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A studies on the Air pollutant Emission Rate calculation
from vessels in the Ulsan Port
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ABSTRACT : The Protocol adopted in Sep. 1997 included the new Annex VI of MARPOL 73/78, which will enter into force on 19 May 2005.
MARPOL Annex VI sets limits on sulphur oxide and nitrogen oxide emissions from ship exhausts and prohibits deliberate emissions of
volatile organic compound (VOCs) from oil tanker in port and oil terminal. This study was conducted to find out countermeasures for the
new Annex VI of MARPOL 73/78 and draw up a feasible management plan. The emission quantity of NOx and SOx from ships in Ulsan
Port was ‘calculated by U.S. EPA and Japan Marine Engineering emission factors of air pollutant from ship exhausts. In addition, volatile
organic compound (VOCs) from oil tanker during the loading and discharging period, also calculated.
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52 Hoteling | Cruise | Full ?]tge ! Cruise| Full
oS 1200 90| 678 180 178| 178
50z 19.15 19.1S] 19.1S} 17.0S| 17.0S| 17.0S

CO Neg. 0414| 0872 0.5 0.5 0.5
NO: 4.37 6.70| 7.63| 2.66| 2.83| 5.34
VOCs 04 0.4 04 0.38| 0.082] 0.206
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oA, Bz Bdolm, 139 Aute] 13 & & &%
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2o tigk Mute] A7) FYPrs T Muto) 23 Ao
wel F Az Ay B2 gAY n2ude e ¥
388 47 A3, Auty 23 AHE 39S, JukE s
A, FubE H]FGA 2 PRI ditg oz Muke gk
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2. 0] SR G0N 2MEI= WIGs HHESS &6

— 112 —



&% Jdute g RE Y rieg WE®d A 48 47

3 27| S E(VOCs) S old7tA] Aoz 59U
 ge iaEde] Wizt vtaEsEe] A @k -2y
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<4 2-1> AA WEF 344

Q=12.46 X [(SMP)/T]

A7, Q: AHR A9 10° gad AHeA
M : Z7]9] ¥+ b/Ib-mol
P: A&y A9 A4 F79hL ¥
T: 437 WA gAle] L%, RF+460)
S: ¥sA4

<A 2-2> §ENNESANNAEL 2E AL WS
% AR

Q= 12.46 x [(SMP) /T x (1 — eff/100)
A7, ff - ANEE

2.2 HY AGHAl VOCs HiE2 &=
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2 2719 EAE b/1b-mol
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DAz Hen 3
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1.1 ST =22 0128 HEZ &F

@ £33 AR
EANFR A AME A8 F FALFY AARE
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HYLE ASALED YoM AZAR
RETTT — 37N
256 | 2 ;;; AR 250 | AEAEB
81,836. 374,261 61,377. ,042.6
93,565.35 154,942
43 A1 32 7
z54 P
PE =8 ;
= =0 =20 A
o | FH ZA% = =
7% d +30% 30 70 | FAER
%
%
40,861 18, 1,917.9 2,656.8 1 1,49
59 97, 5 4| 174 89,416.79 154,942.67

@ 24X d7IeAEd MEAS: A4 2 WEF
3

Gyl A o] Asd A8l v EPAZE AlAIE Auke] w)
EAFE o188 F Utk A7IME s kg dEI)A
e Mg $¥REE CruiseREE AHEEH. o
HgoAM a7se A8 F §3d e o2 2o 3
Ao FAHoR dAe AEF BT F T o 3%2
Ao 2 ANHAJAR, Ao 2A 2tz osld AA < 47
A ARelA FFEE A DEF 8500TE 7H-H 2970 A
Aol B R 35%7 de AE&79 o 68%t FEHR
Qe AAI, AT & AT e 4 § FFL &
ARG g ARF gl HF BEgS Fole o
3 2ol 7Hgstgch

¥

<E 3-2> ds5F & $aF9 ARG

7 ¢ A% [33%%| % & | 2a%e
AA A8 NEHZ D) 0.98104 | 1.99878 | 2.95962 | 3.52534
37 3
$o3 2 a7 ARgw) 1.00 2.00 2.96 3.53
% 48 HEHFR(%) 0.42224 | 1.15859 | 1.40075 | 1.60532
3 3
G893 2 47 A %w) 0.42 1.16 1.40 1.61

