ISSN 0287-122X

ICEF

January, 2023

| m‘iil‘i AANKEEES S
E L — ﬁ & Japan Internal C_g_mbpstion Engine Federapon

T105-0004 EHREAERXREHE 1-17-1 NEHEJL 7F

TE : 03-6457-9789
: FAX  : 03-6457-9787
Information of the JICEF Email - jicef office@jicef.org

Web site : http://www jicef.org

B X
AR D TR e B ZRE e 18
New Year's Greeting from President of JICEF ------eeeeesesesseseeeeeeeeees TAKAHATA, Yasuyuki
II. 2022 F£ 12 B CIMAC /INA T WREEEE B AR - ovvvrerrrrenmreeeneeen, Bl s 2B
Report of CIMAC Council Hybrid Meeting, December 2022 -+« -+« +xreeeeeee TAKAHATA, Yasuyuki, et al.
. CIMAC WG B8:& Reports of CIMAC WG Activities
- 1. CIMAC WG2'M#RiBE" /1Ty FERREHE (2022 & 11 ) HERE - FEF BE 98
Report of CIMAC WG2 “Classification” on Hybrid Meeting, November 2022
....................................................................................... MITSUK'YO, Tomohiro
I-I. CIMAC WG4“U52 V8D HRAN" /N\A4T1)yFERRE (2022 F 11 B) HERE
....................................................................................... i% ;‘i: B K E
Report of CIMAC WG4 “Crankshaft Rules” on Hybrid Meeting, November 2022
....................................................................................... HANAWA, YOJ|
II-II. CIMAC WG5*HFKUBEEMDHIE" /(7)) FERFSE (2022 £ 11 B) HEHRE
....................................................................................... 1}_]-:5"%'% i’f‘m_ e 12 E
Report of CIMAC WG5 “Exhaust Emission Controls” on Hybrid Meeting, November 2022
....................................................................................... SATO’ JUniChi
IM-IV. CIMAC WGT7“Mk¥I"ElESi%(2022 £ 3 R)#EH L2022 £ 10 A) HERE
......................................................................................... Ml FE- 16 E
Report of CIMAC WG “Fuels” on Meetings, March and October 2022 --+-+- TAKEDA, Atsushi
II-V. CIMAC WGS8'fiiFRifiE il Web Elff =5 (2022 & 11 B) HEwE - T BEF e 208
Report of CIMAC WG “Marine Lubricants” on Web Meeting, November 2022
......................................................................................... SHlMOKAWA’ Keisuke
I-VI. CIMAC WG15*#l{tlé BB)L" EIRR =% (2022 & 11 B) HF#sREG - NFE BE - 28
Report of WG15 “Controls and Automation” on Meeting, November 2022 -- KAWASE, Takaaki
I-VI. CIMAC WG17“7 R4 /(T ) REIRREE (2022 & 11 A)HFERE - Il gK - 23H
Report of CIMAC WG17 “Gas Engine” on Hybrid Meeting, November 2022
......................................................................................... NAKAYAMA, Sadao
I-VI. CIMAC WG19“IRIRET I IfnfiE” Web EFE<iE (2022 4 12 A) HEHRE - AR BB 26 B
CIMAC WG19 “Inland Waterway Vessels” on Web Meeting, December 2022
......................................................................................... SASAK' YOShinori
II-IX. CIMAC WG20"Y AT LKEE” Web(2022 £ 6 A)BLU/\(T1) vk (2022 £ 11 B) ERSELFERE
......................................................................................... Eg“:l EE%E, ceriieeen 39 E
Report of CIMAC WG20 “System Integration” on Web Meeting, June 2022 and Hybrid Meeting,
November 2022 .............................................................................. SEK'GUCHL Hidenori
-X. CIMAC WG21"HEERE" /\( T v FERR&# (2022 & 11 B) MBS A $HER oo 348
Report of CIMAC WG21 “Propulsion” on Hybrid Meeting, November 2022
....................................................................................... HATAMOTO1 Takuro

(EAIZH



IV. ISO Bf% Reports of ISO Activities

IV-1. ISO/TC70(H1EENNIAHERS) Web B (2022 ££ 10 A) HERE - FX| Bl 378
Report of ISO/TC70 on Web Meeting, October 2022:-::-«+-xxxxeereeereeeeees ASHIKARI, Shinya, et al.
IV-TI. ISO/TC70/SC7({X{EENNIATLRES- B8 imAiBaRatER) Web Eff =i (2022 £ 10 A) HEHRS
.................................................................................... ’I"]'W %:% 39 E
Report of ISO/TC70/SC7 on Web Meeting, October 2022 --------+-xreeeeveeeee TAKEUCHI, Tomohiko
IV-III.  ISO/TC70/SC8 (X 1B ENRIAHERS-HE SR BEH MBI ) /WG6 Web EfRS:# (2022 &£ 9 A&11 A) HFHE
.................................................................................... TE")(” Emﬁj’ 41 E
Report of ISO/TC70/SC8/WG6 on Web Meetings, September and November 2022
.................................................................................... ASH'KARI’ Shinya, et a|'
T (LT EETRAEZESED) oo vverrvereee e e e =S 428
Progress Report of ISO and JIS Activities in Japan ----««-----rrerrereeeeeenee SUZUKI, Akio

