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Air quality in Ulaanbaatar,
Mongolia



Air quality in Ulaanbaatar

Ulaanbaatar, the capital city of Mongolia:

 Situated in a dome valley located at a high altitude of ~1300 m above sea level

* The coldest capital city in the world

* 1.5 million people live (around 46% of the country’s population) ~60% live in ger areas, which
constitutes ~80% of air pollution during heating season.

* The other small cities also facing high air pollution during the winter
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PM2.5 concentration in Ulaanbaatar
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SO, concentration in Ulaanbaatar
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NO, concentration in Ulaanbaatar
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O; concentration in Ulaanbaatar
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Comparison of PM composition in different cities
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Ulaanbaatar, Mongolia: PM, ; ~106 mkr/m? (average of 142 samples ), 2014-2016
Beijing, China: PM, s ~135 mxr/m? (average of 121 samples ), 2009-2010
Tokyo, Japan:PM, s = 15 mxr/m> (average of 102 stations measurement),



Emission inventory in
Mongolia



Emission inventory

* Source categories

* Anthropogenic sources
* Combustion sources
* Mobile sources ” R e
* Industrial sources g\ 'f -
* Agricultural sources AAP BOXUPAYYIAX OZUCHIH XASFABIH
« Natural sources rOO/I/I0N0 XWX APTAYIIAN

P

e Forest fire

* Pollutants
* 6 common pollutants + NMVOC+Hg+NH3




Emission inventory

e Sources of emission factors

* Emission measurement data (JICA project)

« EMEP/EEA Air pollutant emission inventory guidebook 2016
 USEPA AP42

* GAP forum manual

* [PCC Guidelines



VOCs emission inventory

 Combustion sources
 TPP, HOBs, stoves

* Mobile sources
e Vehicles, trains

* Road construction
* Mining
* Coal mining, iron processing

e Others

Food processing industries

* Paint applications

* Printing

* Organic solvent production

* Usage of domestic solvent containing products
* Waste disposal



VOCs measurement in
Mongolia



VOCs measurements
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Result of the first investigation of VOCs measuring using a continuous

measurement instrument in UB
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Result of the first investigation of VOCs measuring using a continuous
measurement instrument in UB
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Key resolutions and government actions

* Law on air
* Law on air pollution payment

* Government Resolution No. 98 of 2017: National Program for Reducing Air and
Environmental Pollution

* Government Resolution No. 62 of 2018: Bans the use of raw coal starting May
15, 2019.

e Ministerial Orders:

- Order No. A/422 (2024): Establishes a unified carbon registration procedure for greenhouse
gas emission reduction projects.

- Order No. A-305 (2010): Imposes air pollution fees and approves the list of organic solvents.



In near future

* To establish national monitoring plan for VOCs and PAH

* To develop sampling and testing methodology for VOCs 1n
ambient/indoor air as well as 1n stack

* To improve capacity building/human resources
* QA/QC



Outlook

* VOCs measurement

* New GC system
(TDGCMS Agilent 8890 GC
system)

* New Samplers

e PAH measurement

* New GC system (Agilent
5977C GCMSD system)

* New Samplers

A
Analitica

e e

| énguhePuf

5T5-251 Sequential Tube Sampler

Air Sampling Pump



Outlook

* To enhance regional collaboration

* To participate inter-lab comparison projects

* To update VOCs emission factors by using bottom-up and top-down
approaches











































































































https://air.emb.gov.ph/
https://emb.gov.ph/air-quality-management-permits/
https://emb.gov.ph/air-quality-management-data/
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Aromatic production processes

Full ranged
Condensate (FRC)
/Naphtha

Feed
Preparation

fractional distilling of raw
material in order to separate
the light and  heavy
maaterials from each other.

Reforming
Section

Change paraffin and
naphtha groups contained
in the raw materials into
aromatic substance
mixtures, as called
“reformate”

Convert toluene and C9
aromatics (A9) into
benzene and xylenes.

Olefin Reduction
Process

A reformate
preparation unit for the
aromatics production
section. The unit is used
for removing olefins
from the reforming unit

Sulfolane Unit it

Toluene

TatO ry U n |t separate para-xylene from

other xylene isomers by using
selective adsorption.

Aromatics

Fractionation Unit

l

O-xylene

Parex Unit mmdl 2 8411

Distill the hydrocarbon
compounds into mix-xylene,
by the fractional distillation
method.




