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The   Setting

India is a vast country (3.28 million sq km)

Diverse physiographical features

Himalayas, Coastal areas, northern plains, 
peninsular plateau and islands

Occupies 2.4% of the worlds land area but 
support 16.2% of the worlds  human 
population

Dominating feature of climate is the Monsoon

Endowed with varied soils, climate, 
biodiversity and ecological regions

Under such diverse natural conditions, a billion people speaking different languages, 
following different religions, inhabiting in rural and urban areas live in harmony 
under a democratic system 

 
 

Diversity in  emissions

Regional and sectoral variability exists in emissions across a large country 
like India

Wide technology diversity complicates India specific estimates as new and 
vintage technologies co-exist 

For example: 
Energy and transformation industries

Different fuel combustion technologies operational
Industrial Process

Diverse production technologies 
Agriculture

Dispersed sources therefore difficult to assess activity data
Land use Land use Change and Forestry

Assessment of all forest types still not covered
Waste

Rising urban population
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1990

CO2
CH4

Fossil 
Fuel 
Rice
Anim als

1990

CO2
CH4

Transport 
Coal 
m ines 
1992 CH4
cam paign
Anim als-
Tier-II

CO2 , CH4
N2O, NOx,
CO, NMVOC
Additional 
sources:
Biom ass 
burning, 
cement prod. 
oil & nat. gas
Manure  
crop res idue 
soils  and 
MSW

Base 
year

Gases

Sectors

Ref. M itra, 
1991

Mitra, 
1992

ALGAS, 
India, 1998

1998

CH4

1998 methane 
Cam paign &
CH4 
coefficients  
organically
amended soils

1994

CO2, CH4
N2O

Mostly all 
sources

Gupta et al. 
1999

NATCOM 
2004

CH4

Seasonally 
integrated 
approach 
and new  
class ificati
on of rice  
fie lds  
based on 
water 
regimes 
developed

1990-1995

Parashar et. 
al., 1997

Chronology of Inventory Development

Used 
Publish
ed EF

Used 
Publish-
ed & also 
devloped
for rice

IPCC default 
+ ow n 
published

1990-1995

EF developed 
for organically 
amended soil

EF devel-
oped for 
key 
sectors

developed 
EF for 
various 
water 
regimes

EF

 
 

Inventory Estimation- Scope

Sectors Cove red:
• Energ y a nd  Transform a tion
• Industria l Processes
• Ag ricu ltu re
• Land  U se , La nd  U se  Chang e &  Forestry 
• W aste

Gases Cov ere d:
• Carbon  d ioxide  (CO2)
• Methane  (CH 4)
• N itrous Oxide  (N 2O)

Base year: 1994

Guid elin es : IPCC 1996
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Inventory Estimation - Institutional Arrangement

19 Research Teams
 

 

GHG Emissions from Sources and Removals by Sinks - India  1994

743820
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Sectoral emissions - Energy and Industrial Processes

 
 

Sectoral emissions- Agriculture
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Sectoral Emissions – Land Use, Land Use Changes and Forestry

 
 

Sectoral Emissions – Waste Management
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Sectoral Distribution of  GHG emissions – India  1994

Em issions in  te rm s of CO2 equ iva len t

 
 

Relative GHG Emissions - India 1994

CO 2 equ iva len t em ission  d istribu tion  (M t)
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Energy
85%

Industrial 
Process

13%

LULUCF
2%

CO2 Emission Distribution in 1994

Key sources:       Energy and transformation industries
Steel & Cement Production

 
 

All energy
16%

W aste
6%

Agriculture
78%

CH4 Emission Distribution in 1994

Key sources :       Enteric fermentation 
Rice cultivation
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Agriculture
84%

Energy
7%

Waste
4%

Ind. Proc.
5%

N2O Emission Distribution in 1994

Key sources:       N2O emissions from Soils

 
 

Levels of inventory estimations

Tier 1 Takes in to  a ccount the  g ross consum ption  and  a vera g e  em issions 
fa ctors.  
e .g . N a tional level fue l consum ption  a nd  com m on em ission  
fa ctors (tC/un it fue l used ), 

Tie r 2 R efe rs to  estim a tions ba sed  on  sub-sectora l consum ption  a nd  
em issions coe fficien ts deve loped  rep resenting  specific cond itio ns.  

