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Hello friends. So, as we are discussing about development of emission inventory. For any city
or for any country, if you want to develop total emission inventory, then we have to consider
all the sources or all the sectors and with that perspective, we have already discussed like how

to develop emission inventory for transportation sector, for industrial sector.

So, today we will discuss about agriculture sector means how to develop emission inventory
for the emissions, which are emitted by the agriculture activities or agriculture sector. So, this
would be the content list for today's lecture like briefly we will discuss in introduction, what
are the emissions from the agriculture sector? What are the pollutants? What are the sources?

Then from Indian perspective means different emissions which are coming out of agriculture
sector, that we will focus upon and later on we will see like what are the emissions from
agriculture activities, like enteric fermentation or farm operations or open burning of
agriculture residues, then we will see like what are the tools for estimating the agriculture
emissions, because there are certain software or tools which have been developed by several
agencies or countries for the estimation of agriculture emissions in their respective countries.

Then we will have a case study and later on we will conclude.
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Introduction

* There are emissions of various pollutants and GHGs
from the agricultural activities, e.g.;
* CH, from livestock’s enteric fermentation and rice
cultivation
* N,0 from manure management and agriculture
soil.

* NH; emissions from agriculture activities react in the
atmosphere with SO, and NO,, and produce secondary
inorganic aerosols.

* Open burning of agricultural residues produces
especially small size PM (typical range < 1 um).

Source: Markus Amann, IIASA, 2017; Image: https://letstalkscience.ca; Ravindra et al,, 2019

Now, if we look into like very brief introduction about emissions or sources of the emissions
from agriculture activities or sector, so we can see like methane from livestock’s enteric
fermentation and rice cultivation is one predominant emissions you can see and nitrous oxide
from manure management and agricultural soil also emitted in a lot of quantity. So, these are

major greenhouse gases you can say.

Then ammonia emissions is also there and they can also react with the sulphur dioxide or these
NOx emissions, which are available or in atmosphere and they can create some secondary
aerosols. So, that way also one contribution from ammonia emissions is also there. Then there
are open burning of agricultural residues, which produce lot of small size particulate matter
typically less than one micrometer and that again create a lot of smoke related problem in

winter especially.
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Agriculture Emissions (1/3)

Source: https://www.wri.org

So, in this picture you can see the overall relationship of different agriculture related activities
and the associated emissions or related emissions like you can see methane from this paddy
fields and then CO> from soil respiration emissions and soil carbon of course, because of certain
processes, then N2 emissions are there, CO, emissions are there from different activities like
fuel burning in tractors or even respiration systems. So, that is always there, this emissions and

deposition of CO- or extraction of the COx.

And this NMVOCs are also there non-methane VOCs hydrocarbons, volatile organic

compounds which are not of methane nature. So, those emissions are also there.
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Agriculture Emissions (2/3)

* Ammonia (NH,), mainly from livestock farming, manure
management, and mineral fertilizer application.

* Fine particulate matter (PM, ¢, from the burning of
agricultural residues, soil cultivation, from crushing of
bedding material by movements of livestock, and
agricultural machinery (diesel engines).

* Nitrogen oxides (NOy), from the fertilization of
agricultural soils, agricultural machinery, space heating.

* Volatile organic compounds (VOCs) from metabolic
processes of vegetation, manures, burning of
agricultural residues, and agricultural machinery.

Source: Markus Amann, IASA, 2017



Well, so, if we summarize like what are the important emissions and their major sources, so if
we talk about like ammonia which is mainly from livestock farming and manure management
and the mineral fertilizer applications, this ammonia comes out of or is released in a lot of
quantity. If you talk about fine particulate matter like PM.s, then this is from burning of

agriculture residues.

Soil cultivation, because re-suspension of dust, so a lot of particulate matter is there or from
the crushing of bedding material by movement of live stocks and agricultural machinery like
diesel engines etc, tractors etc. Then nitrogen oxides are also their oxides of nitrogen from
fertilization of agricultural soil, agriculture, machinery space heating, so oxides of nitrogen are
from several activities related-activities of the agriculture.

Then volatile organic compounds those are VOCs from metabolic processes of vegetation,
manures, burning of agriculture residues, agriculture machinery and then there are NMVOCs
are also as we have seen in the last slide.

(Refer Slide Time: 05:06)
Iy ==—————————

Agriculture Emissions (3/3)

Agriculture activities release substances that act as
Greenhouse Gases: -
* Methane (CH,) from ruminants (enteric
fermentation), manure treatment, rice l«},
production, and burning of agricultural residues. 3

* Nitrous oxides (N,0) from microbial processes in
agricultural soils and in manure.