<E 3-3>Ad diZjedEd WiEAS (39 E/9)

FRA AAH
. FE
TE Ag |BATHL BR |AABR] IR (a0 @
*70% +30% *30% *70%
LR ‘
SO; (ka/kt) 10.34] 22,92 27.00| 25.36f 29.94 33.95 3.2
NO, HaAs 34.66] 34.66] 34.66] 36.37) 36.37| 36.37| 32.0
ek | 3 . . . . . :

12 Aute] YRR E o) 43 W& F 44

dutol el e gulEHFS FAY F & 7Y I
A 78 FATHNL WESASFE oFF glo] B AT
MeE v=3 & FAHZY F 7MAE 42 AHEste A
As At
@ vI3 EPA A% o] &

Aute] o3 oHEA wEFLE IFTNFMLTAY
20029 AR/ FEEAL A EAXG) oz

pER

ARstel 2 H2F MEFE AAINGT. 24F PS5
g NAAA S Ae(25km) R AEZAE o] §3te] 3
AEFge] hE 48 AHEFE <E 3-49 AANFHA

<E 3-4> 3AY JAEY A
(9] : ki/yr)

qg drALF

E34 Al FHY AHSF | A AR
100&0] 3 421.0 419.8 1.2
101~ 1,0008 14,489.4 11,948.8 2,540.6
1,000 ~ 10,0008 | 18,984.0 7,127.6 11,856.4
10,000 ~ 20,000 | 3,760.8 224.8 3,536.0
20,000~ 50,000 | 6,768.0 13.2 6,754.8
50,000€ 0} 4 4,929.0 - 4,929.0

i 49,352.2 19,734.2 29,618.0

ZHhA] 9,870.4 3,946.8 5,923.6

& A 59,222.6 23,681.0 35,541.6

SANATA ] - SFEE Mute] % dgALHS
dEstgon F7 HuA d8ANS RS 23 dBALE
o] 20% (A uul & A4 9] Cruise/Hoteling ¥ &)8 3712
RHHREY, F ABAETE 502226k /year2 A oL
%o 4{4F FIFFY 93%0] sAFes U A 907%=
g3 £ T A A AMESHE dEE Bol W&
F Fo A ALdstd )

ARAMET = S Ja o T <299

Aq71A, dFAFE B AFAFE sy, Ag A
t ¥4 daZA, A 2AAA(SmAAY g2
AE ALE 5 Uk E3 Hule] o3 2 FEA wE
Fe GA AET YA QSALE R FwA] A8ALL
8til A ¢ Cruise®EE A A o= Hoteling 2= &

A8 L AR MEAFE Fohod Aastalnh

@ A HABWBERE ol g

SRAAY AP ARE ol E3te] 2N U2 o)
Aoz SHEBAH, F24, AdoiMez A% EFY
qe 2 5% TR, Eus LAY S 5008
ugk([ 77h),  500%~5,0008(I 7Y, 5,000
E~10,0008 FI¥HIIT3E), 10,000E 0] H(IVFIH
o) 47zto2 Wtk A gAd 2zte) sj@e
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Eatol} AFubdatel we) 2 stEHER gF 2 A
wFo 2 ro] HAMAKMES R8s o839 AF
4 EF9 £ AR g o] &3 13vite] w&EF ¢
998 MdASL 159 Fog wEFE AT & Utk
NOx W& %9 $4L 71227 4aAAE F93A
U dginFae JRBAE A, dAz NgE:
ol A4S Agsn 9, WA SOx &L
E2F9 F3E o8 A3 H A5 v vl s
o] o] gxu gtk dPFoht FutFe] AL A=
AA A 3 FF4FL FTEHOR 14%2 7HA =0,
ol Y g AutF 7t 45 BE F RIS VT H
w3 gholth

e

<E 3-5> A d71F 22 WEAsF (@9 : Ke/AD

Aol A 324
TE 2 luz|axl 2 loz|ez] 3 |nzx{ex
A3 | dF |BdE| 4A | A7 |2gE| 4 | 43 |2y

