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Source : 2022, Pre-Feasibility Report for Implementation of Faecal Sludge Treatment Plants in Kochi Municipal Corporation by AMRUT and CDD, Bangalore.

“Climate Resilient WASH infrastructure 
in Indian cities using Kochi City as a case study”

Ability to cope with the impacts of climate change.
Climate Resilient 

Ability to adapt and to cope with the impacts of 
climate change on WASH systems, while maintaining 
their reliability and functionality.

WASH infrastructure 

Its impacts on climate change, particularly through sea-level 
rise and increased frequency and intensity of extreme 
weather events.

Kochi City

Climate-resilient WASH infrastructure in Indian cities such as Kochi is a critical step towards building a 
more sustainable and resilient future in the face of a changing climate.

Specifying the Topic

Global South Academic Conclave on WASH and Climate Linkages 3



Source : September 2019, Mapping how growth in Kochi, Mumbai and Chennai made them flood and drought-prone. The News Minute. 2022, https://kochicorporation.lsgkerala.gov.in/en/

Population (2011)

“Financial and commercial Capital of Kerala”

6.8 
Lakhs

Area (KMC)

95 
sq.km

Population (2011)

7158 
person/km²

Average Rainfall

2810 
mm

Temperature

23.1 °C 

36.3 °C

Avg altitude lvl  from MSL

0.25 to 
7.5M

Seacoast line

48 
km

Climate Risk Index 2021 (Global)

6th 
Ranked city

Assessment Framework 2020

Climate Smart
Cities 

Kochi is located in the Ernakulam district of Kerala and is governed by the Kochi Municipal Corporation. 
The city is divided into seven zones for administrative purposes. The KMC is responsible for providing 

essential services such as water supply, waste management, and sanitation to the city's residents. 

City Profile- Kochi City
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Source : 2021, City Lab Kochi, India climate risk and Resilience Assessment - MGI-iki.com. 
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People Economy Environment Existing Infrastructure

FrequencyIntensity Irreversibility 

Exposure Adaptive capacitySusceptibility
Climate change impacts

Reclaimed land

Estuarine city

Sea level rise

Unexpected precipitation

Discharging of used 
water into water body

Deficient urban drainage 
system

Location Justification



Understanding through maps
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Spatial distribution of the contributing 
factor˞ elevation in m above MSL factor

Spatial distribution of the contributing 
factor˞ population density per sq km

Spatial distribution of the contributing 
factor˞ distance from drainage block 
sites in meters

The urban flood vulnerability zones 
identified in Kochi City Corporation area

24.13 % of Corporation area lies in the moderately vulnerable to urban flood zone. Major part of the Cochin City Corporation area (67.14 %) is 

identified as low vulnerable and is safer compared with other locations

Source : 2014, Urban flood vulnerability zoning of Cochin City, Southwest coast of India, using remote sensing and GIS. Authors : K. Sowmya • C. M. John • N. 

K. Shrivasthava



Water Supply Sanitation Solid Waste Management Stormwater Management

About the sector Climate change 
impacts

About the sector Climate change 
impacts

About the sector Climate change 
impacts

About the sector Climate change 
impacts

The Periyar River, which
is close to Aluva, is the
source.Aluva WTP and
Maradu WTP (100MLD) are
two important WTPs.
Water for 95% of Kochi's
houses comes from the
Periyar River, which is
treated and then
delivered by the Kerala
Water Authority from the
nearby town of Aluva.

Increased rainfall can
lead to flooding and
consequent contamination
of the groundwater as
well as salt water
intrusion.

About 80% of the water
usage is discharged as
waste water, leading to a
significant strain on the
city's water resources.
The total water demand
for the city can be
brought down.

Increased temperatures
would impact health as
stagnating water,
whether grey or black,
will become a conducive
breeding ground for
harmful pathogens,
insects and pests.

KSUDP data shows an
average solid waste
generation of 707 grams
per capita per day in
Kochi. While service
levels are satisfactory,
with collection efficiency
at 96%, source
segregation at 86%, and
waste recovery at 80%,
there is still room for
improvement.

