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Abstract : Mongolia is experiencing some of the world’s most serious air pollution problems. The air pollution is especially
severe during the winter when raw coal and low-grade fuels are used to heat homes in Ger villages. The impact of this pollution
has created significant health and socioeconomic challenges for the country. In order to mitigate this air pollution, this study
analyzed the fuel quality of the low-grade fuels and Mongolian waste cooking oils used in Ulaanbaatar, Mongolia. Then the
environmental characteristics of traditional stove combustion and a prototype combustion heating device were compared and
analyzed. In addition, the effect of replacing the heating devices was evaluated by analyzing their risks to humans. Analysis of the
fuel characteristics showed that briquettes had relatively low environmental properties as a result of their high ash, N and S
content. Also, after analyzing the combustion characteristics, it was found that the air quality improvement effect was higher
when waste cooking oil was burned compared to the three types of coal that were analyzed. Finally, this study evaluated the
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impact of replacing the Mongolia traditional stove with a prototype stove that uses waste cooking oil. The results of this study are
expected to help to mitigate the air quality problems currently observed in Ulaanbaatar, Mongolia.
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Figure 1. Coal briquette in Mongolia.
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Figure 2. Test location(Ger) in Siikhbaatar District, Mongolia
(47°58'36.7"N 106°55'50.0"E).



Figure 3. Prototype heating boilers (a) 1st prototype, (b) 2nd prototype.
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Figure 4. The coals sample from Mongolia (a) Baga nuur, (b) Nalaikh, (c)Tavan Tolgoi (Briquettes).
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Table 1. Test condition

Contents Spec.
Elemental Analyzer NA 1500(FISON Ins. Italy)
Column 2 m length, diameter 6 * 4 mm
Detector TCD(Thermal Conductivity
Detector)
Carrier Gas He Gas, 100 mL/min
Combustion Reactor Temp. 1,020 °C
Reaction Reactor Temp. 60 °C
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Figure 5. Measurement of air pollutants in Mongolia.

Table 2. Results of elemental analysis
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No. Sample C H (0] N S
1 Baga nuur 63.24 422 20.48 0.96 0.31
2 Coals Tavan Tolgoi 65.05 3.58 5.81 1.76 1.10
3 Nalaikh 63.88 4.39 21.74 1.16 1.33
4 Korea waste cooking oil 76.86 11.37 11.36 0.18 0.03
5 Mongolia waste cooking oil 75.45 9.92 13.55 0.21 0.12




Table 3. Results of proximate analysis and calorific value

No. Sample M A\ A F Hhv Lhv
1 Baga nuur 20.32 33.02 6.31 40.34 5,698 5,348
2 Coals Tavan Tolgoi 2.20 21.04 20.63 56.13 6,271 6,065
3 Nalaikh 17.53 34.21 7.20 41.06 5,755 5,413
4 Korea waste cooking oil 0.05 99.87 0.02 0.01 9,321 8,774
5 Mongolia waste cooking oil 0.06 98.34 0.50 0 8,931 8,395
M : Moisture, V : Volatile mater, A : Ash, F : Fixed Carbon
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Figure 6. Results of concentration for SO, and NOx (a) Baga nuur, (b) Tavan Tolgoi(Briquettes), (c) WCO.

&} 23%(Baga nuur, Tavan Tolgoi)S AR5}
AaEo] HiEEHE 7| ed=dE A
2} BA A= ot Figure 6-7°] UEFH It} Baga nuur A&t
2% 09l AL, At} 1489.0 ppm

NOx Concentration[ppm] NOx Concentration[ppm]

NOx Concentration[ppml

HAeRE AR g WA A9t B 4
= HAE G

1 O

710014
Az ZUESIG0H,



AGHeT W84S B WA A4 W B2 eoleEA g7)d AM Su. 27
(BT 13032 ppm)OE S L HES BYOM, Aol @ o £ BE $E2 HYOW, HEst ANH0R S5
o AP COSErt BAHOR F7het Aol Ukttt 20 ehdth NOx AL 1420 ppm(E 67.5 ppm)

Baga nuurgt d40] TE SO= A4l wet HAH o= 7+
45t FEAQ sE=FAE ERou, sk 140.9 ppm
(4t 60.3 ppm) 2.2 YEFF O™, NOx= FH5E 79.0 ppm(F
o+ 61.8 ppm) FFEOZ SO0 HI A= ThA W2 5EE B
t}. Z7§Eke] Tavan Tolgoigte] 7%, CO 5%} 9217.0 ppm
(B 4049.0 ppm)©.2 T|O =0 AL HW, I Yeloz
7] Ao a3 RJF7IE A3 CoOsrrt FASH A

