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The Analysis of Reduction Strategies on Port Emissions Inventory -A
Case of Kaohsiung Port

Yi-An Tsai
Ching-Chih Chang

Department of Transportation and Communication Management Science

SUMMARY

In order to reduce the negative impact of emissions inventory on residents and the
environment around the port, this study evaluate the emission that generated by
vessels, truck tractors and cranes in Kaohsiung port. Moreover, this study also drafted
reduction strategies in two stages to improve the air quality of Port of Kaohsiung.
First stage targets the standard of Intended Nationally Determined Contributions
(INDC), hoping to decline the 20% of emissions in 2030 compared to 2005. The
reduction strategies including reducing the speed and using the OPS on vessels ;

transferring the fuel on half of the cranes and truck tractors. Besides, second stage
targets the standard of Greenhouse Gas Reduction Act, hoping to decline 50% of
emissions in 2050 compared to 2005. The reduction strategies including vessel
deceleration and OPS ; transferring the fuel on all the vessels, cranes and truck tractors.

The study found that after implemented first stage reduction strategies, port emissions
inventory (CO2, CH4, N20O, PM1o, PM2.5, NOx and SOx) in 2030 would decrease 46%,
26%, 25%, 77%, 77%, 76% and 68%, respectively compared to 2005. Moreover, the
external cost could decline 1.11 billion USD. Furthermore, implemented second stage
reduction strategies could decrease port emissions inventory (CO2, CH4, N20, PMio,
PM25, NOx and SOx) 57%, 59%, 53%, 79%, 79%, 80% and 69%, respectively in
2050 compared to 2005. And the external cost could decline 1.16 billion USD.

If target to reduce greenhouse gases from the Port, this study suggests to implement
fuel transfer on vessels because the emission of CO2, CH4 and N20 can be reduced
by 21% ~ 21% and 50%, respectively. However, if target to reduce PM and harmful

gases, this study suggests to carry out OPS, which can reduce PM1o, PM2.5, NOx and
SOx by 75%, 75%, 72%, and 73%, respectively.

Keywords : Port of Kaohsiung, port emissions inventory, fuel transfer, INDC,

Greenhouse Gas Reduction Act
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INTRODUCTION

To reduce the air pollution the produced by the port, IMO passed the agreement in
2018 which asked the CO2 emissions of global shipping in 2050 should less than 50%
of CO2 emissions in 2008. This is the first time that IMO set a clear goal for carbon
reduction in shipping, showing that decline the CO2 emissions from shipping is an
important and urgent issue. Moreover, lots of strategies about reducing the air
pollution in the port have been proposed. For examples, Lopez-Aparicio (2017)
mentions that ocean-going vessels use low-sulfur fuels can effectively reduce
greenhouse gas emissions; Sciberras (2016) analyzes that the apply of onshore power
and LNG fuel can reduce the CO2 emissions of vessels; Chang (2016) evaluates the
strategies of vessel deceleration and fuel conversion can significantly reduce CO2 and
SO2 emissions from vessels.

According to World Shipping Council (2018), port of Koahsiung is the 13™ biggest
port in the world in 2016 which also located in the hardest hit by air pollution in East
Asia. Therefore, this study set port of Kaohsiung as evaluatived port to evaluate the
air pollution that generated by vessels, truck tractors and cranes, hoping to estimate
the amount of air pollution in port of Kaohsiung completely. In order to systematically
assess the air pollution for port of Kaohsiung, this study referred to the format of
emissions inventory from USEPA and established an emissions inventory for port of
Kaohsiung to examine the air pollution clearly. The emissions inventory in this study
covers seven gases, of which, CO2, CH4 and N20 are greenhouse gases; PM10, PM2.5
are paticulate matters, NOx and SOx are deleterious gases. All of these gases will
pose a serious threat to the environment and humans.

Regarding to the reduction strategies for port of Kaohsiung in this study, on the part
of vessels including vessel deceleration, fuel transfer and the usage of onshore power.
On the part of truck tractors adopts fuel transfer and the part of cranes adopts
electrification. In addition, this study also estimates the external cost of emissions
inventory that caused by port of Kaohsiung, specifically quantifies the negative
impacts of these gases on society and the environment.

The reduction strategies in this study would divide into two stages. The first stage is
based on INDC which proposed by Taiwan in 2014, targeting to reduce the emissions
of greenhouse gas in 2030 to 80% of emissions in 2005. The second stage is based on
Greenhouse Gas Reduction and Management Act which drawed up by Taiwan in
2015, targeting to reduce the emissions of greenhouse gas in 2050 to 50% of
emissions in 2005. Although neither of these two policies set a detailed process for
the shipping sector, in order to cope with the action of IMO and reduce the air
pollution generated by shipping. This study would targeted the standards of INDC
and Greenhouse Gas Reduction and Management Act as the reduction goals.
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MATERIALS AND METHODS

Referred to the regulation of Green Flag Incentive Program (POLB, 2009), this study
assumed that all the vessels need to decelerate while they get into the frontier that outside
40nm of port of Kaohsiung. Therefore, the research scope in this study not only including
port of Kaohsiung but also the area that extend 40nm of the port.

Based on the statistics of Annual Statistical Report Port of Kaohsiung (2018), there has
18,773 vessels called on port of Kaohsiung in 2017. Among the vessels, container ships,
bulk ships, oil tankers and others accounted for 50%, 19%, 16% and 15% respectively. Due
to lots of vessels called on port of Kaohsiung every year, it is impossible to evaluate the
emissions for each of them. For the reason, this study divided the vessels into four groups
and chose a vessel with intermediate value of deadweight tonnag from each group as research
target.

This study used Activity-Based Model and Grey theory to evaluate the emissions
inventory of port of Kaohsiung in 2030 and 2050. Moreover, this study also quatifued
these emissions inventory into external cost, hope to understand the economic loss
caused by the air pollution clearly. The methodology and relevant imformation referred
to IMO (2014) ~ ITF Transport Outlook (ITF, 2015) ~ Virginia Offshore Wind Technology
Advancement Project (VOWTAP, 2014), POLB(2017), KaoMing Container Terminal Corp
and Port of Kaohsiung Taiwan International Corporation.

RESULT AND DISCUSSION

The study found that after carrying out the reduction strategies in first stage, the emissions
of Port of Kaohsiung in 2030 could not only achieve the standard of INDC but also reduced
the emissions by 25-77% compared to 2005.

After completing the reduction strategies in first stage, this study continues to implement the
reduction strategies in second stage. The result showed that the emissions of Port of
Kaohsiung in 2050 could not only achieve the standard of Greenhouse Gas Reduction and
Management Act but also reduced the emissions by 53-80% compared to 2005. In particular,
the reduction of CO2, CH4 and N20O are more significant than the first stage.

In order to evaluate the economic loss that caused by the air pollutions, this study quantified
the negative impact into external cost. The result indicated that the external cost could save
USDI.1 billion and USD1.16 billion, respectively in different stages, which compared to
2005.

CONCLUSION

Port of Kaohsiung generated lots of air pollution every year and caused serious threaten to
the residents and environment surrounding the port. Therefore, it is important to offer an
effective method to decline the air pollution from the port.

In this study, the reduction strategies were divided into two stages to discuss the possibility
on reducing the air pollution in the Port of Kaohsiung. The polluters include cranes, truck
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tractors, and vessels. The first stage is before 2030 and the second one is before 2050, the
regulations follow INDC and the Greenhouse Gas Reduction and Management Act,
respectively.