Increased temperature
and rainfall may alter
waste decomposition rate
and leachate production
rate which will lead to the
spread of infectious
diseases.

Kochi city receives about
3000 mm rain and
through roof top
rainwater harvesting
enough ground water
recharge could be
achieved. Relative to total
road length of 1665 km,
the drainage network
coverage is estimated at
41 %.

Climate change can cause
more frequent and
intense precipitation
events, leading to
increased runoff and
flooding in cities.
Increased flooding can
overwhelm storm water
management systems,
leading to infrastructure
damage and potential
health risks.

At ALUVA, it has been
determined that a water
treatment plant (WTP)
with an eventual capacity
of 190 million liters per
day (MLD) is needed for
the entire project area to
meet water demand by
the year 2050, given the
likelihood of accelerated
expansion.

Higher temperatures
would result in increased
rates of water
evaporation and demands
for potable water putting
stress on the system.

Inadequate septage
management, dumping of
solid waste in canal and
drain networks, and
limited sewerage
coverage have further
exacerbated the situation.
These challenges need to
be addressed to ensure
efficient water
management and prevent
further degradation of the
city's water resources.

Increased rainfall will
increase incidences of
water logging which will
affect the sewerage
management system
infrastructure.
Furthermore, there can be
instances of freshwater
and rainwater mixing with
sewerage and sludge,
polluting limited
freshwater bodies and
facilitating the spread of
diseases.

User charges collected
under Kudumbashree for
door-to-door collection
are retained by service
providers, and as a result,
the CoC incurs costs for
downstream
transportation and
processing that the user
charges do not fully
cover.

Clogged drains due to
inadequate solid waste
management coupled with
increased short duration
high Intensity rainfall will
lead to urban flooding and
spread of water/vector
borne diseases.

Kochi city has a
stormwater drainage
network comprising of
over 500 km of canals,
culverts, and drains.
During monsoon season,
the city faces severe
waterlogging due to
insufficient drainage
capacity, which results in
floods in low-lying areas.
But this scenario has
been improved also
environmental challenges
are comparatively less
due to coastal region.

Sea level rise caused by
climate change can
increase the risk of storm
surges and coastal
flooding, which can
impact storm water
management systems in
coastal cities.

Sanitation must be prioritized as a crucial component of WaSH infrastructure in Kochi, as it is currently in a significantly poor state compared to other sectors and is most 
affected by environmental challenges.

Critical wards facing water supply issues. Critical wards facing Sanitations issues. Critical wards facing Solid waste issues. Critical wards facing Storm water/flooding issues.
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Source : 2022, Climate Action Plan for Kochi City- Preliminary Assessment, GIZ.



Source : 2020, Untreated wastewater has choked the Thevara-Perandoor canal in the city. | Photo Credit: H. VIBHU

Water Supply

Sanitation
Solid Waste
Stormwater
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L i t e r a t u r e  R e v i e w

Theoretical literature review

Empirical literature review

Methodological literature review

Historical literature review

Systematic literature review

Meta-analysis

Scoping review

Critical literature review

To assess the current state of WASH (Water, Sanitation, and Hygiene) in Kochi and identify existing challenges.

To examine how climate change is expected to impact the challenges related to WASH in Kochi, particularly in low-lying areas.

To develop a citywide sanitation strategy that is climate resilient, with a specific focus on addressing the challenges related to WASH in low-lying areas.

Objective 1

Objective 2

Objective 3

Phase 01 : Stakeholder meeting and Field visit

Analysis: Gap analysis, Problem tree analysis, City assessment & project idea

Phase 02 : Stakeholder meeting and Field visit

Recommendations : Project Formulation and Proposal.
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Methodology
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Name of the organization Key informant Suggestions/inferences

1. Kochi Municipal Corporation 
(KMC)
1.1 Engineering Department
1.2 Health Department
1.3 AMRUT Department
1.4 Centre for Heritage, 
Environment and Development

1.a. Mayor of KMC
1.b. Municipal Secretary of KMC
1.1. Environmental Engineer
1.2.a. Health Supervisor
1.2.b. Health Inspector-SBM in 
charge
1.3.a. Urban Planner
1.4.a. Director

Ç With the support of a few experts including GIZ, ICLEI, WRI, and others, the city is currently 
working on climate resilience.

