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Topics Covered

Overview of Information required and
available for an AQM

Demonstration of tools
Summary of applications

Details from three cities
— Hyderabad, Ulaanbaatar, Hanoi



Cinderella's Shoe ..

Every city is different
— Understand their sources & priorities

One tool doesn't fit all
— Needs local customization

Need stakeholders participation (a lot)
— Sharing is caring !!

Informed decision making is key



Why AQM



Concept of Integration

Toxics,
chemical pollutants
D=1 ;! ——L

agricultural
runoff




Let the “Blame Games” begin..
Sources are Many

.. making a decision is a decision



Why informed decision
making is important?

More scientifically
rigorous

Stakeholders that are part of
the process are more accepting
of a scientifically determined
outcome

leads to more effective
outcomes and easier
monitoring of progress

Easier to implement - because the S

systematic approach helps us
identify exactly what is needed, and
how much




Remember..
.. Waiting is futile

.. Check what's done

.. otart doing something



Number of Cities

Google Earth



Delhi.. 1975
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Source: Reproduced from Presentations by TheTIS & Harvard University




Delhi.. 2000
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Source: Reproduced from Presentations by TheTIS & Harvard University




Delhi.. Today.. NCR
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Source: Reproduced from Presentations by TheTIS & Harvard University




300 cities >2 m pop by 2025 +
thousands of Secondary Cities

Health, Visibility, Agrlculture
Economy
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Cities: A Problem & Solution

§ -

Energy Demand  Industries Transport Domestic

Efficiency Management Buses/INMT  Cleaner Fuels




3 D Effect

Dispersion
Modeling

Dialogue among

Stakeholders

Disclaimer: All characters are fictional ©
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air pollution =

air pollution is
Increasing In the
cities

time -2 NOw



.. and expected to

further increase some controls are
Introduced
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.. and expected to

further increase
.. Or no action
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cost of inaction
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acting sooner with |
Informed decision environmental,
soclal, & economic

making benefits
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benefits will
depend on the
baseline

environmental,
soclal, & economic
benefits

air pollution =



goal Is to reduce
below Star?dards’ .. and maximize
cost effectively & benefits

air pollution =



Small steps..

stakeholders
options

institutional
policy

hot spots
monitoring apportionment

Options Dialogue

technical 4 cost & benefits
3 economic prioritization

impacts

Information Analysis

1 data collection 2 emissions
dispersion

impacts

.. for BIG reductions



Simple Interactive Models

Air Quality

Im P acts
ity e

Policy ~ IS M Tochnical
f Options
Economic
Options

Details @ www.sim-air.org




Simple objectives..

Collate first, complicate later
Apply tools for analysis
Evaluate C&B of options
Support stakeholder dialogue

Details @ www.sim-air.org
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GAINS/RAINS Model

@ http://www.iiasa.ac.at/~rains

|@ GAINS Europe online - Mozilla Firefox
File Edit Wiew History Bookmarks Tools Help

@ i c {at ' ﬁ;htq;_:_._’f_\:\'\-\'w.iiasa.ac.apfy\'eb—a_pg;_fapd{gainsf’!_fu_ﬂndex.Iogin .____." - -..: — J..
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"] Gmail - Inbox (35) - sguttikunda @gmail... Ill MIT Integrated Framework: Climate m Climate Change Impacts: Sdentific Ame... ﬁ GAINS Europe online ﬁ

GAINS - Europe

Greenhouse Gas and Air Pollution Interactions and Synergies

Please note that the initialization functionality is currently not available due to maintenance activities.

Login| |Glossary

[ Welcome to the GAINS Model

The Greenhouse Gas and Air Pollution Interactions and Synergies (GAINS)-Model provides a consistent framework for the

Password analysis of co-benefits reduction strategies from air pollution and greenhouse gas sources. i
Restore last work session The model considers emissions of:
Login « Carbon dioxide (CO2)
+ Methane (CH4)
Read disclaimer & Nitrogen oxides (NOx)
. * Nitrous oxide (NZO)
Register  Particulate matter (TSP, PM10, PM2.5 and PM1)
- + ‘olatile organic compounds (WVOC)