To sum up, if we can implement thoroughly, these reduction strategies are not only
effectively decrease the emissions from equipment, vehicles, and vessels, but also improve
the external cost from port of Kaohsiung. It contributes to make environmental quality and
human health better.
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Food - BB FHLRERRFOANGH?EC F LR ORE A B E
FRRA PTG KR E T F LR F LB s Ris ) AL RS 2
EETETGEPE RGO PRI S (K Ry 7T PﬁP?fW &
(REFHEEMEE) FRFOT b b2t F 5B 0T §F WP Tip
MAEE 2 RPEREC DI AR RE 4 FRELF FFATEL SN
= A (Tzannatos 2010a, McArthur and Osland 2013, Song 2014, Tichavska and Tovar
2015, Maragkogianni and Papaefthimiou 2015) « %]t » *#F F » ¢ 2 —H F31 R
S E T P FE IR RS F LA AT U EME NG F SR
A g eI L b B e

4}3 /.; Zgﬁ»lﬁ #E%i/‘g‘ﬁ/ﬁk‘i a:\l% ’ K§ fir—g
RBTAZDF L AR T ES (B FMEEMEE) ORE 0 STEFY



1.3 73 B ¢
RPpET A REE T A SRR 2 P e

1 3= F 8 2005 £ ~ 2030 4 v 2050 & 7 & 4 i r e H g ok 3n
&k o

2. FABEESFERFE RG22 RE K -

3. W AT ZRE R} AR A TR R AT R
PR FRE RS LLF L AF T e FaEE e PR EES
(Rpp R Fpe) & GEEF WEZyws) 2 7% -

14 73 % H

FoREHEREAFTI AT FR AL EBIFETH Y ¥ R AR
BT R BRGNS IR R B S P g R A ke B2 F R
= ;% p] %% Third IMO GHG Study (2014)£2 4p B = gko%m;ﬂliﬁﬁﬁbﬁ
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AR HEL X BINLS o X - Lo TEET T F LR T F BT ot
FHA S F oA RE TR AL DT F AR ARR DEF LS A
2R R T AR R A R R v B e 2R v TR

ﬁ”’fﬁfﬁ‘gv‘ifkoﬁr\%é’ﬁ'lgé ﬁﬁxﬁvmv%&ﬁb@:aﬁj o
21 BrEzFAadfr i Mg 2 857
Endresen et al. (2007) 41 * 4 4g 7% & #-7] (Activity-Based Model)®= 3 1970 &
1 2000 & >+ & #F A4 4g 0 CO2 o SO2 et 2c g - 3 B R # IR > 181970
X 2000 # 45450 CO2 4o SO2 £ 3x £ & W~ ¥ 5 634,000 = f= 8,500 = o “f L
z o Py s FRAA CO2fr SO2 £ E M A E R F *TE¥ > A & R FI R
B daE g POEH ~ dpdaptad ~ fpda s AP B FES L2 gy Moo
Schrooten et al. (2009) .55 & 454 3] f& ~ dpda/a B Tl & dpda 2§ 48 (e

EATEH- B N RO R R ART RS B R ARG

N

PR

FRR A o @ FLT ipda ¥ e 1980 £ 5 347.8 e 0 | 2000 = P

s 3

i}

434.8 of » FEHp 2030 £ L H s 0E = gfwT ¢ P A T 1,283 g o

Han, Youn et al. (2011)41 * 45 4a7% & -3 (Activity-Based Model)# 3 2007
#§r F iz "% (PortofIncheon)s 8 ¥ F B & > PIEH % 7 W& Zdndqo »
s ZEPN AT E o P ik HC, CO, NOX, PM10, SO2:%5 £ £

TE A W] 52299, 6389, 46817, 307%, 3,995%F > » Apdg A A & et
%Xk > HC, CO,NOX, PM10, SO24 %] it83%, 75%, 89%, 53% ; v & 2_ 3 >
HC, CO, NOx, PM1o, SO2R| % %] it 13%, 19%, 8%, 4% -

Chang et al. (2013) 14 4; 44 7% #> 3] (Activity-Based Model)# 3 2012 # #& ]
iz % (PortofIncheon)p & 2 Al4uda /s el ¥ 4 BP 8 « B % M1 o d 4y
dg 58 7] (Activity-Based Model) #7 {8 ) ey da g 2c & 5 5 34,0008 #¢ > 4 d

4 @ T % (Top-down Approach)shT & » § ¥ * 1474 & & #(Car Ferries){r b %4

11



(Container Ships)enft2x & & % > & %] 5 12,0008 = ~ 5,000 8 = -

Chen et al. (2017)41 * 4y 4aiE -3 (Activity-Based Model)fr4, 4g p & 5%
% Yi(Automatic Identification System » AIS)F 7 2014 # ¢ R 5 § /& 45 4aSO2,
NOx, PM10, PM2.5, HC, COcht 2c £ ; T | * 5 g7 3 & it 5 3¢ P #-7] (Weather
Research and Forecasting with Chemistry Model) #F3t4pdaft a4t % @ 7 § S F
R o BT B % Aot 0 4548502, NOX, PM1o, PM2.5, HC, COsf3c & & %] 5
33,2007F, 42,9007, 4,5407F, 4,180, 1,8507F, 3,660%F » % ¢ b 14y £ & 31 & e
PR BFRE G- RS, W BToRTESr 0 A B 1E48.3% ~ 13.5% ~ 12.4%
Fv9.3% o ¥ ¢t > § X F R IFMR(PM2s5) kBB T & > F:E13.1% 0 F &4
v R R B DT ARHE20%  F FRIE K B G 1.5% -

22 Br A2 FARRREFINRERY R o LFEAA A

Corbett et al. (2007)F1 * A = 7 B #-3](Geospatial Model )45 3 45 4a #7143 e
R F ORI R feAn B WA ST F o BT B R BT 0 e SR R
Hope s & 53¢ = 60,000 A 3 e ip B a5 P 2 R s K Lo
LB GRE fut 2t BREFZREBESL S FDERT > 4115 10 £
F1E T froAp B o B g 7 2 S A B e 40% o

Tzannatos (2010a) 4 * 4, 4a7% # -4 (Activity-Based Model)~ 47 2008 & #
"E @ %214 B (Port of Piraeus)i& P i A% % 45 (Coastal Passenger Ships){r i i
7NOX, SO2 v PM25s 3 » I iz & H b3k & o Vfﬁ“? R A AT
VAR~ FE M s dpdaiE B AT € R NOX, SO2 fr PM25 st 2z o 37
T %% BT 02008 &+ F B #r & B A 2 eaNOX, SO2 v PM2s 4% 4rif 7] 2,600
Ao 5 LRLE R MM A AL 5100 F F o~ o F ¥R u,r);l_;r\ggp; 4R R
ThiIR o B 66%; R A EL > 5 42% -

Berechman and Tseng (2012) 2 4; 44 7%= &= $-4] (Activity-Based Model)# 3

2010 # & #paldndafois %+ & A% 2258 (Port of Kaohsiung)is # pF 57  3x g

12



THME FRFRBTAL PR FME O S HIRE AL GF DL A
Fas @i FRRAd B F ARG 40 B0 53k S

*BE1R2300F %~ 4040007 7% B HF F R E3% T FT RS

ST PM25s BEARRE R § o v A MBS AL S B o F - R

EL;_

554229 % ~ > Bpor & joxE M B ARBEITA A TN E S A T

PM25 £ TE 8 = A B chf #2722 o

McArthur and Osland (2013)4] * 4 4475 # #-73] (Activity-Based Model)#™ 7
2010 ¥8 = % f 4276 p (Port of Bergen) i jp 4; & c/5 A 2§ > T K-8 ik <
IR A o T EEFIR 4 FEAE PN CO2frNOX e 2§ B § 0 A W] 5
663.497 139,387 » ¢k 3R A P55 1,0009 # ~ T 2,500 B 2 4 0 E ¢ =
VOB A GBS T kR 0 E53% o F)t 0 PR B RAs s &k
fe R AT VRCBAFEFE NN S P ET F LT o IRA A

