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2009 5.4% 2019 22.4% (

2021)

( 2021)

( 2016)

( 2012)

(International Maritime Organization, IMO) 1997

(International Convention for the Prevention of Pollution from Ships, 

MARPOL) (

)

( 2011)

( ) 2020

Taiwan Emission Data 
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System ( TEDS) TEDS 10.1

PM10 PM2.5 SO2 NOX

TEDS

2016

PM10 11.7% PM2.5 17.7% SO2 11.9%

NOX 13.1% ( 2020)

PM10

PM2.5 SO2 NOX

5

(COVID-19)

2.1 

(

2012)

( 2013)
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1

2.1.1 

2009

( 2013) 2020

COVID-19

(World Health Organization, WHO)

1 2009 5.4% 2019

22.4% 2020 COVID-19

7.1%( 2021)

1 2009~2020

2009 89,600,749 4,805,517 5.4%

2010 102,400,800 5,489,860 5.4%

2011 101,716,159 5,968,941 5.9%

2012 96,511,758 5,969,084 6.2%

2013 96,762,659 8,265,515 8.5%

2014 97,699,244 10,020,344 10.3%

2015 96,720,450 12,023,894 12.4%

2016 93,679,902 14,005,064 14.9%

2017 95,474,985 18,559,153 19.4%

2018 95,584,764 19,948,891 20.9%

2019 92,491,540 20,701,103 22.4%

2020 78,284,256 5,597,043 7.1%
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2.1.2 

 2

( 2021)

( 2013) 20 /

( 1 1.852 ) 

 2

2016 2019

2019 109 2020 COVID-19

2 2012 ~2020

2012 427,845 119,374 138,284 13,210 420 699,133

2013 524,608 141,119 172,551 94,163 58,731 991,172

2014 578,002 214,416 164,102 192,565 229,509 1,378,594

2015 693,956 207,443 134,441 132,307 183,069 1,351,216

2016 782,134 119,521 47,165 117,318 163,448 1,229,586

2017 954,536 196,616 62,566 79,450 133,922 1,427,090

2018 1,064,147 117,130 78,351 41,331 123,618 1,424,577

2019 1,091,360 151,879 99,444 27,251 134,142 1,504,076

2020 25,906 71,844 11,835 27,251 291,479 428,315
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(

2021) 3

2020

( 5 ) ( 10

) (7~15 )

(7~17 ) (5~14 )(

2021) 2019 11 4

1 2020 COVID-19

10

2

5

( 2021)

3 2012 ~2020

2012 274,151 49,712 103,982   427,845

2013 398,969 29,780  95,859   524,608

2014 448,839 34,026  95,137   578,002

2015 563,345 37,427  93,184   693,956

2016 663,458 19,088  99,588   782,134

2017 829,903 29,476  95,157   954,536

2018 941,663 36,275  86,209 1,064,147

2019 946,372 34,721 110,267 1,091,360

2020 173,040    652  86,114   259,806
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2.2 

IMO (Marine 

Environment Protection Committee, MEPC) 1997 MARPOL  

VI 2005 5

19 (ECA)

2016 10 MEPC.280 (70)

MARPOL VI 14.1.3 (

2018) 2020 1 1 0.5%

(Emission control area, ECA) 0.1%

(LSMGO)

(LNG)

IMO

IMO

4 ECA ( 2016)

NOX SO2

0.1%

IMO ( 2018)

4 IMO

ECA
2010 7 1.5%

4.5%
2010 7

1.0%
2012 1

3.5%
2015 1

0.1%
2020 1 0.5%
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2018 1 25 MARPOL VI

14.1.3 4 2019 1 1

0.5%

2018 7 23

40% 3,000 kW

20 3,000 kW 10

60%

(AIS)

2.3

(2014) 15 18

2005 ( )

(2019)

(2016)
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Cooper D.A. (2003)

( )  (SO2 NOX PM10 PM2.5)

(2009) 1999 2007

 (PM10 PM2.5)

(2009) 1999 2007

(NOX SO2) 27,495

(2011)

(2016)

(2016)

SO2 NOX PM10

2.4
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3

( 2004) 3

3

1.  