S5 EH(Ps)| 5,248| 821 18] 583 99 8| 1,364] .223 18

deiwE | 7761 126 19 92 16 14] 216 35 19

SOx

Goju2 56.33] 6.80] 0.15] 4.33] 0.61] 0O.11] 12.12] 1.53}f 0.15
54 Cl

NOx

geua 21.74} 3.54| 0.53| 2.56] 0.45] 0.38] 6.04{ 0.99] 0.53

2. MHiglEo] & ol US0A Ldok= VCs tHEY &

2.1 ¥HIgI=22 &8 HBHAl VOCs HiE2F &HF
@ &4 38 =4 AF

3 FTAY 444N A8 F A9d £-2 AR
g o] &3l9 A AAsE £E7F A9 509 EA A%
Tola VOCsst #Ag AAEB A $2F <E
3-6>% o, 20043 €A A TR F£E29 IEE
A F2 29470HEolH, o]|F Y 509 £49 &
£ 13380 €L R A FEFY 454%E AAT}R Y,
Ad 4 AA JJFEFY FL 14420 E2R $£ETF
489%E AA s Yot =, §4 AA) spEA LS 2424
HEoZ el B d7oME £52%F A9 509 we
Az stEd o4 A I} dUd5d L FHY B B
Adz BT AEE 2L F Ao AEA AYsA
@ £2% A&A VOCs wWl&ASs 13 2 W&F
$19] VOCs 49 wEAFE <X 3-6>9 2on oA
7€ A MEF A Ao MEAFE AHEEA A
Z3dh 9714 S#t 128 9E olft FUdAME AR
2 3H(splash) ¢} 3} 2] 3}(submerged) 4] & F7+3 g2
e FHata Q7] WEo) TS o2 128 9
g’ Ztzel Az A EE MEFL AMste] A
o, #4% 287 gl FEL EFAA Agstgnt
ATE <E 3-10>0] 2 &L JehiYgch
<E 3-6> &A% 2 3}F T VOCs EF9 wWEAF

Kl

“ FEF(HE T(F+4
TE [ M1 P15 e

Carbon 1214 | 154 | 14 | 1.2 |515R
Tetrachloride
Unleaded Gasoline 778 66 6.2 | 1.5 [523 R
Naphtha 642 80 | 19 | 1.2 |542R
Styrene 460 104 | 1.4 1.2 {564 R
Xylene 693 106 | 14 | 1.2 | 563 R
Toluene 312 92 | 08 | 1.2 {632 R
Benzene 245 78 26 | 1.2 {540 R
Acetic Acid 162 60 | 3.7 | 1.2 |533 R
Methyl Teriary 136 | 88 | 19 | 1.2 |537 R
Butyl Ether
Ethylene 121 26 | 20 | 1.2 |534 R
Acrylonitrile 100 53 1.8 1.2 | 532 R
Propylene 53 42 09 | 1.2 |633 R
1-Butene 24 56 { 29 | 1.2 [622 R

F) AHd ¥ dA9 =t B aol

2.2 M50 Ut 2ABIAl VOCs W& oHA

© &AE 38 % 4%

A HFAY] HAFARE AR F A9E F-29 R
& ol &3t 48 AASE FYF FH 509 24 3%
A VOCset #dd dAgEY A7 Y32 <F
3-7>3 Zon, 20049 &4 A U] Y FEE
Ao e T8A0HELR o|F AY 509 EHY FUHF
2 6993%BAEoR AA FEHY 89.1%FE A3 2,
744 o] £ 38E AL Petroleum2 2 632111 E0]
I, At F& AA A F2 27VHELE FYF
¢} 35% 8 AA e Ho2 YEWH.

@ &% F35A VOCs WEAF A4 2 i&F

9 VOCs 29 wigATE <& 3-7>% 2oy @
A Jled AHA MEF IAHE o8&ty WERs A
33t Ao A AFE WEFE Adkste Fidst
fon, £5F 487 dv FEL2 WEF AHAAN AY
Ak AdE <3-10>9 2 WEFE Yl