Tianetal. (2013) ~ 47 4 & 1998-2007 & = B 7 § LIPSk T » 7 345 da 4t
7% % (Residual oil) #742 ¥ e 523542 (PM) ® > 48 (Nickel)fr4(Vanadium) 3+
I AR B R R R AR AT R R B T ST AR R B R PR S 1.25%)
R R 0.95% » B om A 4300 T AR BE B s 02 B S X T Ao BEAR A vt B4R
R EEE o LA BEREERSD > B FTRAE RIS A
LNy e

Song (2014)41 * 4, 4a7% B 7] (Activity-Based Model) ey 48 p & 7588 & 5t
(Automatic Identification System > AIS)FT 3 # B LiiF-Kik ek p 40408 % 4
MEg o B udpdg R BT E hIRAL € & Aok v o d 2 S (Eco-
efficiency) - # 7 2% #Fm > E % #r4 4 ¢hCO2 ~ CH4 ~ N20 ~ PMuo, ~ PM25 ~
NOX ~ SOX ~ CO fv HCA %] 4 578,444+ ~ 10+ ~ 33#F ~ 219+ ~ 859+ ~ 10,758
o~ 5,6230 ~ 1,1369{r519¢ » ik ¢ & A L 2m8700% £ 1 o T E T AR
e > & 1,000TEUH £ § 4 4 36528% <k ¢ & & ; 5 4058 45da § 4

13



443,993% Rik § &k foF L E AT o g A2 44000 £ Ak g
F A K5 4.4% 5k T T e

Tichavska and Tovar (2015)41 * d } @ T 4; g4 223 5 #-3](Bottom-up Ship
Traffic Emission Assessment Model) f= 45 45 p & #% 3% % iU (Automatic
Identification System » AIS)4 +7 2011 # & 317 > #riaf: 35 #78 (Las Palmas Port)
AR F BB AN FTREFR BB PR AERK
g S o kAT A da g e 93% o ﬂf pLzodh s e Ao g 35 A1k in
NOX, SOX, PM2.5, VOC, CO2 ¢k 28 & & p| 4 w5 5400 § & ~ ~ 5,782 & & ~ -
6,197 o~ ~ 179 F 7~ ~ 547 § o~ o

Maragkogianni and Papaefthimiou (2015)41 * 4 4a /% & 23] (Activity-Based
Model)& 3 # "8 7 B 25 v 2013 & 7 NOX, SO2, PM25 #32c § o & % % 3
I BE T R E L 27427 ¢ > 4 ¢ NOx #£:2% 1,887.5 #g -~ SO2 £tz 760.9
W~ PM25 Y 5 94.3 ¥ 5 i p P enptac 8 51k 88.5% 0 A B B ik 11.5% o B T
BRF P2 AMA AL 2055~ F LREHGAL 25 g bR
X o

23 BrEETFMEZFAH2BMFE Kok

Eideetal. (2009) 2 § % 45 fr4c 54y 5 A7 1 ¥+ % > 1 * CATCH #-3](CATCH
model) 3% § fadyda 2 Ve A2y o CATCH #-3]- & u & e 50 £ ~
AR s okt B AT EEE S0 £ AP R AR 2T N G R
Lo fefrr B Ledmeny s F 2 o dok AR S50 2 AR MR el
BORRIER > e By oy o BT R 032 o Py HFR s Aok
BT L SATE D 2 PIF R R4y 40% e at K 4r 30% sk

B oot g R A 2P o X g R R R Ok B i > T i ] 50%

14



Psaraftis and Kontovas (2010)] * 4, 4a /& # $-73] (Activity-Based Model) 4+
73 A darT KT 0 B E R F BB R o T ?}j I dpda a1
Fo b fodaifpt s ¥ o H PR RS R B E B R E SRR e 0 - & X

17 85 870,465 HE 1 CO2 40 9,000 F % ~ceh R A o R o — AT € A
B & apeiz o EF R AT RER > 4ei@ B Flt o A dap @ gy

ok iz AR MO ek 0 REERFR R F o

Tzannatos (2010b)#= 3 # & Piracus i p 4y 4g f (& * MAT YR AL T 2018 >
BEFMORERR R TR AR RS B MA A B R A Aoy
BRSO MR T R A48 33.1 % F PRE R SR ATRT
vV 78.1%h s §F vk E B oo 2 oo AR A A o E A A
W5 1,600 F R e 520 FRCA 5 AT kA Afofp 2 AR A B S 1,080
R e 140 3 F o~ o
Cariou (2011)3® % 2008 & 2010 & »3f + *+ 1,000TEU r§ #h4:» 2.3 ¢ 7
BApdaE o @ E S FE A T R (IMO) 2018 & fE Mp R 15%P o
Py % 2008 E4rdai e ® g A 1,500 F e 0 B dpda s e
T EBTRED 1I5%NPERE o BT S FEA T 2R (MO) R
%/{Eﬁﬁl%%’f&{»ﬁﬂrﬁ?’Fﬁﬁ?é;%\{ﬁ&—?m,ﬁ‘n#h}ﬂ}oklf ESRI IS N
MR R R E R A A e > SR TR A A R A R o
FIPY o ok B e PR o SR e T R F R AR R R k0 &
IFompmEMac Lt 7 4 iHFgen
Chang and Wang (2012) 4 * 4, 4g7% & #-73] (Activity-Based Model): =z % &
7 (Port of Kaohsiung) 7.8 & "B #4078 2 dpdap g T 1280 @ % A7 ~T gt
2078 2 4y daad 3 128 1 @& % AL Tk ¢ 2007% 2 aE 2 PEardr 4 F (Emission
ControlArea>» ECA)* @ * % | Z fAFH T » P A B S 7 22"F Mk % 45 4g

BEFHERE - F7 25T TEM40B LM I 128 0@ * AT |7

15



B 65-78% § ARG B TR 20 AR E D 25 B BT | T
71-91%= % g5 & > B 12005 2 2% = Emission control area(ECA) & * A
TRIT R MS8-TT% = F Ry B o BEor T iB P20 i dpdgpaE 5124 3 R
R AERREFAREY b R AR T § W e o

Norsworthy and Craft (2013)47 31 # B2 % & i /& (Port of Virginia) ~ & f 27
#8 % (Port of Charleston)fr kL #g i (Port of Houston)d& # 3% % ) + & f g+ =
Bt BEFIR p RHEKE LTI M antd o X H 8N 1-4%9N0x
FrPMeptac g o 2 dodk #3t F e A I % PINOX{rPMeft i g 4 5 ¥

"L 12-15%4031-34% o

Ushakov et al. (2013)+* #4452 * Gas to Liquid (GTL) fuels §= Marine Gas
Oil MGO) # % # P chi B - 7 B 5T @& * GTL fuels e, & >
HelF{eg T R POl T > NOX, NO fr CO2 chtic & 4 bt i *
MGO & i 15-19%, 17-25%F= 4% -

Winnes et al. (2015) ~ 45 2010 £ - 3y & # & #F & (Port of Gothenburg) 7
"BAU |~ ubpddgde ~Tapdakst ~T ¥ e g ) w B LT > 2030 # 45 41
ZREFMREARR T YRR & 2 4p4a ¥ LNG -~ BioGas ;" 4403k 3+ |
R

Feomy 25T Wk BRHFE2EFEIR L i pdaf 3 5 WP

S R TR S TN IR RUNII T Y S S A &

B 2030 £ ¢ M 4 40% = % 0 ok F R EAPM R R W0d e o TR
Mapdgzgst ST H @eed | 4wt 2030 # BAU 8 T 2 #% 28" 3%, 1%
Fr 10% -

