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The threat of climate change . . . .
« Climate change impacts seen more on developing countries -

90 % human losses reported from developing countries

+ India is 7N most vulnerable country to the climate hazard

e 27 out of 36 states are highly vulnerable to climate change
impact

Impact on water services...

Vulnerability Index

o Low Modenste High  VeryHigh - Higher drought frequency will lead to “load
Fiood L — . "
orouo —_—— shedding of water supply” or
yelone T — . "
Flood Ot 1/ — intermittent water supply”.

I v i
Drought & Cyclone 1/ £/ /// /117 IR
— ]

S Flood, Drought & Cyclone | ] . . . .
: T Tost 6 o040 080 100 « This will further lead to accessing the distant
' PSR, M water sources which means more
\ consumption of energy and finance
b needs
CWAS m“E“ CR D EE'E.%:EEEE"H'E"T SEIP"}-E?SI " :g\ljirrt;en:ml\gzr::;y,\/;/Aabti::sh, and Shreya Wadhawan. 2021. Mapping India’s Climate Vulnerability — A District Level Assessment. New Delhi: Council on Energy,




Emissions, mitigation and India’s NDCs

| e e
1 Reduce the emissions intensity of its GDP to 45% below 2005
levels by 2030.

CO 2 Achieve about 50% cumulative electric power installed capacity from non-
fossil fuel-based energy resources by 2030.
* India is 3" largest
GHG emitter among

all the countries.

2,953 Mt co.e

overall emissions

Create an additional carbon sink of 2.5-3.0 billion tonne of carbon dioxide
equivalent through additional forest and tree cover by 2030.

Propagate a healthy and sustainable way of living based on traditions and
Enel‘gy SECtOI‘ the values of conservation and moderation, including through a mass movement
. for ‘LiFE’- ‘Lifestyle for Environment’ as a key to combating climate change.
largest contributor

Focusing on Carbon Sector specific Focus on research and Focus on international
capture usage and targets for all action innovation towards cooperations and
storage technologies and strategies clean fuel technologies financial credit flows

ceriren CERTRESEARCH CEPT Source: https://pib.gov.in/PressReleasePage.aspx?PRID=1876119
CWAS . | CRDF = | S 3



https://pib.gov.in/PressReleasePage.aspx?PRID=1876119

Quantification of emissions in WASH sector is essential . ..

Global estimate suggest 5 % emissions are from WASH
sector.

2019 Refinement to the 2006
IPCC Guidelines for National
Greenhouse Gas Inventories

fn ch &
SCOPE 3

Emissions from
materials
production,
transportation,
waste etc.

Provides empirical
methodology to estimate
emissions using country level
factors....

Emissions by sanitation Emission through the fuel

value chain. and generation of
Methane CH4, Nit lectricity, which is th . .
OxideN20  usedinwaterand | However, this requires
wastewater service chain. : : :
wastewater service ¢ localization for actions
Types of Emissions IPCC methodology for emission inventory
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Dynamics of Water and sanitation value chain varies...

J
co,
e 9
GHG emission estimates across the WASH service chain
o . Through the onsite sanitation Use of fuel for Component rarel
Usage of electricity for Energy used for pumping systems through the biological transportation of foll dp tlv di ﬁ,
water treatment the water - iti oflfowed mostly discharge
anaerobic decomposition of faceal matter in open environment
organic matter
Conveyance Treatment Conveyance
e/ User
e’
* Interface
Source Treatment _:'.‘:_ Containment
F /11
Emissions through AERR g
the water vapours -
Use of fuel for transporting the Reuse
water through the tanker supply
Conveyance Conveyan;e

Pumping Treatmen?

Emission of methane and nitrous oxide through

Through pipe leakages and improper treatment and management of

improper maintenance of sewer wastewater treatment
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Need to assess factors and assumptions listed by IPCC and localization
for Indian cities ...

Accounting for fugitive emissions from Re-evaluating emission factors
sewer networks - IPCC suggests no from onsite systems like septic indirect emissions contributed
demography and

emissions from fast flowing tanks in India with infrequent emptying L . by WASH to give a holistic picture of
: . sanitation technologies y 9 P
closed networks and drain connections emissions from service delivery

Localizing factors for Estimating quantum of

Ludhiana gas leak: Amid disaster, fingers Whole-system analysis reveals high greenhouse-gas emissions from Wastewater sector emits nearly
pointed at pollution board, civic body citywide sanitation in Kampala, Uganda twice as much methane as
. s do T.hstl-dﬂmdmnsmummmmm(ﬂuﬂhsm (b) offsite prewously thought
e e S memea | 308 died while cleaning sewers, .
s < = Emission category® Total emissions by category (tCOze)
i ®t v 3 septic tanks in last five years D C— =3 e g
across India G Grate s o s

Not tre:

Operational (0) Al trestment: 0

Embedded carbon (E) Treated: 59

Not treated: O

prxt;my

CH, concentration

(b) Offsite systems (with sewer based transport)

