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Hello friends. So, you may recall that emission inventories are very important in case of when
we want to use dispersion modelling. For dispersion modelling, emission inventories basically
play like input value parameters. So, when we develop emission inventories, we develop
emission inventory for each sector. When | say sector, so that means, there are several sectors
which are responsible for emissions of air pollutants emissions like power sector, agriculture

sector or domestic or transport, those kinds of things.

So, we have already seen how to develop emission inventory for industrial sector for
transportation sector and for agriculture sector. Today we will discuss how to develop emission
inventory for residential and commercial sectors and basically, you should remember one thing
whatever sector it is fundamentally what we do, we try to assimilate the activity data, whatever
activity is using certain fuels and that fuel consumption, burning of the fuel is resulting in

emissions, whether greenhouse gas emissions or air pollutant emissions.

So, we need to calculate activity based this fuel consumption and then we have to multiply it
with the emission factors, activity-related emission factors. So, that fundamental thing we have
to apply in every sector. So, let us see today what we will do to this residential and commercial

sector. So, first of all we will look into the introduction basic things like, what are the residential



sectors, what are the commercial sectors and what kind of emissions are important from

perspective of residential sector and commercial sector in India.

Then the basic equations, because when we are talking about calculation of emissions, we are
talking about certain equations, certain mathematical relationships and the procedures or
methodology for estimating the emissions for residential sector or commercial sector. Then to
understand the thing, we will go for case study for India based case study and then mega city

Delhi based case study and then we will conclude.
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Introduction

Cooking in
rural area

Residential sector

* Residential sector covers fuel combustion activities
in households including domestic cooking and use
of fireplaces.

Cooking in
urban area

* Household stoves, although small, are numerous
and thus have the potential to contribute further to
decreasing the air quality.

Source: Emission Inventory Manual, United Nations Environment Programme, 2021;
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So, when we talk about like residential sector basically, this covers like fuel combustion in
different activities of domestic nature, household nature like cooking or using fireplaces,
whatever we burn for our domestic activities, we call it in residential sector and like household
stoves, whether it is using LPG or cow dung different kinds of stoves are there depending upon
the economic background of the household or the family.

So, whether it is a small, or a large household stoves, where it is multiplied in millions of
numbers when we talk about a country, so the emission becomes very significant. Otherwise,
first impression we feel that what is that is very small emission from a household activity, but
when we combine it at the city level or state level or country level, then this becomes very large

amount of emissions of air pollutants and greenhouse gases.

So, their contribution is very important, when we talk about ambient air quality, because these
emissions ultimately deteriorate the ambient air quality, also the indoor air quality, because the
kitchen or those kind of household activities, first of all, they deteriorate the indoor air quality.



Then if there is a chimney or exhaust fan etc, then it goes to the outside means in ambient

environment and they again affect the ambient air quality.
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) Cooking in
restaurants

Commercial Sector

* This sector covers activities such as cooking,
heating, boiler operation, and captive power
generation in commercial sectors such as hotels or
offices, restaurants, shopping mall, hospitals, and
crematorium.

r

DG sets

¢ These facilities are available in urban areas. Typical
urban types of fuel combustion such as gaseous
fuels, coal, oil and kerosene are considered.

Source: Emission Inventory Manual, United Nations Environment Programme, 2021;
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When we talk about commercial sector, then basically it covers like cooking, heating, boiler
operations, captive power generation in commercial sectors, like hotels, restaurants, offices,
shopping malls, hospitals, crematorium, all those kinds of activities are into this commercial

sector.

Then these facilities are basically available in urban areas and typical urban types of fuel
combustion such as gaseous fuels or coal, oil or kerosene are considered when we consider or
when we compute the emissions from the commercial sector and in rural areas basically,
household related activities are more important otherwise, in between rural and urban areas
there are other activities of commercial nature like marriage gardens and resorts etc. They are

also responsible for emissions of pollutants and greenhouse gases.
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Pollutants emitted from residential and commercial sectors

0 Pollutants associated with fuel combustion in the
residential sector and commercial sector are:

* Particulate Matter (PM) * Oxides of Nitrogen (NO,)

* Black Carbon (BC) * Carbon monoxide (CO)

* Organic Carbon (OC) * Methane (CH,)

* Sulphur dioxide (SO,) * Non-Methane Volatile Organic
* Carbon dioxide (CO,) Compounds (NMVOC)

Source: Emission Inventory Manual, United Nations Environment Programme, 2021

When we talk about pollutants, which are emitted from especially residential sector and
commercial sector, then the major pollutants are like particulate matter, then black carbon
organic carbon, sulphur dioxide or carbon dioxide, carbon monoxide or oxides of nitrogen,
then methane or known methane volatile organic compounds or hydrocarbons, all these are the

pollutants, which are emitted from both the sectors of residential and commercial.