2.  

3.  

5

5

1.  

2. 

( )

San Pedro Bay Ports Emissions 
Inventory Methodology Report (

)

Exhaust emissions from ships at berth Cooper D.A.

1.  
2.  
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3

( )

3.1

2016~2020

IMO

( ) (

)

( 2011)

4.5~5.5 /

0.5~1

5~10

/

(

1)
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 1

3.2 

3.2.1

2019 San Pedro Bay Ports Emissions Inventory Methodology Report

( 2019)

E= Energy  EF  FCF 
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E(Emissions by mode) 

Energy (Energy demand by mode) kWh

EF (Emission factor) g/ kWh

 FCF (Fuel correction factors)

Energy = MCR (AER)  LF(LD)  H  FCF 

 MCR (Propulsion engine power maximum continuous rated)

kW  

 AER (Auxiliary engine power maximum continuous rated):

kW  

LF (Load factor)

LD (Load defaults )

H (Hour)  

20~80%

3 ( 2012)  

LF = ( AS / MS )3                                          

AS (Actual speed) /

MS (Maximum speed) /

Cooper D.A. (2003) 
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(2009) 1981~2006

(HP)

(GT)

(HP)

R2  = 0.9577  HP 1.1466  GT R2

 = 0.8842 0.0878  GT

27,493

R2 = 0.9328  (x) (y) y = 2.3903 Ln (x) 

– 1.4036( 2009)

( 2011) 5

/

2019

3

(Load defaults) ( 2 6)

 

 2
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6

0.15 0.45 0.26

0.17 0.45 0.1

0.13 0.5 0.18

0.15 0.45 0.32

0.17 0.45 0.22

0.17 0.45 0.22

0.17 0.45 0.22

0.15 0.45 0.32

0.15 0.45 0.26

0.24 0.33 0.26

Emissions (E) = Energy  EF  FCF

1. (Inbound) (Outbound)

 Emissions (E)  =  (Propulsion engine emission) 

+ (Auxiliary engine emission)

Propulsion engine emission = MCR  ( AS / MS )3  H(D / AS)  EF  FCF  

Auxiliary engine emission = AER  LD  H(D / AS)  EF  FCF  

MCR (Propulsion engine power maximum continuous rated)  

kW  

AS (Actual speed) /

MS (Maximum speed) /

D (Distance)

EF (Emission factor) g/ kWh

AER (Auxiliary engine power maximum continuous rated)  

kW  
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LD (Load defaults )

2. (Berth) (Auxiliary engine emission)

Auxiliary engine emission = AER  LD  H  EF  FCF  

H (Hour)

3.2.2 

IMO

2019 San Pedro Bay Ports Emissions Inventory Methodology Report

Heavy fuel oil (HFO) 2.7% Marine diesel oil 

(MDO) Marine gas oil (MGO) (  7) IMO

( 8)

7

PM10 PM2.5 NOx SO2

HFO (2.7%) HFO (2.7%) 1.00 1.00 1.00 1.00

HFO (2.7%) MDO (0.5%) 0.25 0.29 0.94 0.19

HFO (2.7%) MGO (0.1%) 0.17 0.20 0.94 0.04
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8

(g/kW h) 

IMO Tier PM10 PM2.5 NOx SO2

Heavy fuel oil (HFO) (  2.7%)

Tier 0 1999 1.50 1.20 18.10 10.50

Tier I 2000~2010 1.50 1.20 17.00 10.50

Tier II 2010~2015 1.50 1.20 15.30 10.50

Tier III 2016 1.50 1.20 3.60 10.50

Tier 0 1999 1.50 1.20 14.00 11.50

Tier I 2000~2010 1.50 1.20 13.00 11.50

Tier II 2010~2015 1.50 1.20 11.20 11.50

Tier III 2016 1.50 1.20 2.80 11.50

Marine diesel oil (MDO) ( 0.5%)