Direct (D) Contsned 0 Delivered: 0 CH, emission

Not delivered: 11,572 1 tre 2l » b-1
Cperationsl (0) o ¢ C Delivered: 4 o £ , el > edimaed
Embedded cartim (E) prpemes S Treoted 3 - . ’ E * *
Not treated O v g E
Image source: Indian express, Times of : e g :
p i . g measired + estimazed o L .
India Johson J,, Zakaria F,, Nkurunziza a, Way C, Camargo-Valero M, plant size [ : - Kinaataka
Evans B, April 2022, Whole system analysis reveals high greenhouse O S Bt S i S B ADA)
; gas emissions from citywide sanitation in Kampala, Uganda, gl iR = AR R
https.//doi.org/10.1038/543247-022-00413-w, . . |
:::::e“ Wet-well Shoatch of sawar ppe Dlamatermom Image source: Wastewater sector emits nearly twice as 3
i R Loagitude o, Slope % .. much methane as previously thought (2023, February 28) +
5"“;‘:[:'2::(“:’”""99 manhole | 5o e | Greenhouse Gas Emissions from retrieved 18 July 2023 from https.//phys.org/news/2023-
mpling r flow - _ — its- - '
ongif s e P .
Longitude km location 2 measurement | Wet-well Blackwater Septlc Systems 02-wastewater-sectoremits-methane-previously.htm/
Sampling A — ——— Discharge ¢ ;
location 2 manhole ;
Sampli
Pumping Station - in stm:,s C0: 4 b-- -4 20241815
4 @ ! (A)
i | CH | .-D]- 1192452
& ‘3 Samplis Sumplng J i {min., quarties, max) |  {avg. £5.d)
=Y ‘ hicstomn | location 1 ¥ DO,0RP and Auto- 0 10 20 30 40
——| | wwton | [ | [ umn | i EC. G St et e o o
ecatiia [fowstata: | measurement | location 3 location I senson, | ackwater septic systems (g/ca)
' Loi Tan Huynh, Hidenori Harada, Shigeo s \ \ \
b Fujii, Lien Pham Hong Nguyen, Thu- o gy AN e Y
Image source: Ye, L, Porro, J, & Nopens, I. (Eds,). (2022). Quantification and Modelling of “B | loischarge Huong Thi Hoang, and Hai Trung Huynh, N
Fugitive Greenhouse Gas Emissions from Urban Water Systems. IWA Publishing. T —  pump Greenhouse Gas Emissions from ! i) )
doi:10.2166/9781789060461 il Blackwater Septic Systems '
Environmental Science & ,Technology Schoebitz L, Bischoff F, Lohri CR, Niwagaba CB, Siber R, Strande L. GIS Analysis and
Figure 1. Experimental setup of sensor and autosampler for waterand 2027 55 (2), 12091217, DOI: Optimisation of Faecal Sludge Logistics at City-Wide Scale in Kampala, Ugande.

septage monitoring. httos://doi.org/10.1021/acs.est.0c03418 Sustainability. 2017; 9(2):194. https.//doi.org/10.3390/5u9020194
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https://doi.org/10.1038/s43247-022-00413-w
https://doi.org/10.1021/acs.est.0c03418

Comparison of GHG emission from onsite sanitation

City Method Adopted

Population

Per capita methane emission
from septic tank

Practical prototype + IPCC

1 Kampala ; 22,50,000
actors
IPCC :
2 (Ichalkaraniji) Using IPCC factors 3,68,916
3 Vietham Practical field study 84,35,700

Ceniks CEPTRESEARCH
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(kg/ cap/ CO2 eq./ year)
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Enhancing empirical estimates through field measurements ... (1/2)

Present Methodology and factors. ..

Estimation of CH4 emissions — IPCC methodology

1. CO2eq = CH4 X 14

2. Sum emissions for each discharge pathway

EQUATION 6.14 (NEW)
TOTAL CH4EMISSIONS FROM DOMESTIC WASTEWATER TREATMENT AND DISCHARGE

CH, Emissions = 3 [CH,Emissions ] » [107%]

3. Calculate emissions for particular discharge pathway (j)

Localization through
field measurements

Sensor equipment
measurements with
discrete and continuous
sampling

b 6. Subtract CH4 being recovered — Default value is zero

7. Calculate Total Organically Degraded Material at country

level using suggested BOD values of domestic wastewater
(34 for India)

EQUATION 6.1 (UPDATED)
CH. EMISSIONS FROM DOMESTIC WASTEWATER FOR EACH TREATMENT/DISCHARGE PATHWAY
OR SYSTEM, J

CH, Emissions; =[ ﬂ.FFll R |

EquaTtiox 6.3 (UPDATED)
TOTAL ORGANICALLY DEGRADABLE MATERIAL IN DOMESTIC WASTEWATER

TOW =P« BOD #0001 365

» 8. Calculate Total Organics in wastewater each discharge

4. Calculate sludge removed in each treatment pathway

EquaTioN 6.38 (NEW)
ORCANIC COMPONENT REMOVED AS SLUDGE FROM AFROBIC TREATMENT PLANTS

S = (S o E_ 1000’

EquaTtion 6.3¢ (NEW)
ORGANIC COMPONENT REMOVED AS SLUDGE FROM SEPTIC SYSTEMS

Sy =TOW, 0 F 0]

5. Calculate emission factors for each d|scharge pathway using
suggested values of Maximum Methane Producing Capacities
(BO 0.6 kg CH4/kg BOD) and Methane Correction Factors (MCF)

EQuaTIONG.2 Y
CH. EMISSION FACTOR FOR
EACH DOMESTIC WASTEWATER TREATMENT/DISCHARGE PATHWAY OR SYSTEM

EF, = B, » MCF,

pathway and each demographic fraction (rural, urban high,
urban low) using listed values for urbanization and degree of
utilization of pathway)

Equatiox 6.3a (NEW)
TOTAL ORGANICS IN DOMESTIC WASTEWATER BY TREATMENT/DISCHARCE PATHWAY OR
SYSTEM

TOW, =Y [TOW +U, T, oI ]

Carrying out field survey at selected
locations across WASH value chain
with different typologies to
quantify the emissions using the
available sensor based instruments

Lab testing approach

Collecting samples using
certified labs using standard
sampling techniques

Static chamber

Floating chamber




Enhancing empirical estimates through field measurements (2/2)
Localizing the estimation factors. ..

Estimation of CH4 emissions — IPCC methodology

1. CO2eq = CH4 X 14
2. Sum emissions for each discharge pathway

6. Subtract CH4 being recovered — Default value is zero

7. Calculate Total Organically Degraded Material at country

level using suggested BOD values of domestic wastewater
3. Calculate emissions for particular discharge pathway (j) (34 for India)

EQUATION 6.1 (UPDATED)
CH. EMISSIONS FROM DOMESTIC WASTEWATER FOR EACH TREATMENT/DISCHARGE PATHWAY
OR SYSTEM, J

CH, Emissions; =[
8. Calculate Total Organics in wastewater each discharge
4. Calculate sludge removed in eac tment pathway pathway and each demographic fraction (rural, urban high,

urban low) using listed values for urbanization and degree of
utilization of pathway)

5. Calculate emission factors for each d{scharge pathway using
suggested values of Maximum Methane Producing Capacities
(B0 0.6 kg CH4/kg BOD) and Methane Cprrection Factors (MCF)




Process methodology adapted for localizing emission
factor.....