Ç Mixed terrain, high groundwater table, cases of inundation, connected canals(visually polluted-
90% water bodies are polluted) which is initially designed for desalination also transportation 
and rapidly developing unplanned settlements. 

Ç Limited sewerage network (less than 10%) and 95% of the households rely on on-site sanitation 
systems.

Ç The Municipal Corporation presently does not own any desludging vehicles and the desludging 
operations are carried out by licensed private operators.

2. Greater Cochin Development 
Authority

2.a. Town Planning Officer
2.b. Town Planning Officer

Ç This city should be focusing on the 3 nodes from main land Kochi to Keezhmadregion, 
Puthenkurishuregion and Mulanthuruthiregion.

Ç GCDA also manages 2 STPs currently and also there are 2 STPs and 1 ETP proposed in the city

3. Kerala Water Authority - Water 
supply and Waste water 
management, GoKauthority.

3.a. Assistant Engineer Ç The newly constructed largest STP under AMRUT will be handled by KWA (5MLD at Elamakulam)-
this will make the cities total sewerage network from 5% to 8% coverage.

Ç The entire city has been divided into 12 zones and integrated sewerage masterplan of Kochi has 
been under progress. 

Ç Both KMRL and KWA are working on this masterplan which is proposed for 2055.

4. Suchitwa Mission -Technical 
Support Group (TSG) , LSGD. GoK.

4.a. District Coordinator Ç From the report of Clean Aquifer campaign in 2021- it was clear that the water bodies and all 
other natural resources are polluted , also there is a 95% faecal contamination in water bodies.

5. Cochin Smart Mission Limited ˟
SPV to rejuvenate the prevailing 
urban ecosystem by ABD 
strategies.

5.a. Deputy General ManagerÇ The Kochi area's largest proposed STP project was dropped as a result of public outrage.
Ç There are other climate resilient proposals by CSML on WASH and other infrastructures at ABD 

area.

Kochi Municipal Corporation 

Source : 2022, Author.
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Name of the organization Key informant Suggestions/inferences

6. Kochi Metro Rail Limited (KMRL) 6.a. Asst. General ManagerÇ Engaged in Cleaning of water bodies and canals.
Ç STPs proposed at 5 zones of KWA/KMRL/CSIND(Department of Coastal Shipping and Inland 

Navigation)/KIIFB(Kerala Infrastructure Investment Fund Board) integrated masterplan will be covering 
the major part of KMC 7˟7MLD

7. Kerala Institute of Local 
Administration - An autonomous 
training, research and 
consultancy organization 
constituted under LSGD, GoK.

7.a. Urban Chair Professor
7.b. Senior Urban Fellow

Ç Climate resilience should focus on the upcoming areas and the critical locations should have 
risk management alternatives.

Ç Decentralized Water and Used water management will have better impact. Protection of local 
natural resource could make lesser climate impacts. Technologies like alternative building 
technology to make biogas from septage by COSTFORD (Centre of Science and Technology for 
Rural Development) should be promoted.

8. World Resources Institute India 
- global research non-profit 
organization 

8.a. Program Manager U˟rban 
Planning And Disaster 
Resilience

Ç The city has been under water stress since it was an organically planned city.
Ç Since the city has been reclaimed with construction debris, it has its own issues. City has its own 

geographical challengesand its focusing on Nature based solutions.

9. GIZ India - German Agency for 
International Cooperation

9.a. Tec.Expert at GIZ- India Ç All urban services are getting effected by climate change and its high time for Climate 
resilience approachin these sectors.

