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Abbreviations

ASI Annual Survey of Industries

CO; Carbon dioxide

COze Carbon dioxide equivalent

CPCB Central Pollution Control Board

CPHEEO Central Public Health and Environmental Engineering Organisation
CSE Centre for Science and Environment

CAGR Compound annual growth rate

CH, Methane

DOC Degradable organic carbon

FOD First Order Decay

GDP Gross Domestic Product

GHG Greenhouse gs

GWP Global Warming Potential

IPCC Intergovernmental Panel on Climate Change

MCF Methane Correction Factor

MOSPI Ministry of Statistics & Programme Implementation
Mil. tonnes Million tonnes

NEERI National Environmental Engineering Research Institut
NSSO National Sample Survey Office

N0 Nitrous oxide

QA Quiality Assurance

QC Quality Control

SAIL Steel Authority of India Limited

STP Sewage Treatment Plant

SPCB State Pollution Control Board

UNFCCC United Nations Framework Convention on Clima@hange
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estimates.
1.0 September | Thi s draft methodol ogy note includ
28, 2017 statelevel GHG emissions for the period 202013 for the Waste Sector,

prepared by ICLEI South Asia under the GHG Platform India initiative
(www.ghgplatforrvindia.org.

This document is undergoing a peer review process, however, any change
may be made further will not have an impact on the figures and estimates.
the review process is completed, the finaadiment will be uploaded and th
same shall be updated in this section.
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Executive Summary

Brief Information on GHG estimates

The Waste Sector contr i but eesonomywide3statelevel GHG dmisslon a 6 s
(including land use,rd use change and forestry) in 2013 as per estimates prepared by the GHG Platform
Indid. The key sources of GHG emission included in ttatelevel Waste sector emission estimates from
2005 to 2013 are solid waste disposal, domestic wastewater treatnesrd discharge, and industrial
wastewater treatment and dischargilethane (CH) is produced and released into the atmosphere as a by
product of the anaerobic decomposition of solid waste and when domestic and industrial wastewater is
treated or disposed aerobically. Nitrous oxide (BD) emissions occur due to the protein content in
domestic wastewater.

I ndi ads ¢r(6HQ) énossiane fomgtlee sWaste sectorare estimatedto amount to 93.78 million
tonnes (M. tonneg of carbon dioxide equivalent (C®) inthe year2013. This representsn increase ofl.29
Mil. tonnesCO.e, or 1.4%, on the emissions recorded in 2012, ancbanulativeincrease 026% (i.e19.16 Mil.
tonnesCO.e) above 2005 levels.

Table 1: GHG emission for Wast e sector in India in 2005 and 2013

EMISSION IN MIL.
TonNEs oF CO e
BASED ON GLOBAL

EMISSION IN MIL.
ToNNES OF CO e
BASED ON GLOBAL

W ARMING POTENTIAL WA PERCENT CHANGE (2005-2013)
POTENTIAL VALUES
VALUES FROM IPCC
FROM IPCC FIFTH
SECOND A SSESSMENT
3 A SSESSMENT
REPORT
SECTOR/ SUB-SECTOR RePORT#
EMISSION EMISSION
BASED ON BASED ON
2005 2013 2005 2013 IPCC IPCC FIFTH
SECOND ASSESSMENT
ASSESSMENT REPORT
REPORT
4. Waste 74.62 93.78 92.00 | 116.28 25.7% 26.4%
4A. Solid Waste Disposal 7.05 10.85 9.39 14.47 54.0% 54.0%
_4A2. Unmanaged Waste 7.05 10.85 9.39 14.47 54.0% 54.0%
Disposal Sites
4D. Wastewater Treatment 67.57 82.93 82.61 | 101.81 22.7% 23.2%
and Discharge
4D1. Domestic Wastewater | 43 g, 58.94 5094 | 69.83 34.5% 37.1%
Treatment and Discharge
4D2. Industrial Wastewater | 54 75 23.99 3167 | 31.98 1.0% 1.0%

Treatment and Discharge

Major Inventory developments and Calculations:

Subnational emission estimates at the slaiel have been prepared for the first time under the GHG
Platform Inch.

! Available at http://www.ghgplatform-india.org/economy-wide-emission-estimates

2l ndi aés Second issidn Reportad012 @ral nhenBiemnial Update Report, 2015 both use 100 year GWP values
from the IPCC Second Assessment Report, 1996. To ensure consistency with the official GHG inventory submissions, the
estimates indicated in terms of CO.e throughout this note, (with the exception of Table 1 and Table 18) are based on the GWP
values from the IPCC Second Assessment Report, 1996

3 100-year GWP values specified for the 3 GHGs considered for the Waste Sector are CO2: 1, CH4: 21, N20: 310 as per the
IPCC Second Assessment Report, 1996, Technical Summary, Table 4.

Available at https://www.ipcc.ch/ipccreports/sar/wg_l/ipcc_sar wg | full report.pdf

4 100-year GWP values specified for the 3 GHGs considered for the Waste Sector are CO2: 1, CH4: 28, N20: 265 as per the
IPCC Fifth Assessment Report, 2014, Climate Change 2014: Synthesis Report, Box 3.2, Table.

Available at https://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5 FINAL full.pdf
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1 Estimates for solid waste disposadver disposal of municipal solid waste generated in urban areas
and consider parameters such asolid wastegenerationrates, composition and the proportion of
solid waste undergoing treatmespecificto each state

1 The estimates for domestic wastewater treatment and discharge cover urban areas as well as rural
areas across the states in Indi@aH, emissionestimatesfor domestic wastewatefactor in state
specific conditions including the availabitifyseveral ypesof wastewater disposal facilities in urban
and rural households, the extent of wastewatgeatment, and the technologies that are used for
treatment. State specific values of per capita protein intake have been used to estim@te N
emissions from domstic wastewater.

1 Emission estimates from treatment and discharge of industrial wastewater cover 10 industry sectors
including Iron and Steel, Fertilizers, Meat, Sugar, Coffee, Pulp and Paper, Petroleum, Rubber, Dairy,
and Tannery, whichgenerate significd organic wastewaterand lead to GHG emissionsCH,
emissions from industrial wastewater are estimated based on available data prettaentindustrial
activity by state

Summary of GHG emission trends:

GHG emissions from the Waste sector haucreased at @ompound annual growth rateCAGR) of 2.9%for
the reporting periodof 20052013.
1 Emissions from solid waste disposal have registered the highest CAGRB%famong the 3 sub
sectors.
1 GHG emissions from the domestic and industrial wastewhatea/e grown at CAGR 08.8% and).12%
respectivelyon average from 2005 to 2013.

The trend of theaggregate statkevelemission is observed to bguite steady with a relatively higher riseen
betweenthe year 2010and 2011 (see Figure 1)argely dueto the corresponding increase the estimated
domesticwastewater emissions

The Waste sector relatedGHG emission intensity of ndi ad s gr oss GD®Pmemaset bnc produ
aggregated state emissiofis,observed to have decreased b992 in 2013 asampared to the base year of

2005, falling at a CAGR 6#.2% per year in th period from 2005 to 2013. Per capita emissions from the

Waste sector based on state aggregategre seen to rise at a CAGR df.2% per annum from 2005 to 2013.

Highlights on m ajor emitting source categories:

1 GHG emissios from domestic wastewatetreatment and discharge (4DHave accounted forthe
highest sharein the sector over the reporting period, contributing to nearly26% of the total
aggregated statlevel Waste secor emissionin 2013. Average per capita state GHG emissions
related to domestic wastewater for the urban populatiarere higher by32%as compared to that for
the rural populationin 2013

1 Industrial wastewater treatment and dischar@?2) had the 2° largest contribution (%.6%) to the
aggregate statkevel Waste sector GHG emissions 2013 with Pulpand paper, Coffee, Meat and
Tannery observed to be critical industries having high specific GHG emission.

91 Disposal of solid wasté4A) contributed to 11.6% of theaggregated statlevel emissions from the
Waste sectorin 2013, withincreased generatioand changing waste compositidriving therise in
emissionscross states
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Figure 1: Aggregate State -level GHG Emis sion for the Waste Sector, 2005 -2013
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Introduction

1.1 Background Information on GHG estimates

GHG Estimates Reporting

The GHG Ratform-Indiais an Indian Civil Societinitiative that aims to provide estimation and analysis of

I ndi ads GHG oss diffeertt iseztars such @s energy, industry, waste and agriculture, livestock,
forestry, and landise and landise change sectorsl h e p | aovefalb objedies are to complement
existing efforts of the Indian government, such as the National Conration and Biennial Update Report

process of the UNFCCC, by helping address existing data gaps and data accessibility issues, extending beyond
the scope of national inventa@s, andto drive an informed policy dialogue within the country on tlHG

emissbns inventory and the possibility to reduce emissions in the decades ahead.

The entire exercise of reporting GHG emission estimates frtima Waste sector aims to contribute towards
analysing and putting together all the existing activity data and emfssimms that could be used fow aste
sector GHG emissionestimationsunder the GHG Platform IndiaThe various sourcesised for gathering
activity data for estimatigngapsidentified in the datasets, and recommendations to improve reliability and
accuracyof emission estimation processémve been put forward tahe Government of India for further
actions.