e .g . Fue l combustion  a ttribu ted  to  techno log y types (like  Sub-
critica l pulve rized  coal fo r power genera tion )

Tie r 3 R efe rs to  em ission  estim a tes m ade  using  de ta iled  a ctivity a nd  
specific em ission  coe fficien ts

e .g . em ission  fa ctors exp ressed  directly in  te rm s o f un it o f a ctivity like  
tC/kW h of power g enera ted

Sha re  o f d iffe ren t Tie rs used  for N ATCOM GH G estim a tes

Tie r-I a pp roa ch 23%

Tie r-II a pp roa ch 70%

Tie r III a pp roa ch  7%
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Uncertainties in Inventory Estimation

Top down and bottom up estimates of national 
activity data have variations due to aggregation 
errors

Existing activity data reporting formats are not 
meant for inventory reporting purposes

Most of the IPCC default emission coefficients not 
representative of India specific coefficients

Methodological issues

 
 

Uncertainty Reduction

Energy and Transformation Sector
Calorif ic v alues of Indian coals
CH4 f rom Coal mining 
GHGs f rom Road Transport  
CO2 f rom some power, steel & cement plants

Industrial Process
N2O f rom Nitric Acid Production
CO2 f rom Cement , Lime and Dolomite

Agriculture Sector
CH4 f rom Enteric Fermentation
CH4 f rom Rice Cultiv ation
N2O f rom Soils
GHG f rom biomass combustion

Forestry
Estimation of annual growth rates

Waste
CH4 Municipal Solid Waste

To capture the diversity of Indian em ission characteris tics  

To enhance the quality of the inventory

Fresh em issions  m easurements  / es tim ations   were undertaken in some sectors
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Uncertainty Reduction – Institutional Arrangement

17 Research Teams
 

 

Indigenous Emission Factors Developed for India

71.4 ± 0.5LCV
71.4 ± 0.55MCV/HCVDiesel Oil
61.5 ± 4.0Car/Taxi

S ingh  et al., 2004a, 
S inghal et al, 2004

43.9 ± 7.32W /3WGasoline
TCO/TjRoad Transport sector
28.959.69+0.4Lignite

Choudhury et al., 
200426.1319.63+0.4Non-coking coal

25.5324.18+0.3Coking coal

t CO2/TJNCV
TJ/Kt

Indian Coal

ReferenceEmission Factor (EF)
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India specific  emission factors ………….contd.

m3CH4/tonCoal Mining

Post mining
0.23During Mining
1.83Surface mining
3.12Degree III
2.15Degree II

S ingh, 20040.98Degree IPost mining                 
23.64Degree III
13.08Degree II
2.91Degree IDuring Mining

Underground mining

ReferenceEmission Factor (EF)

 
 

Rao et al., 20040.534 - 0.539
tons/ton of clinkerCement manufacturing

Rao et. al., 2004

0.24 – 0.57Dual pressure plant
1.54 – 4.13High pressure plants

6.48 – 13.79 Medium pressure plant
kg per ton of N2ONitric acid production

ReferenceEmission Factor (EF)

India specific  emission factors ………….contd.
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2.0+1.5Irrigated Multiple Aeration
6.6+1. 9Irrigated  Single Aeration

Gupta et al., 2004
17.5+ 4.0Irrigated, Continuously 

Flooded

7.0+2Rain fed, Drought Prone
19.0+ 6.0Rain fed Flood Prone

0Upland
g CH4/m2Rice Ecosystem

19.0+ 6.0Deep W ater

Refer enceEmission Factor (EF )

India specific  emission factors ………….contd.