(Refer Slide Time: 05:39)

Emissions from residential and commercial sectors in India

According to policy brief by Collaborative Clean Air Policy Centre (CCPAC), (1/3)
seven modelling studies (Fig 1) have estimated that, for India, HAP (Household

Air Pollution- name given to both residential and commercial emission
sources) contributes to betweefi 22-52% of Ambient PM, , exposure (Fig 2).

% Contribution towards Ambient PM2.5

o q
Figl Sources

Well, if we try to have a visual kind of scenario at India level, so there are one steady report
policy report brief policy report and this was developed by Collaborative Clean Air Policy
Centre (CCPAC) in Delhi. So, the seven modelling studies were compiled and their data and

their range of emissions were assessed and it was known that these residential and commercial



sector in total both these sectors are responsible for 22 to 52 percent of ambient PM2.s exposure

to the public.

So, this is a very significant range or the proportion, if you look into PM2s, because PM2s
exposure is responsible for several respiratory problems to the people. So, health impacts are
very important in that respect. So, you can see here these HAP means household air pollution.
So, these are basically combining residential and commercial activities according to the
definition. So, they are responsible for 22 to 52 percent of ambient PM2 s emissions or exposure.

So, that is very high range.
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Emissions from residential and commercial sector in India /
(2/3)

In 2016, GHG emissions were estimated
for the subcategory “other sectors”, which
includes emissions from fossil fuels burnt
in commercial and institutional buildings,
homes and activities related to agriculture,
forestry, fisheries and the fishing industry.

Other sectors

Industries & Construction

Emissions from “other sectors” category:
=10.03 % of total emissions
=2,13,490 Gg of CO2e

Source: MoEFCC. (2021)
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Then when we talk about this emissions for these residential and commercial sector or

household activities, these household air pollution, so when we divide it into like other sectors



or energy industries and then manufacturing industries, so the other sector which is basically
this commercial and institutional buildings related, which we are talking today about, so that

contributes around 10 percent.
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Emissions from residential and commercial sector in India

Biomass burnt (3/3)
for gpem
+ Distribution of emissions from
e different sources in “other sectors”
a Commerci category.
- Residential = 60 %
“”m‘v " - Commercial =32 %

- Biomass burnt for energy = 8 %

Soutce: MoEFCC. (2021)

And within that 10 percent basically, if you further divide into sub sectors, so the commercial

is responsible around 32 percent and the residential is around 60 percent. So, the residential is
dominating in this particular other sub sector you can say and then biomass burnt is around 8
percent. So, that way the three major components are of that basically household related

emissions.
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Basic Equation for estimating residential emissions

N N
Where,
j = Type of fuel
Em;; = Emissio froprfue

| type |
| Ecj = Consumptiomrotfureftyp
“ — ™ .
% = Emission factor specific to pollutant i from
el type j

Source: Emission Inventory Manual, United Nations Environment Programme, 2021



Well, then, we come to the basic equations, which are used for estimating residential emissions.
So, as | said, the fuel consumption we have to estimate first, so we need to know, what is the
activity, which is causing the fuel consumption? So, according to that activity, we need to first
compute the fuel consumption. So, FC is nothing but fuel consumption for the type j, fuel type
j like LPG, then biomass or kerosene or whatever you take one particular fuel and see different

activities which are using that particular fuel and how much of that fuel is consumed.

Emi,j = zFC] X EFi,j

So, that will be the FCj, then from that particular type of fuel j, then we have to see how much
pollutant type of i is emitted. So, different pollutants emissions we need to calculate. So, that
emission factor has to be there for that particular emission of pollutants, that particular
pollutant. So, that will give this total multiplication will give the emission of that particular
pollutant i from the particular fuel j, that is the point and then if you go for, for different fuels,
then combine you can get the total emissions. So, this is the basic thing which we will see in
all kinds of activities.
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Procedure for estimating residential emissions

Calculating fuel Calculating Total Temporal and spatial
consumption rate Emissions Distribution

* Obtain residential sector | o Take the EFs of each fuel | * Obtain fuel consumption
fuel consumption rate type data from all sources
for each type of fuel ina | o Calculate emissions (monthly data).
specific country from iy The equation: + Calculate monthly
national/international emissions by multiplying
data sources. Emip= ZFC‘ annual emission with

* For all fuels (in T)/yr), the monthly factors.
use consumption rate J * Allocate the emissions
for calculating emissions; by grids/districts/state
or convert it to mass unit
(ktonne/yr) by using
their Net Calorific Values
(NCVs).

