. The female sex ratio stands at 902, compared to the state 

average of 973. The Municipal Council oversees 21,524 households. Out of the total 

population, 36,929 individuals are involved in work or business activities, with 28,739 males 

and 8,190 females. Among the working population, 87.22% are engaged in main work, while 

12.78% are involved in marginal work.  The estimated population of Mormugao Municipal 

Council in 2025 is around 134,00022. The town has 20 wards (ibid). 

Topography: The topography of Mormugao is a combination of rocky outcrop and sediment 

rich, low-lying areas at the mouth of the Zuari River. This results in a sheltered natural harbour 

and a bay like formation. The funnel is bay shaped. The clayey sediment at the mouth of the 

Zuari river and the and the coastal rocks which form the outcrop define the topography. 

Land use and Landcover: Mormugao has primarily residential, institutional and commercial 

landuse. The Vasco port and the Dabolim airport are two significant features of the city. The 

institutional landuse includes port and defence based landuse. The built up landcover is the 

most significant classification. A ward wise distribution of built-up footprint reveals wards 1 ð 

6   are located on a plateau shaped projection into the sea with a high coastal elevation and 

hosts institutional and defence-based land use. Ward 3 has the highest built-up footprint 

followed by ward 2, and wards   4, 5, 6 were found to have high rise residential 

developments.  Wards 7, 8 and 9 are low elevation coastal wards adjacent to the narrow 

beach with ward 8 having a significant built-up density. Ward 11 ð 14 are contiguous low-

lying wards. Wards 20, 22, 23 towards the east of the town also exhibit dense development. 

(Ref. Figure 7 and Table 3) 
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Table 3 : Ward level Built-up footprint (based on remote sensed data) 

Ward 

No 

Total 

Ward 

Area 

% of total 

town area 

Built up 

footprint 

(%) 

 
Ward 

No 

Total 

Ward 

Area 

% of total 

town 

area 

Built up 

footprint 

(%) 

1 1.0 8% 19.2%  14 0.2 1% 65.5% 

2 0.2 1% 57.4%  15 1.1 9% 32.8% 

3 0.1 0% 91.5%  16 0.3 3% 45.0% 

4 0.5 4% 32.7%  17 0.1 1% 56.2% 

5 0.9 7% 20.0%  18 2.4 19% 15.0% 

6 1.2 10% 17.0%  19 0.6 5% 23.4% 

7 0.2 1% 39.8%  20 0.1 1% 78.2% 

8 0.1 1% 52.0%  21 0.6 5% 30.8% 

9 0.3 2% 38.8%  22 0.1 1% 82.5% 

10 0.1 1% 47.5%  23 0.2 2% 75.2% 

11 0.2 1% 56.8%  24 0.5 4% 39.0% 

12 0.5 4% 43.7%  25 0.4 3% 38.9% 

13 0.5 4% 53.5%      
Source: GIS Analysis 

Figure 7: Landcover and Built-up Footprint of Mormugao. 
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Climate Profile: MMC falls under the coastal agro-climatic zone (Ref. Figure 8) within 

Mormugao taluka and South Goa District. Mormugao Taluk has negligible area covered under 

forest21. On average, the town receives 2,982.21 mm of annual rainfall, with a maximum 

temperature of 31.33°C and a minimum temperature of 24.17°C (ibid). 

 

Figure 8: Administrative Divisions of Goa 

 

Source: Census Digital Library, 202122 

 

Climate Change and Disasters: Town-level data on climate change impacts and disasters is 

limited; therefore, this study relies on district and taluka-level secondary data. According to 

NITI Aayog's Climate and Energy Dashboard, South Goa District fall within a moderate 

damage risk zone for wind hazards (with wind speeds reaching up to 39 m/s) and moderate 

cyclonic activity (featuring maximum sustained wind speeds ranging from 48 to 63 knots)23. 

The coastal belt of Goa is the only area vulnerable to cyclones.  

Six out of the 12 talukas in the state, including Mormugao, which includes Mormugao town, 

are considered highly vulnerable to cyclones, based on the severity of the impacts (Ref. Table 

4). As shown in the figure 9, the 0-5 meter elevation zone is considered the most vulnerable 

to flooding in Goa24. Consequently, Mormugao taluka is more susceptible to flood-related 

hazards.  
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For instance, the impact of cyclones like Tauktae and heavy rains received widespread media 

coverage, reporting widespread destruction such as uprooted trees, damaged 36 houses, and 

toppled electricity poles. The strong cyclonic winds tragically resulted in the loss of two lives. 

In certain areas, intense rainfall and gusty winds led to severe waterlogging, causing 

significant damage to both public and private property 25,26,27. 

Figure 9 : Flood Vulnerability of Taluka of Goa 

 

Source: (NABCONS, 2023) 

 

Mormugao taluka has a relatively low vulnerability to flood severity, refer table given 
below. 

Table 4: Multi-hazard vulnerability (level of severity) in Mormugao taluka of Goa 

Taluk Cyclone Floods Drought Landslides  Soil Erosion 

Mormugao High Low Low Low Low 

 
Source: (Goa State Disaster Management Authority, 2024)28 
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During our fieldwork in the town, we identified low-lying areas, which are frequently prone 

to flooding and waterlogging during the monsoon season. However, as outlined in the State 

Disaster Management Plan, flooding in Goa is not solely caused by intense rainfall events. It 

is further exacerbated by unregulated urban expansion, insufficient maintenance of natural 

water storage systems (such as tanks), and poor management of drainage infrastructure, 

particularly within municipal areas. These factors collectively amplify the destructive potential 

of increasing flood hazards (Goa State Disaster Management Authority, 2024, pp. 71-72)28.  

This appears to be a recurring issue, as media reports highlight frequent blockages in the 

drainage network, leading to urban flooding during monsoons in almost all areas of the 

Mormugao town29,30.   

 

Mormugao town and Taluk are particularly vulnerable to disasters and climate change-induced 

extreme weather events due to their high population density and substantial slum population. Slum 

communities often have limited coping capacities, making them more susceptible to the impacts 

of climate change24. In the event of sea-level rise, densely populated areas, particularly in 

coastal talukas like Mormugao, would face significant challenges. Notably, Mormugao taluka 

is home to 10% of Goa's population and has the highest population density in the state. In 

addition to being densely populated, Mormugao is a major tourist destination, which has led 

to a marked increase in water demand and greater exploitation of groundwater resources 

(NABCONS, 2023, pp. 102-103)24. The region has also experienced coastal erosion, posing 

a direct threat to local livelihoods, the tourism industry, and the area's overall resilience to 

climate change. 
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3. STATUS OF WATER INFRASTRUCTURE 

AND SERVICES  

ASHISH DANGI31 AND NC NARAYANAN 

 

This chapter provides a situational assessment of Mormugaoõs water sector, mapping the town's 

existing infrastructure from source to consumer. By analysing the systemic challenges along with 

emerging climate risks, the chapter uncovers the structural and environmental pressures that define 

the townõs current water security landscape. 

 

Mormugao is a distinctive peninsula, bordered on three sides by water (Ref. Figure 10). To 

the west and south lies the Arabian Sea, while to the north, it is bordered by the tidal Zuarið

Mandovi estuarine network which is dense with mangroves and supporting rich coastal 

biodiversity. Its peninsular geography feeds into a layered groundwater system. Upland 

lateritic plateaus support shallow phreatic aquifers, while coastal zones sit atop alluvial and 

estuarine aquifers, especially near the tidal channels. Deeper fractured rock aquifers are 

found further inland. 

Figure 10: Geographical setting of Mormugao Municipal council Area. 

 

Image Source: Municipal boundary of Mormugao plotted in Google Earth 
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Mormugao is a distinctive peninsula, bordered on three sides by water (Ref. Figure 4). To the 

west and south lies the Arabian Sea, while to the north, it is bordered by the tidal Zuarið

Mandovi estuarine network which is dense with mangroves and supporting rich coastal 

biodiversity. Its peninsular geography feeds into a layered groundwater system. Upland 

lateritic plateaus support shallow phreatic aquifers, while coastal zones sit atop alluvial and 

estuarine aquifers, especially near the tidal channels. Deeper fractured rock aquifers are 

found further inland. 

This hydrological complexity, shaped by Mormugaoõs peninsular setting and estuarine 

ecology, underscores both its rich water resources and high vulnerability, particularly to saline 

intrusion during dry periods, seasonal variability in recharge, and pollution risks to mangroves 

and estuarine waters from urban runoff, untreated sewage, and port-related industrial 

activities. The sensitive balance between freshwater and saline flows, essential to the health 

of mangroves and aquifers alike, is increasingly threatened under pressure from urbanisation 

and climate change. 

 

3.1 SURFACE WATER SOURCES 

The Salaulim Dam, located near Sanguem town in South Goa, serves as the primary surface 

water source for Mormugao and much of South Goa. Constructed across the Salaulim River, a 

tributary of the Zuari River, it is a central component of the Salaulim Irrigation Project, which 

now serves both irrigation and urban-industrial water supply functions (Figure 11). 

Figure 11: Salaulim spillway dam, Kudri, Goa 

 

Image Source: Goa Water Resource Department 
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The dam currently supplies up to 380 million liters per day (MLD), meeting domestic and 
industrial water needs for approximately 70% of South Goaõs population, while also 

irrigating over 9,500 hectares in the talukas of Sanguem, Salcete, and Quepem. Structurally, 
it is a composite earth-cum-masonry dam with a height of 42.7 meters, length of 1,003 meters, 
and gross storage capacity of 234.36 million cubic meters.Its construction came with significant 

trade-offs submerging 2,964 hectares, including 706 hectares of forest and 1,240 hectares 
of cultivated land, displacing 643 families across nine villages. Cultural heritage sites such as 
centuries-old temples and sculptures were relocated as part of the project. Despite these social 
and ecological costs, the dam has evolved into a regional lifeline, not only securing water 

supply and irrigation but also supporting fisheries, local livelihoods, and ecotourism. Its duckbill 
spillway and adjacent botanical gardens have made it a popular tourist attraction. 
 
The catchment area of the dam, spanning approximately 209ð227 km², lies in the ecologically 

sensitive Western Ghats. It includes three key watersheds: Guleli, Kumbhari Nala, and 
Curpem, characterized by steep terrain (150ð500 m elevation), dense forests (68.5%), and 
high drainage density. Other land uses include agriculture (10%), plantations (8.3%), and 
mining-related zones (13.2%)32. 

 
While active mining operations have ceased, the presence of abandoned and old mines, 
particularly in the Curpem watershed, poses ongoing risks. These include non-point source 

pollution, sediment runoff, and potential groundwater contamination, particularly during the 
monsoon season. 
 
Climatically, the catchment experiences a humid tropical climate, with temperatures ranging 

from 20°C to 36°C and relative humidity reaching 90ð95% during the monsoon. The monsoon 
season (JuneðSeptember) brings intense rainfall, with the catchment receiving over 3,600 mm 
annually. This seasonal deluge is vital for recharging aquifers, sustaining reservoir levels, and 
maintaining freshwater flows. 

 
The reliance on monsoonal inflows increases the damõs climate sensitivity, raising concerns over 
inter-seasonal water security, and the resilience of water infrastructure under a changing 
climate. While the dam remains a critical water source, emerging pressures including legacy 

mining impacts, sedimentation, and seasonal variability, underscore the importance of 
proactive catchment protection to ensure sustainability of this vital source. 
 

 

3.2 GROUNDWATER 

In Mormugao, as in much of Goa, the groundwater system is characterised by a layered 

geological profile where laterite formations commonly overlie basaltic bedrock (Figure 12). 

Laterite, a highly weathered and porous rock rich in iron and aluminium, forms under hot and 

humid tropical conditions through the prolonged chemical weathering of underlying Deccan 

basalt. Hydrogeologically, the laterite functions as a phreatic aquifer, storing and transmitting 

water but with limited retention during dry seasons. In contrast, the underlying fractured or 

weathered basalt serves as a confined aquifer, offering more dependable groundwater 
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reserves if appropriately tapped. Additionally, Murmagaoõs coastal geography supports the 

presence of saline and brackish aquifers, particularly in areas close to estuaries, creeks, and 

the coastline. These aquifers are highly vulnerable to saline intrusion, especially during dry 

seasons or under excessive groundwater extraction. According to the Central Ground Water 

Board (CGWB), to protect freshwater quality in such low-lying coastal areas, it is 

recommended to maintain a minimum distance of 0.5km from creeks and at least 400m from 

the coastline when siting wells. 

 

Figure 12: Principle aquifer systems in Goa. 

 

Source: Central Ground Water Board33 
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As per Figure 12, the principle aquifer systems in Mormugao region are: 

1. Laterites: These are the dominant shallow aquifers, occurring both as in-situ layers on 

plateaus and as detrital deposits in valleys. These formations are highly porous and 

fractured, enabling moderate groundwater storage. Water occurs under phreatic 

conditions, with water levels ranging from 1.3 to 19 mbgl. The thickness of laterite extends 

up to 40 meters, with dug wells typically tapping depths of 3ð20 meters. 

 

2. Basalt & Metabasalt: These are found beneath the laterite layer, form confined to semi-

confined systems. Groundwater is stored in the weathered mantle (10ð20 m) and 

fractured zones (20ð45 mbgl). Depth to water ranges from 1.8 to 18.9 mbgl, with 

borewell discharges varying widely depending on fracture connectivity. 

