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< | : Ozone, VOC[” \\
Dispersion . Concentrations _ Evaluation
Modeling
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&_3 > Air Quality

Emissions Management
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“
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Costs &
Pollution ECOnETIC Benefits
Control I Technical
\ M— Policy
Decisions

CU Training - PM2.5 model for air quality management

Source: https://urbanemissions.info/publications/primer-on-air-quality-management/
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Photolysis Thermal Aerosol W
» Reactions Reactions Processes Scavenging
A
o T ¥
Gas-Phase Dry and Wet Aqueous-
Chemistry p| Deposition [€— Phase
Chemistry
Transformation
and Loss
Processes
Emissions
Numerical Computed
: Sources Solution Concentrations
Pollutants Tedine
Transported
into Domain
‘
i Dispersion
—»| Mixing Depth [®| Coefficients [*] Wind Fields
f x .
Y M
Temper ature Topography and
Radiation » and Humidity [ Clouds Surface
Characteristics

CU Training - PM2.5 model for air quality management

Figure 11.1 from: Integrated Environmental Modeling textbook, Ramaswami, Milford, & Small, 2005
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wuvaassnadew (Gaussian model)

~
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« US EPA recommended tool
 Free downloadable source code (Fortran language)

* Licensed program “AERMOD View” provide

graphical user interface and support

AERMOD VIewYM Version 10.0.1

Gaussian Plume Air Dispersion Model

uvusnaas AERMOD

Version 11.2.0 is Available for Download

Lakes

Serial # AER0010773, Maintenance Until: 30-#.».-2024 Soffware

(C) 1996-2021 Lakes Environmental Software

—"'\About jJeam jTechnical Support /Web /

» Dispersion model
e Chemical loss: 1st order

« Deposition calculation

21/11/2023 CU Training - PM2.5 model for air quality management 7



Afiansldinu download 164
https://drive.google.com/file/d/1IN44CbqSHGonaQoiPLys9
pUhGz2LoUklIO/view?usp=sharing

AERMOD View

program

Jesse L. Thé, Ph.D., P.Eng. I
Cristiane L. Thé, M.A.Sc. a |<E S
Michael A. Johnson, B.Sc.

Software

Disclaimer: AERMOD View i Licensed software assusdn
Lakes Environmental Software

pranaiisiinlsn Www.weblLakes.com

21/11/2023



« steady-state plume model: AERMOD ldanafigiwinanaidunduvinaas

luszrdnegalasfidnansni awiudayagniisnineiaiezaidalaani

1]

* msdiass Plume dwinsiuaningfuszing

Receptor

Actual Plume

Modeling

Iy
Horizontal
) 2 Plume
E Reflecting Surface Receptor L State
o mTenensississisioieosssilsio Terrain
R .

Soepler Responding
Reflecting Surface Plume State

=

21/11/2023 CU Training - PM2.5 model for air quality management




é Emission source uwasnuianass
Source

Ay

A

. Meteorology aafisainen

Met
@ Terrain afivsswna

AERMOD Joie
ﬁ Receptor g3uaass

Receptor

% o 74 o

HAUILYILLUUITRDY

fhy

ar
'|~~ ar

Building awms [optional]
Building

Note: any reference to AERMOD View may be limited to features available as of
version 10.2.1. AERMOD View is a commercial licensed program providing graphical
user interface and variety of data server connection functionality.

21/11/2023 CU Training - PM2.5 model for air quality management 10



ﬂ] AERMOD View 9.9.5 - Model: AERMOD - [DAWT Documents\Work\Air_modeling\AERMODView\migrate-project-folders\PTT_AngThong-plant\PTT_AngThong-plant.isc]
Run Qutput Risk AERMAP Multimedia

File Model Edit View Import Export Data
New Open Pmt Run Control
v A

-éﬁi

Source Receptor

Met

Tools Help
Q. |
7 & B ©
Output_ Buiding Terrain Options Reports 3DVnew

Help

[] #stte Domain Boundary:
[[] # GEP 5L Area of Influence UTMEast [m]
&[] 4 GEP SL 360 degrees Area of influence 645000 650000 655000 660000 665000 670000 675000
- [7] # Point Source e VA A ] O e 08 i o Lo (0 o 8 e G et e (T b 0 T e b T L b b S A0 DA e P L L 0 e e L et ) b L e Bl e e L e Ll 0 b et i
[+ @"Areast,urw : + it s v A + + + +3 + :i' + + + + + + + + "I+ A
[ # Risk Receptors i 1454 ‘
=4 - = o 8 —
+ D' Plant Boun«?ary Intermediate Points 8- % 3 L & 3 % 3 . 7 & e i . o
[[] # Piant Blanking Boundary b + + + + + 1%
[/] #8 cartesian Piant Boundary § 3064 n > B
[[] #¥ Posting J P POFERIURIRR, YT VPO G AR +, - + + o+ - -
@[] 4 contours q * + + + L % e e e o S : =
- : . 1“5:“-5,+++++++++++++++++++++++ ‘)
[[] #¥ Terrain Contours | e B e o o o e o s T o o o o e e o o A T 2 i) St LS T e :
- [[] # Angthong-site-area.jpg i o1+ + " v + 7 et e gl S S o Tl o ol s 8 e o+ + T + + o~y i
(] # 3km-square-18z1.bmp .é..g_- +++++++++++++++++++Iii,iii
&[] # Open Cycle Map = 27 i dig 7 + + + + + + +
[[] #¥ Lakes Satelite E 1+ + + + [k + IIIIII
[ [7] @ Open Street Map ; J I HOHIE g \
= g \ IIIIII + + + + + + +
b 1t & Foasa [ & +++ +++ ’ -
o 4+ ++
S - 4+ + ¢ i
i A + + + + | 3195 + B 4 ¥ * % &
© A ey - ga i L
L3y e ; 444+ +
1 ++++++++ B s o e o o T R 126
4+ - - E - - ++++++++I‘$°~!3++++++++++++++ 7 ) g m+ b s i?
] ++++++++++++++-bi-+++-++++}+, 267 =3
- FH+++HEETE LS P+ R+ F S+ AT ==
E e e e o o e o S S S + B e + + +
4+ - - - - - t++ €T+ AL A FF I =T
] 364 * =S
— = v
< >
| Model: AERMOD Version 19191 X: 64939966 [m] Y. 1620197.26 [m]
v © %, [l Potfie List | PTT_AngThong-plant AD\W1H1GALL PLT v||[[& outoutType: Concentration |
Input  Overlays Labels Plots PLOT FILE OF HIGH 1ST HIGH 1-HR VALUES FOR SOURCE GROUP: ALL Max: 24376992 [OU/m"3] at (658649.85, 1617092.08) Yo