VOCs emissions sources from petrochemical industry

L4

V(Ragothaman, A., & Anderson, W., 2017)



METHODOLOGY

B Emission estimation

B Spatial distribution & concentration

®  Risk assessment

PR &
[ v

®  Mitigation measures analysis
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; ‘ Storage tanks
=1 . Loading/unloading

‘ Fugitive sources
. Combustion stack
5. Wastewater treatment units

. Main Flare

The locations of YVOCs
emission source from
the petrochemical plant

Target VOCs

Benzene
Toluene




METHODOLOGY FOR

EMISSION ESTIMATION




Data collection and analysis (emission estimation)

sources

Process fugitive

Methods

Direct measurement AP-42 (Method 21 )

combustion stacks

Direct measurement

Flare

US.EPA AP-42 (Flare)

Wastewater treatment units

US.EPA AP-42 (WATER 9 model)

Storage tanks

US.EPA AP-42 (TANKSs 4 model)

Loading/unloading

US.EPA AP-42 (Marketing terminal)



Valves

Pump

Pressure Relief Devices
Compressors
Connectors & flanges
Open-Ended lines
Sampling connections

Agitation or mixers 15



VOCS EMISSION FROM FUGITIVE

Measured by PID to total VOC Capacity

\l/ ' Toluene 3% Ortho-xylene 1%
EPA AP-42 Method21 /= “V
(Correlation equation) %
X composition (%capacity) /&
N2
Emission rate

Benzene

Para-Xylene

68%

Total VOC 100 ppm




Equipment type

Default zero

Pegged emission rates

emission rate

(kg/hr./item) (kg/hr./item)

Correlations

(kg/hr./item)

Gas/vapor valve 0.00000066 0.11 = 1.87 x 10 x(SV)0-873
Light liquid valve 0.00000049 0.15 =6.41 x 10 x (SV)°-7%7
Pump 0.0000075 0.62 =1.90 x 10-5 x (SV)0-824
Compressor 0.0000075 0.62 =1.90 x 10-5 x (SV)°-824
Pressure relief valve 0.0000075 0.62 =1.90 x 10~ x (SV)0-824
Agitators 0.0000075 0.62 =1.90 x 10-5 x (SV)0:824
Connector/flange 0.00000061 0.22 = 3.05 x 10-6 x (SV)0-88>

Notes: screening value = SV, kg/hr./source = kilograms TOC per hour per source.

17



VOCS EMISSION FROM STORAGE TANK

C Vertical Floating Roof Tank )

C Internal Floating Roof Tank ) E N Fact
mission racior
and

___ v remen i'i’e:. ; -
> : s/ % IMventory. Group

% composition & characteristics
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TANK4 v.4.0.9d
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x VRU efficiency
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Example of tank characteristics in TANKA4

Vertical Fixed Roof Tank - |InternalFloating Roof Tank

identification  Physical Characteristics | Site Selection| Tank Contents | Monthly Calculations | Identification  Physical Characteristics ] Site Selection| Tank Contents | Monthly Calculations |
— Physical Characteristics
Dimensions Roof Characteristics Tank Characteristics: Rim Seal System
H mete, . ™ il k“ .
Shell Height (ft): | | Colorishade:[Gray/Light ~ Diameter (fty [ g Primary |Mechanical Shoe |
Tank Vol i) Secondary Seal:
Shell Diameter (ft): | 0 Condition: [Gooq (D) 5 ank Volume (gal) | 0.00 ry |Shoe-mounted  ~|
: S < Turnovers per year:
Maximum Liquid Height (ft): | 0 Type: [Cone ~] pe | am
Average Liquid Height (f: | o Height (ft): [ o Not Throughput (gatlyry | 0.00 DeckLharacienstes
Self S rting Roof?
Working Volume (gal): | 0.00  Slope (ftift) (Cone Roof): 0 Hpporting I j' Deck Type: Iﬂnﬂgd |
Turnovers per Year: | 0.00 (llumher of Columns: -I- O peck Fitting Category: ITypim| :]
Net Throughput (galiyr): | 0.00 Effective Column Diameter:| o | construction: | Sheet |
Internal Shell Condtion: P P
Is Tank Heated? o ~] na of: | Gunite Lining || Deck seam: [ sheet: 5 Ft wide v
External Shell Color/Shade: |WhileM'hite (D) :] Deck Length (ft): I 0
shell Char tenistics Breather Vent Setting
SRIPERE YNBSS TS ol S External Shell Condition: IGDI‘.‘ICI (D) l]
Shell Color/Shade: IGrayIMedium EI Vacuum Setting (psig): 0.03 Roof ColoriShade: I'I\‘hitthite (D) L]
Shell Condition: IPoor Ll Pressure Setting (psig): 0.03 \Iloof Paint Condition: Im (D) lL View/Add Fittings




