where do we start planning for
better air quality in Indian cities?

Dr. Sarath Guttikunda
URBANEMISSIONS.info



our answer....

start with disseminating information on
 how much is the pollution
 where is the pollution
* when is the pollution
 what are the sources

how do we address the problem?



at least not with this...
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Beijing

POPULATION (2012)

20.7 million
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POPULATION DENSITY

1,300/km?

V.S.

Discontinuous Real-time Monitors

COMPARING

AIR POLLUTION ACTIONS

New Delhi

POPULATION (2012)

22.0 million
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POPULATION DENSITY

11,297/km?




so, where do we start?

people cover their unwillingness to
act under the guise of unending
inquiry... we can't do anything
because, we don't yet know
everything...

Jon Stewart, The Daily Show (final episode, 2015)



Human Hair
~70 um average diameter

90 pm in diameter
Fine Beach Sand

C PM,,

<2.5 pm in diameter
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Air Pollution in Indian Cities

Capital has more toxic particles in its
air than other major Indian metros

risk factors
for disease

DELHI IS
INDIA'S
ASTHMA
CAPITAL 5=
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Death due to dietary risk factors

Disease attributable to tobacco
smoking—6.3 | Alcohol and drug use—5
| Low diet of fruits—4.9 | High sodium
diet—4 | Low nuts, seeds diet—2.5 | Low
vegetable food—1.8 | Occupational risk
factors accounted—0.9 (figs in million)

(Lancet, 2012)

~627,000 premature deaths
~100,000 from household pollution to outdoor




MoH Report,2016



Data from the Manual Stations
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Data from the Manual Stations
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Where is the data?

ANNUAL AVERAGE OF PAMO IN
27 INDIAN CITIES (2008)
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All manual stations
30-40% collection
Limited CAMS
Limited PM, .

Limited access

Stations under the
national ambient
monitoring program
(NAMP)



Discontinuous Real-time Monitors
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Discontinuous Real-time Monitors
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Question

Do we want discontinuous information for ten
pollutants

Or

Do we want continuous information for one critical
pollutant at ten locations



india to ethe" 14 April 2015 - Login- Register n L @

THE NEWS INO PROPORTION

HOME TOPICS OP-ED INTERACT SUBSCRIBE

POLLUTION CONTROL .
India Together offers an

What will it take to make our cities excellent forum for people from
= ”~ diverse fields of expertise to
environme nt'sm d rt : present their views, share their
PM Modi's vision of smart cities will remain unrealised till we have experiences and raise questions
environmentally-smart urban centres, equipped to mitigate the severe about where our country and
chronic air pollution levels. But what will it entail? Sarath Guttikunda society are headed in the future.
analyses. I urge all democratic-minded

7500 for up to 30 CAMS per city, in 50 cities, for 10 years of
crores operations

500 for up to 50 BAMS (PM2.5 only) per city, in 50 cities,
crores for 10 years of operations

for up to 100 low cost PM2.5 monitors per city, in 50
cities, for 10 years of operations



Alternatives

« Handheld monitors like

Dust-Traks for PM
or

BAMS

e Low-cost monitors

NITRIC OX"

o9 O-A4 13085




PM2.5 Real-time Monitors
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#tIndiaspend

= IndiaSpend #breathe

Click on a location to display its Air Quality Data
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surveys and modelling
to support urban environments



odd/even rule in Delhi....

Social awareness

Health awareness
What else?