<1/11/ZUZ25




 Type of source: Point vs. Line vs. Area
LHRAIANUANATS + Emission rate

 Relevant details:

EmiSSiOn * Elevation

Emission temporal variation

sources « Optional feature: Source groups

21/11/2023



Source group :slunsimsnzy source contribution

ldl Source Pathway O X
Modet:| AERIOD ~|||  [Source Groups
[] Include Group ALL Search Using: (@) All Fields (O selected Field
= S:,u;,eur:;asr:mm:w New X Auto. .. Text to Search: I:l Any Word StartingWith ~ | @&  Show Al
: 2:?: i:;i\:;\;:;h ‘ ~Jource roups (5) # Snurce Type In Group(s) Description “
+ Background Concentrations f WY (19)
3 Souren Opton o Syscer ) > N S S T (PP Y
+ Source Groups -y SCCM (9) BRL2_1 VOLUME  SCCM Blasted rock loading: SCC #'
# Urban Groups: | ; j 222; [(2;;} 3 BRL2_ 2 VOLUME SCCM Blasted rock loading: SCC #:
# Variable Emissions i 5y TPF (32) 4 BRL2_3 VOLUME SCCM Blasted rock loading: SCC #:
¢ Houly Emission Fie 54 TPM (3) 5 BRL3_1 VOLUME SCGM Blasted rock loading: SCG #
¢ Emkssion Ouiput Unk 524 TP (1) 6 BRL3_2 VOLUME SCGM Blasted rock loading: SCG #
- "f"lr:"s':ii 3(";;;’:01 fatos 7 BRL33 VOLUME  SCGM Blasted rock loading: SCG #:
 OLW Groups (OLM) 8 BRP2_1 VOLUME SCCM Blast site prep: SCC #1
@ PSD Groups (PVMRM . 9 BRT1 LINE VOLUME TPIM Blasted rock transfer from m
B 10 BRTZ2_1 LINE VOLUME SCCM Blasted rock transfer fromn
11 BRT2_2 LINE VOLUME SCCM Blasted rock transfer from m
12 BRTZ2_3 LINE VOLUME SCCM Blasted rock transfer fromn
12 BRT3_1 LINE VOLUME SCGM Blasted rock transfer: SCG #
14 BRT3_2 LINE VOLUME SCGM Blasted rock transfer. SCG #
15 BRT3_3 LINE VOLUME SCGM Blasted rock transfer: SCG #
16  BSP1 VOLUME TPIM Blast site prep: TPI v
Remove Add <« Add Background
Help € previous = Next Close

21/11/2023 CU Training - PM2.5 model for air quality management 13



Source group

example

»HWY: highway traffic

»EXT FAC: existing
factories

»150 MW: proposed

new plant

AERMOD for impact assessment




Variable emission

0.08

0.06

0.04

0.02

Hourly traffic variation

012345678 9101112131415161718192021222324

ludl Source Pathway X
Modet: | AERMOD - Variable Emissions
New | X Search Using: (@) All Fields (C) Selected Field
_1 Source Parameters
& Source Summary ~§ By Season (SEASON) Text to Search: | Any Word Starting With | @& | Show Al
# Buiding Downwash #--_§ By Month (1)
+ Gas & Particle Data =Y By Hour-of-Day (2) I <ILES In Scenario(s) Description .
+ Background Concentrations - [ g Mine operate (21) 2 Type -
“y Source Options P2 tra fric_hourty-variation (15)) 20 BSP3_2 VOLUME Mine operate Blast site prep: SCG #2
+ Source Groups 4 By Wind Speed (WSPEED) 21 BSP3_3 WVOLUME Mine operate Blast site prep: SCG #3
# Urban Groups _ 1 By Season / Hour (SEASHR) 22 NH1_SEC1 LINE AREA traffic-hourly-variation NH1 Section km. 92+000
* _\ By Season / Hour / Day (SHRDOW) 23 NH1_SEC2 LINE AREA traffic-hourly-variation NH1 section km. 121+000
# Hourly Emission File _1 By Season /Hour / Seven Days (SHRDOWT) 24 NH2089_SEC1 LINE AREA traffic-hourly-variation NH2089 Section km.6+500
+ Emission Output Unit &4 By Month / Hour / Day (1) 25 NH2089_SEC2 LINE AREA traffic-hourly-variation NH2089 Section km.25+000
=3 NOx to NO2 Options ) —3 By Month / Hour / Seven Days (MHRDOWT) 2% NH21 LINE AREA traffic-hourly-variation NH21 section km. 4+800
* In-Stack NOZ/ NOX Ratios i 4 By Hour / Seven Days (HRDOWT) 27 NH2_SEC1 LINE AREA traffic-hourly-variation NH2 Section km.11+000
# OLM Groups (OLM) (#--_§ By Hour / Day (1) =
# PSD Groups (PVMRM 28 NH2_SEC2_1 LINE AREA traffic-hourly-variation Section km. 21+250
29 NH2_SEC2_2 LINE AREA traffic-hourly-variation Section km. 21+250
30 NH2_SEC3 LINE AREA traffic-hourly-variation Section km.45+800
3 NH3222 LINE AREA traffic-hourly-variation NH3222 section km.8+247
32 NH3224_SEC1 LINE AREA traffic-hourly-variation NH3224 Section km.4+200
33 NH3224_SEC2 LINE AREA traffic-hourly-variation NH3224 section km.20+200
34 NH362_SEC1 LINE AREA traffic-hourly-variation NH 362 section km.1+500
35 NH362_SEC2 LINE AREA traffic-hourly-variation NH362 section km.10+200
3% NH362_SEC3 LINE AREA traffic-hourly-variation NH 362 section km.23+000
37 STCK1 POINT CFBC boiler stack 150 MW 100% coal
an eTrKANn DAINT Faal il Clank Ma & v
Remove Add
Variable Emission Factors - by Hour-of-Day (traffic-hourly-variation (15))
The Emission Factor is a multiplier of the emission rate you specified for the source
Hour (Ending of Hour Period) Factor .
01:00 D.028046422
= » e 7~ 11
03:00 0.020551257
04:00 0.016924565
06:00 0.019825919
07:00 0.027159897
08:00 0.035058027 w

