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AR QU AT 9 A TEd digt V=T AAE &l Green Ship
AN ES MEA AR o, 1980 W~2011 WA7FA1S = thd x4 3 AR9
TN B3] 12,221 A& ZAMslAL, 1 5 ZASSF B 53] 3,161 A4S 731,
7155 A A wel Green Ship Technology 878 A2 Asle] HA1351% 0
wal olyg}, & FQ AEF7FE52 Green Ship ¥ & 7]&5S ZAMII T

E5 &9 24 A3 Green Ship Technology ¢ E3=90] 2005 d o]%&
w=A  Frbetal - glow, X &zt BHL O lAH, AAE A5 FFAAE,
W AES XA A0 & E57F o] E9E S & & :

T ARG S TS o] HdbelA EgFo R o]Fsta e &
ATt ol V| EEAL x4 d gokiele] @M 7% ! o]
Z 23, LNG-FPSO, LNG—-FSRU, v]&ja 87 i}

Al NS Yt R E VXV S =S Ao

=R : Green Ship, Green Ship Technology, X&37]4&, 53584




The study of the core technology of Green ship with patent analysis and
foreign cases

Sang—Won Lee

Interdisciplinary Program of Management of Technology,
The Graduate School, Pukyong National University

Abstract

In line with the increasing demand to meet international environment rules &
regulations, patent application for energy saving and environment friendly
technologies is on the rise. This study defines this kind of technology as Green
Ship Technology and Green Ship fer-vessels-that apply such technologies.

The core technologies for Green Ship are classified into energy saving and
environment friendly technologies according - to the. new technology
classification system. There were about_12,221 disclosed patents from the big
three (3) domestic shipbuilding companies ‘that have been investigated from
1980 to 2011. Accordingly, 3,161 of the 12,261 patents were classified and 878
Green Ship technologies’ were selected, and analyzed further. Green Ship
technologies from other nations were also-investigated.

The results'of patent analysis show that patent application for Green Ship
technology has dramatically ‘increased after 2005. Patents relating to energy
saving devices, ‘environment friendly fuel gas supply system-and ballast water
treatment systems-have been continuously being received.

A core technical development.for shipbuilding and-marine industry has shifted
from ships to offshore projects. This kind of technology analysis is important to
decide direction of the core technology development where it will be useful in
the further development of LNG—FPSO, LNG—FSRU and other environment
friendly ships.

Keywords: Green Ship, Green Ship Technology, Environment friendly Technology,
Patent Analysis
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1. A9 viA

r_m
mim
&w

Ar e ]3? AFE AR AFE A AR EEE o] F o
EHAORTE FQZYHA 7]—?“?‘;32}01] ﬂzﬁi TAE doA gt VTR E
A el Absld AR et ﬂzuﬁﬂéoﬂ wel SAALE] = ol s dlEE
= estr] S8l st g5 FHeta o 1992 W Bk
37 3] 9o A -l 7] %W 3} 2k (The United Nations Framework Convention
C mate Change)©] A=A, o5 AZIE ofe] FAV|FE 7|$¥Ste] st
E1r  dl-s =S Atk Stk

OH “Ofﬁ\—ldfo]“ﬂ]*i“ frelel  7]Fdstgeke]  AAHY]  HAFH  FASAA
(International Maritime Organization : IMO)E ZFA0 7 a3t AEH 3 F1Ho]
A7) AFSAT. IMO = At 1978 W ‘International Convention for the
Prevention of Pollution from Ships (MARPOL- 73/78)" & j&lahdA e
AFstdedo] that HS@S AHAHow wiEey 23 drt ob2z IMO 9
kst A 1 5 2 ¥ 3] (Marine Environment Protection Committee : MEPC) = Wiy
2 slo AA P g A o #st A F At Qlof ot M Etol A
WHAE = Ql= SRS EA Sell B3 T AE st Zﬂoi o] 7 o

IMO 88 u]— O]—L]FL}- 7L-T{/] al-u}%l-—:rf_r,:_ ;j—ﬁiiﬂ HOH CQ 61-&{1:1{/] _?_61— = ﬁ"xﬂ,
AHEAE TR A, AR AR A § 4F A ZIES Agetn v 18
= A g9 3] | (International Association of Ports and Harbors : IAPH) &= 2008
7 4 ¥R W MjFA o] AVA TAES Q& dAEFAEte s DAAAE
FalstAvkar Al uvp Qv

olo} o] FAALI= A FALS IAAHAHSE Y| Aure] FF, AMulo] 23

Aete) Sl oiet gty a4 dh TS AFRoRM Hed
wAss FAAAY T Y = Sferofilat ARFwE A0 £, A8
A 5o AR FleSol AgHel gowm = ldETilo] Aelol sfa
Art. oAl fAcAANS FAer=l Aol AA 1 AFA AFHE 7AE

AA7NEE FEANACK AeANE-E T A= AT 23 e Aotk

oo & =itellAs ARl 321]51 Aol dl-&skr] $1g oz Az 4
84 o th3t 7142 Green Ship Technology #3l1l, o€l 7]|4S #23k HAuks
Green Ship o|2tx A9 3tuzt i},

2]=ro] AldloM s, ®inta 23 AF HATAF(Maersk Line)E= 437499
A3toF  ‘Eco Efficiency’ s FHEToZH oA as I3 wjE7tA A
I8 9n 23S EReka 9o, ¥ s34l NYK A= ‘Super Eco Shlp
2030" ¥ & BFH AP A E9lte] HgA s AU|F R2EWS
a8 e, dinl=39]  ‘Green Ship of the Future® XZZAELY EU A9
‘“FE AMubr)aA) 9 93] (European Marine Equipment Council)’ 3 @&
7143 71#E0] ¥S Rol ¥FoR d&sts AHERE Sl

