Landscape study of Methane
Recovery in Sewage

Treatment:

Insights from Indian Cities

June 2026

Center For Water and Sanitation,
CRDF, CEPT University

C WAS oo | CRIDF S | CEPT
SANITATION FounpaTIon U\| \/ERS| W




Acknowledgements

In 2018 L Yy R #lomeésticwastewatersector contributed an estimated63.76 Mt of / h i &hljssionswith methane reduction identified as a
major mitigation opportunity (GHGPIatformIndia, 201§ UNEP& CCAC2021). Existingstudies also indicate that actual emissionsfrom
wastewateroften exceedtheoretical estimates India has committed to reducingthe emissionintensity of its GDPby 45% by 2030, making

methanemitigationin the wastewatersectorincreasinglymportant.

Thisstudy aimsto documentand analysethese emergingpractices,drawingon literature review, site visits,and discussionsvith ULBofficials,
STPoperators, and private partners Elevencities with methanerecovery initiatives were identified, and detailed assessment®f Jaipur,
Ahmedabad Surat,Nashik,and Pimpri Chinchwadare coveredin this document Thisstudy exploreshow Indian cities are capturingmethane

from wastewatersystemsandthe factorsthat influencesuccessfulesourcerecovery

The CWASeam gratefully acknowledgeshe supportof the city officials, private operators,and support staff of all visited citiesfor facilitating

the sitevisitsand providingtheir valuabletime, data,anddocumentationessentiafor this study.

Thisstudy was preparedby CWASeam - DhwaniShah,OmkarKane,and KaranPatil under the guidanceof JigishaJaiswal AasimMansuriand
DhruvBhavsar

CWAS CRDF &zt | fhi




Executive Summary(1/2)

A

Methane emissionsfrom the wastewatersector representa significantyet underaddressedclimate challengegloballyand in India Globally,the sanitation
sectoris estimatedto be the fourth-largestcontributor to anthropogenicmethaneemissionsin Indiaalone,domesticwastewateraccountedfor nearly63.76
million tonnes of / h equivalent(a G / h)iirSejissionsin 2018 With increasingurbanisation,expandingseweragenetworks, and growing wastewater
treatment capacityunder programmessuchas AMRUT2.0 and SwachhBharatMission2.0, methaneemissionsrom the wastewatersectorare expectedto

increaseunlessmitigation measuresare integratedinto treatment systems

Wastewatertreatment plants (STPsgontribute to greenhousegasemissionghrough both direct and indirect pathways Directemissiongprimarily occurfrom
anaerobicsludgedigestion,methaneleakagefrom digestersand gasholders,and sludgehandlingand treatment processesSludgebecomesa major sourceof
methanegenerationwithin STPsIndirect emissionsarise from high electricity consumptionassociatedwith pumping,aeration, sludgetreatment, and plant
operations Additionalvaluechainemissionsare linkedto sludgetransport, chemicaluse,untreated dischargesand disposalpractices At the sametime, STPs
alsoprovideone of the largestopportunitieswithin the sanitationvaluechainto capturemethaneandconvertit into a usableresource

Thisstudy reviewed methanerecoverypracticesacrossselectedindian cities through literature review, field visits, and discussionsvith Urban LocalBodies
(ULBs) plant operators, and private stakeholders The assessmenfocusedon understandinghow different technologicalsystems,operational practices,
contractualarrangementsand monitoringmechanismsnfluencemethanerecoveryperformanceandresourceutilisationat STPs

The findingsindicate that methane recovery performancevaries significantlyacrosscities and is strongly influenced by technologyselection,operational
efficiency, monitoring systems,and reuse pathways Plantswith modern infrastructure, gastight systems,efficient CHPengines,and stronger operational
controlsdemonstratecomparativelybetter methanecaptureand electricity generationperformance In contrast,older systemswith RCQasholders,limited
monitoring, outdated generators,and weak contractswith very limited focus on methane capture, experiencehigher methane leakageand lower energy

conversiorefficiency
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Executive Summary(2/2)

A

Acrossmost Indian cities, capturedbiogasis primarily utilised for captiveenergypurposes particularlyfor generatingelectricity and reusingit within the STRo
offsetinternal energydemandand reduceoperationalexpenditure Jaipurremainsone of the few exampleswvhere biogasis alsosuppliedto a co-locatedbottling
plant, demonstratingan advancedeusepathwaybeyondcaptiveconsumption Nationalinitiativessuchasthe SATATSustainablélternative TowardsAffordable

Transportationschemefurther createopportunitiesfor integratingSTRderivedbiogasinto compressediogas(CBG)narketsand cleanenergytransitions

The study also highlightsthe importanceof strong backwardand forward linkagesfor successfumethane recoverysystems Backwardlinkagesinclude stable
sludgegeneration,reliable influent quality, efficient sludgepumping,and proper digestionsystemsthat ensuresustainedmethanegeneration Forwardlinkages
involve viable reuse pathwayssuchas captive electricity use, gasbottling, treated wastewaterreuse,sludgereuse,and integration with energymarkets Weak

linkagemechanism®ften resultin methaneflaring,underutilisationof resourcesandlower financialviability.

Operationalefficiency and skilled human resourceplay a critical role in achievingmethane recovery potential. Efficient sludge management,stable influent

quality, reaktime monitoring systemssuchas SCADAand technicallyskilledoperatorsare essentialfor maintainingdigesterperformance,managingshockloads,

andreducingmethanelosses

Improving methane recovery efficiency is therefore important not only from a climate perspective,but also from an operational and financial perspective
Reducingnethaneleakagesimprovingsludgemanagementupgradingengines,optimisingplant energyconsumption,and strengtheningmonitoring systemscan
significantlylower O&M costs At the sametime, improvingresourcerecoverypathwaysthrough electricity generation,gasutilisation, treated water reuse,sludge

reuse,and carbonmarketscancreateadditionalrevenueopportunitiesandimprovethe long-term financialsustainabilityof STPs

The study concludesthat future STPsshould not be viewed only as wastewater treatment facilities, but as climateresponsiveresourcerecovery systems

Improving methane recovery offers cities an opportunity to reduce emissions,Jower operational costs, strengthen financial sustainability,and contribute to

circulareconomyandcleanenergygoals 4
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Waste and sanitation, a key area in urban sector to tap the potent
methane emissions
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Sanitationand solid waste managementare critical sectorswhere improved and safe managementpracticescan generatemultiple co-benefits, including
enhancedpublic health outcomesand significantreductionsin methane emissions Poorly managedwastewater,sludge,and solid waste systemscreate
anaerobicconditionsthat contribute substantialljto methanegeneration makingthesesectorsimportant for climatemitigation efforts.

While many City ClimateAction Plansacknowledgethe relevanceof sanitationand waste managementthe focusof interventionsand investmentsoften

remains concentratedon transport and energy sectors As a result, the sanitation sector continuesto remain an underaddressedyet high-impact
opportunity within urbanclimatestrategies Integratingimprovedwastewatertreatment, sludgemanagementfaecalsludgeand septagemanagementand

waste processingsystemsinto climate action planningcan play a crucialrole in achievingmethanereductiontargets while simultaneouslystrengthening
environmentalsustainabilityandurbanresilience
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Globally, waste water and solid waste are also the key emitters of
potent methane gas

Fig.1: Global methane emissions from the waste sector, 22024

Methane (CHY) is the second most important greenhousegas after 70,000
carbondioxide (CQ). It hasa warmingpotential at least80 times more e 60,000 T
powerful than CQ. Anthropogenically caused methane emissions £ 50,000 =
predominantlystem from the following sectors agriculture(40%, fossil g 4000 —
fuels (35%), and waste including solid waste and wastewater (20%9 : 30000 |
(CCAC2025. Amongstthis, methane emissionsfrom waste are the § <400
fastestgrowingsource(ESCAR025). g s .
0 1970 1980 1990 2000 2010 | 2020 2024
AS flg 2 hlgh“ghtsi Indla emlts over 41800 kt Of Cm! Wlth Slgnlflcant 5 :‘I::’laslewater Treatment and Discharge 1:?;8 13973285 1j97£;4 1:?85 1::)622 ;3513014 214684729
contributions from wastewater and solid waste Chinais the leading 1 4.CIncineraton and Open Buring o Waste | 67 72 7 9 150 200 216
. . . . W 4.B Biological Treatment of Solid Waste 112 125 147 267 339 432 436
emitter, with nearly 6,985 kt CHt, mainly from wastewater and solid B 4.A Solid Waste Disposa 075 | 22065 | 2568 | 27960 | 31380 | 34671 | 31816
waste Methane emissionsdrom the former are almost17 times higher YEAR
than from the latter. As per the figure, treated and discharged Source: ESCAP, 2025, based on Emissions database for Global Atmospheric Research (EDGAF
wastewateremits more methaneemissionsn comparisorwith the solid Fig.2: Country wise methane emissions from the waste sector
wastesector. Ranking Country 2024 Methane Emission from the Waste Sector (ktCH,)
4.A 4.B 4.C 4.0 4.E Total
=l DML e E6GM6 o W24TTLET 519249 30200 098484 o
L3 India, | _ . 96941 5543 376779 1089 480352
4 Russian Federation 2,109.04 13.37 1,035.34 26.73 3,184.47
2 Indonesia 611.60 22.20 1,298.46 10.89 1,943.15
5 Thailand 545.05 529 1.14 394 .36 576 951.61
6 Pakistan 599.21 0.01 274.54 4.54 878.30
7 Tiirkiye 47710 0.52 0.09 127.83 136.85 742.39
8 Republic of Korea 217.22 9493 225 426.08 8.63 664.12
9 Viet Nam 38481 0.08 2.49 227.37 2.38 61713
10 Bangladesh 29296 0.13 260.46 54 .66 608.21
4.A Solid Waste Disposal; 4.D Wastewater Treatment and Discharge;
4.B Biological Treatment of Solid Waste; 4.E Other

4.C Incineration and Open Burning of Waste;
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International agendas and initiatives focus on the potent methane

emissions

PN

Global
Methane Initiative

PARIS CLIMATE
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CLIMATE &
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TO REDUCE SHORT-LIVED
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Methane
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il And Gas Methano Partaership 2.0
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Global Methane
Initiative (GMI)

A voluntary international
partnership launched in
2004.

FocusReducing methang
emissions while capturing
it as a clean energy
source.

Works across sectors likg
landfills, coal mines, and
oil & gas systems.