APD Web site ) ) )
[IASA Web site Certain versions of the GAINS Model also contain:

o Ammonia (NH3)
+ Carbon monoxide (CO)
¢ Fluorinated greenhouse gases (F-Gases)

Co-funded by the LIFE Programme
of the European Union as part of
the project

The GAINS Model consists of several screen options, which display information pertaining to:
EC4MACS

. . E ic Activity Path
European Consortium for Modelling ¢ Tconomic ivity Pathways

of Air Pollution and Climate activities causing emissions (energy production & consumption, passenger & freight transport, industrial and
Strateqies

agricultural activities, solvent use, etc.)
* Emission Control Strategies
the evolution of emissions and control over a given time horizon
* Emissions Scenarios
emissions are computed for a selected emissions scenario {combination of energy pathway and emissions control
strategy), emission factors, results displays, and input values are also available under this action
* Emission Control Costs

displays emission control costs computed for a selected emissions scenario [v]
s _Tmnarts

(SYNCIVE S () DIESEL 2008 Side Event | [& Mirosoft Powerpaint . @ w! ™ a:s51pM
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SE| Emissions Handbook
Email: harry.vallack@sei.se

|® SEl - Atmospheric Environments Programme : Project Description - Mozilla Firefox E]
File Edit WView History Bookmarks Tools Help

@ - c {mt |: E |http:waw.sei.seflndex.php?secﬁon=atrnospheric&page=projdesc&:lmjdesq:lage=99928 ﬁf_'fl? '| |'| ‘;_l

|__| Smart Bookmarks || Journals || Daily Links || Sunday Blogs || Sunday Mews ™1 Gmail @ Dictionary A/ Wiki et IMDb a CricInfo @ Clock | | ETC |j Pangea Day - May 10,...

| [*1 Gmail - Inbox (35) - squttikunda@gmail... | | | Ill MIT Integrated Framework: Climate 1E3] | m Climate Change Impacts: Sdentific Ame...| | | E SEI - Atmospheric Environments ... ﬁ | | -

Download Manual

Download Workbook
Excel XL S (4.9 Mbytes)

Download Manual
PDF Format (9 Mbytes)

BSEl  ©F o Download Manual
1S Word Format {8.6 Mbytes)

Sponsorship

This project is jointly funded by the BOC Foundation (in the UK), the US
Environment Protection Agency (US-EPA) and the Swedish
International Development Cooperation Agency (Sida).

If you would like further information about this project please visitthe
GAPFORUM Website or contact:

Harry Vallack

Stockholm Environment Institute - York Centre
Grimston House

University of York

Heslington

YORK YQ10 500, UK

Tel +44 (0) 1904 432894 ‘m
Email: harry.vallack ATsei.se (replace AT with @)

Geographic focus: Global
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HEAT Emissions Database
@ http://www.iclei.org/heat

|@ ICLEI - Mozilla Firefox
File Edit Wiew History Bookmarks Tools Help

6 v c x Ay [ Y | http://heat.idlei.org/ICLETHEAT fportalfmain. jsp 7 T ": = {.
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Sustainability
Haemonizep EmMissions Anvarysis TooL for Sustainability

view portal in: | English w| : Welcome to the HEAT home portal! T
=  HOME ! ICLEI - Local Governments for Sustainability is an international Clinton Climate
L] NEWS :  association of local governments dedicated to fostering a sustainable e
H . . Initiative Chooses
" SPONSORS - world. With waluable support from US Agency for International ICLEI As Key Partner

Development (USAID), ICLEI developed the Harmonized Emissions
Analysis Tool (HEAT) online software to support local greenhouse gas
and air pollution emission reduction planning. This software provides
capacity to local governments to seek to reduce GHG emissions based

In Fighting Global

MEMBER ACCESS i Warming... mors

UserID ' on sound governance, economic development, improved waste gﬁﬁ;ﬂ‘fﬁff Action

: management, energy efficiency, better urban mobility, and better air AlBUgUEraUe.. . More
Password : quality. Beyond being a planning tool, this site offers consultants, NGOs, QUErGUE... Mors

:  government agencies, academics, and others free tools to translate

Sign In 1 energy, transportation and waste activities into pollution emissions.
In general the software will:
H SPONSORS
GUEST ACCESS iff : #® Build an emissions inventory based on local energy use,
: transportation demand, and waste practices AT
— | ® Help a user/city build a simple emissions forecast d = USAID

[Choose Country] . ® Set 3 target/goal for reducing emissions (e.q., reduce GHG WIS Mo T i ons

emissions by 10%)
#® Quantify emission reduction activities and their co-benefits
® Develop, report, and track progress made in meeting that target.

