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Executive Summary 
 

Brief Information on GHG estimates : 

The Waste Sector contributes to 3.8% of Indiaõs aggregated economy-wide state-level GHG emission 

(including land use, land use change and forestry) in 2013 as per estimates prepared by the GHG Platform 

India1. The key sources of GHG emission included in the state-level Waste sector emission estimates from 

2005 to 2013 are solid waste disposal, domestic wastewater treatment and discharge, and industrial 

wastewater treatment and discharge. Methane (CH4) 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 anaerobically. Nitrous oxide (N2O) emissions occur due to the protein content in 

domestic wastewater. 

Indiaõs greenhouse gas (GHG) emissions from the Waste sector are estimated to amount to 93.78 million 

tonnes (Mil. tonnes) of carbon dioxide equivalent (CO2e) in the year 20132. This represents an increase of 1.29 

Mil. tonnes CO2e, or 1.4%, on the emissions recorded in 2012, and a cumulative increase of 26% (i.e. 19.16 Mil. 

tonnes CO2e) above 2005 levels. 

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

SECTOR / SUB-SECTOR  

EMISSION IN MIL . 

TONNES OF CO 2e 

BASED ON GLOBAL 

W ARMING POTENTIAL 

VALUES FROM IPCC  

SECOND ASSESSMENT 

REPORT
3 

EMISSION IN MIL . 

TONNES OF CO 2e 

BASED ON GLOBAL 

W ARMING 

POTENTIAL VALUES 

FROM IPCC  FIFTH 

ASSESSMENT 

REPORT
4 

PERCENT CHANGE (2005-2013) 

2005 2013 2005 2013 

EMISSION 

BASED ON 

IPCC 

SECOND 

ASSESSMENT 

REPORT 

EMISSION 

BASED ON 

IPCC FIFTH 

ASSESSMENT 

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 

Disposal Sites 
7.05 10.85 9.39 14.47 54.0% 54.0% 

4D. Wastewater Treatment 

and Discharge  
67.57 82.93 82.61 101.81 22.7% 23.2% 

      4D1. Domestic Wastewater 
Treatment and Discharge 

43.82 58.94 50.94 69.83 34.5% 37.1% 

      4D2. Industrial Wastewater 

Treatment and Discharge 
23.75 23.99 31.67 31.98 1.0% 1.0% 

 

Major Inventory developments and Calculations:  

Subnational emission estimates at the state-level have been prepared for the first time under the GHG 

Platform India.  

                                                      
1 Available at http://www.ghgplatform-india.org/economy-wide-emission-estimates  
2 Indiaôs Second National Communication Report, 2012 and the Biennial 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 CO2e 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, N2O: 310 as per the 
IPCC Second Assessment Report, 1996, Technical Summary, Table 4.  
Available at https://www.ipcc.ch/ipccreports/sar/wg_I/ipcc_sar_wg_I_full_report.pdf  
4 100-year GWP values specified for the 3 GHGs considered for the Waste Sector are CO2: 1, CH4: 28, N2O: 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  

http://www.ghgplatform-india.org/economy-wide-emission-estimates
https://www.ipcc.ch/ipccreports/sar/wg_I/ipcc_sar_wg_I_full_report.pdf
https://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full.pdf
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¶ Estimates for solid waste disposal cover disposal of municipal solid waste generated in urban areas 

and consider parameters such as solid waste generation rates, composition, and the proportion of 

solid waste undergoing treatment specific to each state.  

¶ The estimates for domestic wastewater treatment and discharge cover urban areas as well as rural 

areas across the states in India. CH4 emission estimates for domestic wastewater factor in state-

specific conditions including the availability of several types of wastewater disposal facilities in urban 

and rural households, the extent of wastewater treatment, and the technologies that are used for 

treatment. State specific values of per capita protein intake have been used to estimate N2O 

emissions from domestic wastewater. 

¶ 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, which generate significant organic wastewater and lead to GHG emissions. CH4 

emissions from industrial wastewater are estimated based on available data on the prevalent industrial 

activity by state.  

       

Summary of GHG emission trends:  

GHG emissions from the Waste sector have increased at a compound annual growth rate (CAGR) of 2.9% for 

the reporting period of 2005-2013. 

¶ Emissions from solid waste disposal have registered the highest CAGR of 5.5% among the 3 sub-

sectors.  

¶ GHG emissions from the domestic and industrial wastewater have grown at CAGR of 3.8% and 0.12% 

respectively on average from 2005 to 2013.  

 

The trend of the aggregate state-level emission is observed to be quite steady with a relatively higher rise seen 

between the year 2010 and 2011 (see Figure 1) largely due to the corresponding increase in the estimated 

domestic wastewater emissions.  

  

The Waste sector related GHG emission intensity of Indiaõs gross domestic product (GDP), based on 

aggregated state emissions, is observed to have decreased by 29% in 2013 as compared to the base year of 

2005, falling at a CAGR of -4.2% per year in the period from 2005 to 2013. Per capita emissions from the 

Waste sector, based on state aggregates, were seen to rise at a CAGR of 1.2% per annum from 2005 to 2013.  

 

Highlights on m ajor emitting source categories:  

 

¶ GHG emissions from domestic wastewater treatment and discharge (4D1) have accounted for the 

highest share in the sector over the reporting period, contributing to nearly 62.9% of the total 

aggregated state-level Waste sector emission in 2013. Average per capita state GHG emissions 

related to domestic wastewater for the urban population were higher by 32% as compared to that for 

the rural population in 2013.  

¶ Industrial wastewater treatment and discharge (4D2) had the 2nd largest contribution (25.6%) to the 

aggregate state-level Waste sector GHG emissions in 2013, with Pulp and paper, Coffee, Meat and 

Tannery observed to be critical industries having high specific GHG emission.  

¶ Disposal of solid waste (4A) contributed to 11.6% of the aggregated state-level emissions from the 

Waste sector in 2013, with increased generation and changing waste composition driving the rise in 

emissions across 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 Platform-India is an Indian Civil Society initiative that aims to provide estimation and analysis of 

Indiaõs GHG emissions across different sectors such as energy, industry, waste and agriculture, livestock, 

forestry, and land-use and land-use change sectors. The platformõs overall objectives are to complement 

existing efforts of the Indian government, such as the National Communication and Biennial Update Report 

process of the UNFCCC, by helping address existing data gaps and data accessibility issues, extending beyond 

the scope of national inventories, and to drive an informed policy dialogue within the country on the GHG 

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

The entire exercise of reporting GHG emission estimates from the Waste sector aims to contribute towards 

analysing and putting together all the existing activity data and emission factors that could be used for Waste 

sector GHG emission estimations under the GHG Platform India. The various sources used for gathering 

activity data for estimation, gaps identified in the datasets, and recommendations to improve reliability and 

accuracy of emission estimation processes have been put forward to the Government of India for further 

actions. 