Clear Table

-]
& Previous| | Next Close

e 6:00 E
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anlignIng1 Meteorology
Q9 9

Surface data and upper air data
Winter Summer Rainy

NORTH NORTH NORTH

33.1%
21.7% 26.4%

25.9% 16.3% 19.8% (mis)

8.64% ’ ]
WEST ¥ EAST WEST
|

EAST WEST

2.10-3.60
0.50-2.10

SOUTH

Data for Saraburi, Thailand year 2013 — 2017

16
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dnngiivszina Terrain input

Sample of SRTM DEM
Shaded Relief, Color as Height

DEM : digital elevation model

Satellite elevation data, i.e. SRTM (Shuttle Radar Topography Mission) site: https://www?2.|pl.nasa.gov/srtm/index.html

CU Training - PM2.5 model for air quality management
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https://www2.jpl.nasa.gov/srtm/index.html
https://photojournal.jpl.nasa.gov/catalog/PIA02735

STRML1 - Version 3 data with approx. 30-meter resolution or 1 arc sec
Example:
DEM for Pichit area

salii

meters

1082

1000

saileviny

200

800

|

[l —700

amwga‘iﬂszmﬂ

slaviinii

UTM North [
1785000 1790000 1795000 1800000 1805000 1810000 1815000 1820000 1825000
|

200

A PETTTRTETY T

Terrain input

——100

M P

90

'l FETRTE

saliiiin

40

3 o) a
] map data: ©® OpenStreetMap-contributors Streetlap-contributors &
1 s

30

© 41\

S e e 5 L e L LB 7 e L o T L L A L e B
635000 640000 845000 650000 655000 660000 685000 670000 675000 680000 685000 690000 695000 700000 705000 710000
UTM East [m]

Terrain Contours

Processed by AERMAP

calculating the elevation for sources and receptors with respect to ground level

21/11/2023 CU Training - PM2.5 model for air quality management 18
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s9nmz219/a1A15 (Buildings)

)
L

e

-

CU Training - PM2.5 model for air quality management

Googlé Earth

47 P 729466.56 m E 1620441.07 mN elev 219m eyealt 5.21 km

19

https://photojournal.jpl.nasa.gov/catalog/PIA02735



https://photojournal.jpl.nasa.gov/catalog/PIA02735

s9nmz219/a1A15 (Buildings)

21/1W2023 CU Training - PM2.5 model for air quality management
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(Receptors)
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* Aanisuan liuuudiaasAuInANNgNgY o gafiaula

» Discrete receptors =individual points

 Grid receptors

 Fenceline receptors primary

propetty

=

intermediate

CU Training - PM2.5 model for air quality management
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n1saasnL by ldagnals

ﬁm‘amvlﬂﬁazgi Lméaﬁ'nﬁm—qm%'mmms

1-hour time stepping calculation

CU Training - PM2.5 model for air quality management
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ﬂl AERMOD View 9.9.5 - Model: AERMOD - [D:\WT Documents\Work\Air_modeling\AERMODView\migrate-project-folders\PTT_AngThong-plant\PTT_AngThong-plant.isc] = X
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LUUTIRBIUINTRIRANTISAIUIUNLNI LS

Time steps: 1 2 3
C(receptor,): Cl C2 C3
n13agUUsznIana

Outputting options:
Max 1-hr average

Period average

Selected percentile AERMOD View option
Animation
Time-series Extract from the output text file

CU Training - PM2.5 model for air quality management
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‘61000 161850 1619000

UTM North [
1617500

1617000

UTM Noth [m]
7001 00 16

A1SUILAUDRAANSLUUAT ¢)

Max (100t percentile)

98th percentile

CU Training - PM2.5 model for air quality management

UTM Nortn [m]
7000 16170 16180

Period-average

25

S5 0 YEARS FOR SOURCE GROUP: ALL




-Hour Average Concentration, Source Group: ALL
Timestamp: 1/1/2013 02:00:00

UTK North [m]
1617500 1618000 1618500

1617000
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."
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1616000
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a1sdaua 1TiMe series

Example: Time series of 24-hr avg. NO,, concentrations

) HWY+EXT FAC sources
g1
gl Y oo |
. |
&>
. E %0
§ S g_)
IR of eed
£ T
£ =
z § |
E o Q |
= © |
S N
© o : '
Z
o
>
© : y
ST : i
3 < »
3 N ‘
> .
- N = (@) -t o0 L P~ (@) — o0 (Fg) [~
A= Ta] O (s o) (@)% o i N < (Ta) O [~
- —t — i —t N (9} o (9} (9N} o™ N
- map d
T Farm1 Farm21 ———Farm25 Farm28
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Threshold violation file

1l Output Pathway O
Modet: I AERMOD " l [ Threshold Violation Files (MAXIFILE)
[ ’_! Ou‘tput Opfisn s’ Averaging Period: 1 v Threshold Value: 320
# Tabular Outputs Source Group D: | ALL v File Unit (Optional):
_ Output Files :
| & Output Settings File Name: |exceedence_1HR_320microgrampercubmeter. MAX
# Contour Plot Files
* List of Output Files (Press the [Add] button to add to the List)
# Post-Processing Files 1 ALL 320 exceedence_1HR_320microgrampercubmeter. MAX A
& TOXX Files 24 ALL 10 exceedence_24HR_10microgrampercubmeter. MAX
® :
A ;ea:c:::our Flee 24 TPIF 10 exceedence_24HR_10microgrampercubmeter-TPIF. MAX
an S
& Evaluation Files 24 TPIM 10 exceedence_24HR_10microgrampercubmeter-TPIM.MAX
@ US EPANAAQS Options 24 SCCF 10 exceedence_24HR_10microgrampercubmeter-SCCF.MAX
4 Lakes Tools | 24 SCCM 10 exceedence_24HR_10microgrampercubmeter-SCCM.MAX
@ Percentile / Rolling Average |* 24 SCGF 10 exceedence_24HR_10microgrampercubmeter-SCGF.MAX
4 Plume Animation 24 SCGM 10 exceedence_24HR_10microgrampercubmeter-SCGM.MAX
24 HWY 10 exceedence_24HR_10microgrampercubmeter-HWY.MAX
1 TPIF 320 exceedence_1HR_320microgrampercubmeter-TPIF.MAX
1 TPIM 320 exceedence_1HR_320microgrampercubmeter-TPIM.MAX
P 1 SCCF 320 exceedence_1HR_320microgrampercubmeter-SCCF.MAX
1 1 SCCM 320 exceedence_1HR_320microgrampercubmeter-SCCM.MAX
1 SCGF 320 exceedence_1HR_320microgrampercubmeter-SCGF.MAX
1 SCGM 320 exceedence_1HR_320microgrampercubmeter-SCGM.MAX
1 HWY 320 exceedence_1HR_320microgrampercubmeter-HWY.MAX
v
#Entries: 16 [& | clearAl | Remove = Replace Add
Specify Path for MAXIFILES
ML_T3_COMBREC.AD a9
Help & previous | Next Close
28
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712000 714000 716000 718000 720000 722000 724000 726000 728000 730000 732000 734000 736000 738000 740000 742000 744000
UTM East [m]