Encourages technology
sharing and capacity
building.
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UNFCCC Climate
Conferences (COPs)

Annual climate summits
under the United Nations
Framework Convention on
Climate Change (UNFCCC).

Methane has become a
growing priority in recent
COPs:

A COP26Launch of Global
Methane Pledge.

A COP27Strengthened
focus on implementation
and monitoring.

A COP28Push for
methane tracking,
transparency, and secte
specific commitments.
Role: Provide a global
platform for
coordination, reporting,
and policy alignment.

CEPT
LM eRsl

Paris Agreement
Context

Adopted at Paris
Agreement.

While not methane
specific, it drives
countries to:

A Include methane in
Nationally Determined
Contributions (NDCs)

Methane reduction is ke
to meeting the 1.6C
climate target

2a: . Global

Climate and Clean
Air Coalition

A A global partnership
hosted by UNEP.

A Targets shorived
climate pollutants (SLCP
like methane.

Works with governments

and businesses to:
Develop policies
Support
implementation
Promote best practice

Global Methane
Pledge

A Launched at COP26 in
2021 by the United State
and European Union.

A Goal: Reduce global
methane emissions by af
least 30% from 2020
levels by 2030.

AFocus sectors: energy (0
& gas), agriculture, and
waste.

AOver 150 countries have
joined.

A Significance: Methane is
shortlived but highly
potent greenhouse gas,
so cuts deliver quick
climate benefits.

Oil and Gas
Methane Partnership

Led by the United Nation
EnvironmentProgramme
(UNEP).

OGMP 2.0 is the current
HEMENT]S

Goal: Improve
measurement, reporting,
and reduction of
methane emissionsn oil
& gas operations.

Companies commit to
accurate data and
transparency standards

International Energy
Agency (IEA)

A The International Energy
Agency tracks methane
emissions globally.

A Publishes theSlobal
Methane Tracker
highlighting:

A Emission sources

A Reduction
opportunities

A Emphasizes thanany
methane reductions are
low-cost or costsaving




In India as well, the wastewater sector is one of the source of
methane emissions contributing significantly to climate change

Sanitation is the fourth-largest contributor to global methane emissions, currently
contributes7-10% of methaneemissionglobally,producingabout 34 Mt methaneemissions
per year2 Methane emissionsresult from anaerobicfermentation of organic material in

wastewater and are releasedfrom both residential and industrial sourceswhen entirely

untreated before being discharged,or when treated (inadequately) under anaerobic
conditions

In India it accountsfor nearly 10% of national methane emissiond. Despite this, the
wastewater sector remains significantlyunderaddressedin climate mitigation efforts. As
shownin fig. 3, methaneis one of the largest GHGshareamongstthe other gasesin the
waste sector. Moreover, domestic wastewater emissionsare 45 percent of the waste
emissions If BAU continues, fig 4 identifies 3 times increase in emissionsfrom the
wastewaterasthe productionof wastewaterwill alsoincrease

Methane generatedin wastewatersystemspresentsa major opportunity. If captured,it can
serve as a renewable energy source for treatment facilities, reducing operational energy
costsandgreenhousegasemissions

Source: https://www.epa.gov/global-mitigation-non-co2-greenhouse-gases extracted from https://www.globalmethane.org/methane-emissions-data.aspx#about

Fig. 3: GHG emissions across the waste sector components
along with share of GHGs
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Figure 2.2: Subsector-wise share of GHG emissions Figure 2.3: Share of green house gases

in India’s waste sector in 2020 in India’s waste sector emissions in 2020

Source: NITI Aayog, 2025

Fig. 4: National Trend of CH4 emissions from domestic
wastewater

National Trend of CH4 emissions from domestic wastewater,

& 2005- 2018 (BAU Projection (20:2950))
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2. https://climateandhealthalliance.org/wp-content/uploads/2023/08/MethaneReport-Waste-FINAL.pdf ; 3. DeFabrizio et al., 2021: Curbing methane emissions i How five industries can counter a major climate threat. McKinsey & Company; 4.
https://globalmethane.org/methane-emissions-data.aspx 3. United Nations Environment Programme (2021). Emissions Gap Report 2021: The Heat Is On i A World of Climate Promises Not Yet Delivered. Nairobi
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Methane emissions occur across various aspects of the sanitation
value chain

Fig.5: Methane emissions across sanitation value chain

Methane emissionsoccur acrossmultiple stagesof the sanitation value

chain, with significant contributions arising from containment systems, J'
treatment plants, and the dischargeof untreated wastewater into the Y'
environment Amongthese,sludgegeneratedat sewagetreatment plants  user .
(STPs)s one of the major sourcesof methane emissionsdue to the ™ FW\
anaerobicdecompositiorof organicmatter. T Containment Transport Treatment

Emissions are further intensified by inadequate operation and

maintenanceof sanitationinfrastructure,inefficient treatment processes,
poor sludge handling practices,and the direct release of untreated or

partially treated wastewater Therefore,improving sludge management
practicesincluding efficient collection, treatment, stabilization,resource Open discharge
recovery, and safe disposalis critical for mitigating greenhouse gas

emissionsfrom STPsand enhancingthe overall climate resilience of

sanitationsystems

Conveyance Sewage pumping
station

Treatment

§

Fig.6: Types of emissions as per IPCC

Asper IPCCthere arethree typesof emissiongrom the systems
Direct emissions (scope 1): Emissionsby sanitation value chain

Methane,NitrousOxide B ch &
A IndirectemissiongScope2): Emissiorthrough the fuel and generation
- N . . . SCOPE 3
of electricity,whichis usedin the water andwastewaterservicechain Einisionetiom
A Indirect emissions(Scope 3): Emissionsby sanitation value chain Sl
Methane,NitrousOxide sriatin

waste etc.
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Direct and indirect emissions from sanitation value chain

Direct emissionsfrom wastewaterand sanitation systemsare

greenhouse gases released directly during the collection, X i o c -
containment, transport, treatment, and disposalor reuse of oy = ) =
wastewaterand faecalsludge Theprimary direct emissionsare = Containment . Trensperiaten rement piposalffeuse
methane 6 / | gnd nitrous oxide 0 b i, lyenerated under Userinerface %)

anaerobicand nitrogentrich conditions In on-site sanitation : - < S
systemssuchasseptictanksand pits, methaneis emitted when Sewer System freatment Disposal/Reuse
sludge accumulatesand is not desludgedregularly During : ZST;”;Z[??M * Owstefromseptic  « Methane and Methane and - FSTP&WWTP e ——
transportation, sludgecarrying vehicles may also contribute £ wcineroce « e ipous e o etane a0 Nitrous Oxide
methane and nitrous oxide emissions In sewered systems, g et Lﬁfiﬁ:‘?éi&i gfg from system

direct emissions occur through leakages and anaerobic

conditions within sewer networks Wastewater treatment

plants (WWTPs)and faecal sludge treatment plants (FSTPs) Ly L e

further emit methane and nitrous oxide during biological
treatment processeswhile disposaland reuse activities can
alsoresult in the releaseof these gases In situations where
toilets or user interfaces are absent, open defecation can
additionallycontribute methaneemissions

pumping. Process.

Indirect GHG

Indirect emissionsfrom wastewatersystemsarise from the energyand fuel consumedto operate sanitationinfrastructurerather than from the wastewater
itself. Theseemissionsare primarily associatedwith the combustionof fossil fuels and electricity use acrossthe sanitation servicechain Fuelconsumedby
desludgingand transport vehiclesgeneratesindirect carbondioxide emissionswhile seweredsystemsoften require pumpingstationsthat consumeelectricity
for wastewaterconveyanceSimilarly treatment facilitiessuchasWWTPsand FSTPeely on pumps,aerators,mixers,and other machineryJeadingto additional
emissionfrom energyuse
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Direct and Indirect - GHG emissions from the operation of STPs

Direct emission Indirect emission
|- --=== St memmeamm- === 2 Plof:e” ) _
| ! (oo gy S]]
| ITrTI— Primary Secondary Secln_ndi-'y _____ e deao b ook e sl s o e b o =
1 Treatment Treatment clarific ation 1 1 i i '
: Plir:uy Secondary Secondary Tertiary/Quaternary !
| Treatment Treatment clarification Trostment & 1
| Disinfection '
I ! ' !
| : o) I poniciap B
| A 1 : I dl;:‘.eh:ges
! ‘ [
1 |
1 k 1|
| Ol s, : ' A . sty i 8
: combustion , Eloctricity :mg:g:‘m ............................ """?m‘ (offset) = u;;;:‘:(o‘lu
]
| 1 ' ] x
Lol - _ PanNy 1 ’;-% Ccn::uﬁl-on S::I:a
u CEEm i ! \. Emploves | veic e e 4= S
| ---------------------------------- commuting '
WWT P Boundary b SRS WWTPBouaday o e S S
Methane is released during anaerobic decomposition of organic Wastewater treatment plants are energyintensive systems, with major
matter, particularlyfrom sludgetreatment units, digesters,and open electricity consumptionoccurringthrough pumping,aeration, sludgehandling,
handlingsystems and treatment operations Theseactivities contribute to indirect emissions
Directemissionsalsooccurthrough: whenelectricityis sourcedfrom fossilfuel-basedgrids
A Methaneleakagesrom digestersandgasholders,
A Flaringinefficiencies, Beyondplant operations,wastewater systemsalso generateemissionsacross
A Sludgestorageanddisposal, the broader sanitation value chain Theseinclude emissionsassociatedwith
A Fuelcombustionand vehicle operationswithin the plant chemicaluse, constructionmaterialsand infrastructure, sludgetransportation
boundary and disposal,treated wastewater discharge,employee commuting, external
electricity generation, reuse or disposal pathways for sludge and treated
products
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Efforts can be undertaken to mitigate methane emissions / resource

recovery across sanitation service chain
Sludge and Wastewater treatment

|#'i A Installation of anaerobic digester with methane capture unit at the STPs 7

User and small scale digestor units at FSTPs 9 - Anaerobic digesters facilitate the controlled
end breakdown of organic matter present in wastewater and sludge under oxygen-free conditions. This
process generates biogas, primarily methane, which can be captured and utilized as a renewable
source of energy or fuel. Methane capture prevents uncontrolled release of greenhouse gases into the
atmosphere while also supporting energy recovery at treatment facilities.

Y

Treatment

Containment Transport

A Ensuring proper sludge treatment at the treatment facilities : - Proper sludge
treatment and stabilization reduce the organic and volatile solids content in sludge, thereby minimizing
anaerobic decomposition during storage, handling, or disposal. This helps reduce methane emissions
and improves environmental management of residual sludge.