 

Greenhouse Gases:  

The emission estimation scope covers three GHGs currently: Carbon Dioxide (CO2), Methane (CH4), Nitrous 

Oxide (N2O). Activities in the Waste sector lead to emission of two GHGs, namely CH4 and N2O, both of 

which are accounted under the estimates. CH4 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 anaerobically. A smaller amount of N2O emissions occur from the disposal of domestic wastewater 

into waterways, lakes or seas due to the protein content present in domestic wastewater. 

 

Key Source Categories/ Sub-categories:  

As per the Intergovernmental Panel on Climate Change (IPCC) reporting structure, the following source 

categories and sub-categories under the Waste sector have been considered in the state-level emission 

estimation. The relevant gases considered under each sub ðcategory is also indicated 

¶ 4A Solid Waste Disposal  

o 4A2 Unmanaged Waste Disposal Sites: CH4 

¶ 4D Wastewater treatment and discharge 

o 4D1 Domestic Wastewater Treatment and Discharge: CH4 & N2O 

o 4D2 Industrial Wastewater Treatment and Discharge: CH4 

 

The source categories and sub-categories considered for the state-level estimates are in line with Indiaõs 

Second National Communication and the Biennial Update Report 2010. 

 

GHG estimation period:  

 

The time period for State level estimations is from 2005 ð 2013, in consonance with the estimation period 

considered in the National level estimates prepared under the phase-II of the GHG India Platform. Indiaõs 

Nationally Determined Contribution under the Paris Agreement, 2016 targets reducing the emission intensity 

of its economy by 33ð35% 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 consistency with Indiaõs National Communication Reports and the Biennial Update Report 2010, 

the state emission inventory for all sub-sectors has been prepared on a calendar year basis.  

¶ Activity datasets for industrial production for industrial wastewater emission estimations available on 

financial year basis have 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 next financial year (corresponding to 3 

months from January to March out of 12 months in a year). Industrial 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 adopted to convert the activity data to calendar year basis. 

¶ For instance, most of the production data for the industry sectors under consideration is available on 

a financial year basis. 3/4th of the production data from the financial year 2004-05 and 1/4th of the 

production data from the financial year 2005-06 has been considered and added together to estimate 

the production data for the calendar year 2005, and so on. 

 

1.2 Institutional Arrangement and Capacity  
The GHG India Platform is a collaborative effort of various civil society organizations. The institutional 

arrangement is given in the figure below.  

¶ The project is funded by Shakti Sustainable Energy Foundation.  

¶ Vasudha Foundation holds the secretariat for the platform and is responsible for the GHG emission 

estimates for AFOLU sector.   

¶ ICLEI ð Local Governments for Sustainability, South Asia (ICLEI South Asia) is responsible for GHG 

emissions estimates for waste sector.  

¶ Center for Study of Science, Technology and Policy (CSTEP) is responsible for GHG emission 

estimates for energy sector.  

¶ Council on Energy, Environment and Water (CEEW) is responsible for GHG emission estimates for 

industrial processes and product use sector.  

¶ World Resources Institute India (WRI India) is responsible for peer review of estimations done by all 

partners previously mentioned. 

Figure 2: Institutional Arrangement for GHG Platform - India  

 

ICLEI South Asia works with national and state level governments in different capacities. ICLEI 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.). ICLEI South Asia is 

nominated as a preferred consultant in delivering 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 committee members and 

facilitators in Rajasthan), HRIDAY scheme (empanelled city 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 Asia has supported the preparation of solar city master plans in 16  cities). ICLEI South Asia has also 

partnered with various national ministries in rolling out flagship programmes related to waste and sanitation 

sector such as the Service Level Benchmark programme in Urban Areas (Ministry of Urban Development), the 

National Urban Sanitation Policy (Ministry of Urban Development), the Swachh Bharat Mission (co-funding in 5 

cities in Rajasthan and Maharashtra states). 

 

ICLEI- Local Governments for Sustainability also seeks to build an international policy environment that 

strengthens local governments and supports local sustainability and climate mitigation. To facilitate this, ICLEI 

coordinates local government representation in several UN organizations. ICLEIõs contributions 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 sustainability and mitigate 

GHG emissions. 
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The following staff members from ICLEI South Asiaõs Energy & Climate team, which is engaged in ICLEIõs 

portfolio of energy and climate mitigation projects, have been involved in this assignment: 

¶ Emani Kumar, Deputy Secretary General of ICLEI Global and Executive Director, ICLEI South Asia: 

Provided strategic inputs towards methodological approach for emission estimation and finalization of 

the methodology note. 

¶ Soumya Chaturvedula, Deputy Director: Provided expert inputs to steer the process to help prepare 

and finalize this document including methodological approach, identification of datasets, assumptions 

to close data gaps, verification and review of datasets and emission estimates for all sub-sectors to 

help in finalization of this document.  

¶ 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 and finalization of data and 

inventory estimates.  

¶ Anandhan Subramaniyam, Manager- Energy & Climate: Undertook data collection, research, 

developing methodology for rural and urban domestic wastewater estimates, data validation and 

estimate preparation for the domestic wastewater sub-sector and drafted related sections in this 

note.   

¶ Keshav Jha, Sr. Project Officer - Energy & Climate: Undertook data collection, research, data 

validation and estimate preparation for the industrial wastewater sub-sector and drafted related 

sections in this document.   

¶ Sonali Malik, Project Officer - Energy & Climate: Undertook data collection, research, data validation 

and estimate preparation for the municipal solid waste sub-sector and drafted related sections in this 

document.   

 

Reviewersõ Profile 

Chirag Gajjar : 

Chirag Gajjar is senior manager and leads mitigation for WRIõs climate program in India. He leads research and 

project management execution for WRI India. He is the focal point for carbon pricing and science-based 

targets work in India. He also focuses on GHG measurement and management for businesses, and engaging 

with policy makers on long-term decarbonization strategies. He has been instrumental in supporting various 

Indian businesses to adopt internal price on carbon. He is the project leader for WRI India on GHG Platform 

India project. chirag.gajjar@wri.org 

 

Subrata Chakrabarty : 

Subrata Chakrabarty works with WRIõs climate program in India. He primarily works on GHG Platform ð India 

(SEEG India Projects) which aims at creating credible and accurate national and state - level GHG inventories 

based on IPCC methods. His role includes reviewing the GHG estimation reports for various sectors such as 

energy, waste, IPPU, AFOLU. In addition, he leads the capacity building activities under India GHG Program ð a 

flagship initiative by WRI India, disseminating regional, sectoral and global best practices to create a culture of 

inventorization and benchmarking of GHG emissions in India. He also supports the team with the need-based 