EXCEEDANCE FILE FOR 24-HR VYALUES >= A THRESHOLD OF 10.00

Max: 216 [COUNT] at (730050.13, 1620980.13)
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Emission inventory #sa:ls

A comprehensive listing by source of air
pollutants emissions in a geographic area during a specific

time period

CU Training - PM2.5 model for air quality management 31
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Emission rate = Activity data x Emission factor

[F] —— x5 *

g km - veh 1 g PM,
S hr

S " km-veh
hr

21/11/2023 CU Training - PM2.5 model for air quality management 32
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GCombustion in Energy Industry
and Energy Using Sectors

Table 3.11: Vehicle Emission Factors (g/km) for the Detailed Method

Pollutants in g/km ?

Pollutants in g/kg*’

Vehicle /Fuel Type
NMVOC co,
Gasoline
Passenger cars (Uncontrolled) 2218 46,9.8° 5317 0.002 g£ 0.073, 0.050, 0.0257, 0.020°, 0.005% 0.05* | 0.026 0.021°, 0.04%, 0.4" 3180 17,15 0.14°
Passenger cars (Moderate control) 14,1.1° 75,39 14,08 0.002 0.05°, 0.0035+,0.011* 0.017, 0.0022¢, 0.0009" 0.018%, 0.0012, 0.007* 3180 17,15 0.14¢
‘Passenger cars (Good control-EURO | & 1) 05, 0.2¢ 29,90 05,025 | 041 0.03¢, 0.007%, 0.014" 0.010%, 0.0067", 0.0005 0.011, 0.0022', 0.004 3180 | 17,15 0.14
Motorcycles (2-stroke) (Uncontrolled) 0'02'03?3" 10,85 27" | 6.5 3.0, 38" | 0.001 0.05, 0.23° 0010 018 kLR 1.24,15° 0.14¢
Motorycles (2-stroke with control) 0.06° 40, 33 0.002 0.1° 0.005* 0.08° 388 1.24,15° 0.14°
Motorcycles (4-stroke) (Uncontrolled) 0.3, 031 047" 20, 3¢, 1.6 309,08 054 | 0.002 0.032, 0.07® 0.0035° 0.05° 36.685 1.24, 15 0.14¢
Motorcycles (4-stroke with control) 0.3* 2.2 0.7 0.002 0.05* 0.0025° 0.04° 36.65 1.24,1.5° 0.14°
3-Wheelers (2-stroke) (uncontrolled) 0.09, 0.05= 24, 14= 18, 8.3 0.002 0.8, 0357, 0.017= 0.3 3180 1.24, 1.5 0.14=
3-Wheelers (2-stroke with control) 0.08* 8.6° = 0.002 0.15* 0.007= 0.12= 3180 1.24,1.5° 0.14=
Diesel
3-Wheelers (Uncontrolled) 13® 225 = 0.001 1.54 0.8 0.24 3140 0.08 017
Passenger cars (Uncontrolled) 2.5 TisT 0.37° 0.001 0.84° 0237, 0.44 013 3140 0.08 017
Passenger cars (Moderate control) 0.66, 2.77° 071,12 0.19, 0.37° 0.001 0.15, 0.42° 0.2 0.06 3140 0.08 017
‘Passenger cars (Good control-EURD | & 11) 0.66, 2.77° 0.8° 013 0.001 007 0.04° 0.0t 3140 0.08 017
s = a T
Light duty vehicles (Uncontrolled) 315 8.7 0.34 0.001 g?;“()ﬁ; 0.267, 0.13~, 0'4::;_2;16 051 0.067=, 0159, 0.24, 0.17~ 3140 g?g_ 017
Light duty vehicles (Moderate control) 143, 2.40° 158, 6.9 0.42, 0.28° 0.0 0.25, 0.5°, 0.2 0.0y~ 0.32 0.012~ 015 3140 g?i 017
‘Light duty vehicles (Good control-EURO | & 1) 1.28° 5.1° 0.14° 0.001 0.22, 0.052°, ({059 0.04", 0.13', 0.034° 0.0127, 0.014%, 006" 3140 g:?g; 0.17°
Heavy duty vehicles (Uncontrolled) 6.54: 55, 4.06: | 1.78,1.88 | 0.003 2.250, 3.3, 1.347, 1.3% 2.6m, 25, 074", 0.54~ 0.3=, 1, 0.47~ 3140 gfg_ 0.17¢
. 3140 0.25, 017+
Heavy duty vehicles (moderate control) 104, 12.6° 898, 45° 1.5, 1.21° 0.003 1,1.2*, 0.185% 0.76™ 0.41™, 0.056*% 0.4 0.036™, 0.036 0.54 14_”; l]ﬁ:’g", 0.09;
) ) ’ 3140 0.25, 0.17¢
'Heavy duty vehicles (Good control- EURO | & I1): 9.15° 3.6° 0.87° 0.003 0.42:, 0.047 (D72 0.27™ 0.041i, 0.14t 0.036™, 0.008, 019 14110 0.0769, 0 00
017
LPG
Passenger cars (Uncontrolled) 2.1 B, 4.1 35,018 = 0.06° - - 3030 e 0.009
Passenger cars (Good control-EURO [) 216, 0.05* 71,03 1.49, 0.25* - 0.064 - - 3030 2.0 0.009
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Table A2.3 Emission factors for running

