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Testbed-Based Exhaust Emission Factors for Marine Diesel Engines in China

XING Hui, DUAN Shu-lin* , HUANG Lian-zhong, HAN Zhi-tao, LIU Qin-an
(College of Marine Engineering, Dalian Maritime University, Dalian 116026, China)

Abstract: Water-borne transportation plays an important role in the economic and social development and contributes greatly to air
pollution in China as well. An effective regulating policy is dependent on accurate estimation in terms of sorts, quantification and
location of emissions. However, there is insufficient real and reliable data source for China’s marine diesel engines and vessels. In
order to employ fuel-based approach and ship activity-based approach to estimate accurately the exhaust emissions from water-borne
transportation sector in China, emission factors of different types of marine diesel engines were investigated. Based on statistical
analysis on Parent Engine emission test reports of 76 and 113 marine diesel engines manufactured by China’s engine makers in
accordance with IMO NO, Tier I and Tier Il standards respectively as defined in MARPOL( International Convention for the Prevention
of Pollution from Ships) Annex VI, abnormal data were statistically identified and eliminated by Grubbs’ criterion method, fuel-based
emission factors and energy-based emission factors of NO_, CO, HC and CO,for 2-Stroke main engines, 4-Stroke main engines and 4-
Stroke auxiliary engines were determined respectively. The results showed that fuel-based emission factors of NO_, CO, HC and CO,
for different types of marine diesel engines were 30. 67-76. 55, 3.01-6. 13, 1.25-2.24 and 3 141. 15-3 165. 63 kgt~ respectively.
Energy-based emission factors of NO_, CO, HC and CO, for different types of marine diesel engines were 6. 83-13.64, 0.61-1.35,
0.21-0.50 and 534.04-745.18 g+ (kW-h) ™' respectively. In addition, the relationships of energy-based emission factors against
engine load were expressed by power function or quadratic polynomial and the algorithm coefficients were determined. In addition, it is
difficult to obtain the true emission levels of marine diesel engines in China through simple modification of emission factors reported by
foreign institutes. In particular, considering the diversity of diesel engines onboard China’s coastal and inland vessels, more samples and
tests in terms of types and operational conditions are necessary to provide basic data for marine emission inventories in China. The
results could provide applicable data for estimation of marine emissions in China.

Key words : water-borne transportation; marine diesel engine; exhaust emissions; fuel-based emission factor; energy-based emission
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Table 1  Fuel-based emission factors/kg-t~

1

S FFo, Blto EFhc EFeo, ™

xxs N K ptel x*s N Hdtel x*s N Kol x*s N

ME 2S 76.55+11.15 17 87.18 6.13 £4.66 16 2.77 2.24 £1.62 17  3.08 3159.01 +48.90 14

Tier [ 4S 41.72+12.16 30  60.47/—2 4.45+2.28 29 2.51 1.42+0.66 26 2.33 3156.52+22.05 30
AE 4S 36.87+13.75 29 57.27/45.81” 5.25+1.93 28 2.38 1.99+0.83 28 1.76  3143.30 +£21.52 29

ME 2S  69.49 +8.25 22 78.46 4.30£2.69 22 2.77 1.25+0.37 20 3.08 3165.63+27.47 21

Tier II 4S  35.90 £8.47 43 52.09/—% 3.001 £1.49 39 2.51 1.43£1.06 38 2.33 3141.94 +£21.19 41
AE 4S 30.67+7.98 45 49.34/36.12% 3.86+2.45 44 2.38 1.58 +1.14 46 1.76  3141.15+21.01 40

1) B HEER BT FH A% S8 & 52 85. 51% ~86. 83% 5 x N T-H4MH ; s bRifEZs; N WFEAR SR ; 2) RS /7 1T J5 B0E 43 50y rh s = L NO,
FETBRMAHE B 15 3) BAIMER & it 9 85% ~ 87. 5% It 137 A %4 J93 114 ~ 3 20610

2.2 TR HERA T

SR PR M AR 20 08 D 2000 7 M A s
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i IHEAEE S SN PE S — D AT & %
S ETF M HER H . EATE S BIPLARRE
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NO, HER P F 52 AE 4 9.6 ~20.2 g-(kW+h) ™',
CO HE I F 392 AEH 0.33 ~1.71 g-(kW+h) ™',
HC HE R F 52 AE R 0.07 ~0.41 g- (kW+h) ™',
CO, HERCA 52 {E Ky 653 ~803 g+ (kW-h) ™', 3
2 PG BT 45 5 5 SCHR [ 9 ] 4 HE R - 1) S
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®2 EFHHHHRETFD /g-(kW-h) !
Table 2 Energy-based emission factors/g- (kW -h) =
e _ EFyo, _ i _ EFGo _ _ EFjie __ i _ EFto, _

x+s N fﬂ(ﬂf{“r x+s N 7;%(})3»3*4'23] x+s N Hdgi3.4.23] x+s N ﬁ}ﬁ‘“*“'zﬂ

ME 25 13.64+£2.10 17 17.0 1.11x0.85 16 1.4 0.40+0.29 17 0.6 562.50 £9.40 16 620

Tier | 4S 8.86+2.69 30 13.0 0.90+0.42 28 1.1 0.31+0.15 27 0.5 666.79 +24.41 30 683