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

 

1.3 GHG Estimation Preparation, Data Collection, Process and Storage  
 

GHG Estimates preparation: 

ICLEI South Asia has estimated the state-level GHG emissions for the Waste Sector based on the 2006 IPCC 

Guidelines for National GHG Inventories5 with all relevant calculation approaches and default values of activity 

data and emission factors drawn from the guidelines as applicable. The overall methodology and approach 

adopted for the state-level estimates for the Waste Sector is similar to that followed in the phase-II national 

level estimates of the GHG Platform India and in line with Indiaõs Second National Communication6 and the 

                                                      
5 Available at https://www.ipcc-nggip.iges.or.jp/public/2006gl/  
6 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  

mailto:chirag.gajjar@wri.org
mailto:subrata.chakrabarty@wri.org
https://www.ipcc-nggip.iges.or.jp/public/2006gl/
http://unfccc.int/resource/docs/natc/indnc2.pdf
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First Biennial Update Report7 submitted to the United Nations Framework Convention on Climate Change 

(UNFCCC). As indicated previously, specific source sub-categories included in the emission estimates are:  

¶ 4A2 Unmanaged Waste Disposal Sites  

¶ 4D1 Domestic Wastewater Treatment and Discharge 

¶ 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 2005-2013. Given that state-level emission estimation is possible over the time period from 

2005-2014 for the two source sub-categories of ô4A2 Unmanaged Waste Disposal Sitesõ and ô4D1 Domestic 

Wastewater Treatment and Dischargeõ due to availability of relevant datasets for year 2014, the corresponding 

estimates for year 2014 have been included as well in the relevant methodological sections 3.4 and 3.5 for 

these two source sub-categories in this document. 

 

 

The emission estimates are based primarily on aggregated secondary data collected by ICLEI South Asia from 

published documents and reports of relevant government departments, nodal agencies and research 

institutions working at the state as well as national level in the Waste sector. Interactions were held with 

experts and representatives from some of these organizations to seek inputs on data availability and the 

emission estimation approach where required. The methodological approach adopted and the emission 

estimation results have been finalized post a peer-review by the WRI India team.  

 

Planning and methodology improvement: 

With regard to emission estimation, the phase-II of the GHG Platform India project involved 

¶ expanding the national time series of emissions estimation prepared in phase- I (covering the years 

2007-2012) for all sectors and 3 gases (CO2, CH4, N2O) to the years 2005 to 2013 (or up to year 

2014 subject to data availability)  

¶ preparation of a time series of emission estimates for all sectors and sub-sectors for each Indian state 

for the same period as the expanded national estimates   

The inventory planning commenced with the project partners jointly identifying the activities and developing a 

broad work plan to meet these objectives. Specific work plans and approaches were drawn up by each of the 

sector leads to undertake the exercise for the respective sectors, including ICLEI South Asia for the Waste 

sector. Detailed methodologies for preparation of the expanded national-level estimates and the state-level 

estimates were developed for each of the key source categories and sub-categories. 

A series of round tables were organized in different regions of the country under the GHG Platform India to 

reach out to potential users of the Platformõs outputs such as policymakers, research institutions, experts and 

the media. The round tables also aimed to capture feedback on the methodology, suitability of data sets, 

analyses undertaken and conclusions based on phase-I national ðlevel emission estimates and to contribute to 

ongoing work under phase-II. ICLEI South Asia organized a sector roundtable in Kolkata and participated in 

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

feedback received from the roundtables, it was decided to expand the scope of assessment to cover rural 

areas as well in the phase-II domestic wastewater emission estimation at both the national-level and the state-

level. 

To prepare the state-level emission estimates, secondary data research for state level information was 

undertaken across the years 2005 to 2014 for all sub-sectors with regard to parameters such as industrial 

production, domestic and industrial wastewater generation rates, treatment and discharge pathways, municipal 

solid waste generation rates, waste composition etc. Interactions have been held with relevant departments 

and institutions as needed. Updated information on activity data and related parameters that has been used in 

the expanded phase-II national-level estimates has been incorporated in the state-level estimates as well. The 

inventory development process involved regular discussions and reporting of progress between the project 

partners. Reporting formats were also developed for clear and transparent documentation and reporting of 

the methodology and results of the emission estimation.  

 

                                                      
7 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/indbur1.pdf  

http://unfccc.int/resource/docs/natc/indbur1.pdf
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Internal quality control (QC) procedures applied to the emission estimates include generic quality checks in 

terms of the calculations, processing, consistency, and clear recording and documentation as follows: 

¶ The input activity data for each emission source sub-category has been selected from that available in 

different datasets by duly factoring in its relative time-series consistency and temporal and spatial 

applicability. 

¶ The input data in the calculation sheets has been checked internally for transcription errors on a sample 

basis for all the 3 sub-sectors.  

¶ The calculation spreadsheets have been checked for correct application of formulae, activity and factors 

and to ensure that calculations are correct. Manual calculations have been carried out for a part of the 

state emission estimates in all 3 sub-sectors to verify the spreadsheets results. 

¶ Appropriate recording, conversions, processing and consistency of measurement units for parameters and 

emission has been checked across the reporting period.  

¶ The state-wise 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. 

¶ 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 spreadsheets that 

are linked to the main emission reporting spreadsheet. The state 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 calculation spreadsheets for all 3 sub-categories. 

¶ 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.  

¶ Emission source categories and sub-categories included and excluded in the emission estimates have been 

transparently reported in sections 1.7 and 3.3 of this note. Any known gaps in the state emission estimates 

along with rationale of assumptions used to address data gaps have been clearly indicated for each of the 

sub-sectors in sections 3.4, 3.5 and 3.6.  

 

Once the draft state-level emission estimates have been prepared, these have been peer reviewed by the WRI 

team and feedback from the peer review process has been incorporated before finalization. 

 

Data collection, processing and storage  

To ensure that the estimates from the emission source categories represent the existing condition of waste 

management across the states in India, it has been sought to use country-specific and state-level data in the 

assessment to the extent possible. The data has been primarily collected through an extensive secondary 

research. The data collection exercise focused on gathering reliable information from published documents 

and reports of relevant government departments, nodal agencies and research institutions including Central 

Pollution Control Board (CPCB) and corresponding State Pollution Control Boards (SPCB), the National 

Environmental Engineering Research Institute (NEERI), various industry departments and associations, and the 

Ministry of Urban Development among others. Discussions on methodology, activity data available and 

emission factors being used, were held with relevant organizations such as the CPCB, NEERI, industry 

associations, and SPCB in-person and over telephone. The data collected was in various forms and units and 

has been assessed to ensure its applicability within the emission estimation boundaries and subsequently 

processed for further use. 

