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Emission inventory (EI) 

- is a comprehensive listing by sources of air pollutant 
emissions in a geographic area during a specific time 

i dperiod.

Fundamental components of Air Quality- Fundamental components of Air Quality 
Management Plans

- Useful in air quality model applications

Robustness of inventories depends upon:Robustness of inventories depends upon:
• Methodology

M t• Measurements
• Calibration & Standardization



Emission Inventory Development Approaches

1. Top-down approach 

• Uses general emission factors combined with gross level  
activity data

(emission factor x national fuel consumption) 

N i l i l l l i i i l d h• National- or regional-level emissions estimates scaled to the 
inventory domain based on surrogate data (geographic, 
demographic, economic data etc.)

• Used when the detailed data are not available 

• Requires minimum resources but the emissions generally have 
high level of uncertainty 



Emission Inventory Development Approaches
22. Bottom-up approach 

• Uses source specific data and category specific data at the• Uses source-specific data and category-specific data at the 
most refined spatial level

• Emission estimation for individual sources (and source 
categories) is summed to obtain domain level inventory

• Used when source/category-specific activity or emissions 
data are available

• Requires resources to collect site-specific information

• Estimates are more accurate than from top-down approach



Estimation Method
• The most common emission estimation method is 

l i l i i f b i i Dto multiply emission factor by activity Data. 
• This method estimates the rate at which a pollutant 

i l d t th t h lt fis released to the atmosphere as a result of some 
processes.

Where,
E = Emission Load
EF = Emission Factor
AD A i i DAD = Activity Data 
CE = Overall Control Efficiency (%)



Source Categoriesg

• Energy• Energy
• Industrial Processes and Product Use 

(IPPU)(IPPU)
• Agriculture, Forestry and Other Land Use  

(AFOLU)  
• Waste

(as per IPCC 2006)



General Issues in the Preparation of Emission 
I t iInventories

• Data collection
• Uncertainty assessment• Uncertainty assessment
• Key category analysis
• Time Series Consistency
• Quality Assurance (QA), Quality Control Q y (Q ), Q y

(QC) and Verification



The Methodological Principles of data 
collection that underpin good practice are:

F th ll ti f d t hi h i d d t• Focus on the collection of data which is needed to 
accurately estimate emissions or removals from the 
sources or sinks that are the largest, have the greatest 

i l h ( i ll i ) h hpotential to change (especially increase), or have the 
greatest uncertainty.

• Choose data collection procedures that iteratively 
improve the timeliness, comparability, completeness, 
accuracy and transparency of the inventoryaccuracy and transparency of the inventory.



• Put in place data collection activities (resource 

Continued from previous…

p (
prioritisation, planning, implementation, and 
documentation) that lead to a progressive 
enrichment of the data sets used in the inventory.y

• Collect data/information at a level of detail that is 
bl b t th i t d t t fcomparable between the inventory datasets of an 

inventory sector and consistent with the inventory 
user’s needs . 

• Review data collection activities and methodological 
needs on an annual basis to guide progressive andneeds on an annual basis to guide progressive, and 
efficient, inventory improvement. 



Uncertainty Assessmenty

• Uncertainty estimates are an essential• Uncertainty estimates are an essential 
element of a complete emission inventory  
and should be derived for both the nationaland should be derived for both the national 
level and the trend estimate, as well as for 
the component partsthe component parts. 



Structured approach to estimating 
i t t i t i l dinventory uncertainty includes:

• Determination of uncertainties in individual dataDetermination of uncertainties in individual data 
used in the inventory

• Aggregation of the component uncertainties to the gg g p
total inventory

• Determination of uncertainty in the trend over 
titime

• Identification of key sources of uncertainty in the 
inventory to help prioritize information gatheringinventory to help prioritize information gathering 
and efforts to improve the inventory. 



An uncertainty analysisy y

should be seen as a means to help prioritise national…should be seen as a means to help prioritise national 
efforts to reduce the uncertainty of inventories in the 
future, and help guide decisions on methodological , p g g
choice. 

