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Estimation of Fugitive Emission of Organic Hazardous
Air Pollutants from Oil Refinery Industry
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Abstract

Hazardous air pollutants emitted from the oil refinery plant were surveyed from 1993 US and 2005 Korean TRI
data. Toluene, xylene, methanol, MTBE and n-hexane, relatively large in amount of fugitive emission, are con-

sidered as candidates of newly designated HAPs in Korea. The sealed oil pump, one of equipments among fugitive

sources in the crude oil distillation tower was examined for the estimation of amounts of annual HAPs emissions

according to several calculation methods using registered emission factors. Emission rates showed to be decreased

with following calculation factors; average emission factor> pegged emission factor > concentration emission

factor > correlation equation. Annual emission amounts of benzene, toluene, xylene, ethyl benzene and nhexane
from the distillation tower were estimated and amounts of these HAPs calculated with TVOC concentrations ob-
tained from LDAR program and correlation equations showed only 6% of those from using concentration factors.
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Table 1. Classification of process and facilities in petroleum and chemical manufacturing industries.

Categories Specific categories

Equipments or facilities

Storage facility

Storage tanks, silos, open-air yards

Transferring Piping systems

Valves, pump seals, flanges, RSV seals, compressor seals, sampling
connectors, open ended lines

system . .
Y Carrying vessels Tank lorries, tank cars, drums, cans
Mixing process Mixing more than two immiscible chemicals; physical mixture
Reaction process Chemical mixtures
Coating process Printing, dyeing, coating
. Heat-treating process Calcination, sintering, drying, casting, heating, vaporization
Manufacturing cating p ! ng, drying g g, vap

Bleaching process Degreasing, bleaching, washing

process

Separating process
Mechanical processing
Assembly and packaging
Recycling process

Separating, purifying, distilling, extraction
Pressing, cracking, grinding, cutting
Assembly, packaging, subdividing
Recycling

Air treatment

Pollution prevention

Selective catalytic reactor, bag filter, activated carbon tower,
adsorption tower, cyclone

Titration, screening, membrane, activated sludge tank, precipitation,

facilities Wastewater treatment . .
biological treatment
Wastes treatment Incinarator, landfill
Stormwater Rain

Abnormal operation

Shutdown for cleaning, repairing, accidents

leum refinery)ofl A= AR o=z L) AEE X‘]
A3b= A A (storage facility)3} o] E5& 2 &
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Table 2. Emission data from the 2005 Korean TRI report on A petroleum refinery.

Air emission (kg/yr)

Source categories Subtotal (kg/yr) o
Point Fugitive
Storage facility 0 117,753 117,753 18.0
Transferring system 0 123,624 123,624 19.0
Mixing process 0 1,531 1,531 0.2
Chemical reaction process 0 46,026 46,026 7.0
Separation and purification process 0 350,929 350,929 53.7
Other process 0 5,957 5,957 0.9
Air pollution prevention facilities 6,789 0 6,789 1.0
Wastewater treatment facilities 0 199 199 0.0
Wastes treatment 0 0 0 0.0
Abnormal operation 0 1,627 1,627 0.2
Total 6,789 647,646 654,435 100.0
Table 3. 2005 TRI report of A refinery and HAPs.
Chemicals in 2005 Emission (%) Korean USEPA Japanese Germany
TRI report of A refinery 35 HAPs HAPs HAPs HAPs
o,m, p-Xylene 13.4 e} @) o
Toluene 12.6 0] @) o
Benzene 9.1 o) o) 0 [0)
Butane 7.4
MTBE 6.4 o o]
Ethylene 6.0 o}
1-Butene 55
1,3-Butadiene 5.5 (e} o} [e] o)
Propylene 54
n-Hexane 53 o) e}
Cyclohexane 49
Naphtha 4.4
Methanol 3.6 o ¢}
Hydrogen sulfide 2.7 o]
Ammonia 2.5
Styrene 24 ] o o e}
Cyclohexyl amine 0.9
Ethyl benzene 0.7 ®) o o) (e}
Carbon oxide 0.7
2-Methoxy ethanol 0.2
Acetylene 0.2
Trichloroethylene 0.1 o o
N,N-Dimethyl formamide ~0.0 e} @)
Furfural ~0.0
Dimethyl disulfide ~0.0
Sulfur ~0.0
oM A4 35747 HAPse] aﬂ%&% sorg 4 al eluie} (35%), 15 (188%), Ue (234%) 3& 5
o B 38 ZU A AGA} B Bd 200 (17404 A1 A& HAPsel| dli93l= 24 7%
dx TRIS] ZF}25E HH%%“] e 24 4525 Oz yehfiddet o] ®ollA & 4= el BHAPE
dedslgled S 3 AN wEE 2 b BIY TRIIMY 22D F 9 S44097)
$HE 5 % 29BN APaE AL Ke AYA ke