-
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a8 2yt Green Ship ##ESH FH]AEE2 obA mH] stk 1 ol f{&
IMO & FHo=E Ao Ay = divpeh, AR kol dist A Al
et df-S2ATs FhlE] 7] wtold FoTAFoRE, AR, Green Ship
#FHAste] B2 TjsEo] o Aol Fo {fur|Eo] Foldx & 7t gl

o}

(e}
NEApgel e Aud ool Yon, BAR, $23 st JAe
FATH QAL ta g W A7 te] te tigsFEe] sk ok,
FANEE @S atebl HE® & gt lesitel 2o} B 2
g, 1 ¢ F9u8%e fdvetd zASRAde FARAEE dg

auAE ol

2. 47 =4

IMO ¢ dlded WA FoF ol ALY Foke AxAAA9
G-I A A (Single Hull) 7#A], A ZAo|A e W AE B3 So &4 14 743},
WY AE 5 A A, AuAgE, dizledd #E+A (NOx, SOx, VOC %)
Ashel ATMA(CO2 5) #MEAA 5 FAZIFel A W xFo] sty o
gtk IMO oA A7 @ theksth %ﬁ%ﬂlL -3 dy zAel wEl AR Y
o] m= Ao v FHEAFo R ZEsHA - E Stk 3 e WAE St
ZA71AA QA L] S AA QY AubE 4= A 2] A A 'l (Ballast Water Treatment
System; BWTS) SJeu) & & 29T )] 3 M, b 2 = 4~ 9)1T)

Tt ML okl Hu) o]t & 3l IMO el A lﬂJﬂﬁ A= A7~
HjZ Aol ek == AERe] o f A E%féﬁWT(Energy Efficiency Design
Index) & =H3dlo] vluwsli= W20z H/MEHI low, o]E 9] CO2 W&
o] 7]k £ Qe WHE & 9380 =2 7|#] sE dute] AdS
HA3T ¢ e 4163 7N A EECl of EESEE o =) sl 5 RlE A 'A
+&71= ME Sl dist YFs FHrkskar tiFS wiHsta gleH, IMO ¢
LTFZAE UFHAIIA B, a8o] W2 AHukE A oflA AR A @ Aol

olefst = *‘I‘OH S} 78 5 A ]

A MZ, A4 AkstETESASLE A7 A,
dur 3y & ZMXW > *L 71%9] HH‘EJ how offst XFA 7= Wofel
ojj sk —1 —°d01 7kt Qe SFAl .

2 Aol s Ak ofyx] A7 9 sfedwAE fst IFAE T|ES,

1980 WH-H 2011 d7pAe =l digd=xsd 3 Ao #7153 10,000 9
A, I el A& #™ —E—fﬂ 3000 oAS #
A Al el Green Ship Technology & AWslo] E418190S
olfr7t &= =AEALIGe] A BE feF W #AH Ve
& U2t Green Ship ¥t #=u]d3 e A ATt o]k 4] W FAE
Foto] &% V=AY FdHE A Ve WIS AA st s

=
3371 Y&l Green Ship 7]&olgt & & =
/K—]?‘Sﬂ/] ﬂx—lg} 1:!1 7‘<_ Q:]:

c



3. 71=9 49

A) Ay A A7 7=

off =] A7ts 98l H4 1 Astel wal thekst JEH O K-
Atk AA, gl T AE odyr A4S APRAL F
FRAFNE A5 FrrAEe] vk gEFoE dAFuAdd
PSS+ ZEIHE FYEH= A 7o F 3FE 9 d U S B
ZAste] AAo ot wbF wXE fUsHA sha, ZEAHO Id Wy bl
WEFoR {4 FE FJAANA FoEA FIEES FIANA dunE AAEe
71%=o|th.

E4), Fuel Supply System & 7|& HFO (Heavy Fuel Oil) ¥ MDO (Marine
Diesel Oil) AlAEle]A ol <lxleo] EHE3 dgz £ Aguyx &3 ¢
7|7k 22 el 74 AR 545 71 Qv LNG & Agshs WHo=,
Aere] FEdoz AMgEH 9= MDO ¢ LNG & AFFA &85t 2188 5
NE=F Ak 7]&o|tt,

A, H D3] A A8(Waste Heat Recovery System : WHRS)S Aubs
FRAE= F AdXoZRE MEFE HAV|IIAE o)gste). FEHS A=
FERE FEEt, FeUAE IFEliA BRAdYE TMEete] A"HoRE EHW
W78 FEste AGs| A a8 detefa wiEsE = HY S b7 7k Rk
otz Wz AAHoR HlEHE QoyAE. Fgdte] BAAAE B
|73 71A}o] 2 (Organic Rankine Cycle : ORC) &4 A ~®lo] 9lt},

YA, 3| §7]3eHE (Volatile Organic Compound : VOC) A#AARE= &=
Aster o, gost kel VOC S@o] #AHTE 7] Fo= HlEH= VOC &
T BA A gete] dAEE ARRSHAY BAUE] Ast Eol A 79 Al7= A o)t

P
T
=AY ARTE,

Aupgope] £A7A 5 @ A FAle] dga AF A&l A
9. 34, o2 A7 57 wAdo wREL X AR €02 B AFaA o
spo]Lepglo}t Aut S& Ed sl AR Rd d oy AHAL £ 9
Zrel F9/A /A she el
SR, WeAES A AxRe w Adozne FF AR Fo 49 E:
e S5 Bl AT A 3 U ol A FAH 4L FAH)
sstel, IMO oA Wel~EZe] wE Ae, #al v, @A S Bar mAHES
AR, FAGe weh WelrER AUS A WL, AL, A7),
©ENES FEE A2YTo] e gt