Sciberras et al. (2016) 438 v B dpdate * AT o LNG 24dis - - 5 it
BUF RO P BRI ek R BT KRG LR A da 2% §
PR AT 5 drk AT e LNG %R - A2 ié * i > 1% p BF ey dg S A en

Z % "B 5 58% o
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Chang and Jhang (2016):®= /% T4 dajkad | 4o T wplagde | #3 3 228 (Port
<ﬁmeﬁw%N}Ef%%%ﬁ<%wwﬁ%ﬁﬁ LR AR BT 204
Lo RALERET 12 8 FBC O RFE - RERZZT S sk
> B i £ 71* CATCH #-3](CATCH Mode) # AR 7 fa st 2 & &% F « %
BERFR TR - DIEE T R R oA A B K 41% e 14%50 S § i
BRI A S S R R A e R 48% e 43%h s § T Rt o ik
2 ¢ > CATCH -3+ # 3R > § R4y F Sdpdapd ol 29 2 g

;bif\)i_%;.: ’ ]E %{ %ﬁ-ﬁ“ [" i—_]}) J;EI/)E\' 1? = “‘_;/ ‘f\i‘/{_‘/’é )

Senetal. (2017)+- & A+ & A @ * R xR X % (Compressed Natural Gas »
CNG)fr-t % & ¢ (Battery Electricity * BE)2_ {5 > f £ § ¥ %L1 R - 77

BEEA O EAE SR AT DR ORI AF R F WP RE > A g0

&% @SS 63%fr 33% g

Bouman etal. (2017)w AR 150 3 Mg~ 4pdaif % § Mg che e > F ¥

BN g sp O Aai  F WP B2 cm TSR o L) B - B
B - 2 OUROR R  da sl 3 F AP R AR 3 F MR 0 T nig

WRE S ZTEEEER L IE S 520508 F = B 02015 & 45 4a0E 7 o Bk
£ 75%:p & o

Styhre et al. (2017) 12 4, 44 7% # #5273 (Activity-Based Model):®= = # # Fi&
(Port of Gothenburg) - & #tj& (Port of Long Beach) ~ = <& (Port of Osaka)fr- 2 4
i# (Port of Sydney)2015+# iy 4aif £ § Mg - Py 51 - B FEFB
g~ APBAeE MR R B R R A B 5 155 o 245~ 975 o
feoS5g -5 PREE o F P AR AT E A T A S 0 YR
50% ° FIt 0 AT G aER R Y AT KRR S apdg B AR E F PR E o

Lopez-Aparicio et al. (2017) 41 * 4, 4g7%5 & #-4] (Activity-Based Model) 4 47
FRa B 201 6 (Port of Oslo) 22013 {r2020-F 45 46 i 5 § M5 > ¥ 4534

17



i M E A A(<0.1%)H e da R B o T 7 B % BT 0 2013 % {02020F B
PR R B F BT R A B 5 56,9640 1062,47208 5 F ¢ 14 i Ay 4g e ok
57 o w8 1E63%Tr65% ° "f P2 th s g A2013F 20 (8 B An i@ r K pr kL
(<0.1%)B1SO24ePM10 2020 % A %[ # 12 > 90%F=10% ©
2.4 H 3R]

Wang and Hao (2016) 4] * Grey theory (GM) {-= Auto-Regressive Moving
Average Model (ARMA) k g jp| ® ®2008-2014# ch1 £ £ & > Tt s
X2 BB R A7 S5 F R ¢ Ra2008-2014# ch1 ki £ € & RAR

p
T £ 1508 X MK 12308 X 4F o GMaMAPE & 5 5 5.95% > ARMA

IMAPE & ] 5 15.55% > &7 GM 73 &% 3g Rl & B o

Ding et al. (2017) 41 * Grey theory(GM), Discrete Grey theory(DGM) and
Auto-Regressive Integrated Moving Average Model (ARIMA)FE i » R 72 vl ir
A ez § R o AFEE 2200520110 F AL S AH O H G Y K2020%%
eplar g 4 - F VR - AT %% 57 0 GM, DGM and ARIMA 55MAPE &
> 5 5 3.83%~ 7.08% v 12.21% &1 GM% = faficd] @ R R F o Pl
Efl* GM2 42 5 ¢ ®20207& PrEkflar g2 4 chz § it g 5 1109 -

Xiao etal. (2017)4] * F7enF & 3 dd A SR RIERI P WS - B Y 2
AR R PR FR(0A ~152)Th® it o Ty SR FR - S EHLL
(i i et e UL > 7 LRI LR R hF SR o k2 o e 2
S PEF ARG B ER > FIL U AMAPEE A B F F 8.17%407.16% -

Xuetal. (2017) g 2003 -2014 £ ¢ BT 4 g fiim > TRz %
¢ 3g BIH-A] (Grey prediction model, Improved-response grey prediction model and
Newly priority grey prediction model ) =¥ fzx 4 - & % &1 Grey prediction model

7 MAPE & % 2.489% ° Improved-response grey prediction model 7 MAPE & 5
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2.469% > Newly priority grey prediction model 57 MAPE & 5 2.479% - & & "2 ¥ i&

BAEPIRCA ATERIT A A B B G AR bl o

—_

B EBBREBEREDET LT R AR R OFT A BN

© AR B ¢ R A LAY A HER YU SR A

ﬁ%uaﬁéﬁﬁm?u%m’%éﬁﬁéﬁﬁ{ﬂ B A AP R
BT OZF T LR F B g (McArthur and Osland 2013) > e § ¢ 87
97 RO e 0 B SR G pr g b B R AR K F g e (Han, Youn
etal. 2011, Berechman and Tseng 2012) = F| » 5 7 § > & %G § 228 i
AL RE G A BPEIFERIBE AN E I RE
hBEETRCTFE > IS E FHEER S RE

IJ

B AR G DA FFE AR T R R 0 0 3R B Rk AR
Beo ol T b R vk 2 R

Eiﬁﬁi,gﬁﬁﬁfﬁaiiﬂﬁoﬁipfiéﬁﬁg’%%210
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R Y e

X (&)

FIrFHE

By

—EBvIFARE

BEFWERE 23 F HT

Endresen et al
(2007)

F % 1970 # 1 2000 & > A & %)
g4 CO2 v SO2 etz g - 7 7
A% TR j€.1970 3 2000 & 4y g h
CO2 fr SO2 # - § » & % 4 3
634,000 #f f= 8,500 = -

Activity-Based
Model

Schrooten et al
(2009)

B B OV RO A da o
%m%:%,¥uaﬂﬁgpfﬁ
%L F’ R S ;}F,:, » @ FLT ey dg

) 1980& % 347.8 g #g> 1 2000
# Q34 3 434.8 F o 3p 4y 2030 &
EHBEERROFRT AT
1,283 @ #f o

Activity-Based
Model

Han et al
(2011)

3 2007 &3 ® iz k& (Port of
Incheon) i % % #£3c & > B EH
B e Fhapdge s @ 5 BN ke
WE BT HER = ;E\mHC, CO,
NOX, PM10, SO2 s 4 2t 2% £ 4 &
% 229 w7, 638 =i, 4,681 =, 307 v,
3,995 w -

Activity-Based
Model

Chang et al
(2013)

3 2012 # 5 ® i= "' % (Port of
Incheon) & #g 3] 4y 4a 75 & 908 3 7 #8
g o BE KT T AEEGCar
Ferries)f- p” 1% 4 (Container Ships) ¢
g s F o A u 5120008 = -
5,000 = o

Activity-Based
Model

Chen et al
(2017)

3 2014 & ¢ W § k4 4a SO2,
NOX PMlO PM2.5, HC, CO &gtz
T o Ay %o o 4548 SO2,NOX,
PM10, PM2.5, HC, CO st 4 4
% 33,200 #f, 42,900 #f, 4,540 =g,
4,180 w¢, 1,850 #, 3,660 v