Rl Aot} o}g3 TRIGA B 1E

= 7187

337 A 24 A2
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Table 4. Top 21 VOCs in 1993 TRI report of US oil refineries (kg/year).
VOCs Faciliies | ugitive Point Total Average  USHApPs  forean
emission sources TRI
Toluene 146 2,920,599 11,438,505 14,359,104 98,350 o A
Ethyl benzene 139 428,208 1,897,447 2,325,655 16,731 (¢] A
Xylene (Mixed isomer) 136 1,644,927 658,812 2,303,740 16,939 o A
Propylene 106 1,589,349 516,338 2,105,687 19,865 A
Methy! ethyl ketone 15 1,970,246 113,424 2,083,670 138,911 o A
Benzene 153 1,374,163 550,885 1,925,048 12,582 e} Q
Methanol 56 149,070 953,164 1,102,234 19,683 o A
Methyl ter-butyl ether 66 215,401 832,513 1,047,914 15,877 ] A
Ethylene 91 535,692 205,496 741,188 8,145 A
Cyclohexane 125 440,882 216,631 657,513 5,260 A
Tert-butyl alcohol 5 9,140 30,960 401,000 8,020
1,2,4-Trimethyl benzene 116 290,771 107,888 398,659 3,437
Cumene 48 216,744 29,943 246,687 5,139 o}
Naphthalene 76 158,482 22,585 181,067 2,382 o A
1,3-Butadiene 57 87,043 46,562 133,604 2,344 o] A
Dichlorodifucromethane 6 88,380 0 88,380 14,730
1,1,1-trichloroethane 38 74,383 232 74,615 1,964
Ethylene oxide 1 67,950 181 68,131 68,131 e} e}
Syrene 6 68,360 1,712 70,073 11,679 [e] A
Phenol 48 6,030 59,487 65,517 1,365 @) A
Diethano! amine 44 26,612 127 26,739 608 )

vl%2] HAPsell sigsts 242 11714, 48
HAPs: 127}R], 5 HAPs: 771A)7} sls=E 1 3}
o $2luete] MfAAI4el Hgk HAPs XA A48
o8 F7le) wls A4 A2 ez el o
A SeuRt Al FF A A 9] w2
t &4l g HAPs XA g7l daog Ro=
Ata = g

= 4% vF9 TRIA =7 A9 & %, 1993
=9 a5 W 1467) A iAo 7] Foz wiE

T A7 B F T B £o2 2159
A el A o]t} (US EPA, 1993). o] 2184
#7144 VOC % m]52] HAPsel #ld3l= £4(0)
I+ gelvtete] TRIACIA] Badidfe] H& E4 (O:
Fgael 18/ odel FFEA, A 108/ o4
Q #E)E A debliglek o] =elA v
AR A Aol 2A TRIAHS] 21 4 F 14714
7} ml=-2] HAPsell swabar, $-eluete] TRI 2A
el sigshe B2 1554E¢ & 5 o g
A Seuete] 79 MR LM EHE B8
A FolME Hlw wjEee] wWolx TRIAS =
At B sl gabA] odr] WEel el
HAPs2 7|45 o] Qx Bdolets, 2 wl&axs A

§ 248 4 gt H9HEYo| YA W 29D B
CERER RIQECLE REIRREERE LR
& 5 4 QT o] AL mSrolut Aol HAPs
2 ARHT 9o} Sl E o9} B F o)
N AHHZ S HAPss] A Holx TRIo]
NSl 2AA 202 ARl ok Fol wheHE A
o2 gAY,

obe# $eluiele] MM zolE WZakol B
& 59t84 %, AYdl, BF, MTBE, n-al4, vt
goll HaHE HAPsS] 371 AAo] wlgAE Ao
2 Aagd

2.3 H|H¥ HAPs dijE2 MY

A S AfFzelA d7] Foz wjE2H: 2t
AL & 29| TRI RTXMM & £ glKe] givg
R v Eelet itk w8 AfadlM wEFE
st el IR fr1sEoles AH
ol A Wi EFol B2 HAPs= FUA f7]3¢tE=
FAE, AR 2ol M HAPs wi&3E AR}
7] $1EA E BA Y &l A o] wiEEF A o] F
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Table 5. Emission factors for fugitive emission sources (kg/hr/source).