AR, W AR S AmeA wEEE ] Fol EgE edts
GArahE (013 SO 7 AaatehE (o]sh NOY ol WE iAol met BAed WA=
g% oo AAZ BEAew eyt NO, £ Uyl FeldL #A HaHA

dorm QA FaFES B2 e A9 B2 P eA o] FHal Ut
NOy 9] HiEs s =ol7] g ez = <Azl Yie dAiAlolE dko] Abag
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Green Ship Technology & % 9
9 GHG (Green House Gas) A&

=
AFedyAE A AP s

9} 10 I o] ZA Mure] oyx & A
“ A e I g A

<E 1> <Y R A7 7 EFAAD>

o =5 > = E
Speed CAP (Air Pocket)
A&/ A%
R s Py
i 7hEEr
e & 33
- 7z e} (Full. Spade Rudder)
AF 273 E N (Pre—=Swirl Stator)
g Ducted PSS (Pre—Swirl Stator)
A AR
W § u/z2 e ot
AAF-7HE
of L #| ¥
23 R
Fuel Supply System AT H A BOG BoillOff Gas) A7+
LNG ds3FA~H
TE
Dual/Z<"TFuel
oA/ 7}~
WHRS (Waste Heat Recovery
7 & 5] 5= 4] A~ El) System)
ORC
3 f 7135 (Volitile
A 7+
voc A4 Organic Compound) A7 X
ZAa: oAk
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Al 2 & GREEN SHIP #& 7H9 F2 J£&

1. MARPOL 73/78 V

1978 W A¥l® MARPOL 73/78 & 6 /M9 H&EAE o]Fojx glow, Alal
o Aut 28 T FFE QI oW oYzt FetEA, sk, AW AE,
75, Autel] 9§ th7] L7 FH Y ANFFAEAS hFa ek Y
<E 3>, <KMARPOL 73/78 %<& 4
A gokal>
T FE5A 1 FEAN | FEAM | 54V | FE5EAV | FE5AVT
3T R} %)
. slel & e 3 At ) =
Ax= | 7= : o 3 N 7] 0 ol
LSBT 15 (O (Chemical) vo%ﬁﬂﬂ] (Sewage) | (Garbage) W71 24
GT=>150
24 A E "gA GT =400 [~ GT=400
S EAESRElS T EENLS |[BRE My == T GT=400
GT =400 B A 16 <1 o]4H 159l o)A+
HxA 9
IGPP Placard
EEACY
A8 | o | M A Wolgshe | IAPP
.1~ | |SOPEP IBC/BCH ISPP "
H] x| A SMPEP IP&A Manual AZ A (GMP) | EIAPP
GRB(24)
SOLAS
Chapter. VII
#d 4.
= i © IBC code,
K AES & °F,
BWM. §<k
AE 0 HAEe A dek
D4 1 alFes] wa okl
19 A7) AR 1950 Fii7bA] A el tig anl7t rlstas2 oz ket
AF-2RbAd el A7 % R AAAG el g5 E ok oj#st "oz dulgtel
T AL E = HFeHbAe] VERFERE QA% SUsFdS AAGHE FAITFH Y
S A4EA e, 1 A¥ 1954 @ OILPOL @eks ANEstr] ol

olZ2Zt} o]E Ao E IMO = Auto=z Qg wWAyE

E 78843222 A7]Z 1969 W OILPOL &

7o
==

HE =

Aubel] A8 SR vAl AFsko] 7]

-6 -

A~

orOS. =
“l]:E_’ ._,_Xé
=
=

[e]
=

T

A dFeHE 2
st FAE A3str] AlEsER o, 1967 d WA Torrey Canyon 29 120w

gte] 78R AE A%
A Fkell 71FPS o
‘load on top” AIARIEYS TR o] F 1971 deli= OILPOL Heoks



TS 1972 d ol FawHs EE BN SR Abel=E sfAlshe U8 E
EFFEEGITh o)t ] 7]E OILPOL k(1954 W) 1969 d 2 1971 e
FAAEE BF EFEke] IMO £ 1973 d MARPOL okl 44 1S A eiatgict,

o] ForoA AMAlellA AMulelr WEFE= 484 E(Oily Water)ol t]dt

A% mUHY AAE AFES fow, 7 %7b Aol % Hrdy
Furel ] F84 BL ATT F db AHE S evskn ok £ P54

[ A= AT, 8, 4328, &d H T 2 X]‘—’i—% E WX (Special Areas) &
Ardsta 71% stk 28y MARPOL @eFe] &4 12 waxyd (15 71 vF,
A /ﬂ]?ﬂ ALl 50% ol Hp)S TFAI7IA Zell elEet SAZEQ A=A
a5 7HAA ®strh 1978 MARPOL Protocol’ ©] A=A 1983 d 10 4

2 01 gz =Zo]Re B3eA AAFRoRE HEET)

FE54 1 A A8t e ALY 7EFEd B4 42 AV R i)
gAde]l & Foll 715 FET & v 2 #HAXY 558 1/15,000 &
gA xshd, ii) f‘ﬂaﬂ Zofl e ALS FFA 1 vdd 60 HH oS &
F oH i) & LQETH 50 uked oy AE skE (V1SS st9E gl
Zoltt, 53] 1978 LM]L MEA AZXHE 2 B DWT-57 o]AHY] %%%wd_i}
3WDWT F ol it Wit A] 84 &3 Agsh7] g8 3384 gas

TEE = BHAE FulEof tta Uﬂ*l skal lt.