Activity-Based
Model

Automatic
Identification
System (AIS)
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e (&)

FirEHE

By

S BRTHALZ I FFRAARIAMEEFYRZ Lo FaL

Corbett et al
(2007)

BT A0 ST SR R MR B
fodn B s 9 3 g B M o FT ] M R
B o Ay S R R E
@4 60,000 4 3 aE g fodn B o
Bk A R LG ed Tk
PR

Geospatial Model

Tzannatos
(2010a)

/47 2008 & % o B #7 2 B (Port
of Piraeus) & p i 7~ % 4; (Coastal
Passenger Ships){-2%#5:7 NOX, SO2
fr PM2.5 #2g » 3 5 5 H ohma
RootFt2 ko R R A TYE AR
R A LA FEERES L bR ¢
48 NOX, SO2 v PM2.5 et 2 o 4=
1 % R Hom 02008 £ 1t 7 AT B AT
#%7NOX, SO2 v PM2.5 4, frit
32600 - & LELE R o bR
* % 5100 § gt~ o

Activity-Based
Model

Berechman and Tseng
(2012)

iy 2010 # & g dpdafok B+ B
% ® % (Port of Kaohsiung)is &
SRR B F R XR-F B AT
AR ZFHMECSHRRE S
i’ R LR SER IR SR
R AZ PR T FMBENS 4
Fro Rt HNRERLAFELR
2300 # £ ~ > 45da k7 97T% 0 B R
+ 2 ik 3% o

Activity-Based
Model

McArthur and Osland
(2013)

7 2010 & #m = 8 426 (Port of
Bergen) & jp 4y £ eni5 A % E > T
S R L R
o & 43k P 7 CO2 o NOX et
g B § o4 W 5 663.49 B 39,387
R bR ARG 5 1,000 F R
2150 F w2+ 0 ¢ X LR RS
4 ho e kR 0 K% 53% o

Activity-Based
Model
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e (& 1)

FIrEHE

By

Tian et al
(2013)

47 4 ik 1998-2007 & = B 7 & BLiP
B E R o FitApda R ER W
(Residual 0il) #73 * chfg ;538 4 (PM)
¢ > 44 (Nickel)fré+(Vanadium) 4>t
AR R R R T B R
o S AR A R RS
1.25% ; 4P| §_ 0.95% > &p 77 4% ¥
I AR B Ao PR RS R T g

Generalized
Additive Model

Song
(2014)

v R LGERE aE 4R
R R ETL S RENPRUSTEL S e
hIMAL € X Aok v e fi
(Eco-efficiency)) - #= 7 2% #Fm >
B % ATA 4 e CO2 ~ CH4 ~ N20 -
PM10,~PM2.5~ NOX~SOX~CO 4r
HC 4 %] % 578,444 v ~ 10 v ~ 33 # ~
219 v ~ 859 # ~ 10,758 v ~ 5,623 # ~
1,136 #ifr 519 wf > BAt € & & 5 2
%8700 4 £ = -

Activity-Based
Model

Automatic
Identification
System (AIS)

Tichavska and Tovar
(2015)

45 2011 £ & 519 $ AR 6 TR
(Las Palmas Port) sy a8 % # § 4
WE B UMBEIA T REY
oo fErtaf 3B 40k g NOX, SOX,
PM2.5, VOC, CO2 ¢F3R= AR A B
% 5,400 @ ¥ ~ 5,782 § % ~ 6,197
FRA 179 §Ecn - 547 F R~ o

Bottom-up Ship
Traffic Emission
Assessment Model

Maragkogianni and
Papaefthimiou

(2015)

Ly F ORI Bk e 2013 £
NOX, SO2,PM2.5 £ 2z & o & % 3 >
T Bk T g L 2742.7

F ¢ NOX #:2% 1,887.5 ¥ ~ SO2
2z 760.9 #f ~ PM2.5 B 5 94.3 #f |

i p P et g Xk 88.5% 0 3 # B
i 11.5% ¢ # v iR ¥ F g 2 vt
WAL 208 %A F LREOE
4 25 F A chth 2R A o

Activity-Based
Model
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Eide et al
(2009)

f1* CATCH #-%](CATCH model)
G AR Do Sl e
FraR ook m Rt B3 g
Feh x> v naE 3] 500 i A ok
B

CATCH model

Psaraftis and Kontovas
(2010)

VAR SRV SR U T2 ot I i T T P
FRHE DR T FR 44
RELHIFLRLREFEY
AT E R - S G R
870,465 w7 CO2 §= 9,000 § % ~ eh
(LN

Activity-Based
Model

Tzannatos
(2010Db)

F 3 % "8 Piraeus i p 4pdg ffe i
e AT 2 8RB F R E
AR AT EEFR O MR
U L A by 33.1%ehs § it
F ;o AT R U R 78.1% o

Activity-Based
Model

Cariou
(2011)

= 2008 3 2010 & » 3 4
1,000TEU 1§ #45 » 27 ¢ 75 4y
dgfa o @ i A B E 2 % (IMO)
& 2018 & % Mgt R 15%:hp
Ho g R AT [T

Activity-Based
Model

Chang and Wang
(2012)

GG A R - R b
%o K Bl R B R A AR R
FAEE o my RS DB
20 jAjmdpdgiRiE 1 12 Hx @y A
TR 71-91%- § Ry R
BB &% ks mipdaE 3 5 P

L EniTiE o

Activity-Based
Model

Norsworthy and Craft
(2013)

FERAEEL LB B FATRE
Rl#gpfadig®mp + 2 p RS
oo R A F R pREER A H
PR At AR aRRS 1-4%
INOX fr PM et 2z g o

Activity-Based
Model
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Ushakov et al
(2013)

ve iy dg e % GTL fuels f= Marine
Gas Oil # 2 f H# gL R o F7
R U u% *  GTL fuels =4y,
2 » > NOX, NO 4= CO2 gt 2 § A
gt * MGO £ i< 15-19%, 17-25%
e 4% -

Activity-Based
Model

Winnes et al
(2015)

s 45 2010 & oy B EFEE A
"BAU Ttk g s T dazk 3
I—% ;{imef§]¢97‘1‘,20304}:
dpdaz B F 5{« BREAR - P ,‘.p%
BTt ook BHFEIEFERL
s 0 ApdaE R o HE g & 2030
£ g R A A0% = o ehek G R e AR
PR B Kk ags o Tovigdde |~ T Ay
dazket )~ T gy ) A w2030
# BAU 5 T 2 #3c g ° 3%, 1%
Fr 10% -

Activity-Based
Model

Sciberras et al.
(2016)

Fitp o edisig® * AT fo LNG
S I SRLP: §- B =l s ey
BRIk R R ATRAET M
U A da 42%chs § OV R S
4o AT e LNG 2l - 4= i@ * o
o iBp P i dg fr it ehs § i Bk
% 58% -

Activity-Based
Model

Chang and Jhang
(2016)

i DApdataE ) o Ty |
*t % 22 (Port of Kaohsiung)® f %

frfz e ARG A AN
o8 o 20 ALtk Ay g
AEI 12 B REBE- B
R 2T R b 3R B
s £ 41 * CATCH #- 4] (CATCH
Model)# AR B8 2. & A2 F o FF
TREFR B - NEETRE
T4y fogc g dn A w0 11 41%c 14%
e F LB A B R R
RS Aok 4y 48%fr 43%:h= §
CERpa g o

Activity-Based
Model

CATCH Model
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Sen et al
(2017)