Vehicle Description Fraction Emission Factors (g/km)

types i CcO NOs SO; NMVOC PMio PM:s NH; CO: N:0 CHy BC! | ocCf
Gasoline Pre Euro 0.011 25.0 1.308 0.005 3.458 0.035 0.033 0.002¢ 246 0.010 | 0.545 | 0.006 | 0.026
Gasoline Euro 1 0.002 14.0 0.741 0.004 1.282 0.014 0.014 0.059 226 0.011 | 0202 | 0.003 | 0011
Gasoline Euro 2 0.010 3. 0.377 0.004 0.612 0.005 0.005 0.059 218 0.009 | 0.069 | 0.001 | 0.004
Gasoline Euro 3 0.038 1.6 0.130 0.004 0.400¢ 0.002 0.002 0.061 220 0.008 | 0.009 | 0.000 | 0.001
Gasoline Euro 4 0.047 0.6 0.100 0.004 0.230¢ 0.002 0.002 0.002¢ 222 0.005 | 0.007 | 0.000 | 0.002
Gasoline Euro 5 2 0.6° 0.060° | 0.0002¢ | 0.188¢ 0.002¢ 0.002¢ 0.002¢ - 0.005¢ | 0.007¢ | 0.000 | 0.002
Gasoline Euro 62 0.6° 0.060° | 0.0002° | 0.146° 0.002°¢ 0.002°¢ 0.002¢ - 0.005° | 0.007° | 0.000 | 0.002
CNG 0.013 10.4 0.699 0.001 0.361 0.001 0.001 0.073 207 0.017 | 2421
LPG Pre-Euro 0.005 98.3 5.513 0.001 4.534 0.007 0.007 0.036 256 0.003 1.293
LPG Euro 1 0.001 22.8 0.881 0.023 2.005 - - 0.065 221 0.021 | 0.287
LPG Euro 2 0.004 6.6 0.464 0.023 1.007 - - 0.065 219 0.018 | 0.094
LPG Euro 3 0.017 3.1 0.195 0.023 0.477 - - 0.067 227 0.017 | 0014
LPG Euro 4 0.021 0.6 0.137 0.024 0.239 - - 0.070 237 0.012 | 0.006

PC Diesel Pre-Euro 0.023 1.3 1.310 0.003 0.887 0.736 0.706 0.001°¢ 283 0.002 - 0.315 | 0.137
Diesel Euro 1 0.010 1.3 1.449 0.043 0.189 0.327 0.313 0.001°¢ 422 0.002 - 0.140 | 0.061
Diesel Euro 2 0.016 0.8 1.315 0.004 0.093 0.172 0.165 0.001°¢ 358 0.002 - 0.074 | 0.032
Diesel Euro 3 0.080 0.2 1.290 0.004 0.043 0.080 0.077 0.001°¢ 371 0.002 - 0.034 | 0.015
Diesel Euro 4 0.101 0.2 0.938 0.004 0.024 0.054 0.052 0.001°¢ 366 0.021 - 0.023 | 0.010
Diesel Euro 52 0.2° 0.180° | 0.0001¢ | 0.024°¢ 0.005° 0.005° 0.001°¢ - 0.021 - 0.002 | 0.001
Diesel Euro 62 0.2° 0.008° | 0.0001¢ | 0.024¢ 0.005° 0.005° 0.001°¢ - 0.021 - 0.002 | 0.001
Gasohol Pre-Euro 0.061 26.0° | 3.126° | 0.012¢ 7.407¢ 0.012¢ 0.011¢ - 194.5¢ | 0.006¢ | 0.010° | 0.002 | 0.009
Gasohol Euro 1 0.013 14.64 | 1.771¢ | 0.010¢ 2.7474¢ 0.0054 0.005¢ - 1791 0.007¢ | 0.004¢ | 0.001 | 0.004
Gasohol Euro 2 0.054 1.7¢ 0.4424 | 0.0104 0.1844¢ 0.0054 0.005¢ _ 1954 0.007¢ | 0.004¢ | 0.001 | 0.004
Gasohol Euro 3 0.210 0.2¢ 0.0359 | 0.010¢ 0.093¢ 0.005¢ 0.005¢ _ 1729 | 0.0079 | 0.004¢ | 0.001 | 0.004
Gasohol Euro 4 0.264 0.1° 0.019° | 0.0]0¢ 0.054¢ 0.005° 0.005° 0.007¢ | 0.002¢ | 0.001 | 0.004
Gasohol Euro 52 0.1° 0.014° | 0.001¢ 0.044°¢ 0.005° 0.005° 0.007¢ | 0.002¢ | 0.001 | 0.004
Gasohol Euro 62 0.1° 0.014° | 0.001¢ 0.034¢ 0.005° 0.005° 0.007¢ | 0.002¢ | 0.001 | 0.004
Gasoline 2-stroke 7.2 0.033 | 0.002 5365 0.222 0211 | 0.00I° 98 - 1.039 | 0.039 | 0.161
(uncontrol)