T 2 7 DWT F o]l A f2ubd e 1442 A A8 (Crude Oil Washing
System : COW)S H| & == oh AT $HH 4. WF DWT 3 o)A 71 ®A e
e E F84 5 A g3 = COW A|AH = shubet delste] 7u|Ed AS
T kAT

MARPOL 73/78 & &4 1 & Auboa wAlsl= 7|E &
B33 f8 wEoR ;ﬂlmﬂ TAole FEA 1 2 B
o]FMAE E3stE Pump—Room Al 84 & A2 ®=, 9
THE Qs QloH Futgdae FRAES AT A% Al
Qska Stk Eln A, Fd, A2, dgsevs) 5 5Exd
AAste] §824 & Aol sl A st FAE FAlE sHska Q)

73/78 F-EA 1 sFed WA §3°U Aot Aure Rk, gAA Sl
H

FHEG #4419 24T USAI galolE Muke duA wEse
FRE ASHew  mEYs ASURUHEASY),  fed e
FAHAZE(COW), olFHA, 715 Fojre] e 3

7< E
ZtE Pump—Room A, #Hx T T2 A% dFFEdAXA" 59 A

Zh3ojo} G},

<3 4> < MARPOL 73/78 %4 12 v A& F4)>
T vl& gt v] 31
EHH%Mi@:ﬁ%ﬂH
WE 5= E "AA
A g s 9519 myHYA LY 1983 @ 7H
I A8 "3 AXA 20,000DWT 3 ©]Atel

-7 -



AF-&wtd 9 30,000DWT &
ol AfAlE-RA
] . T 2 o]Ale
AgAAN 2 A cowy | ZO00DWT W ol
LT AR
1996 7€ 64 o]F
015217 A = 1996 <
Nz AH T
715 ZroEo fist F7 4
R wE gAM 2001
o] HE
2007 1€ 149 o] F
o]ZM A& zt% Pump—Room AzxEE= 2007 d
AlA 5,000DWT # o9 B& H-E
A HEA
o] ] 5
Az ELFER AT 20107 LRLE ¥ | 2010w
=LA A2 H E%Lé_%{:%{ HFE
IOPP (International Oil Pellution
. Pre\.IenUon) SE EA A
Pollution Incident/Emergency 20014
SES Plan B
v e Shipboard Oil Pollution oo Ao
Emergency Plan(SOPEP)
Aguke 150GT =1 | 20119
. = Ol R pul
STS Operations Plan o1 #A A B

AR wAEE A Gek
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A NEE 18 AAse Astel 245 o

AquA A Ad AF A
A 9 2o Az, 37 9 ovksrel o A
o

€] =
A% g, FAEE B,
bS5 A% T

it f pot

=
© A8 g o) EAL oz PRASE
& qlon], oF 500 9B AFEAF Y A skl HYch
1% 3> < F BAAG A7 an7F 9 Ax-Bow 4% >

Ag: AT, AL, =AASA] T (IMO) /A e ARt Al o dekEg A
V5 A 1 2 sk 11 AT oM A 1§
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=S WmEggea ==
Bim W TT 2
SEoDxgasEan

39l 9], =AAIIMO). Aufdn]arAle ddas AAl
A7y oM AL E

[\l
X
2

17(Z28) o) 2 &=

1) Auks| A =242 (Contra Rotating Propeller : CRP) = A2 t}& wWako
At TEAYE A3 AAACEN g8AS = FHUIE| YA &
10~15% &A= 7]tE 4+ 3tk CRP = Atz =z Ay Y= $75F F2
71998HA] &k S AWET 9 s5S FRERIAHI 43500 FXY
WA o ZA agS Fulsk st oju] g ddre] FEste] 109 ©]del
oA a8 g <2l it

R

A8 FeE9led, ‘124 (Green Ship : 31911], 137441}
_]Z__/\ A

y 2

- 20 -



0E A%/ el Agete, A AT A5 A7) e TolgR ] 4F
o &9 T2t BgHA 27] wgo] obAt wio] U

2) 224z B 7 FH(Propeller Boss Cap Fin: PBCF)+= Xz g =9} Avtlo
AR o= sk FA 2 8-S 3 AL S Sl

=

<19 6>. < Propeller Boss Cap Fin >

A8 e 9
M2 =43 71387

o] A7|=dl o]# 3k
mo] Attt PBCF =
FOZ2A, A8 FE Qefa] F a5&
S|

[e]

xZ2Hy IGdsoo= FAFE &

ARH= Adrs HzZ Eod7|= 237kesle] FFJ 50|
ZTdH sty FRE N REY -
ZIMN o7 °F 4~5%2 AR 8 S

o r|

3) 7hd¥ =z Z =7 (Controllable PRitch Propeller: CPP)+&= xXz#g )
stupstuzt sjBef  AE Ao R AAEo] Qlu Zwe| xHo] Theske] e
A&y S HHFOEZERZES A 7 FA7)0lT)

i

! Ir s s —= ——=
Z}&: KR Technical Report 2012



E‘EHIC" OﬂOL]_}dO]L} 5\_&]0 Xé?ﬂ%} %}}_ﬁo] }1}]—5—}7“ H]—
A AL £F Advtels AFskA dou 15T st AR Akl FAske]
10% ol el && Fo] 7hsstrt.

4) 2e]A~E W (Thrust Fin)e Aute] £ A B9 528 zdslol

= =
zZrao &S FINVe Fhee BRHIOEN ouAasES Ailste
=2 THoE I Fojrh. Adute] AHA FxrA=

ArE = AL
et slF % HEE B sFos ZzAwe o fd dabzely
FHo 35S 947] oot Thrust fin & o]d Tz HFo] HAXH FIMES
sote] sl EES 2 FomA guksld Zedes 2L vasl avdE
de 7 Arks el

H T34 22288 5% rudder o] Z&E fin ©% 3~6%°] A543z a7}t
ATkl FEsta Qlow ol gAY HdFe] HAE FrlES Foko]
SEe £d gomA gweld ZeAlelel g2 1gE] avE de F v
W o] et

5) Aol #(Saver Fin)> S T¥ ol AA TF
T2z Borte EsES MAEe] 3~5%9 A
a37F ora st dA VLCC Seol 2 Foltt.