 

Table 5: District wise Distribution and Characteristics of Basalt & Metabasalt Aquifer Systems 

 

Source: Central Ground Water Board33 

Depth to Water Level:  

The depth to water level ranges between 3.86-5 metres below ground level (mbgl) pre-

monsoon (May 2023) in most areas except for in the higher elevation regions on the western 

tip of the peninsula as well as on the eastern boundary of the city where it ranges from 5-

9.32 mbgl. The aquifers get significantly recharged during monsoon with depths decreasing 

within a range of 3.86-5 post monsoon (Nov 2023). (See figure 13) 

The seasonal variation in groundwater levels in Mormugao Taluk shows a clear dependence 

on monsoonal recharge. As shown in Figure 14, in May 2017 just before the onset of the 

southwest monsoon, the water table was at its lowest, with depths reaching approximately 3.0 

meters below ground level (mbgl). As the monsoon progressed, the depth to water level 

steadily decreased, reaching its shallowest point (~1.7 mbgl) in November 2017, indicating 

significant recharge from rainfall. However, post-monsoon, the water levels began to decline 

again, returning to around 3.0 mbgl by January 2018. This sharp drop within two months 

highlights the limited retention capacity of the aquifers or high seasonal extraction, especially 

during the dry months. The pattern underscores the critical reliance on monsoon rainfall for 

groundwater sustainability and the need for improved recharge interventions and demand-

side management to ensure year-round water security. 
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Figure 13: Pre monsoon(May 2023) and Post Monsoon (Nov 2023) Depth to Water Leveling Mormugao Taluk. 

 

Source: Water Resource Department, Government of Goa & Central Ground Water Board34. 
 
 
 
 

Figure 14: Seasonal variation in groundwater levels in Mormugao Taluk (2017-18) 

 

Source: Ground Water Year Book Goa State 2017-18, CGWB35 
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Figure 15: Groundwater Level Fluctuations (Shallow Aquifer): Pre-monsoon (May 2022 to May 2023) & Post-monsoon (Nov 2022 to 

Nov 2023) 

 

Source: Water Resource Department, Government of Goa & Central Ground Water Board34. 

 

Groundwater level fluctuations in the shallow aquifers of Mormugao indicate both short-term 

and long-term trends that have implications for water resource sustainability in the region as 

showing in Figure 15. Between May 2022 and May 2023 (pre-monsoon), and again from 

November 2022 to November 2023 (post-monsoon), water levels showed a rise of 0ð2 

meters, suggesting positive recharge. The rise is likely due to increased rainfall and/or 

reduced extraction. However, a decadal analysis (2013 to 2023) reveals a more nuanced 

picture (Figure 16). While most of the taluka experienced a rise of 0ð2 meters in pre-monsoon 

shallow water levels, a localized decline was observed in the southern part of the Mormugao 

block, pointing to possible over-extraction or urban stress in these zones. Post-monsoon levels 

across the taluka show a fall of 0ð2 meters, indicating reduced retention or increased 

drawdown after monsoon recharge, possibly due to increased draft or reduced percolation 

linked to urbanization. These patterns underscore the need for localized groundwater 

management, particularly in urbanized pockets where aquifer stress may be masked by 

broader district-level òsafeó categorizations. 
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Figure 16: Decadal water Level Fluctuations (Shallow Aquifer): Pre-monsoon (May 2013 to May 2023) & Post-monsoon (Nov 2013 

to Nov 2023) 

 

Source: Water Resource Department, Government of Goa & Central Ground Water Board34. 

 

Ground Water Resource Estimation for Mormugao Block: 

Groundwater extraction in Mormugao reflects a growing and potentially unsustainable 

dependence on subterranean sources, especially for domestic use. As shown in the extraction 

profile (Ref. Figure 17), 74% of the extracted groundwater is for domestic purposes, 

followed by 20% for irrigation, and 6% for industrial use. This highlights the critical role of 

groundwater in meeting everyday needs, especially in areas underserved by piped surface 

water supply. Mormugao block was categorised as ôsafeõ by CGWB with about 34% of 

annual extractable ground water being drawn in 2022.  

A recent assessments shows that extraction in Goa has increased by 65% over the past 12 

years, rising from 4,114 hectare-metres (ham) in 2011 to 6,775 ham in 202336. While Goa 

as a whole remains in the ôsafeõ category with a groundwater development stage of 21.3%, 

Mormugao and Bardez talukas exhibit the highest extraction levels relative to their 

availability , signalling localised groundwater stress. 
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Figure 17: Ground Water Resource Assessment (2022) for Mormugao Block 

 

 

Source: Water Resource Department, Government of Goa & Central Ground Water Board34 

In Mormugao specifically, the groundwater availability for future use is the lowest among all 

talukas at just 1,021.7 ham (2023), indicating limited buffer capacity to absorb further 

extraction increases. The rise in use is linked to an increase in abstraction structures, such as 
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borewells, and growing urban demand, particularly in peri-urban areas and slums, where 

dependence on private borewells and tankers is high due to limited municipal coverage. 

Additionally, climate variability in the form of erratic monsoons and rising temperatures poses 

a serious threat to recharge rates. This is further compounded in coastal and low-lying zones 

by saline and brackish aquifers, which are highly vulnerable to seawater intrusion, especially 

during dry months.  

Overall, while the categorization may suggest low groundwater stress, Mormugaoõs specific 

context reveals a much more vulnerable picture, demanding urgent attention to demand 

management, source protection, and aquifer recharge interventions to ensure long-term 

water security. 

 

3.3 WATER INFRASTRUCTURE 

Traditional Groundwater Systems: Dug Wells 

Before the advent of piped supply systems, dug wells formed the cornerstone of domestic and 

agricultural water access in Mormugao and broader South Goa. Typically carved into laterite 

rock, these wells tapped shallow phreatic aquifers replenished by monsoon rains and local 

springs. Known for their cultural and functional importance, community wells locally called òdha 

zannachibaimó were larger and shared by multiple households. 

Water drawn from wells was usually sweeter near hilly terrain and saline closer to the coast, 

reflecting the influence of geology and proximity to the Arabian Sea. Traditional water-

drawing methods used coconut coir ropes (razu) and earthen or copper pots, with seasonal 

community-led cleaning using salt or potassium permanganate. 

Despite increased piped coverage, dug wells continue to be used in some localities, especially 

during supply interruptions. However, many have fallen into disrepair or been decommissioned 

due to urbanization, contamination risks, and growing reliance on modern systems. 

Shift to Borewells 

Over the past two decades, Mormugao has witnessed a rapid increase in borewell 

installations driven by rising demand, unreliable municipal supply in some zones, and 

increased construction. According to data from the Goa Water Resources Department (WRD), 

over 962 borewells are currently registered across the state, with Mormugao recording the 

highest number of both new and illegal borewells. Since 2020, 36 new borewells have 

been approved in the constituency, while 28 illegal borewells have been identified, often 

constructed without prior permission from WRD37. Many of these unauthorized structures have 

emerged in response to growing water demand in urbanizing localities such as Vasco and 
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Dabolim, where supply gaps are increasingly filled by private or commercial groundwater 

extraction. Enforcement remains a challenge while 70 illegal borewells have been sealed and 

fines imposed under the Goa Ground Water Regulation Act (2002), the persistent growth of 

unauthorized drilling points to weak monitoring and governance frameworks. The pressure on 

groundwater in such areas not only exacerbates over-extraction and saline intrusion risks but 

also undermines efforts toward equitable and sustainable water supply management in 

Mormugao. 

 

The Salaulim Water Supply Scheme (WSS): 

Today, Mormugaoõs primary source of piped water is the Salaulim Water Supply Scheme 

(WSS), a major regional infrastructure project that supplies treated water to Mormugao, 

Salcete, Quepem, and Sanguem talukas servicing over 110,000 metered connections (as of 

March 2024, PWD). Commissioned in 1989, the scheme draws water from the Salaulim Dam 

and has undergone subsequent upgrades to meet growing demand. 

 

Figure 18: Coverage of the Salaulim Water Supply Scheme. 

 

Source: Public Works Department, Works Division ð XII, Sub-Division-IV 
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Water Treatment Plant (WTP): 

Located adjacent to Salaulim Dam in Sanguem. (Figure 19) 

Design capacity: 160 MLD, with peak output reaching 170 MLD. 

 

Figure 19: Location of Salaulim dam and Water treatment plant on a hillock. 

 

Source: Google earth satellite imagery 
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The schematic (Ref. Figure 20) reveals a conventional treatment sequence with multiple 

clarifiers, filters, and chemical dosing units arranged to ensure high-quality water output. 

Raw Water Intake and Conveyance 

 Source: Raw water is drawn from Salaulim Dam Intake located 1 km from WTP. 

 Intake Infrastructure: A jackwell/pump house with 4 pumps × 2 lines lifts water. 

 Transmission: Water is conveyed to the WTP via 1000 mm diameter mild steel rising 

mains. 

 

Pre-Treatment and Chemical Dosing 

 Aeration Units: Each line passes through an aerator to improve oxygen levels and 

remove volatile compounds. 

 Parshall Flumes: Used for flow measurement and flow regulation. 

 Flash Mixers (RL 119.00 m): For rapid mixing of coagulants with raw water. 

 Alum & Lime Dosing: Chemical dosing is done post-aeration and before sedimentation 

to facilitate coagulation and pH control. 

 

Clarification and Flocculation 

 The plant includes: 

o 4 units of 40 MLD clarifiers for a total of 160 MLD. 

o Each clarification unit includes flocculation chambers (RL 118.50 m) to promote 

aggregation of suspended particles before settling. 

 Water from clarifiers flows to the filtration units. 

 

Filtration 

 The clarified water is directed to 12 gravity sand filters arranged in two banks of six. 

 Each filter is located at RL 118.20 m, indicating a gravity-driven process. 

 Filters remove remaining suspended solids and microorganisms. 

 

Post-Treatment and Disinfection 

After filtration, water passes through a Post-Chlorination Unit (Post-Cl) for final disinfection 

and finally into a 6700 m³ treated water reservoir (storage levels from RL 115.15 m to 

110.65 m) for distribution. 
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Figure 20: Schematic drawing of the Water Supply Network showing key infrastructure 

 

Source: Public Works Department, Works Division ð XII, Sub-Division-IV 

 

Transmission: 

The transmission system from the Salaulim 160 MLD WTP to Sada Vasco operates primarily 

through gravity, leveraging the regionõs natural elevation profile (Figure 21). Spanning 

approximately 55 km, the pipeline transitions through varying diameters, from 1400 mm to 

600 mm, using prestressed concrete and cast iron to manage flow and pressure. The hydraulic 

gradient, maintained above the ground elevation throughout, ensures consistent gravity-fed 

flow with minimal pumping, except at key locations like the Verna Pumping Station. Branching 

points, such as the one leading to the Margao Master Balancing Reservoir, support distribution 

across multiple zones. This elevation-sensitive design allows for efficient water conveyance 

across undulating terrain while minimizing energy use. 
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Figure 21: Longitudinal section of the Salaulim Gravity Main Transmission Systemfrom WTP in Sanguem to Sada Vasco. 

 

Source: Public Works Department, Works Division ð XII, Sub-Division-IV 
 

Figure 22: Schematic of transmission system of the Salaulim Water Supply Scheme 

 

Source: Public Works Department, Works Division ð XII, Sub-Division-IV 
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As shown in Figure 22, the clear water from the 160 MLD WTP is conveyed approximately 

36 km to the Verna Pumping station using gravity. Water is then pumped to the Verna Master 

Balancing Reservoir (MBR) of capacity 10,000 m3. From there water is once again conveyed 

through gravity to the Vasco/Murmagao area for further distribution. 

 

The pipeline is composed of Prestressed Concrete (PSC) and Cast Iron (CI) segments of varying 

diameters and lengths: 

 D1400 mm PSC ð 24.61 km (from Salaulim to ~25 km) 

 D1200 mm PSC ð 13.76 km 

 D900 mm PSC ð 11.54 km 

 D600 mm PSC/CI ð 4.20 km (final stretch to Sada) 

 

The decreasing diameters help regulate flow velocity and pressure as demand tap-offs 

reduce the total volume downstream. 

The schemeõs capacity was expanded by an additional 100 MLD under the Goa Water 

Supply and Sewerage Project, supported by the Japan Bank for International Cooperation 

(JBIC). This upgrade was critical in ensuring that the scheme could meet future water demand 

across the rapidly urbanizing coastal belt. The expansions added a new 100 MLD WTP and 

a 20,000 m3, MBR at Sirvoi rock hill. It also added a new transmission main along the existing 

one, total length of 26.7 km DI pipe of 1400 mm diameter from new WTP to Margao. A new 

section of 0.85 km 900 mm diameter DI main was also installed between Verna MBR and the 

tapping point to IDC Verna. Rehabilitation of 13.8 km of existing transmission mains (Dia 1200 

mm from Margao to Verna PS) and replacement of 4 units of Pumping Equipment at Verna 

Pumping Station was also completed under the expansion project. 

The replacement of existing Transmission Main1˒400 ~ 25 km from Salaulim 160 MLD WTP 

to Margao is currently ongoing under Stage II expansion of the scheme. 

 

Distribution system: 

The distribution system for Mormugao and surrounding areas operates through a network of 

GLSRs and ELSRs which act as intermediate storage and pressure-balancing structures. As 

illustrated in the system layout (Ref. Figure 20), water from the main transmission pipelines is 

tapped into these reservoirs, either by gravity or via booster pumps depending on the 

elevation and pressure requirements. Higher elevation areas or zones located farther from 
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the transmission mains typically require pumping to ensure adequate supply, while low-lying 

areas can be served through gravity flow.  

 

Figure 23: Distribution network for water supply in Murmagao / Vasco zone. 