Source: Emission Inventory Manual, United Nations Environment Programme, 2021

So, you can see the procedure of estimating residential emissions. Basically, first of all you
have to calculate the fuel consumption rate. So, you have to see different activities, how much
that fuel is consumed per day or per month or per year you can take the unit whatever you want

to have the time span.

Then the total emissions are calculated by that particular equation, which we have seen and the

temporal and spatial distribution can also be seen like weekly or monthly or daily, that depends



means you can really play with that, that is not a very complex thing, once you calculate, annual

emissions or hourly or daily whatever, you can further scale it up in different kind of time span.
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Basic Equation for estimating commercial emissions

Emi'j’k ] ZFC]’k @
Where,

Em; ;) = Emissions of pollutant i from fuel type j and sub-

sector k
Fejx =Fuelconsumptionforfuelty‘nd sub-sectégé ’
(ke/year)

EF; i = Emission factor specific to pollutant i, fuel type j and
sub-sector k.

Source: Emission Inventory Manual, United Nations Environment Programme, 2021

Well, when we talk about the commercial emissions, again similar equation is there. So, here
you can see the fuel consumption from sub sector k. So, in commercial, when we have sub
sectors in that particular sub sector what kind of fuel is there? The fuel type j in sub sector k,
so different sub sectors are there different fuel types out there.

Emi‘j‘k = ZFCj'k X EFi,j,k

So, for each fuel type or each fuel sub sector you have to compute and for that you have to
know this emission factor. Multiply it have the submission for the particular sub sector for that
particular fuel for that particular pollutant and replicate it for each kind of sub sector for each

kind of fuel for each kind of pollutant.

So, that will be very exhaustive exercise, but nowadays in the age of computer it is very easy
even you can use a spreadsheet or there are certain models also readymade models, you can

write simple, code or logarithmic equations and then you can compute these emissions.
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Procedure for estimating commercial emissions

Calculate Fuel
Consumption Rate
per Sub-sector

Calculate Total
Emissions of
Commercial Sector

Temporal and
spatial Distrihutinn

* Take the EFs of each fuel
type for each sub-sector.

* Obtain annual total
consumption of each
type of fuel in a specific
country from national
and international data
sources.

* Aggregate the data intg
several sub-sectors, suc
as cooking, boiler
operation and heating,
based on fuel type and
local-specific data.

« Oftain fuel consumption
data from all sources
(monthly data).

* Calculate monthly
emissions by multiplying
annual emission with thy

monthly factors.

* Calculate the-eaissions
#Tg the equation:
Emg ;= TFejy X EF jx
¢ Sum up the total
€missio
sectors.

Source: Emission Inventory Manual, United Nations Environment Programme, 2021

Well again the same procedure first of all, for sub sector based fuel consumption of the
particular fuel type and then calculate the total fuel consumption of that particular subcategory
and fuel type and emissions of the pollutant and then you can distribute it into according to the

desired time span, whether weekly or monthly.
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Case Study - |

Case Study - |

Emissions from residential sector in India for the year 2016
Source: TERI, 2021. Development of Spatially Resolved Air Pollution Emission
Inventory of India. The Energy and Resources Institute, New Delhi.

So, to understand it in a better way, let us go for the case studies. First case study, we will focus
upon India level case study. So, this we have taken from one TERI's report, which is the
development of a spatially resolved air pollution emission inventory of India, that was

developed by TERI. So, this is the report of 2021 it was published. So, we are using our only



domestic or residential sector we are focusing, otherwise this report contains all kinds of

sectors, but in this case study we will focus only on residential sector.
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Case Study - |

Introduction to Case Study - |

*In this study, emission inventories of different pollutants, viz.,
PM,, PM, 5, CO, SO,, NO,, non-methane volatile organic
compounds (NMVOCs) and NH, were prepared for the period
of the project, tha

* The sectors considered s study were:

1. Residential sector

2. Power sector %
3. Industry sector

4, Transport sector

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

So, you as it is shown residential sector, power sector, industry sector, transport sector, all these
sectors are there and these are the different pollutants, which have been considered in this study,
like PM1o, PM2 5 carbon monoxide, sulphur dioxide, nitrogen dioxide or oxides of nitrogen,
non-methane volatile organic compounds that is NMVOC, ammonia, all these are there. And

this is for 2016, this was the year for that this computation was done in this study.
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Case Study - |

Residential Sector

* Residential sector comprises of both rural and urban area.