49 Fin & AA3}e]
=4

7k 50% AETA

=22 -



<1 9>.<S ¥4 Saver Fin >

6) AFIAI/NPSS : Pre—Swirl Stator ) = D FAs]ofo] =2y <FZod
AFa7g
(Zzdy AR S5NHA)E FRAFOEZR U~6%°] AELHaRI}T At s,
VLCC off &2 Aol .

3. FUEL GAS SUPPLY (LNG +HFO)

I 10>. <D A&k AFaAdA>




Fuel Supply System < 7]& HFO (Heavy Fuel Oil) ¥ MDO (Marine Diesel
Oi) Al~H"HoAd U dxle 8ddt dgz =2 oyx a&3 $2 wr|7tAa=2
o] 7HA] dge EAS 7HA2 = LNG & AEsts WHo=z, AHb9
FEYoE AMEE T 9= MDO 9 LNG & A4 1*‘10}04 AREEE QRS
11]"}5] 7o)}, Oloﬂ W’Lﬁo] 7] 0] O] A5 yAdr] FHAAH (DFDE :
Dual Fuel Diesel Electric) Engine ¥ ME—GI(Man Electronic — Gas Injection)
Engine ©]t}.

1) olsds ud #7532 A2~® (DFDE : Dual Fuel Diesel Electric)

DFDE AAEE 7] LNG Ao A FAgAuh 3wl 103k 2w
Hyd A7) FALAeH, o] A8 HA-H7](DFDE) #x LNG A2 deaef
w2t MDO 9} 7kas A= wdop AR F gt 712 LNG A9 Fxmra1ql
2EENAE gy oy oAfd, Fedd A -AVIEHE ol&s Hold

AREEY o2y, FEZR AA0) SAolty. LNGgE®AdA TAAH=

SHE71(BOG ¢ Boil Off Gas) & o]&3AY, WHAE 234 9 o]
SEE7)9 ool B F A= A 527] Forcing ~Vaporizer) & ©]43}¢]
Ao &3 LNG 7F2E 6.5.bar & 333k}

<1 11>. <ol=d s vA #7]13%x A]~# (DFDE : Dual Fuel Diesel Electric) >

9 o B

Reduction

=g

Converter

A
\

Mai Transformer Propuilsion = :
am

Motor
Generator sSwBD

>

5 g$x48leF DFDE PPT A=
2) ME—GI (Man Electronic — Gas Injection) Engine

LNG SeWrdorE= A4 HxE =9 x5 HMAN) A AEs o=
t] 22l (Eco—Design) 7H”°] 42y J3d dA7bA - (ME-GI Engine) 3 D
A eFo] Al e 1dds A FA (HIVAR) 74 2o, ME-GI <l%l&
4 olFd=n xmleﬂo@( FDE)°o] Ag%® 7] LNG 4¥HdHT g

&40l ¥ol FF LNG &bl Age FEZ oz A= odsta gt
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LNG 3}&E 83 o] LNG Feed Pump ¥ High Pressure Pump 7} 250~350
Bar 9] LNG & ME-GI o] ¢t o7 FF3d & AE= Re—condenser ©l
LNG & ¥astrh

< % 12>. KME—GI(Man Electronic — Gas Injection) Engine>

e
PULP

HFO
S,

A2 - YFAs S ME—-GI PPT A&
.9 3|4k A (Waste Heat Recovery System)

<I¥ 135.<HE 3/ EF S5 Tholo] 13>

exhaust gas
€CoNOMmISer - ’
steam
turbane
B@ -—--{ Ship service power ]
Turbochargers

- ===
@]

"

2w O PPT A=

(o2
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L

oo 2

A7 ZEF tolojafle HlY IFAAHS] d¥E B T3 Qlth 4
Ao ARgEH= gAdze dado] oF 50%° =dgeke], E 7%
7k E ol A”EN Y H]d] €53 =k 28y Auto 2 RE HEHAE a2
50% Y HH, 71 FAAA wi7I7FAR wlEE s HdS 25% o g3t uEbA o]
HEES A7) AUA R FFets Hd g5 AlAge gist #io] Fosa ok

A7 A7te] B0 F Main Engine 9 #@7]7FA £%7F ¢F 250 C A% AL
o] g3to] F71E WA I)E= AXZA Main Engine ©] A Eojoput =7] whajo]
7hestB 2 el Folvt - H .

At BE A Aag Y

—

dueke]l W AEST Mukel 23 Al AuEksel bgAdE A AsiA
AeE ES 9. d AAZC=E 300 o €9 HYFrHLAHEEI leH, o]
e MY v Ee] Aduks Fd olsstHAl AGAEAY HE FFS vA
Atk Aol v gt olelst A A3E EdlE IMO A& At 2004 d 2 €
International Convention for thé Control and Management of Ships’ Ballast
Water and Sediments BWM Convention) = i&slA] Hov AA47HA
LarlE (BlF = 30 g oA, AlAl AdistEe] 35% ol e F5HoHA XSl
g Ex)= 53t Qloh a8y 20159 Aol I &8-S A A = Aol

Adul M AES AZFAE NEete] A&skstu Mutel HA|sr] fsiA =
HA MO ZHE A F AREHE AEAY] s Ao HAE IFTFS
Hrbst7] flste] A=Al digt $Q1S ®ofof sttt FAdE o)t npoly At
s EZ¥se  Bd T FAAEA S TAE FEAUIA R A
et AY 5 dubAeiAY = 5Ys 28-S ok As dole Zloth
IMO 9 BAH=d eV EsdHy HATSA0E FEE™, ol MEPC 9
e 5stofof sttt