317] wiZoleh. dart APH] wef, CoOse BFE A4
st QPESIE oW, BusEs 7P 2 AYE Btk

E35], Tavan Tolgoi¥r-2 AL EH|CL COBEE7 o] B34
o2 WEYr ol WA B4 A4zl BRT 4
9l /M7 B EA ok 20|, olo] whe HAF
dmragel Ao 2 hEos HAEL SosEL
Ho 5X7F 352.0 ppm(F 140.9 ppm) S 2 Baga nuutro] H]

PN

/\

I

O 2 Baga nuuto] H|5f| thd =2 &
oz ;(.1:.}\—]1‘5_]-1} Z7HE]—4 ﬂﬁ\_/\] 7&34__1: uHo ‘:’O]'X‘]%]—Oﬂ
on, AA o] FA & AHE&st= A=2E FHIEC] HHlELtolA
Hag 34, CO 5 & °1Xﬂ°ﬂ foligt Yol d3s] EA
A0 & AtzHr).
v 3= HA8RE Yt
83.0 ppm(BT 64.2 ppm) L& At o
L5 H3lon, SO, HskE 13.0 ppm(Ft 4.0 ppm), NO,
= %7t 21.0 ppm(Bt 18.9 ppm) O & A O 2 HiE
He d79Ed 27 Wl W2 AS gkl
HALER AR AF)ol et I LA9=Ed sEE
83]o] AA A4S skl en, 1 A= ofef Table 42F 2
ot AT wi7tA W O, sEs Th T4 Ao= UE
U, sk 109%E Hol 12} Ao vls) dizxzdo] A

£ ueppglct HAH

S}
=1

A co= FHdlsErt
Hls) 53] W2 &

[
o

= 1200 =
g -©-CO -©-02 ——CO2 S
2 £
= 1000 ]
g 15 g
g 3
£ 800 5
g S
g 600 10 &
o o
o 2
] o
400 5 S
200
0 0
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101106
Time
(@)
10000 20
-©-CO -©-02 ~CO2
9000 18
8000 16
= S
% 7000 14
£ 6000 1 £
] g
£ 5000 10 g
= =3
8 <
g 4000 8 &
&} == &}
o 3000 6
S b
2000 4 ©
1000 2
0 0
1 13 25 37 49 61 73 85 97 109121133145157169181193 205217229241253265277 289301
Time
25
20 _,
73 s
£ 15 £
g g
g S
; 10 &'
o &}
o %
) <
S

4

1 14 27 40 53 66 79 92 1051181311441571

73

70183196209222235248261274287300313326 339352
Time

©

Figure 7. Results of concentration for CO, CO, and O; (a) Baga nuur, (b) Tavan Tolgoi(Briquettes), (c) WCO.
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Table 4. Results of air pollutants for 2™ prototype

Table 5. The respiratory rate

0O, CO, CO NOX Breathing rate Indoor at In orneara | Other outdoor
No. % ppm (m’day™) home vehicle locations
1 12.4 4.7 8.0 70.0 Children 12.5 14.0 18.7
2 10.9 5.6 10.0 _ Adults 13.8 15.5 20.5
3 95 6.2 30.0 - Elderly 13.1 14.8 19.5
4 11.1 5.6 11.0 -
5 12.0 4.9 7.0 - Table 6. Characteristics of each stove used IF value
6 10.7 5.6 23.0 54.0 Temp. | Diameter | Flow rate Flux
Contents . = ]
7 10.6 5.7 24.0 55.0 C mm ms m’ min
8 9.6 6.2 31.0 67.0 Traditional stove | 200 150 7.0 16.9
Avg. 10.9 5.6 18.0 61.5 Prototype stove | 150 10.3 12.8
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Table 7. Human exposure reduction rate by indoor breathing rate

IF value scenario

Contents
0% 10% 30% 50% 75% 100%
Traditional stove 270.0 243.0 189.0 135.0 67.5 0
Prototype stove 0 20.4 61.2 102.0 153.0 204.0
Total 270.0 263.4 250.2 237.0 220.5 204.0
Human exposure reduction ) 24 73 122 183 245
rate (%)
Table 8. Human exposure reduction rate by outdoor breathing rate
IF value scenario
Contents
0% 10% 30% 50% 75% 100%
Traditional stove 401.2 361.0 361.0 200.6 100.3 -
Prototype stove - 30.3 90.9 151.5 227.3 303.0
Total 401.2 391.3 371.7 352.1 327.5 303.0
Human exposure reduction ) 24 73 122 133 245
rate(%)
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