VL. TPV AT L F iR GHRIER A — B ORI A DERY B A

Technology/New Product Initiatives of Engine Control, System, Purifier and Instrumentation Manufacturers

VI- 1. **Et’%*i'j‘VX@*&%T/%ET&]&:’\O)HWJﬁ:ﬂﬁ .......................................... 1;* %% ............... 44 E
Woods Corporation's Technology/New Product Initiatives ««««--------xeeeeeee HAYASHI, Yoshiyuki
VI-II iﬁ’siﬁ%@&ﬁl:tﬁﬁéﬂﬂ)%ﬂﬂ ................................................................ *EEBU-I *'“J.L_\ ............ 46 E
Initiatives in Combustion Diagnostics «««««««««xxxwrrrrrrrrmmmrsnnsse FUKUYAMA, Toshihiro
VI-II. FHBFHE) T EE M-800-VIIZH T BIEMTBAFRDEYHRA. v BRI B coeeeeeeeeeeees 48 B
Technical Development Efforts in the New M-800-VII Propulsion Engine Remote Control Unit
..................................................................................... FUJ'WARA MakOtO
VI-IV.  REAHEH AT RARHN @ =B &R R TSt BAFE DB AR oo KEq &4t oo 50 B
Initiatives to Develop Vehicle-Mounted Emission Analysers for the Next Emission Regulations
..................................................................................... ONlSHl, YUSUke, et al.
VI-V. SAREFRRSE - RO E A (S E AL TH) DI - +-voeeeeeeo BT BB oo 528
Initiatives for Marine Fuel Oil and Lubricating Qil Purifier Manufacturers (Mitsubishi Kakoki)
......................................................................................... NOR'TAKE, SatOShi
VI. CIMAC X&IZEITBERR I NOX BRBXHERDIRBE -ooeeeeeeeee JIE JHE - 55 B
Progress of Piston Engine NOx-Related Papers at the CIMAC Congresses KAWAKAMI, Masayoshi
Vl]l MAN Energy SO'UtionS (AUngurg)*iEHﬁ:ﬁEE ............................................... “lJ: EEEE ............. 70 E
Visit Report to MAN Energy Solutions (Augsburg) -« -« sesrerrerereeeeeen KAWAKAMI, Masayoshi
EHEREE information from JICEF
1. TEAHES Ej]j]l*)b;\i—/ZTAﬁBFE]EﬁkﬁixJﬁ .................................................... 78
2. Exﬁxg t/$§ 50 ﬂﬂiﬂ(ﬂiﬁﬂh S e R E%Hj( ................................................................ =
3. 2022 ﬂ.:r‘- IEI E WLnﬁlﬁ #Ed—. ................................................................................... 36 E
4_ 2022 ﬂi}""”"_@ E ngﬁn /Eiz% (Webinar) %L'i:: ............................................................. 38 E
5. 30 IE CIMAC %mj(»&_%ft,{klﬂ .................................................................................... 75 E
6. 2022 ﬂ.:r'—*"’— IE E anﬁlﬁ $E¢ .................................................................................... 76 E
7_ C|MAC Worklng GrOUp .W-LTFL:\KE% _Eﬁ,’: ..................................................................... 77 E
8. H WEIETT%% ..................................................................................................... 78 E

$%§ET§§E Postscri pt ................................................................................................................ 80 E