Sign In Calculators

HEAT features 24/7 access from any computer with an internet
connection and an optional downloadable standalone application for

:  off-line work. Initial countries for which HEAT is being prepared include
Click here To email ICLEI for | - India, Indonesia, South Africa, and Brazil.

information about registering | -
for the HEAT application, or
to provide feedback on the
public tools.

FEEDBACK

Enjoy the site and please be sure to provide your comments.

© 2004, 2006 ICLEI - Local Governments for Sustainability

Waiting for heat.idei.org... :]
m () ICLET - Mozilla Firefox [ DIESEL 2008 Side Event | [ Microsoft PowerPoint ... @ w! S o:s9pM




Bangkok,
JESEL  thailand 2008

I.' \-.II’JI' c SSION STRATEGIHE
FOR EXISTING LAND TRANSPORT

Average Speed Average Speed Average Speed
10 | 20 | 30 10 | 20 | 30 10 | 20 | 30
Light Duty Vehicles Heavy Duty Buses Heavy Duty Trucks
HC 052 0.32 0.55 735 T31 ] 093 T46 | 093 | 071
co iy 1.88 1.32 1.07 a 10.17 | 659 | 5.11 a 13.12 | 1035 | 9.02
NOx 2 2.97 2.34 2.03 2 19.68 | 12.00 | 8.98 2 15.02 | 10.44 | 8.44
co2 o 41474 | 317.95 | 272.17 © | 1209.06| 843.09 | 654.71 © [1163.51| 921.26 | 803.67
PM A 216.18 | 187.54 | 172.59 A [310.11] 962.30 | 800.18 A 1222500 | 1850.44 | 1583.94
HC 0.36 0.24 0.20 1.81 1.10 | 0.82 165 | 1.18 | 0.96
co .3 1.51 1.09 0.90 = 17.40 | 16.02 | 15.26 = 424 | 346 | 3.08
NOx 3 3.37 2.60 2.24 © 22.45 | 13.30 | 9.80 © 14.24 | 1088 | 9.30
co2 o 409.56 | 322.43 | 280.32 o [1317.69] 999.87 | 850.79 o [ 1185.70] 980.67 | 877.59
PM 153.14 | 155.50 | 156.90 1928.59 | 1759.84 | 1668.06 933.68 | 880.38 | 850.62
HC 0.34 0.21 0.16 B 085 | 046 | 032 B 183 | 122 | 097
co X 1.83 1.08 0.79 = 1821 | 1542 | 13.99 = 424 | 346 | 3.08
NOx g' 2.87 2.23 1.93 :: 19.68 | 12.00 | 8.98 :: 15.02 | 10.44 | 8.44
co2 ) 437.58 | 342.34 | 296.56 & | 1789.18] 1154.76 | 893.83 & [140133] 1127.40] 992.71
169.94 | 166.20 | 164.05 = [ 83500 | 620.84 | 522.00 = | 1283.03| 925.60 | 764.66
0.27 0.19 0.16 1.83 105 | 0.76 083 | 055 | 043
1.70 1.37 1.21 636 | 372 | 272 540 | 361 | 285
1.45 1.14 0.98 13.50 | 9.47 | 7.70 15.07 | 10.03 | 7.91
420.66 | 342.25 | 303.35 1474.90 | 1038.44 | 845.75 1438.36 | 1009.98 | 821.27
138.24 | 14544 | 149.83 1116.67 | 982.14 | 911.09 447.67 | 410.40 | 390.06




CPCB, India, 2008

|® :1: Central Polution Control Board ::: == Programme/projects = AirfQuality Pollution = Source Apportionment Studies - Mozilla Firefox

Eile Edit View
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Environmental Data Bank

fine particulates (PM 10 & PM 2.5 }, being mest critical. Bezides, =eparate projectz on Development of emizzion facters for vehiclez and Development of emizsion profiles for vehicular az well az non-vehicular

sources have alzo been taken up, which weuld provide neces=ary inputs to 2ource apportienment studies. Details of the projects, executing institutes and approximate costs are as follow:

-

SA for Delhi

-

SA for Bangalore

SA for Pune

-

-

SA for Mumbai

SA for Chennai

v

-

5S4 for Kanpur
EF for Vehicles

-

v

SP (vehicles)

-

5P (other =ources)

The =zcope for 2ource apportionment studies includes preparation of emizsion inventoriez, monitering of ambien
selected locations (07 — 10 locations covering different land use viz. rezidential, industrial, kerbside, backgrou
recepter (CMB8) & dizpersion models to azsess the contribution from varicuz zourcesz, future projections and ewi

Present status of work

IMemaranda of collaborations have been =igned with identified project executing institutes. Sites for air quality mo
begin =oon at other citiez. Air quality menitering would be carried out for three different =eazons. Primary surv
factors iz nearly complete. In order to ensure that results of six studies are comparable, a commen methodole
Procedures (30Ps) for sampling and analysiz prepared and circulated to project executing agencies. Studies are
strategies, the outcome of the studiez would provide vital databaze on air quality, emizzion inventories for future

Documents for reference

» CONCEPTUAL GUIDELINES AND COMMON METHODOLOGY FOR AIR QUALITY MONITORING, ERMISSION 1

* MODEL STANDARD OPERATING PROCEDURES (SOPs) FOR SAMPLING AND ANALYSIS AIR QUALITY
CIT|ES

» DRAFT REPORT ON “ EMISSION FACTOR DEVELOPMENT FOR INDIAN I-EHIEL@

Latest at CPCB | Mews @ CPCB | News clips | Biateral Projects | FAQs | Kids Zone | Disclamer
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Table: Average emission factors (in gmdom) for [ndian vekbides

[

Vehicle Tipe [aw] HC M COz PA
Seooter -5t Fost 2005 50ce [ER T 0.2 oz 28.5 0057
semeorbes 51 Past 2005 100 o4 ] Das 2.1 ol
&iC 2-5¢ Fre 5000 >80ec 25 i W05 242 -

LT 4-E¢ Post 2000 <<100ce L&l 0.5l 227 25.0 0035
AT 4-E2 Post 2000 = 100ke L4 0.0 154 248 -

LI 4-Z2 Fost 2005 =200ce o7z 0.3z 8 45.6 0013
3T 2-5¢ Fost 2000 < 20Cee 233 20 0045
T 2-5¢ Fost 2005 < 20Cce Li3 nlé 0043
U7 =50 Fore 2000 <2000 0.3+ 2&0 0030
T 452 FPost 20035 < 20Cce o 253 0015
3T Diesel Fest 2000 < 50ee 2 ols n.eg 0347
3T Diesel Fest 2005 < 50ee 041 0l 251 009l
I CIG-45 Fost 2000 =200ee Lo 0.6 250 0015
I CI9G-I5 Piost 2000 =200ce 065 2% e . 0118
3T LFG-25 Fast 2000 <200ce L7 1.3 o 582 0130
P.Car Fatral Foe 2000 < 1000ce 457 0= D65 9B.85 001
P.Car Peteal Fosz 2000 <1000ec L3 0.4 a0 126.4 LS
P.Car Feteal Past 2000 = 1400cc 74 ols 221 1428 0006
P Car Fatral Fase 2005 140002 054 oz nos 1729 0002
P.Car Diesel Pre 2000 <1800cc 0E7 o2 e 129.1 0145
P.Car Diezel Post 2000 C18000c T2 0.4 1E4 156.8 Q150
P.Car Diesel Fost 2005 <1600cc oo 0% k] 140.8 Q015
FP.Car Diasel Pre 2000 =18000c g 0.5 61 1556.1 0180
P.Car CHHGE Fre 2000 <2 10000 oEs ors 153 149.4 0001
P.Car CHNG Fost 2000 < 1000ce [ELE O 74 143.5 =X
P.lac LFG Poe 2000 21000ce £.7% 035 2.50 1302 01
P .Car LFG Fase 2000 140000 273 023 .20 1400 0002