Del

On-road Exposures

Upper Bound Estimate

Classification Scheme 1
[ Uniform buffer on all
roads >= "major”
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In-vehicle PM, . exposure

Bus Stops
Walk

Cycle
2-Wheelers
Auto Rickshaw
Car OW (Open-window)
Bus OW

Bus AC

Car AC

Metro Platform
Metro

onset
| L L

HOBO® data logger ‘
motor on/off

Relative

Goel et al., 2015 PM2.5 Monitor GPS Humidity



PM2.5 (pg/m3)
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Urban Sprawl between 1990 and 2013
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Air Pollution Modeling in Delhi

2010/08/31 2010/08/31
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Results from 3D Eulerian Chemical Transport Modeling
@ 1km grid resolution over a 80 x 80 km2 domain

http://delhiairquality.info




On-road Ildling Pollution

Ludhiana Delhi Vizag

WASTING While idling or crawling in bumper-to-bumper traffic, vehicles waste
thousands of tonnes of fuel in the city every day
SLOWLY v
®04 #515 #1630 More than 30
o Daily fuel wastage while e 24

idling in lakh litres

Driving time is spent
idling for passenger
cars

TRAFFIC BOOM

Delhi had Every year, During 2001-2010,  During 2011- About 68% of
25 lakh 50,000 carsand  the rate almost 2013, this further  vehicles in Delhi are
carsand 45 one lakh two- doubled to 1.1 increased to about less than five years

lakhtwo-  wheelerswere  lakhcarsand 1.8 15lakhcarsand3 old and only 2% are
wheelers in  registered during lakh two-wheelers lakh two-wheelers more than 15 years
2012 1991-2000 every year every year old

In Delhi, 20 min of idling for cars = Rs. 1 crores in fuel losses (~$150,000) per day

Goel & Guttikunda, 2014
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bengaluru transport information system

TRIPS | TAXI/ SHARED-CAR BUSES | DRIVING | OFFICES | MOBILE | SAFETY m

® ® Trafic & Junctions 3 Roads M Cameras + ADD MAP TO WEBPAGE E TRAFFIC

@

@ SRIRAMAPURAM
KAMAKSHIPALYA

NKADAKATTE 2
o
KAMALA NAGAR Eé } creROY TRAFFIC DELAYS
BASAVESHWARA NAGAR 3 g
% VASANTH NAGAR

LIVE CAMERAS

S
)l View all cameras

uisoor B LIVE CAMERA TG LS 13 F1R

~ _o=Bangalore

Mt ' SHANTHALA'NAGAR
VIJA %AGAR

CHIKPETE
CHELUVADIPALYA

@ SAMFPANGIRAM NAGAR

ﬂ @ @ CANDHINAGAR
Q

GUDDADAHALLH CHAMARAJPET ka1 ASIPALYA

RAJARAMMOMHANRQY EXTN
ATTIKOPPE

CHANDRA LAYOUT BAFé%'JJ NAGAR SHANTINAGAR

TIMBERYARD LAYOUT

BASAVANAGUD! WILSON GARDEN

@ ADUGOD/

NAYANADAHALLS (SRR CHANGE LOCATION
@, TYAGARAJA NAGAR ;*; mapunity MAIN MENU
& JAYANAGAR P
gy 77.5197, 12,9706
A
Legend : Smooth | Slow Delay

contact @ mapunity.in

% mapunity




“Pollution Under Check”

POLLUTION CHECK

No. of pollution
under control
(PUC) centres
in Delhi

617

373 are petrol
e——244 dicsel

centres

p Mandatory to get PUC
certificate every 3 months

P No. of PUC cerlificates
issued every month (Lo put
vehicles): 4 lakh

B No. of challans issued by
transport dept between

April 1, 2010, and Feb 1,2012;
87,561

p Percenlage of compliance in

privale vehicles: less than 30%
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p Challan of Rs 1,000 on first
violation; subsequent
violations attract fine of

Rs 2,000

P PUC certificate must have a
security hologram

P PUC centre must be air-
conditioned; located within
petrol pump/workshop
premises

p Cost of PUC check: Rs 80 for
CNG/petrol four-wheelers; Rs

VD A
MMVD MMVD MMVD MMYD MW ‘
MMVD MEVF-TA%705

M’l ‘-,{ r {"41 M\l

(PUC) Data Analysis
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Fuel Station Surveys