Tier 0 1999 0.38 0.35 17.01 1.94

Tier I 2000~2010 0.38 0.35 15.98 1.94

Tier II 2010~2015 0.38 0.35 14.38 1.94

Tier III 2016 0.38 0.35 3.38 1.94

Tier 0 1999 0.38 0.35 13.16 2.13

Tier I 2000~2010 0.38 0.35 12.22 2.13

Tier II 2010~2015 0.38 0.35 10.53 2.13

Tier III 2016 0.38 0.35 2.63 2.13
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(  9)

( 6)

9

(g/kW h) 

IMO Tier PM10 PM2.5 NOx SO2

Heavy fuel oil (HFO) ( 2.7%)

Tier 0 1999 1.50 1.20 14.70 12.30

Tier I 2000~2010 1.50 1.20 13.00 12.30

Tier II 2010~2015 1.50 1.20 11.20 12.30

Tier III 2016 1.50 1.20 2.80 12.30

Marine diesel oil (MDO) ( 0.5%)

Tier 0 1999 0.38 0.35 13.82 2.28

Tier I 2000~2010 0.38 0.35 12.22 2.28

Tier II 2010~2015 0.38 0.35 10.53 2.28

Tier III 2016 0.38 0.35 2.63 2.28

4.1

3

(kW) (

) (kWh)
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4.1.1 

(2009)

(hp)  HP 1.1466  GT 0.0878  GT

(N3) (V) (N)

( )

(2019) 6

5 /

2016 2020 1,177 5 625

10

( )  
(hp)

 
(hp)

 
MCR (KW)

 
AER (KW)

51,309.0 58,830.9 4,504.9 43,887.9 3,360.7

(hp) 0.746 kWh

1. 2016 1 1

= MCR  ( AS / MS )3  D / AS 

= AER  LD  D / AS 

43,887.9  ( 5 / 24.51744)3  1.92/ 5 = 142.94(kWh)

3,360.7  0.15  1.92/ 5 = 193.58(kWh)

142.94 + 193.58 = 336.52(kWh)

2. 2016 1 1

= MCR  ( AS / MS )3  D / AS 
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= AER  LD  D / AS 

44,123.2  ( 5 / 24.51744)3  1.92/ 5 = 142.94 (kWh)

3,360.7  0.45 1.92/ 5 = 580.73(kWh)

142.94 + 580.73 = 723.67(kWh)

3. 2016 1 1

 = AER  LD  H 

3,360.7  0.32 7.2= 7,743.05(kWh)

4. 2016 1 1  

336.52 ( )  + 723.67 ( )  + 7,743.0 ( ) =8,803.19 kWh

2016 1 1

8,803.19 kWh 2016~2020

 11

11 2016~2020 (kWh)

2016 2017 2018 2019 2020

87,082.5 114,532.9 121,429.3 126,055.4 34,618.9

190,303.8 251,789.0 267,466.9 277,446.7 76,035.8

2,699,688.9 3,904,430.0 4,129,666.0 4,260,158.4 4,186,395.6

2,977,075.2 4,270,751.8 4,518,562.2 4,663,660.6 4,297,050.3

395,287.7 404,010.0 402,580.4 397,701.8 305,775.2

855,526.9 870,005.0 861,037.4 847,997.7 652,130.3

21,354,845.1 29,125,076.7 23,612,070.0 21,541,673.2 23,014,320.2

22,605,659.7 30,399,091.8 24,875,687.8 22,787,372.7 23,972,225.7

/

22.0% 28.3% 30.2% 31.7% 11.3%

22.2% 28.9% 31.1% 32.7% 11.7%

12.6% 13.4% 17.5% 19.8% 18.2%

13.2% 14.0% 18.2% 20.5% 17.9%



156 (Nov. 2022) 35

 11

( 6)