 

The emission estimation method, reporting period, boundaries, year-wise activity data, emission factors and 

relevant parameters along with data sources and any assumptions to address gaps, and state-level emission 

results have been transparently recorded in this reporting document and in excel spreadsheets 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 along with copies of relevant references or data sources. The final emission estimates and 

reporting documents are published and available on the GHG Platform India website (www.ghgplatform-

india.org). 

 

 

 

 

http://www.ghgplatform-india.org/
http://www.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 Guidelines for National GHG 

Inventories (hereafter referred as 2006 IPCC Guidelines). The emission factors and activity data used in the 

emission estimates are a mix of specific state-level data (where available) or national-level data and default 

values specified by the 2006 IPCC Guidelines. While use of state-level activity data has been prioritized, 

national-level and IPCC default values are used where requisite reliable state-level activity data is not available. 

State specific values of emission factors are used for the degradable organic carbon (DOC) content to 

estimate CH4 emissions from solid waste disposal. 

 

The tier method selected for each of the 3-emission source sub-categories included in this assessment is 

guided by the decision trees provided in the 2006 IPCC Guidelines and is based on data availability. The 

estimation approach uses a combination of Tier 1 and Tier 2 methods, with limitations in availability of 

disaggregated state or country specific data and emission factors restricting use of Tier 2 and Tier 3 methods. 

Further details on the Tiers used for the 3-emission source sub-categories in the Waste sector are provided in 

the 3.4.2, 3.5.2 and 3.6.2 of this note for each of the sub-sectors. 

 

Activity data collected and relevant emission factors selected have been used to calculate emission estimates 

using the following basic principle given in the 2006 IPCC Guidelines: 

 

GHG emission= activity data x emission factor 

 

Complex calculations and models based on this basic principle are outlined for the Waste sector in the 2006 

IPCC Guidelines and used in the emission estimates for the 3 sub-categories included in this assessment.  The 

emissions estimates have been reported in Table 1 and Table 18 in this note in terms of CO2 equivalent 

(CO2e) for CH4 and N2O gases using the respective Global Warming Potential (GWP) values over a 100-year 

time horizon, as provided by the IPCC in its Second Assessment Report, 19963 and the latest updated GWP 

values in the Fifth Assessment Report, 20144. Indiaõs Second National Communication Report6 and the First 

Biennial Update Report7 both use 100-year GWP values from the IPCC Second Assessment Report, 1996. To 

ensure consistency with the official GHG inventory submissions, the estimates reported in terms of CO2e 

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 

Solid waste disposal includes CH4 emissions from solid waste collected and disposed at specific waste disposal 

sites. This assessment considers disposal of municipal solid waste, which typically includes waste from 

households, gardens and parks, and commercial and institutional areas in urban areas across 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 waste in the states are considered not to be 

significant, in-line with Indiaõs Second National Communication6 and the First Biennial Update Report7.  

 

The First Order of Decay (FOD) method has been used to estimate the CH4 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 CH4 is released. Based on the 2006 IPCC guidance8 on the FOD model and Indiaõs 

Second National Communication6, a period of 50 years is considered appropriate for CH4 emissions from a 

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

resultant emissions have been estimated for each state for a period of 50 years prior to 2005 i.e. 1954-2004 

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

approaches is used in the state emission estimation. Prevalent waste management practices such as open 

dumping/unmanaged landfill, waste characteristics and composition, and per capita waste generation rates in 

cities across Indian states have been factored 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  

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 estimated for CH4 and N2O gases for the states over the period 

2005-2014. The characteristics of the domestic wastewater and consequently the associated GHG emissions 

vary from place to place depending on factors such as economic status, community food intake, water supply 

status, treatment systems and climatic conditions of the area. To account for these variations, the population 

generating domestic wastewater has been categorized into that residing in urban and rural areas. Domestic 

wastewater treatment systems and pathways considered include centralized treatment plants, septic tanks, pit 

latrines, open/closed sewers, and anaerobic digesters. N2O emissions occurring as direct emissions from 

treatment plants or from indirect emissions from wastewater after disposal of effluent into waterways, lakes or 

the sea have also been considered. A Tier 1 approach has been used to estimate CH4 and N2O 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, Dairy, and Tannery -sectors which have relatively high organic wastewater 

generation and thereby lead to significant CH4 emissions on its treatment and discharge. The emission 

estimation has been conducted for years 2005-2013 due to unavailability of activity data on state-level 

industrial production for the year 2014. A Tier 1 approach has been used to estimate state-wise CH4 

emissions due to industrial wastewater treatment and discharge. 

 

To ensure consistency across the sectors, overall state emissions reported for the Waste sector in this 

document are limited to the yea rs 2005-2013. However, given that the relevant data for year 2014 is 

available for the source sub-categories of ô4A2 Unmanaged Waste Disposal Sitesõ and ô4D1 Domestic 

Wastewater Treatment and Dischargeõ, the corresponding state estimates for year 2014 have been 

included in the relevant methodology sections of this note for these two source sub-categories. 

 

Data Sources:  

As indicated previously, it has been sought to use state and country-specific data in the emission estimates. 

Activity data has been primarily sourced from official data reported in publicly available web-based publications 

and statistical documents of relevant central/state government departments, nodal agencies, industrial 

departments and research institutions including NEERI, CPCB, SPCB, Census of India, industry associations, 

Ministry of Urban Development and others as indicated in the Table 5.  

 

The CPCB is a statutory government organization responsible for collecting information on generation and 

treatment of solid waste and wastewater from all states and send requisite directives for necessary measures 

and therefore is a key source of activity data relating to solid waste disposal and domestic wastewater. 

Information on total volume of wastewater generated from industrial sectors is not available either with the 

CPCB, the SPCB or the relevant government departments and thus a Tier 1 approach which uses industrial 

production to estimate volume of wastewater generation is used in the case of industrial wastewater. 

Therefore, data sources for state-wise industrial production data for the 10 sectors under consideration 

include corresponding nodal industry departments and bodies, industry associations, and research/studies 

conducted in these sectors.  

NEERI is a government research institute working on solid waste and wastewater9 in the country and has also 

been involved in GHG emission estimation for the Waste sector in Indiaõs National Communication. Given the 

experience of NEERI in waste management, peer-reviewed literature from NEERI have been preferred as a 

data source for activity data, emission factors and related parameters related to solid waste disposal as well as 

domestic and industrial wastewater across the states. Data on historical per capita solid waste generation rates 

have been taken from a report published by The Energy Resources Institute (TERI)10. Data 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 wastewater emission estimates.  