For this reason, the methods used to attribute uncertainty 
values must be practical, scientifically defensible, robust 
enough to be applicable to a range of source and sink 
categories, methods and national circumstances, and 

t d i h ibl t i tpresented in ways comprehensible to inventory users 



Reducing uncertaintyg y
Depending on the type of uncertainty present, uncertainties 

could be reduced in five broad ways:f y

• Improving representativeness: This may 
involve stratification or other sampling p g
strategies 

• Using more precise measurement methodsg p
• Collecting more measurements : Increase in 

sample sizep
• Eliminating known risk of bias
• Improving state of knowledgeImproving state of knowledge



KEY CATEGORIES

• A key category is one that is prioritised• A key category is one that is prioritised 
within the inventory system because its 
estimate has a significant influence on aestimate has a significant influence on a 
country’s total inventory



Key Categories in the Energy Sector for 
Indian GHG Emissions based on Indian INCIndian GHG Emissions based on Indian INC

Category Gg

Cumulative 
Emissions 
(Gg)

Level 
Assessment 
(%)

Power generation 349438.3 349438.3 57.6Power generation 349438.3 349438.3 57.6
Iron and steel 57029.2 406467.5 67.1
Residential 43794.0 450261.5 74.3
All other Sectors 31963.0 482224.5 79.6
Fertilisers 26793.9 509018.5 84.0
Cement 25834 3 534852 7 88 2Cement 25834.3 534852.7 88.2
Commercial and Institutional 20509.0 555361.7 91.6
Gas Production and Handling 10858.3 566220.0 93.4
Petroleum refining 10702.9 576922.9 95.2
Railways 6599.5 583522.4 96.3
textile 6238 8 589761 2 97 3textile 6238.8 589761.2 97.3
Paper 5917.6 595678.8 98.3
Civil aviation 3039.2 598717.9 98.8
Bricks 2939.6 601657.6 99.3
Water ways 1186.7 602844.2 99.5
2W/3W 1016 9 603861 2 99 62W/3W 1016.9 603861.2 99.6
MCV/HCV 758.0 604619.1 99.7
Cars/Taxi 556.0 605175.2 99.8
Sugar 368.8 605544.0 99.9
LCV 324.9 605868.8 99.95
Oil Production and Handling 280 4 606149 2 99 998Oil Production and Handling 280.4 606149.2 99.998
Underground Mining 7.9 606157.1 99.999
Surface Mining 5.7 606162.8 100.000
Total 606163 . .



TIME SERIES CONSISTENCY
• The time series is a central component of the inventory 

because it provides information on historical emissions 
trends and tracks the effects of strategies to reducetrends and tracks the effects of strategies to reduce 
emissions. 

• Emission trends should be neither over nor 
d i d f b j d dunderestimated as far as can be judged.

• All emissions estimates in a time series should be 
estimated consistently, which means that as far asestimated consistently, which means that as far as 
possible, the time series should be calculated using the 
same method and data sources in all years.

• Using different methods and data in a time series could• Using different methods and data in a time series could 
introduce bias because the estimated emission trend 
will reflect both real changes and also the pattern of 

th d l i l fi tmethodological refinements. 



Issues with data availabilityy

• Periodic data• Periodic data

• Changes and gaps in data availability

• Non-calendar year data



QUALITY ASSURANCE /
QUALITY CONTROL AND Q

VERIFICATION



Quality Assurance (QA)Q y (Q )
..is a planned system of review procedures 
conducted by personnel not directly involved in theconducted by personnel not directly involved in the 
inventory compilation/development process. 
Reviews, preferably by independent third parties, p y y p p
are performed upon a finalised inventory following 
the implementation of QC procedures. Reviews 
verify that data quality objectives were met ensureverify that data quality objectives were met, ensure 
that the inventory represents the best possible 
estimates of emissions given the current state of 
scientific knowledge and data availability, and 
support the effectiveness of the QC programme.



QUALITY CONTROL (QC)

• Quality Control (QC) is a system of routine technical 
activities to measure and control the quality of theactivities, to measure and control the quality of the 
inventory as it is being developed. It is performed 
by personnel compiling the inventory. The QC 
system should be designed to:system should be designed to: 

– Provide routine and consistent checks to ensure 
data integrity, correctness, and completeness; 

– Identify and address errors and omissions;
D t d hi i t t i l d– Document and archive inventory material and 
record all QC activities.