GreenhouseGases

The emission estimatioscopecovers three GHGs currently: Carbon Dioxide (CQ), Methane (CH), Nitrous
Oxide (N20O). Activities in he Waste sector lead to emission of two GHGs, namely &Hd N.O, both of
which are accounted under the estimat&€3,is produced and released into the atmosphere as -gimguct

of the anaerobic decomposition of solid waste and when domestic and inalustaistewater is treated or
disposed anaerobically. A smaller amount @ONemissions occur from the disposal of domestic wastewater
into waterways, lakes or seas due to the protein content present in domestic wastewater.

Key SourceCategories Subcategaies:
As per the Intergovernmental Panel on Climate ChandBQQ reporting structure, he following source
categories and subategoriesunder the Waste sectorhave been considered in thestatelevel emission
estimation The relevant gases consideredder eachsubdcategoryis also indicated
1 4A Solid Waste Disposal
0o 4A2 Unmanaged Waste Disposal Sit€3H,
1 4D Wastewater treatment and discharge
0 4D1 Domestic Wastewater Treatment and Dischar@eH, & N,O
0 4D2 Industrial Wastewater Treatment and Dischar@H,

The source categories and swghtegories consideredor the statelevel estimatear e in | i ne with
Second National Communication and the Biennial Update Report 2010.

GHG estimation period

The time period forStatelevel estimationss from 205 6 2013 in consonance witlthe estimation period
considered in the National level estimatpsepared under the phask of the GHG India Platforml ndi a d s
Nationally Determined Contributiorunder the Paris Agreement, 201érgets reducing the emissionténsity

of its economy by 3835% by the year 2030 as compared to that in the base year of 2005. Therefore, this
emission estimation exercise for the Waste sector has selected the same base year of 2005,

To ensure consi stency watibnhRedonsdandah® BienNia tUpdatenReport ZDaONM MU n |
the stateemission inventory for all subectors ha beenprepared on a calendar year basis.
1 Activity datasetdor industrial productionfor industrial wastewateemissionestimationsavailable on
finandal year basis & been converted to calendar year datasets for a given calendar year by
considering 3/4th of the value from the previous financial year (corresponding to 9 months from April
to December out of 12 months in a year) and 1/4th from the néixiancial year (corresponding to 3
months from January to March out of 12 months in a yeamjlustrial production data on monthly
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basis is not available in the datasets used for the industry sectors in this assessment and thereby the
above approach is agted to convert the activity data to calendar year basis.

1 Forinstancemost of the production data fothe industrysectorsunder considerations available on
a financial year basi3/4th of the production @ta from the financial year 20@% and 1/4thof the
production data from the financial year 2806 has been considered and added together to estimate
the productiondata for the calendar year 20p0&nd so on.

1.2 Institutional Arrangement and Capacity
The GHG India Platform is a collaborative effort ofvarious civilsociety organizations. The institutional
arrangement is given in the figure below.
1 The project is funded by Shakti Sustainable Energy Foundation.
1 Vasudha Foundation holds the secretariat for tHatform and is responsible for the GHG emsisn
estimates for AFOLU sector.
1 ICLEI® Local Governments for Sustainability, South Asia (ICLEI South Asia) is responsible for GHG
emissions estimates for waste sector.
1 Center for Study of Science, Technology and Policy (CSTEP) is responsible for @Gf#Sioa
estimates for energy sector.
1 Council on Energy, Environment and Water (CEEW) is responsible for GHG emission estimates for
industrial processes and product use sector.
1 World Resources Instituteéndia(WRI Indig is responsible for peer review astimations done by all
partners previously mentioned.

Figure 2: Institutional Arrangement for GHG Platform - India

Shakti Sustainable Energy
Foundation
(Funder)

CEEW
(Responsible for IPPU sector)

WRI India
(Peer Reviewer)
Vasudha Foundation
(Secretariat and responsible fo
AFOLU sectorestimates) (

CSTEP
Responsible for energy sector

ICLEI
(Responsible forwaste sector)

ICLEI South Asia works with national and state level governments in different capaCities South Asia staff

is and has been part of advisory/expert committees for informing policy and decision making at the national
and state level (solid waste management, national mission on sustainable habitat, etc.). ICLElI South Asia is
nominated as a preferred consultant dtelivering services to local authorities by the national government
under various schemes such as the SMART CITIES programme (empaneled consultants in 5 states), the
Swachh Bharat Mission (national government empaneled consultants and state level comeitieers and
facilitators in Rajasthan), HRIDAY schemeenpanellectity anchors in 3 cities in India), preferred consultants

in the Solar City programme of the Ministry of New & Renewable Energy (out of 55 participating cities, ICLEI
South Asiahas suppomd the preparation of solar city master plans i6 Lities).ICLEI South Asia haadso
partnered with various national ministries in rolling out flagship programmeketed to waste and sanitation

sector such as the Service Level Benchmark programme batAreas (Ministry of Urban Development), the
National Urban Sanitation Policy (Ministry of Urban Development), the Swachh Bharat Missfondetg in 5

cities in Rajasthan and Maharashtra states).

ICLE} Local Governments for Sustainability also seéiksbuild an international policy environment that
strengthens local governments and supports local sustainadmityclimate mitigatianTo facilitate this, ICLEI
coordinates local government representation in several UN organizatlorGL Edntfibsitions in the form of

side events, publications, verbal interventions and official background papers have been a consistent, major
source of international attention to local initiatives and opportunities to enhance sustainabititynitigate

GHG emissions
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The following staff member s fr om Wwhigh iEd n gSeoguetdh iAns i la@ILlsE
portfolio of energy and climate mitigation projecteave been involved ithis assignment:

1 Emani Kumar, Deputy Secretary General of ICLEI Global andugxe Director, ICLEI South Asia:
Provided strategic inputs towards methodological approach for emission estimation and finalization of
the methodology note.

1 Soumya Chaturvedula, Deputy Directd?rovided expert inputs to steer the process to help prepare
and finalize this document including methodological approach, identification of datasets, assumptions
to close data gapserification and review of datasets and emission estimates for aisesttors to
help in finalization of this document.

1 Nikhil Kolsepatil, Manager Energy & Climate: Led overall preparation and finalization of this
methodology document. Coordinated and led tasks towards methodology preparation and
finalization, data identification, collection and estimate preparation, review ariddiiwal of data and
inventory estimates.

1 Anandhan Subramaniyam, Manag&nergy & Climate:Undertook data collection, research,
developing methodology for rural and urban domestic wastewater estimates, data validation and
estimate preparation for the donstic wastewater susector and drafted related sections in this
note.

1 Keshav Jha, Sr. Project OfficerEnergy & ClimateUndertook data collection, research, data
validation and estimate preparation for the industrial wastewater-sedior and drafted elated
sections in this document.

1 Sonali Malik, Project OfficerEnergy & ClimatetUndertook data collection, research, data validation
and estimate preparation for the municipal solid waste-settor and drafted related sections in this

document.
Revi ewersd Profile
Chirag Gajjar :
Chirag Gajjar is senior manager and |l eads mitigation

project management execution for WRI India. He is the focal point for carbon pricing and sdiased

targets work in India. He also focuses on GHG measurement and management for businesses, and engaging
with policy makers on longerm decarbonization strategies. He has been instrumental in supporting various
Indian businesses to adopt internal price on carbon.i$ithe project leader for WRI India on GHG Platform

India projectchirag.gajjar@wri.org

Subrata Chakrabarty :

Subrata Chakrabarty works with WRI®&s cl i matddndiar ogr am
(SEEG India Projects) which aims at creating credible and accurate national andestateGHG inventories

based on IPCC methods. His role includes reviewing the GHG estimation reports for various sectors such as
energy, waste, IPPU, AFOLU. In dithah, he leads the capacity building activities under India GHG Program

flagship initiative by WRI India, disseminating regional, sectoral and global best practices to create a culture of
inventorization and benchmarking of GHG emissions in Indiaalsie supports the team with the nedszhsed

work related to Science Based Targets and Internal Carbon Prigityata.chakrabarty@wri.org

1.3 GHG Estimation Preparation, Data Collection, Process and Storage

GHG Estimates preparation

ICLEI South Asihasestimatedthe statelevel GHG emissios for the Waste Sectorbased orthe 2006 IPCC

Guidelinedor National GHG Inventorieswith all relevant calculation approachaad default values of activity

data and enssion factors drawn from the guidelines as applicablee overall methodology and approach

adopted for thestatelevel estimates for th&Vaste Sectoris similar to that followed inthe phasell national

level estimatesof the GHG Platform Indisandinlhe wi th I ndi ads Secohaddthhat i onal

5 Available at https://www.ipcc-nggip.iges.or.jp/public/2006gl/
5 Ministry of Environment and Forests, Government of India (2012): India - Second National Communication Report, 2012 to
the UNFCCC, Available at: http://unfccc.int/resource/docs/natc/indnc2.pdf
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First Biennial Update Repdrisubmitted to theUnited Nations Framework Convention on Climate Change
(UNFCCQ). As indicated previously, specifiourcesubcategories included in the emission estimaies

1 4A2 Unmanaged Waste Disposal Sites

1 4D1 Domestic Wastewater Treatment and Discharge

1 4D2 Industrial Wastewater Treatment and Discharge.