Ensuring proper operation and maintenance of containment and
conveyance infrastructure T

Treatment

Conveyance

Sewage pumping station

A Reducing discharge of untreated usedwater in freshwater > 6: - untreated used
water contains high concentrations of biodegradable organic matter. When discharged into freshwater
bodies, the organic matter settles and decomposes under oxygen-deficient (anaerobic) conditions,
particularly in sediments and stagnant zones, leading to methane generation. Reducing the discharge

1. Regular desludging 3 T 5 year interval 2: - Desludging of containment facilities will

reduce the BOD load and sludge accumulation on which the methane generating bacteria survives
and decompose the organic matter and desludging will reduce the rate of methane emissions from
septic tanks.

of untreated used water and ensuring adequate treatment prior to disposal lowers the organic load
entering water bodies, thereby minimizing anaerobic decomposition and associated methane
emissions.

Curbing the disposal of untreated sludge at the solid waste landfill : -

H H H H 3 . . . . .

2. L,Innlng of Contaln,ment I,nfraStrUCture . AProper linning of contalnmept |nfrlastrlucture Untreated sludge contains significant amounts of biodegradable volatile solids and moisture, which
will reduce the contamination risk of groundwater and will reduce the methane emissions risk in undergo anaerobic decomposition when disposed of in landfills, producing methane emissions.
ground water sources by reducing the wastewater infiltration into aquifers and reducing the moisture Preventing the disposal of untreated sludge and promoting sludge stabilization or treatment prior to
BOEE disposal reduces the biodegradable organic content responsible for methane formation. This helps in

. . . a . minimizing landfill-based methane emissions while improving overall waste management practices.

3. Ensuring frequent cleaning of the sewer and drainage network - will

reduce the blockage, chocking and silting which leads to methane emissions through decomposition.

Source:1. United Nations Environment Programme (2025). Global Methane Status Report. Paris. https://www.unep.org/resources/report/global-methane-status-report-2025; 2. Greenhouse Gas Emissions from Blackwater Septic Systems; 3.

Greenhouse gas emissions from different containment system in Dhulikhel Municipality in Nepal; 4. Reducing methane emissions from gravity sewer pipelines by ultrasonication; 5. Investigating high methane emissions from urban areas detected

by TROPOMI and their association with untreated wastewater ; 6. Wastewater-effluent discharge and incomplete denitrification drive riverine COF, CH"and NFO emissions ;7. Reduction of energy consumption and greenhouse gas emissions in wastewater
treatment plant: A case study of utilizing anaerobic sludge diges#murning Human Waste into Renewable Energy: Scope and Options fordr@iaission of emissions: the untapped potential of sanitation for climate mitigation in Nepal
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Sewage Treatment Plants are the key intervention points for methane
emission reduction in the sanitation value chain

SewageTreatment Plants (STPsxan play a critical role in reducing methane emissionsfrom the
wastewatersector by servingasboth points of methane generationand methanecapture A major
sourceof theseemissionsvithin STP$s sludge whichaccumulategiuringthe treatment processand
containshigh concentrationsof organicmatter. When sludgeis stored, thickened,or treated under
anaerobicconditions without proper gas management,substantialquantities of methane can be
releasedinto the atmosphere However,STPquippedwith anaerobicdigestersand gasrecovery
systemscan capture methanegeneratedfrom sludgetreatment, convertinga potential greenhouse
gassourceinto avaluableenergyresource

With increasingurbanizationand expansionof sewerageinfrastructure acrossindia, STPpresenta
significantopportunity to contribute to national methane reduction goals Capturedbiogascan be
utilizedfor:

A electricitygeneration,

A upgradedinto biomethane,

A Supplyascookingfuel

A reducingrelianceon fossilfuelswhile enhancinghe energyefficiencyof treatmentfacilities

A It canreducedependenceon imported fuels, strengtheningocalenergysystems

Integrating methane monitoring, sludgeto-energy technologies,and gas capture systemsinto

existingand planned STP<an help cities achieveboth sanitationand climate objectives As urban

local bodies develop climate action plans and methane reduction strategies,focusingon sludge
managementat STPffers one of the most effective pathwaysfor reducingmethane emissions
while promotingresourcerecoveryandcirculareconomypractices
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Only 18 STPs in India practice methane capture and use it as a
resource

Accordingto the Central Pollution Control Board (CPCBNational Inventory of Chinchwad,Hyderabad,Nashik,Nagpurand Chennai have STPs with energy

SewagelreatmentPlants(2021), Indiahas1,631 sewagetreatment plants (STPs) recoveryfrom wastewater Theseefforts demonstrategrowinginterestin circular

with aninstalledtreatment capacityof 31,841 MLD(million litres per day)against sanitation, where biogas,electricity and treated water are harnessedas usable

an estimatedsewagegenerationof 72,368 MLD, indicatingthat lessthan half of resourceswhile contributingto climate mitigation goals

the sewagegeneratedcould be treated. STPawvere reported acrossmore than

500urbanlocalbodies/citiesandtowns. A 2021 CPCBNIUASstudy found that of the 250+ STPs=quippedwith digesters,
nearly 60% either flare the gasor leavethe units underutiliseddue to a lack of

Theinventoryhighlightsthat SequentiaBatchReactorlSBRand ActivatedSludge mandatesto recoverandusebiogasor CBGn new STPs

ProcesgASP)re the predominanttreatment technologyin the country. Other

technologiessuch as Moving Bed Biofilm Reactor (MBBR),Upflow Anaerobic Thisshowcasesthe potential of methanecaptureand utilization at STPsasmany

SludgeBlanket(UASB)OxidationPonds,and Membrane Bioreactors(MBR)are  STPsre equippedwith digestersand needto move further towards converting

alsoin usebut constitute a smallerproportion of the overallcapacity the biogasinto aresource

Only 18 STPsacrossIndia practice methane capture and utilize it asa resource
Cities including Jaipur, Surat, Ahmedabad,Delhi, Varanasi,Bengaluru, Pimpri

Percentage Share of Treatment Technology in India

30%
m Capacity in MLD m Number of STP
N I I
Activated Sludge Extended Aeration Sequencing Batch Moving Bed Biofilm Fluidized Aerobic  Up flow Anaerobic Waste Stabilization Oxidation Pond Any Other
Process Reactor Reactor Biofilm Sludge Blanket Pond
CWAS Torun CR DF“’m CEPT
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At full scale, wastewater

-based biogas could help reduce fossil fuel

dependence of India and move towards NDC achievements

Estimated wastewater

generation* (BLD)1

m amami Gange
£ 130 130.64BLD " Prg:}ramme%y 2%2‘6
s N
2 120
@
S 110  100.17B j\@g@\\@; 5.7 BLD
(2 i Additional capacity
g 100 under AMRUT 2:0
g o +
%]
©
= 80 ~~ 4.9 BLD

. 8047BLD L_

Additional capacity

2025 2030 2035 2040 2045 2050 under SBM 2.0

Current operational treatment facility capacity
¢ 36.18 BLD (40 % of total wastewater generated)

Source: 1. NITI Aayog. (2023). Revised strategy paper on reuse of treated Usedwater in peri-urban agriculture in India.
National Institution for Transforming India. https://www.niti.qov.in/sites/default/files/2023-

08/Revised_Strate Paper_on_Reuse_of_Treated_Usedwater_in_peri-urban_agriculture_in_India.pdf; 2.
https://static.pib.gov.in/WriteReadData/specificdocs/documents/2025/nov/doc20251119698701.pdf ; 3.
https://www.pib.gov.in/PressReleaselframePage.aspx?PRID=1986271&reg=3&lang=2#:~:text=Under%20Namami%20Gang
€%20Programme%2C%?20in.state%20and%20other%20government%20agencies).4.https://www.pib.gov.in/PressReleaselfr
amePage.aspx?PRID=2041571&reg=3&lang=2 5
https://iwaponline.com/jwcc/article/doi/10.2166/wcc.2025.134/110374/W ater-security-and-methane-reduction-in-Ganga

Planned capacities by year 2026

A L y R Wast@water generationis projected to rise sharply from 80.47
BLDin 2025to 130.64 BLDby 2050

A At present,the country hasan operationaltreatment capacityof only 31.4
BLDwhichaccountsfor 40%of the total wastewatergenerated,ndicating
asignificanttreatmentgap

A To address this, major national programs such as Namami Gange, AMR
2.0, and SBM 2.0 are collectively planning to add over 17 BLD of new
treatment capacity by 2026. So, total would be ~54BLD

Assuming by 205Q, y RA I Q&

MAE: 22 gAff 08 i

a biogas generation facility: So treatment capacity = 130.64 BLD

Considering average biogas yield of wastewater is 70 m3/ML (increased over time due

new technology adoption and interventions increasing yield)

India can generate approximateBiogas 9 million cum/daygnough
to either replace 5 6% of LPG demand, meet about 3% of natural gas
needs through Bio -CNG, or generate electricity sufficient to power

nearly 5 million households dalily.
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Indian ministries and missions also support methane mitigation from
the sanitation sector directly and indirectly

Urban Challenge Fund

Swachh Bharat Mission Gobardhan Scheme Policy for Biofuels Biogas Programme Support for water and sanitati
SBM 2.0 (Phase 2, 2620) targets ODF Part of the "Waste to Emphasisethe promotion 9 (MNR%) infrastructure creation and
plus, waste management, Wealth" initiative, with of advanced biduels Provides Central Financial upgradation. Support the _
biomethanation, and mechanized financial anq technical ) (including CBG)covers the Assistance (CFA) for setting ;isc;lirtczi:ﬁig\éﬁgyoingiClr(;ila”ty
desludging with urbamural treatment adzLJL2 NI dzl) 02  sdivége Watet o dne &hdNJ up biogas plants anl; cludge remediatio ang
integration. district feedstock for BieCNG Applicable for all cities under tier
production.1 2 and tier 3 clas’

2014 2018 2018 2021-26 2026
1986 ® ® ® ®

First Biogas First revisions in biogas National policy for biofuels
Standards standards poney