pe | Gasolive 4-stroke 155 | 0718 | 0.001 3.407 0.196 0.186 | 0.002° 80 - 0.670 | 0.035 | 0.142
(uncontrol)
Gasoline 4-stroke 2.9 0170 | 0.001 0.861 0.027 0.026 0.014 85 - 0.182 | 0.005 | 0.020
(catalyst)
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Vehicle Description Fraction Emission Factors (g/km)
types [&0) NO: SO NMVOC PMio PM:s NH; CO» N:0 CH;, BCf | oct
Gasohol 2-stroke 12.89 | 0.054¢ | 0.010¢ 2.656¢ 0.091¢ 0.087¢ - 38¢ . 0.191¢ | 0.016 | 0.066
Gasohol 4-stroke 7.04 0.261% | 0.010¢ 0.683 1 0.091¢ 0.087¢ - 44 . 0.184% | 0.016 | 0.066
Gasoline Euro 2 10.9 0.588 0.004 1.167 0.010 0.009 0.055 193 0.011 | 0.138 | 0.002 | 0.007
Gasoline Euro 4 0.4 0.121 0.004 0.109 0.001 0.001 0.002°¢ 220 0.007 | 0.005 | 0.000 | 0.001
CNG 3-way catalyst 13.5 0.955 0.001 0.377 0.000 0.000 0.072 185 0.019 | 2.295
Taxi LPG 3-way catalyst 15.5 1.308 0.000 1.018 0.001 0.001 0.070 189 0.019 | 0.206
LPG Euro 3 73 0.262 0.021 0.586 - - 0.063 201 0.019 | 0.025
LPG Euro 4 1.1 0.173 0.022 0.251 - - 0.065 219 0.012 | 0.008
Gasohol (composite) 0.5¢ | 0310 | 0.010% | 0.020¢ - - - 159¢ - - - -
Gasoline Euro 3 5.0 0.234 0.004 0.646 0.004 0.004 0.057 211 0.011 | 0.026 | 0.001 | 0.003
CNG 3-way catalyst 11.6 0.981 0.001 0.541 0.000 0.000 0.071 191 0.021 | 2.740
LPG Euro 3 6.1 0.259 0.023 0.705 - - 0.062 211 0.021 | 0.027
Van Diesel control with EGR 0.8 0.976 0.002 0.489 0.348 0.334 0.002 234 0.022 - 0.120 | 0.052
Diesel Euro 3 0.2 1.133 0.003 0.038 0.094 0.090 0.004 312 0.001 - 0.039 | 0.017
Diesel Euro 4 0.1 0.731 0.003 0.017 0.035 0.034 0.006 316 0.017 - 0.014 | 0.006
Gasohol (composite) 1.4¢ - 0.010% | 0.080¢ - R - 1454 - - - -
CNG uncontrol 28.5 1.321 0.001 0.732 0.001 0.001 0.027 213 0.001 | 14.509
CNG 3-way catalyst 13.3 0.823 0.001 0.467 0.001 0.001 0.155 457 0.041 | 2.239
Songthew | LPG Euro 3 4.7 0.199 0.020 0.698 - - 0.054 190 0.019 | 0.024
Diesel uncontrol 2.2 1.432 0.002 1.487 0.587 0.564 0.003 240 0.001 - 0.251 | 0.109
Diesel Euro 3 0.4 2219 0.007 0.072 0.126 0.121 0.012 698 0.009 - 0.054 | 0.023
Tuktuk | CNG LPG 11.2 0.707 0.000 0.885 0.015 0.014 0.163 97 - 3.705
] S .| Gasohol (composite) 2.5¢ 0.270¢ | 0.010°¢ | 2.180°¢ . . . 634 - . - -
wheelers) = - - - - - -
Gasoline Pre-Euro 0.029 301.2° | 30.122° | 0.123° | 71.917° 0.605°¢ 0.575¢ 0.002°¢ 1.382¢ | 0.107 | 0.439
Gasoline Euro 1 0.004 241.0¢ | 16.7¢ 0.1°¢ 28.767¢ 0.3¢ 0.316¢ 0.061°¢ 1.9 | 0.059 | 0.241
Gasoline Euro 2 0.018 192.8 9.297 0.123 13.046 0.109 0.104 0.055 849 0.114 | 2.557 | 0.019 | 0.079
Gasoline Euro 3 0.085 192.8° | 6.508° | 0.006° 4.892¢ 0.103°¢ 0.098¢ 0.028°¢ 1.730¢ | 0.018 | 0.075
CNG 3-way catalyst 0.273 12.7 0.397 0.002 1.471 0.008 0.007 0.055 861 0.102 | 2.259
Bus LPG 0.011 26.0¢ 0.5 0.061¢ 0.008°¢ 0.007¢ 0.061°¢ 0.146°
Diesel Pre-Euro 0.124 2.6° 11.2¢ 2.2¢ 1.431¢ 1.5134 1.483 ¢ 0.003°¢ 0.278° | 0.427° | 0.647 | 0.281
Diesel Euro 1 0.016 2.5¢ 11.2¢ 0.4¢ 1.001¢ 0.850¢ 0.833¢ 0.003°¢ 0.119¢ | 0.427¢ | 0364 | 0.158
Diesel Euro 2 0.076 22 11.245 0.098 0.730 0.984 0.964 0.003 856 0.114 | 0427 | 0421 | 0.183
Diesel Euro 3 0.365 1.2° 6.800° | 0.098° 0.615°¢ 0.387¢ 0.379" 0.003°¢ - 0.045° | 0.427° | 0.165 | 0.072
Diesel Euro 42 0.8" 4.760° | 0.098¢ 0.572¢ 0.027° 0.027° 0.003°¢ - 0.479¢ | 0.427¢ | 0.012 | 0.005
78
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Vehicle Description Fraction Emission Factors (g/km)

types [&0) NO: SO NMVOC PMio PM:s NH; CO: N:0 CH4 BCf | oct
Diesel Euro 52 0.8" 2.720° | 0.002¢ 0.501¢ 0.027° 0.027" 0.003°¢ - 0.479¢ | 0.427° | 0.012 | 0.005
Diesel Euro 62 0.8" 0.544% | 0.002° 0.150° 0.014" 0.013" 0.003°¢ - 0.479¢ | 0.427° | 0.006 | 0.003
Gasoline 0.001 2319 15.7 0.1 29.7 0.3 0.3 0.1 849.4 0.1 19 0.051 | 0.208
CNG 0.062 0.7 0.021 0.001 0.072 0.000 0.000 - 54 0.006 | 0.146
LPG 0.000 14 0.0°¢ 0.003°¢ 0.000¢ 0.000°¢ - 0.009°¢
Diesel Pre-Euro 0.221 7.0 10.661 0.068 0.772 1.5139 1.483 ¢ 0.003° 535 0.004 | 0250 | 0.647 | 0.281