The overall emissions reported for the Waste sector and related trend analysis included in this note is limited

to the period 20052013. Given that statéevel emission estimation is possible over the time period from
20052014 for the two source slt at egori es of ©04A2 Unmanaged Waste Di :
Wastewater Treat ment aittdof rBlévantdatasetgfer eardld, the aorreaporaing a
estimates for year 2014 have been included as well in the relevant methodological sections 3.4 and 3.5 for

these two source sulzategories in this document.

The emission estimates are basednmaiily onaggregatedecondary datacollectedby ICLEI South Asifiom
published documents and reports of relevant government departments, nodal agencies and research
institutions working at the state as well as national leuelthe Waste sector Interacions were held with
experts and representatives from some of thesgganizationsto seek inputs on data availability and the
emission estimatiomapproach where requiredThe methodological approachdopted and the emission
estimaton resultshave beerindized post gpeerreview by the WRI India team.

Planning and methodology improvement

With regardto emission estimationhe phasdl of the GHG Platform India project involved
1 expandinghe national time series of emissions estimatreparedin phase | (covering the years
20072012)for all sectors and3 gaseqCO,, CH,4, N2O) to the years 2005 to 2013or up to year
2014 subject to data availability)
1 preparation of a time series of emission estimates for all sectors andactiors for each Indianate
for the same period as the expanded national estimates

The inventory planning commenced withe project partners jointlyidentifying the activities and developing a
broad work plan to meet these objectiveSpecificwork plans and approaches wereasvn up byeach of the
sector leadsto undertake the exercise for theespectivesectors, including ICLEI South Asia for the Waste
sector. Detailed methodologies for preparation of the expanded natideaél estimates and the statevel
estimates were deeloped for each of th&ey source categories and stdategories.

A series of round tablesvere organizedin different regions of the countrynder the GHGPlatformIndiato

reach out to potenti al users of t hrehinBtitutionhsfesperte@rsl o ut p uf
the media. The round tables alsimed to capture feedback on the methodology, suitability of data sets,

analyses undertaken and conclusions based on ghaestonaldlevel emission estimates and to contribute to

ongoing workunder phasdl. ICLEI South Asia organized a sector roundtable in Kolkata and participated in

the regional roundtables organised llge Platform partners in Bangalore, Mumbai and Delhi. Based on

feedback received from the roundtables, it was decided tpaex the scope ofssessment to cover rural

areas as well in the phasiedomestic wastewater emission estirtat at both the nationalevel and the state

level

To prepare the statelevel emission estimates, secondary data resedeothstate level informgon was
undertakenacross theyears 2005to 2014 for all suksectors with regardto parameters such as industrial
production, domesti@and industrialvastewater generation rates, treatmeand dischargpathways, municipal

solid waste generation rates, st@ compositionetc. Interactions have been held with relevant departments
and institutions as needetlpdated information on activity data and related parameters that has been used in
the expanded phask nationallevel estimates has been incorporatedtiire statelevel estimates as wellhe
inventory development process involved regular discussions and reporting of progress between the project
partners. Reporting formats were also developkd clear and transparentocumenation and reporing of

the methodology and results of the emission estimat

" Ministry of Environment, Forest and Climate Change, Government of India (2015): India - First Biennial Update Report to the
UNFCCC. Available at http://unfccc.int/resource/docs/natc/indburl.pdf
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Internal quality control (QC) proceduresapplied to theemission estimatesclude generic quality checks in

terms of the calculations, processing, consisteanog clearecording and documentation aslifmvs:

1 The input activity data for each emission source -sabegory has been selected from that available in
different datasets by duly factoring in its relative tiseries consistency and temporal and spatial
applicability.

1 The input data in the calculan sheets has been checked internally for transcription errors on a sample
basis for all the 3 subectors.

1 The calculation spreadsheets have been checked for correct application of formulae, activity and factors
and to ensure that calculations are cent. Manual calculations have been carried out for a part of the
stateemission estimates in all 3 sgbctors to verify the spreadsheets results.

1 Appropriate recording, conversions, processing and consistency of measurement units for parameters and
emissbn has been checked across the reporting period.

1 The statewise emission estimates of each year of the reporting period have been compared to check for
consistency in trends and detect any major deviations which cannot be correlated with corresponding
changes in activity data and/or emission factors.

1 A sheet providing an overview of sector, level of aggregation, reporting period, authors, reporting entity,
version and usage policy has been included in the source category emission calculation spredusheets t
are linked to the main emission reporting spreadsheet. $tade emission calculation equations, relevant
data and parameter values used, intermediate formulae and cells wherein these are linked, and emission
results are clearly depicted in the caldida spreadsheets for all 3 stdategories

1 The reporting document has been checked to confirm all relevant references and secondary sources for
activity data and emission factors have been included and documented.

1 Emission source categories and stgtegries included and excluded in the emission estimates have been
transparently reportedn sections 1.7 and 3.3 of this not&ny known gaps in thstateemission estimates
along with rationale of assumptions used to address data gaps have been cleealgdidr each of the
subsectors in sections 3.4, 3.5 and 3.6.

Once thedraft statelevelemission estimates have beprepared, these have been peer reviewedtlhy WRI
teamand feedbackom the peer review process has been incorporateefore finaliation.

Data collection, processing and storage

To ensure that the estimates from the emission source categories represent the existing condition of waste
managemenacross the states ifndia, it has been sought to use counsyecificand statelevel data in the
assessment to the extent possibl€he data has been primarily collected through extensive secondary
research. Thedata collection exerciséocused on gatheringreliable information from published documents

and reports ofrelevantgovernment dpartmens, nodal agencies and reseaioltitutions includingCentral
Pollution Control Board (CPCBhand corresponding State Pollution Control Boards (SRGBg National
Environmental Engineering Research Institute (NEERfpusindustry departments ad associationsandthe
Ministry of Urban Developmentamong others Discussions on methodology, activity data available and
emission factors being used, were held witblevant organizationssuch as the CPCB, NEERI, industry
associations, and SP@Bpersa and over telephoneThe data collected was in various forms and units and
has beenassessed to ensure its applicability within the emission estimation boundaries and subsequently
processed for fether use.

The emission estimation methodeporting periad, boundariesyearwise activity data, emission factors and
relevant parameteralong withdata sourcesand anyassumptions to address gas)d statelevel emission

results have beertransparentlyrecorded in this reporting documenand in excel spreadsits to provide

clear understanding and to enable reconstruction of the emission estimations as required. All information
collected and compiled for the emission estimates has been archived electronically in separate folders for
future use as needed alomgth copies of relevant references or data sourc@he final emission estimates and
reporting documents are published and available on the GHG Platform India welsite.ghgplatform

india.org.
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1.4 General description of methodology and data sources

Estimation methods

The emission estimates for the Waste sector are based on the 2006 IPCC Guidelinésafamal GHG
Inventories(hereafter referred as 2006 IPCC Guidelineshe emission factors and activitiata used in the
emission estimates are a mix epecific statdevel data (where available) or nationédvel dataand default
values specified by the 2006 IPCC Guidelines. While usstai&level activity data has been prioritized,
nationallevel andPCC default values are used where requigiédiablestatelevelactivity datais not available.
State specific values of emission factoase used for the degradable organic carbon (DOC) content to
estimate CH emissions from solid waste disposal.

The tier method selected for each of th&-emissionsource sukcategories included in this assessment is
guided by the decision trees provided in the 2006 IPCC Guidelines and is based on data availsility.
estimation approach uses a combination Toér 1 and Tier 2 methods, with limitations in availability of
disaggregatesdtate or country specificlata and emission factors restricting useTaér 2 and Tier 3 methods.
Further details on théTiers used for the3-emissionsource subcategories irthe Waste seabr are provided in
the 3.4.2, 3.5.2 and 3.6.2 of this note for each of the-sabtors.

Activity data collected and relevant emission factors selected have been used to calculate emission estimates
using the following basic principle given in the 20080R3Tiidelines:

GHG emission= activity data x emission factor

Complex calculations and modéissed on thidasic principle are outlinefbr the Waste sectorin the 2006

IPCC Guidelines and used in the emission estimates for the Zatdgories includedithis assessmenfThe

emissions estimates have been reported in Table 1 and Table 18 in this note in terms.oéquialent

(CO2e) for CH, and NLO gases using the respective Global Warming Potential (GWP) values overyeaf0

time horizon, as providedy the IPCC in its Second Assessment Report, 2396l the latest updated GWP

values in the Fifth Assessment Report, 2014 | ndi ads Se c o n dionNRaporf and thé FirsC o mmu n i ¢
Biennial Update Repdrboth use 106year GWP values from the IPCC Second Assessment Report, 1996. To

ensure consistency with thefficial GHG inventory submissions, the estimates reported in terms oteCO

throughout this note,except for Table 1 and Table 18, use the GWP values from the IPCC Second
Assessment Report, 1996.