* Under the census, a rural area is any area that does not
belong to a municipality, corporation, cantonment board or
notified area and meets all of the following criteria:

* more than 75% of people are engaged in agricultural
activities, area is not connecting to a statutory town,

* area does not possess urban infrastructures (e.g., pucca
road, streetlight, water tap, drainage, educational
institution), and

* area is within the revenue limit of a village.

* All other areas were considered as urban areas in the present
study.

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

So, in the residential sector basically they have taken both rural and urban area. It is not only

the rural but urban also. So, because residential sector is both ways, but only the fuel type



differs in rural area and urban area. In urban area you will find that LPG those kind of cleaner
fuels are used in much more quantity, whereas in rural areas you will find that agriculture
waste, cow dung or fuel wood, all those kinds of fuels are still being used, although nowadays
there are several schemes from the government side they are pushing towards the clean energy

ladder, household activity they are providing through Ujwala scheme these LPG connections.

So, better situation is coming, but for 2016, we have different data, where we are we have this
agriculture activities related waste etc, which people are burning and when we talk about the
rural and urban what is the difference. So, these are the basic fundamental yardsticks, which

are used for judging, whether it is rural area or urban area.

So, in the rural area, they assume that more than 75 percent people are engaged in agricultural
activities. And this area is not connecting to a very this municipality or township related kind
of things and those amenities urban amenities are not available. So, that kind of rural related

definition is there.
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Case Study - |

Methodology

* The basic equation employed for emissions estimation from
the residential sector is:

n n n
/ \/
Y'Y b x x5

$=1D=1(C=1 P——

Ep, = Emissierfof a particular pollutant (p) from the residential
sector; Pop(D,f) is the population of a district using a particular fuel; [
Crs = State specific per capita consumption of a particular fuel;

EFy, = Emissionfagfor of the particu!arpollutan{!;E9fthe

particular fuel typ

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

Then we go for again basic equation. So, this is like population, which is in a district using
particular fuel F, so the population which is using in that district, how much population is there,
then this CFS state is specific per capita consumption of that particular fuel, that data we should
have then emission factor related to that particular fuel type must be there, particular fuel type

F and particular pollutant p. For each pollutant different emission factor is there.

n n n
Epy = Z Z Z Popp s X Crs X EFy

S§=1D=1C=1



So, for each pollutant for each type of fuel, we reuse this equation and then we sum it up for
all the districts for all the fuels or for all the pollutants different pollutants means, you will have
the metrics for different pollutants PMzo is emitted so much, SO> is emitted so much, those
kinds of things. So, this is the emission of that particular pollutant. So, this is the equation

which we use.

(Refer Slide Time: 14:59)
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Population (1/2) T
EPaFZZZC,_SXEF”,

+ Using the following equations, the annual
population growth rates were used to project the
population and number of households in 2016
based on the district-level respective data gf"Z0

5 4
Pop(zoxe) " pOp(zou) (1 ¥ POPGR>

—_—

* Popomg is the projected population of 2016;

* Popgyy is the district-level (rural and urban) population in
2011 (Census, 2011);

* POPg; is the annual population growth rate (Census, 2011);

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

And the population data here is very important in the sense, because there are certain data
which are indirectly calculated for example household, how many household activities are
there. So, that is again calculated based on certain relationships like here population of 2016
was estimated based on the population census data of the population of 2011, that was the data
available. So, for 2016 it was estimated. So, this is the relationship, which was used for you

can say projection of the population for 2016.So, this relationship was used.
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non o
Epot = Z Z Cps X EFyy
Siome

Population (2/2)

Pop,

H 2 2016)
(2016)
J HHPOP,,,, - HHPOP,
(201) 2 3
HHPOP,,, f11 ———————————

10 HHPOP(

(2001)

* HHyq14)is the projected household number in a district (rural
and urban) in 2016,\/8

* HHPOP;y,,, is the average number of people in each district
(rural and urban) living in each household during 2011; and

¢ HHPOP ,qq, is the average number of people in each district
(rural and urban) living in each household during 2001.