 

Source: Public Works Department, Works Division ð XII, Sub-Division-IV 

 

3.4 WATER DEMAND & SUPPLY 

Mormugao Municipal Council (MMC) has a population of 94393 spread across 21524 

households as per census 2011. In the absence of recent census data, we use standard 

population projection methods to estimate current population and consequently, the water 

demand. The estimated water demand based on projected population (Annexxure-III) for the 

town is shown in Table 6. 
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Table 6 : Population Projections 
 

2025 2031 2041 2051 

Estimated Population** 97249 96081 91084 82303 

Domestic Demand 1 13.1 13.0 12.3 11.1 

Floating Population Demand 2 0.44 0.43 0.41 0.37 

Commercial Demand 3 1.31 1.39 1.54 1.70 

Institutional Demand 4 1.31 1.31 1.31 1.31 

Fire Demand 5 0.03 0.03 0.03 0.03 

Defence Establishments6 8 8 8 8 

Industries6 4.2 4.2 4.2 4.2 

Total Demand (MLD) 28.4 28.3 27.8 26.7 
1Estimated at 135 liters per capita / day (lpcd) 
2Floating population assumed to be 10 % of population and demand estimated @ 45 lpcd. 
3Commercial demand estimated @ 10 % of domestic demand growing @1% / year as per CPHEEO (2024) 
4Water demand by institutions estimated @ 10 % of domestic demand. 
5Fire demand = 100 ãP m3 /day where P is the population. (CPHEEO 2024) 
6Demand by defence establishments and industries in the area is based on actual consumption data provided by the operator 
-PWD DIV IX. 
 

** While we maintain strong reservations about the capacity of static models to capture the highly fluid realities of coastal 
growth, we employ this averaged methodology primarily out of pragmatic necessity: it is the established industry standard for 
Detailed Project Reports (DPRs) for WaSH projects, ensuring our analysis remains interoperable with existing municipal 
frameworks and policy planning. 

 

The water consumption statement provided by PWD Division IX for the Vasco-zone (Mormugao 

Taluka) water supply for the year 2023-2024 indicates 27994 water meter connections given 

to individuals. The category wise daily average water consumption is shown in Figure 24. 

PWD Division IX oversees the water supply for the Vasco zone, which includes the entire 

Mormugao Taluka. For the year 2023ð2024, the division recorded 27,994 metered water 

connections across all categories. While disaggregated supply data specific to MMC is 

unavailable, the information still offers useful insights into coverage and consumption patterns. 
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Figure 24: Category wise daily average water consumption by individual metered connections in Vasco-zone 

. 

Source: Public Works Department, Works Division IX 

 

In the MMC area, 10,103 domestic and 550 non-domestic connections have been recorded 

(Ref. Table 7). As per the 2011 Census, there are 21,524 households, including 4,974 slum 

households with a population of 23,625. Field surveys indicate that slum households typically 

rely on shared community taps (each serving 15ð25 households) while high-rise apartments 

are often registered under a single connection. Thus, the actual number of end-user households 

served is likely much higher than the number of connections reported. 

According to the MMCõs service level benchmark data, 100% of households have access to 

water supply, with a reported per capita supply of 200 lpcd. However, billed consumption 

for 2023ð24 shows a total of 47.9 MLD consumed by 27,994 individual connections in the 

Vasco zone (Table 8). The domestic consumption for the zone is 31.5 MLD which is around 

66% of the overall billed consumption. The data also reveals a high unaccounted-for Water 

(UFW) at 38 % throughout the water supply service chain for Vasco zone.   

The total connection count includes both domestic and non-domestic users (e.g., commercial, 

institutional, and industrial consumers), which may have very different usage patterns. 

Moreover, slum households and large apartment complexes often registered as single 

connections may draw significantly more water than the average. This disparity is not captured 

in the aggregated consumption data, which masks important differences in usage intensity and 

service adequacy across consumer categories.  
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Table 7: Total number of connections Division IX PWD 

 

Source: Public Works Department, Works Division IX 

 

Table 8: Zone-wise / Taluka-wise daily consumption statement of water during 2023-24 (as on 31-03-2024) 

 

Source: Public Works Department, Works Division IX 
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3.5 CLIMATE RISKS AND CHALLENGES 

Mormugao faces a complex and growing set of climate and infrastructure-related risks that 

threaten its urban water security and sustainability. These challenges are not only shaped by 

changing climatic patterns but also by long-standing issues related to systemic 

inefficiencies, source vulnerabilities, and governance gaps in water service delivery. 

Surface Water Source Vulnerability 

Mormugao's primary source of water is the Salaulim Dam, which supplies treated water 

through a long-distance transmission system. This dependency on a single, distant surface 

water source makes the town acutely vulnerable to climatic and operational disruptions. 

The dam is increasingly vulnerable to sedimentation and climate-induced hydrological 

changes. A sedimentation survey by the WRD of Goa revealed that the reservoir has lost 

over 25.5 million cubic meters (MCM) of capacity over 37 years due to sediment deposition 

up to its full reservoir level (FRL), with an annual deposition rate of 0.69 MCM38. The study 

also projects that, at current rates, dead storage will be completely depleted within 50 years 

and up to 33% of live storage could be lost within a century, raising serious concerns about 

long-term water security. These findings are reinforced by a separate study conducted under 

the Framework Agreement between the Norwegian Ministry of Foreign Affairs (MFA) and The 

Energy and Resources Institute (TERI)39, which used hydrological models to simulate future 

inflows into the Salaulim Dam under various climate scenarios. While the study predicts 

increased rainfall and reservoir inflows in the future, it also warns that combined impacts of 

rising inflows and sedimentation could reduce effective storage capacity, limiting the 

ability to store water during lean periods and heightening the risk of both flooding and 

drought. Together, these studies underscore the dual threat of catchment degradation (notably 

from past mining activity) and climate variability, both of which compromise the damõs 

capacity to sustainably serve growing domestic, industrial, and agricultural demands. 

Furthermore, as Mormugao lies at the fag-end of the transmission system, after multiple 

enroute tappings serving other talukas, it is particularly prone to supply inadequacies during 

high demand periods or system breakdowns. This geographic positioning combined with 

climate-induced risksmakes source diversification and resilience planning a critical priority. 

 

Groundwater Stress and Salinity Intrusion 

Groundwater sustainability in Mormugao is increasingly under strain due to rising extraction 

pressures, limited recharge capacity, and growing dependence in areas with inadequate 

piped supply. Despite Goaõs overall classification as a ôsafeõ state, government data reveals 
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a 65% increase in extraction between 2011 and 2023, with Mormugao among the highest-

extraction talukas. This surgedriven by the proliferation of private and often unauthorized 

borewells, especially in peri-urban and slum areas, raises concerns of long-term aquifer 

depletion and saline intrusion, particularly in estuarine zones. The regionõs aquifer systems, 

dominated by lateritic and basaltic formations, have variable yields and limited recharge 

potential. These hydrogeological vulnerabilities are further compounded by erratic rainfall, 

mining-affected catchments, and rising urban demand. Pollution risks add another layer of 

complexity: poorly managed on-site sanitation systems, limited sewerage coverage, 

greywater discharge into storm drains, and port-related industrial activities all contribute to 

the contamination of surface and groundwater, threatening both human health and the 

ecological integrity. 

 

High Non-Revenue Water and System Losses 

According to PWD Division IX, Mormugaoõs NRW was as high as 38% in 2023ð2024. This 

represents a significant loss of treated water due to leakages, illegal tapping, and metering 

errors. NRW not only reflects inefficiency but also increases the carbon footprint of water 

supply, as energy used in abstraction, treatment, and conveyance does not translate into 

actual service delivery. These losses are especially concerning in a town where many areas 

still face intermittent and unreliable supply. 

 

Infrastructure Fragility and Service Interruptions 

Mormugao's water distribution network, encompassing over 100,000 connections, is 

susceptible to system shocks, including those induced by climate change. Aging infrastructure 

exacerbates these vulnerabilities, leading to frequent supply interruptions. For instance, in 

January 2025, the entire Mormugao taluka experienced a two-day water outage due to 

PWD's repair works on the main pipeline from the Salaulim water treatment plant40.  

Specific areas like Baina and parts of Sada have reported receiving water late at night, 

sometimes after midnight, with residents enduring prolonged periods without water, 

occasionally up to three to four days41. Power fluctuations further disrupt water supply. In 

August 2022, areas including Cortalim, Zuarinagar, New Vaddem, Vaddem Nagar, Chicalim, 

and Shantinagar faced water shortages due to such issues42.  

The topography of certain regions, such as Headland Sada, contributes to water scarcity. 

Residents there have adapted to receiving water for only one hour daily over the past 14 

years43.  
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Supply Constraints and Competing Demands 

Mormugaoõs water infrastructure must cater to diverse and competing demands from 

domestic users to port operations and industries. However, expansion projects such as the 

proposed 100 MLD WTP have faced delays and financial hurdles, intensifying supply stress. 

This tension between demand and infrastructure capacity underscores the need for long-term 

investment and effective resource allocation strategies. 

 

Operation and Maintenance Deficiencies 

The current O&M system, managed by the PWD, remains largely reactive. Preventive 

maintenance is limited to routine activities such as greasing and oiling, and systematic 

breakdown logging or condition monitoring is absent. As a result, service delivery is 

vulnerable to cascading failures, especially during peak demand or climate-related 

disruptions. 

 

Policy Responses and the Need for Structural Reform 

Although recent initiatives like the "Save Water to Get Free Water" scheme (which offers 

households 16,000 liters of free water per month) aim to promote conservation, the town 

continues to grapple with fundamental challenges in equity, adequacy, and reliability of 

water supply. Without infrastructure upgrades and strategic governance reforms, policy 

incentives alone cannot bridge the demand-supply gap or ensure long-term resilience. 
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4. URBAN SANITATION SYSTEMS IN 

MORMUGAO: STATUS, INSTITUTIONS AND 

CHALLENGES 

NEELAM RANA, PRIYAKSHI GOGOI, NC NARAYANAN 

 

Assessing the state of sanitation services is critical for identifying infrastructure gaps, service-related 

vulnerabilities, and climate-related risks, and for informing adaptive, resource-efficient, and low-carbon 

development strategies. This assessment also involves 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 a detailed case study of 

Mormugao, drawing primarily on secondary data supplemented by semi-structured interviews with ULB 

officials, district disaster management officers, and residents to validate findings and address data gaps. 

The chapter examines the sanitation service chain and reviews 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 affecting socio-economically 

disadvantaged communities44,45,46.  Climate change-induced water stress and insecurity have 

been linked to a rise in waterborne infectious diseases, threatening to reverse progress toward 

the SDGs and exacerbating existing social and health inequities47. WaSH services are essential 

for preventing disease outbreaks, particularly in the aftermath of climate hazards such as 

heavy rainfall and flooding48 , 49 . In this context, ensuring access to safe, reliable water, 

sanitation, and hygiene services is widely recognized as a low-regret adaptation measureñ

offering substantial benefits regardless of the severity of future climate scena50. The IPCC 

highlights universal access to WaSHñspecifically the achievement of SDG targets 6.1 and 

6.2ñas a high-confidence adaptation strategy, underscoring its central role51. 

India has only one national-level policy dedicated to urban sanitationñthe National Urban 

Sanitation Policy (NUSP), introduced in 2008. The policy defines sanitation as the 'safe 

management of human excreta, including its safe confinement, treatment, disposal, and 

associated hygiene-related practices52. In the context of climate change, the policy links 

sanitation to GHG emissions and advocates the adoption of low-energy solutions, such as 
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decentralized or onsite wastewater treatment technologies and distributed utilities. City 

Sanitation Plans (CSPs) are expected to incorporate these concerns, including the impacts of 

climate change, diminishing water resources, and the need for energy-efficient infrastructure 

(ibid). 

Although sanitation is not explicitly identified as a focus area in Indiaõs National Action Plan 

on Climate Change (NAPCC), it is closely linked to climate action through missions on water, 

sustainable habitats, and energy. The National Water Mission (NWM) emphasizes water 

conservation and efficiencyñcritical for sustainable sanitation systems, especially in water-

stressed urban areas. The National Mission on Sustainable Habitat (NMSH) more directly 

addresses sanitation-related concerns, including urban waste management, wastewater 

recycling, and climate-resilient infrastructure, thereby contributing to both mitigation and 

adaptation objectives. Sanitation is also aligned with the NAPCCõs broader emphasis on 

energy efficiency and GHG emission reduction, as centralized wastewater treatment plants are 

significant sources of methane and nitrous oxide. Innovations such as waste-to-energy systems 

and resource recovery from faecal sludge further support this agenda. Additionally, State Action 

Plans on Climate Change (SAPCCs)ñdeveloped in line with the NAPCCñare increasingly 

acknowledging sanitation as a key sector for climate intervention, particularly in climate-

vulnerable regions. Though the NAPCC predates the SDGs, it has gradually evolved to align 

with global frameworks. National programs such as SBM and AMRUT have also begun 

integrating climate resilience and sustainability into urban sanitation planning and 

implementation. 

Hence, assessing the current state of sanitation services is essential for identifying infrastructure 

gaps, vulnerabilities, and climate-related risks. Such an assessment supports the design of 

proactive adaptation measures, promotes efficient resource use, and enables low-carbon 

development strategies. A critical component of this process is mapping existing institutional 

arrangementsñclarifying responsibilities, particularly the role of ULB, their engagement 

across different governance levels, and the interdependencies among key stakeholders. This 

chapter seeks to address these objectives through a detailed case study of Mormugao. Data 

collection was primarily conducted through secondary sources, supplemented by primary data 

gathered via semi-structured interviews with ULB officials, district disaster management 

officers, and residents. These interviews helped fill information gaps and validate secondary 

data. 