Literature
Estimation
methodology
selection

review

Site selection and
Reco survey at Final Site
sites identified selection and

= r e survey

Greenhouse Gas Emissions from
Blackwater Septic Systems

.ﬂw-' co: y.»-».q 2202015
i)

o I
o | B
T

Wastewater sector emits nearly
twice as much methane as
previously thought

Result
estimation and
\ ) e " deriving local
T e > 1 - WS AN | [T emission factor
L y W =T for each
Ve X\ pathway

%liw

CEMIEH CEPTRESEARCH CEPT
rorwsTER | B Beg* §| JP=m ANDDEVELOPMENT \ W oa— . .
CWAS:=. | CRDF === T ERSITY 10




Mitigation - Electricity consumption plays a big role

Sectoral 40% to 60% of the E|ECtI‘iCity bill of municipal corporations goes towards
~ water / sewage pumping

Municipal services and assets electricity consumption
100% 1.5

5 4
90%
30 15 24
60% l !
50% : I
40% : I
30% I l
20% I '
10% 1 !
Source : GHG Platform India i Nagpur RaJ kot Karad
m Water supply ~ mWastewater treatmet Street Light Municipal Buildings
2 7 4 5 5 MtCOe
emission from the energy sector
CWAS i CR D coTREER CEPT. Source: 1. https://southasia.iclei.org/wp-content/uploads/2022/04/6.-Thane-City GHG-Emission-Inventory-2017-18-Report_v-2.0.pdf; 2. https://southasia.iclei.org/wp- 11
vaaran | S F% R 1 Founioanon JUIERSITY content/uploads/2022/04/2.-Climate-Resilient-City-Action-Plan-Nagpur-Report-Low-Res_compressed.pdf; 3. Karad municipal council, 2023



https://southasia.iclei.org/wp-content/uploads/2022/04/6.-Thane-City_GHG-Emission-Inventory-2017-18-Report_v-2.0.pdf
https://southasia.iclei.org/wp-content/uploads/2022/04/2.-Climate-Resilient-City-Action-Plan-Nagpur-Report-Low-Res_compressed.pdf
https://southasia.iclei.org/wp-content/uploads/2022/04/2.-Climate-Resilient-City-Action-Plan-Nagpur-Report-Low-Res_compressed.pdf

Energy transition - important for achieving mitigation targets

_ ] . * Exploring options in a few cities of Maharashtra / Interlocking
MU'?'Ple benefits of shifting from . renewable energy with WASH sector yields benefits in terms of
fossil fuels to renewable energy : ' emissions and cost saving over long terms . 4. su/ected pitot cities poputation

ranges between 50k — 400 K
® 5 pilot cities
Q Sinnar
] L ,
\ 4 Solar Installation
B @ across WASH service Q Wai
Reduction in Reduction in | value chain Q satara
energy cost emissions | Q Karad
E Ichal-ng
@ ) 1 installation at water R
/Zf l § treatment plant

Low Reduction in 4 installation at
maintenance transmission | wastewater, greywater

inputs losses . and faecal sludge

treatment facility

Source :



Exploring options and feasibility in pilot cities

Process methodology followed: » The requirement calculated using the
. assessment:

Preliminary assessment

Collecting electricity bills of all the components across
WASH services chain, assessment of land availability and
creating the profile of each component

Wai : 30 Kw at FSTP
Electricity consumption and Demand assessment

Calculating the past, present and future electricity
consumption based on electricity bills and collecting the
details about the plans for expansion of WASH components

Calculation of solar requirement and installation

Based on the calculated demand and available land,
calculating the capacity of solar plant that can be installed

Ichalkaraniji : 81 Kw at WTP

CENIER CERTRESEARCH Source:
TERWATER T r— e T
C WA S AND SANITATHIN AN il



Solar and benefits ...
Reducing 1 6 %

dependency on conventional Karad
energy source of municipal

Year of installation : 2021 services as per current usage.

Renewable energy generation : 46.4
MWH

Emission reduction : 923 tons CO2 eq.
(over 25 years)

Year of installation : 2023
Installation capacity : 72 KW
--------- Renewable energy
generation : 26 MWH

Clean energy generated Emission reduction : 2,214

till June tons CO2 eq. (over 25 year)
. ¥n 126 .
Satara s==%
Year of installation : 2023 Clean energy generation Year of installation : 2023
Installation capacity : 30 KW potential over 25 years Installation capacity : 81 KW

Renewable energy generation : 18.5 Renewable energy

MWH 3 generation : 10 MWH
Emission reduction : 923 tons CO2 eq. l‘l‘ 8 5 5 o S Emission reduction : 2419
T

(over 25 years) tons CO2 eq. (over 25 years)

Emission reduction
Potential (over 25 years)

Year of installation : 2020 | TELTEEE @ 7' 0 1 1

Installation capacity : 15 KW tons CO2

Renewable energy generation : 25.7 x x
MWH ) ] Developing urban forest using the
Emission reduction : 461 tons CO2 eq. Projected Overall cost saving (25 yrs) wastewater treated using the

(over 25 years) (3 5 9 renewable energy at STP and FSTPs
s~ INR Jeod Cr.

Can explore the potential of carbon
credits based on the energy transition

AND DEVELOPMENT
FOUNDATION

CWAS s CR DF CERTRESEARCH CEPT Source : impact estimated using the Nation roof top solar calculator, https://solarrooftop.gov.in/rooftop_calculator 14
A0 San a0 JHIERSIT



https://solarrooftop.gov.in/rooftop_calculator

Overcoming challenges

o-:..,
High initial CAPEX investment

Benefit and cost recovery requires longer time
frame if the entire requirement is transferred to
renewable and requires storage space for energy.

Land availability at location

Requires vacant land for installations and
requirement of transmission infrastructure with
availability of the net — metering.