Environment
Protection Act

2008 201517 2018 2019 2024

Draft Liquid Waste

National Water Mission AMRUT & National Policy on SATAT initiative Draft National Resource
Part of the National Action FSSM Encourages establishing CBG Efficiency Policy Management Rules
Plan on Climate Change Includes septage plants, ensuring market focus on reducing primary Sets reuse targets for bulk water
indirectly supports sludge management in urban linkage for biofuel in  resource consumption, creating  consumers: 20% by 2028, 50% by
management through sanitation, with FSSM automotive fuels. higher value with less material, 203031. Guides sewage sludge
wastewater treatment adopted in 2017 and minimizing waste management with strict monitoring
Source: Authors Analysis for safe agriculture and
L biomethanation potential.
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India's CBG (Compressed Biogas) schemes, like SATAT helps offering
financial support to private market and other schemes providing some
financial support

SATAEcheme Government scheme supporting initiatives

TheSustainablélternativeTowardsAffordableTransportationSATAT)
schemeincentivizesoil companiesto procure Compressediogas(CBG)

. . The Ministry of New and Renewable Energy
from wasteby offering a guaranteedpurchaseprice (initially around 46/kg

for 3 years) and the ability to market byproducts like manure, while o
providingentrepreneurs central financialassistancd CFA)assuredofftake, ST or
andreducedimport dependencyor India RENEWASLE

India's CBG(Compressediogas)schemesand CGD(City GasDistribution)
like SATATand Direct Pipeline Infrastructure (DPI), the CBGCGD
synchronizationschemesrespectively aim to integrate renewablebiogas
into city gasnetworks, offering financialsupportfor pipeline infrastructure

(DPI) and mandating blending (5% by 202829) to reduce fossil fuel P R The Reserve Bank of India (RBgscategorised"BG
relianceand promote a circulareconomyby convertingwasteto energy (A \ plants in the priority sector for lending to finance CB
In additionto the 3 2 @ S NJ/ &ff6rig, indMidual statesalso promote CBG \%, prOJec.ts.. The. State l.3ank _Of Ll (SBI? RS B
initiatives Punjab, Haryana,Uttar Pradeshand many other states have \ specific policy for financing CBG projects, and ot
formed a state-level committee to monitor and implement the SATAT —_— banks are also adopting similar policies to finance CE

Scheme

Sourcehttps://iocl.com/pages/satatoverview https://cleartax.in/s/satatinitiative, https://www.insightsonindia.com/2023/08/01/gobardhaimitiative/ 19
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With few cities taking up methane capture and utilization, it is
important to conduct a study to understand scale approaches

helpful in scale up of methane utilization at STPs

Currently,severalpracticesare beingimplementedin the field where localgovernmentshave
adopted approachesto capture methane from STPsandconvertit into a resource These
initiatives have experiencedboth successesand challenges The aim of the study is to
document and analyze these cases, providing a comprehensive overview through a
combinationof literature review, site visits, and discussionswith city officials, STPoperators
and private sector partners This study will help to identify the factors contributing to the
successeandfailuresof theseplants

A landscapereview helps comparediverse casesand develop insightsthat can guide cities
toward more effective methane recoverystrategies Thisstudy exploreshow Indiancitiesare
capturing methane from wastewater systemsand the factors that influence successful
resourcerecovery

With more STPsadopting biogas systems, it is crucial to document early experiencesso
future investments can be more effective and sustainable This study exploreshow Indian
cities are capturing methane from wastewater systems and the factors that influence
successfutesourcerecovery

o Cities with STPs capturing
methane

Delhi
Jaipur o
arme Varanasi
medaba
@)
(@)
SUratooNaShik oNagpur
O o
P'”.‘p” Hyderabad
Chinchwad
Bangalore
o oChennai

Source: National Inventory of Sewage Treatment Plants June 2020,
https://cpch.nic.in/openpdffile.php?id=UmVwb3JORmMISZXMvMTIYOF8XNJEIMTk2MzlyX211ZGlhcGhv

dG85NTYOLNBkZghttps://www.wabag.com/wabag-blogs/waste-to-energy-achieving-self-
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The main objective of the study is to understand the challenges and
successful factors for methane recovery practices at STPs

1469 STPare installed in India out of only

-

O Cities with STPs capturing ~18 STPs from 11 citieaptures methane (CPCB,2020)
Bl Objectives
Jaipur o
\Varahasi 1. To document existing methane capture technologies and process
Ahmec g o) configurations adopted across operational STPs.
o
O Aashik 2. To analyse gas collection, handling, storage, and utilisation systems
o) O Nagpur implemented for methane recovery.
(@) o . . . .
Pimpri e 3. To examine energy generation and resource reuse pathways, including
Chinchwad . electricity production, internal energy reuse, and sludge and treated effluent
Bangalore utilisation.
o oChennai

4.  To assess financial sustainability, identify scalability opportunities, and
understand key technical, operational, and governance challenges affecting
methane recovery systems.

CEPT Source: 1. National Inventory of Sewage Treatment Plants June 2020,
DNIERSE Y R https://cpcb.nic.infopenpdffile.php?id=UmVwb3JORMISZXMVMTIYOF8XNJEIMTk2MzIyX211ZGIhcGhvdG85NTYOLnBkZg== 21
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The study captures various aspects of technology, operations,
contractual agreements, financial models and monitoring

The study reviews treatment technologies, methane capture systems, operational arrangements, contract structures, finkds;iahohmonitoring practices to
understand how responsibilities, risks, and incentives shape performance and how the challenges are faced and whapatartiesn this sector.

. STP technology and methane capture type

1. STP Technology and methane capture type: various
Types of STP technologies treatment technologies, methane capture systems, and
Methane capture methods wastewatercharacteristicavere assessedo understandhow
technologyselection,sludgedigestion,methaneleakage,and
energyconversioninfluencemethanerecoveryperformance

. Operational and Contractual Arrangements
2. Operational and contractual arrangements Operational

arrangementsand contractual structures were examinedto
Contract models understand how responsibilities,incentives, risk allocation,
Funding mechanisms and financing structures and technical capacity affect methane generation and
utilisation.

Role and involvement of private operators and stakeholders

. Business and Financial Models

3. Business and financial models Business models were

Payment structures and revenue models (e.g.-perunit methane, carbon credits) analysedto assesghe financialviability of methanerecovery

Risk mitigation and allocation (technical, financial, operational) systems, 'nCIUdm_g revenue generation opportunities, cost
recoverymechanismsinarketlinkagesandresourcerecovery
pathways

. Monitoring and Performance Evaluation

. e . 4. Monitoring and Performanceevaluation; Monitoring systems
(identified opportunities and challenges) g gsy

and plant performancewere evaluatedto identify operational
A Monitoring mechanisms constraintsand highlightopportunitiesfor improvingmethane
A Performance evaluations in terms of identified opportunities and challenges utilisationand energyrecovery




The approach for the study is detailed literature review followed by

site visits and in -depth discussion with relevant stakeholders
Approach
Thestudy combinesliterature review, field diagnosticspperator interviews,and performance _«Eﬁ Identified cities
assessmentt understandmethanepotential, identify operationalbarriers,and outline viable R £ using methane as a

pathways for resource recovery It aims to strengthen design considerationsfor future s resource
methane capture and reuse systems By combiningdata review with on-ground observations y =
and stakeholder discussionsthe study builds a holistic understandingof real operating
conditions

Understandinghow different treatment processednfluence methane generationis essential
for designingclimateresponsivewastewatersystems Thoughindiahasover 1,469 STPspnly
18 in 11 cities currently capture methane Thisgap underscoreshe needto analysesludge
characteristics,treatment technologies, plant efficiency, reuse markets, and governance N
frameworksthat affectmethanerecovery Site visits and
Literature documentation and

review discussion with
stakeholders

Elevencities with methane recovery units were identified, and six STPare selectedfor the
study. Jaipur, AhmedabadSurat,PimpriChinchwadDelhiand Nashik Thesecitieswere visited
for detaileddocumentationbasedon technologytype, scale,operationalapproach,and reuse

practices A structured checklist and questionnaire guided site assessments,enabling
comprehensivanalysiof affectingfactors,challengesand opportunities utcome
Dissemination of landscape study for peq
to-peer learning and Decision support to

on selection of technology based on t
context
of the city
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Scope and Limitations of the Study

Scope

A The study assesses methane generation, capture, utilisation, and energy
recovery performance across selected Indian STPs with biogas recovery

systems.

A The assessment covers technical, operational, governance, business model,

and monitoring dimensions influencing methane recovery outcomes.

A Performance evaluation is based on plant design characteristics, operational

data, stakeholder consultations, and field observations.

A The study examines opportunities for improving methane recovery, reducing
emissions, and enhancing resource recovery through electricity generation,

CBG production, treated wastewater reuse, and sludge reuse.

Please note:

A The findings should be interpreted as operational and policy insights to
support decisiormaking and identify improvement opportunities, rather than

as performance benchmarks applicable to all STPs.
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Limitations

A The study is based on a limited number of documented case studies and

not represent all STPs operating in India.

Data availability and quality varied across cities, particularly for methane

generation, methane leakage, and energy performance indicators.

Direct methane leakage measurements were not available for all plants;
therefore, some observations are based on performance indicators and

stakeholder inputs.

Financial and business model assessments are based on current operatio
conditions and do not account for future policy changes, carbon markets,

energy price fluctuations.

Codigestion, CBG production, and carbon credit opportunities were asses
primarily through stakeholder consultations and secondary literature, as

these pathways are not yet widely implemented across the studied cases.