I. IEDOTHRE

BARMEEESR
=Rk B &K=

FEBRTELTEHTEITTVET,

BEICH-Y, BANBEEESR (ANE) ZRKRLT. —SETHRIEZHLE
F£9.
RFEE(E, OV TIZER BV ITA T ADERERE, NI S G7 ZHibed
HEEEICKDHAL T ADOKFELGRFFEDOZEICLY . BHROIRILY
—flitgEbELi-EmamRiEEOEEEEL T, #HREFLEMMIENK
T avrERIT- 1 £TLIz, X, 2020 FLROFHEIAFIAILR/Y
TIVIIE 7~8 AIZE 7 BEUR, TOE—UTIE 1 BORBREEHA, 26 5
ANIZTEFTHEREGYFELz, LALEAS, 10 ANSDE 8 K TIEL. AfaH
M (2022 £ 12 A¥)E) TREBFERIE 7 ROLSITFEZTOFEE A,
FRIAF VAL ADOBHFILDIERAI S, BEIEE LD HEEE 2 HBHEIMD
FEMAVTIVIFERIED 5 FBICEIETIFHILLEDT-RELDOZERD
AIEEINDTEE. # 3 L=/ TIVIAREICAN LM ELED
NFETH, SEOEERCAVIILIVFLEORBRITORREMDLHY ARRFEEHILVRRETHEIEENE 5%
/ELA
LESRIEME 11 BIC. BAEHERBIAIRIILY—2 X T LEMEELY. BMTE. BIATRIILF—2 R T LR
MORE-FHWMFAFE., LRI/ TEEFHLCECEVTHEEGERET B A, BAE -2 58— KRE TR
REEFZELELZ, X.RLK 11 BICARHRI—EVZR LY, 220ORIL 50 AEEESL T Y20 EH
SBELTOXRE-BAITHL KEEMSERBIRDRESNEL. Chn 2 DOREE, BEESROBARTO
NBREE T EIRBICE T DKEICHIZPBMANTHESN 3D T, KRELES LUV REBEFRZEOEHED A RIC
FOLUEEREFMANDZRGELICHAICEYRETELIDEFKBBLTHYET . ChEic. BESRIE
CIMAC OIZELBEFBEL T, JY—BHA—RZa—rIILEORERRICEHHERFEEICIRYMEA . BERE
FICEMLTUKEHRIC, BERKREDBNICKY ERDOHEZRBFERICELRYBATUHIETY , 5lfiE. EFRAD
CHNELALLBRELEBRLETFET,
FEE (L. BEDZEILTEIORDCIMACKEZMEFETLIA. HEIOSOFE TR SN . KFE6H12~168
[CRAMESN DI LELYFELIZ, 2021 FEDRNEETIRESN =T IR IVMNTC—EEBBNTTLTOELA 15
DEHHIHFVRFORELIMYAL LOBE NS, 2022FICBEDHIXEENTHONEL -, #/H. b—2/L640%R
DT ITRNZIDMRHEN, 2022FIRENETZE T HERI2021FEBZF D RELL THON. 46D TI=NLtY
2V TRRSINDK210FED/IXAELINFEL -, KETIE LR DRI FERLUINMZ. 91004 DFHH . HEXE
FEFRISRRA— K TIERFER SN, [BHIDCollin Trust EFFEE. 3D/ IR)L(A1EDT—<[EDigitalization)?
FHEENTUWET , BIZFHR K DPecha Kucha presentations TIEBEAIBN . EEE ST HRENEESINSITFTET
T, HHRDFEI0EICIMACKEA DIEBIESINZEHFELNLET
RIS, KRENRBEDBERECKIEICEY . BETEYVDZWELLHIEENEL T IEDTHRELSE TS
TEY,

¥ YUR=NT-TH/0Y - (BR) R R AT - R



I.CIMAC N(JUvFFERS ( 2022512 ) HERE

FEOOF VA IVADFETH 3 FEMA L I1 VI KYRME
Snfh, §EFEERIE VDMA(FM U I RER) =&
BEFUFAODNATYIRRET 2022 F 12 AIZFifgS
hiz, UTFISFRERARICTOVTHET %

1 BEF: 2022412818 10:00-16:00
2 R NATVIRE—T4T
VDMA(TZ29TILR) (o4

E1 IREDOVDMASER

3 HESE

CIMAC % & . NMA(National Member Association) .
CM(Corporate Member)h i D& E i, 5159304 1R
MELVF 10 TEMLE, (R1BR. AU5105m
EHIIWebEE L TRAMNER TS -HEZEDAHEH) AKX
HislE. CIMAC ZEDBM(YYI—/\T—T4/89—),
B OBEB(HIEEME). I L(BRE)D3B N HFELT .

