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PM, . POLLUTION in INDIA 1998 vs. 2014
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#of districts #of districts maximum all district average
above 10 pg/m?® above 40 pg/m? in ug/m3 in pg/m3 Total # of districts 640

(census 2011)
98% 40% 99.6 ,
India annual standard 40 pg/m?
9 9 % 6 0 % 1 1 0 . 8 WHO annual guideline 10 pg/m?

Gridded PM, ; data is constructed by combining data from satellite retrievals and a 3D global chemical transport model,
and subsequently calibrated with available ground-based observations
(Source: Dalhousie University - http://fizz.phys.dal.ca/~atmos/martin/?page_id=140)
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trends and apportionments
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Global Burden of Disease Estimates for India

1990 2015
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Bengaluru, Karnataka

Modeled PM2.5 Concentrations (2015)
urban average = 36.5 £ 9.0; standard = 40; pg/m3
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Meteorology at fine resolution from WRF (driven by NCEP fields)
Dispersion modeling via CAMXx chemical transport model
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Patna, Bihar

Modeled PM2.5 Concentrations (2015)
urban average = 122.2 + 23.1; standard = 40; pg/m3
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Dispersion modeling via CAMXx chemical transport model



Conceptual Indian Energy Ladder
Clean Fuel Gap
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B o' oo often underestimated — various reasons
first being lack of enough understanding

Global inventories (GAINS => HTAP)
Urban inventories
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National scale inventory
gridded, with a district level base

Four sub-categories
Cooking
Water heating
Space heating
Lighting




Overview of the methodology and the databases
assembled for this analysis




Grid size is 0.25 degrees (~25km)
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all the districts (640) are mapped to the census 2011 codes
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Each grid is tagged with overlapping district and state code

URBAN E- Intersecting grids are tagged multiple times, based on the overlapping district area
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Each grid is tagged urban or rural, based on the identified built-up area
E: (database downloaded from U.of.Wisconsin SAGE program)
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Grid level population data is obtained from CEISEN GRUMP and Landscan 2013 and adjusted to the
URBAN E: Census 2011 levels at the state level
- (district to grid area overlaps was used for intersections)

.info



For each district, CENSUS 2011 provides share of HH's using different fuels — segregated into
URBAN E: urban/rural areas and inside /outside cooking
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an example of the census file
hitp: //www.censusindia.gov.in/Digitallibrary /Tables.aspx

cooking category — HH10

fuel classifications
Firewood, crop residue, cow dung, coal or charcoal, kerosene, LPG, biogas, electricity, and others

cooking classifications
cooking inside the house, cooking outside the house, and no cooking

regional classifications
rural vs. urban areas within the district

URBAN
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http://www.censusindia.gov.in/DigitalLibrary/Tables.aspx

estimated based on the cooking patterns at the state level, reported by the national sample survey
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Per capita “useful” energy per year

Graph: Energy sources of Indian households (1992-94 and 2009-10, rural and urban)
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Emissions by pollutant @ grid level

population @ grid level (with district intersections) *
per capita “useful” energy per year *
share of fuels in the district (with inside /outside cooking and rural /urban tags) *
heat efficiency of stoves hy fuel type (averaged) *
rural /urban tag @ grid level *
emission factor by pollutant
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an example of the census file
hitp: //www.censusindia.gov.in/Digitallibrary /Tables.aspx

lighting category — HH7

fuel classifications
kerosene, electricity, solar, others

regional classifications
rural vs. urban areas within the district


http://www.censusindia.gov.in/DigitalLibrary/Tables.aspx

an example of the census file
hitp: / /www.censusindia.qov.in/Digitallibrary/Tables.aspx

heating category — HH10

fuel classifications
Firewood, crop residue, cow dung, coal or charcoal, kerosene, LPG, biogas, electricity, and others

regional classifications
rural vs. urban areas within the district
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http://www.censusindia.gov.in/DigitalLibrary/Tables.aspx

Latitude (degrees)

Latitude (degrees)

URBAN ;
emis§ions 1
.infol=t

| SPACE HEATING - WRF TEMP LINKED - JAN

pm25 tons/grid

Longitude (degrees)

| SPACE HEATING - WRF TEMP LINKED - OCT

pm25 tons/grid

I et
Gy T S
A5 Lo i
=, iy
T R ‘}
c

Longitude (degrees)

.

Latitude (degrees)

Latitude (degrees)

| SPACE HEATING - WRF TEMP LINKED - FEB

pm25 tons/grid

Longitude (degrees)

| SPACE HEATING - WRF TEMP LINKED - NOV

pm25 tons/grid

Longitude (degrees)

Latitude (degrees)

Latitude (degrees)

. SPACE HEATING - WRF TEMP LINKED - MAR

pm25 tons/grid

Longitude (degrees)

| SPACE HEATING - WRF TEMP LINKED - DEC

pm25 tons/grid

......

aR-Ocean

Longitude (degrees)



EMP LINKED - JUL

HEATING - WRF TE|

HEATING - WRF T

(s@a489p) apnineq

Longitude (degrees) Longitude (degrees)

Longitude (degrees)

(s@a489p) apnineq

Longitude (degrees) Longitude (degrees)

Longitude (degrees)