Truck Diesel Euro 1 0.029 6.7°¢ 10.1¢ 0.0°¢ 0.541¢ 0.850¢ 0.833¢ 0.003°¢ - 0.002¢ | 0.250° | 0364 | 0.158
Diesel Euro 2 0.169 59¢ 9.6°¢ 0.0°¢ 0.394¢ 0.7274 0.7134 0.003°¢ 0.002¢ | 0.250° | 0311 | 0.135
Diesel Euro 3 0.517 43" | 10.200" | 0.003° 0.332°¢ 0.387¢ 0.379¢ 0.003°¢ - 0.001° | 0.250° | 0.165 | 0.072
Diesel Euro 42 3.1° 7.140° | 0.003° 0.309¢ 0.041° 0.040° 0.003°¢ - 0.006¢ | 0.250° | 0.017 | 0.008
Diesel Euro 52 3.1° 4.080° | 0.000° 0.270°¢ 0.041° 0.040" 0.003°¢ - 0.006¢ | 0.250¢ | 0.017 | 0.008
Diesel Euro 62 3.1° 0.816"° | 0.000° 0.08]¢ 0.020" 0.020" 0.003°¢ - 0.006¢ | 0.250° | 0.009 | 0.004
Gasoline Pre-Euro 0.007 218.5% | 3.399% | (.031¢ | 27.958°¢ 0.024°¢ 0.023¢ 0.081¢ 259.6° | 0.021¢ | 0.997¢ | 0.010 | 0.004
Gasoline Euro 1 0.002 | 122222 1926% | 0.025¢ | 9.015¢ 0.0108 0.009¢ 0.067% | 23832¢ | 0.023¢ | 0.369¢ | 0.002 | 0.007
Gasoline Euro 2 0.007 | 35.937¢| 1.053¢ | 0.026¢ 3.562¢ 0.008¢ 0.007¢ 0.067¢ | 243.57¢ | 0.023¢ | 0.1232 | 0.001 | 0.005
Gasoline Euro 3 0.022 | 12.5048 | 0.4258 | 0.026¢ 0.572¢ 0.00]¢ 0.001¢ 0.0698 | 255012 | 0.021¢ | 0.0152 | 0.0003 | 0.001
Gasoline Euro 4 0.023 7.3¢c 0.213° | 0.026°¢ 0.384¢ 0.001° 0.001¢ 0.002¢ 2575 | 0.021¢ | 0.010° | 0.001 | 0.000
CNG 0.015 10.4¢ | 0.699¢ | 0.001¢ 0.361¢ 0.001¢ 0.001¢ 0.073¢ 206.7¢ | 0.017¢ | 2.421¢ - -

Pick-up LPG 0.022 26.3° | 1.438° | 0.019¢ 1.653¢ 0.001°¢ 0.001°¢ 0.060° 232.1¢ | 0.014¢ | 0.339° - -

Diesel Pre-Euro 0.111 1.0 1.853 0.042 0.118 0.391 0.375 0.001 276 0.001 | 0.080 | 0.167 | 0.073
Diesel Euro 1 0.047 0.9°¢ 1.946° | 0.008°¢ 0.110¢ 0.39]¢ 0.375¢ 0.001°¢ - 0.000¢ | 0.048° | 0.167 | 0.073
Diesel Euro 2 0.081 0.9¢ 1.3158 | 0.043¢ 0.098¢ 0.202¢ 0.194¢ 0.0058 | 423.89¢ | 0.002¢ - 0.087 | 0.038
Diesel Euro 3 0.324 1.0° 0.780° | 0.002¢ 0.034°¢ 0.059 ¢ 0.056 ¢ 0.001°¢ - 0.001¢ | 0.014° | 0.025 | 0.011
Diesel Euro 4 0.340 1.0° 0.390° | 0.002¢ 0.040°¢ 0.0514 0.049¢ 0.002°¢ - 0.002¢ - 0.022 | 0.009
Diesel Euro 52 0.7° 0.280° | 0.0000¢ | 0.040°¢ 0.0454 0.043¢ 0.002°¢ - 0.001¢ - 0.019 | 0.008
Diesel Euro 62 0.7° 0.125° | 0.0000° | 0.040°¢ 0.0301 0.029¢ 0.002°¢ - 0.001¢ - 0.013 | 0.006

Notes: *: higher technology for emission scenario studies
® Bold: Euro standard EF values (for Bus and Truck were converted from g/kwh using fuel economy (7.5km/1 for bus, 6km/1 for truck))
¢ Italic and underline: applied reduction rates from GAINs values and EURO standard to calculate EF values, and using GAINs values for NH3

d

———

€ Italic and underline and grey highlight: EFs of PU were taken same as PC, EFs of Truck were taken same as Bus (composite)

fEF of BC and OC, using BC/PM; s ratio of 0.46 ad OC/PM, s ratio of 0.2 for diesel: and BC/PM, s ratio of 0.19 and OC/PM; s of 0.78 for gasoline

& Jtalic: AIT studies for vehicles fleets in Yangon, Myanmar

79

Bold. underline: PCD AEL EF values (gasohol vehicles EFs provided in 2015: PM EFs provided in 2019)
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n1sUauAN

Emission rate

Twnuldsunsy

AERMOD

21/11/2023

* gaasnisdandasgarnanuiduunasnnidauwuy Line area

* mstdauAransinisuanddasldniae g/sec-m?

Source Inputs *
Source Type
Type: LINE AREA v Source ID: [RAM4_PC_1 -3 Source ID Prefix:
Description: | {Optional)

Line Source Parameters (Represented by Area Sources)

Length of Side: ‘ 4G.u]v [m] & HaulRoads...
Initial Vertical Dimension: [ O.D‘v [m] (Optional)
Emission Rate: 3.068€-06 | w [glsecm?] | 0.0783| v [gls]
Ratio 1: | 16 | Total Length [mj; 637.8
Line Source Nodes
44 Generate 1 AREA Sources Generated [& List.. Actions w Add Delete
Node X Coord. Y Coord. Base Release Release ~
# [mi [ml Elevation Height [m] Height [f]
> 1 664236.21 1519132.16 6.24 0 0
2 664826.33 1518890.13 13.06 0
W
1 :
Help B | X || € € —5—]| & || ]| bew 2 Close
T ™ W oo — o = ok

T
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Practice time!
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sharinq

https://docs.gooqgle.com/spreadsheets/d/13YYw-

XyH8[0Qj-YDdg3-

wKzVWfapH6g ulXqO45m125l/edit?usp

Get the data at this link

Get your

e dal

spreadsheet
(Excel or
Google Sheet)

46
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https://docs.google.com/spreadsheets/d/13YYw-XyH8jQj-YDdq3-wKzVWfapH6g_uIXqO45m125I/edit?usp=sharing

Workshop
Activity

21/11/2023

1. Auwraensin1svandaagarnn1sas1asurnsain 18819

AUUNITIIN 4

2. nmaasasrelustanlu AERMOD View (a1d1ains 2 A

Y Yl 1

Taansalvigsanausurinugu 9 g)

u

nsatdan AERMOD Workshop guide.pdf dsznau
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ACTIVITY 1