The chapter is organized into the following sections: Section two discusses the sanitation service 

chain, covering all critical stagesñtoilet access, containment, transportation, treatment, and 

final disposal or end-use. Section three  reviews the institutional framework, detailing the roles 

and responsibilities of various stakeholders involved in sanitation governance. The final section 

concludes the chapter by highlighting key challenges and opportunities for improving 

sanitation infrastructure, service delivery, and governance. 
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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 use53. This section outlines the service chain and identifies the key gaps. 

The entire service chain is depicted in Figure 25. 

 

Figure 25 : Sanitation Service Chain in Mormugao 

Source: Authorsõ Analysis and Illustration 

 

ǒ 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. 

 

o Toilets: According to the 2011 Census, out of 21524 households in the area, 

2317 households did not have individual toilets. However, the latest data 

from the Mormugao Town Council, as reported in the SLB 2022-23 report, 

confirms 82% of households have access to individual toilets. And the rest of 

the population is dependent on community toilets. The town has been declared 
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Open Defecation Free Plus (ODF+), aligning with the SLB set by the 

Government of India and SDG target 6.2.  

The fieldwork conducted in a predominantly fishing community in Ward 9, 

where the STP is located, revealed significant discrepancies. Despite the 

proximity to the STP, many households in this community were not connected to 

the sewerage network, lacked individual toilets and piped water connections, 

and instead relied on a nearby community toilet installed by the community. 

Detailed information on toilet typologies is essentialñnot only to evaluate 

the quality and adequacy of sanitation services but also to accurately estimate 

the GHG emissions associated with different sanitation systems. However, the 

most recent comprehensive assessment was conducted during the 2011 Census, 

and no updated data has been made available since, at the national, state, 

or city levels. Gathering this information would necessitate a dedicated 

household-level survey, which lies beyond the scope of routine assessments. 

o Community Toilets and Public Toilets1 :  According to the SBM Urban 

Dashboard data, the city does not have any CT but has 13 PT. However, 

information provided by the ULB officials indicates that, currently, the city has 

11 community toilets spread across Wards 6, 7, 12, 14, 16, 21, and 22, as 

well as 12 public toilets located in Wards 8, 11, 12, 13, 14, 15, 17, and 22. 

Of these public toilets, two are slated for reconstruction, while two others 

remain non-functional due to deteriorating infrastructure.  

 

While asking the ULB officials about the location selection, ULB officials stated 

that the locations of these public toilets were strategically chosen based on 

the needs of the public. However, information on community and public toilet 

coverage is unavailable, as the ULB does not maintain any registers or records 

 

1ŀǎ ǇŜǊ {.a ƎǳƛŘŜƭƛƴŜǎ άǇǳōƭƛŎ ǘƻƛƭŜǘǎ ŀǊŜ ǘƻƛƭŜǘǎ ǿƘƛŎƘ ŀǊŜ ǇǊƻǾƛŘŜŘ ŦƻǊ ǘƘŜ ŦƭƻŀǘƛƴƎ ǇƻǇǳƭŀǘƛƻƴκ ƎŜƴŜǊŀƭ ǇǳōƭƛŎ ƛƴ ǇƭŀŎŜǎ 
such as markets, train stations, tourist places, near office complexes, or other public areas where there are a considerable 
number of people passing by. Pts are to be accessible to one and all and well-connected to important areas and pedestrian 
junctions. Community toilets are the shared facilities provided by and for a group of residents or an entire settlement. Ct 
facilities are used primarily in low-income and/or informal settlements / slums, where space and/or land are constraints 
ƛƴ ǇǊƻǾƛŘƛƴƎ ƛƴŘƛǾƛŘǳŀƭ ƘƻǳǎŜƘƻƭŘ ǘƻƛƭŜǘΦ ¢ƘŜǎŜ ŀǊŜ ŦƻǊ ŀ ŦƛȄŜŘ ǳǎŜǊ ƎǊƻǳǇΦέ  

CPHEEO. (2018). Advisory on Public and Community Toilet . New Delhi: Ministry of Housing and Urban Affairs. 

 

https://sbmurban.org/storage/app/media/pdf/ODF_Plus_and_ODF_PlusPlus.pdf
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tracking the number of users or whether the facilities are able to cater the 

demand. 

 

ǒ Containment: According to the secondary data provided by the ULB, approximately 

83.85% of households are connected to sewer networks, while about 16.15% have 

septic tanks with soak pits. The figure 26 below illustrates the ward-wise distribution 

of percentage households with sewerage connections and septic tank + soak pit 

systems. While the average percentage of households in the town connected to the 

sewerage system is 83.8%, there is a noticeable variation across different wards. 

Specifically, nine wards out of the total 25 have between 80% and 85% of households 

connected to the sewerage network. In contrast, five wards (1, 7, 9, 10, and 13) report 

sewerage connection rates below 80%. This disparity indicates that authorities may 

need to focus more on these specific wards to improve sewerage coverage. Further, 

our fieldwork in certain areas such as Ward 1 revealed that some households have 

diverted their septic tank drainage into open drains that discharge directly into nearby 

water bodies, raising environmental and public health concerns. The discharge of 

partially treated wastewater could contribute to GHG emissions.   

ǒ  

Figure 26: Ward-wise Distribution of Households (%) with Sewerage Connection and On-site Sanitation Systems 

 

Source: Data from Mormugao Municipal Council 
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Photo : Status of water and sanitation services in low-income area Ward 14 Source: IIT-Bombay Team 

Understanding the typology of OSS is crucial for accurately assessing GHG emissions. 

We inquired with ULB officials about the availability of such data; however, they were 

unable to provide any. Consequently, collecting this information would require a 

dedicated household-level survey, which falls beyond the scope of the current project. 

 

 Emptying and Transport: As mentioned in the previous section, currently, the city's 

sewerage network covers 84.3% of households, which corresponds to approximately 

60% of the city's area as per PWD official. The remaining 40% of the city lacks sewer 

network connections as some of these areas are low-lying areas. Approximately 

16.15% of households rely on septic tanks with soak pits, which are emptied by vacuum 

trucks. These services are provided by 38 private trucks registered with the state PWD. 

Each truck is required to pay a one-time registration fee of INR 5,000 for lifetime use. 

Households are typically charged between INR 1,000 and INR 2,000 per trip for 

vacuum truck services, with the charges varying based on the distance travelled. As 

per the ULB officials, the wastewater from CT and PT gets collected in the sewerage 

network. 

 

Waterlogging remains a persistent problem in Mormugao, with media reports (ToI, 

2024) highlighting frequent drainage blockages that caused urban flooding across all 

25 wards in 2024lix. Same is corroborated during field work. For instance, in Ward 

 

Bathrooms and toilets in high density residential 
areas  

Sewerage connection lines to the households  Water storage for secondary use  



Towards Climate-Resilient Urban Water and Sanitation Systems: Situational Assessment of Mormugao, Goa 

54 
 

12, where approximately 12.5% of households are not connected to the sewerage 

network, some areas are prone to flooding and waterlogging. During the monsoon 

season, waterlogging persists for 2-3 days, with water levels reaching up to 2 feet. In 

response, residents have raised the foundations of their homes, and they report that 

their sanitation infrastructure remains unaffected by the flooding (refer Photo below).  

 

Photo : Flood marks and elevation modifications adopted by residents as adaptive measure to address waterlogging   
Source: IIT-Bombay team 

 

As far as typology of sewerage network, it wasn't within the scope of the study, as it 

is not possible to assess the drainage network, including whether it is underground 

or overground. Additionally, the ULB does not have any maps of the sewerage 

network and information regarding the type of drainage system and is also 

unavailable in any secondary sources. 

ǒ Treatment: The city of Mormugao operates a STP that was commissioned in 2017, 

utilizing Sequencing Batch Reactor (SBR) technology and supported by 7 pumping 

stations. The STP has an installed capacity of 20 MLD. However, despite its substantial 

capacity, the plant is underutilized, treating only 7 MLD during the non-monsoon 

season and 9 MLD during the monsoon season. The underutilization of the STPõs 

capacity, according to both PWD and Municipal Officials, is largely attributed to the 

Mormugao Municipality's lack of jurisdiction over specific areas, such as Mormugao 

Port Authority, Sailing Colony, and Defence Colony. As a result, these areas are not 

connected to the sewerage system, leading to a lack of sewage collection.  

 

  Flood marks, physical indicators of past flood 
level 
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As far as the management of greywater from kitchens and bathrooms is concerned, 

field visits revealed significant variation across households. In some homes, greywater 

is effectively directed into separate soak pits, while in others, it is discharged into 

nearby drains. Additionally, a few households directly channel greywater into the 

sewerage network. 

According to secondary data provided by the ULB, the STP appears to comply with the 

CPCB's ôTreated Sewage Quality for Specified Activities at Point of Use standards (CPCB, 

2021, p.59), specifically for horticultural use. 

 

Photo: Location of STP in ward 9 Source: Mapped using Google Earth, Image collected from PWD Mormugao division 

 
 

ǒ End-use Disposal (Septage and Sludge Management)lx: The city currently lacks a 

dedicated Faecal Sludge and Septage Treatment Plant (FSSTP). Instead, it relies on 

38 private desludging trucks registered with the PWD. The septage collected by these 

trucks is transported to the STP, where it undergoes treatment. After treatment, the 

resulting sludge is further processed and dried in sludge drying beds. They use the 

dried sludge for their own STP plantation. Occasionally, nearby residents collect the 

treated and dried sludge free of charge to use as fertilizer. However, a significant 

portion of the sludge remains unutilized. 

 

ǒ Recycling and Reuse: The city currently uses a portion of the treated wastewater for 

cleaning the STP premises and occasionally for maintaining roads and parks. However, 

the remaining treated wastewater is directly discharged into nearby water bodies. 

Additionally, there are plans to supply treated wastewater free of charge to the 

Mormugao Port Authority (MPA) for reuse and recycling. The treated wastewater will 
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not be sold; rather, it will be provided exclusively for reuse purposes, with the MPA 

having already laid the necessary pipelines for this initiative. 

 

4.3 INSTITUTIONAL ARRANGEMENTS 

This sub-section examines the institutional arrangements, outlining the various departments, 

agencies, and organizations, along with their respective roles in delivering sanitation 

infrastructure and services (refer Table 9). It also emphasizes the role of the urban local body 

in disaster governance. 

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, a multi-stakeholder, multi-level governance framework involved in the provision of 

sanitation infrastructure and services was observed.  

This town has a distinct institutional arrangement for sanitation infrastructure and service delivery, 

with the PWD taking the lead in nearly all aspects of water and sewerage planning, 

implementation, and O&M. This framework is further reinforced through inter-city collaborations 

and central government funding, especially for larger infrastructure. The study findings are 

consistent with the Comptroller and Auditor General of Indiaõs (CAG) Assessment Report for Goa 

(Comptroller and Auditor General of India, 2024), which underscores that the partial or 

inadequate devolution of essential functions, as well as administrative and financial powers, from 

the state to Municipal Councils (MCs) under the 74th CAA remains a widespread challenge across 

the state2. 

Sanitation infrastructure such as toilets and on-site sanitation systems at the household level is 

largely the responsibility of the household itself. For sludge management, households may opt 

to rely on vacuum trucks, typically provided by the registered private operators. However, 

there is a lack of regulation concerning both on-site sanitation systems and toilet designs. At 

the ULB level, smaller sanitation interventions like CT and public toilets PT are primarily the 

ULBõs responsibility, with independent decision-making power in key areas such as land 

selection, technology choice, operation and maintenance (O&M), and funding. SBM, capital 

funding was provided for some CTs and PTs. The environmental compliance of CTs and PTs is 

uncertain. The O&M specifically day-to-day cleaning of some of the CTs is given to the 

communities. The O&M of public toilets have been outsourced to private vendors, who recover 

the costs through user charges.  

 

2  Comptroller and Auditor General of India. (2024). Performance Audit of Implementation of 74th Constitutional 

Amendment Act in Goa for the year ended 31 March 2021. Government of Goa. 
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Table 9: Institutional Arrangements in Sanitation Services 

Intervention Technology 
Selection  

Land Capital Technology 
Provision 

Technology 
implementation 

O&M  O&M 
Funding 

Toilets  HH HH HH Local 
mesons/priv
ate vendors 

Local 
mesons/private 

vendors 

HH HH 

OSS HH HH HH HH HH 

Septage removal 
by Private vehicles  

CT [11] ULB ULB ULB ULB ULB Day to day 
cleaning by 

communities 

ULB  

State Land  Central 
Government 
[SBM 1.0] 

PT[12] ULB ULB Central 
Government 

[SBM 1.0] 

ULB ULB Private agency 
[Sulabh 

international] 
 

Recovers the 
costs 

through user 
charges. 

Petrol 

pump 

Sewerage 
Network  

PWD Public State Fund  PWD PWD   PWD SIDCGL 

SIDCGL State Fund No information 

STP [1] SIDCGL PWD State Fund SIDCGL SIDCGL PWD PWD 

Donated 
by church 

Note: SIDCGL = Sewage & Infrastructure Development Corporation of Goa Ltd.  

Source: Authorsõ Analysis 
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For large infrastructure development projects, such as the sewerage network and STP, the 

Mormugao Municipal Council has no direct involvement. As illustrated in the table below, the 

entire processñincluding technology selection, land acquisition, capital funding, technology 

implementation, and operations and maintenance (O&M)ñis managed by the central 

government, state-level departments (such as the Public Works Department), and SIDCGL. This 

relegates the Mormugao Municipal Council to a passive role, undermining the spirit of the 74th 

CAA and its intended autonomy. Furthermore, this centralized approach disrupts the flow of 

critical information and finances, limiting the ULBõs ability to make informed decisions, take 

ownership, and actively manage sanitation infrastructure. As a result, the council's capacity to 

effectively address the specific needs of its local population is severely compromised. 