Vehicular Fuel Efficiency Survey in Delhi
by
INDIAN INSTITUTE OF TECHNOLOGY
DELHI

Type of Vehicle: [JCar [(JSUV [JAuto CIMC [J Other

Type of Fuel: (1 Petrol [IDiesel CICNG [ILPG

Make/Model/ Year :“
Mileage :Il - Km/litre
Odometar Reacing LI

Type of Vehicle: [JCar C1SUV [1Auto CIMC [ Other

Type of Fuel: (] Petrol [IDlesel CJCNG [JLPG

Make/Model/ Year :"
mileage| ][ |- Km/litre
Odometer Reading ":I

2-3 minutes
per response

age mix
vehicle usage by age
fuel efficiency

Goel et al., 2014



Delhi On-road Emissions

11995 1998-2002

2010
| Unleaded petrol Diesel to CNG for New low floor buses
25 mo \—pt. buses,ttaxis, and 3Ws for CWG
= PM mZW 3W m4W mBUS mHDV mLDV
g 2.5 : :
“» 20,000 - :
c .
S :
3=, .
“ 15,000 :
2 :
.a :
— .
£ 10,000
[V 8]
©
2 5,000
c
<

1986 1990 1994 1998 2014

2002 2006 20:10

12010

modeled road transport emissions for 2001 2012

Bharat-ll norms

2005

the Greater Delhi region Metro phase 1 1 Bharat-lll norms : Bharat-IV norms Metro phase 2
including Delhi metropolitan area and its satellite cities
covering an area of 80 km x 80 km Source: Goel and Guttikunda, 2015, Atmospheric Environment

Atmospheric Environment (2015)



2012

2030

354

304

25

20

National Transport Emissions 2030

Nitrogen Oxides [NOx)

- 35

- 301

- 25

- 207

Sulfur Dioxide [502)

Carbon Moneoxide (CO)

Unit: tons/grid Unit: tons/grid Unit: tons/grid
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107
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01010
10 to 100
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Planning Commissions NDTPC report; Guttikunda and Mohan, 2013

More @http://www.urbanemissions.info




information to policy support



Coal-fired thermal power plants
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Coal-fired thermal power plants

Country | PM SO, NO, Mercury
India® 350mg/Nm? for <210MW | None None None
150mg/Nm’ for >210MW
China® 30mg/Nm?® (proposed all) | 100mg/Nm? for new
20mg/Nm?’ for key regions | 200mg/Nm? for old 100mg/Nm? None
50mg/Nm? for key regions
Australia© | 100mg/Nm? for 1997-2005 | None 800mg/Nm* for 1997-2005 | In discussion
50mg/Nm? after 2005 500mg/Nm? after 2005 based on USA
standards
European | Pre-2003 Pre-2003 Pre-2003 In discussion
Union ¢ 100mg/Nm? for <500MW | Scaled for <500MW 600mg/Nm® for <500MW
50mg/Nm? for >500MW 400mg/Nm? for >500MW | 500mg/Nm? for >500MW
Post 2003 Post 2003 Post 2003
50mg/Nm’ for <100MW 850mg/Nm’ for <100MW | 400mg/Nm’ for <100MW
30mg/Nm’ for >100MW 200mg/Nm’ for >100MW | 200mg/Nm’ for >100MW
USA =4 37 mg/Nm® for old 245 mg/Nm’ for old 61 mg/Nm? for old
6 mg/Nm’ for new 50 mg/Nm® for new 42 mg/Nm® for new

Atmospheric Environment (2014)