N1SATUIARNSINS

Uandaas PM, s

21/11/2023

E.R. = activity data x E.F
g =] km - veh o g PM, ¢
sec = hr km - veh

E.R. = vehicle-km traveled x

g . km-veh

sec day

X unit conversion

1
X Sec

hr

E.F. X unit conv

g PM; s 1
km-veh  S€C
day

E.R. = traffic volume x road length x E.F. X unit conv

veh
o = x km
sec day
veh
O oy = X km
sec day

CU Training - PM2.5 model for air quality management

g PM2_5 1 1
km-veh  _S€€ " hour
hour  “day
PM 1 veh
g 2.5 hour
% km - veh X sec * veh
hour  dagy
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N1SATUIUIRNSTINS

Uandaas PM, s

21/11/2023

T[]
sec
Traffic
volume

Time  (veh/hr) Time
0.00- 12.00-
01.00 250 13.00
01.00- 13.00-
02.00 194 14.00
02.00- 14.00-
03.00 137 15.00
03.00- 15.00-
04.00 125 16.00
04.00- 16.00-
05.00 108 17.00
05.00- 17.00-
06.00 185 18.00
06.00- 18.00-
07.00 403 19.00
07.00- 19.00-
08.00 709 20.00
08.00- 20.00-
09.00 714 21.00
09.00- 21.00-
10.00 733 22.00
10.00- 22.00-
11.00 781 23.00
11.00- 23.00-
12.00 778 00.00

E.R. = traffic volume x road length x E.F. X unit conv

veh
day

Traffic
volume
(veh/hr)

769
844
884
875
970
986
1025
1002
927
816
671

398

X km

veh/hr / veh/day

0.08

0.06

CU Training - PM2.5 model for air quality management

veh
9 g PM; 5 9 1 hour
km-veh  S€¢ ° wveh
hour  {ay
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ACTIVITY 1

N1SATUIARNSINS

Uandaas PM, s

21/11/2023

pasrIsAIgNuniLNe i laniietu g/sec-m2 inadaulvdnulusunsa

E.R. = traffic volume x length x E.F. X unit conv x -

CU Training - PM2.5 model for air quality management

area
B . . 1
= traffic volume x length x E.F. X unit conv X Tengthxwidth
= traffic volume x E.F X unit conv X _1_
B o width
h PM 1 1 veh 1
ve
—g =|— X g 2.5 X X X hour X —
sec - m2 day km - veh 1000 m 3600sec veh m
km hour day
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Simulation in
AERMOD View

21/11/2023

LR RTTT T
M TTTILLLLELEEE LR

|
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ANIISUIERAIULLKRAINUA Source contributions
ﬁnmm'mguwswaaamumsaﬁ’ PM, -

o o d . ﬂ'a'lm?’i'm’i’ugaqmswﬁ"ﬂm 158 5199%
ms‘lﬁmsmaaamams

o s‘i'nmﬁeﬁtﬁmﬂ'a'lmﬁ’aqﬁ’uga

a‘i’mm‘sqmmwmmﬁ

24
Qs

°* FARIIUIUATINLAUAINIANTZIUIILIY

I1829R1NNAUNITIANTITHRAINTILHA
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Qs

AEIUAT Ll,uﬂtﬂﬁl‘ljﬁzl,ﬂ"{l SAUN

400 B Anududuinawnluiufdne

250 343.68 pg/m°
W slAeAR Y

A8819NISILATITHAN AU - i

E . SULNANWL
wnasniin (Source z v

:% : 160.25 yg/m>  160.31 pg/m®  160.20 pg/m’
contributions) -

50

WadNsEsI TR PNl 14 159015 33.81809W1
9 ﬂﬁsﬁqﬂ"lummﬁnm
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dnaruI I UnlAgUSSLANSTUNIRUE

400
350
300
250

MI8819N15ILASIEHAR A I

200

PM, ; (Hg/m*)

b

AUTUTY

150

wrainiin (Source

100

contributions) 2

BG
oT
HD
LD

PC

349.03 pg/m°

WaENS=S

40

0.29

189.64

113.91

152.73 pg/m°

26.09

22.88

10.71
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143.29 pg/m°

el 14

142.99

0.01

0.15

0.08

0.06

143.25 pg/m°

Tssomns
143
0.02
0.12
0.06

0.05

I BG

oT
| HD
W LD
W PC

$5.8475R9W

143

0.05

0.16

0.05

0.07

143.33 pg/m°
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ANNLENINGIgR 1 Falas luainvAnnifilanaundunusn EV

ugim*3

29819015 ANYIRINN AN

nsaisa CU shuttle

bus Lﬂaﬁluﬁl‘]ﬂ EV

naulditusamLga

Timestamp: 17/11/2020 18:00.00 Max: 0.01 [ug/m*3] at (565455 69, 1510440 45)

1-HOUR AVERAGE CONCENTRATION - SOURCE GROUP: POP

2.0E-04
£-04

wlgﬂﬁﬁqﬂ]mﬂmmumma‘a 'IIIIII T4 .060 00 900 LB L A 9. . R B I B A% B | 50,0 06 0 - % 9 0100000 0
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- -
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Unit: ug/m? 0 1E-06 1E-05 1E-04 5E-04

NARNAINANTRGIFR 1 dalne isununsdigaw

21/11/2023

6E-04

6.6E-04

CU Training -

Unit: percent (%) 0 1E-06 1E-05 1E-04 3E-04 4E-04  4.13E-04

WaSIEUAAINLANGEIIAINLINIWGIFA 1 Falag iBuiunsligin
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Original Research

:' frontiers ‘ Frontiers in Environmental Science 20 July 2023
10.3389/fenvs.2023.1237366

Sz Application of a PM, 5 dispersion

model in the Bangkok central

oo e, business district for air quality
management

Sudjit Karuchit,
Suranaree University of Technology,
Thailand

Ozglr Zeydan,

Bullent Ecevit University, TUrkiye

Thammaluck Ratanavalachai' and Win Trivitayanurak®#*

*Department of Environmental Engineering, Faculty of Engineering, Chulalongkorn University, Bangkok
Thailand, *Professor Aroon Sorathesn Center of Excellence in Environmental Engineering, Faculty of
Win Trivitayanurak, Engineering, Chulalongkorn University, Bangkok, Thailand

win.t@chula.ac.th

09 June 2(

aunwialugsninWeb unans

CU Training - PM2.5 model for air quality management 61