Average EF’s in VAPIS

Gasoline Diesel

3Ws LDV | HDT

0.20 : : 1.25 |2.00

0.08 : : 0.50 |1.00

0.02 : : 0.30 |1.00

0.10 : : 2.00 |10.0

8.00 : : 2.50 |3.50

80 500 850

0.20 |1.00

VAPIS: Vehicular Air Pollution Information System
@ www.sim-air.org




SIM-air Working Paper Series

In 2008

01. Creating GIS Road Maps for Urban Centers

02. Four Simple Equations for Vehicular Emissions Inventory

03. Informed Decision Support for AQM in Developing Cities

04. Simple & Interactive Tools for Air Pollution Analysis

05. Urban Air Pollution Analysis in Ulaanbaatar, Mongolia

06. Estimating Health Impacts of Urban Air Pollution

07. Estimating Road Dust Emissions: Methods & Parameters

08. Co-Benefits: Management Options for Local Pollution & GHG Emission

09.
10.
11.

Control

Air Pollution & Co-Benefits Analysis for Hyderabad, India
What is Particulate Matter. Composition & Science
Urban Transport in India: Not so Fast for Nano Car

Details @ www.sim-air.org




SIM 06-2008 — Health

SIM-air

Simple Interactve Models for Better Aor Guality
WWW.Elm- 1L 0L

Estimating Health Impacts of Urban Air Pollution

Dr. Sarath Guottikbonda
Mew Delhi, India
October 2008

SIM-06- 2005

PRI, polluticn to Healrh erd points




SIM-air Cities 2008
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Case
Studies
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By improving traffic flow, pubiic transport, emission standards, industrial
efficiency, domestic LPG use, and reducing waste burning, a reduction of
~42% and ~32% in PM,, and CO, emissions respectively and ~US$472
millon in health and carbon benefits is expected by year 2020.

ol appicmons.. detats ) o irbasaraOn ol

In October, 2007, Swiss Vietnam Clean Air Program (SVCAP) with the
relevant local and national stakeholders organized a preliminary workshop
on Air Quality Management in Hanoi,

The objective was to shed some light on issues like: (a) What are the
likely air pollution trends in Hanoi through 20202 (b) What are the likely
emission levels (especially for PM) and possible local impacts? (c) What
demaitic reprrsnons v ok 3 significass diffarance in e air qualty
elative 1o BALI scenary

[ =, o

[T E T )
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This shudy inclutied developing emissions inventary, disparsen madeing,

impact sssasament, analyis of managament opbans, and iraning of he

ocal counterparis of AGM components.

Sibar sppleatiors. detain { ARIA Techncicgges waw aia It

Univerpidad Ancrds Beflo. Santingo, Chia, m\ﬁ!mﬂ“’fﬂ
‘guaiity models 1o account for both kocal area emissions and
‘contribution of regional emissions to e city of Santiago.

Agridded inventories for ished using the
SiNkair flameworkfo ocalemissions and natonal data for Chie and
Argentina from EDGAR for regional emissions. The STEM (Eulerian
Chemical Transport) model was utiized to simulate the local and regional
air quality for particulates and ozone.

The methodology used the best available inventory and the framework
was usefud i

=i The preliminary resutts from roghonal s guaty modeing are

E= 7 cumenty i use for fhe VOCALS campaign in Chie (3
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Times of India, July 25, 2008

City Wastes Rs 34 Crore Every Year Due To ldling, Finds Study
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Hyderabad Urban Development Area
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Source Apportionment Study

Three seasons in 2005-06
Three sites (PG, CKP, HCU)
Airmetrics MiniVol samplers
24-hour sampling periods

Filters
— PM,,and PM, s
— Teflon/quartz fiber filters

Averages
— PM,, ranged 59 to 160 ug/m3
— PM, ; ranged 26 to 86 ug/m3

Receptor Model: CMB 8.2

Detailed report @ www.urbanemissions.info




CMB Results:

Average Sectoral Contributions

5% g0
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8%




Emission Inventory (yr 2006)

Category PM,, SO, NO, CO,
Vehicular activity 8,410 6,304 38,772 6,260,099

Paved road dust 3,422

Unpaved road dust 5,110
Industry 11,054 7,110 916,486

Domestic 1,845 667 83,485

Open Waste Burning 810
Total 30,473 14,081 7,260,070

in tons/yr

Detailed report @ www.urbanemissions.info




Modeled Annual Average PM,,
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Top-Down vs. Bottom-Up