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

So, that way you can see this household activities also how many these household in 2016
projected household number in district level, rural and urban in 2016. So, this relationship was
used. So, again for 2011 data is there we are projecting to 2016.
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Fuel Consumption: Kerosene (1/2) w35 S

Ad’ HHlulelc 7 (HHe]ec * w
The adjustment in household
number(unelec) considers
* AdjHH,,, is the estimated number of households un- the electrification growth
electrified during 2016; during the period 2001 to

* HH,eiec and HH, is the number of households unelectrified 2016 for respective state.
and electrified respectively in 2016 based on Census (2011);

* Egqis the annual village electrification growth rate in a state;

* Py, is the state-level change (%) in power surplus situation
between 2011 and 2016 (CEA, 2011; 2017);

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

And in this we have to be careful like for example, we want to know how much households are
there, which are un-electrified, which are using fuel wood etc. So, for that again the direct
computation is like you are estimating based on that 2011 data, un-electrified and then
electrified also, but there is the growth rate according to population this is state level change in

power surplus those kind of things. So, that data is subtracted to have the adjusted household



un-electrified number, that correction factor is there you can say otherwise that projection will

be a little bit erroneous.

So, this relationship is used for computing the net household numbers, which are un-electrified,
because they will be used for estimating pollution from fuel wood etc, because kerosene etc. If
there is no like electricity for having energy, meeting the energy needs, then people will have

the energy from fuel wood or those kinds of sources.

(Refer Slide Time: 17:03)

Case Study - |

Fuel Consumption: Kerosene (2/2) e 55 Sy

Adj@(HHK_L * AdeHunelet) / HHune]ec

¢ AdjHH, | are estimated number of households using
kerosene for lighting purpose during 2016

* HH, | is the calculated number of households using
kerosene for lighting during 2016 based on census

01—

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

Similarly, this kerosene related consumption, calculated number of households using kerosene.

So, the same way you have to calculate the adjusted household numbers.
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Fuel Consumption: LPG (1/2) b35S oma Yo

bR

.—.—/‘

* Number of households using LPG for cooking fuel in 2016 was
also estimated.

+ State level annual registered LPG consumers data for the year
2013-2016 were collected.

* State-level rural and urban area-wise annual data of LPG
distributors for the same years were also collected.

* These data were used to calculate the state-level annual
growth of LPG consumers in rural and urban areas.

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.



So, the fuel consumption for LPG again, so numbers are there for different years and you have
to compute or project for 2016. So, based on the data available from the secondary literature,
you have to compute you have to estimate, it is very, very difficult to get the absolute data. So,
it is only the exercise, which is estimating, so there is always some uncertainty, but
nevertheless, we are going for baseline data or that data which are available based on certain

surveys and those are only the things, which we can use for estimation purposes.
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Fuel Consumption: LPG (2/2)

[
HHL"GGmb) * (HHypepny * GRipo)

e 35S o @m,,

The increase of numbers of

households using LPG
¢ AdjHH g is the estimated number of the LPG using | (AdjHHpg - HH pg 3016)) Was
households in rural and urban areas during 2016 then uniformly distributed to
* HHLPG yq,qis the number of LPG using households in | adjust the number of FW, CR
either rural or urban area of a district during 2016 and CDC using households

using the household amenity data of the India census | during 2016.
(2011) and the number of households in 2016

* GR y is the district-specific calculated annual growth
rate of LPG consumers in rural and urban areas.

* FW: Fuel wood; CR: Crop residue; CDC: Dung cake

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

So, the fuel consumption again LPG adjusted. So, the similar equation relationship are used for

correction factor based on 2011 data, then projection of 2016 and those growth rates etc.
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Fuel Consumption: Fuelwood (FW) e 335 i) o

5510%1

It was assumed that the
households in the rural areas
of districts with morning
temperature below 18°C

during the morning hours
* (AdjPPgy) ¢, the total Fuelwood (FW) use (kg/annum) adjusted (g AM to 11 AM) mostly use

by including the FW use for water heating in rural area the FW for water heating.
¢ (PPgy)g, is the district-specific FW use (kg) in the rural area;
o {PBog o s the dstFCTSpeci B ST pecple-ueing FW
for residential water heating
* (Cpy)a, is the per capita use of FW in the rural area;

(AdPPE.)R = PPy, + (PP

FW_H)Ru * (CFW)Ru

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.