VOCS EMISSION FROMWASTEWATERTREATMENT UNIT

53 WATER9 Initial agreement
Parameters

Benzene } LLLE " ok : .
e This version of WATERS#s an updated relase of the program’ Y ou
To I uene he 3 O mag distrbute unchafiged copies of this version of WATERS, |
% Y You mag use and modify the Source Code presentedhin the U'sérs

Ry Manual: You may distribute such modifications that you may make
Tota | Xyl ene e to the Source Code without prior wiitten permission. You may not
: : £ claim that any modified code is equivalent to \yATERS.

P Measu rement =% Disclaimer of Warranty

This software and the accompanying files are provided as is and without
. warranties as to performance or merchantability or any other warranties
D I re Ct 18 e a S U re 18 e nt whether expressed or implied. Any user of WATERSO accepts it as is, with
all faults, and assumes full and sole responsibility for information
\l/ derived from its use, and agrees to hold EPA harmless from and against
any and all damage. loss. or liability arising from or resulting from

WATER9 V.3.0.0 any use of WATERS

. . HOW TO PROVIDE FEEDEACK
Em ISSlon rate Please provide reasonable feedback to the U.S. EPA, including
the ease of use of the software and any problems that are noted.
Ms _BRENDA SHINE, OAQPS, U.S.EPA Clark Allen, RT ALLEN Inc.
SHINE .BRENDAREPAmail .EPA.gov clark allen@verizon.net
(91S5) 541-3¢€08




VOCS EMISSION FROMWASTEWATERTREATMENT UNIT (cont.)

*NANIINTIINAIDLNILEY 1 addall
OWS, COWS ETP

Clarifier package Off-specwater
(2930-ME15A/B) sendingto XC10

cpr
(2930-ME1)

Equalization tank
(2930-TK15/16) Bio-DAF
(2930-ME1014/8)

To outside
Storm CPT Storm DAF Final plant.
(2930-ME2)  (2930-MESB) (2930-XC20)

P 20 ) 2
= Ao...

Holding Basin (2930~
XC10A/B/C)

Hg treatment

pac)
(2930-ME4B)

- )

] é a gz [
. o .
= — 85| 53o-mitan &)

(2930-TK13)

MAANNN

CWS = Clean Water Sewer
OWS = Qily Water Sewer dhdwiewiniwannszuwmsnaa)

COWS = Closed Oily Water Sewer

POC = Potentially Oil Contaminated Sewer (ﬁwmnmiﬁwﬁymazﬁwmwa:mmqﬂnitﬁ)
AOC = Accidentally Oil Contaminated Sewer

MCS = Mercury Contaminated Sewer

WBD = Water Blowdown Drainage

it Wastewater Collection and Treatment Units
View Screen Display Units Waste Help notes Retumn

YLENE

Aeration

Clarifier

@ Bio-DAF

Clarifier

-

Bio-equalization tank
(2930-XC12)

Final basin

Bio-DAF

Storm DAF
(2930-ME5B)

|

Contact tank (2930-XC23)

~

9?‘ ==

K24 Flocculation tank Settling & sludge thickening zone
(2930-XC26) (2930-xC27)




VOCS EMISSION FROM COMBUSTION STACK & FLARE

Combustion stacks:

zj (@ x Cj x hy) (gls)

Flare:
Emissi kg Fl kg o« (Lav kcal o 3.9683 Btu o 0.14 lb o 0.45V0Cs 1kg
— _ X
TSI\ Tnonth eI yonth kg 1 keal 106 Btu TOCs 2.204 Ib
j = the VOCs emission sources C = the VOCs emission concentration of the source j
E; = the annual VOCs emission of the source j hj = the annual emission hours (8,760 times) of source j

Q= the flow rate of VOCs emission from the source j




RESULTS & DISCUSSIONS

EMISSION ESTIMATION




L
>
-
O
=
T
S
o
T
n
3
Z
O
7).
2
>
L

369
103
11

526

147

Total VOCs

Benzene

16
358

251

Xylenes




EMISSION RATE FROM FUGITIVE
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TOTALVOCS EMISSION FROM STORAGE TANKS

3000

3000

Total: 20,995 kg/yr.