LR EA P AR R ARG
(Compressed Natural Gas > CNG)Ffr =
% @ 7 (Battery Electricity » BE)z_ {5 »
FAHERENLIR T REY
’il*ﬁéﬂi?%%ﬁ@g%
s{T' %%“’#HI& R ARt
B AL RS 63%fr 33% et i

/

/13 S Fia'

Mm By

o

Activity-Based
Model

Bouman et al
(2017)

v AF150% § B > el 3 § M
SR e o K EEIE A B4 s
AR EF WP RE DT YR
% & o7 "};‘1’}5 Fw- BH- 32V
JHI/%}?*/L-Q g g ¥ 5f4 LiEER SN I
AR F WP g T NBERE D
iF e S gk Roend 4% 5 2060 &
520158 45 448 3§ AR R
75%:p 1% o

Activity-Based
Model

Styhre et al
(2017)

iz ¢ 4 ik (Port of Gothenburg) »

£ % (Port of Long Beach) ~ = <%
(Port of Osaka) f= & 4] & (Port of
Sydney)2015 # sy dai8 § F %
T o7 SR REFRE R
B AIERBEFEZHETE T HE
g A u L 15 24 07 §
AR LA

Mg pEAT A 4 P g A S

¥ AL 50% o

Activity-Based
Model

Lopez-Aparicio et

al(2017)

A Fr R B 2 pk i (Port of Oslo) &
2013 & - 2020 # 4, da g F F M0
g o TR AL (<0.1%)
$ipia g h P W Ty 5K
77 0 2013 # fr 2020 # B $rigik g
F4 ML 4~ B 5 56,964 e
62,472 ¥ > § ¥ MR IEApdg i
B % > A Wik 63%Fr 65% o

Activity-Based
Model
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TF (1) GRS B Ll
=~ ARG
f] * Grey theory (GM) 4=  Auto-
Regressive  Moving  Average  Model
(ARMA) % 7g ip] » ®2008-2014 & 11 #
Wang and Hao R AR Tt 2 BaE R o | Grey theory
(2016) oy R IR ¢ R 12008-2014#
FahyFEE R EL > 81508
LR E 1230 L4 o
4] * Grey theory(GM), Discrete Grey
theory(DGM) and Auto-Regressive
Integrated  Moving  Average  Model
Ding et al (ARIMA) g i) ¢ 1;&]’}% ’;%’»H'wg 4 =
(2017) § R R 8] % 57 0 GM, DM | CTeYtheory
and ARIMA 'rhMAPE B4 %W 5 3.83% -~
7.08% F= 12. 21% » B or GME = fa 17
PR R BB
Grey Prediction
Mode
*ATeNE & g TR RIECE] kR
P R ST Ay FE Pe & & H& | Newly Priority
Xu etal (104 ~ 154 )T hg it « F 3 B % F W > | Grey Prediction
(2017) TEHAIE G g Al ﬂfmf T4 > ¥ | Model
DT z:@,. BenE SR F L F T D
MAPE & 4 %] 7 3 8.17%7-7.16% -
Improved-
Response Grey
Prediction Model
7ER]2003-2014& ¢ W T 4 F Hw o ©
W = B A G FRRIBR B A o B % B | New Seasonal
Xiao et al 7 Grey prediction model 5"MAPE i& % 2.48 | Rolling Grey
(2017) % - Improved-response grey prediction I;/(I)rgczlasting
ode

model sPMAPE & 3 2.469¢ » Newly priority
grey prediction model s7rMAPE & 3 2.479% -

T kR ¢ Agm
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AR ELS AT BIA F- A TEFLFETFLHE e wp
AP B F 2L AT e IR SIERFRER R o R IER 5]

o

it

TR
3.1.1 Fakakat
AT HRIFEBEREFLEER 40 A /._#HI FH 2 pacg > o ds

dodg S FBERZ IS E BB AT LT H R o

Ay Aa IR 0 FUPR LU IR TR 0 2017 £ D sk dgdr 0 OB R4
0,349 #9435 1,853 F O » frakdy 3,583 404 2 499 F ¢ 0 b #5 2,992 44
352,042 F e Hoapdn & 2 2849 sl 2 3749 oo wE o F o aRE & ] dpdg it
18,773 40 Fli iz ik — 53t FIL AP TR LA A e ¢ B 0 1T S
ARG 2 Ay AR N R4 37,563 #Een EVER BALMY 1% 5 47§ 44
o o 474 E 57,809 ¥ c7 ROADRUNNER BULKER 17 5 77 5 $F % o jb #3%
* 9,156 #:r BOW FULING (5 F 3 $ % o Hapduda o PIILAM S & 4 >

2 TATHWA % 5 7 7 4t % -

1 dpdg2 P A Z FRAEE o % - R4 L T Fairway | dpdp da i o
40 BiRsnfF R EuE v HE R A S BSIEFL FER S 5o me i
"Maneuvering | 4p 45 40 8SE » v (TR D R BLAEERA, 0 A - g5
AT 5% 95 3.5knot/hr 5 § = 384 & T Berth | dp 4544 1% p Af8
BRenEd T, AR G B HFE ¥ ApE B ST ARIT R o s A 3R
A RIrg A E F’“;“ii:a‘_#ﬁf’ﬁi% Wel PNEIPERRFF AP
B3t 02017 £ f g off A g 45 % 5 S AE A 150 ok g 4 T8
o 5 B EEINA o AR 02 FUSO-380 5 (R % 0 3R 45 B 5 Adp B A 15 L
EFHREARHFIE > A4 ko @2 pcg o
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312 A1 #H
T3 BB I ERQUUNE > F2B L L85 - < B -2 F % 15+%
ro2017 B AR 9L LA BT %f#%vif&_ﬁﬂ——-—‘i—' ° B B
MO E 17,736 200 » % 7 G 2B fH010.55% 0 ks fRE2E
G2 89.4596 < p 2t 0 BB G B 18 2Ltk bl Y EMAT Y
116 Ao 2 ¥ [ 1RABER 24 F s HT X ABEF 32 A~ 5 b A BF 30 A~ FRAEAB B 2 o
AR ARz B BT LT RIAGT 28 A o ¥ b 3aRETG AL 96 A
FARS5 A Eri e 170 2 > & P 1RIEIE G5~ a2 o P B R
e EBREERRTY B RMADERS  F LR AR E e 2
Ry R iApM IR AR FR AP R FHRY s h 2 F T
PR DB PR g R AREBFT PRY w0 o 7 7581
BT AN R AAA RGP AE R ¢ § T1I-74 5B 4R ¢
P Y 0P E 104 540 105 5 mBEF > @ H s dpdaGRE)A € B R AT 4
B ettt AT RF F W 2009 £ £ R SR ORE  BR T R
B AR I ik b 40 R iR Bl AL 2P PR
F2hou & FETw bR 40 Bt B F o 4ol 3.1 F BB R BT

TF o
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A Bulk Harbor Areas

-== Fairway
Commercial Harbor Areas
D \

Fishing ports N
B naval base
[] industrial parks

Bl 3.1 BeBrgep =¥ B
TR KR AT ER

32 REHP
B E B 0 HEA R T R Ao R 31 AR SR

Index Description Unit
i 4s4gf85g > 2 ¢ i= 1~4 (1= container ships, 2=bulk
ships, 3= tankers, 4=ferry)
j mE Al i, 0 B¢ j=1~3 (1=fairway, 2=
maneuvering, 3=berth)
c A g o 2@ k=1~3 (1= ships, 2=trucks, 3=
cargo-handling equipment)
Decision — .
. Description Unit
variables
Eg BApdaptacir H 2 P g ton
E; dpdg 1 AT ] R E ahpt o g ton
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Ey A da R B PR H chpiac ton
Ep dpdg iR p R H chpt o g ton
AS;; dpda i B ] R R knot
MS; SR LN S T § knot
D; dpha T B | T DT R IEYE km
T; dpda B | T hour
n; Fa 4y dg erlic £
Er B Ep R E g ton
T, R ERET hour
nr $5 8 Ef i g
Ecur KI5 i H ant o g ton
Tene s L E TR hour
Nepg Haris L g
EEC P H 2 b v A Usb
Parameters Description Unit
%MCR SR A FEH S kw
LF; dpda B TR enf ik %
EFg dpdg Pty H 2 pox ik (ton-kw/h)
HP; #AERsIHE 4 kw
LF; o Beng ik %
EF, oo E 2 P ik (g-kw/h)
HP. s SIS 4 kw
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LFcyg K Lol anf 4 ik %
EFche v B o H 2 ik (g-kw/h)
ECF PEACFH 2 bk P USD/ton
a 7R ik
b AR % s -3
MAPE TG HE AR
real, e A tE R RREL iz FEE
estimate; el AtERP BB E

