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Owing to the rapid growth of global movement against air pollution and global warming, many measures have been
increasingly required in recent years to reduce air pollutant and greenhouse gas emission from ships. Emissions of air
pollutants from international shipping are regulated by MARPOL Annex VI, i.e. an international convention under the
purview of International Maritime Organization (IMO), which sets some limits of air pollutants contained in exhaust gas
from marine diesel engines and requires to improve ship energy efficiency by both technical and operational measures. In
this article, the trend of relevant regulations is outlined, taking as an example the discussion on potential control measures
against emission of Black Carbon, which has been considered by IMO based on existing Black Carbon abatement
technologies, referring to the importance of appropriate measurement technologies and procedures for an effective
implementation of environmental regulations.
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Figure 1 Exhaust gas regulations by IMO
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Table 1 List of black carbon reduction to be reported to MEPC

1 Fuel type

*.1 Liquefied natural gas (LNG)
*.2 Distillate fuel
*.3 Biodiesel.
* .4 Methanol (Includes dimethyl ether)
.5 Nuclear
.6 Hydrogen
.7 Ammonia
.8 Other renewable fuels

2 Fuel treatment

% .1 Water-in-fuel emulsions (WiFE)
.2 Colloidal catalysts

3 Exhaust gas treatment

*.1 Diesel particulate filters (DPF)
* .2 Exhaust gas cleaning systems (scrubbers)
.3 Exhaust gas recirculation (EGR)
.4 Electrostatic precipitators (ESP)
* .5 Selective catalytic reduction (SCR)
.6 Diesel oxidation catalysts (DOCs)
*.7 EGR with scrubbers
.8 SCR with DPF
.9 SCR with scrubbers.

4 Engine and propulsion system design

.1 Engine stroke type
*.2 Slide valves
.3 Engine rating
*.4 Engine control technology
.5 Full battery electric
*.6 Hybrid/energy storage
Hydrogen fuel cells

5 Ship design

*.1 Improve energy efficiency of new ships
*.2 Improve energy efficiency of existing ships

6 Operational measures

*.1 Slow steaming.

*.2 Engine load

*.3 Voyage optimization

*.4 Training and crew awareness

*.5 Trim optimization

*.6 Adaptive engine/condition based maintenance

7 Regulatory measures

.1 Expand or establish additional ECAs
*.2 Prohibit the use of residual fuel
* .3 Establish a BC emission standard for ships.
*.4 Include BC in GHG reduction strategies
*.5 0.5% global fuel sulphur cap

.6 Engine tier.

8 Other measures

*.1 Promote ship recycling
*.2 Promote shore power.

* I SELIAICEMATREAMKICDOWT, CGTT7 27— N &1To 1ER, yesD
BZED & > 734K

No.52 June 2019

Table 11278 L7255 & 5HMi$ % 12 d 72 > Tid, CGTILH]
IR (Effectiveness) 720 Tld 7z &, FrEm - BEAEARD &
& 72RO 38 T BETE (Feasibility), fifif-~o # il G
& LIS SO - Hi (B D\ IdE S & L O oF TR
% (Availability), 2841 (Safety) D40 DOI_IEE F W T
REMEFTH & & B IZHF DA FE R fE 2 Hiffr iz 2w
b7 v —Maefrofz(Fh*), #iRke LT CGLA— b
T, FFEOHIRBAM ISR AT 2 & 29, BERiE LT
PO NHIEE 2 3 _XTHIE L T b 26 ORI,
MR ORE S, EMERZ EICE > THEDLL I L
HY, WIREUPLEL R DAL H DO T, B2 E
Feafr A1 2 g 5 & &3 L v CO2 & NOx, PM, BCIE,
—EIZIE P L= R 7RRIZH B L bl TWA 72D,
kA 2 B~ DR (BCIAHE T HETH 5 %, NOxH
IR MBE AL &), FFMR L, <4 F AHOEEIZON
THLEBETLUEND D, 72, DPF% EEENIZBCH HI
WS A D B, BRELEIC K o THERE L TBCHIM
ICEBNT 5 L E 2 O N D EMl, BEOHEMEZHAGHbE S
CETHRMEEN LD D, 20720, FFMHEEDER B
IR\ TH Do

FHEH AHH O TR L 2Bl &2 A5 L, —DDHl
WHEATAEIDOBEA AHBNFIE L T B & &bz, —Eb
ML= FF 7BRIC % o T B o AR BEIRO MR <
#/R$ Bl & LT, International Council on Clean
Transportation (ICCT, EFEZ V) — VSl EH ) A FEM
T5TITv 7 h—KRNETAET =23y T TOBCH
WHEMCET 2#mo—Hz2Nss" . T—2svay s
OwEFIL, PPRICO I SN0 B7AIZ, ICCTIE 7 #
Vo AT =7 ONOXHIAIEEREDO E o L %2 o
T2REFIBRENIATH %,

AT =277 ay TE20144E 1 SRS THB Y, PPRTIX
T iR T AR e e S IMOIZFE A1 7 —
¥ gt LT 2 EORTFERE I i S BARSE S, BRI EIE
REDAT =7 HRNVE—HET ), PPROFEHIZHTL> T
EamrEOL I HE LTSN TV S, FEFEITD
N7 T — 27 ¥ a v 7T, BIZHAL7ZCGLAR— b
Table 2 Evaluation items to specify BC reduction measures'""”
Effectiveness | Z DEIBH:MT A 6 2 —fighY & BCHIB xR

EGREEANOAFRPERA, $-EREMICBEORE
5 AT, FEMPREMICERTZ 22 E S h.

Availability | BEAFEBOT, DEDL 5 VOBMICERTREL
V 12z 5n5h, G5 (~2023) - i (~2030) & MR,

¥ - & 35 o | # N (TS

Co-emitted | BIiEXIEZI1T> B EIC, EHICMPOSBH SN BIR

Feasibility

pollutants | 555449 E (K&, &, BEROREEVZEET).
Others ZOMDBEEIEH, BRI NZER,




Table 3 Evaluation result of BC reduction measures with six items
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Figure 4 Configuration of open loop exhaust gas scrubber
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Table 5 Continuous monitoring items and their regulation values for
gas scrubber effluent
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