+ Carbon Dioxide (CO,) from fuel combustion
(agricultural machinery, space heating, etc.) and
build-up/release of soil carbon due to land
operations and land use change.

5

Source: Markus Amann, IIASA, 2017

Then methane of course, like greenhouse gases if released, so methane and nitrous oxide and

carbon dioxide are also there from all these different activities which we have just discussed.
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Emissions from agriculture sector in India
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When we talk about emissions from agriculture sector from in India basically, then this chart,
this bar diagram shows like enteric fermentation is the dominating source of CO», equivalent
CO2 means when we talk about greenhouse gases, we represent them as equivalent of CO>

means we can convert them in the potential global warming potential or those kind of thing.

So, like this is the Giga gram CO2 equivalent, this much of emission is there from agriculture
sector and that is basically 14 percent of the total greenhouse gas emissions in 2016 and this
was the total greenhouse gas emissions from the different sectors and agriculture sector was

responsible for 14 percent.
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Emissions from agriculture sector in India
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sector categories in 2016.

Source: MoEFCC. (2021)



Well within that 14 percent or the emissions from agriculture sector, if we divide into different
activities, then you can see 54.6 around 55 percent is from you can see this enteric fermentation
alone. And the second largest that is around 17 to 18 percent, this is from rice cultivation. And
the third largest emitter is this basically agricultural soil, direct end to emissions direct end to

emissions are there. So, these are the three large basically activities from the agriculture sector.
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Estimation of Emissions from Agricultural activities

* Enteric fermentation
+ Farm operations
* Irrigation
* Tillage and sowing
* Pesticide production and transportation
* Fertilizer production and transportation
* Open burning of crop residue

Now, if we discuss one by one like enteric fermentation or farm operations related to irrigation
or tillage and sowing kind of activities or pesticide production and transportation, fertilization,
fertilizers production and transportation or open burning of crop residues, these major activities
of the agriculture sector, if we relate them to different kinds of emissions, then we can discuss

them one by one.
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Enteric Fermentation (1/2)

* CH, emissions from enteric fermentation are calculated
using Equation

/ Emission_CHy = Y,(Number of animalsj X
/—___-

Where,

* Emission_CH, = Emissions of CH, from enteric fermentation
¢ EFy, = Emission factor for CH,

¢ jdenotes the animal type

Source: Gurjar et al., 2004, Image: https://www.ausorganicfeeds.com.au/

Like enteric fermentation, if you want to estimate emissions from that particular activity that
is the digestion process of cattle’s etc. These like sheep or cow those kinds of animals. So, this
is the simple equation, which we use for estimation of emissions of the methane, like number

of animals we go for and this emission factor of the methane for that particular species.

So, different species we again multiply that is a very simple way of calculation, then we add
up all kinds of cattle’s, because the different cattle different animals have different kinds of
emission factors, which have been estimated with the help of different experiment, field

experiment.
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Enteric Fermentation (2/2)

*+ N,0and NH, emissions are calculated using given equation, assuming unmanaged
livestock keeping and non-treatment of manure.

Emissions N,O/NHy= Y.(Number of animalsj X Nitrogen excretionj X EFy,onus

—

Where,

* Emissions N,O/NH, = Emissions of N,O/NH, from enteric
fermentation

¢ EFy0/nu3 = Emission factor for N,0/NH;

¢ jdenotesthe animaltype —

Source: Gurjar et al,, 2004



When we talk about like ammonia or nitrous oxide. So, those emissions again number of
animals play role, because for per animal we have this emission factor like for N2 or ammonia.
So, that emission factor will be there and then we can multiply it with the number of animals
and this j is the type of animal.

So, for each type of animal we have to calculate then again, we have to combine to get the total

amount of N2 or ammonia emissions.
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CO, Emission From Farm Operation (1/4) m

- ¢ 'Z /% ‘
* Irrigation: The emission of CO, after irrigation is Y /d -
calculated as: ' & |

€O, - C(irrigation)(kgC/ha)=
[amount of irrigation water applied(m?3/ha)] x [2.724/1000] x [Ground water depth(m)] | *
x [100/pump efficiency(%)] x [100/power loss in transmission(%)] x 0.4062

Where,

¢ 2.724is energy (kWh) needed to lift 1,000 m? of water
from 1 m depth without any loss in pump efficiency and

* 0.4062 is carbon density (kgC per kWh) of coal-based
electricity generation

Source: Kumar et al,, 2021; Image: https://www.ricefarming.com
When we talk about CO; emissions from farm operations, so basically like if we know how
much irrigation water has been applied in that much area of the field or agriculture field in that
particular state or district and if we know that the electricity, which is being used for running
the pump is from coal-based power plants, then this equation can be used for estimating CO-

emissions related to that irrigation activity basically.
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CO, Emission From Farm Operation (2/4) ﬂ :