Well, similarly, fuel wood also you can have this adjusted population of the house fuel wood
related consumption. So, you can see this district specific fuel wood in rural areas, and PPrw,
H, rural areas district a specific number of the people using fuel wood, so those kinds of there,
then Crw is the per capita use of fuel wood in rural area. So, all these parameters must be there

which are available from different survey different reports which we use.

(Refer Slide Time: 18:36)
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Emission factors e
* Fuel-specific emission factors (EF ;) (g/kg) of different il ;;MPW'"”“"

pollutants considered in this study are given below

Fuelwood

Crop residue /36 57 07 18 64 85 |

Dung cake 105 44 06 10 786 241"

Coal 83 40 153 216 595 105
Kerosene
26 30 04 13 43 170"

(for caoking)

K
P 913 913 NA NA 03 NA

(for lighting) - o o
LPG 04 04 04 29 20 37
Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

Then emission factors, what kind of emission factors? So, again they are available from

different studies, which people publish the have certain lab based experiments as well as field
based experiments and they bring out the numbers, that how much a gram of that particular
pollutant is emitted, when we burn one kg of the fuel. Fuel can be different like fuel would
crop residue, dung cake, coal, kerosene, for cooking kerosene for this lighting, LPG. So, all

these fuel and activities are there.

So, for per kg of fuel burned, how much pollutant of PM1o or PM25, SOx, NOx, CO, NMVOC,
how much it is emitted per kg. So, that is known as the emission factor. You can see all these
values are given in this table, that is are those are the emission factors for each fuel type for
each pollutant type. So, these are the grams per kg, that is the unit which we will use in those

equations for calculation of emissions.
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Emission inventory of the residential sector (1/3)

FW: Fuel wood

CR: Crop residue (_—"

CDC: Dung cake

K_C: Kerosene used for cooking

LPG: Liquid Petroleum Gas

K_L: Kerosene used for Lighting (Wicked Lamp)

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

When we see this emission inventory for residential sector and compare, like for PM1o, PM2;s,
then you can see these are the fuel wood, FW, fuel wood related emissions are more in
comparison to other fuel types like CR is crop residue, the second number is crop residue. CDC
is dung cake. So, the dung cake is the third one, then kerosene for lighting can say third one
and this is the fourth one CDC, but there is also you can see different colour blue and this

orange or yellow. So, that is the for urban, urban-related and this blue is for rural.

So, always these emissions from fuel wood emissions of PM1o and PM2 s are more in case of
rural areas in comparison to the urban areas, when we are talking about residential sector,
please focus upon we are not talking about industrial sector or other otherwise things will
change.

So, the fuelwood consumption in residential sector in rural areas is emitting more PM1o PM2s.
Then this crop residue and kerosene for lighting purpose they are also responsible. When we
talk about SOx and NOx, then again situation is same fuel wood is more responsible. For NOx

is emitted very high. Again, you can see like here SOy is not so much you can see these values.
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Emission inventory of the residential sector (3/3)

20000 © 000 FW: Fuel wood
3000 CR: Crop residue
15000 0

CDC: Dung cake

K_C: Kerosene used for cooking

5000 1000 LPG: Liquid Petroleum Gas

K_L: Kerosene used for Lighting (Wicked Lamp)

10000 2000

0 0
W (R CDC Coal KC PG KL W (R (DC Coal KC LPG KL

mUban mRural

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

Then when we talk about CO, the CO from fuel wood and NMVOCs are also from fuel wood
are very high. So, that means if we can shift the population from fuel hood to better clean fuels
like LPG etc, then these emissions can be reduced, although NOx emissions may not be
reduced, because whenever we go for efficient burning, NOy emissions also increase, that is
very tricky thing, but at least a CO emissions can be significantly reduced and other emissions

can also be reduced.
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Case Study - I: Conclusions

*Higher estimation of emissions of PM, . and SO, in earlier
studies may be attributed to the consideration of increase of
LPG uses and simultaneous decrease in biomass uses in
households for the present study.

* Additionally, decreases in kerosene consumption for lighting
and cooking purposes have also been accounted for in the
activity data of the present study by using the growth of
electrification in India; this might also have contributed to
Jecreases m PN, and SO, emissions from the residential
sector compared to earlier studies.

Source: TERI, 2021, Development of Spatially Resolved Air Pollution Emission Inventory of India.