URBAN

emisgions
.info

an example of the census file
hitp: //www.censusindia.gov.in/Digitallibrary /Tables.aspx

population clause — C-14

regional classifications
rural vs. urban areas within the district

age classifications
1yr and 5yr groups within the district


http://www.censusindia.gov.in/DigitalLibrary/Tables.aspx

national residential cooking energy share

2011-12
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crop_resid
ue
11.1%

kerosene and LPG sales matched (MoPNG statistics report)
details available @ grid, district, state, and national (shown above) level
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Ujjwala’s big footprint
Uttar Pradesh leads the states, with maximum LPG connections given under the Ujjwala scheme. Although
Ujjwala has covered all states, prominent LPG distribution has taken place in 15 states
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national residential cooking energy share

2011-12

cowdung

crop_resid
ue
11.1%

coal
2.4%

2016-17

others
1.2%

kerosene
1.9%

cowdung
9.2%

crop_resi
due
9.1%

kerosene and LPG sales matched (MoPNG statistics report)
details available @ grid, district, state, and national (shown above) level
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national residential national residential share to
cooking emissions ambient PM2.5
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Household Energy Consumption, Emissions, Pollution, and Health Impacts in India

STATE

NCT of Delhi

{vtate and district = of cenmm-indta, 2011)

DISTRICT

New_Delhi

Household energy consumption (HEC) emissions were calculated in four classes -
cooking (CK), lighting (LG), space heating (SH), and water heating (WH). Bottom-up
emissions for the four classes are available @ 0.25 degree spatial resolution, and
further aggregated to district and state level. A sub<lassification is available by fuel -
biomass, coal, kerosene, liquified petroleum gas (LPG), and others.
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Estimated district annual HEC emissions
Paticulates {2.5um) 500 tons
Sulfur dioxide 80 tons
Nitrogen oxides 20 tons
Carbon monoxide 6,400 tons
Hydrocarbons 1,560 tons
Black carbon [BC) 100 tons
Organic carbon 220 tons
Carbon dioxide {CO2) 0.19 mil tons
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degree resolution
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The health impacts of outdoor air pollution asischemic heart
diseases (which can lead to heart attacks), cerebrovascular
disease (which can lead to strokes), chronic obstructive
pulmonary diseases, lower respiratoryinfections, and cancers
(in trachea, lungs, and bronchitis) were estimated using the age-
dependentrelative risk functions detailed in the Global Burden
of Disease study (2013) and dispersion modeling results from
this study. The final calculationswere conducted at the district
level using the population distribution by age presented in

59,000 -
72,000

10-13

Emission and disp deling results, polluti i i and
summary sheets by district and state are hosted
@ http://www.urbanemissions.info
Send your comments and questions to
sim-air@ urbanemissions.info




Household Energy Consumption, Emissions, Pollution, and Health Impacts in India

STATE

Chhattisgarh

{vtate and district = of cenmm-indta, 2011)

DISTRICT

Korba

Household energy consumption (HEC) emissions were calculated in four classes -
cooking (CK), lighting (LG), space heating (SH), and water heating (WH). Bottom-up
emissions for the four classes are available @ 0.25 degree spatial resolution, and
further aggregated to district and state level. A sub<lassification is available by fuel -
biomass, coal, kerosene, liquified petroleum gas (LPG), and others.
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The health impacts of outdoor air pollution asischemic heart
diseases (which can lead to heart attacks), cerebrovascular
disease (which can lead to strokes), chronic obstructive
pulmonary diseases, lower respiratoryinfections, and cancers
(in trachea, lungs, and bronchitis) were estimated using the age-
dependentrelative risk functions detailed in the Global Burden
of Disease study (2013) and dispersion modeling results from
this study. The final calculationswere conducted at the district
level using the population distribution by age presented in

59,000 -
72,000

28 -31

Emission and disp deling results, polluti i i and
summary sheets by district and state are hosted
@ http://www.urbanemissions.info
Send your comments and questions to
sim-air@ urbanemissions.info
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Emissions — Household Cooking & Heating

The global burden of disease assessments, listed outdoor air pollution among the top 10 health risks in India. The study estimated
695,000 premature deaths and loss of 18.2 million healthy life years due to outdoor PM2.5 and ozone pollution for year 2010-11.
Among the health risk factors studied, outdoor air pollution was ranked 5th in mortality and 7th in overall health burden in India.
Household (indoor) air pollution from burning of solid fuels was responsible for an additional one million premature deaths. The issue of
household energy consumption (HEC) and its contribution to indoor and outdoor air pollution is critical to India, because of the high

magnitude of population exposed to such pollution every day.

pm25 tons/grid LR
L

With that in mind, the HEC was studied in detail, to estimate its contribution to the ambient air
pollution via source modeling approach — emissions and dispersion modeling. The HEC emissions

are broken down into four categories (a) cooking (b) lighting (c) space heating and (d) water 30
heating. The emission factors for the fuel categories are obtained from studies collated by the

Indian Institute of Technology Bombay, Mumbai. No new lab tests for the emission factors or =
surveys to ascertain the HEC patterns were conducted. A summary report for each of the 640 -

districts can be viewed below (and download the same as a pdf document by clicking it). The

summary sheet includes information from census-India on share of cooking fuels in use, total

URBAN
emisgions
.info




Understanding Household Energy

* More understanding on fuel
consumption patterns

* More resources for space heating

* More resources of ambient monitoring -
urban and rural

* More support for ground truthing -
emissions and exposure 3
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