IMO & 7] &1 9 HFE &<l 5t AHedA= 25 AFEHE AgA 9
AE AE €Y 4F e e agla Adure] FHES dERlstes FASAS
] = WHAES A Aol A5l A3 (G8)

O

MN o
=2
)
)
o
DY
i
o
2
off
o
N
do

R
SAGE D-2 4

2 dstel AW, Az g, WA
Y A T AA

= -1
al o By AAEs A EE AAlolof df gt
WHAES YA Aol g5 APt A D-2 Hs7IEedl ASTAE
glsty]  flete]  AdAdeld M AES AYAIAFe] HuAr|R AAshs
ARG Flstolol stk TEa WY AES #FEAAR] AMure] ¢
Ao AEsiA A 9 AsE A 2Qlsh] flste] A, 2= 8l 55, FA
oA S g AdRre] AAE A ds & W AV AREAL AFde Adst
HB N FE T slofoF Tt

gl

s
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110 AES A2gAe) 78Ty

<19 14> <UHAES A dukdel AHziH>

| WYASS HE BRI [

> e xal |- o o aa

ﬂm@ \
| — :Treated Ballast Water -~ — - : Ballast Water |

A5 W AES B A~E A g0 et ARA, ARAT

e B B
I

WY AES ﬂﬁl%il-‘ﬂ At A AL T 1479 2ok WHAESFE 224
g & B S RAA Hd, -5 50 m ol d Y 2718 Aoy FAE
EEIC Rt P A QF% <o steA AHes Fab A deAYE st Ol
Aers WHAE B Fddt O 5 A= wipetedl WYAESFI
AAg Y S AZk 2ad AREE] Feele 1 A Fol AR wigsteE
o] Stk B2 Alngo]l 507 w7t e 7S i Eolvt "WU = Azl s1el
dEU AAnlgold. 59 &dld AZAE AlEH =kl %D‘r. ol& &l
FAE oAl 2wl d Zon. gl Ald T8 dit AHels F= e
WS Bote] o|F oAt o ERRRIA (UV) & ol&ashg WY, TF°
AaEE AaTE WY, 2 §8 A48 A7t ste=d e A Tbeke U 5o

ik,

e

L2 BE+3 SuhE ol =] Azl sk Wy

<19 155-<FABF UV 2 ol SetoP Aol 379>

dAES Xl BX

!

............................ bl

| —> :Treated Ballast Water - - - : Ballast Water |
AR MHAES Pl AAEe] Auk Afo] diat A AA, deAld
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a9 15 —‘E ML o] g8k oFE-& AFESHA] e AHol qlor, Ay wWe
Meeltt, 4 dHE d3l & 5% AES AASE 1 F, o]itst HElgel
s Ay %“@3}—‘5 EPQQE —r% A A7 AAS Agstt gz
S A A} (unpaired electron) & 7} YAy FExpolt), o]Aiksl Elelg-2 W AlQkE L
2% HI7bE, Ak T YEE AMEHI ojAtst FFul= 5 wFe] WS Hd
24 AbAY Sl=EFA] Y2 (OH #uZ) so] @At o] %;‘E‘E i%olur
At Aol €8] AMEE T Qe Ay Abobd Ak, HAbs A, 9T Ko E4
sk Atste S 7HA 3 9}‘:} WP A E 0] HjG Alef] WY AESR Xiilz A2 Sl
shH o A g st

1.3 Fe+7AuEol A+ 44T o] §atel Aeshs P

<9 16>, <HE|+AH]H o]+ A RS o] g35to] AT st 4>

| BaAse KR BN

F—: Tré&pallast Wate

AR WS Be A0 B9 Agel g A4, s dE

09 16 & Awd R s dor, AR Aes weiFy
gtk Y Wl A= DS 58] 50mel 8 T £ YR FAE
AAT Aveold B ool ANGAAAG A2 Apsd 47 Loz
AN FA] 0l &S Wrhdtel 3 4B} #Re At AelE w

l
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1.4 oJHE 7}AE o] &ato] Agsh= W

K™Y 17>. <°|HE 7}AE o] g3te] A= 4>

A

- | MYAES HE BRI |-

-~ ousnAFY |-

+EXH
____________________________ . ﬂmwy
| —> :Treated Ballast Water - — - : Ballast Water |

A% WP AES P A A AT Aol R A, BT

84

SOENUENSEINEUNNSNNY
1

29 17 & WHAET FY Aol Wi B ol gato] WALESe BHYAT
Fol W, MHAESE WO Akh FEF ASAIA AF APk I Fols
WeiE YA copigste] 4% ARpEo FAL gt o wEe
W2 E5] frasEst il gEel A% & Ayl Rl HE Aol Ty 39
$71% W7eE o) 2ol wow wEa.

1.5 A7]&3lE ol &sto] A& sk W

<37 18>, <Az Rai & ol gelo] Helshs WA

A

_r

HASS Hal BRI

R NN
N |
N
A
1§
1
A
l ¥
NAY NNNNNNANNNN,
)

N4
____________________________ BRETEVAY

| — : Treated Ballast Water -~ — - : Ballast Water |
Ak WM AES B Al Muk Ago gt A HA, G

)
bz

i)
E
A=

ol
o

9 18 2 AdFAE Hypochlorite GFotAARAMER), 2o Z2-s §3l Az
sty sta Atsl 9 A9 (ORP)E &3l AlxZus stysto] At AElE st
WY A~E B oAl ullES] S WAsH] flEl, Hypochlorite & 2
Foo  FFAAETH. o] uFe] WHAESLE wjEd u FIFIH
Hypochlorite ol E]2SAGEFES 4o F3td AHZE w5 st}

%

30 | >
.
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1.6 AE+ 47125 ol g3to] Ak Wl