Indian Emission FactorsIndian Emission Factors



Coal



Categorization of Indian Coking and 
Non Coking CoalNon-Coking Coal



Comparison of NCV & CEF

IPCC Default 1996 India Specific Values 1994
NCV (TJ/kt) CEF (tC/TJ) NCV (TJ/kt) CEF (tC/TJ)

Coking Coal 19.98 25.8 24.18 25.53

Non-coking 19.98 25.8 19.63 26.13
Coal

Refinement of NCV & CEF from Coal in IndiaRefinement of NCV & CEF from Coal in India

•Development of Coal Variety Specific NCV & CEFp y p
•Development of Predictive Equations 
•Comparison of Computed & Measured CO2 Emissions for 
Thermal Power PlantsThermal Power Plants



Emissions from Thermal Power 
Plants



Average emission coefficient of different category of 
thermal power plantsthermal power plants

Chakraborty N., Mukherjee I., Santra A.K., Chowdhury S., Chakraborty S., Bhattacharya S., Mitra 
A.P. & Sharma C., ‘Measurement of CO2, CO, SO2, and NO emissions from coal-based thermal 
power plants in India’, Atmospheric Environment, doi:10.1016/j.atmosenv.2007.10.074



Emission rates of pollutants from different thermal 
power generating unitspower generating units

Chakraborty N., Mukherjee I., Santra A.K., Chowdhury S., Chakraborty S., Bhattacharya S., Mitra 
A.P. & Sharma C., ‘Measurement of CO2, CO, SO2, and NO emissions from coal-based thermal 
power plants in India’, Atmospheric Environment, doi:10.1016/j.atmosenv.2007.10.074



Comparison of emission coefficients

Chakraborty N., Mukherjee I., Santra A.K., Chowdhury S., Chakraborty S., Bhattacharya S., Mitra 
A.P. & Sharma C., ‘Measurement of CO2, CO, SO2, and NO emissions from coal-based thermal 
power plants in India’, Atmospheric Environment, doi:10.1016/j.atmosenv.2007.10.074p p p j



Total estimated emission of pollutants from Indian 
thermal power plants in the year 2003–2004p p y

Chakraborty N., Mukherjee I., Santra A.K., Chowdhury S., Chakraborty S., Bhattacharya S., Mitra 
A.P. & Sharma C., ‘Measurement of CO2, CO, SO2, and NO emissions from coal-based thermal 
power plants in India’, Atmospheric Environment, doi:10.1016/j.atmosenv.2007.10.074



Transport SectorTransport Sector



Singh A., Gangopadhyay S.,  Nanda P.K., Bhattacharya S., Sharma C. & Bhan C., 
‘Trends of greenhouse gas emissions from the road transport sector in India’, Science of 
Total Environment, doi:10.1016/j.scitotenv.2007.09.027



Singh A., Gangopadhyay S.,  Nanda P.K., Bhattacharya S., Sharma C. & Bhan C., 
‘Trends of greenhouse gas emissions from the road transport sector in India’, Science of 
Total Environment, doi:10.1016/j.scitotenv.2007.09.027



RICERICE

WHEAT

Wheat Straw Burning in Agriculture Fields

RICE

Atmospheric pollution due to FBCR in Rice & Wheat cultivation



Emission Factors (g/kg) of various emission species from the wheat straw burning and their comparison 
with existing EFs available in literature for various biomass types

Biomass type CH4
CO2 CO N2O NOx NO NO2 OC BC TC

Crop residuea 0 75Crop residue 0.75
Agricultural 
residueb* 3.3 1

Crop residuec * 0.17–4.69
0.12–
0.17

Agricultural 
residued 2.7 1515 ± 177 92 ± 84 0.07 2.5 ± 1.0 3.3

0.69 + 
0.13 4

Wheat straw e,† 7.37± 2.72  156 ± 22 0.34 ± 0.21 2.38 1.59

Rice straw e,† 5.32 ± 3.08 82 ± 20 0.48 ± 0.45

Wheat strawf 3.55 ± 2.66 1787 ± 35 28 ± 20 0.74 ± 0.46 1.70 ± 1.68
0.78±
0.71

0.56 ±
0.47 0.29 ± 0.12

0.16 ±
0.07

0.53 ±
0.21

21 1 ±
Wheat stubbleg

21.1 ±
1.9

Wheat firesg 38.2

Wheatg
44.1 ±

7.4

Wheatg 59Wheat 59

Wheatg 35

Cereal wasteh 1400 35 3

Wheat strawi, ‡ 1.23 ± 0.03

Rice strawi,‡ 8.94 ± 0.42

Wheat residuej,* 2.62 - 8.97 959 - 1320
61.1 -
179 0.23 - 1.14

Wheat residuek 0.59-2.04 1540-1615 26-64

Wheat Strawl 0 41 34 65 2 63Wheat Strawl 0.41 34.65 2.63

Sahai S., Sharma C., Singh D.P. et. al., ‘A study for development of emission factors for trace gases and 
carbonaceous particulate species from insitu burning of wheat straw in agricultural fields in India’ Atmospheric 
Environment, doi:10.1016/j.atmosenv.2007.07.054



Shifting Cultivationg

• Still predominant in theStill predominant in the 
North-Eastern Region of 
India and forest areas in 
A dh d hAndhra Pradesh.