The study focuses on methane recovery within STP boundaries and does
undertake a full lifecycle assessment of greenhouse gas emissions across

entire wastewater value chain.
24
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Cities having STPs with methane capture unit shortlisted for
the study
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PiranaandVinzolSewage Treatment Delawas STP

]F_)éznﬁ(LSDTPS()i 100 MLD tivelgoth 215 TLD o Llised
an respectivelyo Aerobic technologySBR technology

100% Utilised Meth dt te electricity
. ethane reused to generate electricity,
Aerobic technologySBR technology utilised to run STP and sold to nearby

M_e_thane is reused to generate electricity, private operator for bottling plant
utilised to run both the STPs

o o e :>-I
To Do o I

utilised to run STP

Cities with STPs capturing] :
PCMC e o methane = =0 Semmmmmsss————— > Nashik

1 1 q
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2 Anjana STP U o Bangalore | A 134 MLB50% Utilised
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1
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1
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A Akurdi STP A Tapovan STP other documented cases
A 30 MLD 100% Utilised A 130 MLB100% UtilisedA Methane reused to

A Aerobic technologyCombitreat technology A Anaerobic technology generate electricity and
A Small sized plant UASB technology reused to run STP

A A Oldest plant amongst

Methane reused to generate electricity, utilised to run STP 26
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Overview of Selected STP Case Studies (1/2)

o oo oo e

o 3>

Delhi- Okhla STP136.4 MLD
CWAS .. CRDFzz

Asper the Censu011, the current populationof Jaipuris 3.05 million
Asof 2023 the projectedpopulationis 4.21 million

Totalwater suppliedin the city is495MLD

Seweragecoverage of a city is 70 %

Total Sewagegenerationis 400 MLD coming from 50% of the total
seweredarea

DelawasSTPis located in the southern part of the city and receives
about 50 % of the total sewageload i.e., 130MLDat STP It is one of
the largestSTPs

Theutilisation of STHs 60%

There are three STPunits constructed and renovated over time. All
three units have SBRtreatment technologywith different treatment
capacities Two units have a 62.5 MLD treatment capacity,and 1 unit
hasa 90 MLDtreatment capacity All three STRunits becamefunctional
in 2023under the DBOTcontract

Sincethe STPis currently utilized at 60% capacity,only two units are
functioningfully to treat 130 MLDof sewerage

TheSTPalsorunson electricity generatedfrom the 1.5 MW solarplant
installedon-site.

Population (census 2011)67.87 lakhs
Current population (2024)346 lakhs

o To To

produced at a capacity of approximately 2,911 MLD
(DJB,2025)

Total Sewage generatior2832 MLD(DJB,2025)
Okhla STP Plant of capacity 136.4 MLD

This is the 6th number plant established by DJB.
Total plant area20 Hectare

o To To To

CEPT
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Delhi's water supply, managed by the Delhi Jal Board, is

Ahmedabad VinzolSTR 100 MLD

To Tele Do e

As per the Census 2011, the current
populationof Ahmedabads 5.5 million
Totalwater suppliedin the city is 1720MLD
(AMC2026

Sewerageoverageof a city is 97 %5

Total Sewage generation is 1340 MLD
(AMC2026

A total of 155 MLD of wastewater is
received at Pirana STP (11% of total
seweragegeneration)

This STPwas commissionedn 2021 under
an EPCcontract with 10 years of O&M
contractgivento a private operator.

*Source PASSLR025

Do oo o P>

As per Census 2011 the current
populationof Ahmedabads 5.5 million
Total water Suppliedin the city is 1720
MLD (AMC2026

Sewerageoverageof a city is 97 %*

Total Sewage generation is 1340 MLD
(AMC2026

Total 100 MLD of wastewateris received
at Vinzol STP (~6% of total sewerage
generation) ThisSTRvascommissionedn
2022 under EPCcontract with 10 yearsof
O&M contractgivento a private operator.
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Overview of Selected STP Case Studies (2/2)

. A Asper Censu2011, the current population
A As per the Census 2011, the current population of of Nashikis 1.5 million
Ahmedabad is 0.98 million A As per 2023 projected population is 2.3
A As per 2023, the projected population is 8.23 million million
o A Total water supplied in the city is 1611 MLD A Totalwater Suppliedin the city is 550MLD
A Sewerage coverage of a city is 99 % o A Sewerageoverageof acity is 9%
A Total Sewage generation is 1063 MLD. A TotalSewagegenerationis 285MLD
A Total 122 MLD of wastewater is received at Anjana A Total 130 MLDof wastewateris receivedat
STP (11.5% of total sewerage generation) this STRWith UASBechnology
. : o . A The plant has a capacity 130 MLD and
A" This STP was commissioned in 2003 under an EPC commencedbperationsin 2003 It is located
contract and has been operated by different private near the Godavari River at Tapovan
operators since then. The O&M contracts were of 10 Panchavati in Nashik The facility was
years for each private operator. initially designed,constructed & operated
A Treated water disposed of in Khadi by GSJolly (78 MLD) and Gondwana (52
A Sludge is being dumped at a sanitary landfill after MLD),andis currently operatedby Mahajan
being used for the production of electricity in an Nashik Tapovan STPL30 MLD  Brothers
anaerobic digester
A As per the Census 2011, the current
population of Ahmedabad is 1.7 million
A As per 2023, the projected population is 3.6
million
A Total water supplied in the city is 615 MLD
A Sewerage coverage of a city is 96 %
A Total Sewage generation is 492 MLD.
A Atotal of 155 MLD of wastewater is received
at Pirana STP (11% of total sewerage
generation).This STP was commissioned in
2021 under a DBOT contract with 10 years of
O&M contract given to a private operator
PCMGEAkurdi STR, 30 MLD
CEPT
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1. STP technology and
methane capture type

Various treatment technologies, methane capture systems, and
wastewater characteristics were assessed to understand how
technology selection, sludge digestion, methane leakage, and ene
conversion influence methane recovery performance.




1. Jaipur

d Delawas STP

Inlet - 130 MLD 60%
COD: 700 mg/l  Utilised plant

Sewer
network

Coarse
screen

Fine screen

| f —
thickener

Grit
Chamber

SBR chamber

T

Primary
Clarifier

Sludgefrom
secondary unit

.
Sm
23
Em
gE
o
Te
_ LN
B

-
.il_

Sludge

tank

Anaerobic
Digester

Disinfectant
Process

Sludge
Holding Tank

-215 MLD

Gas generated:
15,000 m3/day

Biogas
Generation

q Wastewater #

Process Flow Diagran$BR technology

Source: The authors' illustration based on the field visit
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Chlorine
Dosing

Sludge Screw

press
machine

Sludge

Raw Gas Provision
to Industry
Methane Gas

5% Gas Engine . ,)

A
I N " ™
Pt
Discharge to the
Dravyavati river
EEIE
1 [ ]

-

L Gas sold to pvt
6500 m3/day

6.

Clean gas
bottling

Gas Scrubber
Gas utilised to
generate electricity
I—’ ~8500 m3/day.
\ o
"I’l'l’i'l‘lnuﬂ’
Methane gas

storage

1

Generation

Electricity generated-
14,000- 17,000 KWH

A

Inert sludge disposal at
the landfill

A

Primary treatment: Seweragewater passeshrough
a silt removalunit first, asthere is an issueof silting
in the wastewater that chokesthe STPtreatment
units. From that, WW goes for screeningand grit
removalchambers

Secondary treatment: From the grit chamber,
wastewatergoesto the primary clarifier. Fromhere,
the wastewater goesto the SBRunit, disinfection
unit, and chlorine dosingunit. The treated water is
sentto the nearbyNRIhousingcolonyfor gardening
as per their requirementat no cost, and the rest is
dischargedn the Dravyavatriver.

Sludge treatment: Sludge from only the primary
clarifier goes to the sludge thickener tank for
thickening the sludge From there, it goesto an
anaerobicdigester,where ~15000 m3/day biogasis
generated

From here, the ~6500 m3/day raw gas is sold to
nearby private industry. The remaining ~8500
m3/day gasgoesto gasscrubberwhere the HeS is
removed Fromthere, the gasis storedin gasholding
balloons

Biogasgeneratedhere has65% methanein it, which
is usedto generate~14k-17k Unit/day power. Thisis
usedto run the STPThe STPalsoruns on electricity
generatedfrom solarplantinstalledat STP
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About Methane gas generation and reuse at Delawas STP

A Sludgeline: Sludgefrom sequential batch reactors and the
anaerobiacdigestergoesto sludgeholdingtank andfrom there it
goesto sludgescrewpressmachine Fromherethe inert sludge
disposedat landfill.

A Totalaveragevolumeof biogasgeneratedat Anaerobicdigester
is 15000m3/day. Biogasyield is 70m3/ML

A TheULBhasan agreementof selling6500m3/day raw biogasto
the private operator of bottling gas plant located adjutant to
the STHsite.

A Total electricity requirement to run the STPis 26,000-27,000
Unit/day. Meeting 63%of the electricitydemandof STP

A After giving 6500m3/day gasto private operator, remaining
(150006500=8500 8500m3/day volume of gasis used to
generate maximum 17,000 Unit/day electricity through gas
engineandutilisedat STP

Discussion with

Operators

A Solarplant of 1.5 MW installedat STRgenerates5000 unit/day
electricity, utilisedto run the STP

A Remainingelectricity requirement is sufficed by Jaipur Nagar
Nigam (JNN)from the grid. INNprovidesmaximumof 17,415
Unit/day at free of cost L la@apsetby JNN In caseof lessgas
generationresultsto lesselectricitygeneration STRakesmore
than 17,415units/day from the grid at the costof 10rs/unit.

Digestor

Reuse :
Sludgeg Methane and electricity generation

Wastewater¢ To the nearby NRI housing colony and the rest is
discharged in the Dravyavati river

Gas Scrubber Gas Engine

el o
eonen CEPTRESERRCH
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2. Ahmedabad - Pirana STP - 155MLD

Inlet - 155 MLD 100%

Treated water disposed
COD: 256 mg/l  Utilised plant P

to Sabarmati River

SBR chamber 3ML'D water sold to
5 private industry
g2 4 i ] > uv
3 2 channel
w C

8000-12000 KWH

4 Anaerobic 0.8 Mw generator
Digester =
Methane ifi biogas: @ —
% GS%W
LT VR

‘ = d bi Generated
@ heli:ine s :rgas power used to
older Balloon run STP
-
.il Sludge Screw ‘F /'
— Sludge q pres.s q ‘
Sludge Holding Tank machine -

thickener
Grit Chamber tank Treated Sludge used in
q Wastewater q water q Sludge q Gas gardening

Process Flow Diagrat8BR technology

Biogas generated :
6300 m3/dz el
Coarse PRI
screen G e?:rgaatison Raw biogas holder
. Balloon Gas Scrubber
Primary
Clarifier I
v Electricity generated-

Primary treatment: Sewerage water passes through
screeningandgrit removalchambers

Secondary treatment: From the equalization tank,
wastewater goesto the primary clarifier. From here, the
wastewatergoesto the SBRunit, disinfectionunit, and UV
system Thetreated water is disposedof in the Sabarmati
River 3MLDtreated water is sold to a nearby private
operatorandusedasa coolant

Sludgetreatment: Sludgefrom the primary clarifier goes
andsludgesettled at the bottom of the SBRunit goesto the
sludgethickenertank. Fromthere it goesto an anaerobic
digesterwhere 40006500 m3/day biogasis generated

The raw gas goes to the scrubber, where the H2S is
removed From there, the gasis stored in gas holding
balloons