* Tillage and Sowing
* €O, emission from tillage operations is calculated
using the given equation:

€0, - C{tillage)(kgC/ha) = duration of tractor operation(hour/ha) x diesel

consumption rate (Iiter/hour)w}
Where,

*+0.728s CO,-C emissions (kg) from consumption of
1l diege] =

Source: Kumar et al., 2021; Image: https://www.mdpi.com/
But if it is being irrigated by let us say from canal etc, then this equation will not be applicable.
Then we talk about like this tillage and sowing kind of activities, when we use tractors, so again
the duration of the tractor operation, because duration will determine, how much fuel is being

burned and the diesel consumption rate liter per hour.

So, we can multiply that how much total diesel was consumed, and this is the one factor which
can be known as CO- carbon emissions from consumption of 1 liter of the diesel. So, there are
certain empirical relationships are there which can help us to estimate the emissions of different

greenhouse gases.
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Co, Emissya From Farm Operation (3/4)

* Pesticide Production and Transportation
¢ The CO, emission from pesticide production and

transportation is calculateiiyg equation: /

C0, - C(kgC/ha) = Herbicide(kg/ha) x 6.3 + Insecticide(kg/ha) x 5.1+

fungicide(kg/ha) x 3.9/
Where,

6.3, 5.1, and 3.9 is amount of CO,-C emitted from
production and transportation of 1 kg of herbicide,
insecticide, and fungicide respectively.

Source: Kumar et al., 2021, Image: https://delltech.com/



And now, if we talk about pesticide production and transportation, then again there are
equations, so relationships so herbicide no application, insecticide application in how much
amount of per hectare it is being applied and then again, you can use those values in this
equation and you can calculate the equivalent of CO> carbon emitted by these activities.
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CO, Emission From Farm Operation (4/4)

* Fertilizer Production and Transportation
* The CO, emission from fertilizer production and transportation "‘; &
was calculated from the following equation: s s o

€0, - C(kg/ha) = Amount of N applied by urea(kg/ha)x @‘7 ; - =l
+Amount of N applied by DAP(kg/ha)x 1.84 / | e f
+Amount of P,0; applied by SSP(kg/ha)x 0.06 7 - s
+Amount of K,0 applied by MOP(kg/ha)x 0.25/
Where,
*+2.02,1.84,0.06, and 0.25 is CO,-C emission (kg) from the production
and transport of 1 kg of N (urea), N (Diammonium phosphate, DAP),
P,0s(Single super phosphate, SSP), and K,0 (Muriate of Potash, MOP)

Source: Kumar et al,, 2021; Image: https://greenstories.co.in/, https://farmsquare.ng/, https://farmfields.net/
When we talk about fertilizer production and transportation, similar way like how much urea
is being used, how much DAP is being used per hectare, and there are some emission factors.
So, you can use those multiplication of those factors and you can calculate the CO2 equivalent

emitted by this application of different fertilizers.
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Open Burning of Agricultural Residues (1/2)

* Emission inventory of different pollutants from
the burning of different crop residues in the
cropland is being developed following the IPCC
(2006) inventory preparation guideline.

* The primary crops considered for inventory
preparation are rice, wheat, maize, sugarcane,
and cotton,. — —_—

Source: TERI, 2021 Development of Spatially Resolved Air Pollution Emission Inventory of India, Image: https://thewire.in/environment/



And now, if you talk about open burning agriculture residue, which is a big issue as you know
in this time of winter when | am recording this lecture, the gravity of the situation is much
more, because in northern India, this a lot of pollution plumes are there and they are related
with not only local emissions, but also transportation of emissions from nearby areas like
Haryana, Punjab, different kinds of agricultural residues are burned and particulate matters go
by convection into the atmosphere and then they go by advection to downwind directions and

they also add up into the poor air quality of that particular location or city.

Well, so, emissions from these agriculture residue burning is estimated by simple equations or
relationships which has been developed and forwarded or recommended by IPCC, Inventory
Preparation Guidelines are there. So, accordingly for different crops like rice, wheat, maize,
sugar cane and cotton. So, different residues are having different kinds of emission factors and

they are used for estimation.
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Open Burning of Agricultural Residues (2/2)

n n n
Epo1 = zzzPaXRafoaxfBaXEFpol
$=1D=1C=1
&

¢ Ep = Emission of a particular pollutant (pol) (g)
* P, =total production of a particular crop (C) in a particular

district (D) of the state (S) in kilograms
* R, =fraction of residue generated for the production
* fD, =fraction of dry matter in the residue of the

particular crop
* fB, =combustion efficiency of crop residue that is burnt
¢ EF,, = emission factor of the particular pollutant (g/kg)

B

®wc
Like you can see here. So, crop type and then how much district type and then the state. So,
these emissions for a particular pollutant you can calculate and then you can again you can
integrate or combine all those emissions from different crops, like for each crop, there is
emission factor which can be used this fraction of dry matter in the residue, because only the
dry matter is burnt only means there may be other uses also, it is not that 100 percent of that

residual material is burned. So, how much that residual material is being burned?