So, the conclusion in the case study first we can say that the higher estimations of emissions of
PM2 5 and sulphur dioxide in earlier studies may be attributed to the consideration of increase

of LPG uses and simultaneous decrease in biomass uses. So, means increase of PMz5 and SO»



may be there, but decrease may be there in CO, if we compare. So, you can see here decrease

in kerosene consumption in lighting and cooking.

And then this is responsible for increasing growth in electrification, they are responsible for
decrease in PM2s And SO, emissions. So, those kind of inferences, we can make from these

kind of studies.
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Case Study - I

Emissions from Domestic sector, Municipal Solid Waste
(MSW), and Wastewater treatment for megacity Delhi, India,

for the period 1990-2000
Source: Gurjar, B. R., Van Aardenne, J. A, Lelieveld, J., & Mohan, M. (2004).
Emission estimates and trends (1990-2000) for megacity Delhi and implications.
Atmospheric Environment, 38(33), 5663-5681.
https://doi.org/10.1016/.atmosenv.2004.05.057

Now, we come to the second study, case study that is focused on mega city Delhi. So, this has
been taken from one paper, which is emissions from domestic sector means this paper is
basically for all kinds of emission estimations from 1990 to 2004 mega city Delhi, but we have
taken only domestic sector municipal solid waste and wastewater treatment related emissions

for the mega city Delhi. So, that we will present here.
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Introduction to Case Study - I

* Emissions in megacity Delhi have been calculated using an
emission factor based approach for the source categories,
e.g., power plants, transport, domestic sector, industrial
processes, agriculture and waste treatment. Pollutants
included in this inventory are CH,, CO, CO,, N,0, NH,,
NMVOC, NO,, SO, and TSP.

+ Domestic energy use consists of the fuel types cooking gas,
kerosene oil, fuel wood, crop waste, and dung cake.
T —————

Source: Gurjar et al., 2004
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Case Study - Il

Emissions from Domestic sector, Municipal Solid Waste
(MSW), and Wastewater treatment for megacity Delhi, India,

for the period 1990-2000
Source: Gurjar, B. R., Van Aardenne, J. A,, Lelieveld, J., & Mohan, M. (2004).
Emission estimates and trends (1990-2000) for megacity Delhi and implications.
Atmospheric Environment, 38(33), 5663-5681.
https://doi.org/10.1016/j.atmosenv.2004.05.057

So, you can see this mega city Delhi is responsible for any urban area is responsible for several
kind of emissions from several sectors, whether it is power or transport, domestic, industrial
all those, but we are considering only domestic and those sectors like municipal solid waste
burning and this wastewater treatment those kind of emissions we are focusing in this is study.
And you can see in domestic also we have considered only the cooking gas, kerosene oil, fuel
wood, crop waste and dung cake.
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Equation for emissions from the domestic sector

* Emissions from fossil fuel burning in household
stoves or generators are calculated using equation:

Ei ) '
Where,

E; = emission per compound (i)
Fuelj = consumption of fuel per fuel type (j)
EF;; = emissions of compound (i) per unit of energy (j).

Source: Gurjar et al., 2004

And this basic equation is the same as | said earlier like fuel how much fuel is consumed of j
type and from that j type fuel how much emission of i type pollutant is there, that is the emission
factor. We multiply them we get the emission of that i pollutant and then we go on doing this
exercise repeating this exercise for all other pollutants. So, you can see this is the equation,

which we are using very simple equation.

Ei = ZFuel] X EFL',j
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s

Case Study - Il

Equation for emissions from municipal solid waste (MSW)

Emission CH, = I(MSW X MCF xDOC xDOCf xF XE) @ X (1-0F)
st 12 %
* MSW = Municipal Solid Waste [per capita waste
produced X Delhi population]
* MCF = Methane Correction Factor: unspecified
disposal sides-default value = 0.6
* DOC = Degradable Organic Carbon; 0.15 kgCkg1SW!
* DOC; = Fraction of DOC dissimilated: 0.77 (default)
* F = Fraction of CH, In Tandfll gas 0.5 (default)
+ R = 0 (no CH, recovery)
¢ OF = Oxidation factor: 0, default.

—_—

Source: Gurjar et al., 2004

For municipal solid waste burning this is the particular equation, where we are applying certain

factors like methane correction factor MCF is there. Then degradable organic carbon DOC,



DOCEF fraction of DOC, dissimilated like 0.77 default we have taken. Fraction of methane in
landfill gas F is there. R here in particular case, we have taken only 0, because we are not
recovering any methane. Then oxidation factor default is 0. So, this is the general equation

which we use for emission of methane from municipal solid waste, municipal solid waste.