Focus on building level solar

Less focus is provided towards setting up solar in
municipal infrastructure services and reducing the
energy demands of small and medium towns.

@

Ceniks CEPTRESEARCH
CWAS & CRDF e CEPT
arpsantanon | e | % Bee® B FounoaTiOn S ERSIT
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Exploring financially sustainable PPP models

« Land supplied by

government.

« Initial capital investment by

private player.

« Bidding for costs lower than

discoms energy supply
rates.

« Solar farm model and solar

credits.

< Plant list KARAD 72 Kw +

Current Power: 52272.6W 8

Power|Energy
Time DAY MONTH YEAR

© 20230014 ()

My device list

ZDGHCLF005
Power 52.27kW Today:201.3kWh

Datalogger:XGD6CJVOC7

@ 52 2
19647.2kg 19647.2kg 2702
2forestati

€0, reduced Coal saved e
, reduce oal save ediosd

Online system for
monitoring the solar

unit generation




Scaling up practice and contributing the national goals

Similar practice can be
replicated in cities of
global south, which can
assist in improving the
basic service delivery
through using the clean
sources of energy.

State level initiative Climate mitigation funds

Help in moving
towards targets of
SDG

417 cities in Maharashtra

CLEANWATER
AND SANITATION

A Maharashtra govt Exploring various CWAS has recently signed an
initiative for tackling financing sources in form  MoU with Environment and E
climate change of climate funds, Climate Change Department of

mitigation funds and Government of Maharashtra for CLNATE
In 2023, provided funding  financing from 13 senon

supporting activities related to

for 75 MW solar multilaterals climate change and WASH under @

Majhi Vasundhara

ceen CEPTRESEARCH CEPT Source : https://majhivasundhara.in/en; https://mnre.gov.in/
CWAS ==, | CRDF Ez | T 16



https://majhivasundhara.in/en
https://mnre.gov.in/

Mitigation measures have made Sanitation infrastructure
carbon neutral in Wai and Sinnar...

Mitigation measures and

Conveyance initiatives taken in the

cities of Sinnar and Wai

]
Treatment ~'g’
- -

Solar installations
and Nature based
treatment plant

Conveyance

23.8 mT co2
sequestered

Through developing 8000

sg.mt urban forest with

User Interfac
Containment

22.7 Mt co2

. Building |
-~ toilets
- Schedule
- desludging efforts
@ ‘
5.3 ktco2
emissions reduced
Carrying out schedule desludging €missions reduced
Through installation of 7.5 KW solar
panel at FSTP treatment facility 1400 plants
46.5 mT co2 8.2 mT co2
emissions reduced sequestered
Through developing 4000 sgmt
urban forest with 1434 plants
17

and improving toilet coverage
and treating grey water

Through installation of 30 KW

solar panel at FSTP treatment

m 11. 1 Kkt co2 emissions
reduced
Carrying out schedule desludging
facility
* Impact estimated on basis of field assessment numbers, Numbers estimation till 15t July, 2023

and improving toilet coverage,
iminating open defecation

eli
CEPT
S ERSITY
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Transition using wastewater and sludge as a resource...

CENIEH CEFTRESEARCH
TR MIATER AND DEVELOPMENT
ADD SAKITATHIN FOUNDATION
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Based on experience of these cities ...
CWAS is working towards Climatic resilient WASH services ...

Water and Sanitation Climate Resilience Framework

Resilience is the ability of a social or
ecological system to absorb disturbances
while retaining the same basic structure and
Mitigation Adaptation ways Qf fgnctioning, the capacity of self-

organization, and the capacity to adapt to
stress and change.

Assessments and support measures Mitigation means making the impacts of
) - climate change less severe by preventing or
GHG emissions Risk and Vulnerability reducing the emission of greenhouse gases
e as . (GHQG) into the atmosphere and enhancing
Direct (Scope 1 - CH4, N20, CO2) from VLG o EETHALIE E1iTe 00 SERIEas activities that remove these gases from the
- Septic tanks : regular emptying at 2-3 years * Access to individual household services atmosphere.
+ Trucks : Non-fossil based conveyance of water, septage * Improved Quality of services achieving service levels
I R ooy M
- Methane capture units ot wastewater trestment plant - Ground water recharge - RWH Adaptation is the process of adjustment to
. Treated Wastewater reused for carbon sinks - Reducing Vulnerability of low lying coastal and dense actual or expected climate and its effects. In
localities human systems, adaptation seeks to moderate

Indirect (Scope 2 — CO2) from or avoid harm or exploit beneficial

Climate Hazards opportunities.

« Electricity : Non-fossil fuel ( Solar, Wind, Hydro) Power

supplied for water , sanitation and SWM services . Rgduction of impacts on service delivery during heavy
rainfall, heatwaves, drought, storms etc.

The designed framework will help to adapt a
structured approach to assess the existing WASH
v . Community infrastructure w.r.t to climate and assist in
Monitoring systems engagement, making the WASH services Climate Resilient and
for Impacts Inclusivity and Carbon neutral (or carbon negative services) at
measurement ] ener city level and further scaling up at the state level.

ceanis CeTRESEARCH CEPT Note : * For indirect, we are not considering Scope 3 emissions . Scope 3 emissions are the result of activities from assets not owned or controlled by the
CWAS::.. | CRDF

Institutional

and Financing
mechanisms

AND DEVELOPMENT

FeunoATIoN JIVERSITY - reporting organization, but that the organization indirectly affects in its value chain 19




er for Water and Sanitation (CWAS) at CEPT
University carries out various activities — action research,
training, advocacy to enable state and local governments to
- : _ improve delivery of services.

— —— o——

———

. cwas.org.in cwas@cept.ac.in CEPT_CWAS
pas.org.in tiny.cc/pasenews , -
~

@

cwas.ce'pt E]pas.cept in cwas-cept




Process for Calculating the Emissions in Water Sector

No direct emissions are emitted

Water sector contributes to emission Total emission from water sector:
from water sector as per IPCC

through usage of energy and fuel only 233 tons eq CO2

Consumption

The household is having alternate groundwater supply with
install borewell with pump capacity of 5 HP running for 2
hours and consuming 6 KWH of energy.