<IZ¥ 19> <HE+A728 WHs olgsto] Aglsh= #g>

<

----- | MAASS KA BXI [

SNIENIRNNENNS

[ aw (o= | --[=a |

. [

9l wy \
| — : Treated Ballast Water _ — — - : Ballast Water |

A MeAES AR A Aol dg AAA, BT

Y 19 & WHAES FU Ao WHASEFe 4RSS Wol ik W A
PN 522 Aol nAZ e Aelshs Asgolt Awe 99 ES
AgEA o MLt 54 YEE WskabA ekek MR Aol A

<3 AP ol mhL s
1.7 AE+UV & o] g3t At B

<I¥ 20>. <HE|+UV WS o gsto] A st 7>

<
«

5 L momis /N

| —> :Treated Ballast Water - - - : Ballast Water |
Abg2  WMHAES B Al Muk H g gt A HA, G

A3t A Aol 25olq FAL HeerES AHgEA
S% A%e AT 0 AAST 1 F AgHL
ARk W Aol ThAl s Apeldl A o
@ BB AT 5E Ada

it

offl
My N o rlt Lo

a9 20 & 75 A4
¢ A dEE Tl
o vAEs Al
EHAA WA el A

2. A AbstE A7)

o
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A AgtEol#, A9 FgteE AHEEZ NO, NO2, NO3, N20, N203, N204,
N205 7} EAstH, d7|gA4SdelA A7 2 wF EAsks 3252 NO %
NO2 ot} FAdZoz ols EHAS AALASEINOx)olgt stth AL oA
HAsts ARASHES dAadHe 3759 Aol oste] oA WAEE=
Thermal NOx, A5F2] Aiol o8] BAY3= Fuel NOx ¥ A4xF7]F2 Ao}
ALY T HAsE w@lAe] spEkgel oA A4 E = Prompt NOx 59
A7l ot Aoz el gl

A2AsES ARdAAA AAsdAYd S B3 APHVIE st o8 24d=
AesE=d 7l N2 o o8 A= NO2 = tA| 3ty o Aol ¥,
T A owyn e HAst] fF71ESY A das ngrt #rh ey
7] FelA AAF e g3t Fr= A FEE TAEHA gfow AEHTE
Atgro]l HlElE w7 Atk NO2 &= NO Bty 54do] 5~10 v} X ZFstt EA] of7]
zo EAgtE AR A FRodAME #H Ve AgRksel AY TS FH
AN AELelANeE  FAus AHeAl AFstn =S #Hel y¥E oIS
T ARAEES AAECE 5AS Zta IS BuE oy iyl FelA
Faeta, AAsksk MRS =—d0A "0w F pOGEEZLA oEY TS

HEAIAZI T}, Adekg gAd AR E 2, B2 A9 Tt
Fo] ZstE falufr)7tA mlE Ao diste], sEFoR diAHsE] sk
MARRD aN7= NEs ZAE SR fiste] Fus] =gty glod, ofg}

b Rl =7 P k

A4AreE wlE Al (Regulation 13)+ 2000 d 1 € 1 A o]F ARFHAY
ME7F dASE dere] gAelz 8ol 130kw ©]dY HAo HLEHY HgE
gAaezl 2 FEAe] AAE Azl = Yo 4wk aksks A Aubel=
ALEx e, AxIFHALY JxrH 2As fAv|#e HA|# o EFE
AdRAAZFZAX 7lEZlod TmE HARE AAE 0 AdSEA AxEHJATE
AR A ) 7] 297 X=X (Engine  International Air  Pollution Prevention
Certificate : EIAPP) & Mol Multef| Hytsof st 1t ALV BE
TAEA AEsA AEE AFRFoe SAJM TAPRP(HFE7IFS 5 d)E o}
Fa7Izt s Fdor 1 3ol S AR =141 AALE AAJEor st
Akl o2 HE NOx & HA&A7I71-Sst miEs 871+ dA WiE5F< Tier
I, A48T NOx & 15~22%, 80%= 22t 7raAl7l= Tier I, Tier M7F Ut
A zA7] 9w ol Ao mE AxAstE fAUES Tier I, I, M=
TR ¥ =Y, WEEA)81Y (Emission Control Area : ECA) oA Tier M9 A=
Wy ARk e A= Tier o AlE et o8 st wlEd87|ES oA
Xohe Adubg gAaze ARgs 5 glAl dvk gl F oA s e
NOx 9 Wl&x1& A7)+ 338 A (Selective Catalytic Reduction @ SCR,
Aez S SAFH]) T Autel gAlste] wlEEANS &3 Al ZsAIA Tier
el 71=< WSA] Aok i,

r a
i

2.1.

o

A Zuj sk (SCR : Selective Catalytic Reduction)
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% 21 9 SCR 342 A9z FujgAdH o2 NOx o thal]l -4 (NH3 T+
Urea 5)E uj7|7kA ZFo F9¢, Edsto] o] EIA7FIAE 200~400C 2%
st A AE = RES7] ARFERE Fu S5 THALOEZN NOx & st
Ao T AAN2) 9 E(H20) 2 Eajsts F4o|th o] FAL A7}t
APaRTE $A40F NOx ¢F wEgshs A84 39 WAooy Fus ®HE
Elelg 2 viug AbstEe] SFES AMgsttt Sl skshe]) B4 wslke] ot
el st 71A-nAe] HAFHS Hdl =2 ®Hds Za glojol b
Hh Activity (B43) 9} Selectivity (84S @ QA E0] 2 FAbEo] Qlojof
S},

o] &7l 2% NOx AAa&e FWe +%, +

o
o
o2
2
°

o
©
10

2 %7] NOx

s g Sje] el wek Aol AINE HH A Al 80~90%9
S A 3 TR 4R, S 9 sy o e wol AHgEa
Aom FAkEe] wAol gl 7719 A S Fuls wker1E AAE ddAE
Foste vy we A7l wiel & w77k Ao A §sho]
ditdow g Rd o A 22 FA 2N Wol-AFEE L QU

