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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

+ soil dust



PM2.5 concentration in Ulaanbaatar



SO2 concentration in Ulaanbaatar



NO2 concentration in Ulaanbaatar



O3 concentration in Ulaanbaatar



Ulaanbaatar, Mongolia:  PM2.5 ~106 мкг/м3 (average of 142 samples ), 2014-2016
Beijing, China: PM2.5 ~135 мкг/м3 (average of 121 samples ), 2009-2010
Tokyo, Japan:PM2.5 = 15 мкг/м3 (average of 102 stations measurement),

Comparison of PM composition in different cities



Emission inventory in 
Mongolia



Emission inventory

• Source categories
• Anthropogenic sources

• Combustion sources
• Mobile sources
• Industrial sources
• Agricultural sources

• Natural sources
• Forest fire

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



Emission inventory

• Sources of emission factors
• Emission measurement data (JICA project)
• EMEP/EEA Air pollutant emission inventory guidebook 2016
• USEPA AP42
• GAP forum manual
• IPCC Guidelines



VOCs emission inventory
• Combustion sources

• TPP, HOBs, stoves
• Mobile sources

• Vehicles, trains  
• Road construction
• Mining

• Coal mining, iron processing  
• Others 

• Food processing industries
• Paint applications
• Printing 
• Organic solvent production 
• Usage of domestic solvent containing products
• Waste disposal 



VOCs measurement in 
Mongolia



VOCs measurements

• National university of Mongolia
• Compounds: BTEX
• Equipment: Sorbent tube(activated carbon)/GC PID

• Green crown LLC /
• Compounds: BTEX
• Equipment: Sorbent tube(activated carbon)/GC

• EANET VOCs Project 
• Compounds: up to 100 VOCs
• Equipment: Active and passive sampler (Samples are 

collected at three different sites using two different 
method)

• Case study of Ewha Woman’s University
• Compounds: 34 VOCs
• Equipment: Online measurement of VOCs



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

Source: Micheel .S, National university of Mongolia



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.

• Ministerial Orders:

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

o 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 in 

ambient/indoor air as well as in stack
• To improve capacity building/human resources
• QA/QC



Outlook 

• VOCs measurement
• New GC system 

(TDGCMS Agilent 8890 GC 
system)

• New Samplers
• PAH measurement

• New GC system (Agilent 
5977C GCMSD system)

• New Samplers

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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Aromatics  

process B T X

UPSTREAM INTERMEDIATE

DOWNSTREAM

Why Are Petrochemicals Important?
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Feed 
Preparation

Reforming 
Section

Tatory Unit

Sulfolane Unit

Aromatics 
Fractionation Unit

Parex Unit

Isomar 
Unit

Aromatic production processes

Full ranged
Condensate (FRC) 

/Naphtha

Benzene
Toluene

P-xylene

O-xylene

Reforming Process Aromatic Process

Olefin Reduction 
Process

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

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

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

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

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

separate para-xylene from 
other xylene isomers by using 
selective adsorption.

separate light reformate mixture  
into benzene and toluene.
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VOCs emissions sources from petrochemical industry

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



▪ Emission estimation
▪ Spatial distribution & concentration
▪ Risk assessment
▪ Mitigation measures analysis

METHODOLOGY
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PTT GLOBAL CHEMICAL COMPANY LIMITED
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AROMATIC 2 PLANT
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OVERVIEW OF
PLANT BOUNDARY

12°45’18.0” N, 101°10’02.5” E. 



The locations of  VOCs 
emission source from

the petrochemical plant
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Toluene
Benzene

Xylenes

Target VOCs



EMISSION ESTIMATION
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METHODOLOGY FOR
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Data collection and analysis (emission estimation)

Sources Methods

Process fugitive 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 (TANKs 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
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VOCS EMISSION FROM FUGITIVE

Measured by PID to total VOC
↓

EPA AP-42 Method21
(Correlation equation)

↓

x composition (%capacity)
↓

Emission rate 

Total VOC 100 ppm

Para-Xylene
68%

Benzene
28%

Toluene 3% Ortho-xylene 1%

Capacity
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Equipment type

Default zero 

emission rate

(kg/hr./item)

Pegged emission rates

(kg/hr./item)

Correlations

(kg/hr./item)

Gas/vapor valve 0.00000066 0.11 = 1.87 x 10-6 x(SV)0.873

Light liquid valve 0.00000049 0.15 = 6.41 x 10-6 x (SV)0.797

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)0.824

Pressure relief valve 0.0000075 0.62 = 1.90 x 10-5 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)0.885

Notes: screening value = SV, kg/hr./source = kilograms TOC per hour per source.
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VOCS EMISSION FROM STORAGE  TANK

Vertical Floating Roof Tank

Internal Floating Roof Tank

https://www3.epa.gov/ttnchie1/software/tanks/

% composition & characteristics
↓

TANK4 v.4.0.9d
↓

x VRU efficiency
↓

Emission rate 

Measurement
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Vertical Fixed Roof Tank Internal Floating Roof Tank