 
 

23+81-3 year

43+5Cross bred

4+1Sheep
44+11Adult

g CH4 / animalEnteric fermentation

22+61-3 year
8+30-1 yearNon- Dairy buffalo

50+17Dairy buffalo
33+4Adult
26+51-2 ½ year
11+30-1 yearNon-dairy cattle (Cross Br ed)

Singhal et al., 2004
Swamy et al., 200432+6Adult

4+1Goat

9+30-1yrsNon dairy cattle (Indigenous)

28+5IndigenousDairy cattle

Refer enceEmission Factor

India specific  emission factors ………….contd.
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Possible Reasons for Variation in Some Coefficients 

Coal composition, boiler/ combustion 
efficiency, regional variations across the 
country, coal definition issues

CO2 from coal 
combustion

Technological variability in level and extent of 
control processes

Industrial process 
emissions

Waste composition, waste collection levels 
and mechanisms, dump management, 
reduction technologies

CH4 from Municipal 
Solid Waste

Irrigation practices, fertilizer and soil types in 
India are not  conducive to high CH4 production

CH4 from rice 
paddy cultivation

Thinner cattle, not so rich feed typeCH4 from enteric 
fermentation

Possible reasons for variation of Indian 
coefficients from IPCC default values

Coefficient type

 
 

Status of Preparation GHG inventory – Energy Sector

DT ier I2.8Biomass burnt for en ergy

IT ier II6.5T ransport

Energy sector

DT ier I1.0Oil and natural gas system
IT ier II1.1  Coal mining
DT ier I 1.7Commercial-institution al
DT ier I2.6All other energy sectors

DT ier I3.6Residen tial

DT ier I12.3Industry
IT ier II28.9Energy and tran sformation industries

T ype of emission 
factor used 

T ier used in the 
Initial NAT COM 

Percentage of th e 
total Nation al CO2 
eq. emissions

I: Indigenously developed,  D: IPCC Default Emission factors
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T ype of emission 
factor used 

T ier used in the 
Initial NAT COM 

Percentage of th e 
total Nation al CO2 
eq. emissions

DT ier I0.9All Others
DT ier I1.2Ammonia production
IT ier II0.2Nitric acid production
IT ier II2.5Cement production
DT ier I3.6Iron  and Steel production

Industrial Processes

Status of Preparation GHG inventory – Industrial Processes

I: Indigenously developed,  D: IPCC Default Emission factors

 
 

DT ier I0.4Agricultural crop residue

DT ier I3.7Emission from Soils

Agriculture sector

DT ier I1.6Manure Man agem ent

IT ier III7.0Rice Cultivation
IT ier III15.3Enteric F ermentation

T ype of 
emission factor 
used 

T ier used in the 
Initial NAT COM 

Percentage of 
the total 
National CO2 eq. 
emissions

Status of Preparation GHG inventory – Agriculture

I: Indigenously developed,  D: IPCC Default Emission factors
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DT ier I0.7Domestic/Industrial  Waste water
DT ier I1.0Municipal Solid Waste Dispo sal

Waste sector

DT ier I-1.2Changes in Forest and oth er woody 
biomass stock

DT ier I-0.8Uptake from abandonmen t of Man aged 
lands

DT ier I0.0T race gases from biomass burning
DT ier I1.5Forest and Grassland Conver sion
DT ier I1.6Emissions and removals from soils

LULUCF

DT ier I0.2Human Sewage

T ype of 
emission factor 
used 

T ier used in the 
Initial NAT COM 

Percentage of 
the total 
National CO2 eq. 
emissions

I: Indigenously developed,  D: IPCC Default Emission factors

Status of Preparation GHG inventory – LULUCF and Waste

 
 

Constraints and Gaps in Inventory Estimation 
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Constraints and Gaps in Inventory Estimation 

 
 

Sectors requiring improvement  - Energy

T ier II
T ier III
T ier II

T ier II
T ier II
T ier II
T ier III
T ier II

T ier III

Desirability 
of 
switching 
over to a 
higher tier 
in the 
future 

Y
Y

Y
Y
Y

Y

Wheth er 
improvemen
t in activity 
data 
Required 

T ier I2.8Biomass burnt for en ergy

T ier II6.5T ransport

ENERGY

T ier I1.0Oil and natural gas system
T ier II1.1  Coal mining
T ier I 1.7Commercial-institution al

T ier I2.6All other energy sectors

T ier I3.6Residen tial

YT ier I12.3Industry

YT ier II28.9Energy and tran sformation 
industries

Desirability 
of use of 
IPCC Good 
Practice 
guidance 

T ier used in 
the Initial 
NAT COM 

Percentage 
of the total 
National CO2 
eq. 
emissions

 

 73 



 