TRKIR AP R
3% b A AT

- #m 3 > “Top-down approach” §= “Bottom-up approach” (or “Activity-
based model)&_A fE 3+ & 3§ (71 & * 34 o Top-down approach i & 4245 ¥l
g * Rt B R E @ Activity-based model B E 13538 s d R kot
¥ P o qp 2. T o Activity-based model 73t B & % i€ § v Top-down approach
{ ®Fr (Bouman, 2017; Miola and Ciuffo, 2011) -

ARG EH R activity-based model ki3 F sk N dpda > 35 B Ep e ke
PWEPRFHE PR BEANL A Py 22 AT unmapp Ay >0 IMO
(2014) ~ ITF (2014) ~ VOWTAP (2014)f= POLB (2017):& 74 & o ot ¢b » AF7 F
PR ep B R R p Bk EIrsE B8P B RL>F T2 @ ~ The third
IMO GHG study (2014)r2 2 VOWTAP (2014) -

3.3.1 4;4g

B oo BB Ay da o B et B3 72 12 activity-based model F A e

FlUt o AFE R R U dpdgiEd B AAH D R P ihdc o KB Apda %sc,}; H

g o Ao (1)~ (2) e
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Es= ) (Ey) M

As;\*® D;

Ms,) " As, @)

N3 .
= %MCR x (+2)" x =L x EFg x n,
i ij

g v

Es @ g4y da ey H ehptac g (ton) o

Ejj @ dpda i el s iy B et 2o (ton) o

i : d4pdafasg, # ¢ i=1~4 (1= container ships, 2=bulk ships, 3= tankers, 4=ferry) -
j v om®AlE, ¢ j=1~3 (I=fairway, 2= maneuvering, 3=berth) -

%MCR : 51 & &~ FF# F(kw) »

AS;; * dpda i B j PSR 45 i (knot) e
MS; © 448 1 B = 45 3% (knot) ©

Dt dgda pfi 8L j T 0 B pEdr(km) o

T - dpda i 8 j T #7F O (hour) o
LF; @ dpda st j 7 3l 8 en g ¢ (%) -

EFg @ 4, dg4 v:;:;;tﬁ 2_ 3% % #e(ton-kw/h) -

ng © i fBdyda clcR (48) o
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332 # 3 5
R aag - P v B R R E At S AR Ay 4

% I 4 & Virginia Offshore Wind Technology Advancement Project (VOWTAP,
2014)¢ cfp bl 258 0 (FE P E B R D FRAGHE 0 2 det(3) 0

E; = HP; X Ty X LF; X EFy X np 3)
*;fif v
E;: ¥ 8 g;f;czkﬂs;:;—g—ﬁi e 2z § (ton) o
HP, : # 2 731 8 5 4 (kw) -
45 B Ef (7 % pF F (hour) ©
LFp t 2 spsl&Fenf § i (%) °

EFp @ 45 2 8 3 8 2 % fdi(g-kw/h) -

W%&Lﬁﬂ?—-iﬁ%*“ﬁ& gL P EE gt i 5t B AR g
% I A & Virginia Offshore Wind Technology Advancement Project (VOWTAP,

2014)° efp B SN IT SR H B R RIS L B E 2 2 0 Aot (4)
Ecyr = HPcyp X LFcyp X Teyp X EFcyp X Negg 4)
%ﬁlf ¢
Ecyg * A8 5 i H ongt 22 £ (ton) o
HPyp @ K £ 5185 4 (kw) -
LFcyp @ & B 318 enf ik (%) -

Tenp * A+ 148 2 38 (FpF & (hour) e

33



EFcyp @ 918 5 #8245 dic(g-kwih) -

Neyp * AL & -
3.3.4 ¢#h3Wa A

A A F AP P A SRR B A 2 i T (Tichavska
and Tovar 2015) o F]pt » 77 Bedpda ~ 45 & 57 ~ Rdr il B Py onptac g o
Fob o E A A Gl TEE DA INE R dost(S)e A h I A Gk

& %% (VOWTAP, 2014 ; Song,2014 ; VTPIL, 2012 ; USEPA,2010 ; IPCC, 2014) -

EEC = E;, X ECF (5)
*‘é" v

EEC @ $ 2z 8 2 3% = A (USD) -

k:#2xq) fy > 2 ¢ k=1~3 (1= ships, 2=trucks, 3= cargo-handling equipment) °

ECF : #HI FH 2 ¢h 3R A P 2 fi(USD/ton) ©

3.4 TEiRIB-A
3.4.1 % 3ERIH-3

TR RS R AP REOT 0 GE FIRIE) aE E gr FOR M
4 70 T R ey ¢ 45 IR E R IR A K p“q‘i;‘fé Sy o B
AGERIOET ApE AL By B H * RALRN R 42 £ (Wang and Hao 2016)
fr= § s #2cE Ding, Dang et al 2017) ; B p P~ ? X A kTR
BT EARE PR (R AR 2006, FREE 2007) o Flpt AFT T E 4 ACTERIIT S
FERI B 228 2030 & {0 2050 & b g £ 02 2 0 4oV (6~9) -

HEBEFEAXOF n BREE
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X® = (x©(1),X®(2),.., XOn)} (6)
AR 4D FRTR A

XM = (x1(1), X1 (2),..., XD (n)} (7)
# 2 GM(1,1) » 387 A

dx®
dt

+aX® =n (8)
Fofdpies = 25t o TE ERRICG

XWO(k+1) = [x<°>(1) — g] e %k + g (9)

bl frde e

3.4.2 3?«? & R B

PO I R L & SO RORRINCR g TR R E F R T RE R ET
AGIRRIBEE e FEE G SRR 0 T U KA ETIR R o AR AR R o -
w3 AR ARTR 3 E G = 4 27 324 (mean squared error, MSE) ~ T 323 ¥}
i A (mean absolute deviation, MAD){r L 2% ¥+ 7 4 +* 3£ X (mean absolute
percenterror, MAPE) - % ¥ » MAPE 4| * Ap 4Bl k3 5324 » ¥ & &R L
J& 2RO B R 29T 2 2 (Kim 2016, Nageem 2017) © 1293 Lewis(1982)
a‘% 41> 5 MAPE & & 10%4 T » 27 L FERIE S £ 3 B Bt MAPE & 4 %%
10-20% 7] &+ 257 8] 5 MAPE & 4 »% 20-50%5) >t £ IR o Tt 27 7
## MAPE kT #A|aufF B2R » 53408 (10) c B HF 2 W 5 15 &4
35 & > TP N(10)¢ ehn BA B G 1540350
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|real, — estimate,|
2 real, X 100

n

MAPE = (10)

g =

MAPE : L35G %7 ~ 4 o

real, : & ~t#& R F z2pdpdaz FEiE o

estimate, : & d ~ t & R F@pioda2 g E o
35 - %

~F #H* Activity-Based Model 4 Grey theory » k3gip| % 228 2030 & v
2050 & B A BB v PR E 2 PR Fik - BB R A L PR S
R AR S-E L RSN SR c N L E I QTSR I TP EU
R AR R R F R BB P E R FER S e o B
RN SRR S Sy B S SRS S
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Fri RELSH