So, that is to be taken that amount and combustion efficiency is also a factor, then emission

factor of a particular pollutant from that residual burning is there. So, all these are multiplied



then we get the emission of that particular pollutant from that particular crop residue then for

different crop residue, we repeat this and then we add up and calculate the total emissions.
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Tools for estimating Agricultural emissions
1. The Agriculture (Ag) module of the State Inventory Tool (SIT)
2. Agricultural Emission Estimation (AgrEE) Tool

3. Global Livestock Environmental Assessment Model
Interactive (GLEAM-i)

4, The Agro-Chain greenhouse gas Emissions (ACE)

Now, we come to this, there are different tools or software, which have been like a spreadsheet
related software or other programming language related software, which have been developed
by different countries according to their needs and they are now much popular to fulfil their

needs for estimating of emissions of greenhouse gases or pollutants in respective countries.

And these four major tools we are going to discuss like one is the agriculture module of the
State Inventory Tool that is known as SIT and Agriculture Emission Estimation AgrEE tool.
Then another is Global Livestock Environmental Assessment Model Interactive GLEAM-i,
and the Agro-Chain Greenhouse Gas Emissions ACE. So, these are the four tools which we

are going to discuss.
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The Agriculture (Ag) module of the  &GEPA
State Inventory Tool (SIT) (1/3) g T

* State Inventory Tool (SIT) made by USEPA in Septembe
2020 is an interactive spreadsheet model designed to
help states develop GHG emissions inventories.

* The SIT and Projection Tool calculate U.S. state-level
estimates only.

* The State Inventory Tool consists of 11 estimation
modules applying a top-down approach to calculate
GHG emissions, and one module to synthesize estimates
across all modules

Source: State Inventory and Projection Tool, https://www.epa.gov/

Well, the agriculture module this Ag module of the state inventory tool, it is shown here
different modules are there basically, this has been developed by the United States
Environmental Protection Agency in 2020. And this is interactive spreadsheet model. So, that
is simple, it can be user friendly also, it is designed to help states develop greenhouse gas

emissions inventories.

And this SIT and the production tool can calculate US state level estimates only, not for other
countries basically, it is focused for the US states and the state inventory tool, which consists
of 11 estimation modules you can see here and one is this synthesize module, which can
estimate across all the modules, because the synthesizing is also needed for the total estimation
of emissions.
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The Agricm\:l}me (

Module Worksheet

Data Required

Ag) mo@e of the State Inventory Tool (SIT)

Enteric Fermentation

Emission Factors by Animal Type
Animal Population Numbers

Manure Management-CH,
Manure Management-N,0

Typical Animal Mass (TAM)

Volatile Solids (VS) Production
Maximum Potential CHa Emissions (B.)
Kjeldahl (K) Nitrogen Excreted*
Animal Population Numbers

G2 (2/3)
CHq, N;0

The Ag module calculates carbon
N0

'Ag Soils-Plant-Residues & Legumes
Ag Solls-Plant-Fertilizers
Ag Soils- Animals

Residue Dry Matter Fraction
Fraction Residue Applied
Nitrogen Content of Residue
Kjeldahl (K) Nitrogen Excreted
Crop Production

Fertilizer Utilization

TAM* Ve

dioxide (CO,), methane (CH,),
and nitrous oxide (N,0) emissions
from the agriculture sector from

Rice Cultivation \/

Seasonal Emission Factor
Area Harvested

sources given in table.

Liming of Sals

Urea Fertilization

Ag. Residue Burning-Ch
Ag. Residue Burning-N,0

Emission factors for CO, emitted from
use of crushed limestone and dolomite
(ton C/ton limestone)

Total limestone and dolomite applied to
soils (metrictons) .
Emission factors for CO, emitted from
the use of urea as a fertilizer (tons C/ton
urea)

