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There is a lot of concern around the world about air pollution from ships, The majority of air pollution from ships comes from fuel
combustion, The combustion process produces various air pollutants such as carbon monoxide (CO), carbon dioxide (CO»),
nitrogen oxides (NOx), sulfur oxides (SOx), and particulate matter (PM), each of which has adverse effects on people and is a
major environmental problem, To prevent this, the International Maritime Organization (IMO) has strengthened the regulation of
pollutant emissions through the Convention for the Prevention of Marine Pollution, This paper discusses the types of air
pollutants emitted by ships, their current status, and the latest technologies to reduce emissions of NOx and SOx,
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Fig. 2 Ships emitting air pollutants
(URL : https://safety4sea.com/governing—pollution—from-ships/)
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*ZX]: National Fine Dust Information Center, 2020. Statistics on air pollutant emissions

Fig. 3. Ratio of total air pollutant emissions by ship type

Table 1. Amount of air pollutant emission from vessel
(k2 @ ton/yr)

CO | NOx | SOx | TSP [PMIOPMR.5| BC |VOCs| NHs | Sum

Totd |711,399|929,227|180,157| 332,351 | 146,733 | 58,568 | 990,629| 261,207 | 11,945 | 368,2206

motile {184,386|295,606| 16,468 | 16,706 | 16,703 | 15,493 | 6,736 | 65,486 | 120 | 617,706

Vessel [116,528|157,448| 15,774 | 8,834 | 8834 | 8254 | 1,153 | 47912| 14 | 364751

wihtoid| 164 | 169 | 88 | 23 | 60 | 140 | 01 | 183 | 01 99

632 | 833 | B8 | 29 | 829 | 833 | 171 | 732 | 116 | 580

*ZX]: National Fine Dust Information Center, 2020. Statistics on air pollutant emissions
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Table 2. Non-road mobile pollutant management
(EK| : ton/yr)
agricultural {Construction

Railway Shp | Aviation ) i Sum
machine | Equipment
Co 1,945 | 116528 | 5504 | 6,608 | 53,801 | 184.386
NOx 4757 | 157,448 | 5,647 | 15,135 | 112,618 | 295.606

SOx 121 15,774 | 503 4 66 16.468
TSP 308 8,834 64 1,263 | 6246 | 16,706
PM10 308 8,834 62 1,263 | 6246 | 16,703
PVR2S | 284 8,254 57 1,163 | 5746 | 15493
BC 219 1,153 4 889 4432 | 6,7%6
VOCs 00 | 47912 | 403 1,795 | 14595 | 65,48
NH; 9 14 - 50 48 120
Sum | 8,731 | 364.751 | 12,284 | 28,140 | 203,797
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Table 3. Pollutants emitted by vessel type
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Table 49+ 20| TXz2| 7|=1t X2 7|§ =g T Qo
HHE| 7|22 2 U & SRS HF/L 8 HEE AR
Ske S2Z Siof th7| 2 =22l siES Sol= 7|s0(0d, 2
o20H HiExls LESES HA 7IeS2 X2l 7R
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|:|_}7|.§ O|:|;1 A1|:i|-o|
NZE I35 AAE D ARIS MRE HRol| SH=E JH=sHo sk
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(2H2 : ton/yr)

co NOX SOx PM10 PM2.5 VOCs sHA

. . 60,799 413 2 1,593 1,593 29,451 95,523
Leisure ship

(52.3%) (0.3%) (0.0%) (18.4%) (19.7%) (61.6%) (26.5%)

Fihin 46,465 58,153 247 1,799 1.724 15,031 125574

9 (40.0%) (37.7%) (1.6%) (20.8%) (21.3%) (31.4%) (34.8%)

Passenger 805 8,578 1,949 379 346 300 12,795

ship (0.7%) (5.6%) (12.6%) (4.4%) (4.3%) (0.6%) (3.5%)

Caro shi 8,174 87,260 13,242 4,892 4,437 3,024 126,572

g0 ship (7.0%) (56.5%) (85.8%) (56.5%) (54.8%) (6.3%) (35.1%)

sum 116,243 154,404 15,439 8.663 8,099 47,807 360,464

(100%) (100%) (100%) (100%) (100%) (100%) (100%)

*Z&X]: National Fine Dust Information Center, 2020. Statistics on air pollutant emissions
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Table 4. Classification of ship air pollutant emission
reduction technology

Reduction

technology Method

-Desulfurization technology

Low sulfur oil .
‘Blend low=sulfur oils

-Use alternative fuels with clean
concepts (LNG, LPG)

Clean fuel
Pre— technology

proce ~ Reduction of
ssing| €nergy usage or
improve efficiency

‘Optimal design of hullform
‘Hullform improvement

Improvgd ‘Two—stage combustion
combustion
" ‘EGR
conditions
SOx ‘Emission Control
NOx -SCR
-DPF
post— PM-10 -Electrostatic Precipitation
procel Combined Unit
ssing VOCs -Emission control equipment