Furthermore, interviews with the ULBs revealed that their role in disaster governance and 

planning is limited. They primarily focus on providing sanitation and water supply during the 

relief phase of a disaster. 

 

4.4 CHALLENGES AND OPPORTUNITIES IN SANITATION INFRASTRUCTURE AND 

SERVICES 

While the town performs relatively well in terms of sanitation infrastructure and services, there 

is still considerable room for improvement in addressing sanitation challenges in certain areas. 

The challenges outlined below are key barriers to achieving the required service levels, but 

they also present valuable opportunities to provide equitable and affordable sanitation 

services to all residents. 

 

ǒ Infrastructure and Services Gaps: The study identified infrastructure and service gaps 

in specific areas, particularly in informal settlements, low-income fishing communities, 

marginal daily-wage worker settlements, and low-lying regions. Addressing these 

disparities is essential to ensuring equitable access to basic sanitation services, 

improving public health, and reducing environmental pollution. This is also critical for 

achieving SDG 6 (Clean Water and Sanitation) and SDG 11 (Sustainable Cities and 

Communities). Moreover, addressing these gaps will reduce vulnerabilities to climate 

change, especially in areas prone to flooding and waterlogging. By tackling these 

infrastructure challenges, we can foster equitable development, enhance climate 

change adaptation, and build resilience across all communities. Additionally, these 

challenges offer opportunities to explore non-conventional solutions, such as 

decentralized and nature-based approaches, particularly in areas where land title 

issues complicate the development of traditional infrastructure. 
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ǒ Inadequate Drainage in Low-Lying Areas: Certain low-lying areas (Ward number 

16), face persistent water logging issues, particularly during the monsoon season. 

While this does not directly affect access to essential infrastructure, prolonged 

waterlogging can pose significant public health risks. This highlights the need for 

improved drainage systems as part of building adaptive capacity and urban 

resilience, ensuring that vulnerable communities are better equipped to withstand 

climate-related challenges and minimizing the impact of extreme weather events on 

their well-being. 

 

ǒ Disproportionate Burden of Maintaining Sanitation Services on Vulnerable and 

Marginalized Communities: All 11 community toilets are day to day cleaning is given 

to the communities who are using it. The SBM-Urban guidelines suggest that 

communities have the option to take on O&M activities themselves, stating that "Instead 

of a private agency, the community themselves (SHG/NGO/CBO on their behalf) 

could choose to take up O&M activities"lxvii. However, the field study found that, in 

practice, the responsibility for the daily O&M and day-to-day cleaning of all 11 

community toilets rests entirely on the communities. Previous work on community 

management models for sanitation and wastewater management in marginalized 

communities indicates that such interventions place a substantial burden on low-income 

and marginalized groups, who are already dealing with significant financial 

challengeslxviii. As the primary authority responsible for ensuring the provision of 

essential services, the ULB should take ownership of managing sanitation infrastructure 

and ensure that the responsibility for maintenance does not disproportionately fall on 

vulnerable communities. The ULB could explore alternative solutions, such as subsidizing 

cleaning costs or offering economic incentives to communities for maintaining these 

facilities. 

 

ǒ Opportunity in Enhance Revenue Base: Considering that most ULBs in Goa have a 

limited role in sanitation infrastructure and services and are primarily dependent on 

higher governance levels for funding, the municipal council has a unique opportunity 

to expand its revenue base by selling dried treated sludge and treated wastewater. 

To fully realize this potential, the municipality can focus on creating and nurturing a 

market for these products. 

 

ǒ Inadequate Devolution of Administrative and Financial Powers to Municipal 

Council: The study highlights a multi-stakeholder, multi-governance framework with 

limited devolution of administrative and financial powers to ULBs in areas such as 

sanitation infrastructure and services, as outlined in the 74th CAA. These findings align 

with the CAG-2024 report on Goa (Comptroller and Auditor General of India, 2024). 

Enhancing devolution would empower municipal councils, fostering greater 
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participatory governance and clearer accountability. By taking an active role in the 

planning, implementation, and operation & maintenance (O&M) of sanitation 

infrastructure, ULBs can better utilize their grassroots knowledge to create tailored, 

context-specific solutions. Furthermore, exclusion from sanitation responsibilities also 

prevents ULBs from accessing crucial revenue streams, such as user fees, which are vital 

for the long-term sustainability of services. This fragmented institutional framework 

limits the ability of ULBs to manage resources efficiently and address local needs 

effectively. As highlighted in the CAG report, the state government must take proactive 

measures to ensure the effective devolution of administrative power, funds, and 

functions to ULBs, in alignment with the provisions of the 74th CAA. 
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5. CLIMATE IMPACTS OF WATER & 

SANITATION SYSTEMS 

ASHISH DANGI54 AND NC NARAYANAN 

 

This chapter focusses on the climate impacts of the water and sanitation systems, i.e., the 

greenhouse gas (GHG) emissions throughout the service chain. By estimating stage-wise energy 

consumption and GHG emissions, our assessment provides baseline evidence for planning climate 

mitigation strategies in the WaSH sector. 

 

5.1 BACKGROUND 

Globally, the water and sanitation systems are increasingly recognised not only as climate 

victims, but also significant contributors to climate change as the GHG emissions from WaSH 
continue to grow. Energy is the key input to every step in an urban water cycle right from 
water extraction to conveyance, treatment, distribution, and end-use; as well as for  
wastewater collection, conveyance, treatment, and re-use. This energy use further translates 

into GHG emissions associated with energy generation. Water sector which includes the 
collection and treatment of wastewater,  accounts for 4% of total global electricity consumption 
and around 3% of global greenhouse gas emissions55 . According to another estimate, 
wastewater treatment plants alone are estimated to account for 3% global electricity 

consumption56. Additionally, biological degradation of the organic matter present in sewage 
and grey water across the containment, transport, treatment and discharge pathways in a 
sanitation service chain results in direct methane (CH4) and nitrous oxide (N2O) emissions57. 
Direct emissions in wastewater treatment are estimated to be significant at ~1.57% of global 

GHG emissions58. 

Climate change impacts on water availability, quality, and access as well as on wastewater 
and stormwater management, are going to further exacerbate the scenario by directly 

increasing the energy and carbon intensity of the water cycle.  Additional water demand by 
cities is often met by higher energy use in the water cycle59. For instance, between 2005 and 
2015, while Beijing's water supply increased by only 10%, the energy consumption associated 
with water supply surged by 215% 60 . In fact, Water sectorõs electricity consumption is 

projected to significantly increase with rising scarcity and could rise to as high as 16% of total 
energy consumption for countries faced with severe water scarcity such as those in Middle 
East61.  With the rise in sewage generation and treatment capacity, the energy and carbon 
footprint of wastewater is likely to increase dramatically in the near future in the absence of 

interventions. For example, domestic wastewater emissions increased by 400% between 
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2000-2014 in China due to growth in WWTPs 62. With the increased variability posed by 
climate change the emission in WWTPs could further increase63.  

Just as water systems are becoming increasingly energy-dependent, energy generation 
remains heavily reliant on water, with energy-sectorõs water consumption projected to rise by 
60% between 2014 and 2040 and the future water demand for projected energy use in 2030 

likely to surpass the available supply64. Clean 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. 

 

Figure 27: The Water-Energy-Climate nexus in Urban Water Cycles. 

 

Source: Authorõs Illustration. 

As illustrated in figure 27, urban water cycles relying on conventional energy-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 climate impacts. This escalating interdependence demonstrates exactly why 
designing climate-resilient 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 
management65. An assessment of the energy and carbon footprints is therefore crucial, not only 
for ensuring the sustainability of urban water and sanitation systems, but also for informing 

broader macro-policy goals like energy security and greenhouse gas (GHG) mitigation. 
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5.2 SOURCES OF GHG EMISSIONS IN URBAN WATER AND WASTEWATER SYTEMS 

Energy is the most vital input for operating a typical urban water and wastewater system. 

Energy is often consumed in the form of electricity for powering pumps and machinery, 

resulting in indirect greenhouse gas (GHG) emissions, depending 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 service chain-resulting in direct 

GHG emissions. Direct GHG emissions can also 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 (N2O) emissions. Additionally, 

there is embedded energy and carbon footprint associated with the physical infrastructure 

and the materials and chemical used. Figure 28 schematically illustrates the various steps in a 

typical urban water cycle in India as well as the electricity consumption and GHG emissions 

sources.   

Figure 28: Graphical representation of various steps and processes in a typical urban water cycle showing sources of energy 

consumption and greenhouse gas emissions. 

 

Source:  Authorõs Illustration 
 
 

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 originate from various 
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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 categories: Direct Emissions, Indirect Emissions, and 

Embedded Emissions mentioned in Table 10. Each category captures different sources of carbon 

emissions within the urban water and sanitation systems. 

Table 10: Scope of emissions methodology for carbon footprint assessment of the urban water cycle 

Category Possible Sources of Emissions Methodology 

 

Direct 
Emissions 

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

- Nitrous Oxide (NϜO) Emissions from 
nitrification and denitrification of nitrogen 
compounds wastewater 

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

2006 IPCC Guidelines for 
National Greenhouse Gas 
Inventories57 (2019 
Refinement66) 

Indirect 

Emissions 

- Indirect emissions from electricity 
consumption 
 

- Life cycle GHG emissions associated with 
the chemicals used in water and 
wastewater treatment processes (alum, 
hypo, chlorine etc.)* 
 

- Emissions from diesel combustion for 
transportation 

Electricity consumption data 
obtained from urban local 
bodies and an average grid 
emission factor 0.716 
tCO2/MWh (FY 2022-23, 
Central Electricity Authority)67 
for Indian grid used for CO2 
estimation. 

 

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

Embedded 
Emissions 

- Life cycle GHG emissions associated with 
the materials used in the physical 
infrastructure. * 

Not estimated due to non-
availability of data on 
material footprint. 

*Emissions not considered in the estimation due to non-availability of reliable activity data for the 
same. 
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5.4 GREENHOUSE GAS EMISSIONS FROM WATER SUPPLY 

The energy-intensive nature of water supply spanning extraction, treatment, conveyance, and 

distribution results in substantial indirect GHG emissions, primarily from electricity use. 

Additionally, household-level pumping, purification, and heating contribute to the carbon 

footprint, although such household level energy use is not accounted for here. Emissions related 

to treatment chemicals, construction materials, and logistics also remain outside the scope of 

this estimation due to data constraints. Furthermore, scientific studies suggest that freshwater 

reservoirs may also release direct GHG emissions due to anaerobic decomposition of organic 

matter in sediments68. However, these are excluded from this analysis given methodological 

limitations. Hence, our assessment focuses solely on electricity-related emissions across key 

components of the water supply chain, as shown in Figure 29. 

 

Figure 29: Carbon and energy footprint of Mormugao's water supply. 

 

Source: Dangi & Narayanan, forthcoming69 

 

Surface Water Abstraction and Treatment: 

Mormugaoõs water is primarily sourced from the Salaulim Dam, with an average of 185 MLD 

abstracted daily. After accounting for 10% in-plant losses, the system delivers approximately 

167 MLD of treated water. This process consumes 26,561 MWh/year, resulting in 19,017 
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tCOϜ/year in emissions. This makes treatment and abstraction the most carbon-intensive stage 

in the water supply chain, driven by high energy use for pumping and filtration. 

 

Conveyance to Distribution Zones: 

Water is transported across a complex topography, with much of the system leveraging 

gravity-based conveyance. However, to reach specific areas like the Vasco zone, 

intermediate pumping is requiredñparticularly at the Verna Pump House, which supplies 77 

MLD. Conveyance activities consume 7,585 MWh/year, emitting 5,431 tCOϜ/year. Although 

this is lower than treatment-related emissions, it still represents a substantial energy burden. 

 

Distribution Network and Losses: 

While the exact electricity consumption for pumping to GLRs and OHRs is unavailable, field 

assessments suggest this energy use is relatively modest compared to treatment and 

conveyance. What is more significant, however, is the distribution loss of 38%, arising from 

leakages, illegal tapping, and unmetered consumption. These losses mean a substantial share 

of treated water never reaches end users, effectively inflating the system's overall carbon 

footprint. 

 

Groundwater Extraction: A Low-Carbon Alternative: 

Although accurate consumption data for groundwater use in Mormugao is lacking, it is evident 

that borewells and tanker-supplied water play an increasingly important role, particularly in 

underserved and peri-urban areas. Based on standard energy intensity estimates, 

groundwater abstraction requires far less electricityñapproximately 7 MWh/MLD/year for 

shallow aquifers and 28 MWh/MLD/year for deeper onesñcompared to surface water 

supply, which consumes a high 285 MWh/MLD/year due to long-distance pumping and 

elevation-related lift. 

To put this into perspective, if Mormugaoõs entire estimated demand of 28.4 MLD were met 

through surface water alone, and accounting for 38% unaccounted-for water (UFW), about 

45.8 MLD would need to be produced. This would consume approximately 13,055 

MWh/year and emit around 9,347 tonnes of COϜ per year - equivalent to carbon 

sequestered by 154,553 tree seedlings grown for 10 years. 

 



Towards Climate-Resilient Urban Water and Sanitation Systems: Situational Assessment of Mormugao, Goa 

68 
 

These figures underscore the potential climate benefit of diversifying the water supply 

portfolio. Judicious integration of groundwater, particularly in areas where aquifers remain 

safe and sustainable, can not only enhance supply reliability but also significantly reduce the 

energy and emissions footprint of urban water systems. This makes a strong case for 

integrated, low-carbon water planning in the face of escalating climate challenges. 

 

Key Insights 

 Treatment and conveyance stages are the largest contributors to Murmagaoõs urban 

water-related GHG emissions. 