                                                      
9 NEERIôs focus 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' 

http://www.neeri.res.in/
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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 technologies 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 Statistics and Programme Implementation, Central 

Board of Excise and Customs - Central 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 

industrial production datasets. Inputs received helped to ascertain the status of available state-level industrial 

production data and gaps therein and identify potential data sources for Beer, Soft drinks, Pulp & Paper, Coffee 

and Rubber sectors in particular. 

Since state-specific emission factors are not available, national-level emission factors are sourced primarily 

from Indiaõs national communication documents to the UNFCCC, research documents and publications of 

NEERI, and the 2006 IPCC Guidelines on national GHG inventories, in this order of preference. While the 

importance of using of country-specific emission factors is well understood, the limited availability of data and 

specific emission factors for India has necessitated the use of the IPCC default values to some degree in the 

emission estimates. Further details of specific data sourced from each of the entities mentioned above are 

given in the corresponding detailed sections on methodology for the 3-emission source sub-categories. 

 
 

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

IPCC  ID  NAME OF SECTOR  PRINCIPAL ACTIVITY DATA SOURCE  
PRINCIPAL COLLECTION 

MECHANISM  

4A2 
Unmanaged Waste 

Disposal Sites 

CPCB; NEERI; Central Public Health 

and Environmental Engineering 

Organization (CPHEEO), Ministry of 

Urban Development; TERI; 2006 

IPCC Guidelines on national emission 

inventories 

Published data from reports, 

manuals and studies from the web  

4D1 
Domestic Wastewater 
Treatment and Discharge 

CPCB; NEERI; Census of India; 

NSSO, Ministry of Statistics & 

Programme Implementation (MOSPI); 

2006 IPCC Guidelines on national 

emission inventories  

Published data from reports, 

studies and statistical publications 

from the web 

4D2 
Industrial Wastewater 

Treatment and Discharge 

¶ Ministry of Steel 

¶ Indian Bureau of Mines 

¶ Department of Fertilizers, Ministry 

of Chemicals and Fertilizers 

¶ Directorate of Sugarcane 

Development, Ministry of 

Agriculture 

¶ Coffee Board, Ministry of 

Commerce and Industry 

¶ Petroleum Planning and Analysis 

Cell, Ministry of Petroleum & 

Natural Gas 

¶ Department of Animal Husbandry, 

Dairying and Fisheries, Ministry of 

Agriculture 

¶ Central Pulp & Paper Research 

Institute 

¶ Rubber Board, Ministry of 

Commerce and Industry  

¶ Food and Agriculture Organization 

(FAO) 

¶ Department of Industrial Policy and 

Promotion, Ministry of Commerce 

& Industry 

¶ NEERI 

¶ Centre for Science and 

Environment (CSE) 

¶ 2006 IPCC Guidelines on national 

emission inventories 

Published data from reports, 

studies and statistical publications 

from the web   
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Note: Related web-links for the data sources are given in the corresponding detailed methodology sections for the 

emission source categories. 

 

1.5 Brief description of key source categories  
It is observed that the 3 source categories - Unmanaged waste disposal sites (4A2), Domestic wastewater 

treatment and discharge (4D1), and Industrial wastewater treatment and discharge (4D2) ð considered in the 

emission estimates each contribute to more than 5% of the cumulative state-level Waste sector emissions 

across the reporting period from 2005-2013. Domestic wastewater treatment and discharge (4D1) contributes 

to 60% of the overall emissions between the years 2005-2013. This is followed by Industrial wastewater 

treatment and discharge (4D2) which accounts for 29% and Unmanaged waste disposal sites (4A2) which has a 

share of 11% in the total state emissions from 2005-2013. 

Therefore, in line with the 2006 IPCC Guidelines for National GHG Inventories all the 3 source categories are 

identified as key source categories within the Waste sector.  

1.6 Uncertainty Evaluation  
Since the state-level emission estimation for the Waste sector uses complex calculations and models involving 

compilation and processing of several input parameters (i.e. activity data and emission factors), the availability 

and quality of the input data or lack thereof is bound to bring in uncertainty in the estimation. Comprehensive 

quantitative and qualitative reporting of uncertainties requires a detailed understanding of the processes of 

compilation and reporting of input parameters used in the estimates. The lack of reliable and updated state-

specific data is a key challenge encountered for all the 3 Waste sub-sectors considered in the state-level 

emission estimation. Due to the lack of disaggregated data, an aggregation based top-down approach has been 

used in the state emission estimation, which contributes to propagation of inherent errors in the input data 

into the estimates. Given the absence of quantitative and qualitative information to help identify inaccuracies in 

the input datasets, it is difficult to make an overall statement of uncertainty for the state-level Waste sector 

estimates.  

A qualitative assessment of the potential sources of inaccuracy for each of the source categories considered in 

the Waste sector estimates has been undertaken at present, to the extent possible, with reference to the 

IPCC guidance and default uncertainty values. Assumptions made in the emission estimation for the states have 

been clearly reported and a sensitivity analysis has been conducted for key parameters and assumptions for all 

the 3 sub-sectors. The emission estimate uncertainties are assessed to be relatively higher for the state-level 

CH4 emission estimates from ôIndustrial wastewater treatment and dischargeõ as compared to ôdomestic 

wastewater treatment and dischargeõ and ôsolid waste disposalõ. Recommendations relating to data gathering 

and disaggregation suggested at the end of this report will 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 measures to fill such data gaps. 

1.7 General Assessment of Completeness  
Emissions from the source categories ô4B Biological treatment of solid wasteõ and ô4C Incineration and open 

burning of wasteõ are not included in the state estimates due to the lack of reliable data for these sources and 

the absence of considerable number of waste incineration and composting facilities for a large part of the 

reporting period, especially pre-2010. 

Emissions from solid waste disposal are limited to disposal of municipal solid waste in this assessment. Possible 

emissions from industrial 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 management of these solid waste streams in the 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 conditions and thereby does not contribute to significant GHG emissions. Thus, the 

assessment considers GHG emissions from solid waste disposal in urban areas within the states. Further, most 

of the solid waste disposal sites in Indian states are not scientifically constructed and are inadequately managed 

as per national government guidance. The sites are also observed to be shallow11 in 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  

http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/5_Volume5/V5_3_Ch3_SWDS.pdf
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emission estimates account for the source category ô4A2: Unmanaged waste disposal sitesõ which is deemed 

applicable for India.  

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

and managed waste disposal sites within the states, the source category of ô4A1: Managed waste disposal sitesõ 

is not yet applicable in the Indian context 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 4A3: Uncategorized waste disposal sitesõ is also not considered.  