5 ~13 2

5

13~21% 2020

COVID-19

3

( )

2020

12 2016~2020

(kWh) (kWh)

1 947,886 17 180,375 18,965

2 782,950 14 511,112 15,634

3 1,205,738 23 250,654 24,112

4 1,440,142 22 306,347 28,416
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(kWh) (kWh)

5 1,951,031 23 424,943 37,470

6 1,669,403 21 536,431 32,636

7 1,487,881 19 292,540 28,822

8 1,378,244 20 273,177 27,241

9 1,340,335 20 292,989 26,579

10 1,220,543 18 239,591 23,802

11 1,273,409 20 294,481 25,100

12 1,033,231 18 233,426 20,576

 12

5 6 7

10

5

2

2

4.1.2

2016 1 1 336.52 (kWh)

723.67 (kWh) 7,743.05(kWh)

( 8 9) 2016 1 1
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1. kWh ( )

142.94 ( ) + 142.94 ( ) = 285.88 (kWh)

2. kWh ( )

193.58 ( )+ 580.73 ( )+ 7,743.05( ) =8,517.36 (kWh)

3.  E= Energy  EF  FCF 2019 San Pedro Bay Ports Emissions 

Inventory Methodology Report (

2019) 2019 2019 1 1 0.5%

MDO 2.7% Heavy fuel oil (HFO) 1993

IMO Tier 0 0.5% MDO Emission 

factor Fuel correction factors  13  14

13

2.7% Heavy fuel oil (HFO) (g/kW h)

IMO Tier PM10 PM2.5 NOx SO2

Tier 0 1999 1.50 1.20 18.10 10.50

14

2.7% Heavy fuel oil (HFO) (g/kW h)

IMO Tier PM10 PM2.5 NOx SO2

Tier 0 1999 0.38 0.35 13.82 2.28

PM10 = 285.88  1.5 + 8,517.36  0.38 =3,665.41 (g)

PM2.5= 285.88  1.2 + 8,517.36  0.35 =3,324.12 (g)

NOx = 285.88 18.1 + 8,517.36 13.82 =122,884.34 (g)

SO2 = 285.88 10.5 + 8,517.36  2.28 =22,421.32 (g) 
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2016 1 1  

15 2016~2020  

16

15

(kWh) (kWh)

 
(kWh)

(g)

PM10 PM2.5 NOx SO2

2016/1/1 336.52 723.67 7,743.0 3,665 3,324 122,884 22,421

16

PM10 ( ) PM2.5 ( ) NOx ( ) SO2 ( )

2016 1.21 9.03 1.10 8.24 40.95 271.33 7.37 54.75

2017 1.73 11.99 1.57 10.97 54.90 357.09 10.49 72.53

2018 1.83 9.89 1.66 9.04 57.80 288.84 11.10 59.92

2019 1.77 8.66 1.63 8.39 57.56 262.05 10.60 51.82

2020 1.63 9.11 1.50 8.39 58.74 264.56 9.79 54.55

8.17 48.67 7.48 44.62 269.95 1,443.88 49.35 293.57 

COVID-19 2020

2020 1 25

COVID-19

2020 2 10 2 2016~2020

 11

PM10 PM2.5 SO2 2018
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2019

2019 0.5% NOx 2020

1993 IMO Tier0

 16

3 (

)

4.2

5 PM10 1.1~1.7 1%

5 PM2.5 1.2~1.9

1% 5

SO2 40~60 1%

5 NOX 7~12

1%
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17 2016~2020

0 2016 2017 2018 2019 2020

PM10

( / )

1.21 1.73 1.83 1.77 1.63

1,172.86 1,171.07 1,153.48 1,129.34 1,137.28

1,798.51 1,787.91 1,708.56 1,673.01 1,661.52

PM2.5

( / )