Receiving power from coal-based power station

Total emission will be : 6 * 0.97 (coal-based energy grid

Source emission)

Treatment

sr——iifi X

Total emission = 5.82 kg CO2 per day
Storage

How this data is obtained :
I - Energy database - through the

energy bills of each meter connection.

a. Unit energy used is a. Unit energy used is As pumping in a. If we consider there is 1 tanker and
6.9 millions units / year! 2.7 millions units / year' not done at travelling 10 KM daily with average of e Grid emission factor — Through the
. ) the ESR, due 3KM. (4 liters of fuel consumption daily)

b. Power source is hydro Power source is hydro to this there nation level gl’ld emission report.

electricity, and its grid electricity, and its grid are no energy )

factor is 0.024 CO2/KWH  factor is 0.024 CO2/KWH  emissions b. Burning of 1 liter of fuel emit 2.7 « Fuel Consumption - From the vehicle
from storage kg of CO2

Total emission = Total emission = facilities. department and total average

6.9710° * 0.024 2789040 * 0.024 .

Total 166 Total 67 Pressure Total emission will be: kilometer travelled.

otal emission = tons Total emission = 67 tons 4*27 =10.8 kg CO2 d .
based system g -Reperday - Borewell and pumps details —

Formula for calculating emission from energy use Emission from the fuel consumption Pumps installed and running time and

GHG emission (kg CO2eq) = Energy consumption x Emission GHG emission for Fuel used : its unit energy consumption

factor of the grid Litres of petrol used x Emission factor of the vehicle

FOUNDATION JERSIT

CWAS o CR DF"TEA CEPT Source: 1. Energy bills, Water supply department, Ichalkaranji Municipal Corporation, 2022; 2. 21




Process for Calculating the Emissions in Sanitation Sector
............................................................ cormula for calculating overal
sanitation chain direct emissions:

Sanitation emission calculation :

(U x T x EF) x (TOW-S)-R

Conveyance Treatment Conveyance

User
Interface

Containment

t Reuse

Conveyance Conveyance

TOW (total organics in wastewater) = Volume of wastewater generated
x BOD

BOD wastewater, sludge

BO - Maximum Methane Producing factor

MCF - Methane Correction factor
Pumping Treatment

Emission Factor = (BO x MCF)
Step 1: Calculate the total organics in wastewater generated - (i.e., TOW) S = Sludge Removed

U = Population fraction

Formula used : TOW = P * 0.001 * 365 * BOD— 1 TOW for Ichalkaranji = 54,53,501 kg
BOD/ year

T = Degree of utilisation

O©W 0 N 6o U1 A W N =

. . R = Methane Recovered or captured
P = population of city

BOD value - Use of value five-day BOD (country Value used for Ichalkaranji
specific and state specific value are provided

0.001 - is used for conversion of BOD from gm to kg L LELRRe S
BOD value - 40.5 (standard selected

365 — Number of days in inventory year for Maharashtra state)

s T CEPT Source : Deborah, B., Michael, D. S., Yoshitaka, E., Juraj, F., Céline, G., Gregory M, P., . .. M, K. (2019). 2019 Refinement to the 2006 IPCC Guidelines for National
CWAS i Saniann CR DF Femnormon FIIJERSITY Greenhouse Gas Inventories - Wastewater treatment and discharge . IPCC, pg — 6.21 - 6.22 22




Process for Calculating the Emissions in Sanitation Sector
............................................................ cormula for calculating overal
sanitation chain direct emissions:

Sanitation emission calculation :

(Ux T x EF) x (TOW-S)-R

Conveyance Treatment Conveyance

User
Interface

Containment

1 TOW (total organics in wastewater) = Volume of wastewater generated
x BOD
2 BOD wastewater, sludge
Reuse 3 B0 - Maximum Methane Producing factor
C 4  MCF - Methane Correction factor
................................
5  Emission Factor = (BO x MCF)
Step 2 : Calculate the total organics in wastewater generated for different pathways

6 S = Sludge Removed

Formula used : TOW; = — 12 TOW for Septic tank system =
7 U = Population fraction

a. TOW, - Total organics in WW for different

income groups and treatment pathways This process will be repeated for 8 T =Degree of utilisation

.. different [?athw.ays.a.nd'lncome. groups 9 R = Methane Recovered or captured

b. TOW - Total organics in WW as per their availability in the city

c. U; - fraction of population in income group i in o

inventory year Value used for Ichalkaranji

d. T; - degree of utilization of treatment facility R OWE St e 0INkgIEOR Ayedr Derived using the equation 1

for each grou - .. . .

group c.U;-100 % Consider 100 % population is urban and all are strata of high-income group

e. |, — addition of industrial BOD to Domestic — -
WW standard is consider 1.25 for collected and 1 d. T;-48 % As 48 % of population is dependent on on-site system

for uncollected as per IPCC

AND DEVELOPMENT

CWAS e CR DF CERTRESEARCH CEPT Source : Deborah, B., Michael, D. S., Yoshitaka, E., Juraj, F., Céline, G., Gregory M, P., ... M, K. (2019). 2019 Refinement to the 2006 IPCC Guidelines for National 23
AL SAHTAT A FounDATIEN S ERSITY Greenhouse Gas Inventories - Wastewater treatment and discharge . IPCC, - 6.22 -6.26




Process for Calculating the Emissions in Sanitation Sector

Formula for calculating overall
sanitation chain direct emissions:

Sanitation emission calculation :