Example of tank characteristics in TANK4
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VOCS EMISSION FROM WASTEWATER TREATMENT UNIT

Direct measurement
↓

WATER9 V.3.0.0
↓

Emission rate

Measurement

Benzene
Toluene

Total xylene

Parameters
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OWS, COWS

Equalization tank
(2930-TK15/16)

CPI
(2930-ME1)

DNF
(2930-ME5A)

Steam stripper feed tank
(2930-TK2)

Holding Basin (2930-
XC10A/B/C)

Storm CPI
(2930-ME2)

Storm DAF
(2930-ME5B)

POC & AOC

Hg treatment 
package

(2930-ME4B)

Sour water 
stripper

Hg treated SSW tank
(2930-TK74)

Condensate tank

Hg sump pit
(2930-XC82)

Hg surge tank
(2930-TK80)

Hg treatment 
package

(2930-ME4A)
Hg treated water tank

(2930-TK81)

Aeration tanks
(2930-ME12A/B)

Clarifier package
(2930-ME15A/B)

Bio-DAF
(2930-ME101A/B)

Final basin
(2930-XC20)

Off-spec water 
sending to XC10

To outside 
plant

Desalter water & Hg 
treated water 

Coagulation tank
(2930-TK25)

Contact tank
(2930-XC23)

Flocculation tank
(2930-XC26)

Settling & sludge thickening zone
(2930-XC27)

Recycled sludge

Sanitary sewer 
water from pre-
treating system

Sewage caustic treatment tank
(2930-TK13)

Recovery oil tank
(2930-TK14)

Desalter CPI
(2930-TK20)

Desalter DGF
(2930-ME138)

Sludge sump

Decanter
(2930-ME151)

Sludge collection sump
(2930-XC19)

Work drainage sump
(2930-XC21)

Thickener package
(2930-ME23)

Belt press filter
(2930-ME102)

Waste 
disposal

Waste 
disposal

O
i
l

Bio-equalization tank
(2930-XC12)

ETP

New ETP

Bio-equalization tank
(2930-XC12)

Storm DAF
(2930-ME5B)

TK24

Aeration

Aeration

Clarifier

Clarifier

Bio-DAF

Bio-DAF

Final basin

Contact tank (2930-XC23)

Flocculation tank
(2930-XC26)

Settling & sludge thickening zone
(2930-XC27)

*ผลการตรวจวดัตวัอยา่งน ้าเสยี 1 ครัง้ต่อีี

VOCS EMISSION FROM WASTEWATER TREATMENT UNIT (cont.)

CWS = Clean Water Sewer
OWS = Oily Water Sewer (น ้าีนเี้ือนน ้ามนัจากกระบวนการผลติ)
COWS = Closed Oily Water Sewer
POC = Potentially Oil Contaminated Sewer (น ้าจากการลา้งพืน้และท าความสะอาดอุี กรณ์)
AOC = Accidentally Oil Contaminated Sewer
MCS = Mercury Contaminated Sewer
WBD = Water Blowdown Drainage
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VOCS EMISSION FROM COMBUSTION STACK & FLARE

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛
𝑘𝑔

𝑚𝑜𝑛𝑡ℎ
= 𝐹𝑙𝑎𝑟𝑒 𝑔𝑎𝑠

𝑘𝑔

𝑀𝑜𝑛𝑡ℎ
× LHV

kcal

𝑘𝑔
 ×

3.9683 𝐵𝑡𝑢

1 𝑘𝑐𝑎𝑙
×

0.14 𝑙𝑏

106 𝐵𝑡𝑢
 ×

0.45 𝑉𝑂𝐶𝑠

𝑇𝑂𝐶𝑠
 ×

1 𝑘𝑔

2.204 𝑙𝑏

෍
j
(Qj × Cj × hj) (g/s)

Combustion stacks:

Flare:

j = the VOCs emission sources
Ej = the annual VOCs emission of the source j
Qj = the flow rate of VOCs emission from the source j

Cj = the VOCs emission concentration of the source j
hj = the annual emission hours (8,760 times) of source j 



EMISSION ESTIMATION
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RESULTS & DISCUSSIONS



EMISSION RATE FROM FUGITIVE
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VOCs
Emission rate (kg/yr.)

Year 2018 Year 2019

Total VOCs 526 369

Benzene 147 103

Toluene 16 11

Xylenes 358 251

2

1

3
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EMISSION RATE FROM FUGITIVE

More than 90% 

of the total equipment

< <

> >Liquid valves are the key potential fugitive source.



TOTAL VOCS EMISSION FROM STORAGE TANKS
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Total: 13,025 kg/yr. Total: 20,995 kg/yr. TOP 5
54%

TOP 5
41%



BTX EMISSIONS FROM  THE STORAGE TANK
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2018 2019

2,501.9 kg

396.37 kg

3,311.96 kg

4,020.73 kg 

TOP 5

90.59% 

520.08 kg

6,007.92 kg

TOP 3

87.56% 

TOP 3

73.49% 



HOW TO REDUCE EMISSION FROM  TANKS

● Changing or improving type of storage tanks

● Installation of recovery and treatment technology

● Improving the physical tank condition

● Management of loading / unloading activities from tanks

28
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EMISSION RATE FROM
WASTEWATER TREATMENT UNIT

Sources
Emission rate (kg/yr.)