T ier I
T ier I 

T ier III

T ier III

Desirability 
of 
switching 
over to a 
higher tier 
in the 
future 

Y

Y

Wheth er 
improvemen
t in activity 
data 
Required 

T ier I1.2Ammonia production
YT ier II2.5Cement production

YT ier I3.6Iron  and Steel 
production

INDUSTRIAL 
PROCESSES

T ier I1.1All Others

Desirability 
of use of 
IPCC Good 
Practice 
guidance 

T ier used in 
the Initial 
NAT COM 

Percentage 
of the total 
National CO2 
eq. 
emissions

Sectors requiring improvement  - Industrial Processes

 
 

Sectors requiring improvement - Agriculture

T ier I  
T ier I 
T ier II
T ier III
T ier III

Desirability of 
switching 
over to a 
higher tier in 
the future

Y
Y
Y

Wheth er 
improveme
nt in activity 
data 
Required 

T ier I0.4Agricultural crop residue

T ier I3.7Emission from Soils

AGRICULTURE

T ier I1.6Manure Man agem ent

YT ier III7.0Rice Cultivation
YT ier III15.3Enteric F ermentation

Desirability 
of use of 
IPCC Good 
Practice 
guidance 

T ier used 
in the 
Initial 
NAT COM 

Percentage 
of the total 
National 
CO2 eq. 
emissions
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T ier III

T ier III

T ier II 

T ier III

T ier III

Desirability of 
switching 
over to a 
higher tier in 
the future

Y

Y

Y

Y

Y

Wheth er 
improveme
nt in activity 
data 
Required 

YT ier I-1.2Changes in Forest and 
other woody biomass 
stock

YT ier I-0.8Uptake from 
abandonmen t of Manag ed 
lands

YT ier I0.0T race gases from 
biomass burning

YT ier I1.5Forest and Grassland 
Conversion

YT ier I1.6Emissions and removals 
from soils

LULUCF

Desirability 
of use of 
IPCC Good 
Practice 
guidance 

T ier used 
in the 
Initial 
NAT COM 

Percentage 
of the total 
National 
CO2 eq. 
emissions

Sectors requiring improvement - LULUCF

 
 

T ier I

T ier II

T ier III

Desirability of 
switching 
over to a 
higher tier in 
the future

Y

Y

Wheth er 
improveme
nt in activity 
data 
Required 

T ier I0.7Domestic/Industrial  
Waste water

YT ier I1.0Municipal Solid Waste 
Disposal

WASTE MANAGEMENT

T ier I0.2Human Sewage

Desirability 
of use of 
IPCC Good 
Practice 
guidance 

T ier used 
in the 
Initial 
NAT COM 

Percentage 
of the total 
National 
CO2 eq. 
emissions

Sectors requiring improvement – Waste Management
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Through higher sectoral disaggregation and hence riding the 
Tier ladder

Following Good Practices of Uncertainty Management and 
Quality Assurance and Quality Control

Comparing emission estimates with model runs

Comparisons with national, regional and global inventories

Steps of refinement of GHG estimations

 
 

Steps for refinement of GHG estimations

Validation

Validation throug h 
comparison of emiss ions

Validation throug h 
emission models

Archiving

Evaluation

Raising Awareness, 
Public Dissemination

1st communication

Start new cycle

Key source analysis

Determine emission 
coefficient of gases emitted 

from key sources

Q A/Q C Peer 
Review

Short-term 
Recalculation

Recalculation

Measurement 
or estimate

Uncertainty 
Analysis

Q A

Individua l
Source 

Categories

Preparation
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Capacity Building efforts required for further refinement
Continuous and improved networking
Bridging data Gaps

Strengthening existing emission coefficients

Training on inventory development for estimating inventories of 
new gases, revised guidelines for preparation of inventories

Developing emission factors representing Indian conditions for 
new gases to be reported

Establishing an Emission Factor Data Base and a Nodal Centre 
for validation of inventories 

 
 

Emission Factor Database

Center for validation of inventories

Region specific inputs Country specific inputs

WasteLULUCFAgricultureIndustrial 
Processes

Energy

QA/QC Uncertaint
y analysis

Key source 
analysis

Intercomp
ari-son

Modeling

Framework for a centre for validation of emission inventories and an 
emission factor database
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