Total urea applied to soils (metric tons)
Residue/Crop Ratio

Fraction of Residue Burned

Dry Matter Fraction*

Burning Efficiency

Combustion Efficiency

Carbon Content
Nitrogen Content*

Source User Guide, SIT, 2020

So, these are the module-related worksheets and the data required for using that worksheet is

given here and what kind of gaseous or pollutants of greenhouse gases will be estimated by

that particular module are given here. So, you can go through like rice cultivation, one module

worksheet will be there. So, this is the data required is seasonal emission factor, area harvested

and the emission of the methane will be calculated by this particular module. So, different

modules are there, different data requirement is there and the gas emissions accordingly

estimated.
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Tool 1

The Agriculture (Ag) module of the State Inventory Tool (SIT)

0 . () 7
1 State Inventory Tool - Methane and Nitrous Oxide from Agriculture Module

\ Required Data
‘ Input Cells

Individual Default
Data Check Boxes

(3/3)

Control Worksheet for
the Ag Module

https://www epa gov/

Source: User Guide, SIT, 2020

Well, this is basically the control worksheet for this Ag module, you can see here. So, some

default values are there like required data input values you can select from here. So, this can



have different categories basically and then default values may be there you can also put your

own specific values and then calculation can be done very easily.
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Agricultural Emission Estimation (AgrEE) Tool

* Agricultural Emission Estimation tool (AgrEE tool) was
developed by the Air and Climate Unit at Joint Research
Centre (JRC), European Commission in October 2021.

+ Based on EMEP/EEA Guidebook 2019 and IPCC Guidelines
2006 and 2019. e —

* The tool is available only for the European Union member
states.

* Developed for Livestock, Agriculture Soils and Field Burning.

* Provides emission estimates for relevant air pollutants from
agriculture (PM, ¢, NH,, SO,, NO,, NMVOC), other air
pollutants (PM,,, TSP, CO, Heavy metals, Dioxins, POPs) and
greenhouse gases (CH,, N,0)

Source: Banja et al., 2021 {Joint Research Centre)
Well, when we talk about next tool, tool number 2, this is agriculture emission estimation,
AQrEE tool. So, for example, this is available for European Union member states only. So, that
Ag tool was for this SIT tool was for United States and this AgrEE tool is for European Union

and this was developed by European Commission in October 2021 very recently, basically.

And this is basically based on old guidelines or guidebook up to 2019 and IPCC guidelines of
2006 and 2019. So, on the basis of that, this little more comprehensive tool has been developed

by this climate unit at Joint Research Centre, JRC of European Commission.

Well this is developed for livestock activities, agricultural soils, field burning and this can
estimate a number of pollutants like particulate matter, fine particulate matter PM2s, ammonia
or sulphur dioxide or oxides of nitrogen, non-methyl VOC and then PMio, TSP, carbon
monoxide, heavy metals, dioxins, POPs, persistent organic pollutants, those are greenhouse
gases like methane, nitrous oxide all those pollutants and greenhouse gases can be estimated.

So, that way this is very versatile tool basically.
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Tool 2

Agricultural Emission Estimation (AgrEE) Tool

Format Reporting
NFR category r pollutant Fuel Year
... GHG Svnoy
e \ | \ \ Inventory
. )
|| Report
Activity data x Emission Factors epol

The basic approach of the tool is to enable the user/inventory
compiler to fill out the templates with the activity data and
emission factors.

St Bra et 02 s G it e e
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Now, you can see what is the way of estimating like there are certain categories, which you

have to take care, then air pollutant or greenhouse gas, you want to estimate you have to select

which fuel system you want to go for, then year which year you want to consider. So, activity

data and emission factor basically, that is the fundamental thing for every kind of emission

inventory you must remember, activity data and emission factor. So, those are the things which

we really focus in all kinds of emission inventory development.

So, that you have to need to know and then inventory report is generated, because you put those
activity data and emission factors, then this tool can calculate emissions of those particular

pollutants and greenhouse gases.

So, the basic approach of this tool is basically to enable the user or inventory compiler to fill
out the templates with the activity data and emission factors and after that, you run it and the
emission, total emissions or depending upon what kind of result you want in which form like
emission per activity or emission, total emission or emission per year something like that you

can play with and you can get the results.
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Tool 3

Global Livestock Environmental Assessment Model

Interactive (GLEAM-i)

_ * The Global Livestock Environmental Assessment

- . Model is a modelling framework developed

JREANR:ck Gy oorentl A VSSERRR 0+ within the Animal Production and Health
Division of FAO (Food and Agriculture
Organization) of United Nations, Rome in 2021.

* It simulates the functioning and environmental
impacts of livestock production activities.