16
Emission CH, = [(MSW X MCF xDOC X DOCf XF X 1z ) - R] X (1-0F)
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Equation for emissions from wastewater treatment

Emission CH, = Wastewater/X BOD| x Bp X MCF
/ /

* BOD (biochemical oxygen demand) = 180 mg/litre

* Bo (Maximum methane producing capacity for waste- water)
=0.25 kg CH,/kg BOD e

* MCF (methane correction factor) = 0.025 (default)

Source: Gurjar et al., 2004

Similarly, from wastewater treatment, if we are going for anaerobic treatment, this methane
generation is there. So, we have to consider what is the BOD, and what is the maximum this
methane producing capacity of the wastewater that is BO, and MCF of methane correction
factor again there are correction factors depending upon different parameters or variables, but

the default value we are using is at 0.025.

Emission CH4 = Wastewater X BOD X BO X MCF

(Refer Slide Time: 25:23)
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Emissions from domestic sector

* CO emissions from domestic fuel use show a
strong decrease from 1997 to 2000 caused by : .
a change from traditional fuels to cooking gas.| ¢ | *

* The fact that NO, concentrations in residential
areas show an increase from 1998-2000
seems to validate that the emission inventory
takes into account larger NO, emissions from
shifting of fuel-wood to cooking gas in the
domestic sector. e

Source: Gurjar et al., 2004

Well, so, the emissions from domestic sector, when we see these emissions are there and the
CO emissions this is increasing and then decreasing from 1997 up to 2000, otherwise you can
see this NOx emission is increasing continuously. NMVOC is also decreasing from 1997 to
2000, but drastic change is there in CO and that basically is related to the decrease in CO
emissions is basically change in the traditional fuels to cooking gas. So, as | said because when
efficient burning occurs in good stoves of the LPG, CO is very less, because directly CO- is

emitted more instead of CO.

Whereas in fuel wood etc. the combustion is not a complete and this incomplete combustion is
responsible for higher emissions of CO, but in when we go for LPG etc, or cooking gas, then

CO becomes less comparatively.

Similarly, this NO2 concentration in residential area is showing an increase you can see here
and that is because as | said these when we go for from fuel wood to cooking gas, so efficient
burning, so nitrogen is present in air. So, whenever this oxidation happens in an efficient way,
then NOx emissions automatically increases and we have to control it, otherwise these NOx
emissions may be responsible for ozone production, because of photosynthesis reactions if
sunlight is more. So, those things we have to keep in mind when we are considering different

kinds of emissions.
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Case Study II: Conclusions

* CH, was mainly (80%) emitted from solid waste disposal.
* CH, emissions have increased over the last decade by
about 40% from 133 Gg in 1990 to 192 Gg in 2000. .
— /

_—
e

* This trend reflects the population growth in Delhi since
emissions have been calculated using a constant waste
per person factor and population statistics for Delhi.

Source: Gurjar et al,, 2004

In this case study, we can see that the methane was mainly in 80 percent of the methane emitted
in Delhi was from the solid waste disposal kind of activity and this has increased over the last
decade by about 40 percent from 133 Giga gram in 1990 to 192 in 2000 and the trend reflect
the population growth in Delhi, because many people come here and different activities are
increased and the waste generation is also increased accordingly. So, that is why these kinds of

emissions are also increasing.
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Conclusions

* The residential/commercial sector may consist of several
point sources significantly contributing to total
emissions.

*Major emissions are from the incomplete combustion of
the fuels used for cooking or heating purpose.

* The rural populations are more exposed to domestic
emissions due to the use of more fuel wood.

So, in overall we can say that, the residential and commercial sectors may consist of several
point sources significantly contributing to total emissions of different kinds of pollutants. And
the major emissions from incomplete combustion of the fuels used for cooking or heating
purposes like CO etc, maybe there and the rural population are more exposed to different kinds



of emissions, because they are using fuel wood and agriculture waste etc, cow dung, and highly
emitting fuels you can say, so indoor air quality is poor and they are exposed to high

concentrations of pollutants.

And it is a good thing that like Indian government is now pushing through different policies
and programs, the cleaner fuels to poor people, so that they are not exposed to these high

concentration of pollutants.
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and see you in the next lecture. Thanks again.