1. Solid waste disposal

Solidwastedisposaincludes CH emissons from solid waste collected and disposed at speuifiste disposal

sites This assessment considers disposal afnimipal solid wastewhich typically includes waste from
households, gardens and parks, and commercial and institutionalianedsan aeasacross the states of India

Given that solid waste in rural areas does not decompose under anaerobic conditions due to lack of waste
management and disposal facilities, emissions from rural solid wathe statesare considerednot to be

significaninl i ne wi th I ndi ads Se 8andthe FilstBiénnial dpaldte REp@Mmu ni cat i on

The First Order of Decay (FOD) method has been used to estanthie CH, emission from MSW disposal

over the years. The method assumes that the degradable organic component in waste decays slowly over a

few decades, during which Glb released. Based on t2906 IPCC guidandeon theF OD mo d e | and I nd
Second Natinal Communicatioh a period of 50 years isonsideredappropriate for CH emissions from a

given quantum of waste to come down to significant level. Therefore, hiseorical waste disposal and

resultant enissions have been estimatéat each statefor a period of 50 years prior to 2005 i.e. 192004

along with emissiongor the reporting period from 2005 to 2014.A combination of Tier 1 and Tier 2

approaches is used in th&tate emission estimationPrevdent waste management practices such as open
dumping/unmanaged landfill, waste characteristics and compositidper capita waste generation rates in

citiesacross Indian statdsave beerfactored in the methodology and emission estimation.

2. Domestic wastewater treatment and discharge

8 As per IPCC 2006 Guidelines, Vol. 5, Chapter 3: Solid Waste disposal.
Available at_http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/5 Volume5/V5 3 Ch3 SWDS.pdf
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Domestic wastewater emissions have been estimdtedCH., and N.O gases for the states oveahe period
20052014. The characteristics of the domestic wastewater and consequently the associated GHG emissions
vary from placeo place depending on factors such as economic status, community food intake, water supply
status, treatment systems and climatic conditions of the area. To accounhése variationsthe population
generating domestic wastewatéias been categorizeitto that residing inurban and ruralareas Domestic
wastewater treatment systems and pathways considered include centralized treatment plants, septic tanks, pit
latrines, open/closed sewers, and anaerobic digestes® Bimissions occurring as direct emimss from
treatment plants or from indirect emissions from wastewater after disposal of effluent into waterways, lakes or
the sea hae also been considered\ Tier 1 approach has been used to estimate Gtid NbO emissions for

this source category.

3. Industr ial wastewater treatment and discharge

The 10 industrial sectors considered in the assessment include Iron and Steel, Fertilizers, Meat, Sugar, Coffee,
Pulp and Paper, Petroleum, Rubber, Da@yd Tannerysectorswhich haverelativelyhighorganicwastevater
generationand thereby lead tosignificantCH, emissions on its treatment and dischargehe emission
estimation has beertonducted for years 200582013 due to unavailability of activity data ostatelevel
industrial production for the year 2014A Tier 1 approach has been used to estimaatewise CH,
emissions due to industrial wastewater treatment and discharge.

To ensure consistency across the sectorgyverall state emissions reported for the Waste sector in this

document are limited to the years 20052013. However, given that the relevant data for year 2014 is
available for the source subc at egori es of ©64A2 Unmanaged Waste Dispc
Wastewater Treat ment and Distate bstimatgefdr yeart2b1d havedbeen e s pond i
included in the relevant methodology sections of this note for these two source subcategories.

Data Sources

As indicated previously, it has been sought to gst&e andcountry-specific data in the emission estimates.
Activity data has beeprimaily sourcedfrom official data reported ipublicly availableeb-basedpublications
and statistical documentsof relevant central/state government departmentsnodal agenciesindustrial
departmentsand research institutions including NEERI, CPSBCB,Census of India, industry associations,
Ministry of Urban Developmerdnd others as indicated in thealble5.

The CPCB is a statutory government organization responsible for collecting informatiayeeration and
treatment of solid waste and wastewatdrom all states and send requisite directives for necessary measures
and therefore is a key source dctivity data relating to solid waste disposal and domestic wastewater.
Information on total volume of wastewater generated from industrial sectors tsavailablesither with the

CPCB the SPCB otthe relevant government departmentnd thus aTier 1 approachwhich uses industrial
production to estimate volume of wastewater generation is used in the case of industrial wastewater.
Therefore, data sourcesor statewise industrial production data for the @ sectors under consideration
include corresponding nodal industry departments and bodies, industry associations, and research/studies
conducted in these sectors.

NEERI is a government research institwterking on solid waste and wastewafein the country anchas also

been involvedn GHG emission estimation fathe Waste sectorin ndi ads Nat i onGvent@o mmuni c
experienceof NEERIin waste managemenpeerreviewed literature from NEERIhavebeen preferred as a

data source for activity data, emission factors and related parameters related to solid waste disposal as well as
domestic and industrial wastewatacross the statedData on historical per capita solid waste generation rates

have beertaken from a report published by The Energy Resources Institute (YER#ta on the population

and availability of different types of wastewater disposal facilities in households from the Census of India has

been used in the solid waste and domestic wagtter emission estimates.

° NE E R Ifodus areas on solid waste include technical and scientific research on solid waste quantification, solid waste
characterization, development of better and scientific solid waste management practices and treatment technologies, climate
change related issues such as methane emissions from solid waste disposal etc. With regard to wastewater, NEERI works on
research towards wastewater generation and management, physio-chemical characteristics, recycling and recovery for both
domestic and industrial wastewater along with technology development and design of wastewater treatment systems. Available
at www.neeri.res.in

10 TERI (1998): Looking Back to Think Ahead: Green India 2047"
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As mentioned earlier, discussions were conducted with experts from CPCB and NEERI over the methodology
and datasets available for solid waste and wastewater.

Inputs were also received on prevalent wastewater

treatment technologes for industry sectors such as Iron & Steel, Rubber, Petroleum, Dairy, Coffee, Meat that

are considered in this assessment. Discussions were also held with representatives from industrial
departments and associations including the Ministry of Statiatick Programme Implementation, Central

Board of Excise and CustomsCentral Excise, the Central Pulp & Paper Research Institute, the Indian Paper

Manufacturers Association, the Coffee Board of India, All India Brewers Association, the Rubber Board on
indudrial production datasets. Inputs received helped to ascertain the status of availabléesetendustrial
production data and gaps therein and identify potential data sources for Beer, Soft drinks, Pulp & Paper, Coffee

and Rubber sectors in particular.

Since statespecific emission factors are not available, natimedl emission factors are sourced primarily
nat i
NEERI, and the 2006 IPCC Guidelines on naloGHG inventoriesin this order of preference. While the

from I ndi ads

onal communi

cat i

on document s

t

importance of using of countrgpecific emission factoiis well understood, the limited availability of data and

specific emission factors for Indmasnecessitated the use of the IPCC defaudiues tosome degreén the
emission estimated-urther details ofspecificdata sourced from each of the entitisnentioned aboveare

given in the corresponding detailed sections on methodology for3teenissionsource sukcategories.

Table 2: Principal Sources of Data for Source Categories and Sub

IPCC ID N AME OF SECTOR

PRINCIPAL ACTIVITY DATA SOURCE

-Categories
PRINCIPAL
MECHANISM

COLLECTION

Unmanaged

a2 Disposal Sites

Domestic

41 Treatment and Discharge

Industrial

4Db2 Treatment and Disharge

Waste

Wastewater

Wastewater

CPCB NEER] Central Public Health
and  Environmental Engineering
Organization (CPHEEQ), Ministry of

Urban Development TER] 2006

IPCC Guidelines on national emissic

inventories

CPCB; NEERI; Cens of India;

NSSO, Ministry of Statistics «

Programme Implementation (MOSP

2006 IPCC Guidelines on nation

emission inventories

1 Ministry of Steel

f Indian Bureau of Mines

9 Department of Fertilizers, Ministry
of Chemicals and Fertilizers

9 Directorate of Sugarcang
Development, Ministry of
Agriculture

i Coffee  Board, Ministry  of
Commerce and Industry

9 Petroleum Planning and Analys
Cell, Ministry of Petroleum &
Natural Gas

9 Department of Animal Husbandry
Dairying and Fisheries, Ministry (
Agriculture

fCentral Pulp & Paper Resear(
Institute

9 Rubber Board, Ministry 0]
Commerce and Industry

fFood and Agriculture Organizatio
(FAO)

9 Department of Industrial Policy ant
Promotion, Ministry of Commerce
& Industry

TNEERI

9 Centre for Science
Environment (CSE)

2006 IPCC Guidelines on nation
emission inventories

an(
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Published data from reports,
manuals and studies from thesb

Published data from reports
studies and statistical publicatiol
from the web

Published data from reports
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Note: Related weblinksfor the data sourcesre given in the corresponding detailedethodologysectionsfor the
emission source categories

1.5 Brief description of key source categories

It is observed that the 3 source categoriedJnmanagedvaste disposasites (4A2), Domestic wastewater
treatment anddischarge(4D1), andIndustrialwastewatertreatment anddischarge(4D2) & considered in the
emission estimates each contribute to more than 5% of tuenulative statédevel Waste sector emissions
across thereporting periodfrom 20052013 Domestic wastewater treatment and discharge (4D1) contributes
to 60% of the overall emissions betwedhne years20052013. This is followed by Industrial wastewater
treatment and discharge (4D2) which accounts f8f2and Wmanaged waste disposal sites (4A2) which has a
share of 1% in the totalstateemissions from 2002013.