1.10 1.57 1.66 1.63 1.50

455.59 457.03 445.21 440.69 443.60

943.15 936.77 873.82 858.92 845.09

NOx

( / )

40.95 54.90 57.80 57.56 58.74

2,247.61 2,260.98 2,157.39 1,663.29 1,676.69

17,305.17 6,987.89 6,271.70 5,785.34 5,676.29

SO2

( / )

7.37 10.49 11.10 10.60 9.79

2,066.20 2,078.66 1,923.11 1,909.28 1,921.87

12,501.24 8,273.34 7,323.50 7,175.18 6,938.96

4.3 COVID-19

COVID-19

18 2020 2

0.21~0.23 kWh / 2020

0.768 kWh / / 2020
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18 2016~2020 ( )

( ) (kWh) / kWh /

2016 224 13,864,704.6 2,977,075.2 61,896.0 0.215

2017 275 18,557,335.5 4,270,751.8 67,481.2 0.230

2018 286 19,947,191.5 4,518,562.2 69,745.4 0.227

2019 305 20,691,044.5 4,663,660.6 67,839.5 0.225

2020 87 5,593,689.6 4,297,050.3 64,295.3 0.768

1,177 78,653,965.5 20,727,100.1 66,825.8 0.264

4.4 

( 2011)

0.5%

( 2016)

( 19)

100% 20

19 ( / )

2016 2017 2018 2019 2020

379 360 317 283 264

298 278 181 125 102

2016 1 1
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1.

 = AER  LD  H

3,360.7  0.32 7.2= 7,743.05(kWh)

 14  0.5% Heavy fuel oil

NOx 13.82(g/kW h) SO2 2.28(g/kW h)

NOx =7,743.05  13.82 = 107,008.951 (g)

SO2 = 7,743.05  2.28 = 17,654.154 (g)

2. 

7,743.05(kWh) 19 2016

379 ( / ) SO2 298 ( / )

NOx =7,743.05  379  1,000  = 2,934.616 (g)

SO2 = 7,743.05  298  1,000  = 2,307.429 (g)

2016 1 1

7,743.05(kWh) NOx 107,008.951 (g) SO2 17,654.154 (g)

NOx 2,934.616 (g) SO2 2,307.429 (g)

2016~2020

20

20

(kWh)
( ) ( )

NOx SOx NOx SOx

2016 2,699,688.9 36.8 6.2 1.0 0.8

2017 3,904,430.0 49.7 8.9 1.4 1.1

2018 4,129,666.0 52.4 9.4 1.3 0.7

2019 4,260,158.4 52.2 9.7 1.2 0.5

2020 4,186,395.6 57.2 9.5 1.1 0.4

19,180,338.9 248.3 43.7 6.0 3.6
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100%

2016~2020 NOx 248.3 6.0 SO2

43.7  3.6

NOx SO2

2016~2020 21

3 1,030 16,730,291 

kWh 80%

3

1. 100%

2.

3.

4.

2016

NOx =1,318,694  379  1,000 = 499,785.026 (g)

SO2 = 1,318,694  298  1,000 = 392,970.812 (g)

21 2016~2020

(kWh)  

2016 2017 2018 2019 2020

1,318,694 1,373,287 1,686,347 1,449,441 4,049,380 9,877,148 746

839,758 1,590,753 1,662,091 1,741,648 72,880 5,907,131 224

95,394 312,036 231,690 306,894 0 946,012 60

57,578 251,315 187,541 90,339 0 586,772 16

223,776 147,889 57,482 116,194 0 545,341 19
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0 79,376 132,540 146,698 0 358,614 11

