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Emission Factors and Prellmmary Emission Estlmates of Air Pollutants from

Ships at Berth in the Guangzhou Port ¥ iy i
HUANG Xueahang , ZHANG Zhou® YANG' W‘El ~giang™ | LI Sheng ZHU Mﬁqu ¥ FANG Hua**,_HE Jun
, CHEN Jin- “wén’, WAN Cheng hao ZHAN(} Yan-li*, LIU Guo g@ang . HUANG Zu-zhao’ , “WANG Yi;-
; WANG/| Xin-ming””"* i J : 7
(1 Séhool of Environmental Science and Englneermg, Guemgdong University of Technology, Guangzhou 510006, China; 2. State Key
Laboratory of Organl( Geochemistry, Guangdong Key-‘Laberatory 0f Environmental Resources Utilization and Protection, Guangzhou
Instituté of ‘Geochemistry, Chinese Academy of Sciences 'Gudngzhou 510640, China; 3. Guangzhou Environmental Monitoring Center,
Cuangzh(")lll 510030, China; 4. University of Chinese Academy of Sciences, Beijing 100049, China; 5. Center for Excellence in
Regional Atmospheric Environment, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China)

Abstract: Three large container vessels over a tonnage of 40 x 10° t at berth in the Guangzhou Port were selected for determination of
air pollutants in exhausts from auxiliary engines to obtain fuel-based emission factors (EFs). The fuel-based EFs for vessels A, B, and
C at berth were 3096, 3031, and 3028 g-kg ™", respectively, for CO,; 61.8, 19.9, and 27.0 g-kg ™' for NO,_; 8.0, 4.0, and 5. 3
g-kg™! for CO; 31.4, 41.9, and 56. 7 g-kg ™' for SO,; 2.4, 1.1, and 1.5 g-kg ™' for PM,,; and 0. 13, 0.09, and 0. 17 g-kg ™" for
VOCs. With the basic information about ship types, arrival times, and berthing times, the emissions of NO_, CO, SO,, PM, ., and
NH, from a ship at berth in the Guangzhou Port in 2014 were roughly estimated to be 1231, 226, 1229, 47.6 and 0.04 t,
respectively, with ships with a tonnage of 10 x 10°-50 x 10’ t sharing the largest burdens, followed by ships over a tonnage of 50 x 10°
t. Estimated emission of VOCs from ships at berth in the Guangzhou Port was about 33. 6 t, with vessels below a tonnage of 3 x 10° t
contributing the most.

Key words : ship emissions; air pollutants; emission factor; Guangzhou Port; emission estimates

T ARAZ 2 Bk A ) i T 1 a2 i 77 =0, 2001
AR Py 0s i B 4 BRI 78 % L R i AR s HHA: 2016-12-25; 1&ITHHA: 2017-03-13
3 3 2 HEE&TH . ERHAB2EIE 4T H (41530641 ,41571130031 ) ; H1 [
,\Eﬂfiﬂﬁﬁﬁyfﬁm{#,mﬁ =1} H/Jﬁf{ﬁ {H:l'ﬂ_:‘j‘jkm*’l' N Rz %ﬁﬁ%éﬁ;ii&%Iﬁ(XDBOSOIOZOO) . E])%E‘E\

¥ 723 = L = o 5 B A& 1R H (2016 YFC0202204 )
H ﬂﬁ*ﬁ%%“@“ﬁg‘ﬁ i ﬂﬁ%“ﬁm}j‘é}* PR B BER (1989 ~ ) B BRI/, EERFIC7 10y 15
B X IR SIS e W TR BRI AR Sk A2 B T e . ﬁﬁkﬁi*ﬁ?ﬁ&fﬂﬂc%’%ﬁ E-mail : xuelianghuang@ gig. ac.

Corbett 25" JLF- 1R 714 #E B0 A5 A5 2 S BR AL AN 2 * %151@?’1‘,E-maﬂzwangxm@ gig. ac. cn

",



8 1 B RAE TN AR ASEIR T OCHER N 7SI R HE R A A

3163

SHEBCR R A (NO, ) F1 — S ALHT (SO, ) 43l ik
#6.87 x 10° t Fl1 4.72 x 10° t; Eyring %" f 5
2001 A BRAEARHER Y BORY) (PM) SR 1. 67 x
10° t. M AAFHERL 75 Jedy 20t NAAfa e | A8 i |
SRR S v N B . A BT R, AN HE
[ PM 3 B8 4F 2560 000 1510 1L 5 5 9 A1 Jili 92 5t
7=, Collins 45" W58 K BR, A ARHE 015 Ye b 25
5| A WU b DX R A R R R TN 24 15% .
PR R SRR 7 1 3t X RS BRI i B i
FLAEASOCTE. LAVGHE I B 2R 6k 75 v 397 V28 DX 3y 48
P AR R S HEROG P, BTER L RT3k 17% 5 X
SRR AT B R g AT 4 A A0 R AR 9 B T
W2 5P Y SO, i NO, #e B Bk o3 249 15 8. 0%
H12.9% . BEAAFE A T 00 (FE ARG 1A AL,
it AL A AR ) | AL D 2R BN (EASH IR B [
A, 1 TS Y HE BT BE 4 K. Chen 2600 %
FRHES BN [ T 00 HE Y 5 Ye Wt 9 % B0, M
AITERHIALOLT SO, BY/rHARATIK 40% . /b i
AR 11 109 ) fr HE X 24 Mk A 3 B I R 11
M), — 428 ] 5 sl b DX R UG AR B T 2 P A 1 R
FEWT 2015 442 H KA TR, RESH
it o e ) KR AR R X ST 8y
< fE P I O E O SR
R R T N g AR TR AR R
i B, U =, PR A e ?iﬂléﬁwﬁ