Therefore, in line with the 2006 IPCC Guidelines for National GHG Inventories all the 3 source categories are
identified as key source categories wiitlthe Waste sector.

1.6 Uncertainty Evaluation

Since thestatelevelemission estimation for th&/aste sectorusescomplex calculations and models inunty
compilationand processingf severalinput parametergi.e. activity data and emission factori)e availability
and qualityof the input dataor lack thereofis bound to bring in uncertaty in the estimationComprehensive
guantitative and qualitative reporting of uncertainties requires a detailed understanding of the processes of
compilation and repding of input parameters used in the estimat&he lack of reliable and updatestiate
specific data is a key challenge encountered for all th&/&ste subsectors considered in thestatelevel
emission estimation. Due to the lack of disaggregated dataggregation based tagpwn approach has been
used in thestate emission estimationwhich contributes to propagation of inherent errors in the input data
into the estimatesGiven the absence of quantitative and qualitative information to help ideméi€guracies in
the input datasets, it is difficult to make an overall statement of uncertdartyhe statelevel Waste sector
estimates

A gqualitative assessment of the potential sources of inacgdmceach of the source categories considered in
the Waste sector estimates has been undertakanpresent to the extent possiblewith reference to the
IPCC guidance and default uncertainty valdassumptions made in the emission estimationthe stateshave
been clearly reported and a sensitivity as@éyhas been conducted for key parameters and assumptions for all
the 3 subsectors.The emission estimatancertainties are assessed to be relatively higher forstatelevel

CH,4 emission estimates frond | n d unadtewatea kreatment and discha@as compared to @omestic
wastewater treatment and dischai@and &olid waste disposalRecommendationselating to data gathering
and disaggregatiosuggested at the end of this reposill help in refining the inventory and reducing
uncertainties.

Going forward, it is sought to undertake a more comprehensive uncertainty analysis, with partner
organizations under the GHG Platform India attempting to better identify data gaps and quantify related
uncertainties across sectors while proposing adequate meadaril such data gaps.

1.7 General Assessment of Completeness

Emi ssions from the source categories 64B Biological
burning of wast e staeesimates due tb thecldckiad relidblei@dfor thdseesources and

the absence of considerable number of waste incineration and composting faéilitiaslarge part of the

reporting period, especially pr201Q

Emissions from solid waste disposal are limited to dispokalunicipal solid wastm this assessmenPossible
emissions fromridustrial waste and other waste such as clinical waste and hazardous waste are not considered
under this source category due to the lack of published information from reliable sources on the generation
and mangement of these solid waste streamstlire states Given the lack of solid waste management systems

in rural areas, a majority of the solid waste in rural areas does not decompose under controlled/semi
controlled anaerobic conditionand thereby does notontribute to significantGHG emissios. Thus, the
assessmentonsidersGHG emissions from solid waste disposal in urban arei#tsin the statesFurther, most

of the solid waste disposal sites in Indstatesare not scientificallyconstructed and are irdequately managed

as per national government guidandéne sites are also observed to be shaltbim general. Therefore, the

11 Unmanaged solid waste disposal sites having depths of less than 5 meters are classified as shallow as per IPCC 2006
Guidelines, Vol. 5, Chapter 3: Solid Waste disposal.
Available at_http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/5 Volume5/V5 3 Ch3 SWDS.pdf
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emission estimates accoufdirt he source category 064A2: Unmanaged was
applicable for India.

Given that during the reporting period, an insignificant quantum of waste is disposed in scientifically designed

and managed waste disposal sitgthin the states t he source category of ©64A1: N
is not yet applicable in the Indiaontext and therefore not considered in the present estimation. It is widely
acknowledged and is corroborated from reports that the prevalent mode of waste disposal is in unmanaged
open disposal sites and hence dshBotconsdidered.t egori zed wast

With regardto the industrial wastewater estimates) Industry sectors having significant organic load in their
effluent andthereby generating significant GHG emission are includBgese sectors are identified using

Il ndi a6 $ CoMraunication eeportsthe 2006 IPCC guidelines for National GHG inventoriigrature
from NEERI and largelyclude the significant industrial wastewater related GHG emission sources in the
country. While emissions from Beer and Soft drinks sectovédeen included in the nationi@vel emission
estimates under this Platform, these sectors have not considered in thelstaeemission estimates. This is
due to the unavailability of relevant activity data at the statel to enable emission estitian. Other reliable
information related to industrial activity, economic output etc. at the stigeel which can be useas proxy
data to apportion nationalevel emissionss also absent for these 2 sector&stimates for domestic
wastewater cover bothithe urban as well as rural population the statesand are consideredto sufficiently
capture the relevant emission sources.
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Trends in Emissions

1.8 Overall Waste Sector

I n @8 Waste sector is estimated to contribute to GHG emission 98.78 Mil. tonnesof CO.e in the year

2013(see Figurs). GHG emissionfrom treatment and discharge of domestic wastewatevénaccounted for

the highest shareof the Waste sector emi&ions over the reporting period, contributing t026%6 of the

aggregated statkevel emisions from the Waste sector in 2013(see Figured). Industrial wastewater

treatment and discharge was thé®2argest contributor tothe total Waste sectorGHG emissions, with a

share of 5.6% in 2013, followed by solid waste disposal which contributedli®% o f the countr
cumulative statéevelWaste GHG emissions.

Cumulative statesGHG emissiondrom the Waste sectorthave increased b36% in the year 2013 as compared
to year 2005, rising at a CAGR &f9% over the reporting periodrom 20052013 Emisions from solid waste
disposal have registered the highest CAGR5&P6 per yearamong the 3 sulsectors. GHG emissions from
the domestic and industrial wastewater hay@wn at CAGR 0f3.8% and).1246respectivelyon average from
2005 to 2013.The trend d the overallstatelevel emission is observed to be quite steady with a relatively
higher rise between for the year 2010 and 2011 (see Figurew)ich can be correlated with the
corresponding increase in the estimatsiételeveldomestic wastewater enssonsg?,

Figure 3: Aggregate State -level GHG Emission from Waste Sector, 2005 -2013
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Solid Waste Disposal Waste Sector

(Source: Analysis based on GHG Platform IrddRhase 11: 2008 2013 StateEstimates) 2017 Series)

2 The overall increase in state-level GHG emissions from domestic wastewater over the reporting period from 2005-2013 is
driven by the growing population and changing patterns of use of different treatment systems such as septic tanks, which have
a higher methane generation potential. Constraints in availability of data and assumptions used to address the same contribute
to the step change observed in emissions from 2010 to 2011. In the domestic wastewater emission calculations, Census 2001
data on the use of different wastewater discharge/treatment systems by rural households in each of the states has been used
in the estimation from year 2005-2010 since data is not available for these years. For the estimates for the period from 2011-
2013, Census 2011 data on use of different wastewater discharge/treatment systems has been used. Since the proportion of
population using different wastewater treatment systems (such as septic tanks, latrines, sewer systems, direct discharge
without treatment) changes in year 2011 across the states as compared to the preceding years, the relatively higher change in
observed for this year.
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Figure 4: Share of Aggregate State -level GHG emission by source category, 2013

Solid Waste
Disposal
11.6%

(Source: Analysis based on GHG Platform IrddRhase 11: 2008 2013 StateEstimates) 2017 Series)

The state of Uttar Pradesh has the highest contribution to the estimated total Wastsemissiors, with a

share of 15.8% while Maharashtra contributes to 10% of the aggregate emi3s$ierstates of Uttar Pradesh,
Maharashtra, Gujarat, Andhra Pradesh, Tamil Nadu, West Bengal and Karnataka together contribute to more
than half of the toal estimated Waste sector emissions in the year 2013 (see Fijaral Table3). The states

of Dadra & Nagar Haveli, Daman & Diu, Andaman & Nicobar, Sikkim, Arunachal Pradesh, Mizoram,
Lakshadweep, Puducherry, Manipur, Nagaland, Goa, Meghalaya, Tripandjgéth and Himachal Pradesh
cumulatively contribute to less than 2% of the total emission

Figure 5: State -wise share in the Aggregate State -level GHG emission for Waste Sector, 2013
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Table 3: State -wise estimated GHG emission for the Waste Sector , 2005-2013