Pegged emission rates

Concentration emission factors

Average
Equipment type Service emeSi("n >10,000  <10,000 0~1,000 1,001~10,000 >10,000
actors ppm ppm ppm ppm ppm
Gas 0.0268 0.2626 0.0006 0.00014 0.00165 0.04510
Gas valves Light liquid 0.0109 0.0852 0.0017 0.00028 0.00963 0.08520
Heavy liquid ~ 0.00023 0.00023 0.00023 0.00023 0.00023 0.00023
Pump seals Light liquid 0.114 0.437 0.0120 0.00198 0.03350 0.43700
P Heavy liquid ~ 0.021 0.3885 0.0135 0.00380 0.09260 0.38850
Compressor seals Gas/Vapor 0.636 1.608 0.0894 0.01132 0.26400 1.70800
Pressure relief valves Gas/Vapor 0.16 1.691 0.0447 0.01140 0.27900 1.69100
Connectors (inc. flanges) All 0.00025 0.0375 0.00006 0.00002 0.00875 0.03750
Open-ended lines All 0.0023 0.01195 0.00150 0.00013 0.00876 0.01195
Sampling connections All 0.0150
Process drains All 0.0317

Table 6. Emission factors for correlation eqaution met-

Table 7. Equipments in the 1st distillation tower in A re-

hod (kg/hr/source). finery.
Equipment Service Correlation Default zero Equipment type Quantity

type equation emission rate Gas valves 36
Valve All 228x107°C%™  78x107° Pump seals 4
Pump All 4.82x107C™0 2.4x107° Compressor seals 1
Connector All 1.51x107CY™ 7.49% 1073 Pressure relief valves 1
Flange All 444%107°C""  3.1% 107 Connectors (inc. flanges) 35
Open-ended line Al 220x10°°C%™  20x107° Open-ended lines 18
Other All 132x10°C%  40x10™ Sampling connections 3
Process drains 7

At & Al M 2> oz ARGE

S 9ok 2, o Aol BF &S Athe] He
Al Wl HAPS A89) &) i
A EAe WRE AH) o] B2t S9E %
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= 59 vehd vie} 2 Wi EASE oS3
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Ll

o

w2 g A A e RSl Hg
A FolH, 27| ol &A 4 (pegged emi-
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)
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ssion rates)= Z3]A] $-7]3)}3HE- (total volatile or-
ganic compounds, TVOC) &4 7]0)] 2]a] FZH A2
&e] 10,000 ppm o)A4HE Y= A9k 10,000
ppm #lEhE vepll ARz Pl wEASE
Hedng 3 ok Tl ST w2 AAe
Az} 0~ 1,000 ppm, 1,001~ 10,000 ppm, 10,000 ppm
zojehe Az FEsle 47} l2AS) e
k.

22o] ) 444AAF FAME LDAR 5 =

mlo

£ rEAAAgel Sx Al de 59718 &
¥RE skl Selshe Zzade APAIIE

Fx gleir, of Ao Zh A ] HAPs Wi &3S
v wAd A AT 4 A Hdo = 62 7
Aol A FEEE TVOC 3 =2 8E 7zt HAPs A&
o] 245 AdaAAe e Aow 2XH 5
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Table 8. TVOC concentration measured at one of sealed pumps used in the 1st distillation tower in A refinery.

Equipment 1D LSP000746 TAG ID 1000830
Basic information Equipment type Pump ERP CODE 15101
Subcategory Single seal Capacity 416m'h
G avhical information Process No. 1 process Unit No. 1 crude unit
eographic rmatio Site ID CO, 8H PPSS SCP-11 Operation time/day 24 hours, continuous
Measurement information Insulation None Repairing method Periodical
easu ano Control con. 500 ppm Measured conc. 8.35ppm

=2 ol Wyaia o AL A7 M2 o
4 oleh JR) o] AMFANE o8 AS &
B3tel 022 A = 04 WEFE A=
% sk gleh