0 6,473 84,043 78,936 0 169,452 10

56,897 11,298 15,432 38,647 18,914 141,188 11

0 0 31,609 74,205 0 105,814 2

0 27,918 10,757 33,409 0 72,085 5

0 34,400 0 34,473 0 68,873 4

14,787 17,127 0 6,081 11,864 49,858 6

0 0 0 39,641 0 39,641 4

5,024 4,938 4,891 18,000 0 32,853 5

7,794 7,533 7,613 7,488 0 30,428 4

19,416 10,122 0 0 0 29,538 3

21,498 0 0 0 0 21,498 1

0 0 0 18,689 0 18,689 1

0 0 0 13,623 0 13,623 1

39,074 29,965 17,631 45,754 33,358 165,781 44

2,699,689 3,904,430 4,129,666 4,260,158 4,186,396 19,180,339 1,177

2016 2016 1,318,694(kWh)

NOx 499,785.026 (g) SO2 392,970.812 (g)

2016~2020

22
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22

2016 2017 2018 2019 2020

NOx 1.02 1.41 1.31 1.21 1.11 6.05

SO2 0.80 1.09 0.75 0.53 0.43 3.60

NOx 0.50 0.49 0.53 0.41 1.07 3.01 49.7%

SO2 0.39 0.38 0.31 0.18 0.41 1.67 46.5%

NOx 0.32 0.57 0.53 0.49 0.02 1.93 31.9%

SO2 0.25 0.44 0.30 0.22 0.01 1.22 33.9%

NOx 0.04 0.11 0.07 0.09 0 0.31 5.1%

SO2 0.03 0.09 0.04 0.04 0 0.20 5.4%

( ) 5

1,177 746 3.01 NOx

1.67 SO2

NOx 49.7% SO2 46.5%

7 15

NOx 1.93 SO2 1.22

NOx 31.9% SO2 33.9%

2020 COVID-19

NOx 0.31

SO2 0.2 NOx 5.1% SO2 

5.4%
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IMO (International Electrotechnical 

Commission IEC) (International Organization for Standardiztion

ISO )

4 ( 2016)

2019 305

4 3 7

 ( 2020)

NOx 81.6% SO2 80.4%

5.1

1.  

(kWh)

1.8~2

5 ~13 2

5

13~21%

2.  3

( )

3.  

1% SO2 NOX PM10 PM2.5



156 (Nov. 2022) 47

4.  COVID-19 2020

2020

 

5.  NOX SO2

( )

5.2  

1.  

(

)

 

2.  (TEDS 10.1

) (

)

( )

3.  
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Cooper D.A., 2003, Exhaust emissions from ships at berth.  Atmospheric Environment 

37, 3817–3830.

Starcres t  Consul t ing Group,  2019,  San Pedro Bay Por ts  Emiss ions  Inventory 

Methodology Report.

Starcrest Consulting group, 2019, The Port of Los Angeles inventory of air emissions 

for calendar year 2018.

2021 5 https://www.taipower.com.tw/

2021 7 https://www.cpc.com.tw/

2012

701 35- 40

2021 3 https://law.moj.gov.tw/ 

2021 3 https://www.motcmpb.gov.tw/

2021 3 https://stat.motc.gov.tw/

2018 024 020 https://join.gov.tw/

2018 45-64

https://air.epa.gov.tw/

2021 3 https://www.epa.gov.tw/

2021 3 https://teds.epa.gov.tw/

 2019

4-1– 4-10

2009
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2015

2014

2020

2011

6-1- 6-19

2012

2019

51- 72

2021 3 https://ocean.moi.gov.tw/

2011

19-37

2009   NOx  

SOx 

2018 IMO ( ) 323

https://www.soic.org.tw/

2018 IMO  2020  317

319 320 https://www.soic.org.tw/

2016 -

 

2019

3-7– 3-22

2011
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2016

2016

2016

2021 3 https://www.twport.com.tw/

2020 -1

2021 3 https://kl.twport.com.tw/

chinese/

2021 3 https://cruise.twport.com.tw/

2021 3 https://tpnet.twport.com.tw/

2004 191- 194

2013 -