 High distribution losses (38%) not only result in water wastage but also amplify the 

carbon intensity of water delivered.  

 Groundwater, where available and safe, offers a low-carbon supplement to 

surface water supply, particularly in high-elevation or difficult-to-serve zones. 

 Addressing infrastructure inefficiencies, upgrading pumping systems, and exploring 

decentralised supply models could significantly reduce emissions. 

 Future assessments should consider direct emissions from reservoirs and treatment 

processes, as well as household-level energy use, to better capture the full emissions 

profile. 

 

5.5 GREENHOUSE GAS EMISSIONS FROM SANITATION 

Figure 30 presents a comprehensive annual GHG emission profile for the sanitation system in 
Mormugao, accounting for both direct emissions (methane and nitrous oxide) from faecal 
sludge and wastewater treatment, and indirect emissions from energy consumption in sewage 

conveyance and treatment. Emissions are expressed in carbon dioxide equivalent (COϜe) 
using IPCC's global warming potentials. 

On-site Sanitation: Dominant Source of Methane Emissions 

On-site systems, including septic tanks and lined/unlined pits, are the largest contributors 

to methane emissions in Mormugao: 

 Lined/Unlined Pits: Emit мΣнуо ǘ/hіŜκȅŜŀǊ through anaerobic decomposition of 

faecal matter. 

 Septic Tanks: Emit усу ǘ/hіŜκȅŜŀǊ, also due to methane generation. Another 45.2 

ǘ/hіŜκȅŜŀǊ due nitrous oxide emissions. 

 These emissions occur in the absence of oxygen due to limited desludging and poor 

maintenance. 
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Nitrous Oxide from Nitrogen-rich Greywater and Effluent 

bƛǘǊƻǳǎ ƻȄƛŘŜ όbіhύ ŜƳƛǎǎƛƻƴǎΣ ǿƛǘƘ ŀ D²t ƴŜŀǊƭȅ олл ǘƛƳŜǎ ǘƘŀǘ ƻŦ /hіΣ ƻǊƛƎƛƴŀǘŜ ŦǊƻƳ 

nitrogen discharge into the environment: 

 Direct emissions at STP: Contributes нΣтту ǘ/hіŜκȅŜŀǊ ƻŦ bіh ŜƳƛǎǎƛƻƴǎΣ ŦǳƎƛǘƛǾŜ 

emissions during treatment processes. 

 STP Effluent to Estuarine Waters: Contributes мфтф ǘ/hіŜκȅŜŀǊ ƻŦ bіh ŜƳƛǎǎƛƻƴǎΣ 

despite treatment. 

 Greywater Discharge into Stormwater Drains: Adds мру ǘ/hіŜκȅŜŀǊ, mainly from 

nitrogen in household waste and kitchen effluent. 

 This illustrates the hidden climate impact of unmanaged nitrogen pathways. 

 

Centralized Sewage Treatment Emissions 

The 20 MLD STP contributes: 

 aŜǘƘŀƴŜ ό/Iјύ: оро ǘ/hіŜκȅŜŀǊ from biological treatment. 

 Methane from Sludge Drying Beds: нΣмпп ǘ/hіŜκȅŜŀǊ, showing the importance of 

post-treatment handling. 

 Electricity Consumption: 843 MWh/year leads to сло ǘ/hіŜκȅŜŀǊ in indirect 

emissions from power use. 

 STP Effluent to Estuarine Waters: Contributes оор ǘ/hіŜκȅŜŀǊ of methane 

emissions, despite treatment. 

 

Desludging Operations and Transportation 

Desludging trucks, which remove waste from on-site systems, contribute: 

 Emissions: мтΦп ǘ/hіŜκȅŜŀǊ from fuel combustion. 

 These emissions are small but point to the need for expanding coverage and 

improving operational efficiency. 
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Figure 30: Carbon and energy footprint across sanitation service chain in Mormugao. 

 

Source: Dangi & Narayanan, forthcoming69 

 

Key Insights: 

 On-site sanitation systems are the largest source of methane emissions, highlighting the 

urgent need to strengthen faecal sludge management (FSM). 

 Nitrous oxide emissions from greywater and treated effluent are a major hidden 

climate risk and are often overlooked in emissions accounting. 

 Centralised treatment emits less GHG per unit of waste treated but still contributes 

through both methane and electricity use. 

 Desludging operations have low emissions but limited reach, making most pits and 

tanks significant, unmanaged sources of GHGs. 

 Leakages in the sewer system and uncontrolled greywater discharge reduce treatment 

effectiveness and increase environmental burden. 

 Improving FSM, greywater treatment, and STP efficiency offers high-impact mitigation 

opportunities for climate-resilient sanitation. 

 

Strengthening faecal sludge management (FSM) is critical, as on-site sanitation systems remain 

the largest source of methane emissions in urban sanitation. Most pits and septic tanks continue 

to function as unmanaged emission hotspots due to infrequent desludging and limited-service 

coverage. In parallel, nitrous oxide emissions from untreated greywater and even treated 

effluent represent a significant yet often overlooked climate risk, warranting greater attention 

in emissions accounting. While centralized treatment systems emit less GHG per unit of waste 

treated, they still contribute to emissions through methane release and energy consumption. 
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Additionally, leakages in sewer networks and uncontrolled discharge of greywater 

compromise treatment efficiency and increase environmental stress. Addressing these gaps by 

improving FSM systems, enhancing greywater treatment, and upgrading STP performance 

presents a high-impact opportunity to advance climate-resilient sanitation while safeguarding 

both public health and ecosystem integrity. 

 

5.6 CONCLUSION & WAY FORWARD 

The GHG estimation for Murmagao identifies the treatment, conveyance, and sanitation 

stages as the most critical drivers of the cityõs urban water carbon footprint. Transitioning to a 

climate-resilient model requires urgently addressing both supply-side inefficiencies and 

neglected sanitation emissions. 

 

Key Infrastructural Vulnerabilities: 

¶ Water Supply: Staggering distribution losses (38%) multiply the carbon intensity of 

delivered water, exacerbating the already high energy demands of treatment and 

conveyance. 

¶ Sanitation: Unmanaged pits and septic tanks are the largest source of methane, while 

nitrous oxide from untreated greywater and treated effluent remains a massive, 

hidden climate risk. 

 

High-Impact Mitigation Strategies: 

¶ Optimise Water Delivery: Aggressively reduce network losses, upgrade pumping 

infrastructure, and utilise low-carbon groundwater to serve high-elevation or difficult 

zones. 

¶ Modernize Sanitation & FSM: Drastically expand the reach of desludging operations 

to manage methane hotspots, repair sewer leakages, and improve greywater 

management. 

¶ Expand Emissions Accounting: Future assessments must also incorporate direct emissions 

from reservoirs, treatment processes, and household energy use to capture the true 

climate footprint. 

By closing the loop on FSM and infrastructure efficiency, Murmagao can simultaneously reduce 

its environmental burden and secure sustainable, low-carbon water access. 
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6. PERFORMANCE AND FINANCIAL 

ANALYSIS OF WATER SUPPLY AND 

SANITATION 

ABHAY JUNAGHARE70 AND 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 analyses the underlying revenue 

streams, focusing on retail tariffs mandated by PWD Goa 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 hindering sustainable service 

delivery in these sectors. 

 

 

6.1 INTRODUCTION 

To analyse the financial performance against the SLBs for urban water supply and sanitation 

by the MoHUA, we examine the revenue streams available to the PWD, Goa, for water supply, 

sewerage, and sanitation, as MMC does not play any role in water and sanitation infrastructure 

or service provision. The revenue sources include central government grants, state government 

grants, and their own revenue sources. Here, the ratio of grants to own revenue sources is 

analysed to identify the percentage availability of each source for water supply and 

sewerage & sanitation. The assessment of financial health of the water utility and sewerage 

& sanitation is performed here by examining the capital receipts, capital expenditure, 

revenue expenditure, & revenue receipts from the city municipal budget statements. The water 

and sanitation budgets are created from the municipal budget to analyse the cost recovery, 

collection efficiency, operating ratio, cost of bulk water purchase, per capita expenditure, the 

revenue and fiscal deficits, budget trends (capital receipts, capital expenditure, revenue 

expenditure, & revenue receipts), and compound annual growth rate (CAGR)71. The above 

given ratios are essential to identify the financial health of the water utility and sewerage & 

sanitation at ULB. 
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6.2 PERFORMANCE ANALYSIS: SERVICE LEVEL BENCHMARKS  

6.2.1 WATER SUPPLY 

The performance indicators for water supply at MMC reveal both strengths and areas for 

improvement (Table 11). When compared to relevant benchmarks and the national average 

for India, there are some notable discrepancies that reflect the need for targeted interventions 

in certain areas. MMC achieves a 100% coverage of water supply connections, which aligns 

perfectly with the benchmark and Indiaõs average. This is a clear strength for the council, 

indicating that every household in the city has access to a water supply connection, ensuring 

inclusivity in water distribution. This metric shows that MMC has successfully addressed the issue 

of access to water, which is a fundamental aspect of urban water management. The per capita 

water supply at MMC stands at 135 litres per capita per day (lpcd), which is 15 lpcd below 

the benchmark of 150 lpcd, and slightly below the national average of 114 lpcd. This suggests 

that while the supply is somewhat above the national average, there is still a shortfall when 

compared to the desired benchmark. Improving the per capita water supply could help meet 

the growing water needs of the population and improve overall public health and well-being. 

MMC has achieved a 100% metering rate for water connections, meeting both the benchmark 

and Indiaõs average. Metering is crucial for ensuring efficient water use and preventing water 

wastage. It also enables accurate billing and monitoring of water consumption, contributing to 

better revenue generation and system management. The NRW rate for MMC is 31%, which 

is significantly higher than the benchmark of 15% and the India average of 30%. High NRW 

indicates inefficiencies in the water supply system, such as leakage, theft, or unbilled 

consumption. This is a critical area for improvement, as reducing NRW would directly 

contribute to better water conservation, lower production costs, and enhanced service 

sustainability. MMC faces a major challenge in the continuity of water supply, with an average 

of just 2.7 hours of water supply per day, far below the 24-hour benchmark and the expected 

4-8 hours range. This is a significant gap and indicates severe limitations in the water supply 

systemõs capacity to meet the demand for uninterrupted service. Improving the continuity of 

supply should be a priority, as this directly impacts the quality of life and overall satisfaction 

of residents. 

The quality of water supplied by MMC is relatively strong, with 95% of the samples meeting 

specified potable water standards. This is slightly below the benchmark of 100%, but still a 

high percentage. While the water quality is generally good, a small gap remains, and further 

efforts could be made to ensure that every sample consistently meets the highest standards. 

MMC performs well in terms of addressing customer complaints, with 89% of complaints being 

resolved, which exceeds the benchmark of 80%. However, it is slightly below the India 

average of 94%. This indicates that while the complaint resolution system is effective, there is 

still room for improving responsiveness and efficiency in addressing water-related issues. 
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While MMC has made significant strides in areas such as water supply coverage, metering, 

and customer complaint redressal, there are critical gaps in water supply continuity, and non-

revenue water.  

Table 11: Performance Indicators for Water Supply at MMC 

#  Water Supply Calculations Benchmarks India 

Average* 

2023-24** Gaps 

1

. 

Coverage 

Connections 

(Total no. of HHs with water 

supply connections)/(Total 

no. of HHs in the City) 

100% 70.00% 100% 0% 

2

. 

Per capita 

supply (lpcd) 

(Water 

supplied)/(Population 

served) 

135 lpcd 114 lpcd 150 lpcd 15 lpcd 

3

. 

Metering of 

connections  

(No. of metered connections 

+ No. of metered Public 

Standposts)/ (Total no. of 

connections + Total no. of 

Public Standposts) 

100% 22.00% 100% 0% 

4

. 

Non-revenue 

water (NRW) 

(Total water produced) - 

(Total water sold)/(Total 

water produced) 

15% 31% 45% 30% 

5

. 

Continuity of 

water supply 

(hours) 

Average hours of water 

supply 

24 hours 2.7 hours 4 to 8 

hours 

-16 hours 

6

. 

Quality and 

treatment  

(Number of samples that 

meet the specified potable 

water standards)/(Total 

number of water supply 

related complaints 

received) 

100% 95% 100% 0% 

7

. 

Redressal of 

customer 

complaints  

(Total number of complaints 

redressed)/ (Total number 

of water supply related 

complaints received) 

80% 89% 94% 14% 

Source: * CPHEEO Guidelines for 24x7 WSS (Drink from Tap), Dec 2021; ** Mormugao Municipal Council, 2025 
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6.2.2 SEWERAGE & SANITATION 

The analysis of the sewerage and sanitation performance indicators for MMC highlights both 

strengths and areas where improvements are necessary (Table 12). When compared to the 

relevant benchmarks, several indicators show that while MMC performs well in some areas, 

there are gaps that need to be addressed to ensure comprehensive and sustainable sewerage 

and sanitation services for the city. MMCõs coverage of toilets stands at 83%, which is below 

the benchmark of 100%. This means that a significant portion of the population still lacks 

access to individual or community toilets within walking distance. The gap of 17% indicates a 

need for improved sanitation infrastructure, especially for underserved areas. Ensuring 

universal access to toilets is critical to preventing open defecation, improving public health, 

and meeting sanitation goals. Similarly, MMC's sewage network coverage is at 82%, which is 

18% below the benchmark of 100%. This suggests that a substantial number of households in 

the city are not yet connected to the sewage network, which can lead to improper wastewater 

disposal and environmental contamination. Expanding the sewage network to cover all 

households would significantly improve public health outcomes and contribute to better urban 

sanitation. 