Ç Climate Change Database for Impact Assessment and Development: Adaptation and Mitigation 
Options for Kerala- A Multi disciplinary simulation and modeling should be established.

Source : 2022, Author.
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Source : 2022, Pre-Feasibility Report for Implementation of Faecal Sludge Treatment Plants in Kochi Municipal Corporation by AMRUT and CDD, Bangalore.

1. The city is characterized by mixed terrain, high groundwater table, 

cases of inundation, connected canals(visually polluted-90% water 

bodies are polluted) which is initially designed for desalination and 

rapidly developing unplanned settlements.

2. The city has limited sewerage network and 95% of the households rely 

on on-site sanitation systems like septic tanks and pits whose 

overflow is connected to stormwater drain.

3. Due to the high groundwater table, the frequency of desludging these 

systems is high and hence the quality is close to high strength 

wastewater rather than faecal sludge.

4. The Municipal Corporation presently does not own any desludging 

vehicles and the desludging operations are carried out by licensed 

private operators.

5. The city lacks systems for proper monitoring of desludging activities 

and hence is victim to indiscriminate dumping of FS.

5% - 8% 
STP 

coverage 
within 

KMC limits

200KLD 
FSTP- two 

100KLD 
plants

95% onsite 
sanitation

¢ëÙ ÎíġĴ˫Ě ÎĥĖĖÙĀġ Ez ġĖÙÀġÿÙĀġ ÎÀēÀÎíġĴ íĚ íĀĚĥææíÎíÙĀġ ġĆ ÿÙÙġ ġëÙ ġĖÙÀġÿÙĀġ

needs of future wastewater generation.

SLB - indicators SLB Current

Coverage of Toilets 100% 100%

Coverage of sewerage network services 100% 6%

Collection efficiency of the sewerage 
network

100% 100%

Adequacy of sewerage treatment capacity100% 6%

Reuse and recycling 20% -

Quality of sewerage treatment 100% 100%

Cost recovery 100% -

Stakeholder Meetings: Key Takeaways
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An Analysis of Specific Areas 
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Source : 2022, Climate Action Plan for Kochi City- Preliminary Assessment, GIZ and 2023, Author.

Perandoor

Thanthonni Thururth

Mangalavanam  ˟Buffer Zone

Mullassery Canal- Mainland Kochi

Fort Kochi- Vipin area

Fort Kochi Main

Panampilly Nagar

Thevara- TP Canal

Vathuruthy Colony- Willington island

Saudi colony- Thoppumpady

Eda Kochi

Nazreth Beach - Rameshwaram Colony

Urban heat island FloodingSea Level RiseTidal effect

Climate risks considered

As a result, the study focused on areas that were affected by three or more climate change impacts, including 
Thanthonni Thuruthu, Rameshwaram Colony, Panamppily nagar, Saudi colony, and Eda Kochi, to conduct a more in-

depth analysis.
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Thanthonni Thururth

Panampilly Nagar

Saudi colony- Thoppumpady

Eda Kochi

Nazreth Beach - Rameshwaram Colony



Selected cluster- analyzing through map
Urban Flood vulnerability zones in Kochi

Thanthonni Thururth

Rameshwaram Colony

Panampilly Nagar

Chirakkal colony

Saudi colony

Eda Kochi

Critical ˟  survey locations identified

Source: WRI India 2021; NCESS 2010; Sentinel ESA.
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Voices from the city : key takeaways

Critical Locations Thanthonni Thuruth Panampilly Nagar Rameshwaram Colony Eda Kochi Saudi Colony 

LIG/MIG/HIG LIG MIG and HIG LIG MIG LIG

Source : 2023, Author

»˨ĆĆÿíĀç íĀˊ ¦ĀÓÙĖĚġÀĀÓíĀç ZĆÎÀú sÙĖĚēÙÎġíıÙĚ ġëĖĆĥçë uĥÙĚġíĆĀĀÀíĖÙĚ˩
Understanding the sanitation situations at the selected locations
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Total surveys : 77