IFRT
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BTX EMISSIONS FROM THE STORAGE TANK
U T

Emission and contribution of BTX from tanks (kg/yr)

7000 7000
3 6,007.92 kg
6000 = 6000
e
©
5000 g 5000 S
(@]
< 4,020.73 kg
4000 @ 4000 —
3,311.96 kg g
3000 5 3000
2,501.9 kg 2
€
(@]
2000 5 2000 TOP 3
© 87.56%
1000 2 1000
396.37 kg 2 j20.08 kg
Benzene Toluene Xylenes Benzene Toluene Xylenes
TKV-1 B TKV-2 mTKV-3 B TKV-4 u TKV-5 m TKV-6 u TKV-7 mTKV-8 ® TKV-9 TKV-1 mTKV-2 B TKV-3 mTKV-4 5 TKV-5 B TKV-6 u TKV-7 m TKV-8 ® TKV-9
mTKI-1 mTKI-2 mTKI-3 ~ TKI-4 mTKI-5 ®TKI-6 mTKI-7 =TKI-8 mTKI-9 mTKI-1 ®TKI-2 ®TKI-3 = TKI-4 mTKI-5 mTKI-6 mTKI-7 =TKI-8 =TKI-9

ETKI-10 8 TKI-11 m TK]-12 5 TKI-13 = TKI-14 m TKI-15 = TKI-16 ETKI-10 8 TKI-11 m TK|-12 5 TKI-13 = TKI-14 m TKI-15 = TKI-16



HOWTO REDUCE EMISSION FROM TANKS

e Changing or improving type of storage tanks
e Installation of recovery and treatment technology
e Improving the physical tank condition

e Management of loading / unloading activities from tanks




EMISSION RATE FROM
WASTEWATERTREATMENT UNIT

Emission rate (kg/yr.)
Sources

Total VOCs Benzene Toluene Xylenes

WASTEWATER >96% 17,366.88 1,242.85 477.45 15,632.73
A B -

AC @ WW 187.12 0.72 0.70 0.81

Flare of WW 97.88 1.49 16.36 1.68

WASTEWATER ——_ 20,369.10 2,540.78 827.75 17,018.35
_——
AC @ WW .9 3.67 0.86 0.85 1.96

Flare of WW
~a | &P
o Q D &
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EMISSION RATE FROM LOADING & UNLOADING

Years VOCs species Emission rate (kg/yr.)

2018 Total VOCs 39.97
Benzene 21.24
Toluene 0.67
Xylenes 1.55

2019 Total VOCs 495.90
Benzene 3.31
Toluene 60.63
Xylenes 2.04
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EMISSION RATE FROM FLARE

VOCs species Emission rate (kg/yr.)
2018 Total VOCs 3,094.98
Benzene 25.07
Toluene 15.51
Xylenes 0.62
2019 Total VOCs 38.84
Benzene 0.31
Toluene 0.062
Xylenes 0.0077
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EMISSION RATE FROM COMBUSTION STACKS @

Unit: kg/yr.

Emission rate (kg/yr.) and percent contribution

Stack ID Total VOCs Benzene Toluene Xylenes
Emission % Emission % Emission % Emission %
Feed
. . STK-1 13,282.2 10.8 55.3 0.9 54.4 1.2 72.58 1.8
Fractionation
Heavy Naphtha
. STK-2 7,539.1 6.1 81.4 1.4 908.1 19.9 110.36 2.8
Hydrotreating
CCR Platforming STK-3 24,801.8 20.2 294.1 5.0 289.2 6.3 400.68 10.0
Isomar STK-4 26,098.1 21.3 34.6 0.6 156.4 3.4 2,214.34 55.3
Tatory STK-5 21,916.8 17.9 312.3 5.3 87.4 1.9 121.26 3.0
STK-6 4,367.3 3.6 861.6 14.6 402.3 8.8 67.32 1.7
Aromatic STK-7 16,753.6 13.7 1651.1 27.9 471.2 10.3 114.54 2.9
Fractionation STK-8 6,427.5 5.2 2,613.8 44.2 2,174.5 47.7 796.46 19.9
STK-9 1,477.7 1.2 14.5 0.2 14.3 0.3 106.21 2.7
Total emission 122,664.1 100% 5,918.9 100% 4,557.7 100% 4,003.8 100%

o | JM_
et

E W




EMISSION RATE FROM COMBUSTION STACKS | =°°

Unit: kg/yr.