An open version of the model: GLEAM-i Version 1.9

Available at Gleam-i (fao.org

Source: Banja et al., 2021 (Joint Research Centre)

Now, we come to the tool number 3. So, this is global livestock environmental assessment
model interactive, GLEAM-i and basically this has been developed by this Animal Production
and Health Division of FAO, FAO is nothing but Food and Agriculture Organization of United
Nations. So, in Rome, the headquarter, where in 2021, it has been developed and it simulates
the functioning of environmental impacts of livestock production activities. So, that way it is

very important.
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Global Livestock Environmental Assessment Model
Interactive (GLEAM-i)

* Systematic, global coverage of six
livestock species and their edible
products: meat and milk from cattle, ; u__mlwmwifj"_f““" Tfﬂ“:l.ip:f:.,m
buffalo, sheep and goats; meat from pigs Sy

and meat and eggs from chicken.

* Estimation of greenhouse gas emissions
from each stage of production. The model
covers emissions of methane (CH,),
carbon dioxide (CO,) and nitrous oxide
(N,0), using an IPCC methodology.

Source: Banja et al,, 2021 {Joint Research Centre)

And you can see the systematic global coverage of the six livestock species is possible by using
this particular model. So, like meat and milk from cattle, buffalo, sheep, goats, meat from pigs



and meat and eggs from chicken, all those activities can be incorporated in this particular model

or module.

Estimation of greenhouse gas emissions like methane, CO., N2 etc. using IPCC methodology

is the part of this particular model.
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Global Livestock Environmental
Assessment Model Interactive ®
(GLEAM-i)

1. The first three bar charts report the @
emissions intensity, protein production
and total emissions.

2. The next two pie charts illustrate the
breakdown of emissions by GHG.

3. Finally, the last two bar charts show the
breakdown of emissions by source and
the sources of feed.

St Brs 1, 2021 ot Researeh Cenre)
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Well like you can see this working of this the first bar this these kind of three bar charts, report

emission inventory and protein production and total emissions. And in second, the next two pie

charts, they illustrate the breakdown of emissions by greenhouse gas. Then finally, you can see

these two bar diagrams they show the breakdown of emissions by source and sources of the

feed. So, different way of results you can calculate per field, per cattle.
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The Agro-Chain greenhouse gas Emissions (ACE)

* The Agro-Chain greenhouse gas Emissions (ACE) developed by
WAGENINGEN
Jan Broeze, Wageningen Food & Bio-based Research, n' wers!
Netherlands and implemented as part of the Consultative Group
on International Agricultural Research (CGIAR) Research Program éL S @)
Agriculture and

on Climate Change, Agriculture and Food Security (CCAFS) in CGIAR foodSecurty  CCAFS
2020.

* ACE calculator is a tool for estimating total greenhouse gas
(GHG) emissions associated to a food product.

* The tool combines a calculation framework with datasets
containing crops GHG intensities and Food Loss factors along the =8
chain.

Source: Broeze, J., ACE Calculator Guidelines, 2021

The fourth model is the agro-chain greenhouse gas emission, ACE and this has been developed
by Jan Broeze by this particular institute in the Netherlands and it has been implemented as a
part of this Cumulative Group on International Agriculture Research (CGIAR) research
program on Climate Change, Agriculture And Food Security (CCAFS) in 2020. So, this has
been the part of that particular program, this model development. And this calculator or module
or model is a basically tool for estimating total greenhouse gas emissions associated to a food
product.

So, this is specifically for food product and the tool which combines the calculation framework

with data sets containing crop greenhouse gas intensities and food loss factors along the chain.
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The Agro-Chain greenhouse gas Emissions (ACE)
e Ly,

1. Scenario comparison

2. Selecting geographic location and crop

3. Selecting complete sets of loss and
emission factors along the chain

4. Selecting an entry for crop GHG intensity

5. Inserting chain configuration data and
optionally overrule default parameter
values

6. Results

ACE Calculator
user-interface

Source: Broeze, )., ACE Calculator Guidelines, 2021

So, you can see this is the of course, this is very complex thing only in one picture, we are

trying to give you the impression. So, there is a scenario comparison you can do basically
different kinds of scenarios you can develop. Then in second step is like selecting geographical
location and the crop. So, this is the basic second step, which can be used. Then you can go for

complete sets of loss and emission factors along the chain, the third step.

Then selecting an entry for the crop greenhouse gas intensity, so that is the fourth step. In fifth
you do like inserting chain configuration data and optionally overrule default parameter values.
So, manually you can do that. And ultimately, you can get the results and results are in this
form that is quite exhaustive and you can then take observation, you can analyze them you can
present in different forms, so that you can have different inferences.
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Case Study

Emission estimates and inventories of non-methane volatile

organic compounds from anthropogenic burning sources in India

Stewart et al., 2021
Journal: Atmospheric Environment X
Year: 2021

Now, we go for a case study, like how emission estimates and inventories of non-methane
volatile organic compounds from anthropogenic burning sources in India has been developed.
This is the latest study, which has been completed as a Indo-UK collaboration program.