Total VOCs Benzene Toluene Xylenes
Year 2018

WASTEWATER 17,366.88 1,242.85 477.45 15,632.73
AC @ WW 187.12 0.72 0.70 0.81
Flare of WW 97.88 1.49 16.36 1.68

Year 2019
WASTEWATER 20,369.10 2,540.78 827.75 17,018.35
AC @ WW 3.67 0.86 0.85 1.96
Flare of WW 6.31 1.49 1.46 3.37

< 5%

>96%

>96%



BTX CONTRIBUTION FROM A UNIT IN WWT
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46%

56%

38%
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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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Years 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

EMISSION RATE FROM FLARE
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EMISSION RATE FROM COMBUSTION STACKS

Unit Stack ID

Emission rate (kg/yr.) and percent contribution

Total VOCs Benzene Toluene Xylenes

Emission % Emission % Emission % Emission %

Feed 

Fractionation
STK-1 13,282.2 10.8 55.3 0.9 54.4 1.2 72.58 1.8

Heavy Naphtha 

Hydrotreating
STK-2 7,539.1 6.1 81.4 1.4 908.1 19.9 110.36 2.8

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

Aromatic 

Fractionation

STK-6 4,367.3 3.6 861.6 14.6 402.3 8.8 67.32 1.7

STK-7 16,753.6 13.7 1651.1 27.9 471.2 10.3 114.54 2.9

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%

2018
Unit: kg/yr.
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Unit Stack ID

Emission rate (kg/yr.) and percent contribution

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 

Hydrotreating
STK-2 4,518.86 10.4 90.0 2.0 88.4 5.1 203.8 11.2

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

Aromatic 

Fractionation

STK-6 1,802.24 4.2 47.6 1.0 46.8 2.7 107.8 5.9

STK-7 4,486.50 10.3 96.4 2.1 94.8 5.5 218.4 12.0

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

Total emission 43,449.27 100% 4602.3 100% 1718.0 100% 1819.1 100%

2019

Unit: kg/yr.EMISSION RATE FROM COMBUSTION STACKS
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2018 2019

Combustion
60%

Tanks
26%

Loading
0%

Fugitive
1%

Wastewater
13%

Flare
0%

Combustion
41%

Tanks
36%

Loading
0%

Fugitive
1%

Wastewater
22%

Flare
0% Sources

Emission Inventory of benzene 

(ton/year)

Year 2018 Year 2019

Fugitive 0.15 0.10

Storage tanks 2.53 4.05

Wastewater 

treatment unit
1.25 2.54

Loading/Unloading 0.021 0.0033

Combustion stack 5.92 4.60

Main flare 0.03 0.31

Total emission 9.90 11.62
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Tanks
17%

Loading
2%

Fugitive
0%

Wastewater
26%

Main flare 
0%

Sources

Emission Inventory of toluene 

(ton/year)
Year 2018 Year 2019

Fugitive 0.0158 0.011

Storage tanks 0.65 0.52

Wastewater treatment 

unit
0.50 0.83

Loading/Unloading 0.00067 0.061

Combustion stack 4.56 1.72

Main flare 0.02 0.0000622

Total emission 5.74 3.14

2018 2019
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Sources

Emission inventory of xylenes 

(ton/year)

Year 2018 Year 2019

Fugitive 0.36 0.25

Storage tanks 3.31 5.43

Wastewater treatment unit 15.64 17.00

Loading/Unloading 0.0016 0.0020

Combustion stack 4.00 1.82

Main flare 0.000619 0.000008

Total emission 23.32 24.50

Combustion
17%

tanks
14%

Loading
0%

Fugitive
2%

Wastewater 
67%

Flare
0%

Combustion
8%

tanks
22%

Loading
0%

Fugitive
1%

Wastewater 
69%

Flare
0%

2018 2019
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COMPARISON OF EMISSION FACTOR 
OF TOTAL VOCS WITH OTHER STUDIES.

Sources Activity data Emission factor Units

Crude oil and natural gas extraction Crude oil exploration 1.5275 a g-VOCs/kg product

Natural gas exploration 0.5 a

Petroleum refining Crude oil processing volume 1.82 a

Methanol production 5.55b

Chemical raw material manufacturing Benzene Production 0.55b

Synthesis ammonia 4.72 a

Coating production Paint production 81.4 a

Ink production Production of primary form plastic 50 c

This study Aromatics production

    Combustion stack

    Storage tanks

    Loading/Unloading

    Fugitive 

    WWT

0.07

0.033

0.00030

0.016

0.0000031

0.015

8 times 

28 times 

8 times 

More than 50 times 

41
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Substances Sources
Emission factors

(g-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
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