3. ARy o7

3.1 &3 o4 HAPs2l ull&¢
2 A7 AWAeR AfAlM FEHeE
g 43l 2 /A Rkl ds) S A A
A el gl MRAAAA F 3 Sl (A A
FANAM AHEE T Sl viAE EY 5 g
e ekslA], oF57), EAA), WA W AR
A A HZ ul Z(fugitive emission)H &= o] &
Azt MEFE M R ARl et
$A i Eg A diAbe] =
HAPs JFo 2% FjelA] HAPs® AAFHI gl
HA gl 28]l S oF HAPsZ
AR A AN S=ellA] oju] HAPsz A
AR glow =i wWiEYgs W BFd, Add
9 n-dllato g sigirh SAviate] ® AARS A1
5 Al e o = 7o) Jepd H}Q} 72 49
AR 7L AHEE I dsler, o] FAR el | AR
Al1Z25ee)] sl LDAR =g 38 AAshg
AN ZFeel FaAE] e & 79 ARl 9] v
Ak ﬁﬂf%i o] R F o, A AL Y o=
A M= S o] A% APH T gl

3.2 H|H &S HAPs dilE=2 X

zt B A W& F, A% Aol HA= Thermo
ElectronA}2] TVA 100B &34 571338 &4
71 o]-&3ted TRI A Aol =AJg wiwel] me} v
Al 20 HEeeE %0 = 82 8d ¥

Table 9. HAPs flowed in the pump monitored by LDAR.

Material in pump: Crude oil

Constituents wt%
Benzene 043
Ethyl benzene 0.61
Toluene 1.28
n-Hexane 478
o-Xylene 0.16
p-Xylene 0.40
m-Xylene 0.97

Zo M =4 A2 Jehd 7oz LDAR ZA,
£, A (sea)d] 4, FHEY TR [UFE L F
Az So| BAIFe] it o] 2RE A3
HAZoA WEHE TVOC ¥x¢ &-ZA77) 8.35
ppmyE o 4 9ot

3.3 H|H ulE2oliMe HAPs dfE

£89 24 A % Y= 4o B2t 24 4

2 EA4317] 98 AR B.f-3F Agilient 6890 GC
§ AHgstel vz A 4 ARe) g B4

et £ ARS-E A2 100m PIONA ZH o
Jz_zi% A% AlzAre] Agrel 2 274
J . 0 21 A 1jehy) Aoz o
Jz_xggi € 177} B2 AR diMe =5
2/4& HAPs W& Al o] g3lglen, 24
9E gH7} T2 AR e 22 4y
o2 Agg AFsld 2L GC ¥AzNom 54

et ol & Am2NE A1ZFEE A= gle
7tz AA]e)] th3t HAPs Z, HlAl, B3¢l p-Ated 4,
AW 7 n-dAtell W wEEE FFwEAs,

F21E W E3AS, R EA s D ARRA wE
A5E o) g3te] A3

= 100) FAdge] & A = 82 A1 FFdell
A AHEE 3 9l & P2 HAPs & da] ¢
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Table 10. Estimation of annual HAPs emissions from a sealed pump equiped in the 1st distillation tower at A refinery.

A
emissli];:?ll(g/yr) Benzene Toluene o-Xylene m-Xylene p-Xylene  Ethylbenzene  n-Hexane
Average factor 4.294 12.783 1.598 9.687 3.995 6.092 47.735
Pegged factor 0.452 1.346 0.168 1.020 0.420 0.641 5.025
Concentration 0.075 0.222 0.028 0.168 0.069 0.106 0.829
factor
Correlation  (kg/yr) 0.007 0.020 0.003 0.015 0.002 0.009 0.074
factor (kg/hr) 7.57x 1077 2253x 107 282x107  1.707x107%  2.82x1077 1.074%x 10 8.413x 107
*Average emission factor: 0.114 kg/hr/source
*Pegged emission factor (< 10,000 ppm): 0.0120 kg/hr/source
*Concentration emission factor (0~ 1,000 ppm): 0.00198 kg/hr/source
*Correlation equation factor: 0.00 kg/hr (this pump).
Table 11. Estimation of annual HAPs emissions from the 1st distillation tower at A refinery.
Annual Ben Toluen Xyl Xyl Xyl Ethyl b H
emission (kg/yr) enzene oluene 0-Xylene m-Xylene p-Xylene yl benzene n-Hexane
Average factor 73.884 219.933 27.492 166.668 68.729 104.812 821.314
Pegged factor 20.314 60.471 7.559 45.825 18.897 28.818 225.820
Concentration factor 11.702 34.834 4.354 26.397 10.886 16.600 130.082
Correlation factor 0.696 2.072 0.259 1.570 0.648 0.988 7.738

A A 23 AE o)A odgke o AHSH =
WEA5 5, 2] HFulEA S 0.114kg/hrE A}
23 74, ¥27|F WEAS$ 0.120kghr, 3E71F
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