(Refer Slide Time: 22:27)
Y

Introduction of the Case Study

* This study evaluates the relative contributions of
individual sources of emissions to allow an assessment
of the overall impact of emissions from burning sources
to air quality in India.

* Biomass burning is the second largest global source of
trace gases to the troposphere after biogenic emissions.

* Major sources include wildfires, agricultural crop residue
burning on fields and residential solid fuel combustion.

Source: Stewart etal,, 2021

Well, so, a brief introduction about the case study is that this study evaluated the relative
contribution of individual sources of emissions to allow an assessment of the overall impact of
emissions from burning sources to air quality in India. So, that burning sources overall we have
to see and within that biomass burning is the second largest global source of trace gases to the

troposphere after biogenic emissions. So, that is why this is very important activity and major



sources include like, wildfires or agricultural crop residue, burning on fields, residual solid fuel

combustion or municipal solid waste kind of thing those kinds of things are there.
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Case Study

Methodology of the Case Study

¢ Emission factors for combustion of crop residues on
fields were taken from measurements by Stockwell et al.
(2015) made using PTR-ToF-MS (proton-transfer-reaction
time-of-flight mass spectrometry) of 115 NMVOCs.
e oy
* The emission factor applied was evaluated against that
for crop residues used for domestic combustion in Delhi.

* The mean emission factor for crop residue combustion
on fields was used for specific crop types with smaller
levels of cultivation.

Source: Stewart et al., 2021

Well the methodology, which we are having in this particular case study is emission factors
based emission factors for combustion of crop residues, different coppers residues, we have
different emission factors and we use them on fields have been used and then measurements
for this using particular, this proton transfer reaction time of flight mass spectrometry. So, this
instrumentation has been used 115 non-methane VOCSs. So, that is quite interesting to see what

kind of species are there off and then VOCs or non-methane VOCs.

And the emission factor applied was evaluated against that for crop residues used for domestic
combustion in Delhi. So, we could compare basically. Then the mean emission factor for crop
residue combustion on fields was used for specific crop types with the smaller levels of

cultivation. So, that these are the methodological important aspects basically.
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Case Study

Residue generated from Crops

+ The residue generated from the cultivation of four
main categories of crops was estimated.

Covn |

/geals Rice, wheat, coarse cereals, maize, jowar, bajra
Oilseeds Groundnut, rapeseed, mustard, sunflower and 9

oilseeds —

Fibres Cotton, jute and mesta

SUW

Source: Stewart et al., 2021

When we talk about residue generated from crops, the residue is generated from the cultivation

of four main categories of the crops like cereals, like rice, wheat, maize, jawar, bajra etc. Oil
seeds like ground nut or rapeseed or mustard sunflower etc. Then fibres like cotton jute and

then the sugarcane, these kind of four crops related residues have been considered.
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Case Study

Emissions from agricultural crop residue burning (1/2)

* The total emission from the crop residue burnt in a state was
calculated by:

- 31 CWG XRTCR XDMF XFB X EFcrgp
Pemissigh = area cultivated

Where,

CroPemission = NMVOC emitted in a state from crop residue burning on fields (kg/km?)
CWG = mass of crop produced in the-state,

RTCR = residue to crop ratio \)‘S

DMF -~ =dry matter fraction

FB = fraction of crop residue burnt

EFcropi = emission factor for crop specief i (gfkg), area cultivated

n =number of different crops produced in the state.

Source: Stewart et al., 2021

And this is basic equation, which have been used very simple. So, you can see here CWG is
nothing but mass of crop produced in the state. Then RTCR residue to crop ratio, so that you
can calculate the how much residue will be there, then dry matter fraction DMF is there,

because all residue is not burnt only dry is being burned. Then fraction of the crop residue



burned, because other things can be used for other portion can be used for other activities. Then

emission factor for the crop species like wheat or rice are different crop species.

Y6 CWG XRTCR XDMF XFB X EF ¢rop i

Cro ission —
Pemission area cultivated

So, you can apply this equation per area cultivated and you can have the emission of that
particular crop and then again summation you do for all kinds of crops.
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Case Study

Emissions from agricultural crop residue burning (2/2)

* Emissions from agricultural crop residue burning on fields
were significant in the north of India and were driven by

cereal production in Pum as well as
mmcnon in Uttar Pradesh and Bihar.
* The most significant emissions from Madhya Pradesh and
Rajasthan were from the burning of oilseeds crops.
* Emissions from Maharashtra, Karnataka, Andhra Pradesh and
Tamil Nadu were principally from the burning of sugarcane
residue,

Crop

Latitude

Spatial distribution and emission
of NMVOCs in 2011 from Crop
residue burning on fields in India.