= 0GR B AR A v TG E P g A 2030 E - 2050 £ F & (B R T
FHFR) INDO) & CGEZ FHFEE Fmi) aiflf > AL A SR %
B E R Hd 0 R BB T B E & BAU o ¥ - - s
P R E R 2 AT s R ok o

AR ELS LT BIA o F - AR BAU 8T F 2k kv o)
P oo 5 NAER F - fERET #“x/;%ﬁ R 2 Ak B2 A AR
POFFEBE T EORGFE FE K20k o S AR FE 2 It A o
B fS Rl G ) % o
4.1 A#FHB(BAU)T B 2B E v #3ciH 2 g

AFT G 1R % 2B 2006-2017 & ko endpdadc® 0 U ATERIECATE B B A2
#& 2030 # - 2050 & cig Ndndgdicy o FIL B BB ouE DA dg A KRBT IR £
PR AR E(R 4.1)- PR ARl R AR I TR HT AV EA
(mean absolute percent error, MAPE) iT % &% = j& » J| ¥ TR R3] 2 B R o

1945 Lewis(1982)2 % % » % MAPE @& & 10%12© » 47 » FRl 2 % 2 B %
3

-Enlr

FEfS o o4 hFFF 20 MAPE @535 5 1% 5 0.59% > -] %% 10% » & o 7 & %
BRERLM o FET TS B A D N dda bR PR F] 0 T R B dpda % A o dy

i i E O L WAV SUSEE S

20,000
15,000
=
¥ 10,000
—
5,000
0
n >~ QO = N ;n ™~ OO A N n i~ 0 M n S o0 S mon NSO
O O O i = o o a4 N &N N N &N onon.on.on 0N & & & S <
O O O O O O O O O O O O O O O o o o o o o o o
AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN NN NN NN NN
(&)

B 4.12005-2050 # B 22764548 10 > #ic & 2B
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Bl 42 3P BAU FH 2 T » 3228 CO2 et c § #AE ¥ kv dpdadic® R
bwEE SRR o B 43 3P BAU BT B 2B iR v ki B (CO2 )
2 PR I NOX v SOx # % o i fr& P4 B F ko dpdadic® B0 m iR
£ WL o BEAR R 22 B v #7328 (CO2 ~ CHa ~ N20 ~ PMio ~ PM2s ~ NOx
fr SOX)2. € ¢ iF & vhjk o & 1P B & BAU 5 T 2030 # - 2050
BB P DR (MR RP TR INDC) & (R 5 fR 2
ZOETRE) hp H(4oB] 4.2) 0 3R 5 DR KR o 41 BB BB ok

FHEPEREL W ENF T H o E PRER A BN AT UEF R A BAU o
Wz ™ o dphad gaabpr Pyl R ih B0 s A i e
B RN D B o BEAR2 S Andaan gl £ o ¢ Fladr g g iRpdcE Rt g
B e A o dpdaRE B 2B RS DT F L Rk o 5B 2k
EARQ017)ehF R > 7 i L E § 2R Ay e icd B E A B
Flt pdpfa e LR DERT o F B DR A E W E R e T K
Efefs B Epenptn @t £ 4 AR o

~

&

2500

2000

1500

1000

(Thousands ton)

500

(Year)

Bl 42 322k #kiifg'ﬁ #2x g -BAU F85(F z CO2)

38



45,000.00
40,000.00
35,000.00
30,000.00
25,000.00
20,000.00
15,000.00
10,000.00

5,000.00

(ton)

mCH4
mN20
PM10
PM2.5
B NOX
m SOX

2050-BAU

45.98
84.56
3,659.29
2,942.96
36,985.51
28,583.58

2030-INDC

35.13
75.40
3,372.44
2,707.67
33,440.86
26,617.82

(Port emissions inventory)

2005 2030-BAU
43.92 46.90
94.25 87.91
4,215.55 3,821.12
3,384.58 3,072.42
41,801.08 38,524.79
33,272.27 29,888.61
mCH4 mN20 PM10

PM2.5 mNOX mSOX

2050-
Greenhouse
Gas Reduction
Act

21.96
47.12
2,107.77
1,692.29
20,900.54
16,636.14

B 43 288 © b 2 2oc R BAU R (CO2 % )

241 B BB PG Epgs g

% |E£/§8| CO2 CH4 N20 PM10 PM2.5 NOX SOx
2005 84% 53% 90% 98% 98% 94% 100%
444 2030 79% 45% 87% 97% 96% 91% 100%
2050 78% 44% 87% 97% 96% 91% 100%
2005 14% 40% 8% 2% 2% 6% 0%
s 2 2030 19% 49% 11% 3% 3% 8% 0%
2050 19% 50% 12% 3% 4% 9% 0%
2005 2% 6% 1% 0% 0% 0% 0%
# 2 & | 2030 3% 7% 2% 0% 0% 0% 0%
2050 3% 7% 2% 0% 0% 0% 0%
Total 100% | 100% | 100% 100% 100% 100% | 100%
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4.1.1 45 daptc g
IS SRR S LY SIS 7S S EANEE S S D I
PR B SiB 2005 £ - 2030 # o 2050 & i v e g o B 44 e
Bl 4.5 B dpda A 4 e Ha g > & BAU BB T gEEsd i
L EF S A Aa e BiE &R TR o
2z ﬂ,% iy BB 3 B et KR K 3 79% i da gt it B Ok o B iR
B S W ACER TR B R 4.6) f R FRF PR T LR
LF G e g g ade@ b b o B 47 R Tipdarad A8 454
A B2 F 0 g R CBerth ) f B S AR L AR TR TR

- A A e B T R Aok 1t TR R

irha‘;ép’ﬁ*ﬂ’bii&% 59% > H=x 2 F % Falrwayjl‘gﬁx’*q*{ﬂ’ﬁaff?\
BT oeh 40 AL k] R E o~ o B R B fs B B T Maneuvering ; FFEC 0 35 45 4a
ok » v A E 2 ABER o T Berth | FEEEE € B Fdpdacni 318 > 5] 5 977 B
BdoA » 2Ry G5 & i, Flpt g & § o 3% T Fairway | g £

dpdg (FEGE B RCE- o bR IRE o dpda P B p Re M S 0 TR PR

PR F R d 2 4 8RB EE R o

2,000 1,878
1,800 1,687
1,600
1,400
1,200
1,000
800
600
400
200

1,614

(Thousand ton)

2005 2030 2050
(Year)

Bl 4.4 4pdapcF ¥ 2 @ -BAU 5 (F ¢ § CO2)
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§ 450
B 400
e}
S 350
=
" 300
2
T 250
E=]
© 200
§ 150
1
100
S
= . mEEN mEEn w =
g 2005 2030 2050
5 mCH4 23.40 21.02 20.10
~ mN20 85.26 76.59 73.24
®PM10 41.25 37.06 35.44
mPM2.5 33.00 29.65 28.35
m NOX 392.41 352.50 337.10
= SOX 332.70 298.85 285.80
(Year)

ECH4 mN20 ®mPM10 ®mPM25 mNOX mSOX

B 4.5 dpdafcid B 2 $%§ -BAU 5 (CO2 K'f o

T

0,

= SRR = BCERT <R - TR

B 4.6 4y dapiac 8 2 Pt Gl AT R A
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Fairway
28%

Berth
59%

Maneuvering
13%

= Fairway = Maneuvering = Berth
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