(U x T x EF) x (TOW-S)-R

Conveyance Treatment Conveyance

User
Interface

Containment

1 TOW (total organics in wastewater) = Volume of wastewater generated
: x BOD
) 2 BOD wastewater, sludge
1 Reuse 3 B0 - Maximum Methane Producing factor
C : 4  MCF - Methane Correction factor
................................
5  Emission Factor = (BO x MCF)
Step 3 : Calculating the Emission factor for the containment facility
6 S = Sludge Removed
EF for Septic tank system = 0.6 * 0.5
Formulaused: EF = BO * MICF — 3 0.3 kg CH4/ kg BOD 7 U = Population fraction
a. EF— Emission Factor This process will be repeated for 8 T =Degree of utilisation
: . different pathways and treatment R = Methane R d d
Varies as per technology and pathway options available in the city 9 = Methane Recovered or capture
b. BO - Maximum Methane producing factor .e
Remains fix and is provided by IPCC which Value used for Ichalkaranji
is 0.6 kg CH4/kg BOD b. B0 - 0.6 kg CH4 / kg BOD Standards provided by IPCC
¢. MCF — Methane Correction factor c. MCF - 0.5 (ranges from 0.4 Average value is considered
Changes as per the technologies and - 0.72) for septic tank
pathways adopted, is also provided by IPCC
for different treatment types and pathways Similar process need to followed based for calculating emission factor for other systems
e CEPTRESCARCH CEPT Source : Deborah, B., Michael, D. S., Yoshitaka, E., Juraj, F., Céline, G., Gregory M, P., ... M, K. (2019). 2019 Refinement to the 2006 IPCC Guidelines for National
CWAS L a4 CR DF Feuniion JUIERSIT Greenhouse Gas Inventories - Wastewater treatment and discharge . IPCC, pg — 6.18 — 6.21 24




Process for Calculating the Emissions in Sanitation Sector

Formula for calculating overall
sanitation chain direct emissions:

Sanitation emission calculation :

(Ux T x EF) x (TOW-S)-R

Conveyance Treatment Conveyance

User
Interface

Containment

=
1 TOW (total organics in wastewater) = Volume of wastewater generated
x BOD
2 BOD wastewater, sludge
Reuse 3 B0 - Maximum Methane Producing factor
Conveyance 4  MCF - Methane Correction factor
......................................
5  Emission Factor = (BO x MCF)
Step 4 : Calculating the Sludge component removed from the containment
6 S = Sludge Removed
EF for Septic tank system =
Formula used : Sseptic = 4 26,17,680 * 0.2 * 0.01 7 U = Population fraction
. 8 T =Degree of utilisation
a. TOW i — TOW of septic tank J
O R = Methane Recovered or captured
b. F - % of population cleaning their septic tank as per ve
a. TOW i — 26,17,680 kg BOD/ year From equation 2 b. F - 1 % of population emptying
) ) septic tank as per compliance
c. 0.5 — fraction of organics removed as sludge c. 0.5 - 0.2 (as septic tanks in Indian
from the WW in septic tank context doesn’t remove half of organic As the efficiency of septic tank is
content expected to reduce by 30 to 40 %
CWAS s CR DF CEPTRESCARCH CEPT Source : Deborah, B., Michael, D. S., Yoshitaka, E., Juraj, F., Céline, G., Gregory M, P., ... M, K. (2019). 2019 Refinement to the 2006 IPCC Guidelines for National 25
L ST FounoTIon JNIVERSITY Greenhouse Gas Inventories - Wastewater treatment and discharge . IPCC, pg — 6.28




Process for Calculating the Emissions in Sanitation Sector

Formula for calculating overall
sanitation chain direct emissions:
User

: Sanitation emission calculation :
Interface :

(U x T x EF) x (TOW-S)-R

Conveyance Treatment Conveyance

Containment

1 TOW (total organics in wastewater) = Volume of wastewater generated
: x BOD
) 2 BOD wastewater, sludge
I t Reuse 3 B0 - Maximum Methane Producing factor
: 4 MCF - Methane Correction factor
..............................
5  Emission Factor = (BO x MCF)
Step 5 : Calculation of emission from the containment facility
. 6 S =Sludge Removed
Formula used : Emission = EF for Septic tank system =
) containment ™ 0.3 * (26,17,680 - 4964) - 0 7 vu-= Population fraction
7,33,414 kg CH4/ year
(TOW; -5) " EF-R 5 . . 8 T =Degree of utilisation
This process will be repeated for
. different pathways and treatment O R = Methane Recovered or captured
a. TOW;- TOW for particular pathway options available in the city
b. EF - Emission factor for particular pathway Value used for Ichalkaranji Derved
erive
a. TOW; - 26,17,680 kg BOD/ year Derived using equation 2 b. EF-0.3 using
c. S - Sludge component removed from the TOW equation 4
c. S - 4964 kg BOD / Year Derived using equation 4
d. R - Amount of Methane recovered from the TOW in d.R-0 As methane captured process is not available at Ichalkaraniji
WW

Similar process need to followed based for calculating emission factor for other systems

CWAS s CR DF CEPTRESCARCH CEPT Source : Deborah, B., Michael, D. S., Yoshitaka, E., Juraj, F., Céline, G., Gregory M, P., ... M, K. (2019). 2019 Refinement to the 2006 IPCC Guidelines for National 26
10 STATCN FaUNDATION JUIERSITY Greenhouse Gas Inventories - Wastewater treatment and discharge . IPCC, pg — 6.17




Process for Calculating the Emissions in Sanitation Sector

Formula for calculating overall
sanitation chain direct emissions:

Sanitation emission calculation :

(U x T x EF) x (TOW-S)-R

Conveyance : Treatment Conveyance

User
Interface

Containment

1 TOW (total organics in wastewater) = Volume of wastewater generated
: x BOD
.................................................. L 2  BOD wastewater, sludge
1 Reuse 3 B0 - Maximum Methane Producing factor
Conveyance Pumping N Conveyance 4  MCF - Methane Correction factor
5  Emission Factor = (BO x MCF)
Step 6 : Calculation of emission from the conveyance
6 S = Sludge Removed
Formula used : Fuel consumed * EF for Septic tank system = 7 , ,
Emission factor? 6 1.(288 *2 * 2.5 * 1.5) U = Population fraction
2.2160 * 2.5 N

a. Fuel Consumed: 3.5400 * 2.7 8 T = Degree of utilisation
O R = Methane Recovered or captured