The collection efficiency is reported as 100%, which aligns perfectly with the benchmark. This 

indicates that all wastewater generated within the city is being effectively collected by the 

sewage network, ensuring that wastewater is transported to treatment plants and is not left 

untreated or mismanaged. MMC meets the benchmark for sewage treatment capacity, with a 

100% adequacy rating. This means that the city has sufficient treatment plant capacity to 

handle the total volume of wastewater generated, which is crucial for preventing untreated 

sewage from polluting water bodies and the environment. Ensuring that sewage treatment 

plants operate at full capacity is vital for maintaining public health and environmental quality. 

The quality of sewage treatment is also at a strong 100%, meeting the benchmark. This shows 

that the treated wastewater meets specified secondary treatment standards, ensuring that the 

treated effluent is safe for discharge into the environment or further reuse. This is a positive 

indicator of effective sewage management and treatment processes in the city. 

One significant gap is in the extent of reuse and recycling of sewage, with MMC reporting a 

0% recycling rate against the benchmark of 20%. The absence of a reuse and recycling 

mechanism for treated wastewater represents an opportunity missed in terms of water 

conservation and sustainability. Implementing systems to reuse and recycle treated sewage 

could alleviate pressure on freshwater resources and contribute to a more sustainable water 

management strategy. MMC performs excellently in redressing customer complaints, with a 

100% resolution rate, which is well above the benchmark of 80%. This indicates that the 

municipal council is responsive to residents' concerns and takes effective measures to address 

sewage-related complaints promptly. High efficiency in complaint redressal enhances 

customer satisfaction and trust in the sanitation services provided. However, there are some 
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critical areas that need attention, such as the coverage of toilets and sewage network services, 

which currently fall short of the benchmark. The lack of sewage recycling and reuse, along 

with the gaps in toilet and sewage network coverage, present significant challenges.  

Table 12: Performance Indicators for Sewerage & Sanitation at MMC 

#  Sewerage and 

Sanitation 

Indicators 

Calculations Benchmarks 2023-

24* 

Gaps 

1. Coverage of 

Toilets 

(Total number of HHs with access to 

individual or community toilets within 

walking distance in the city)/ (Total 

number of HHs without individual or 

community toilets within walking 

distance) 

100% 83% -17% 

2. Coverage of 

Sewage Network 

Services 

(Total number of HHs with direct 

connection to the sewage network)/ 

(Total number of HHs in the city) 

100% 82% -18% 

3. Collection 

Efficiency of the 

Sewage Network 

(Wastewater collected)/ (Total 

water supplied + Estimated water 

use from other sources) 

100% 100% 0% 

4. Adequacy of 

Sewage 

Treatment 

Capacity 

(Treatment plant capacity)/ (Total 

water consumed + Total number of 

HHs with direct connection to sewage 

network) 

100% 100% 0% 

5. Quality of 

Sewage 

Treatment 

(Number of samples that pass 

specified secondary treatment 

standards)/ (Total number of 

wastewater samples tested in a 

month) 

100% 100% 0% 

6. Extent of Reuse 

and Recycling of 

Sewage 

(Wastewater recycled or reused 

after appropriate treatment)/ 

(Wastewater received at STPs)  

20% 0% -20% 

7. Efficiency in 

Redressal of 

Customer 

Complaints 

(Total number of complaints 

redressed within the month)/ (Total 

number of sewage-related 

complaints received per month)  

80% 100% 20% 

Source: Mormugao Municipal Council, 2025 
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6.3 REVENUE STREAMS 

This sub-section analyses the revenue streams available to PWD, Goa at MMC for water 

supply and sewerage & sanitation. The revenue sources include central government grants, 

state government grants, and their own revenue sources. Here, the ratio of grants to own 

revenue sources is analysed to identify the percentage availability of each source for water 

supply and sewerage & sanitation. The assessment of financial health of the water utility and 

sewerage & sanitation is performed here by examining trends for cost recovery and collection 

efficiency. This helps assess MMCõs preparedness to meet current and future demands for 

water supply and sewerage & sanitation infrastructure and services, and to enhance climate 

resilience of WASH. These actions ultimately contribute to improved public health outcomes 

and more sustainable urban environments. This sub-section is structured viz., 1) retail water 

tariff (PWD), 2) retail sewerage tariff (PWD), 3) Ratio of grants to own revenue at PWD, 

Goa for water supply and sewerage & sanitation, and 4) Assessment of Finances for Water 

Supply and Sewerage & Sanitation at Mormugao.  

6.3.1 RETAIL WATER TARIFF ð PWD, GOA 

The tariff structure for new domestic water connections outlines the fees based on the diameter 

of the connection (Table 13). For smaller connections (15/20 mm), the total fees amount to INR 

1,000, with a meter rent of INR 50 and a water rate of INR 3.50 per kilolitre (KL). As the 

connection size increases, so do the fees: for connections between 20 mm and 25 mm, the total 

fee is INR 3,000 with a water rate of INR 9.00 per KL, and for connections between 25 mm 

and 50 mm, the total fee rises to INR 4,000 with a water rate of INR 15.00 per KL. Larger 

connections (50 mm to 100 mm) incur a total fee of INR 7,000, with a water rate of INR 25.00 

per KL, while connections over 100 mm require a deposit of INR 10,000, but the water rate 

is not specified in the table. Additionally, the connection and labour charges are not 

applicable in this structure.  

The tariff structure for new non-domestic water connections varies based on the diameter of 

the connection, with higher fees reflecting the larger volume of water typically consumed by 

non-domestic users (Table 14). For a 15/20 mm connection, the total fee is INR 5,000, which 

includes a meter rent of INR 50 and a water rate of INR 3.50 per kilolitre (KL). As the 

connection diameter increases, the fees rise, i.e., for connections between 20 mm and 25 mm, 

the total fee is INR 9,000 with a water rate of INR 9.00 per KL, and for connections between 

25 mm and 50 mm, the total fee is INR 20,000 with a water rate of INR 15.00 per KL. For 

larger connections (50 mm to 100 mm), the total fee is INR 25,000 with a water rate of INR 

25.00 per KL, while connections over 100 mm require a total fee of INR 30,000, but the water 

rate is not specified.  
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Table 13: New water connection fees for Domestic consumers 

# 

New Domestic Connection Fees 

Inspection 

Charges 

(INR) 

Meter 

Rent 

(INR) 

Water 

rates per 

unit (INR) 
Diameter 

(mm) 

Deposit 

(INR) 

Connection 

Fee (INR) 

Labour 

Charges 

(INR) 

Total (INR) 

1

. 
15/20  1,000 0 0 1,000 

Rs. 100 

per 

connection 

per year 

50.00 
3.50 per 

KL 

2

. 
>20 till 25 3,000 0 0 3,000 80.00 

9.00 per 

KL 

3

. 
>25 till 50 4,000 0 0 4,000 125.00 

15.00 per 

KL 

4

. 

>50 till 

100 
7,000 0 0 7,000 350.00 

25.00 per 

KL 
5

. 
>100 10,000 0 0 10,000 

1,000.0

0 

Source: Department Public Works (PWD), Government of Goa, 24-17/PWD/PCE-EO/2023-24/73  

 

Table 14: New water connection fees for Non-Domestic consumers 

# New Non-Domestic Connection Fees Inspection 

Charges 

(INR) 

Meter 

Rent 

(INR) 

Water 

rates per 

unit (INR) Diameter 

(mm) 

Deposit 

(INR) 

Connection 

Fee (INR) 

Labour 

Charges 

(INR) 

Total (INR) 

1

. 

15/20  5,000 0 0 5,000 Rs. 500 

per 

connection 

per year 

50.00 3.50 per 

KL 

2

. 

>20 till 25 9,000 0 0 9,000 80.00 9.00 per 

KL 

3

. 

>25 till 50 20,000 0 0 20,000 125.00 15.00 per 

KL 

4

. 

>50 till 

100 

25,000 0 0 25,000 350.00 25.00 per 

KL 

5

. 

>100 30,000 0 0 30,000 1,000.0

0 

Source: Department Public Works (PWD), Government of Goa, 24-17/PWD/PCE-EO/2023-24/73  
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The connection and labour charges are not included in the fees, and a significant annual meter 

rent applies, particularly for the smallest connection size.  

 

6.3.2 RETAIL SEWERAGE TARIFF ð PWD, GOA 

The Goa Sewerage System and Sanitation Services Management Rules, 2010, outline a clear 

tariff structure for the provision of sewerage services in the state (Table 15). The tariff is 

categorized based on the type of service, with domestic users being charged Re. 1 per cubic 

meter (Cu. M.) of wastewater generated, while commercial and industrial users face higher 

rates of Rs. 5 per Cu. M. Public places are charged Rs. 3 per Cu. M. In addition to the per-

unit charges, a one-time security deposit is required based on the category: domestic users 

pay Rs. 500, commercial and public places pay Rs. 1,000, and industrial users pay Rs. 3,000 

per connection. A surcharge of 2% on the billed amount is applied for delayed payments, 

rounded to the next higher rupee.  

 

Table 15: Sewerage Tariff Structure at Goa 

#  Category  Tariff * Security Deposit (One Time)  

1. Domestic  Re. 1 per Cu. M. of wastewater generated  Rs. 500 per connection  

2. Commercial  Rs. 5 per Cu. M. of wastewater generated  Rs. 1,000 per connection  

3. Industrial  Rs. 5 per Cu. M. of wastewater generated  Rs. 3,000 per connection  

4. Public Places  Rs. 3 per Cu. M. of wastewater generated  Rs. 1,000 per connection  
 

*Surcharge for delayed payment 2% of billed amount. Rounded to next higher rupee. 
Source: The Goa Sewerage System and Sanitation Services Management Rules, 2010, Government of Goa 

 

Regarding new connection charges, these are determined by the diameter of the pipe used 

for the connection (Table 16). Domestic connections with pipes up to 150 mm are charged Rs. 

200, while those with pipes greater than 150 mm incur a charge of Rs. 350, along with a Rs. 

100 per unit fee. Commercial and industrial connections follow a similar structure, with higher 

rates for larger diameter pipes and additional per-unit costs based on the pipe size. Public 

places, like commercial and industrial categories, incur a one-time connection fee depending 

on pipe size, with no per-unit charges applicable.  
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Table 16: New Sewerage Connection Charges at Goa 

#  Category  Connection Charges Based on Pipe Diameter Per Unit in Group   

Upto 150 mm More than 150 mm  

1. Domestic  Rs. 200 per connection  Rs. 350 per connection  Rs. 100 per unit  

2. Commercial  Rs. 500 per connection  Rs. 750 per connection  Rs. 250 per unit  

3. Industrial  Rs. 1,000 per connection  Rs. 2,000 per connection  Rs. 500 per unit  

4. Public Places  Rs. 1,000 per connection  Rs. 2,000 per connection  Not Applicable   
Source: The Goa Sewerage System and Sanitation Services Management Rules, 2010, Government of Goa 

The tariff structure aims to maintain fair and consistent charging based on usage and 

connection specifics. These charges are collected by the PWD at Goa.  

 

6.3.3 RATIO OF GRANTS TO OWN REVENUE 

The data presented provides a clear view of the ratio of owned revenue generated by the 

PWD for Water Supply and Sewerage, Goa to the grants received over a period of six 

years, i.e., from 2019 to 2025. The ratio, expressed as a percentage, is a key indicator of 

the department's financial autonomy, highlighting how much of the water supply and sewerage 

revenue is self-generated as opposed to being reliant on external grants. In 2019-20, the 

ratio of owned revenue to grants was 64.70%, meaning that for every rupee of grant 

received, the department generated around 65 paise of revenue on its own. This figure 

indicates a moderate dependency on grants, with owned revenue being just over half of the 

total funding required for water supply operations. However, the subsequent year, 2020-21, 

saw a significant improvement in the ratio to 84.83%. This increase suggests that the 

department was able to enhance its revenue generation while reducing its reliance on grants, 

indicating a more efficient or expanded revenue model.  

A major jump occurred in 2021-22 (Figure 31), where the ratio spiked dramatically to 

147.45%. In this year, the revenue income outstripped the capital receipts, with owned 

revenue more than compensating for grants. This unusually high ratio points towards the one-

time settlement offer given by the PWD to the consumers having backlogs. This fiscal strategy 

has improved the internal revenue collection. This period marked the highest level of financial 

self-sufficiency observed in the data. However, the ratio reverted to more modest levels in 

2022-23, dropping to 64.99%, which was nearly identical to the 2019-20 figure. This 

suggests that the department might have faced challenges in maintaining the revenue 

generation momentum from the previous year, possibly due to fluctuations in water 

consumption, tariff adjustments, or other operational issues. From 2023-24 onward, the ratio 
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shows a steady improvement, reaching 98.33% in 2023-24, which indicates near 

independence from grants. By 2024-25, the ratio stands at 87.16%, which remains strong but 

lower than the peak achieved in 2021-22. This suggests a trend where the department is 

consistently improving its revenue generation capabilities, even if it cannot fully eliminate its 

dependence on grants.  

Figure 31: Ratio of owned revenue to grants at PWD Goa 

 

Source: Municipal Budget Documents 
 

When looking at the total over the six years, the departmentõs ratio of owned revenue to 

grants is 93.48%. This means that, on average, for every rupee of grants received, the 

department was able to generate nearly 93 paise on its own. This is a strong performance 

overall, but it also reflects a gradual reliance on grants, especially in the years where the 

ratio dropped significantly (2022-23). Thus, the department has made notable progress in 

improving its financial self-sufficiency over the years, especially from 2020-21 to 2021-22. 

However, the fluctuations in the ratio across the years suggest that while the department is 

moving toward greater independence, there are external factors that continue to influence its 

ability to generate owned revenue consistently. The overall trend is positive, indicating a 

growing ability to reduce reliance on grants, but more work is needed to sustain and possibly 

improve these results in the future.  
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6.4 ASSESSMENT OF FINANCES 

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

sanitation at MMC.  