With regard to the industrial wastewater estimates, 10 industry sectors having significant organic load in their 

effluent and thereby generating significant GHG emission are included. These sectors are identified using 

Indiaõs National Communication reports, the 2006 IPCC guidelines for National GHG inventories, literature 

from NEERI and largely include the significant industrial wastewater related GHG emission sources in the 

country. While emissions from Beer and Soft drinks sector have been included in the national-level emission 

estimates under this Platform, these sectors have not considered in the state-level emission estimates. This is 

due to the unavailability of relevant activity data at the state-level to enable emission estimation. Other reliable 

information related to industrial activity, economic output etc. at the state-level which can be used as proxy 

data to apportion national-level emissions is also absent for these 2 sectors. Estimates for domestic 

wastewater cover both the urban as well as rural population in the states and are considered to sufficiently 

capture the relevant emission sources. 
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Trends in Emissions 
 

1.8 Overall Waste Sector  
Indiaõs Waste sector is estimated to contribute to GHG emission of 93.78 Mil. tonnes of CO2e in the year 

2013 (see Figure 3). GHG emissions from treatment and discharge of domestic wastewater have accounted for 

the highest share of the Waste sector emissions over the reporting period, contributing to 62.9% of the 

aggregated state-level emissions from the Waste sector in 2013 (see Figure 4). Industrial wastewater 

treatment and discharge was the 2nd largest contributor to the total Waste sector GHG emissions, with a 

share of 25.6% in 2013, followed by solid waste disposal which contributed to 11.6% of the countryõs 

cumulative state-level Waste GHG emissions. 

Cumulative state-GHG emissions from the Waste sector have increased by 26% in the year 2013 as compared 

to year 2005, rising at a CAGR of 2.9% over the reporting period from 2005-2013. Emissions from solid waste 

disposal have registered the highest CAGR of 5.5% per year among the 3 sub-sectors. GHG emissions from 

the domestic and industrial wastewater have grown at CAGR of 3.8% and 0.12% respectively on average from 

2005 to 2013. The trend of the overall state-level emission is observed to be quite steady with a relatively 

higher rise between for the year 2010 and 2011 (see Figure 3), which can be correlated with the 

corresponding increase in the estimated state-level domestic wastewater emissions12.  

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

 
(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series) 

 

 

 

 

                                                      
12 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  

  
(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series) 

 

The state of Uttar Pradesh has the highest contribution to the estimated total Waste sector emissions, with a 

share of 15.8% while Maharashtra contributes to 10% of the aggregate emissions. The states of Uttar Pradesh, 

Maharashtra, Gujarat, Andhra Pradesh, Tamil Nadu, West Bengal and Karnataka together contribute to more 

than half of the total estimated Waste sector emissions in the year 2013 (see Figure 5 and Table 3). The states 

of Dadra & Nagar Haveli, Daman & Diu, Andaman & Nicobar, Sikkim, Arunachal Pradesh, Mizoram, 

Lakshadweep, Puducherry, Manipur, Nagaland, Goa, Meghalaya, Tripura, Chandigarh and Himachal Pradesh 

cumulatively contribute to less than 2% of the total emissions. 

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

 

(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series) 



      

 

Table 3: State -wise estimated GHG emission for  the Waste Sector , 2005-2013  

STATE /UNION TERRITORY  

GHG  EMISSION (M IL . TONNES OF CO 2e) STATE -W ISE 

PERCENT SHARE  

(2013) 

CAGR  (2005-

2013)  2005 2006 2007 2008 2009 2010 2011 2012 2013 

Andaman & Nicobar 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04% 5.75% 

Andhra Pradesh 6.27 6.35 6.44 6.50 6.67 6.71 7.60 7.94 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 1.51 1.53 1.54 1.53 1.66 1.73 1.77 1.89% 2.28% 

Bihar 3.04 3.11 3.18 3.25 3.27 3.34 3.97 4.07 4.18 4.46% 4.06% 

Chandigarh 0.09 0.10 0.10 0.17 0.17 0.18 0.25 0.26 0.26 0.28% 13.70% 

Chhattisgarh 0.94 0.96 0.99 1.02 1.04 1.06 1.26 1.31 1.34 1.43% 4.59% 

Dadra & Nagar Haveli 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03% 8.28% 

Daman & Diu 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.03 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 0.10 0.11 0.11 0.11 0.12 0.12 0.15 0.15 0.15 0.16% 5.01% 

Gujarat 6.63 6.65 6.66 6.64 6.67 6.77 7.29 7.62 7.71 8.22% 1.90% 

Haryana 1.31 1.35 1.40 1.43 1.46 1.51 2.00 2.04 2.06 2.20% 5.78% 

Himachal Pradesh 0.43 0.44 0.44 0.44 0.44 0.45 0.56 0.56 0.55 0.58% 2.97% 

Jammu & Kashmir 0.56 0.58 0.60 0.62 0.63 0.65 0.77 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 3.50 3.58 3.64 3.68 3.77 3.82 4.29 4.39 4.40 4.69% 2.90% 

Kerala 2.70 2.75 2.79 2.84 2.89 2.96 2.99 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 3.94 4.01 4.28% 3.56% 

Maharashtra 7.78 7.95 8.12 8.22 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 0.14 0.14 0.14 0.15% 4.08% 

Meghalaya 0.12 0.12 0.13 0.13 0.13 0.13 0.16 0.16 0.17 0.18% 4.37% 

Mizoram 0.06 0.06 0.06 0.06 0.06 0.06 0.08 0.09 0.09 0.09% 5.80% 

Nagaland 0.11 0.11 0.10 0.11 0.10 0.11 0.14 0.14 0.14 0.15% 3.66% 

Odisha 2.13 2.17 2.20 2.22 2.28 2.33 2.54 2.54 2.55 2.72% 2.24% 

Puducherry 0.09 0.09 0.09 0.10 0.11 0.11 0.12 0.13 0.13 0.14% 5.31% 

Punjab 3.26 3.29 3.32 3.36 3.38 3.43 4.20 4.22 4.28 4.57% 3.48% 

Rajasthan 2.96 3.02 3.08 3.14 3.19 3.25 3.77 3.86 3.98 4.24% 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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STATE /UNION TERRITORY  

GHG  EMISSION (M IL . TONNES OF CO 2e) STATE -W ISE 

PERCENT SHARE  

(2013) 

CAGR  (2005-

2013)  2005 2006 2007 2008 2009 2010 2011 2012 2013 

Tripura 0.14 0.15 0.15 0.15 0.17 0.17 0.19 0.19 0.20 0.21% 4.09% 

Uttar Pradesh 11.61 11.74 11.96 12.14 12.07 12.24 14.03 14.45 14.79 15.77% 3.08% 

Uttrakhand 2.30 2.34 2.34 2.33 2.32 2.38 2.58 2.58 2.40 2.56% 0.55% 

West Bengal 5.22 5.25 5.34 5.43 5.47 5.28 6.14 6.29 6.31 6.73% 2.40% 

All -India (Total)  74.62 75.72 76.98 78.03 79.03 80.13 90.12 92.49 93.78 100.00% 2.90% 