Capture

Containment

Emptying

Transport

Treatment

Safe Reuse or DisposalS
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(Septic tank – ST ; Soak Pit- SP)

Aware of disposal –

Willington Island Plant

Aware of disposal– 

any 3 FSTPs

Aware of disposal –

Willington Island Plant

NIL – Not Accessible for 

tankers

Aware of disposal –

Willington Island Plant

4-10 years Only 20% <10 years Only 20% 

Sanitation Service Chain: 

Access to toilet - Capture

Onsite/Offsite - Containment

Emptying – Avg. year

Treatment – Location

Safe Disposal/Reuse
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Source : 2016, SFD Promotion Initiative Kochi- GIZ and 2011, city sanitation plan, Kochi-KSUDP, 2021- The New Indian Express.

The most common containment technologies in 
Kochi are the septic tank, followed by pit 
latrines, and centralized sewer and open 
defecation. Surveys show that many septic 
tanks do not comply with location, design and 
construction guidelines 

Sanitation types in HH

(Census 2011)

95% - Onsite and 5% - Offsite

Emptying is not monitored by the authorities 
but managed by private run businesses. 
Desludging is done on request of the 
residents when a septic tank is overflowing. 
Due to high groundwater tables, infiltration of 
onsite technologies has to be considered as 
unsafe disposal and can cause ground water 
contamination.

95% of 
water 
bodies

2021, Clean Aquifer campaign report

Transport: The properties of the influent 
entering the WWTP suggest considerable 
dilution of the sewage by groundwater. 
Transport of faecal sludge is conducted via 
faecal sludge trucks. 

X 40 loads (per day)

No Monitoring = e.g. :

Treatment: The sewage is conveyed to the 
WWTP in Elamkulam and treated in an 
activated sludge process. Effluent data suggest 
an adequate treatment performance. A new 
Septage1 Treatment Plant (STP) was 
constructed recently at Brahmapuram east of 
the city center with a capacity of 100 m3 daily 
and the similar set up is at Willington island.

End-use / Disposal: As there is no designated 
disposal site in the city either, the faecal 
sludge is illegally and irregularly dumped on 
open ground or directly in water bodies. The 
treated wastewater is disposed to the nearby 
river.

Sanitation Service Chain of Kochi
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Proposed System Of Liquid Waste Treatment

Source : 2022, Pre-Feasibility Report for Implementation of Faecal Sludge Treatment Plants in Kochi Municipal Corporation by AMRUT and CDD, Bangalore.

01

02

03
07

04

06

05

01

8.16 sq. km – 1.2lk population CSML project proposed : 10MLD (2041 – 21MLD)

Gap of 11MLD

Zone 1 comprising the northern side of West Kochi area has 21% of the Sewage

load concentrated in 10% of the land area.

02

Zone 2 comprising the Eda Kochi area has 20% of the Sewage

load concentrated in this area.

1.2lk population AMRUT project proposed : 16MLD (2041 – 22MLD)

Gap of 6MLD

Zone 3 - Willingdon Island : current is 0.1MLD, proposed will be 1MLD

03 Zone 4 –Central Kochi : current is 0.1MLD, proposed will be 1MLD

92500 population Project proposed : 11MLD (Requires 12MLD)

Gap of 1MLD

04

Zone 5,6 and 7 – not proposed any WWTP-  will require in future

Nearly 4lk population Gap of 49MLD

07

06

05

Muttar STP

Perandoor STP

Vennala STP

Elamkulam (ext.) STP

Projected wastewater to be collected by 2041

The total liquid waste generation in Kochi, for future is estimated to be 105.11 MLD.

The present treatment capacity of the Sewage Treatment Plants is 5.6 MLD.