6.4.1 WATER SUPPLY 

Over the past nine years, MMC has consistently maintained a high-cost recovery rate for 

water supply, generally above 80%, reflecting a strong financial performance (Figure 32). 

Notable improvements occurred between 2015-16 and 2016-17, with cost recovery rising 

from 90% to 95%, but a brief dip to 80% in 2017-18 was quickly addressed, recovering to 

90% in 2018-19.  

 

Figure 32:Trend analysis of cost recovery in water supply charges at MMC 

 

Source: Mormugao Municipal Council (MMC), 2025 

 

From 2019-20 to 2021-22, the recovery rate stabilized at 95-96%, showcasing effective 

management of expenditures and revenues. The rate further improved to 97% in 2023-24, 

suggesting continued efforts to optimize billing and reduce losses. Overall, MMC's cost 
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recovery trend indicates a positive shift towards full cost recovery, ensuring long-term 

sustainability and enhanced water service delivery. 

The collection efficiency for water supply charges at MMC has shown a generally stable trend 

with some fluctuations, reflecting varying levels of success in revenue recovery (Fig. 33). From 

2015-16 to 2016-17, efficiency remained steady at 80%, indicating moderate success in 

collecting billed revenue but highlighting challenges in achieving higher collection rates. A 

significant improvement occurred in 2017-18, when efficiency rose to 90%, but this gain was 

not sustained, dropping back to 80% from 2018-19 to 2020-21, possibly due to relaxed 

efforts or consumer payment issues.  

 

Figure 33: Trend analysis of collection efficiency in water supply charges at MMC 

 

Source: Mormugao Municipal Council (MMC), 2025  

However, by 2021-22, efficiency increased slightly to 82%, and by 2023-24, it reached 

84%, showing a steady improvement. Despite this positive trend, the efficiency remains below 

optimal levels, suggesting that further improvements could be made through better billing 
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practices, digital payment options, and stricter enforcement measures to ensure full revenue 

recovery and financial sustainability for the water supply system. 

 

6.4.2 SEWERAGE AND SANITATION 

From 2015-16 to 2023-24, MMC consistently achieved 100% cost recovery for sewerage 

and sanitation services, demonstrating strong financial management and sustainability (Figure 

34). This indicates that the revenue generated from user fees has been more than adequate 

to cover both operational and capital costs for maintaining and upgrading sewage 

infrastructure. The sustained 100% recovery reflects efficient billing and collection systems, 

successful cost management, and the minimization of losses, such as leakage or illegal 

connections.  

 

Figure 34: Trend analysis of cost recovery in sewerage & sanitation charges at MMC 

 

Source: Mormugao Municipal Council (MMC), 2025  

 

Additionally, MMCõs ability to maintain this level of recovery suggests that user charges are 

well-aligned with service costs and that the council has implemented best practices, including 

modern technologies for waste treatment. This high level of cost recovery also reduces the 
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council's dependence on external grants, ensuring financial resilience, and supporting both 

current operations and future infrastructure development as the urban population grows.  

From 2015-16 to 2023-24, the collection efficiency for sewerage and sanitation services at 

MMC improved significantly, rising from 85% in 2015-16 to a consistent 100% from 2019-

20 onwards (Figure 35). This improvement reflects the council's successful efforts in refining 

billing practices, enhancing consumer outreach, implementing online payment options, and 

enforcing stricter payment deadlines.  

 

Figure 35: Trend analysis of collection efficiency in sewerage & sanitation charges at MMC 

 

Source: Mormugao Municipal Council (MMC), 2025  

 

The steady increase in efficiency suggests better administrative capabilities, improved 

management of consumer accounts, and effective follow-up on overdue payments. Achieving 

100% collection efficiency has strengthened the financial sustainability of the sewerage 

system, ensuring the availability of funds for operation, maintenance, and expansion without 

relying on external financial support. This consistent achievement also demonstrates MMC's 

commitment to providing high-quality services and effective governance. 
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6.5 KEY FINANCIAL CHALLENGES 

The key financial challenges faced by PWD, Goa in water supply services at MMC include 

fluctuations in cost recovery and collection efficiency. Although cost recovery has generally 

been strong, with rates fluctuating between 80% and 97%, the dip to 80% in 2017-18 

suggests periods of higher operational costs, inefficiencies, or issues in revenue collection that 

temporarily impacted financial performance. Similarly, while collection efficiency has steadily 

improved over time, it has faced challenges in sustaining high levels of performance, with 

fluctuations between 80% and 90% during certain years. These fluctuations reflect potential 

issues such as economic challenges affecting consumers' ability to pay, inefficiencies in billing 

and collection processes, and the need for stricter enforcement measures. To strengthen 

financial sustainability, PWD could focus on improving billing systems, expanding digital 

payment options, and addressing collection inefficiencies.  

 

The key financial challenges faced by PWD, Goa at MMC in sewerage and sanitation services 

primarily revolve around maintaining consistent and efficient revenue collection and cost 

recovery. Despite achieving 100% cost recovery over the years, challenges such as ensuring 

the continued alignment of user charges with operational and capital costs, and effectively 

managing non-revenue sewage, remain crucial. The initial fluctuations in collection efficiency, 

which ranged from 85% to 90% before achieving 100% efficiency, indicate issues related to 

delayed payments, administrative inefficiencies, and consumer awareness. Furthermore, as the 

urban population grows, the PWD and MMC faces the ongoing challenge of managing 

increasing demand for sewerage services while maintaining the financial stability of the 

system. Ensuring that both cost recovery and collection efficiency remain high without relying 

on external financial support is critical for the long-term sustainability of these essential 

services.  
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NOTES & REFERENCES

 

70Authorõs Note: This chapter is based on ongoing doctoral research by Abhay Junaghare under the 
supervision of Prof. N. C. Narayanan at the Ashank Desai Centre for Policy Studies (ADCPS), Indian 
Institute of Technology Bombay. Key findings and interpretations presented here are part of a 
broader analysis that is currently being prepared for publication in a peer-reviewed academic 
journal. Readers are requested to cite this report appropriately and direct any academic queries 
to the author. 

 

71 Capital receipts are comprised of reception of grants from central and state government through 
its schemes. Capital expenditures are the funds used to acquire or upgrade the infrastructure that 
are typically large purchases. Revenue expenditures are the recurring operating expenditure that 
are short term and essential to run daily operations. Revenue receipts are the recurring receipts of 
income generated from the daily service provisions. Cost recovery is the ratio of the total annual 
operating revenues to the total annual operating expenses. Collection efficiency is the ratio of 
current revenues collected in the given year to the total operating revenues billed during the given 
year. The operating ratio is the ratio of revenue expenditure to revenue income, which helps assess 
the financial sustainability. A value greater than 1.0 indicates that revenue income exceeds 
operating expenses, ensuring financial stability. The revenue deficit is calculated as the difference 
between the revenue expenditure and revenue income. The fiscal deficit is calculated as the 
difference between the total expenditure and total revenue incomeõs is annual growth rate over a 
specific period. 
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7. RESILIENCE ASSESSMENT OF WASH 

INFRASTRUCTURE  

SUCHARITA ROY, TEJASH ANAND, AND N.C. NARAYANAN 

Urban infrastructure faces mounting pressure from rapid urbanization and intensifying 

climate-related extreme events. Inadequate infrastructure amplifies losses and increases 

disaster risks, underscoring the need for resilient systems that can absorb shocks, maintain 

essential services during crises, and recover while reducing future risks. This chapter examines 

the exposure and vulnerability of water, and sanitation infrastructure in Mormugao. The 

assessment draws on detailed sectoral analyses presented in previous chapters. By synthesising 

these findings, the section identifies contextual risks, systemic gaps, and vulnerabilities 

affecting the resilience of Mormugaoõs WaSH infrastructure. 

 

7.1 BACKGROUND 

Urban infrastructure today faces dual pressures: rapid urbanization and extreme natural 

events driven by climate change. The World Risk Report 2016 highlights that inadequate 

infrastructure amplifies losses to life and property while increasing the likelihood of 

disasters arising from extreme natural events. Resilient infrastructure, by definition, refers 

to systems capable of absorbing, rebounding, and adapting to hazards and shocks to 

ensure continuity and safety. 

Urban infrastructure in coastal cities like Mormugao is increasingly pressured by rapid 

urbanization, rising service expectations, and extreme natural events spurred by climate 

change. Inadequate infrastructure not only heightens the risk of loss of life and property; 

it also increases the likelihood that a natural hazard will escalate into a disaster. 

Accordingly, resilient infrastructure is defined as systems and networks that can absorb 

shocks, maintain essential services during crises, and swiftly recover while simultaneously 

reducing future risks. 

This section captures the exposure and vulnerability of the WaSH infrastructure of 

Mormugao, a class III town and an important regional settlement in North Goa district of 

Goa. The situational analysis has been based on the detailed sectoral analysis undertaken 

by sectoral teams and captured in the previous chapters of this report. The resilience 

assessment of the WaSH infrastructure captures the contextual risks and gaps in the 

systems.  
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7.2 METHODOLOGY FOR RESILIENCE ASSESSMENT  

Adopting resilient infrastructure not only helps reduce the intensity of adverse 

consequences from disasters but also provides an opportunity to shift to lower carbon 

pathways. The risk of infrastructure failure during disruptive events depends on several 

factors, including exposure to hazards, locational limitations, technology, sensitivity of the 

infrastructure, its governance, access to funding, and systemic agility. The Sendai 

Framework for Disaster Risk Reduction identifies the resilience of critical infrastructure as 

key for risk reduction. 

An assessment of the resilience of the WaSH infrastructure, the town has been undertaken 

in the context of climate change to inform future planning and build climate-resilient WaSH 

infrastructure and services in the town. Guided by the Global Methodology for 

Infrastructure Resilience -UNDRR (2023)72, a three-step, contextualised methodology has 

been developed. This methodology analyses the adequacy, reliability, and flexibility of 

WaSH infrastructure in the face of climate change and the robustness of governance and 

finance to handle future risks. This framework enables a comparative understanding of 

system resilience for WaSH infrastructure across towns and cities, irrespective of the level 

of urbanization, population size, and local body capacity. It helps identify trends and 

patterns across various classes of cities and develop a structured approach towards 

building resilience of WaSH infrastructure in coastal cities. 

1. Mapping the Existing Infrastructure and Services: The existing infrastructure and 

services have been mapped and analysed based on data gathered from various 

sources on performance, coverage, socio-spatial variability, technology, 

governance, key stakeholders, existing policies, climate change initiatives, financial 

health of the ULB, budgets, and future projects 
 

2. Identifying the Infrastructure Exposure and Vulnerability: The climate hazards faced 

by the settlement have been identified based on literature review. Three critical 

coastal risksñflooding and inundation, storm surges and coastal erosion, and 

saltwater intrusionñhave been considered. Satellite data has been utilized to 

assess land use and land cover (LULC), elevation, built-up footprints, road networks, 

shoreline change detection, mangrove and water bodies, storm surge locations, 

and flood risk zones. This data has been overlaid with information from municipal 

bodies on administrative boundaries, flood hotspots, population distribution, critical 

utility locations to identify the exposure. Primary data on water usage, sanitation 

practices, water quality, access disparities, socioeconomic vulnerability, 

behavioural practices, and exposure history collected through discussions, 

interviews, household surveys, and ground-truthing via transect walks and visual 

surveys were further collated and overlayed to identify ward level exposure and 

infrastructure vulnerability. 
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3. Assessing the resilience: The adequacy, flexibility and reliability of the 

infrastructure, its governance and financial sustainability and systemic gaps have 

been identified and assessed along with the exposure and vulnerability. The 

summary of risks to WaSH infrastructure provide insights into the resilience 

measures needed for the coastal town. 

 

7.3 EXPOSURE TO CLIMATE RISK 

 

Mormugao has tropical ð maritime climate with warm and humid conditions prevailing for 

most parts of the year. The temperature varies between 19.2°C to 34°C with the mean at 

26.92°C. The months of April-May are relatively the warmest months and December; 

January and February are the coolest months. There is regular and sufficient rainfall during 

the southwest monsoon season, mainly from June to September. The average annual 

rainfall is of around 2400 mm. Over 90 per cent of the annual rainfall occurs during the 

monsoon months of June to September. The month of July is the rainiest month when about 

36 per cent of the annual rainfall is recorded.  

Goa is already experiencing sea level rise. Long-term station data from Mormugao 

suggests that the sea level at this station in Goa is rising at a rate of 1.45 mm/year. Risk 

from rising sea levels is slightly lower for Mormugao compared to other coastal towns in 

the state due to its elevation. The coast of the taluka Mormugao has experienced the 

lowest erosion rates. Coastlines such as the Quepem, Mormugao and Mormugao are 

backed by headlands or cliffs and are thus the least vulnerable to coastal inundation.73 

 

The elevation profile of Mormugao (Ref. Figure 36) reveals the wards 7, 8, 9, 12, 13, 14, 

15 and 16 as low-lying wards with a elevation less than 10 m above sea level (Ref. Table 

17). These are part of the low-lying coastal elevation zone and susceptible to coastal 

inundation and flooding. Due to a significant presence of population these wards can also 

be considered as the most vulnerable zones of Mormugao city. With a depletion of 

mangroves observed over the last decade along the shoreline, the exposed wards are 

prone to storm surges and inundation due to sea level rise. 
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Figure 36: Emerging Vulnerability Hotspots of Mormugao City to Climate Hazards 

 

Source: Analytics derived from Open Street Map; Landsat 9 (Shoreline), 2020; Land 

 






























