(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series)



 

The emission intensity of the Waste sector emissions, in terms of aggregate state GHG emission per unit 

GDP, is observed to have decreased by 29% in 2013 as compared to the base year of 2005, falling at a CAGR 

of -4.2% over the reporting period between 2005 to 2013 (see Figure 6). Per capita emissions from the Waste 

sector, estimated based on aggregated state-level emissions, increased from 67.7 kg of CO2e in year 2005 to 

74.8 kg of CO2e in the year 2013. The per capita emissions from the Waste sector are estimated to have 

increased at a CAGR of 1.2% per annum from 2005 to 2013. The spike in per capita emissions in year 2011 is 

linked to the corresponding 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 

  
(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series; GDP based on 

Central Statistics Office, 2014 data) 

*Note: Since GDP is reported on financial year basis, the GDP data for 2005-06 has been used to estimate the emission 

intensity for 2005, GDP data for 2006-07 has been used to estimate the emission intensity for 2006 and so on 

 
Figure 7: Trend of per capita GHG emission from Was te sector , 2005-2013 

 
(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series) 

 

The emission intensity of the Waste sector emissions, in terms of GHG emission per Gross State domestic 

product shows a decreasing trend across all the states. The states of Uttar Pradesh, Andhra Pradesh, and 

Tripura have the highest GHG emission intensity (see Table 4).  Emission intensity in the states of Punjab, 

Bihar and Assam, Odisha, Jammu & Kashmir, Madhya Pradesh, West Bengal, Gujarat, Manipur, Uttarakhand, 
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Chandigarh is also notable, being higher than the aggregate state GHG emission of 1.63 tonnes of CO2e per 

Million INR. The lowest GHG emission intensity is observed in the state of Goa.  

The states of Lakshadweep, Uttarakhand, Punjab, and Gujarat are seen to have the highest per capita GHG 

emission for the Waste sector, in this order (see Table 5). Per capita emissions are also notably higher in 

Chandigarh, Tamil Nadu, Kerala and Delhi. The states of Manipur, Tripura, Chhattisgarh, 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)  

 

STATE /UNION TERRITORY  

GHG  EMISSION PER UNIT GSDP (TON NES OF  CO 2e PER MILLION 

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% 

Odisha 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 India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series; GDP based on data sourced from 

Directorate of Economics & Statistics of respective State Governments and published by Niti Aayog.  
Available at http://niti.gov.in/content/gsdp-constant-2004-05prices-2004-05-2014-15) 
*Note: 1) Since GDP is reported on financial year basis, the GDP data for 2005-06 has been used to estimate the emission intensity for 

2005 and so on 

2) Gross State Domestic Product is not available for Dadra & Nagar Haveli, Daman & Diu, and Lakshadweep and therefore these Union 
territories are not included in the Table. Telangana 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  

STATE /UNION TERRITORY  

GHG  EMISSION PER CAPITA   

(KG OF CO 2e) 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 Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series) 
 

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

presented in the following sections here. 

 

1.9 4A Solid Waste Disposal  
  

CH4 emission 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 10.85 Mil. tonnes of CO2e 

in 2013 as against 7.04 MtCO2e in 2005 across the Indian states (see Figure 8). This source category is 

observed to have the highest year-on-year growth in the aggregated state-level emissions within the Waste 

sector, with a CAGR of 5.5% from 2005-2013.  

 

The state of Maharashtra is the largest contributor to 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, Uttar Pradesh, Tamil Nadu, Andhra 

Pradesh, West Bengal, Karnataka, Delhi and Kerala contribute to 70% of the total solid waste disposal related 

emissions. Among these states, emissions from Kerala are estimated to have increased at a relatively higher 

CAGR of 12.3% from 2005-2013 while emissions from Andhra Pradesh and Karnataka have grown significantly 

as well (CAGR of 7.7% each). Himachal Pradesh, Andaman & Nicobar, Dadra & Nagar Haveli, Daman & Diu, 

Lakshadweep along with a number of North eastern states (Meghalaya, Manipur, Mizoram, Nagaland, Sikkim, 
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Arunachal Pradesh) contribute to less than 1% of the cumulative emissions from solid waste. Year-wise GHG 

emission from solid waste disposal for each state from 2005-2013 is given in Table 72 in Annexures. 

 
Figure 8: Trend of GHG emission from Solid Waste Disposal, 2005 -2013 

 
(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series) 

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

STATE /UNION TERRITORY  

GHG  EMISSION (MIL . TONNES OF 

CO 2e) 
SHARE OF GHG  

EMISSION IN 2013 
CAGR  

2005 2013 

Andaman & Nicobar 0.005 0.008 0.1% 8.9% 

Andhra Pradesh 0.677 1.136 10.5% 8.0% 

Arunachal Pradesh 0.004 0.008 0.1% 2.4% 

Assam 0.040 0.069 0.6% 2.9% 

Bihar 0.208 0.246 2.3% 14.7% 

Chandigarh 0.019 0.023 0.2% 20.9% 

Chhattisgarh 0.044 0.114 1.0% 13.7% 

Dadra & Nagar Haveli 0.001 0.004 0.04% 6.7% 

Daman & Diu 0.001 0.004 0.03% 8.8% 

Delhi 0.424 0.667 6.1% 4.4% 

Goa 0.212 0.038 0.4% 7.5% 

Gujarat 0.334 0.451 4.2% 3.8% 

Haryana 0.151 0.250 2.3% 8.4% 

Himachal Pradesh 0.009 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 0.418 0.701 6.5% 10.5% 

Kerala 0.242 0.546 5.0% 5.1% 

Lakshadweep 0.0005 0.001 0.01% 6.5% 

Madhya Pradesh 0.353 0.500 4.6% 8.9% 

Maharashtra 0.815 1.270 11.7% 7.2% 

Manipur 0.007 0.012 0.1% 7.9% 

Meghalaya 0.009 0.015 0.1% 11.7% 
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STATE /UNION TERRITORY  

GHG  EMISSION (MIL . TONNES OF 

CO 2e) 
SHARE OF GHG  

EMISSION IN 2013 
CAGR  

2005 2013 

Mizoram 0.006 0.011 0.1% 4.9% 

Nagaland 0.003 0.007 0.1% 7.7% 

Odisha 0.118 0.165 1.5% 7.1% 

Puducherry 0.023 0.038 0.4% 4.1% 

Punjab 0.237 0.384 3.5% 13.7% 

Rajasthan 0.306 0.405 3.7% 5.7% 

Sikkim 0.001 0.004 0.04% 10.0% 

Tamil Nadu 798,476 1.179 10.9% 4.6% 

Tripura 0.013 0.026 11.2% 5.0% 

Uttar Pradesh 0.885 1.213 0.6% 6.4% 

Uttarakhand 0.023 0.063 9.0% 8.9% 

West Bengal 0.692 0.976 100.0% 8.0% 

State Aggregate CH 4 

emission  
7.05 10.85 0.1% 2.4% 

(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series) 

 

Changing trends in GHG emission are primarily due to change in the total quantum of solid waste, its 

composition, and the method of disposal and characteristics related to the disposal site. In the short-term for 

the reporting period from 2005-2013, the rise in solid waste disposal emissions is driven by increasing 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 by 1.2% per year13 over the past two decades.  