Coal-fired thermal power plants

Country | PM SO, NO, Mercury
India® 350mg/Nm? for <210MW None
150mg/Nm’ for >210MW
China®
Nor
/
Australia ¢ In
base
European | Pré&zee- Pre-2003 Pre-2003 In discussion
Union © 100mg/Nm? for <500MW | Scaled for <S00MW 600mg/Nm? for <500MW
50mg/Nm? for >500MW 400mg/Nm? for >500MW | 500mg/Nm? for >500MW
Post 2003 Post 2003 Post 2003
50mg/Nm’ for <100MW 850mg/Nm’ for <100MW | 400mg/Nm’ for <100MW
30mg/Nm’ for >100MW 200mg/Nm’ for >100MW | 200mg/Nm’ for >100MW
USA <4 37 mg/Nm® for old 245 mg/Nm’ for old 61 mg/Nm?® for old
6 mg/Nm’ for new 50 mg/Nm’ for new 42 mg/Nm’ for new

Draft standards proposed in April, 2015
Amended in December, 2015

Atmospheric Environment (2014)




open and untapped information



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

STATE Andhra Pradesh
{vixte and district = of cenmm-indis, 2011)
DISTRICT Hyderabad

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-classification is available by fuel -
biomass, coal, kerosene, liquified petroleum gas (LPG), and others.

and

Population by urban/mral,

age group dasses (Census)
Raw Data _ Fusl use patse s (Consus)

Enary use(National Survey)

IS ad ministative maps
l IS Usban builitup map
Emission tactars by fuel
Gridded (bicmass, cow dung, cosl,
Ermissions G iecowns, g, and others)

for each dass (CX, 16, SH,

%Housecholds Primary Cooking Fuel

gas+elec others
67.6% 32.4%
Estimated district annual HEC emissions
Paticulates (2.5um) 700 tons
Sulfur dioxide 110 tons
Nitrogen oxides 35 tons
Carbon monoxide 8,600 tons
Hydrocarbons 2,340 tons
Black carbon [BC) 160 tons
Organic carbon 300 tons
Carbon dioxide {€CO2) 0.30 mil tons
Estimated PM, ¢ Modeled share of

HEC emissions to
ambient PM, ¢

PM, . Annual
A ressdentod

emissions @ 0.25
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

168 - 198

Emission and dispersi 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 NCT of Delhi
{vixte and district = of cenmm-indis, 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-classification is available by fuel -
biomass, coal, kerosene, liquified petroleum gas (LPG), and others.

and

Population by uban/mral,
age group dasses (Census)

Raw Data _ Fued use patse ms (Cansus)
Ene gy use (Natianal Survey)
IS acdministative maps

l G5 U an butup map
Emission tactars by fuel
Gridded (biamass, cow dung, coal,
A o g, et o thers)
Emissions for each dass (CX, 16, SH,

%Housecholds Primary Cooking Fuel

gas+elec others
78.8% 21.2%
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
Estimated PM, ¢ Modeled share of

HEC emissions to
ambient PM, ¢

PM, . Annual
A ressdentod

emissions @ 0.25
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

Emission and dispersi 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 Uttar Pradesh

{vixte and district = of cenmm-indis, 2011)

DISTRICT Lucknow

Household energy consumption (HEC) emissions were calculated in four classes - = i ,..,.., gl
cooking (CK), lighting (LG), space heating (SH), and water heating (WH). Bottom-up Raw Data ET‘::‘:H:"'E’S?::.‘“L ;
emissions for the four classes are available @ 0.25 degree spatial resolution, and 2 sortniamtre o
further aggregated to district and state level. A sub-classification is available by fuel - l emicon tctors by ot
biomass, coal, kerosene, liquified petroleum gas (LPG), and others. Eissions 4 S

%Housecholds Primary Cooking Fuel

gas+elec others
57.6% 42.4%
Estimated district annual HEC emissions
Paticulates [{2.5um)} 5,560 tons
Sulfur dioxide 620 tons
Nitrogen oxides 155 tons
Carbon monoxide 76,200 tons
Hydrocarbons 12,020 tons
Black carbon [BC) 1,220 tons
Ormganic carbon 2,200 tons
Carbon dioxide {€CO2) 0.56 mil tons

Modeled share of
HEC emissions to
ambient PM, ¢

PM, . Annual
& resdentod

Estimated PM, ¢
emissions @ 0.25
degree resolution

23 toreferd

R
B

FHLLE

mEEE Em
sEusELY
858

2
B
H
&
=
E
u
2
B
3
-

GLOBAL ALLANCE FOR
CLEAN COOKSTOVES

UR_BA_\Nl

.info

FestuuGE

DISTRICT EMISSIONS
WH _

129

LG
2%

PM, .