<13 21>, . <A8d Fof s>

r

DEF supply
(NH,),CO
+H,0

p &\
( no )}( 353 (NOV

Exhaust before Exhaust after
reduction reduction

A& www.tognum.com
2.2. 1717}~ A<= (EGR : Exhaust Gas Recirculation)

a3 22 9 EGR(Exhaust Gas Recirculation) < NOx A7S 93t
W ol sty A, 7HER o= ojn] &gty o] ARgEI Q. w77l
CO2 Y H20 T3 #2 E847IA7F 5719 49 AgEo] &9 o=
23 719 4 &&o] FouEo AdYg Jl dAvtA 2EAES oAk g
7] & HFo] thermal NOx S A FozA dAlS NOx HAZFS
ol dgoltt. w3k F7|9 AUt AtawErE WG ar|7tAR AIEHERE
ALAY AT A4S diitel NOx o Aol oA ety
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1™ 22>, <uf7]| 7k~ A<=%H(EGR : Exhaust Gas Recirculation)>

Coolant Control |

Unit
EGR Cooler
<  —— EGR

Control Valve

ETR | S ] ‘
‘-, Intake
~7 Cylinder Head
S,
A3
Exhaust y 4

Z}& @ Hitachi Construction machinery (www.hitachi—m=c.com)
2.3. 5 I¥F system WA
AANRE] ol w7 B2+ NOx, COpTHC, PM $o] 1oy CO, THC +
7HEY Qe vlE] Adld R A miEHA, F= HH7]7}i TAZ FQsHA
A5 = 4% NOx ¢} PM o]t} 22, NOx 9 PM 2 371 HHHOo 2 E Ao
ARste AL ofgew dRtgo g AREa7 (trade - off)7} Aot AZEAAVE
A A 3o Mk £ #xA7ZIW PM °] B7I8kAL, 2AMIE mE] dte] PM &
A7 NOx 7k S7hstef, o]dl o] f-& Theksl WS sA o 2 &-3lo] NOx ¢}
PM & Aztatar-glow, AEFARER oA AT E S 1hsh, A Ao,
TARE Alo], "AE Ao 7], BF g Vs so] JIdEHI glow, ARl
A4 29 o PM a% NOx & ~Ags7) s gAdd
SEAMA A "o| A o), 22 A5 EAYES] WS FANYEY HAA o,
TARE Ao}, AR xi101 7| S AR P T

O
,

b

AN
T
Fl

i
l

d

& b AW wEed RAEE AR QA
W gol Zreel dms /] o e TANA, A2l

Z PM 3 wjolo] Za"Eu wma A wr)o HE
E R kU P P B o e P =

H 2

AAA7I™E, NOx & FAlol 2

2.3.2. FAHE Ao
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WARGFRo] obdlel wheh BAAZINE d2vh AAEE A8 AN ke
AR BAFol Zrhstel FEAL el B Qash wgste] Angieol
SolAu ALLEE Zrbeke] NOx 9 2go] F7b @tk o]F H7] $lste]
BAA71E A A7) odn] otsiel PM o) F7b7h Euke ] wiel @7 gl
o1F WA ANM, BAE FYL wEOEH BAES Aot 27 BAHE
Z7he @bglstel gAAom Fvb Al e 94, H8 dol blaw
AR $A BASE BAR WA S| vk B4 Frel Bed uYARE
A Fol FEe0l TRsH: $E5FRE p@sW HC, AR, dude
=REI Yk

2.3.3. AAA

ARG A AR EARF R BAE A7]E Aol aerskel 9 AAQl T
5ol H3lor, 71&Ee) VA el ggt Aol AL gl AR A7t
ARE Han Qloh AAF Al 7k g el whEk Aoj o] Ak Al 2 H A gl
ds &9 AR A E5E, Fa, 2E, WG, S -2dE 1HTE HHY
TANZIE MAP of AAetol Aol 5 9lil, 7hE, g Al 9F 22 TAM
sl AFE MAP Alote] wet, e9EES P 5 U,

r{u:k&‘ﬂ

3. A= (Sox) AR7]E

Apedo] EAet= Ay} oil FE BT 0.1~0.5% ol 435 dfalH o=
AZ7F A4 o SO, 97SO; A &L 40~380 @ 1 /= AHHH wmEbA
SOx = FEAEHE FASEAdE | oA~ (S02),  4HAREEH(S03),
o}k (H2S03) . BAHH2S04), 183l 3AFE (CuS04), A4 (CaS04),
ke vl (MgS04) &2 3k Seol 2EEY _AV7EE YeAe T2
ofg bzt Ababslsk FEZE FE o|FH I Fell o AT difFolRR
Hj 717} 2 A Ee Qlojx otk E 2 Skal-gltth

71 ed5Hel = FEemkgolit  FuiRkge]  olste] tE ePdEHT
Hh-g-sto] Ahabsisl, sAF 7)EF A SO 2 A el EAs A 79
FE7F =& v B3 vESSte] ofstatoly SAMEE 59 aerosol & AAAAIA
Aloke] Zhaof Wle] Ak 4 AR5 F2A e 9 Ity FE FAMA TS

EE Y B

-34 -



<13 23>. <Scrubber WA ®I717}AE A|HSt= SYSTEM>

ARf Fol #3 A Whez 93 0 dye
Fagow Hef iy 10e] elolu, 7 ~EY S 4
o 55 5020 % uﬂ_?_ Az

AEo] ArNHL ﬂx]um SOX = Ly 2z 502<93%/5’ s} So3(7%) =
QARG AN %ﬁ! 213 59 v% S uEAY WA
B85S ASF o Ea XEg?}‘OL ‘ét 7ko17] whg,
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