 

Over the long-term, the changing composition of municipal solid waste is seen to contribute to rising 

emissions, with higher emissions generated from every tonne of waste that is being disposed.  The GHG 

emissions per tonne for solid waste disposed (on aggregated state-level basis) have more than doubled, rising 

from 86 kg of CO2e per tonne of solid waste disposed on average during 1954-6014 to 225 kg of CO2e per 

tonne of solid waste disposed during 2005-2013 (refer Figure 9).  

 

The GHG emission per tonne of waste disposed ranges from 131 kg of CO2e to 329 kg of CO2e across the 

states during 2005-13 (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 

value estimated for these states, which results from a higher proportion of organic constituents in the stateõs 

solid waste.  
Figure 9: GHG Emission per tonne of MSW disposed, 1954 -2013 

 
(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 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 CH4 over a long period of time (around 50 years). CH4 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 disposed (state- aggregates) for the emission estimation period of this exercise is 

depicted by the green coloured bar in Figure 9 while the historic long trend of GHG emission per tonne of waste disposed that derives 

from the FOD method for the previous 50-year period is depicted by grey coloured bars.     

 

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

STATE /UNION 

TERRITORY  

KG OF CO 2e GHG  EMISSION /TONNE OF MSW  DISPOSED  

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 0.0 121.1 129.5 129.7 182.2 

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 86.6 176.8 188.6 192.5 197.5 209.9 329.1 

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 86.4 176.6 182.0 192.5 200.9 207.7 238.8 

Kerala 84.8 173.4 187.0 182.3 204.7 203.2 219.5 

Lakshadweep 0.0 0.0 0.0 108.1 204.2 213.8 213.4 

Madhya Pradesh 84.2 168.6 177.3 184.6 195.8 247.5 244.8 

Maharashtra 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 80.5 167.7 174.1 184.9 194.2 203.3 261.2 

Mizoram 81.4 137.6 131.6 141.5 177.4 199.8 238.9 

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 85.5 179.0 186.8 194.4 197.2 205.2 239.0 

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 India ð Phase II: 2005 ð 2013 State Estimates ð 2017 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 Figure 10. 

Emissions from rural domestic wastewater are seen to contribute to around 61 to 65% of the state aggregate 

emissions from domestic wastewater across the period from 2005-2013. 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 of the countryõs population is residing in urban areas, the 

corresponding per capita GHG emission generated from urban domestic wastewater is considerably higher (by 

about 22%-36% across the period 2005-2013) as compared to per capita GHG emission from rural 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 

 
(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series) 

 

With regard to urban domestic wastewater, CH4 emissions are estimated to be much higher than N2O 

emissions, accounting for 74.27% of the total GHG emission in 2013. CH4 is emitted from wastewater when it 

is treated or disposed anaerobically. Therefore, CH4 emissions have a direct correlation with the percentage 

of wastewater that is treated or discharged through different systems or pathways. CH4 emission is also 

influenced by the income-levels since the accessibility and usage of different wastewater treatment 

systems/pathways varies by income-groups.  

 

CAGR of CH4 emission from urban domestic wastewater over the reporting period of 2005-2013 is observed 

to be 5.8%. According to latest Census data in 2011, the proportion of urban population is 31.15% in 2011, a 

rise of 12%, in comparison to 2001 (27.81%). This higher proportion of urban population in 2011 also, implies 

an increase of 41% in the estimation of CH4 emissions for 2011 as compared to 2010. The average annual 

growth rate of CH4 emission drops down to about 1.7% from 2011-2013, in line with the steady population 

growth considered in the calculations (see Figure 11).  

In terms of average state-wise contribution to urban CH4 emission across 2005-2013, Maharashtra has the 

highest contribution (14.72%), followed by Uttar Pradesh (11.09%), Tamil Nadu (9.69%), West Bengal (8.67%), 

Andhra Pradesh (6.67%) and Gujarat (6.28%). This correlates with the order of states with the highest urban 

population. Most of the north-eastern states along with states such as Jammu & Kashmir, Uttarakhand, 

Himachal Pradesh and Lakshadweep contribute to less than 1% of the CH4 emission from urban domestic 

wastewater (see Table 8). 
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Figure 11: Emission of CH 4 from Urban domestic wastewater treatment and discharge, 2005 -2013 

(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series) 

Note: CH4 emission has been converted to CO2 equivalent values and depicted through the dotted black line in this chart that relates 

to absolute values on the secondary axis (at the right side of the chart). 

 

N2O 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 and N2O emissions occur on  degradation of this 

nitrogen in the wastewater. Urban N2O emissions show a steady trend in line with the steadily rising 

nutritional intake of protein and the increase in urban population over the years (see Figure 12). N2O 

emissions from urban domestic wastewater are observed to grow at a CAGR of 3.0% over the reporting 

period of 2005-2013.  

As observed in the case of CH4 emissions from urban domestic wastewater, the states having higher urban 

population are the key contributors to cumulative N2O emission from urban wastewater as well. Maharashtra 

is the largest contributor to N2O emissions, with an average share of 13.1% in the total urban N2O emission 

from 2005-2013, followed by Uttar Pradesh (12.71%), Tamil Nadu (8.39%), West Bengal (7.4%), Andhra 

Pradesh (7.02%) and Gujarat (6.57%) (see Table 9). The states of Jammu & Kashmir, Uttarakhand, Himachal 

Pradesh, Lakshadweep and most of the north-eastern states have a share of less than 1% in the total N2O 

emission from urban domestic wastewater. 
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Figure 12: Emission of N 2O from Ur ban domestic wastewater treatment and discharge, 2005 -2013 

 
(Source: Analysis based on GHG Platform India ð Phase II: 2005 ð 2013 State Estimates ð 2017 Series) 

Note: N2O emission has been converted to CO2 equivalent values and depicted through the dotted black line in this chart that relates 

to absolute values on the secondary axis (at the right side of the chart). 

 






















































































































































































































