Biogas generated here has 63% methane in it, which is
usedto generateelectricity. Around8000-12,000 units/day
of power is generated,which is usedto run the STP This
meets around 40% of the total electricity required to run
the STP

Sludgeline: Sludgefrom the anaerobicdigestergoesto the
sludgeholding tank, and from there it goesto the sludge
screwpressmachine Thisdewateredsludgeis reusedasa
fertilizer in the landscapedareasof STP
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Pirana STP - 155 MLD, Ahmedabad

. 2

Primary treatment
Clarifloculator

Sludge thickening tank

Lrsmoem O
: |

sweNan OF Raw BiOgaS

‘ v holder
PIRANA 4 - )

1

g\

Electricity
generation 62.5% methang in total Discussion with e e A T
through gas generated biogas STP operator
engine
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3. Ahmedabad o Vinzol STP - 100 MLD

A Primary treatment: Sewerage water passes through
screeningand grit removal chambersand goesto the

Inlet - 155 MLD 100% - equalizationtank.
COD: 256 mg/l  Utilised plant T’“‘f:ﬂ?r?k‘it:?“d g
SRt chamber A Secondary treatment: From the equalization tank,

Sewer
networ

ch‘:""ne ).I_> NN wastewatergoesto the primary clarifier. Fromhere, the
1 Biogaggenerated wastewatergoesto the SBRunit, disinfectionunit, and

£2500-3500 UV system Thetreated water is disposedof in the Khari
c PPARY River
screen Generation Raw biogas holder
Primary Balloon H2S Gas A Sludgetreatment: Sludgesettled at the primary clarifier,
Clarifier Scrubber and sludgesettled at the bottom of the SBRunit goesto

Electricity generated- i i
pieby f ki the sludge thickener tank. From there it goesto an

_ 1.2 Mw Gas Engine anaerobicdigester where 2,500-3,500 m3/day biogasis
@ - 43;193;::?: (; generated
‘ Sanci )

—

“:iifn’gas: @ ﬁ
Nl 974 Generated Power A Theraw gasis stored in a raw gas holder balloon, and
Cleaned biogas 1 used to run STP from there it goesto the scrubber, where the HzS is
holder Balloon removed Thenthe cleanedgasis stored in clean gas

holdingballoons

)

.El Sludge Screw m
Slud Sludge e press —p SO SS Biogasgeneratedhere has65%70% methanein it, which
ucge Holding Tank

. machine is used to generate electricity Around 40006000
thickener Sludge goes to sludge . . s
9¢ g o units/day of power is generated whichis usedto run the

Grit Chamber tank

Treated diation plants o AMC
) Wastewater sl ;,eait:, sl Sludge ===l  Gas “ Ilgcl:tr;g :tn Psir:na STP This meets around 30% of the total electricity
requiredto run the STP
Process Flow DiagranSBR technology A Sludgeline: Sludgefrom the anaerobicdigestergoesto

the sludge holding tank, and from there it goesto the
sludge screw press machine This dewatered sludge is
then sentto the sludgeradiation plant of AMClocatedat
Piranafor further treatment andreuse
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Vinzol 100 MLD STP d Brief Overview

STP Plant premises Profile :
A

A
A
A

CE A -

thickening,

Total Capacity 100 MLD(Commissionedh 2022 tank =

TechnologyUsed SequentiaBatchReactonSBR)

Utilization: Currentlyoperatingat around100% capacity

Contract& Operation Developedunder EPQmodel, designed,constructedand
operatedby private operatorwith 10 yearsof O&M Contract

BiogasExperience Thequality of wastewateris not receivedasper the qualityof [ storage T 1 gas
balloon ’

" " storage

wastewater parametersthe designof the Plant, reduced CODleadsto reduced o LB ™
; s . alloon
generationof biogas SQrubber :

L . et S0




3. Delhi & Okhla STP

Inlet— 113 MLD 50%

COD: ~300 mg/l Utilised plant

Secondary
Clarifier

#

Sewer

Anoxic tank+
Aeration tank
(I

secondary unit

Excess activated
Sludge from

- 113 MLD

Disinfectant
Process

Chlorine
Dosing

ol

Treated water is stored in
overhead tank and supplied to
nearby areas for reuse

Gas generated:

Biogas
Generation

2000 m3/day

Gas utilised to
generate electricity

3 Gas Engines
834 KH/unit
(2 working one
standby)

- ®

4 Digester
Capacity: . Power
8000m3/unit Methane Gas Generation
Of _ 10,
orima Gas Scrubber 35-60% Electricity generated-
nary . Methane gas 4,000- 5,000 KWH
Clarifier H s .
3= storage
£ 3 tank(RCC)
5
— gg :
E3=]
1 [l S
P — . — _’
— Slud h_' q ‘
\_l/ ludge X Reuse of dried sludge
thltckekner Sludge drying bed as Manure
an
Grit
Chamber . Wastewater sl Sludge sl Gas -5:22::?

Process Flow DiagratASP technology

Source: The authors' illustration based on the field visit
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Primary treatment: 113 MLD Seweragewater
passes through screening and grit removal
chambers

Secondary treatment: From grit chamber
wastewater goesto primary clarifier. From here
the wastewatergoesto Anoxictank to Aeration
tank. Fromthere water goesto secondaryclarifier
and to chlorine dosingunit. The treated water is
then stored in an overheadtank after softening
the water.

Sludgetreatment: Sludgesettled at the bottom of
primary and secondanyclarifier pumpedto sludge
thickener tank. From there it goesto Anaerobic
digester where ~2000 m3/day biogas is
generated

The raw gasgoesto scrubberwhere the H2S is
removed From there the gasis stored in gas
holdingtank(RCC)

Biogas generated here has 60% methane in it
which is used to generate electricity. Around
40005000 unit/day power is generatedwhich is
usedto run the STP Thismeets around ~25-30%
of the total electricityrequiredto runthe STP

Sludgeline: Sludgefrom anaerobicdigestergoes
to sludgedryingbedsand from there dried sludge
is used as Manure and sold to famersat free of
cost
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Okhla STP 0o Brief Overview

o

STP Plant premises Profile :

A

A

Total Capacity 113MLD(2012) - CETES.

TechnologyUsed Activated Sludge Process
(ASP)

Utilization: Currently operating at around ‘ Inlet
50% capacity

Contract & Operationt Developed under
DBOTmodel, designedby SUEZNd operated
under Delhi Jal Board Contract renewed in Digester
2023

Biogas Experience Earlier plants supplied
biogasto nearbyhouses,but due to irregular
supply,technicalissues,and high O&M costs,

the supplywas discontinued ASPtechnology Primary Clarifier
was selected as it generates comparatively Reuse :
more biogas Sludgeg Methane and electricity generation

Treated wastewater is reused for horticulture and
landscaping

Discussion with DJB

Lt > N
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4. Surat - Anjana STP - 122 MLD

Inlet: 122 MLD
cop:esomalt - 6o% IFAS -Integrated  Secondary Chiorine D
Utilised plant  Fixed-Film Activated Clarifier/settling Dosin q AN
Sludge chamber tank 9
- Discharge to the
o2 by khadi
o nearby
z 2
[
v CE
Methane gas
storage
Biogas i
Gemeration Gas Scrubber m
BioGas
generate 4000-
4500 m3/day Electricity generated-
— e input: 8000-9000 KWH
“ 200 m3/day
Bigecas 0.37 Mw Gas (;
Sludge
thickener
‘ Power
Generation
and used at
3 STP
Grit Chamber
Sludge R
= R — iy — =
: oldin: .
900 m3/day J machine Sludge disposed
Primary in Sanitary
CIanfler/settIlng tank q Wastewate q Sludge ﬁ Gas Landfill

Process Flow DiagraifrAS technology

Source: The authors' illustration based on the field visit
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Primary treatment: Sewerage water passes
through silt removalunit first asthere is anissue
of silting in the wastewaterthat chokesthe STP
treatment units. From that WW goes for

screeningandgrit removalchambers

Secondary treatment: From grit chamber
wastewatergoesto primary clarifier. From here
the wastewatergoesto IFASchamberand from
there to secondaryclarifier to disinfection unit
and chlorine dosing unit. The sludge from
secondaryclarifier goesto sludgethickeningtank
and sludge from primary clarifier and sludge
thickenertank goesto Anaerobidigester

At Anaerobic digester around 4500 m3/day
biogas is generated From here gas goes to
scrubberwhere the H2Sis removed Fromthere
the gasis storedin gasholdingballoons

Biogas generated here has 71% methane in it
which is usedto generate~8000-9000 Unit/day
power. Thisis usedto run the STP The power
generatedfrom the methane gashelpsto meet
41%of the powerrequiredto run the STP
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Surat d Anjana STP  -122 MLD - IFAS technology

A Total 122 MLD of wastewater is received at
Anjana STP (11.5% of total sewerage
generation)

A This STP was commissioned in 2003 under
an EPC contract and has been operated by
different private operators since then. The
O&M contracts were of 10 years for each
private operator.

A Electricity is generated by a generator of
0.36 MW capacity, with a low Electricity
generation potential of 2.8Wh/m3 CH4

A Treated water disposed of in Khadi
A Sludge is being dumped at a sanitary landfill
after being used for the production of

electricity in an anaerobic digester ' N

Discussion with plant operators at the electricity
CRDF iemriomer | EFT 0 generator and SCADA room

Biogas storage balloon§§
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5. Nashik 6 Tapovan STP -78 MLD and 52 MLD

Process Flow DiagrantJASB technology - —
capacity

. Facultative Aerated Facultative Aerated Lagoon
Icnole[;. 132?, mlﬂ Lagoon (78 MLD) / (78 MLD)/ secondary
B 9 Diffuser (52 MLD) clarifier (52 MLD)
= - ilisati 0 0
g% k ‘ ~———— Utilisation 100% 100%
E 8 & &N & # & & ' -:. ' N~ e

SWM
plant

Coarse
screen

Fine screen

- :?:

Feed inlet

Ok

rl%-

> Polishing
- s (12 Aerators) o .
Ly > = econdary treatment ) Secondary clarifier > Final
W b y Pond > Final Effluent Y
. Effluent Channel >
Channel > Chlorination > L
Chlorination > Nalla >

Godavari River

of water technology

Gas Holder 2 Generator Power
85 Kw Generation

Nalla > Godavari River

Effluent channel Nalla Godavari river Technology UASB + Surface Aeration UASB + Diffuse Aeration
ﬁl t
Flaring excess gas UASB > Clarifloculator
UASB > Aeration tanks .
(Diffuser system) >
UASB Reactor

Sl ->| : -b ‘?“;P Sludge drying beds [EH 12

Sump

Grit

Chamber —

Sludge drying bed udge application P
Byp(afgfﬂhfg;ber Heaedmene .Snl acg’;?icuﬁﬁrleﬁields Year of commission [0[0X] 2010
uection | Contract type DBOT DBOT
Gas Holder 1 Unit: MS dome 1 Unit: MS dome
# Wastewater # Sludge # Gas
Primary treatment:Raw sewage arrives and passes through the inlet chamber, where coarse screening and grit removal take place to elimpatdJary Odzf F 1 Sa | yR

Secondary treatmentlUASB Reactor: Sewage is distributed into multiple UASB reactor tanks where anaerobic digestion occurs. Organic maitled isydagaerobic microbes in an
up-flow pattern, forming a sludge blanket. Methamieh biogas produced is collected for energy use. This stage handles Higfydrg® t 2+ R STFAOASy it & I yF
Aeration Tank: Podt)ASB treatment, the effluent moves to aerobic tanks where dissolved oxygen is introduced by mechan@aNderatg A G K Y dzZt GA LI S | SNI @
aeration types are different in the 78 MLD and 52 MLD plants, as shown in the table above.