14%

I NATIONAL EMISSIONS

3%

WH

and W)

Meteamilogy ram WRF using
NCEP Reanalysis data
CAMx dis persion mode g

% contribution of HEC
emissions to modeled
ambient PM, o

concentrations District

National

1 di d .

wer g the
WRF-CAMx models)

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

274 -343

Emission and dispersi 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 Cl’ll’ld“‘i‘ dl‘l’l Household energy consumption (HEC) emissions were calculated in four classes - i n_;;wmv_"_‘
9 cooking (CK), lighting (LG), space heating (SH), and water heating (WH). Bottom-up Raw Data :':‘n:‘,’_“:ﬂz,:g_:‘il
{tats and district = of osneu-indks, 2011) emissions for the four classes are available @ 0.25 degree spatial resolution, and :a'::;;';‘:
further aggregated to district and state level. A sub-lassification is available by fuel - l cmiston fatars by fot
DISTRICT Korba biomass, coal, kerosene, liquified petroleum gas (LPG), and others. oridded - E:..'E‘E;&:EE"
Meteomlogy Fam WRF using
%Households Primary Cooking Fuel DISTRICT EMISSIONS l NATIONAL EMISSIONS é‘- S
gas+elec others WH PM, .
0, » 3 -
16.6% 83.4% 14% % contribution of HEC
» emnssnorfs to modeled Natlonal
Estimated district annual HEC emissions 229 ambient PM, 5
Paticulates [2.5m) — / concentrations District
Sulfur dioxide 910 tons LG ( were conducted using the
/ WRF-CAMx models)
Nitrogen oxides 60 tons 4%
Carbon monoxide 84,900 tons
Hydrocarbons 7,460 tons The health impacts of outdoor air pollution asischemic heart
Black carbon [BC) 1,170 tons diseases (which can lead to heart attacks), cerebrovascular
Organic carbon 1,940 tons disease (which can lead to strokes), chronic obstructive
o 5 SH pulmonary diseases, lower respiratoryinfections, and cancers
Carbon dioxide (C02) 0.34 mil tons 12% (in trachea, lungs, and bronchitis) were estimated using the age-
> b dependentrelative risk functions detailed in the Global Burden
Estimated PMz.s Modeled share of LG of Disease study (2013) and dispersion modeling results from
emissions @ 0.25 HEC emissions to 2% this study. The final calculationswere conducted at the district
degree resolution ambient PM 2 level using the population distribution by age presented in
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Share of HH fuel consumption to
outdoor PM2.5 pollution




iImproving economic measures



|

11995 1998-2002 2010

| Unleaded petrol Diesel to CNG for New low floor buses
a | buses, taxis, and 3Ws for CWG
»

mzZW " 3W m4W mBUS mHDV mLDV

5,000

Annual Emissions (tons/year)
&
3
o

1986 1990 1994

modeled road transport emissions for 2005- 2010 - 2612

the Greater Delhi region Bharat-lll norms Bharat-lV norms || Metro phase 2
including Delhi metropolitan area and its satellite cities
covering an area of 80 km x 80 km Source: Goel and Guttikunda, 2015, Atmospheric Environment

Pollution tax for diesel vehicles
Or
DPF’s for diesel vehicles



People cover their
unwillingness to act under the
guise of unending inquiry - we
can't do anything because, we
don't yet know everything

Jon Stewart, The Daily Show (final episode, 2015)
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