Longitude
@ <i50 W 120015008 3500-4500
VOC emission g 455400 = 1500-1800R 4500-10000

-2 400-800  1800-2200 >10000
Kot im = 800-1200° ZL‘OC-]SCU. Source: Stewart et al,, 2021

So, if you see entire India, you can see the emissions from agriculture crop residue burning on

fields were significant in the northern part of India. So, these were like cereal production related
estate like Punjab and Haryana and the sugarcane and cereal production in Uttar Pradesh and
Bihar.

So, those have been considered and the most significant emissions from Madhya Pradesh and
Rajasthan were from the burning of oil seed related crops like mustard or other kind of thing.
Emissions from Maharashtra, Karnataka, Andhra Pradesh and Tamil Nadu were primarily from

the burning of sugarcane related residues. So, these are area-related specific characteristics.
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Case Study

Uncertainty Analysis of the Emissions from Crop
residue burning

¢ Uncertainty in the estimate of NMVOC emissions from crop
residue burning on fields was related to the timing as well
as spatial distribution of emissions.

* The generalisation of emission factors measured by PTR-
ToF-MS, and lack of measurements of some residues (e.g.,
sugarcane), led to uncertainty in the overall estimation.

¢ Uncertainty was largest for generalised emission factors
applied to crops with lower yields as well as millet and
sugarcane.

N
Well, there are certain uncertainties, because NMVOCs, which are emissions from different
crop residue burning on fields, they are related to timing as well as a spatial distribution of
emissions. So, uncertainties can be there as per their particular location, particular timing. And
the generalization of emission factors measured by that particular instrument and the lack of

measurements of some residues for example, sugarcane led to uncertainty overall estimation.

So, everything is not absolute this is kind of indicative you can say. Then there is uncertainty
largest for generalized the emission factors applied to crops with lower yields as well as millet

and sugarcane. So, those are the uncertainties in this particular case study.
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Case Study : Conclusions

* This study compiled recently measured emission factors and
fuel consumption data to evaluate the magnitude and spatial
distribution of NMVOC emissions from different solid fuel
combustion sources across India.

+ Agricultural crop residue burning, will show large seasonality
and occur predominantly during the kharif (Apr-May) and
rabi (Oct-Nov) crop burning seasons.

+ Countrywide measures are required to prevent the burning of
agricultural crop residues on fields and of MSW to reduce the
significant NMVOC emissions from these source categories.

Source: Stewart et al., 2021



And if we go for conclusions of this case study. So, they are like the compilation has been there
for recently measured emission factors and fuel consumption data to evaluate the magnitude
and spatial distribution of known methane VOC emissions from different solid fuel combustion
and sources across the India as we have seen different estates related activities.

And the agricultural crop residue burning, it will show larger seasonal and it occur
predominantly during the kharif, that is the April-May season and the Rabi crops like October
to November crop burning season, so different two seasons are there. And because October-
November, this Rabi season is related to winter and this atmospheric dispersion is not very
high in this particular duration. So, if a lot of burning activities are there, then within

surrounding areas, pollution related problems may arise.

Then the country wise measures are required to prevent the burning of agriculture crop residues
on fields and municipal solid waste to reduce, the significance of non-methane VOCs emissions
from these particular source categories. That is the conclusion you can say with the help of this

study.
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Conclusions

* Agriculture sector significantly contributes to the
Greenhouse gas emissions.

¢ The main GHG emissions from the agriculture sector are;
* methane from livestock’s enteric fermentation and
rice cultivation, and
* nitrous oxide from manure management and
agriculture soil.

* Emissions from open burning of agricultural residues
releases large amount pollutants such as fine PM which
degrades the ambient air quality.

So, ultimately if we want to conclude, we can say that the agriculture sector significantly
contribute to the greenhouse gas emissions, although there are other emissions like particulate
matters and ammonia, nitrous oxide and methane are the greenhouse gases, but other pollutants
are also there. And these greenhouse gases emissions are basically from these livestock’s
enteric fermentation and rice cultivation related activities and nitrous oxide is predominantly

from manure management and agricultural soils.



And emissions from open burning of agriculture residues, releases large amount of pollutants
such as fine particulate matter and that can degrade the ambient air quality, which every year
we see particularly in northern part of India. So, that we means you can now appreciate
agriculture related emissions are also very important, if we consider them how much they
contribute to the greenhouse gas or how much they contribute to the regional air quality status.

So, that is all for today. Thank you for your kind attention.
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These are the references for your additional information, you can go through them. So, thank

you again and see you in the next lecture. Thanks a lot.