Derived using following considerations 14.58 Tons CO2/Year

1. Trip performed by vehicle (A) Value used for Ichalkaranji

a. working days (288) * b. Avg. trip length (2.5) *
c. Avg. septic tank cleaned daily (1.5)* d. number of a.A.a =288, Ab =25 Ac=15Ad=2B=8Km/, Database for desludging as
\2/ehll-\cles (2) f the desludai hicle (B) received from city
. Average of the desludging vehicle o - -
3. Total fuel consumed (C) b. EF-2.7 Standard emission after using 1 liter of fuel

Similar process need to followed based for calculating emission from the vehicles used in sanitation
service provision

CWAS s CR DF ey CEPT Source: 1. https://connectedfleet.michelin.com/blog/calculate-co2- 27
AL SANITATIGH FOUNDATION S ERSITY emissions/#:~:text=0ne%20litre%200f%20diesel%20creates, has%20emitted%20in%20a%20month.; 2. Drainage and health dept, Ichalkaranji Municipal Corp., 2022

b. EF — Emission factor for fuel used



https://connectedfleet.michelin.com/blog/calculate-co2-emissions/#:~:text=One%20litre%20of%20diesel%20creates,has%20emitted%20in%20a%20month
https://connectedfleet.michelin.com/blog/calculate-co2-emissions/#:~:text=One%20litre%20of%20diesel%20creates,has%20emitted%20in%20a%20month

Process for Calcu

Conveyance

User
Interface

Containment

lating the Emissions in Sanitation Sector

Formula for calculating overall
sanitation chain direct emissions:

Sanitation emission calculation :

(U x T x EF) x (TOW-S)-R

Treatment Conveyance

1 TOW (total organics in wastewater) = Volume of wastewater generated
x BOD
.................................... 2  BOD wastewater, sludge
I t Reuse 3 B0 - Maximum Methane Producing factor
Conveyance : — N Conveyance 4  MCF - Methane Correction factor
BusssssnsssssnsssssssnEsnannEnnnnn - 5 Emission Factor = (BO X MCF)
Step 7 : Calculation of indirect emission from the pumping activities
6 S = Sludge Removed
Formula used : Energy consumption’ x Indirect emission from energy used for ' '
Emission factor of thegrid? ———— 1 7 pumping wastewater = 7 U= Population fraction
2.2*10 A5 *0.024
8 rT-= Degree of utilisation
5.4 Tons CO2/Year 9 R = Methane Recovered or captured
a. Energy consumption in units
b. EF - Grid Emission factor for energy source Value used for Ichalkaranji
. L. a. Units - 2.2 * 1075 KWH Database for desludging as received from city
No direct emission measured as IPCC
[ ::cgt%t:s;';s(;‘;owmg sewer emission b. EF - 0.024 CO2/KWH Standard grid emission factor for Hydro based energy generation
—> In process of generating evidences for showing that conveyance through closed flowing sewer and pumping contribute to direct emissions

Ceniks CEPTRESEARCH
‘ WAS TR ‘ R D F AND DEVELOPMENT C!_EF..’T__. ST
MO Tan FOUNDATION JERSIT

Source: 1. Drainage dept. and Electricity dept, Ichalkaranji Municipal Corp., 2022; 2. https://www.waterpowermagazine.com/opinion/opinionan-important-role-to-play-

10564801/; 3. Deborah, B., Michael, D. S., Yoshitaka, E., Juraj, F., Céline, G., Gregory M, P., . .. M, K. (2019). 2019 Refinement to the 2006 IPCC Guidelines for National 28
Greenhouse Gas Inventories - Wastewater treatment and discharge . IPCC, pg — 6.20
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Process for Calculating the Emissions in Sanitation Sector

Conveyance

User
Interface

Containment

g, -

Conveyance

Pumping

Treatment Conveyance

Reuse

Conveyance
Treatment

Step 8 : Calculation of Sludge remove from aerobic treatment facility

Formula used :
Smass * Krem * 1000

a. S,,.ss — Amount of Sludge removed as dry mass

Sludge aerobic :

8

6200" * 0.82

4964 Kg BOD/Year

b. K,,,..s — Sludge factor provided by IPCC based on

treatment type

CENIEH CEFTRESEARCH
o ER AND DEVELOPMENT
ADD SAKITATHIN FOUNDATION

CEPT
JNI/ERSITY

Value used for Ichalkaranji

Formula for calculating overall
sanitation chain direct emissions:

Sanitation emission calculation :

(U x T x EF) x (TOW-S)-R

TOW (total organics in wastewater) = Volume of wastewater generated
x BOD

BOD wastewater, sludge

BO - Maximum Methane Producing factor

MCF - Methane Correction factor

Emission Factor = (BO x MCF)

S = Sludge Removed

U = Population fraction

T = Degree of utilisation

O©W 0 N 6o U1 A W N =

R = Methane Recovered or captured

a. S, — 6200 Kg / year

Database from STP of IMC

b. K., - 0.8

Standard value for the Aerobic treatment plants with primary
treatment provided by IPCC

Source: 1. Drainage dept. and Electricity dept, Ichalkaranji Municipal Corp., 2022; 2. Deborah, B., Michael, D. S., Yoshitaka, E., Juraj, F., Céline, G., Gregory M, P., . 29
.. M, K. (2019). 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories - Wastewater treatment and discharge . IPCC, pg — 6.27




Process for Calculating the Emissions in Sanitation Sector

Conveyance : Treatment
User :
Interface
Containment
=
Conveyance .
Pumping Treatment

Step 9 : Calculation of emissions from the treatment facil

Formula used :

9

a. EF - Emission factor for particular pathway :
BO * MCF = EF

b. U - Fraction of population dependent on sewer
network

c. T - Degree of utilization of type of treatment facility

d. TOW_ jiectea— VOlume of WW collected by
sewer network * inlet BOD of STP?