GHG EmissioN (MiL. TONNES OF CO2€) STATE -W ISE CAGR (2005-
STATE/UNION TERRITORY | 500 | 5006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 PERC(%B)HARE 2013)
Andaman & Nicobar 003 | 003 0.03 0.03 0.03 0.03 004 | 004 | 004 0.04% 5.75%
Andhra Pradesh 6.27 6.35 6.44 650 | 6.67 6.71 7.60 794 | 8.02 8.55% 3.12%
Arunachal Pradesh 0.06 | 0.06 0.06 0.07 0.06 0.06 0.08 | 0.08 0.08 0.09% 3.61%
Assam 1.48 1.49 151 153 154 153 1.66 173 1.77 1.89% 2.28%
Bihar 3.04 | 3.11 3.18 3.25 3.27 3.34 3.97 | 4.07 418 4.46% 4.06%
Chandigarh 009 | 010 | 0.10 | 017 0.17 0.18 025 | 0.26 0.26 0.28% 13.70%
Chhattisgarh 094 | 096 0.99 102 1.04 1.06 1.26 131 134 1.43% 4.59%
Dadra & Nagar Haveli 001 | 0.02 0.02 0.02 0.02 0.02 002 | 0.03 0.03 0.03% 8.28%
Daman & Diu 001 | 002 0.02 0.02 0.02 0.02 0.03 | 003 0.03 0.03% 8.74%
Delhi 1.24 1.29 1.34 1.37 1.38 1.43 1.65 1.70 1.76 1.87% 4.42%
Goa 010 | 0.11 0.11 0.11 0.12 0.12 015 | 0.15 0.15 0.16% 5.01%
Gujarat 6.63 6.65 6.66 6.64 | 667 6.77 7.29 7.62 771 8.2206 1.90%
Haryana 1.31 1.35 1.40 1.43 1.46 151 2.00 2.04 2.06 2.20% 5.78%
Himachal Pradesh 043 | 044 | 044 | 044 | 044 0.45 056 | 056 0.55 058% 2.97%
Jammu & Kashmir 056 | 058 060 | 0.62 0.63 0.65 077 | 0.79 0.80 0.86% 4.54%
Jharkhand 0.97 1.00 1.03 1.06 1.07 1.10 1.23 1.27 1.30 1.39% 3.82%
Karnataka 350 | 358 3.64 | 3.68 3.77 3.82 | 429 | 439 4.40 4.69% 2.90%
Kerala 2.70 2.75 2.79 284 | 289 2.% 299 | 3.05 3.10 3.31% 1.74%
Lakshadweep 0.02 0.02 0.03 0.03 0.03 0.03 0.08 | 0.09 0.09 0.10% 21.34%
Madhya Pradesh 3.03 | 3.10 3.16 3.22 3.29 3.36 3.86 | 394 | 401 4.28% 3.56%
Maharashtra 7.78 7.95 8.12 8.2 8.42 8.60 9.21 9.36 9.40 10.02% 2.38%
Manipur 0.10 0.10 0.11 0.11 0.10 0.11 014 | 014 | 014 0.15% 4.08%
Meghalaya 0.12 0.12 0.13 0.13 0.13 0.13 016 | 0.16 0.17 0.18% 4.37%
Mizoram 006 | 0.06 0.06 0.06 0.06 0.06 0.08 | 0.09 0.09 0.09% 5.80%
Nagaland 011 | 0.11 0.10 0.11 0.10 0.11 014 | 014 | 014 0.15% 3.66%
Odisha 213 217 2.20 222 2.28 2.33 254 254 255 2.72% 2.24%
Puducherry 009 | 0.09 0.09 0.10 0.11 0.11 012 | 0.13 0.13 0.14% 5.31%
Punjab 326 | 3.9 3.32 3.36 3.38 343 | 420 | 422 4.28 4.57% 3.48%
Rajasthan 206 | 3.02 3.08 314 | 3.19 3.25 3.77 | 3.86 3.98 424% 3.74%
Sikkim 0.04 | 0.03 0.03 0.03 0.03 0.03 0.05 | 0.05 0.05 0.05% 2.70%
Tamil Nadu 6.25 6.30 6.40 6.46 6.61 6.71 7.01 7.23 7.46 7.96% 2.24%
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GHG EmissioN (MiL. TONNES OF CO2€)

STATE -W ISE

CAGR (2005-
STATE/UNION TERRITORY | 5405 | 5006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 PERC(%E)HARE 201(3)
Tripura 014 | 015 | 015 | 015 | 017 | 047 | 019 | 019 | 0.20 0.21% 4.09%
Uttar Pradesh 1161 | 11.74 | 11.96 | 1214 | 1207 | 1224 | 1403 | 14.45 | 1479 15.77% 3.08%
Uttrakhand 230 | 234 | 234 | 233 | 232 | 238 | 258 | 258 | 240 2.56% 0.55%
West Bengal 522 | 525 | 534 | 543 | 547 | 528 | 614 | 629 | 631 6.73% 2.40%
All-India (Total) 7462 | 7572 | 76.98 | 78.03 | 79.03 | 80.13 | 90.12 | 92.49 | 93.78 100.00% 2.90%

(Source: Analysis based on GHG Platform IrddRhase 11: 2008 2013 State Estimatés2017 Series)
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The emission intensity of th&/aste sector emissions, in terms a@fggregate stat€&HG emission per unit
GDP, is observed to have decreased b2 in2013 as compared to the base year of 2005, falling at a CAGR
of -4.2% over the reporting period between 2005 to 2013 (see FighlePer capita emissions from the Waste
sector, estimated based on aggregated stateel emissionsncreased from67.7 kgof COze in year2005to

74.8 kgof COqe in the year 2013The per capita emissions from the Waste sector are estimatedhave
increasedat a CAGR 0f1.2% per annum from 2005 to 2013he spike in per capita emissions in year 2011 is
linked to the corresponihg rise in the state domestic wastewater emissions due to use of different activity
dataset from this year onward as indicated earlier.

Figure 6: Trend of Waste sector aggregate state GHG emission per unit GDP* (tonnes of CO 2e per Million
INR at constant 2004 -05 prices), 2005-2013
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(Source: Analysis based on GHG Platform In@liBhase II: 200% 2013 State Estimatesd 2017 Series; GDP based on
Central Statistis Office, 2014 data)
*Note: Since GDP is reported on financial yearsks, the GDP data for 20686 has been used to estimate the emission
intensity for 2005 GDP data for 20087 has been used to estimate the emission intensity for 20@6s0 on

Figure 7: Trend of per capita GHG emission from Was te sector , 2005-2013
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The emission intensity of the Waste sector emissipis terms of GHG emission per Grosst&e domestic
product shows a decreasingend across all the states. Th&tates of Uttar Pradesh, Andhra Pradesimd
Tripura have the highest GHG emission intensity (see Taf)le Emission intensity in the states of Punjab,
Bihar and Assam, Odisha, Jammu & Kashmir, Madhya Pradesh, West 8ajagat, Manipur, Uttarakhand,
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Chandigarh is also notable, being higher thanapgregate state GHG emission of 1.63 tonnes of.€@er
Million INR.The lowest GHG emission intensity is observed in the state of Goa.

The states of Lakshadweep, UttarakbdaPunjaband Gujarat are seen to have the highest per capita GHG
emission for the Waste sector, in this ordgisee Tableb). Per capita emissions are also notably higher in
Chandigarh, Tamil Nadu, Kerala and Deltie states of Manipur, Tripura, Chhattiarh, Jharkhand and Bihar
are estimated to have the lowest per capita emissions.

Table 4: GHG emission per unit GSDP by state for the Waste sector (at constant 2004 -05 prices)

GHG EMISSION PER UNIT GSDP (TON NES OF CO 2€e PER MILLION
STATE /JUNION T ERRITORY INR) CAGR
2005 2013

Andaman & Nicobar Islands 1.35 0.96 -4.25%
Andhra Pradesh 4.42 3.25 -3.76%
Arunachal Pradesh 1.69 1.36 -2.66%
Assam 2.68 2.04 -3.35%
Bihar 3.98 2.41 -6.06%
Chandigarh 0.98 1.65 6.67%

Chhattisgarh 1.90 1.41 -3.65%
Delhi 1.12 0.80 -4.20%
Goa 0.76 0.51 -4.95%
Gujarat 2.84 1.70 -6.18%
Haryana 1.26 1.03 -2.43%
Himachal Pradesh 1.66 1.16 -4.39%
Jammu & Kashmir 1.95 1.75 -1.32%
Jharkhand 1.67 1.19 -4.13%
Karnataka 1.90 1.37 -4.01%
Kerala 2.06 1.37 -4.95%

Madhya Pradesh 2.55 1.74 -4.64%
Maharashtra 1.65 1.05 -5.54%
Manipur 1.88 1.70 -1.27%
Meghalaya 1.68 1.25 -3.59%
Mizoram 1.97 1.58 -2.70%
Nagaland 1.67 1.26 -3.45%
QOdisha 2.60 1.85 -4.14%
Puducherry 1.21 0.93 -3.18%
Punjab 3.18 2.46 -3.14%
Rajasthan 2.17 1.54 -4.19%
Sikkim 2.13 0.82 -11.27%
Tamil Nadu 2.50 1.55 -5.80%
Tripura 1.52 1.05 -4.48%
Uttar Pradesh 4.18 3.18 -3.34%
Uttarakhand 8.12 3.39 -10.35%
West Bengal 2.35 1.70 -4.00%

(Source: Analysis based on GHG Platform IfilRhasell 20050 2013 State Estimate$2017 Series; GDP based on data sourced from
Directorate of Economics & Statistics of respective State Governments and published by Niti Aayog.