<& 3-7> 4% 238 VOCs 29 WEAs

FE2HH
T ® M P \ N | KN | KC
g |
Petroleum 63,211 50 | 4.0 130000]2107 | 0.2 | 0.84
Naphtha 4,372 80 | 1.9 {20000| 219 | 0.3 | 1.00
Xylene 2,402 106 | 0.8 { 2000|1201 0.2 | 1.00
Methanol 918 32 | 26 | 2000|459 | 0.2 | 1.00
Cab
O | g5 | 154 | 2.3 | 2000 | 428 | 0.2 | 100
Tetrachloride
Ethylene 950 26 | 26 {2000 | 475 | 0.2 | 1.00
1,2-Dichloroe
589 99 | 1.7 { 2000|295 | 0.2 | 1.00
thane .
Methyl ethyl
345 72 | 2.1 12000173 | 0.3 |1.00
ketone
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A48 - AT -
Styrene 306 104 | 0.8 | 2000 | 153 | 0.3 | 1.00
Acrylonitrile 283 53 | 2.4 12000 | 142 | 0.4 |1.00
Propylene 220 42 1 0.9 |2000 | 110 | 0.4 | 1.00
Benzene 157 78 | 2.0 {2000} 79 | 0.5 |1.00
IV. BHE2 &8 20 2 &
duto 2 RElS fi7le g FHMARPOL F£A4

A
VD ZEA WEwA ddezes &899 Edy Aaa
SHE(NOx), FAH31E(SOx)S Aut &34 LA E uy)
7t gukolu} EHujddAd fx2H9 FHuA %715}2}5
(VOCs), AW 22717] o] & ol Mutejre] @&y}
HE2ZHe oAl wEe] FXNHT &2 EAL FH
g AR FHe AxE FAHY, NOxo| W&7A 4
L2+ 20009 1€ 19 o)F dxHE Adud AXEHAY
MZE7L o] FoX = &3 19W30kWo Ay Ty A Hg
g =8 SOX'C FA3E NEFAAGE ¥ A
ubo] H ¢ 9 3 T3] 15%E, 2 99 gL
=38t éi 45%E 9A U=E FA438tn Yz, e
of ostd LA F7IEH9 wEe) BAlE FFE &7
&S B §F7 37 FXNE AA ok 52 )
FAE 7 =& HujdolME 437 "E2AdA 2
< AR, npA oz 20008 19 19 o]Fol
Aute] AXE)E AU 22715 IMOCIA A% 7|24 3
gaforste], AU 22 EFE QA3 ATHEZ oo o
b o] AFE Sgs ook g}
E dToA FAHT Moz RE odEAd wWag 2
R ‘QE SAAE F HlEFL <FE 3-87<E 3-10>
% Zo 94 Aoz RE dAHE A F d8R
il AARE o8 F HEF AHL SOxe B LAtolA
dvld AE&H BT #F daFoez A 40483
Ton/year2 7% @& 279 Blustd 55%0 G
b, AA ALf B 3 FHEL o)fsle A
7,130.6 Ton/yearZ 9.6%°] @3 Ao 2 vehytth NOx
o} 3¢ 5,530.3 Ton/year® 7% U® =9} Hlws}
A 8.2%°) HFEct =37, A8 ARE o) 43 HiE
ZF F4 A3 vF EPA AEE 0] 43 FR3YI gB
MARHEE A2 & o83 FHVUL ALAE FS F
7HA 71l At WEH & JEldt 338 2R
Azt vimwad SOx9) A 5.6%, 5.7%E WEHIS
H, NOx9 49 11.9%, 11.9%& Wi&2=HE Ro2 Jeyg
o 23y 948 dv) AEE ol§F A9 +F A8E
o] &g Ao SOxE= FAHe W& L vehdleny,
NOxE 3.7% 739 ol & @ 4 itk =@, 944
& A 45t &< VOCst 3,142.6 Ton/yearZ &
BE IR A5 v B 41%2 hRE] wEo)
oA LATGE AAS S F U HESARNGeR
AL E AS Ao 282 BBE 71 sd, VOCs wl&

é

i)

g4

< 155 7Ton/year2 0.2%7t%] €49 & Y= Ao 2 v

‘7&4 iz AW A HEHE LEEFRA COe
2,044.9 Ton/yearZ 5.9%, TSP+ 222.8 Ton/vear® 1.4%
7t W& He Aoz Jeg.
Mduto 2 BE WAL E w7[7tA % SOxe A4H 3T
FHHS EY2Z2AN MEFE 29 + I3, NOxE 7]
T uA FoE WEFE EY F Alt} EE Hate) 3.
& LA EHE VOCse Aute B¢ £%7] 3 2A
Huld & {57 Hﬂ%ﬂ]‘ﬂ’ﬂ-’-‘:%ﬁ% AXgoz A W&
d 7 J&s FAsdh

ot

¢

StA

__;

<

o
o
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