So, presently there is a gap of 100 MLD.
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Climate Resilient Urban Sanitation -  ˨ zÀĀíġÀġíĆĀ ²ÀúĥÙ -ëÀíĀ ġĆĲÀĖÓĚ -úíÿÀġÙ vÙĚíúíÙĀÎÙ ˨

In case of emergencies

Managed retreatAccommodating for the changeProtecting the assets

Retrofitting Pro active planning

Upgradation of sanitation system

Develop a disaster response plan

Strengthen sanitation infrastructure

Ensure access to safe drinking water

Promote hygiene and sanitation

Build community resilience

Develop early warning systems

Strengthen coordination & collaboration

Reducing the NIMBY syndrome in Public

Community lead awareness campaign ˟
connecting Kudumbhashree and localities 
with the technical support of KILA. 5 
objectives are :
1. Educate the Community
2. Address Legitimate Concerns
3. Hold Open Houses
4. Showcase Past Work
5. Explain the Property Management- 

connecting ULB and citizens.

Completion of Sanitation value chain

1. Toilet : Resilient design.
2. Conveyance : access of emptying 

vehicles to communities.
3. Treatment: Wastewater treatment
Systems ˟ decentralized masterplan.
4.    Reuse.
 

Policy Framework 

Encourage sustainable sanitation 
practices

Build climate-resilient infrastructure 

Address health risks

Foster community engagement

Support research and innovation

Source : Author.

Long-term goalsMid-term goalsCrisis Responsive Goals Short-term goals

Recommendations



Global South Academic Conclave on WASH and Climate Linkages 20

Source : Author.

Recommendations

Source : Author.

Reducing the NIMBY syndrome in Public

Community lead awareness campaign ˟
5 objectives are :

"Not In My Backyard, Not In Anybody's Backyard: 
Join the Fight Against NIMBY Syndrome"

Upgradation of sanitation system

Project  S I M B Y ˊ ˨Sa n i t a t i o n  In  M y  B a c k y a r d˩ development Se n s i b l y  I n  M y  B a c k y a r d.
Promoting on-site and decentralized  sanitation

Training and capacity building programs

Stakeholders involved

Nodal agency Government-owned company

Existing mission : Haritha Kerala Mission 

Supported by

Educate the Community

Address Legitimate Concerns

Hold Open Houses

Showcase Past Work

1 Haritha Karma Sena (HKS)= 250 houses 

Project SIMBY requires 1000 HKS

Data collection through Haritha Keralam 
Mission App
Data required : locations, sizes/ capacity of 
Septic tank, avg HH, previous desludging date

M˨alambhootham FSM IEC Campaign Suchitwa 
_íĚĚíĆĀ WÙĖÀúÀ z+_ zÀĀíġÀġíĆĀ˩
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Stakeholders involved

Floating 
containment 

02

Desludging 
through 

Floating Honey 
suckers

03

a

Different Types 
of Floating 
Digesters

03

b
a

b

c

d

Composting - Charcoal, sand, coconut 
husks, humus soil, and wood chips break 
down waste with the presence of air.

Hybrid - Container 1 with pipe uses air 
to break down waste while container 2 
decomposes waste without air.

Anaerobic - The container is partially
submerged under water. It decomposes 
waste without air

Anaerobic Twin - The containers are
connected in a series and they 
decompose waste without air.

Source : Author.

Access to 
toilet in 

emergency 
cases/ islands 

01

Water ways like Water Metro or 
existing Ferry can be used for an 
integration desludging 

Separate toilets

Floating containment

HDPE floating bridge

Conceptualizing of Sanitation Value Chain for Kochi
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Source : Author.

Conceptualizing of Sanitation Value Chain for Kochi

Source : Author.

Climate Resilient Urban Sanitation -  ˨
Sanitation Value Chain towards Climate 

vÙĚíúíÙĀÎÙ ˨

Floating Toilet for islands & other 
vulnerable points

Emptying & Transport by Water Metro/ 
ferry ˟ Floating Honey suckers

Integrated solutions

Emptying & Transport˟Floating Honey 
suckers

Stand-alone solutions
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DEWATS

Decentralised Waster Water 
Treatment System



Thank You
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