Polishing Pond: The aerated water is settled in polishing ponds, and finally, the treated water undergoes disinfectioningtion, where chlorine is added to kill pathogenic
microorganisms before discharge or reuse.

The biogagproduced during the anaerobic digestion of organic pollutants in the UASB reactors is captured under gas collection M&aamle30004000 m3/day of biogas is
generated in the UASB. It has 71% of methane in biogas.

Then, the sludgérom the UASB goes to the sludge drying bed. The dried sludge is used for agricultural purposes. The treated watedisfdisplosé&odavari River
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Tapovan STP 0 Brief Overview

STP Profile :
A 2 unitsc 78 MLD & 52 MLD

AR i % =
Outlet after screening

A Total Capacity, 130 MLD; spread in 13

hectares (32 acres)
A Utilization ¢ 100%

A Managed by a private operator on the
DBOT model for 5 years and contract has
been extended for 2 years

A UASB will be replace by a new S$BRed

|

STP in the same premises, as the existing

plant is fully utilized. Officials opted for

i i Polishing P
the SBR technology as it requires less Reuse olishing Pond

. .. Sludgeg Methane and electricity generation
space and prowdes efficient treatment. Treated wastewater is disposed into Godavari river

Sludge is given to farmers at free of cost

CWAS T CR DF ioznzer AR Biogas room Inhouse lab 41




6. Pimpri

Inlet: 30 MLD
COD: 296 mgl/l

Sewer
network

Coarse
screen

Pumping
station

Fine screen

Grit Chamber

. Wastewater

Chinchwad d Akurdi STP - 30 MLD

A
=
Chlorine LN N N |
Dosing S
Disch t
s 0H ey
(7 o
Q“‘P\\‘\‘\\ Hydro power
\ generation
0, — @ — 0
Gas Scrubber Bio Gas Engine
Combi
treat Unit — —— :
BBy — -
Sludge mixing  Sludge Thickener Sludge Dewatering
sl Sludge mmmm=l)  Gas
Process Flow DiagraniCombitreat technology A
A

Source: The authors'
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illustration based on the field visit
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Primarytreatment: Seweragavater passeghroughsilt removal
unit first asthere is an issueof silting in the wastewaterthat
chokes the STPtreatment units. From that WW goes for
screeningand grit removalchambers

Secondarytreatment: From grit chamberwastewater goesto
Combitreat unit of STP Wastewater from here goes to
Combitreatunit (anaerobiccore) Flowentersa central zone of
Combitreatwhere sludgesettlesandis anaerobicallydigestedto
generatemethanerich biogascollectedunder a floating dome;
clarified liquid overflows to the aeration stage while high
strengthsludgeremainsfor digestion

Aerobic polishing (constantlevel SBR/CLSBRJhe overflow is
treated in batch reactors operating fill¢reactsettlecdischarge
sequencesat constantliquid level, improving energy efficiency
and maintainingheadfor downstreamenergyrecovery ¢ NB
effluent is chlorinatedin a contacttank.

Sludge line: Excesssludge is thickened, then dewatered by
centrifugebefore disposalor further handling

Significanton-site power coveragethrough combinedbiogasto-
power and hydropower recovery 25% of treatment power

demandcanbe met internally.
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PCMC Akurdi 30 MLD STP - Combitreat| - SBR technology

Flair Unit Sludge Blending tank
CRDF




Summary: Technology must minimise leakage while ensuring
effluent quality compliance.

Across the studied cities, methane recovery performance is strongly influenced by technology choices and system desigth Rtgrbved

components and gasght systems demonstrate better methane capture, while older configurations face higher losses.

Supporting Observations

A

S U ST

Balloon gas holders (Jaipur, Ahmedabad) show lower methane leakage compared to RCC holders (Delhi, Nashik, Surat).
Advanced system¥(nzolAhmedabad, Delhi upgrades) improve operational stability and reduce losses.

UASB plants (Nashik, PCMC) show high methane content but lower recovery efficiency.

Methane utilisation is largely limited to electricity generation across cities.

Methane capture across these plants is primarily used for electricity generation, with limited evidence of advanced ghisgupigra

purification technologies such as CBG production. This highlights a gap and opportunity for improving methane utilisatiays pat

CEPT
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2. Operational and
Contractual Arrangements

Operational arrangements and contractual structures were examine
to understand how responsibilities, incentives, risk allocation, and
technical capacity affect methane generation and utilisation.
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Operational and contractual agreement of Jaipur - Delawas STP

A The STP is constructed and operated by a private operator. Under the DBOT contra

Y DBOT contractith Private operator mechanism. It was commissioned in 2023 and will be operated by a private operator
with 10 year of O&M contractsTP is for 10 years.as per the contract agreement. The capital cost is paid by ULB.
owned by JNN . . N .
ASSET A The private operator raises monthly invoices, paid by the ULB.
A Approximately 44% of O&M costs are recovered through biogas sales

T

The penalties imposed on the private operators helped the ULB to sustain the

©= ,950r {@} 29 Lakhs/ month

== (with 10% increase in every year) revenue generation and increase in case of defaulting on the generation of required
Capital O&M Per|0<_j|f: mal_ntenan_ce of_ STP and fixed gas.
Cp By ULB Cost electricity unit cost is paid by ULB
ost The ULB has agreed to pay the STP electricity bill on the decided cap, which motiva
To Construct and meet the private operators to generate more electricity from biogas and meet the requirement
A team of operating performance in the given cap. Electricity generated from Solar is also varied depending on climati
100 requirements for 10 years as per .
contract conditions.
personne| -. - _ . .
Human ensuring Reporting hierarchy: A In case of less electricity generation, the private operator must pay 10rs/additional
Role of tNRGEGS 2LSNI G2NI b | RRO /K $d un?e’d?d‘@flﬁ?»se{‘é]a enalt
resource  24x7 Private M 9ESOdziA @S 9y3IAYSSNI 6990 h pefpifes penaty-

involved operations_ 9YyIAYSSNI b adzy A OA LI & /5 Y YRresehee/o§ SCADA system helps the city and private operator to monitor and

Operator
evaluate the performance and justify the requirements and defaults.

Pen'alties > @ 26,006 27,000 » (!) S ‘&;é:é +

1. Biogas supply shortfall

MAX 17,000 MAX
STP Power Power ! ’ . Ao
2. Electricity generation Requirement Unit/Day Generation Unit/day from 5,000 17,415 Unit/day~60%
From Biogas 8500 m3/day Unitiday provided by ULBFixed as per
shortfall and Solar gas

contract- bill is paid by ULB
~63 Yelectricity requirement is met by the

CWAS ’gm"“ - CR DF ::TNZT::;CH " UEJP;I- RS electricity generated from gas and solar. 46




Operational and contractual agreement of Ahmedabad 0
Pirana STP

@ EPC contractith private operator with A The STP is constructed and operated by private operator.

] Under EPC contract mechanism. It was commissioned in
10 year of O&M contractSTP is owned by AMC

ASSET

2021 and will be operated by private operator for 10

+ years.as per the contract agreement. The capital cost is
== 151 Cr. @:} 40 Lakhs/ month said by ULB.
Capltal By ULB o&M Periodic maintenance of STP and fixed
Cost Cost electricity unit cost is paid by ULB A 60% of the electricity requirement is taken from the grid.
The electricity bill is paid by AMC.
To Construct and meet the operating
% A team of performance requirements for 10
30 personne| .I years as per contract A Presence of SCADA system helps the city and private
ensuring 24x7 = - , )
Human  operations. Role of Reporting hierarchy: operator to monitor and evaluate the performance and
resource _ t NAGEFEGS 2LSNI 2N h ! RR® / KAS. 9y IAYSSNI
involved Private 9 E8§0dziA S 9y3IAYySSNI 6990 2 ?Juﬁt'ﬁﬁﬂ?ﬁ rPquirements nd defautts

Operator 9YIAYSSNI M adzy AOALI & / 2YYAA&A2Y SN

@ 18,00019,000 ) @ A B

STP Power Unit/Day Power MAX 8,000 Unit/day

; Generation - . . Remaining electricity is taken
Requirement . ~40% el L .
a From Biogas 0% electricity requirement is met from the Grid Bill paid by AMC
by the electricity generated from gas at 9 INR/Unit
K o ::TNZT::“%CH INIRSE Y 5 47
CWAS CRDF i -




Operational and contractual agreement of Ahmedabad o
Vinzol STP

A The STP is constructed and operated by private operator. Uno

> EPC contragtith Private operator with EPC contract mechanism. It was commissioned in 2022 and w
@ _ be operated by private operator for 10 years.as per the contra
— 10 year of O&M contractsTP is owned by AMC agreement. The capital cost is paid by ULB.
L2 A The private operator raises the bill every month that is being p
_1"': 139 Cr. {@} 23 Lakhs/ month by AMC.
Periodic maintenance of STP and fixed
Capital By uLB O&M  electricity unit cost is paid by ULB A The penalties imposed on the private operators helped the UL
Cost Cost to sustain the revenue generation and increase in case of
defaulting in generation of required gas.
To Construct and meet the operating o ] ) )
A team of ﬁ performance requirements for 10 A ~30% qf the electr_lcny requirement is taken from the grid. The
36 personnel .I years as per contract electricity bill is paid by AMC.
ensuring 24x7 ==
Human  pperations. Role of Reporting hieﬂfa[chyi A A Presence of SCADA system helps the city and private operato
feSOIUfC(f Private L NRAOHUGS 2LISNI G2NJ TH al  rhdnitor And eVdiliabeRite performance and justify the
involve