Location Vehicles Industry Dom+OWB

SA SA SA SA

Punjagutta 54 : 10 81:10 13:10 5:10
Chikkadpally 45 :10 80 :10 15:10 4:10
HCU 43 :10 80:10 16 :10 5:10

SA = top-down = source apportionment -ll._

Detailed report @ www.urbanemissions.info




Action Plan for Air Pollution
Reduction

Co-Benefits Analysis



Hyderabad: Proposed Action Plan

 Road maintenance
LPG for 3 W's
Public transport
New emissions standards
Phase-out for old 2 W’s, 3 W’s, & Cars
Industrial energy efficiency
Garbage management




Co-Benefits for 2020

Estimated Overall Percent Reductions

Intervention PM,o (%) CO, (%)

100% buses to CNG 11.6 16.2
Public transport 6.1 9.8
Wet & vacuum sweeping 6.9

| & M 1.2 3.8
Abolish diesel gen sets & biomass 14.2 2.0
Control illegal garbage burning 1.6

Coal use in domestic sector 3.1 0.6

Detailed report @ www.urbanemissions.info




Ulaanbaatar Mongolla




AQM Bureau @ Ulaanbaatar
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Ispersion in Winter...

2l jim




In Migration of Population




Stoves: cooking & heating




ash from power plants




Garbage Burning
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Fugitive Dust... May 7t 2007
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Fugitive Dust from Venhicles
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PM,, Emissions (20006)

HH Stoves
23%

Estimated @ 98.5 ktons (annual)

Detailed report @ www.urbanemissions.info




Modeled PM,, Concentrations
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Plan of Action 2008-20

Monitoring

Clean coal for domestic sector ****
Heating only boilers to central heating
New combustion technologies for PP’s
ESP’s for PP’s & larger industries

Fly ash control to brick making

Energy efficiency at brick & cement




Briquette Technology




Hanol, Vietham
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2008
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In City Pollution Sources

Non-Transport

a large industry
domestic

coal mining

& related transport
power plant




In City Pollution Sources

Transport

~1.6 million in 2006

~ 90% are motorcycles
~ Dust levels are high
~ Cars are increasing
~ low public transport




Passive Samplers — 2006-07
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Source Apportionment for PM
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PM,, Emissions (2005)

Estimated @ 23.5 ktons (annual)

Details @ Guttikunda & SVCAP, 2008

other
pollutants

NO,,
SO, &
Cco,




Latitude

Modeled PM,, Concentrations
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% Estimated Contribution of Sectors
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21.40+
F 21.35- -
% %
F 21.30- -
F 30 21.25- - 15
25 12
r 21.20- _
© 20 ° 10
3 L ° 21.15- -
2 15 £ 8
% 1 2 2110 - B
= 12 = 6
3 21.05- -
8 —4
F [4 21.00- | 7 B P
3 0 20.95- - Llg
r 20.90- _
20.85 . ; . ; ; ; 20.85+ T T T T f
105.65 105.75 105.85 105.95 106.05 105.65 105.75 105.85 105.95 106.05
Longitude Longitude
. .
Ind - Bricks BB & Domestic
21‘40 L L L L L L L L L . L L L L L L
_ % _ %
) 35 . 12
~ 30 - 10
25
9 - 9 - Hs
£ 20 £
- -
L] - «© — 6
= 15 = I
) 10 ) 4
_ [ s - —2
— 0 - L 0

I
T T T 20.8 T
105.75 105.85 105.95 106.05 105.65 105.75 105.85

T T
105.95 106.05

Longitude Longitude



Hanoi: AQM Plan 2020

Road maintenance

Mass transport — road & rail

New emissions standards for 2W'’s & cars
Industrial zoning & energy efficiency
ESP’s for larger industries

Alternative fuels for domestic

Landfill management

Details @ Guttikunda & SVCAP, 2008




Challenges ahead..

What goes in.. Comes out
Tools are plenty

Need more collaborative action
Informed decision making is key

To join SIM-air malling list, send email to
simalr@urbanemissions.info




Thank you

Dr. Sarath Guttikunda
@ www.urbanemissions.info

December 2008