Simultaneous SOx
and NOx reduction
technology

-Simultaneous reduction
scrubber
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80, + H,0— H,50, (sul furous acid)
SO, + H,0— H,50, (sul furic acid)

A AT HA2 S5 AREShe 7 (open loop) &
e, sEMETE AR2sks A8 (closed loop) ATE{H,
st Sl E 25 AREE = Qe S10|EE|=E (hybrid)
2389l 371K gAlez FRE £ UCh

3.1.1 7He+&(Open Loop) 232
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Sich= chMo| EXSIct AMIZ THes ATeiMel 7S 2=
0 s0{xl U= FAlolch

3.1.2 HA&(Closed Loop) A32{H

Eom et al. 2019= HA& 232{H= 7HEY AF2{H
B sil=pot ol UZRY sfef MESE ARSSE BEE o
UCh Metol x|t 2ARL0] JHEY 272t S5 E
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Open Loop Scrubber
Scrubber Salt Washwater Pump
. Scrubber Effluent Dilution Pump
Effluent Water Discharge Pump

1

2,

3

4. Scrubber Salt Washwater Manitor
5. Effluent Water Monitoring
6.

7.

8.

Oil and Scot Separator
. EGC Residue Tank
Sludge Separator
Deareation Unit

Exhaust Gas Inlat

Scrubbar
Exhaust Fan

Control Cabinet
Monitoring and Alarm Cabinet
Exhaust Gas Outlet

*ZX]: ABS Advisory on exhaust gas scrubber systems (2018)

Fig. 4. Open loop scrubber system

I Closed Loop Scrubber
1. Scrubber Cooler Seawater Pump

2. Scrubber Washwater Supply Pump
3. Effluent Water Recirculation Pump
4. Oil and Soot Separator
5 Alkali (NaOH) Unit
6. EGC Residue Tank
7. Sludge Separator
8. Deareation Unit
9. Washwater Cooler
10. Exhaust Gas Inlet
M. Scrubber
12. Exhaust Fan
13. Control Cabinet
14. Menitoring and Alarm Cabinet
15. Exhaust Gas Outlet
16. Bleed-Off Treatment Unit
17. Holding Tank
18. Effluent Water Monitoring
19. Scrubber Washwater Cooling Monitor

*ZX]: ABS Advisory on exhaust gas scrubber systems (2018)

Fig. 5. Closed loop scrubber system
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2NaOH + SO, — Na, SO, + H,O (Sodium sulfite)

Na,SO, + SO, + H,0— 2NaHSO, (Sodium hydrogen sul fite)
NaOH + H,SO, — NaHSO, + H, O (Sodium hydrogen sul fate)
2NaOH + H,50, — Na,SO, +2H,0 (Sodium sul fate)

3.1.3 510|=2| =&(Hybrid) 232{H

Slo[E2|=d AFE = JHEe AT HAE AF2{H

of mEe 28sP| Sstol Aok

S, Al2golct SHE sl
S5 A2ED stet MEs S5 AILE0| SAll| AA=(0] U=
TZ=0|ct siEAAsHHolAM = HAY AT2HE TISSIL MIA
= MERICh T2 MEo] BIFAIXY siaez TielstH Y
el 292 HE HEslo] METE iEAId 5 ACE £t 7|
Zo| e H HMY AF2Hof SOx M2| RSS2 FAIRICL
O[2{5h Slo|=22|=d AF2 e EilslE HiET BE = MIA
T HiE 7|ES SAl0l 2EE 5 QU] 2ol £Z Bo| AEx
1 A 23244 Folct

3.2 ALEIE(NOX) A 7|= 3

E
st ALNEEE Hemoz Relse ?

t
HMe| ol ACk = HollMs 2H2te| 7|sof sl 7|=gict.

Hybrid Scrubber

1. Scrubber Salt Washwater Pump,/
Scrubber Coaler Seawater Pump

2. Scrubber Effluent Dilution Pump,’
Scrubber Washwater Supply Pump

3. Effluent Water Discharge Pump/
Effluent Water Recirculation Pump

4. Scrubber Cooler Seawater Monitor
5. Effluent Water Monitoring
6. Oil and Soot Separator
7. Akali (NaOH) Unit

8. EGC Residue Tank

9. Sludge Separator

10. Deareation Unit

1. Washwater Cooler

12. Exhaust Gas Inlet

13. Scrubber

14. Exhaust Fan

15. Control Cabinat

16. Monitoring and Alarm Cabinet
17. Exhaust Gas Outlet

\ 18. Bleed-Off Treatment Unit
19. Holding Tank

*E%]: ABS Advisory on exhaust gas scrubber systems (2018)

Fig. 6. Hybrid scrubber system
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2 QT (Dueal Fuel Engine)

Ol 9z TS MAVIATI MUjMoz 2 NOx, SO,
e HEMR0P| MEo F=HE 55
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