AE4S 8.67+3.30 29 13.0 1.35+0.55 27 1.1 0.50+0.21 28 0.4 745.18 +47.52 28 683

MEZS 11.75+1.33 22 15.3 0.74+0.48 22 1.4 0.21+0.06 20 0.6 534.04 £9.82 21 620

Tier I 4S 7.51+1.72 43 11.2  0.61 +0.28 38 1.1 0.31+0.23 40 0.5 655.86 +23.50 40 683

AE4S 6.83+1.72 46 11.2  0.80+0.35 39 1.1 0.41 £0.32 43 0.4 715.46 £66.32 44 683
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A A A AR A T TR 2 TR 03 3l
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T FER I PIFh Ge— 1 ik O 45 22 SO A 56 Tl
IHERCR 5 52 AL G ey ) () OC R AT LG D)
A, R ekt X BALAS TR X 43 S AL A 7= 47
£y, PR 2 IMO NO, Tier I A1 Tier I Fr 78 o9 55 H 4
WHLE %L, X FEAX NO, HEik N 74 e — &
iR | Mixt CO ., HC 1 CO, HEML K i 52 i I A
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FALNO, 1 HC HEk 5 S pIL G 18] (14 ¢
ZLLNEIFLNO, . CO, HC, CO, HEIA 75 48l
BT IA] Y OC 22 ok HRF pRECEAT 005, HOOG R AT &
S

EFS = a - FL™ (3)

FHL CO T CO, HEBH 5 S AL 17 far [B] 7Y ¢
FRM R ZWAXHTIUE IR REN .

EFf =a-FL’ -b-FL +¢ (4)
A, EF° A5 T M HEB P 7, g+ (kW-h) '
FL R SMALI AT, % 5 i\ j WIESLI 9T a b, ¢

Hrp BRI E A R B T3 3 . X
PR AL Hs S rh |l EALHEROR 5 s 2z ()
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Table 3 Coefficients of fitting formulas for emission factors

Hesik =+ 28 ME AE
/g+(kW+h) ™! - 28 48 48
a 11. 667 6. 847 6. 964
RS, b 0. 140 0.328 0.109
" R? 0.923 0.997 0. 965
Sig. 0.039 0. 002 0.003
a 4.560 1. 640 0.475
b 7. 828 2.670 0. 846
EF, c 3.850 1.713 —
R? 0.994 0.993 0.876
Sig. 0.074 0.083 0.019
a 0.281 0.281 0.238
EF:, b 0. 157 0.197 0. 685
’ R? 0.875 0.997 0. 964
Sig. 0. 065 0. 002 0.003
a 160.240 191.320  606. 693
b 238.028  290. 666 0.240
EFt, ¢ 625.830  759.007 —
R? 0.995 0. 999 0.913
Sig. 0.072 0.031 0.011

1) R? JUsE AL Sig. N B EFMKF

PERY AT FRAT L, 3 /DR 7 WL A AR (LS T
2000 A LAIT & [ Az 7= 9 A FH S b s HE s 6
i, BN e | s R EE A —E X
B QAR AHILRL, HHE AR - AT BEAF R BRI 22
S, BV [l — g/ 4L A PIL L, EHE R K S 0 AN 58
B I, G R R 45 R -5 BAR A & Sh LY
HEHOKF nTBEAT £ 2253 OARBETE I GETH45 5 S ik
FRFTHLH ) I A HE O Y-, S LR A i — &
AERRJG , HER B K AT RE 2 A A8, S B 4G
RAFTEIR2E ; AT S AL R BIHLHE & 4200 i
PRI IS D RS, T S B i 32 A AR 32 208 TS
RO 350Rs S B0 3R 25 RAF AR 1R 25 ((H & 240K
F ISP B2 S ih s TR NO, | O,
HC | CO, HERIN T I ANAEAE 35 22 53, R i
SN F2 EAR AR AR B i BN R] T 2L SO, F1 PMHE
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