• The Shifting cultivation 
cycle has become morecycle has become more 
intense in recent times 
giving very little time for 
forest eco-system to 
recover resulting in poor 
soil quality and poor crop

Slash and Burn Cultivation Site in Andhra Pradesh

soil quality and poor crop 
production



Emission ratios of dCO/dCO2 for different Shifting 
i i i icultivation sites in A.P.

Ecosystem Location ER (CO/CO )Ecosystem Location ER (CO/CO2)

Site 1 11 73±1 2Site 1 11.73±1.2

Sit 2 11 23±1 3Site 2 11.23±1.3

Site 3 12. 0 ± 1.2



Comparison of Emission Ratios of Methyl Halides from Biomass 
Burning (CH3X/ΔCO) with Savanna Ecosystemg ( 3 ) y

S.No. Forest Fires –
Ecosystem

ΔCH3Cl 
/ΔCO

ΔCH3Br /ΔCO ΔCH3I /ΔCO
Ecosystem /ΔCO 

1. Savanna fires 0.95±0.01 X 
10-3

8.3±0.4 X 10-6 2.6±0.3 X10-

610
2. Tropical 

secondary mixed 
deciduous forestsdeciduous forests

Site1. 7.3 ± 2.0 X 
10-3

1.7 ±0.29 X 
10-5

2.2±0.26X 
10-6

Site2. 4.1± 0.36 X 
10-3

1.8 ±0.275 X 
10-5

1.54±0.21X 
10-6

Site3. 3.8±1.95 X 1.6 ± 3.4 X 1.47±3.2 X 
10-3 10-5 10-6

Analysis of methyl halides was done at NIAES, Tsukuba, Japan



Comparison of Emission ratios of Methyl halides from Biomass 
Burning (Δ CH3X/ΔCO2) with Savanna Ecosystem

S N F Fi ΔCH Cl ΔCH B ΔCH IS.No. Forest Fires –
Ecosystem

ΔCH3Cl 
/ΔCO2

ΔCH3Br 
/ΔCO2

ΔCH3I 
/ΔCO2

1 S fi 20 2 ± 2 X 0 11±0 04 X 0 09 ±0 051. Savanna fires 20.2 ± 2 X 
10-6

0.11±0.04 X 
10-6

0.09 ±0.05 
X10-6

2. Tropical 
secondary mixed 
deciduous forests
Site1. 4.3 ± 0.34 X 

10 8
6.15 ±1.89 X 
10 7

2.27±0.26 X 
10 510-8 10-7 10-5

Site2. 1.07 ± 3.34 X 
10-7

9.45±2.22 X 
10-7

8.30±0.21 X 
10-6

Site3. 1.13 ±1.45 X 
10-7

9.43±1.45 X 
10-7

1.05± 3.2 X 
10-5



Methane Emission from Rice 
Paddy Fields in IndiaPaddy Fields in India



Methane EF from Indian Rice Fields

Gupta, P.K. et al., Development of methane emission factors for Indian paddy fields and 
estimation ...,Chemosphere (2008), doi:10.1016/j.chemosphere.2008.09.042



GHG emissions from Bovine 
Manure ManagementManure Management



CH4 & N2O emission factors and emission estimates from bovine 
manure management in India for year 2000 and comparison with 

NATCOMNATCOM

‘Methane and nitrous oxide emission from bovine manure management practices inMethane and nitrous oxide emission from bovine manure management practices in 
India’ Prabhat K. Gupta P.K., Jha A.K., Koul S., Sharma P., Pradhan V., Gupta V., 
Sharma C., Singh N., Environmental Pollution, doi:10.1016/j.envpol.2006.04.039



National Physical Laboratory 

National Metrology Institute responsible 
for maintaining national standards and 

providing traceability
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