Availableat http://niti.gov.in/content/gsdponstant200405prices200405-201415)

*Note: 1) Since GDP is reported on financial year basis, the GDP data for-@60fas been used to estimate the emission intensity for
2005 and so on

2) Gross Stae Domestic Product is not available for Dadra & Nagar Haveli, Daman & Diu, and Lakshadweep and therefounitese
territories are not included in the Tabl&.elangana state was formed in 2014 and hence not included.
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Table 5: State -wise per capita GHG emission for the Waste sector

GHG EMISSION PER CAPITA
STATE /JUNION T ERRITORY (kG oF CO2e) CAGR (2005-2013)
2005 2013
Andaman & Nicobar 70.46 71.83 0.24%
Andhra Pradesh 78.84 78.98 0.02%
Arunachal Pradesh 49,91 50.78 0.22%
Assam 51.98 51.53 -0.11%
Bihar 33.28 33.24 -0.01%
Chandigarh 96.29 97.31 0.13%
Chhattisgarh 41.26 41.58 0.10%
Dadra & Nagar Haveli 55.21 55.48 0.06%
Daman & Diu 77.20 78.56 0.22%
Delhi 82.63 84.39 0.26%
Goa 74.71 76.84 0.35%
Gujarat 121.55 119.70 -0.19%
Haryana 57.58 58.02 0.10%
Himachal Pradesh 67.66 67.59 -0.01%
Jammu & Kashmir 50.71 51.35 0.16%
Jharkhand 32.88 33.33 0.17%
Karnataka 62.33 62.77 0.09%
Kerala 83.24 84.42 0.18%
Lakshadweep 311.60 334.62 0.89%
Madhya Pradesh 46.47 46.59 0.03%
Maharashtra 75.51 75.97 0.08%
Manipur 42.79 43.02 0.07%
Meghalaya 46.03 46.22 0.05%
Mizoram 58.05 58.68 0.13%
Nagaland 54.06 54.40 0.08%
Odisha 54.90 55.06 0.04%
Puducherry 80.19 82.17 0.30%
Punjab 126.73 126.28 -0.04%
Rajasthan 48.33 48.26 -0.02%
Sikkim 71.57 59.96 -2.19%
Tamil Nadu 94.25 93.70 -0.07%
Telangana 42.27 42.75 0.14%
Tripura 64.61 64.15 -0.09%
Uttar Pradesh 252.05 252.28 0.01%
Uttarakhand 61.64 61.19 -0.09%
West Bengal 70.46 71.83 0.24%

(Source: Analysis based on GHG&tform Indiad Phase II: 2008 2013 State Estimates2017 Series)

The trends observed and related analysis for each source category considered in the emission estimates is
presented in the following sectiorgere.

1.9 4A Solid Waste Disposal

CH, emissbn due to solid waste disposal is estimated to have increased by 54% on an absolute basis from the
year 2005 to 2013. Solid waste disposal contributed to cumulative GHG emission of 10.8&nkles ofCO.e

in 2013 as against 7.04 MtG®in 2005 across thdndian states (see Figu. This source category is
observed to have the highest yean-year growth in the aggregated statvel emissions within the Waste
sector, with a CAGR of 5.5% from 20@8913.

The state of Maharashtra is the largest contrilnuto the aggregate state level emissions from solid waste,
with a share of 11.7%see Table 6)This is followed by Uttar Pradesh which contributes to 11.2% of the state
level emissions from solid waste disposal. The eight states of Maharashtra, Uttesi®Picamil Nadu, Andhra
Pradesh, West Bengal, Karnataka, Delhi and Kerala contribute to 70% of the total solid waste disposal related
emissionsAmong these states, emissions from Kerala are estimated to have increaseelatieely higher

CAGR of 12.3%rom 20052013 while emissions from Andhra Pradesh and Karnataka have grown significantly
as well (CAGR of 7.7% eachjimachal Pradesh, Andaman & Nicobar, Dadra & Nagar Haveli, Daman & Diu,
Lakshadweep along with a number of North eastern states (MegiaManipur, Mizoram, Nagaland, Sikkim,

29



GHG Platform India

Building Sustainable GHG Estimates: Reporting (Version 2.0)

Arunachal Pradesh) contribute to less than 1% of the cumulative emissions from solid Yiemterise GHG

emission from solid waste disposal for each state from 22053 is given in Table 72 in Annexures.

Figure 8: Trend of GHG emission from Solid Waste Disposal, 2005

-2013
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Table 6: State -wise GHG emission from Solid Waste Disposal

GHG EMISSION (MIL. T ONNES OF SHARE OF GHG
STATE /JUNION T ERRITORY COze) CAGR
EMISSION IN 2013
2005 2013
Andaman & Nicobar 0.0 0.08 0.1% 8.9%
Andhra Pradesh 0677 1.136 10.5% 8.0%
Arunachal Pradesh 0.04 0.008 0.1% 2.4%
Assam 0.040 0.069 0.6% 2.9%
Bihar 0208 0246 2.3% 14.7%
Chandigarh 0.019 0.023 0.2% 20.9%
Chhattisgarh 0.044 0114 1.0% 13.7%
Dadra & Nagar Haveli 0.0aL 0.004 0.04% 6.7%
Daman & Diu 0.0aL 0.004 0.03% 8.8%
Delhi 0424 0667 6.1% 4.4%
Goa 0212 0.038 0.4% 7.5%
Gujarat 0334 0451 4.2% 3.8%
Haryana 0.151 0.250 2.3% 8.4%
Himachal Pradesh 0.0 0.012 0.1% 12.6%
Jammu & Kashmir 0.079 0.139 1.3% 7.7%
Jharkhand 0.072, 0.164 1.5% 12.3%
Karnataka 0418 0.701 6.5% 10.5%
Kerala 0242 0546 5.0% 5.1%
Lakshadweep 0.0005 0.0aL 0.01% 6.5%
Madhya Pradesh 0353 0.500 4.6% 8.9%
Maharashtra 0815 1.270 11.7% 7.2%
Manipur 0.007 0.012 0.1% 7.9%
Meghalaya 0.0 0.015 0.1% 11.7%
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GHG EMISSION (MIL. T ONNES OF SHARE OF GHG

STATE /JUNION T ERRITORY COze) CAGR
EMISSION IN 2013
2005 2013
Mizoram 0.0 0.011 0.1% 4.9%
Nagaland 0.08 0.007 0.1% 7.7%
QOdisha 0118 0.165 1.5% 7.1%
Puucherry 0.023 0.038 0.4% 4.1%
Punjab 0237 0384 3.5% 13.7%
Rajasthan 0306 0405 3.7% 5.7%
Sikkim 0.0al 0.00¢ 0.04% 10.0%
Tamil Nadu 798,476 1179 10.9% 4.6%
Tripura 0.013 0.026 11.2% 5.0%
Uttar Pradesh 0.885 1.213 0.6% 6.4%
Uttarakhand 0.23 0.063 9.0% 8.9%
West Bengal 0692 0976 100.0% 8.0%
State Aggregate CH 4 7.05 10.85 0.1% 2.4%
emission

(Source: Analysis based on GHG Platform IrddRhase 11: 2008 2013 State Estimatés2017 Series)

Changing trends in GHG emission are primarily dueclange in the total quantum of solid waste, its
composition, and the method of disposal and characteristics related to the disposal site. In théeshofor

the reporting period from 2008013, the rise in solid waste disposal emissions is driven bg&dsing waste
generation rates and growing population, leading to higher quantum of waste going to disposal sites. The per
capita solid waste generation has been growing B3 Tper yeal® over the past two decades.

Over the longterm, the changing compit®n of municipal solid waste is seen to contribute to rising
emissions, with higher emissions generated from every tonne of waste that is being dispbsedGHG
emissions per tonne for solid waste disjgols(on aggregated statevel basishave more tlan doubledrising
from 86 kg of CQe per tonne of solid waste disposed on average during #8%%4to 225 kg of CQe per
tonne of solid waste disposed during 20R613 (refer Figure).

The GHG emission per tonne of waste disposed ranges from 131 kgpkQGo 329 kg of CQe across the

states during 200513 (see Table 7)Himachal Pradesh has the highest GHG emission per tonne of waste
disposed followed by Chandigarh, Meghalaya and Andhra Pradesh. This is largely driven by the higher DOC
valueestimated ér these stateswhich results from a higher proportion of organic constituents inthé¢ at e 8 s

solid waste.
Figure 9: GHG Emission per tonne of MSW disposed, 1954 -2013
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(Source: Analysis based on GHG Platform IriddRhase 1I: 23 2013 State Estimatés2017 Series)

13 This number indicates simple annual growth rate as estimated in Table 25 of this note based on reported per capita waste
generation for 1991 and 2005. CAGR growth rates have been indicated as such in the note and all other growth rates
mentioned throughout this document refer to simple growth rates.