Conveyance

Formula for calculating overall
sanitation chain direct emissions:

Sanitation emission calculation :

(Ux T x EF) x (TOW-S)-R

1 TOW (total organics in wastewater) = Volume of wastewater generated
x BOD
2 BOD wastewater, sludge
Reuse 3 B0 - Maximum Methane Producing factor
4  MCF - Methane Correction factor
Conveyance

""" 5  Emission Factor = (BO x MCF)

ity
6 S =Sludge Removed

Indirect emission from energy used for

0.33*0.18 * 0.165 * (22,49,569 - 4964) o
8 rT-= Degree of utilisation
O R = Methane Recovered or captured

Value used for Ichalkaranji

a.U-0.33 Database from IMC related to % of population dependent on sewer

b. EF-0.18, BO - 0.6; MCF - 0.3

Standards provided by IPCC from different treatment facilities

c. T-0.165; (0.33 * 0.5)

% Population dependent on sewer * % of WW treated

e. S1 - Sludge component removed from the WW d. ST - 4964 From eq. 8
CWAS s CR DF CEPTRESCARCH CEPT Source: 1. Drainage dept., Ichalkaranji Municipal Corp., 2022; 2. Deborah, B., Michael, D. S., Yoshitaka, E., Juraj, F., Céline, G., Gregory M, P., ... M, K. (2019). 30
L SR A Feuniion JUIERSIT 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories - Wastewater treatment and discharge . IPCC, pg — 6.20




Process for Calculating the Emissions in Sanitation Sector

Conveyance
User
Interface
Containment
=
Conveyance
Pumping

Treatment Conveyance

Reuse

Conveyance
Treatment

Step 10 : Calculation of indirect emissions from the treatment facility

Formula used :

10 pumping wastewater =
9.2*10 A5 *0.024
a. Energy consumption in units
b. EF2 - Grid Emission factor for energy source Value used for Ichalkaranji

CEMIER CERTRESEARCH
‘ WAS TERWATER ‘ R D F AMD DEVELOPMENT C!_EF..’T__. ST
AND SAMTATIN FOUNDATION JERSIT

Indirect emission from energy used for

Formula for calculating overall
sanitation chain direct emissions:

Sanitation emission calculation :

(U x T x EF) x (TOW-S)-R
TOW (total organics in wastewater) = Volume of wastewater generated
x BOD
BOD wastewater, sludge
BO - Maximum Methane Producing factor
MCF - Methane Correction factor
Emission Factor = (BO x MCF)
S = Sludge Removed

U = Population fraction

T = Degree of utilisation

O©W 0 N 6o U1 A W N =

R = Methane Recovered or captured

a. Units - 9.2 * 10A5 KWH

Database received from electricity dept. of IMC

b. EF - 0.024 CO2/KWH

Standard grid emission factor for Hydro based energy generation

Source: 1. Drainage dept. and Electricity dept, Ichalkaranji Municipal Corp., 2022; 2. https://www.waterpowermagazine.com/opinion/opinionan-important-

role-to-play-10564801/;

31
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Process for Calculating the Emissions in Sanitation Sector

Formula for calculating overall
sanitation chain direct emissions:

Sanitation emission calculation :

(Ux T x EF) x (TOW-S)-R

Conveyance Treatment Conveyance

User
Interface

Containment

1 TOW (total organics in wastewater) = Volume of wastewater generated
x BOD
2 BOD wastewater, sludge
3 B0 - Maximum Methane Producing factor
4  MCF - Methane Correction factor
Conveyance Pumping restment Conveyance ' .
------------------------------ 5 Emission Factor = (BO X MCF)
Step 11 : Calculation of emissions from open discharge
6 S =Sludge Removed
Formula used : Open discharge emission = ' -
11 0.06 * 0.23 * 0.5 * (867346 - 0) 7 U = Population fraction
- . 8 rT-= Degree of utilisation
a. EF - Emission factor for particular pathway :
BO * MCF = EF O R = Methane Recovered or captured
. . . . Value used for Ichalkaraniji
b. U - Fraction of population doing open discharge
a.U-23% percentage estimated using the database provided by IMC
c. T - Degree of utilization
b. EF - 0.06, BO - 0.6, MCF — 0.01 IPCC Factors provided
d- TOWuncotiectea = TOW for open discharge c. TOW,,,.coliected — BOD of open IMC STP quality reports and estimate values based on
discharge WW (118)2 * Total TOW IMC water and WW data

e. S - Sludge component removed from the TOW

Source : Deborah, B., Michael, D. S., Yoshitaka, E., Juraj, F., Céline, G., Gregory M, P., ... M, K. (2019). 2019 Refinement to the 2006 IPCC Guidelines for National

Lt!\lk:l CEPTRESEARCH CEPT . . .
CWAS o S tarion CR DF Foumoion JNIERSITY Greenhouse Gas Inventories - Wastewater treatment and discharge . IPCC, pg — 6.20; 2. Drainage dept. IMC, 2022 32




Process for Calculating the Emissions in Sanitation Sector

Conveyance Treatment Conveyance
User
Interface
Containment .
BN 5.9%
o . (] \
t Reuse
C Open
onveyance . Conveyance :
: Pumping Treatment dlscharge ;
B NN NS NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NSNS NN NN NS NN NS NN NSNS NSNS NSNS NS NN NN NS NN NN NSNS NN NSNS NSNS NN NN NS NN NSNS NSNS NN NS NN NSNS NS NN NS NN NSNS NSNS NN NSNS NN NS NN NN NN NN NS NN NSNS NSNS NN NSNS NSNS NEEEEEEEEEEEEEEE -
Step 12 : Calculating overall direct methane Step 13 : Calculating overall indirect emissions from
emissions from sanitation sector sanitation sector

Formula used : addition of
12 all emission relatedtothe —— | 13

Formula used : addition of all

pathways energy and fuel use
Onsite emissions — 733.4 tons CH4 / year Indirect emission at pumping - 5.4 tons CO2 / year
Sewer emissions — 177.8 tons CH4/ year Indirect emission at WW treatment - 22.3 tons CO2

/ year

Open discharge emissions — 59.8 tons CH4/ Year

Total CH4 emissions — 971 tons CH4/ Year Total indirect emissions — 27.7 tons CO2/ Year
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