Engineerb ! RR® / KAST 9y3Ayg Wérﬁ_@ntsanddefa Its
Operator g 2§ 6dzi A S 9y IAy SSNI 099Uq% P TR

9yIAYSSNI M adzy A OA LI ¢ IQYYAaai\23/SNJ

(!) 20,000 » @ MAX Zgadéﬁmumt/day +

TP Power UMDY Power ’
Requirement Generation ~30%electricity requirement is met Remaining electricity is taken from the
o From Biogas by the electricity generated from gas Grid- Bill paid by AMC at 9 INR/Unit
CWAS " CR DF FomATon e ‘ UEJP;I- [251 v By 48




Operational and contractual agreement of Delhi d Okhla STP

DBOT Contract and Operated undekihi Jal Board,

& . .
@ A The STP is constructed and operated by private operator.
O&M Period: 5 years (extended/renewed in 2022 for 11 years

b

It is one of the oldest plant of Delhi. It was commissioned in 2012.
ASSET

A Under DBOT contract mechanism. It was commissioned in 2012

87 Lakhs/ month and have been operated by private operator for 10 years, as per
=—r— 150 Cifor @}

== 136.4 MLD STP (with 10% increase every year) the contract agreement.
Capital Funded by O&M Periodic maintenance of STP and electricity A The capital cost was paid by ULB.
Cost JICA Cost cost as per actual is paid by DJB A In 2025, it was renovated by a big private player and is being
o operated by this private operator
Plant currently operated & maintained by ; .
A team of72 ﬁ ?L:EBASS:I ownership remains wielhi A ¢K2dAaAK AdQa ty !'{t GSOKyz2ftz238
al boar
zﬁ;i?ir:;el .I holder the STP is generating electricity from the biogas.
= o
Human  24x7 Role of Reporting hierarchy: A It only covers the 26% of cost is generated compared to total
resource  operations. Pfivztoe t NAGIGS 2LISNFG2NI I 99 'Féqbir%d aidctricity/-
involved ™ adzy AOALI £ / 2YYA&aaA2ySN]
Operator .
: Penalties on
If grid consumption
» et exceeds the permitted
19,000 20,000 Ubip + limit i.e. 26,500 KwH as
the contract, a
kWh/Day Power MAX 40065000 kWhid Pe Fay
Requrement Generation eneration from 14,000-15,000 kWh/day LIS YT [ U €12 fe¥
equiremen From Biogas 9 e . _ Kwh is charged,
~25-30%electricity requirement is met by the electricity generated from gas. ~70% provided by DJB depending on peak or

from the grid to STP lean hour usage.

CWAS CRDF &z | Wl i 49




Operational and contractual agreement of Surat - Anjana STP

+ ) ) _ A The STP is constructed and operated by private operator. Under
EP? contraatith Private operator with10 year of O&M EPC contract mechanism with the contract to operate and maintain
. contract STP is owned by SMC the STP or the next 10 years. It was one of the oldest STP. It was
commissioned in 2013. At present, it is operated by the private
ad - . , operator.
e 103 Cr @} Periodic maintenance of STP and fixed P
== electricity unit cost is paid by ULB A Private operator raise the bill every month that is being paid by
Capital O&M VL.
P By ULB (with 10% increase every year)
Cost Cost A The penalties imposed on the private operators helped the ULB to
c 4 ) sustain the revenue generation and increase in case of defaulting ir
To Construct and meet the operating the generation of required gas.
A team of4- ﬁ performance requirements for 10 g . g
MC, 4 - . . .
Iir?/at(é’ stgft =| I years as per contract A 60% of the electricity requirement is taken from the grid. The
: - ing hi : electricity bill is paid by SMC.
Human ensuring Reporting hierarchy:
Role of . .oa
irﬁjgll\ig;; i;be(Zations Private tNAGEGS 2LISNT 42N AD présbned of SCADA system helps the city and private operator to

Operator SESOdzi A @S Sy 3AYSS NIndhito¥ahdidvaiuaté the performance and justify the requirements
RSLINIGYSY (M / AG2 9 YVahd debusidld

Penalties on (; ) 20,00022,000 ™= (; ) Sy =
1. Operational hours of the

bi lant Unit/Day Power MAX 80089000 Unit/day from
LGl Iget| Byl STP Power ) 40004500 m3/day gas R inina 12.000
ici i Generation emaining 1z,
2. Electricity generation Requirement . ~41% - . . ) .
From Biogas Celectricity requirement is met by the Unit requirement met
shortfall o EEL d Solar electricity generated from gas and solar and paid by SMC
CWAS CRDF i | &Ly
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Operational and contractual agreement of Nashik

@
ASSET

4

e

e

Capital

Cost

Human

resource

involved

A
DBOT contractith Private operator with5 years + 2
years extended of O&M contracBSTP is owned by NMC A
7.5 Lakhs/ month; 78 MLD
28.82 Cr @} 12.51 Lakhshonth ¢ 52 MLD A
for 2 STPs (with 10% increase every year)
Godavari O&M Periodic maintenance of STP and fixed
action plan electricity unit cost is paid by ULB
and JNNUM Cost y P y
To Construct and meet the operating A
A team of performance requirements for 10
30-40 years as per contract
personne| — .
ensuring Role of Reporting hierarchy: A
24x7 P?ivitoe tNAGFGS 2LISNI G2NJ b / KAST
: 9ESOdziA@PS 9yIAYSSNI 6990
operations. Operator 9yIAAYSSNI M adzy A OA LY €

@ 3,0004,000 m=p C[) R | 4

STP Power
Requirement

CWAS

Unit/Day

d Tapovan STP

The STP is constructed and operated by a private operator under a DBC
contract.

Two units with capacity of 78 MLD (commissioned in 2003) and 52 MLD
(commissioned in 201@he plant will be operated privately for five years
as per the agreement.

The capital cost of the plant has been fully paid by the ULB.

The private operator raises monthly invoices, which are paid by the ULB
hyfe Fo2dzi p» 2F GKS LI I yidQéaséd S
power generation. The remaining electricity cost is borne by the city.
The absence of a SCADA system limitstiesel monitoring and makes
performance improvement difficult. The operator cannot accurately
monitor gas production or electricity generated from it.

Oversight is limited as the contract does not include clauses on sludge

9y3AYySSNI b o _
2 ¥  managemerstaor electricity generation.
I 2YYAAAAZYSNI

A No Penalty
. related to
P MAX 167 Unit/day f biogas or
ower niyaay from >
Generation 246 m3/day gas 3166 Unit/day = EBIEy
From Biogas ~Only 5% electricity requirement is met by ~95%ill is paid by ULB generation

CEPTRESERRCH
CRDF i, | @1
FOUNDATION LIRS

the electricity generated from gas:
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Operational and contractual agreement of PCMC

@
ASSET

<+

L

s

Capital
Cost

Human
resource
involved

&

STP Power
Requirement

CENTER
TORWATER
AND SATATION

Unit/Day rom Biogas ~20% electricity requirement is met by

the electricity generated from gas

CEPTRESERRCH
CRDF i, | @1
FOUNDATION LIRS

o Akurdi STP

DBOT contraciith Private operator A The STP is constructed and operated by a private operator under a DBOT
with 5 year of O&M contragtSTP is contract.
owned by PCMC A Commissioned in 2019, the plant will be operated privately for five years as
per the agreement.
3-4 Lakhs/ month _ )
29.25 Cr. (with 10% increase every year) A The capital cost of the plant has been fully paid by the ULB.
By ULB A The private operator raises monthly invoices, which are paid by the ULB.
O&M  Periodic maintenance of STP and 2 A hyté lo2ddi wm: 2F GKS LIy Qbasedt 5O
pumps operated by electricity
Cost generated at STP power generation. The remaining electricity cost is borne by the city.
) The absence of a SCADA system limitstieed monitoring and makes
To Construct and meet the operating
A team of performance requirements for 5 years as performance improvement difficult. The operator cannot accurately monitor
25 . . per contract gas production or electricity generated from it.
personne| = o o ) ,
ensuring o of Reporting hierarchy: A Oversight is limited as the contract does not include clauses or penalties on
24x7 RQ €o tNAGHGES 2LISNI d2N M wdzy A 2 NI 9 yshidgé maldagement or electricity generation.
_ Private 9ES50diAGS OyIAYSSNI 6990 2F la/lh /AlS
operatlons. Operator 9YIAYSSNI h adzy AOALIt / 2YYAAAA2YSNI
Penalties on
FAY A Effluent standardsg 5% of
= MAHAVITARAN . S
Approx =) (; ’ iy + the raised bill will be
~80% provided deducted if standards not
15,000 20,000 P _ 80% p y
Gen‘;";’aetrion MAX 300685000 Unit/day met by Pvt Operator

Maharashtra state .
A No penalty on Biogas

electricity board generation
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Summary: Skilled human resource and performance -linked
contracts are essential to drive methane recovery outcomes

A Operational performance varies significantly across cities and is closely linked to operator capacity and contractualssEuetuweldesigned
plants underperform without skilled operators and strong accountability mechanisms.

A Fromthe actualcasesit is identified that the STPslesignedbasedon wastewaterquality, proper backwardlinkages and a monitoring systemwith
skilledstaff (like the caseof Jaipur)cangeneratemore methane

A Improving sludge handling, reducing methane leakages and upgradinggas enginescan substantiallyincreasemethane production and improve
electricity-generationefficiency

A For effective methanebasedresourcerecovery,cities must ensurestrong alignmentbetween STPdesignand operationg particularly maintaining

goodinfluent quality, reliablesludgemanagementskilledstaffing,and efficient gasto-power systems

Supporting Observations:
A Skilled operators better manage shock loads and sludge systems, improving methane yield.
A Variations in private operator involvement affect consistency across cities.

A Contracts focus mainly on effluent compliance, with limited incentives for methane recovery.
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3. Business and
financial models

Business models were analysed to assess the financial viab
of methane recovery systems, including revenue generation
opportunities, cost recovery mechanisms, market linkages, a
resource recovery pathways.

SR Glob
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