Emission rate (kg/yr.) and percent contribution

Stack ID Total VOCs Benzene Toluene Xylenes
Emission % Emission % Emission % Emission %
Feed Fractionation STK-1 1,850.79 4.3 53.5 1.2 52.6 3.1 121.3 6.7
Heavy Naphtha
. STK-2 4,518.86 10.4 90.0 2.0 88.4 5.1 203.8 11.2
Hydrotreating
CCR Platforming STK-3 20,391.19 46.9 310.4 6.7 305.1 17.8 703.1 38.7
Isomar STK-4 2,939.47 6.8 952.4 20.7 948.8 55.2 46.5 2.6
Tatory STK-5 3,285.54 7.6 71.0 1.5 69.8 4.1 160.8 8.8
STK-6 1,802.24 4.2 47.6 1.0 46.8 2.7 107.8 5.9
Aromatic STK-7 4,486.50 10.3 96.4 2.1 94.8 5.5 218.4 12.0
Fractionation STK-8 3,314.71 7.6 2391.6 52.0 100.4 5.8 231.4 12.7
STK-9 859.97 2.0 589.4 12.8 11.3 0.7 25.9 1.4
100% 1718.0 100% 1819.1 100%
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EMISSION RATE FROM COMBUSTION STACKS
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RESULTS & DISCUSSIONS

EMISSION INVENTORY




BENZENE EMISSION INVENTORY

Flare Flare
0% /0%

Fugitive Year 2018 Year 2019
Loading 1A"\ .
0% \ Fugitive 0.15 0.10
Storage tanks 2.53 4.05
Fug}ive S Combustion Wastewater 195 554
Loadingo_/ : 41% treatment unit ' '

Combustion 0% Loading/Unloading 0.021 0.0033
60% Combustion stack 5.92 4.60
Main flare 0.03 0.31

Total emission 9.90 11.62




TOLUENE EMISSION INVENTORY

Wastewater . Main flare

Fugitive 9% /‘ 0%

0%
Loading
0%

Combustion
80%

Main flare
0%

Fugitive
0% \/’,//
Loading
2%

Combustion
55%

Fugitive

Storage tanks
Wastewater treatment
unit
Loading/Unloading
Combustion stack
Main flare

Total emission

Year 2018
0.0158
0.65

0.50

0.00067
4.56
0.02
5.74

Year 2019
0.011
0.52

0.83

0.061
1.72
0.0000622
3.14




XYLENES EMISSION INVENTORY

Flare Flare Combustion
% | 8%

Emission inventory of xylenes
Sources (ton/year)

CariuEtsn Year 2018 Year 2019
17% Fugitive 0.36 0.25
Storage tanks 3.31 5.43
Log&i,ng Wastewater treatment unit 15.64 17.00
/ Loading/Unloading 0.0016 0.0020
\ Loading \\Fugitive Combustion stack 4.00 1.82
0% 1% Main flare 0.000619 0.000008
Fugitive Total emission 23.32 24.50

2%




RESULTS & DISCUSSIONS

EMISSION FACTORS




COMPARISON OF EMISSION FACTOR
OFTOTALVOCSWITH OTHER STUDIES.

Sources Activity data Emission factor Units
Crude oil and natural gas extraction Crude oil exploration 1.52752 ¥ 8times g-VOCs/kg product
Natural gas exploration 0.52 WV 8times
Petroleum refining Crude oil processing volume 1.822 V 28times
Methanol production 5.55P
Chemical raw material manufacturing  Benzene Production 0.55°
Synthesis ammonia 4.72°
Coating production Paint production 81.42 V' More than 50 times
Ink production Production of primary form plastic 50¢
This study Aromatics production 0.07
Combustion stack 0.033
Storage tanks 0.00030
Loading/Unloading 0.016
Fugitive 0.0000031




EMISSION
FACTOROFBTX

Emission factors

Substances Sources (2-VOCs/kg product)
Benzene Combustion 0.003474
Storage tanks 0.003058
Loading/Unloading 0.000002
Fugitive 0.000076
WWT 0.001918
Flare 0.000234
Emission factor for benzene 0.008763
Toluene Combustion 0.001299
Storage tanks 0.000393
Loading/Unloading 0.000046
Fugitive 0.000008
WWT 0.000627
Flare 0.00000
Emission factor for toluene 0.002373
Xylenes Combustion 0.001374
Storage tanks 0.004101
Loading/Unloading 0.000002
Fugitive 0.000189
WWT 0.012838
Flare 0.000000

" @ Emission factor for xylenes

0.01850




SOURCE CONTRIBUTION
OF THE EMISSION
FACTORS FORBTXIN
THE PETROCHEMICAL
INDUSTRY

.ﬁ.

0.02

0.02

0.01

0.01

0.00

Benzene Toluene

Combustion = Storage tanks ® Loading/Unloading = Fugitive

Xylenes
WWT = Flare
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