14 This analysis and insight into long-term emission related trends for solid waste is a result of the first order decay (FOD)
method being followed in this exercise for estimation of emissions from solid waste disposal. The FOD method considers that
waste deposited in a disposal site at a point in time decomposes gradually and continues to undergo anaerobic digestion again
and generate CH, over a long period of time (around 50 years). CH, emission will be generated until the waste deposited in the
disposal site decomposes completely and reaches its full methane generation potential. Therefore, to fully account for
emissions from solid waste disposal in our exercise for year 2005, it is necessary to estimate emissions for a 50-year period
before this year i.e. from 1954-2004.
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Note:GHG emission per tonne for solid waste disposeadgt@gates) for the emission estimation period of this exercise is
depicted by the green coloured bar in Figure 9 while the historic long trendssidBH@remmne of waste disposed that derives
from the FOD method for the previous&0period is depicted by grey coloured bars.

Table 7: State -wise GHG Emission per tonne of MSW disposed, 1954 -2013

STATE /U NION K oF CO2e GHG EMISSION/TONNE OF MSW DISPOSED
TERRITORY 1954-60 1961-70 | 1971-80 | 1981-1990 | 1991-2000 | 2001-04 | 2005-13

Andaman & Nicobar 82.5 154.4 161.0 176.8 183.1 197.0 246.2
Andhra Pradesh 86.6 177.6 183.2 201.1 203.8 212.9 247.8
Arunachal Pradesh 0.0 0.0 99.7 140.8 157.2 179.2 235.3
Assam 80.6 157.8 180.5 190.1 194.3 203.9 245.3
Bihar 71.8 173.0 178.0 193.1 211.7 300.1 238.0
Chandigarh 0.0 100.8 155.8 182.8 193.2 203.2 261.2
Chhattisgarh 0.0 0.0 0.0 0.0 0.0 53.4 178.4
Dadra & Nagar Haveli 0.0 0.0 0.0 121.1 1295 129.7 182.2
Daman & Diu 0.0 0.0 0.0 35.2 160.3 163.5 131.2
Delhi 83.3 164.5 175.0 183.3 186.4 198.2 232.2
Goa 0.0 114.9 167.3 197.4 188.5 200.1 244.2
Gujarat 86.2 174.1 184.5 192.2 198.1 204.5 199.9
Haryana 85.1 174.1 178.3 184.8 187.8 194.6 212.6
Himachal Pradesh 86.6 176.8 188.6 1925 197.5 209.9 329.1
Jammu & Kashmir 85.5 171.4 181.4 186.0 193.3 202.0 236.2
Jharkhand 0.0 0.0 0.0 0.0 0.0 53.8 170.2
Karnataka 86.4 176.6 182.0 1925 200.9 207.7 238.8
Kerala 84.8 173.4 187.0 182.3 204.7 2032 219.5
Lakshadweep 0.0 0.0 0.0 108.1 204.2 213.8 2134
Madhya Pradesh 84.2 168.6 177.3 184.6 195.8 2475 244.8
Mabharashtra 86.1 174.0 185.1 190.6 196.2 206.7 237.1
Manipur 72.1 139.9 142.1 176.2 205.4 212.0 237.9
Meghalaya 80.5 167.7 174.1 184.9 1942 203.3 261.2
Mizoram 814 137.6 131.6 1415 177.4 199.8 238.9
Nagaland 62.7 120.1 131.8 155.3 166.1 236.8 195.2
Odisha 107.7 172.8 181.4 195.0 207.4 159.1 246.2
Puducherry 0.0 0.0 106.3 180.9 193.9 207.7 239.6
Punjab 85.5 179.0 186.8 194.4 197.2 2052 239.0
Rajasthan 87.0 176.6 178.4 186.5 197.1 206.7 206.4
Sikkim 79.9 133.0 139.8 208.1 209.9 172.6 191.7
Tamil Nadu 86.0 174.6 190.9 203.0 197.7 202.9 221.9
Telangana 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tripura 80.2 159.4 181.4 172.7 189.6 194.4 206.2
Uttar Pradesh 87.1 179.9 179.4 186.7 196.5 215.6 216.6
Uttarakhand 0.0 0.0 0.0 0.0 0.0 53.5 186.1
West Bengal 85.0 176.7 206.5 197.3 206.2 213.3 218.2

(Source: Analysis based on GHG Platform IrddRhase Il: 2008 2013 State Estimates2017 Series)
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1.10 4D1 Domestic Wastewater Treatment and Discharge

The total domestic wastewater related emissions from urban and rural areas are presented in Higure
Emissions from rural domestic wastewater are seen to contribute to arouhtb665% of thestate aggregate

emissions from domestic wastewater across theriod from 20052013. The rural population, however,

accounted for 72.19% and 68.85% of aggregated state population of India in the year 2001 and 2011
respectively. Therefore, given that a smaller number ofche unt r y6s popul ation is resi
correspondingper capitaGHG emission generated from urban domestic wastewater is considerably Higher

about 22%36% across the period 206813 as compared tger capita GHG emission fromural domestic

wastewater. Per capita GHG emissions from domestic wastewater for the urban population were 56.16 kg as
compared to 42.51 kg for the rural population in the year 2013, a difference of 32%.

Figure 10: Trend of Aggregate State -level GHG Emission from Urban and Rural domestic wastewater
treatment and discharge, 2005 -2013
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(Source: Analysis based on GHG Platform IrddRhase Il: 2008 2013 State Estimate€s2017 Series)

With regard to urban domestic wastewater, GHemissionsare estimated to be much higher than,®
emissions, accounting for 74.27% of the total GHG emission in ZDH3is emitted from wastewater when it

is treated or disposed anaerobically. Therefo®H, emissions have a direct correlation with the percentage
of wastewater that is treated or discharged through different systems or pathways. eGtission is also
influenced by the incomkevels since the accessibility and usage of different wastewater treatment
systems/pathways varies by incoegreups.

CAGR of CH,4 emission from urban domestic wastewater over the reporting period of 220%3 is observed

to be 5.8% According to latest Census data in 2011, the proportion of urban population is 31.15% in 2011
rise of 12%, in comparison to 2001 (27.81%). Tlghér proportion of urban population in 2011 also, implies
an increaseof 41% in the estimation of CHemissions for 2011 as compared to 20Ihe averageannual
growth rate of CH, emission drops down to about 1.7% from 202013, in line with the steadygpulation
growth considered in the calculations (see Figuig 1

In terms of average statwise contribution to urban ChH emission across 2008013, Maharashtra has the
highest contribution (14.72%), followed bjtar Pradesh (11.09%), Tamil Nadu (9.69%¢¢st Bengal (8.67%),
Andhra Pradesh (6.67%) and Gujarat (6.28%). This correlates with the order of states with the highast urba
population. Most of the nortkeastern states along with states such as Jammu & Kashmir, Uttarakhand,
Himachal Pradesh and Lakslweep contribute to less than 1% of the €Emission from urban domestic
wastewater (see Tablg).
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Figure 11: Emission of CH 4 from Urban domestic wastewater treatment and discharge, 2005 -2013
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Note CH. emission has been converted te@@valent values and depicted through the dotted black line in this chart that relates
to absolute values on the secondary axis (at theaightrsdhart).

N.O emissions have a direct correlation with the human protein consumption and the size of urban population
consuming this protein. Protein is a source of nitrogen angDNemissiors occur on degradation of this
nitrogen in the wastewaterUrban N;O emissios show a steady trend in line with the steadily rising
nutritional intake of protein and the increase in urban population over the ydaee Figure 12)N,O
emissions from urban domestivastewaterare observed to grow at a CAGR of 3& over the reporting
period of 20052013.

As observed in the case of GHemissions from urban domestic wastewater, the states having higher urban
population are the key contributors to cumulative,® emission from urban wastewater as wéllaharashtra

is the largest contributor to NO emissions, with an average share of 13.1% in the total urb@h é¥nission

from 20052013, followed by Uttar Pradesh (12.71%), Tamil Nadu (8.39%), West Bengal (7.4%), Andhra
Pradesh (7.02%) and Gujarat (6.57%€e Table 9)The states of Jammu & Kashmir, Uttarakhand, Himachal
Pradesh, Ueshadweep and most of the norbastern states have a share of less than 1% in the tof@ N
emission from urban domestic wastewater.
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Figure 12: Emission of N 20 from Ur ban domestic wastewater treatment and discharge, 2005 -2013

(Source: Analysis based on GHG Platform IrddRhase 11: 2008 2013 State Estimatés2017 Series)

Note N2O emission has been converted t@@@valent values and depicted through theldatietine in this chart that relates
to absolute values on the secondary axis (at the right side of the chart).
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