X IE A VAT 50 Tk A M L HE O T b e

5 A REIA A TS e Wt TR B e
ANBE L. FRAE LG RS |, Fu 2505 3LF Xt bt
Kz 7 M8 P9 S AT T FHL BN T35
SN, ZRA% T B AR — bk (CO) | IREfL S
YI(HC) . NO, 11 PM HEIL A5 Zhang S Fupas
2 LTRSS TR R A TS Y HE i
(SN, BRAG T 40 53] 5 TR T AR AN 5 | R T R 1Y
T ARTR (CO,) . CO, NO,. BIERIEHHY
(TVOCs) ., PM i1 SO, HEjk K+ 3 &£ 52 I 4fF 5% =
TR B BN (<5 x 107 t) 1Y SE0h & sh AL
A6 T X R B 2 AR AR A B R A AR, H
T ] A AR AR DG 1) ST 9 i

HIALERIT = AP IX ) M, SRR KAz
R 2R 1) T B A 1 AN A RS L X X A B S i E
B, 2014 4R M e LR A & 5. 01 x 10° t, 43
JEA S | AT AR AN A 1663 TT R
HELEREFE (TEU) | o g 4 B 4 1o, e A 7L Li
SRS R BRI A U XA HERR ) SO, Al

NO, 539 o5 12 M DXCHE B B 14, 1% F1 11.6% .
I NS A AR AEAS I T oL T HER 075 G ml B 2% J)
I A 2 AR A N —E . R, T RS
T AR ARHE A SIS FE , BT Sk s AN R R
P HE G | R T 2 X s s RS
PRI BR BEFE RO, XF 2014 4F ) N Hk 2 HY o
AOEE ) 43 BT 2R B, DR AR T2 a0k R N s 1Y 2 2
M. Horh ) MR > 10 x 10° ¢ B RRAR S AR A
B 7 LR 37% . ABIFSEAE) NS e 3 8 i o7
>40 x 10° t R TYGLAE T, 76 FLA5 0 T 000 i S I
A AR RS AS TS Y vk B, 9 < e Tk
A5 e HER R -, [R5 5 AR A B 8k s )
AR T ) NS B ASA T T  Ye M HE

MRS %

1.1 RS CRE S T _atn

AR A S5 R R 2 0 ph kR R
TS R R PE RS AR A TR S5 2L
(AP 1) . SRR G SR A A R
PR AT RRREIR | P8 4 AT 2R
s S5 K PV, YIRSk I A B R 4R
PM, ¥ 2R 2 gMZ,-g‘%JJ K S R SR IR
B PML S B S0 B e YR R P 2 B R B
et g s T b, e T
HHL(F-550, WOHLER, GER) [f 45 1180 #7 K B
RS R SRS Y vk B 5 F 9 35 B AR e <
ASTR) AR AR BRI MR % 28 48 (R 8 L 2
T RE KSR BRI RS CO, We T3k AT,
A AR AR AR €5 B R4S R4 500 mL.

SRAE I I RE AR SR R A4S TP 1 AR A
F 461X ( Entech 7100, Entech Instruments Inc. ,
USA) 5 S M & 1%/ 3% (6890GC/5973 MSD,
Agilent Technologies, USA) Ik FH 28 4 43 M7 HA%E K& P
AHLPI(VOCs) Bt FAM G ST
1 %% (6890N GC/FID, Agilent Technologies, USA )
B RS0 H: co, A1 Co e FIHREES
SHTAL (EAA-30r-EPF, LGR, USA) 43#71 i K45 #
) NH,. SR AE T 9 i i J0kE 0 4% o A1)
DRI Model 2015 #/56H8 53 B A3 5 A LK/ 70 2 e
(OC/EC) & &, il ¢ Al N BiF o £/ &2 H
JCER AT ( Vario EL 111, Elementar, GER) #4743
B1,S B i AR R be- 1 T ik A
1.2 EAAR A B SRR K

AR 58 BB 10 3 A0 A A AR (5 B Rk ah 41



3164 2N 5%

B 38 %

BANER 1 TR, CRAEWIE A MR RIF L BN
1320kW AOHHPL(8121/31, MAN) ,B i I 1 &
HF N1 760 kWHIHHL(6121/31, MAN) ; C
HIF 1 A% 2045 kW 19 % HL (6R32LN,

WARTSILA ) , H7E 5200 52 72 v ) 3 8 A A0 7% i Bl
WIEH s, Tl A A, MM SR 1.6% ~
2.9% , 543K BN MR AR il By S 2 R
AT (2.7% )20,

®1 MAEREERSENMEER"

Table 1  Basic information of the tested ships and determined fuel compositions
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Table 3 Statistics of ship traffic and auxiliary engines of marine vessels in the Guangzhou Port in 2014
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