F1 HEEY RS (ETE. B E T RIS S [EMrE=[EMs)

CIMAC BI&R BMR=E,; Y -N7-7/00 )
CIMAC FT:EE E15 /e, BRIHI RENME
CIMAC 28 I LT A, BANREEESS

Dodd, James Mr. infineum UKLt~ | ZE(NwA) | 757
Kawakami, Masayoshi Dr. JICEF H(NMA) REE
Klima, Jiri Mr. PBS Turbo FoCM) | 2B=
Li, Shunsheng Prof. CSICE snma) | 327
Markus Miinz, Dr. VDMA JH(NMA) SH=
Mestemaker, Benny Mr. IHC MTI F(NMA) 1—::"
Roecker, Ryan Mr. SwRI K(NMA) £H=
Schneiter, Dominik Mr. gg‘;:l"h”r Gasd& | ;iaNmA) | sz
Takahashi, Shinsuke Mr. IHIE By T
Zhang, Didi-Dabdan Ms. CSICE F(NMA) 1—::"
Zinkl, Clemens Mr snwa) | 227
Miuiller-Baum, Peter Mr. 52% CCS pL:y REE
Erdmann, Daniel Mr. £¥#%B/ | cCs i 1’;3
Linda Krieger %5 | ccs 1 17
Mark Schike,Mr. E#%/H | CCs b SH=

K4 & & sm
Jin, Donghan, Prof. Dr. £E | TnjnUniversiy | s(NMa) | 27
Akerman, Jonas Mr. HES Wartsila ZI\INT Z) st DEE
. = Woodward "
=By Son
Boom, Rick Mr. BIZR | Nederland BV HNMA) | sz
Dekena, Marko Dr. Bl&& | Innio Jenbacher H(NMA) SHRE
N ABB, Marine and | 74Y7UF | sepee
Lehtovvara, Eero, Mr. BISK | ports Division (NMA) SHE
_ UR—INT—F .
Takahata, Yasuyuki Mr. geE | Y77 awey | 2me
y/890—
. = Turbo Systems s
Rofka, Christoph, Mr. EIES Switzerland Ltd AMANMA) | ==
) MAN Energy FU-h *o5
Aabo, Kjeld Mr. Solutions (NMA) v
Abiven, Francois Mr. 1B(NMA) fjf'jj
Aufischer, Rainer Dr. Miba B(NMA) :rj 7
Baiwir, Olivier Mr. Aderco AF - +o35
(Cm) I
Buchholz, Bert, Prof. Dr. Rostock university | ¥(NMA) ES 5
Coppo, Marco Mr. oMT #(CM) RHEE

CCS: CIMAC Central Secretariat
CSICE: Chinese Society for Internal Combustion Engines

4. THBEEN
41 =T
Jn&RGER) DRSO BREICKYSENFIASNT. B
ATIICIRESN BN AR SN, BBICA-T,
RhSBEZEDORRER2ITRT,

2 FEMEEEDIRR

411 BIEEEHENMEELGCERBINR, FHERRICEK
YEENEDLNT=,
RTEIARROIRRIS DN THRE DM E T Mo 1=,

4.2 CIMACEA#%
4.21 $EEZ
TUR—IBLUVEEDONMANS2022F 2 E N KMIZH
2TWV%, TUY—YINVMAEIESH DEIEHNHY20224




DRI T RERENT=H, 2023FEN M SIE XIS EDEEN
HY . BEICHLEEDERERMOTLND, Tz, TTH
CMMAZILETH S,

2022 FRERIAA (& 2 S8) LL T AELHEOOFD
1ILADEET CIMAC Projects BSRDZHMEA 1=
#ZhD, RIBIEZDYAFRERDTEL,

T2 202FREFHELV2023FEFHEE
| Expenditre ~ Budget2021 Estimated figures 2022 Budget 2023
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CIMAC WG2 “Classification”
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CIMAC WG2 M5 E#H & U Teams(Web)&® Hybrid
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Members:
Mr. C O. Rasmussen / Chairman

(MAN E. S., Denmark)
Mr. R Meyer / Deputy (CIMAC / VDMA)
Mr. M Stutz / Secretary (WinGD, Swiss)
Mr. M. Hieber (Rolls Royce Solutions GmbH)
Mr. T. Halwachs (Hoerbiger Ventilwerke Wien)
Mr. I. Macintosh-Oakley (Turbo Systems

Switzerland Ltd)
Mr. S. Neddenien (DNV Hamburg)
Mr. J. Wilson (Lloyd's Register EMEA)
Mr. P. Lahde (Wartsila Finland Oy)
Mr. M. Just (MAN E. S. Augsburg)
Mr. M. Glathe (MAN E. S. Augsburg)
Mr. K. Gimdal (Volvo Penta AB)
Mr. H. Briinnet (Schaller Automation Blieskastel)
Mr. R. van Burkum (Alfa Laval)
Mr. C. Pestelli (Wartsila Italia S.p.A. Trieste)
Mr. E. Hamm (Dr. E. Horn GmbH & Co KG)**
Mr. A. Irastorza (Liebherr Machines Bulle SA)**
Mr. U. Storm (Bureau Veritas S.A.)**
Mr. T. Mitsukiyo (JICEF / MES-M)**
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Mr. Y. Shibata (NK / IACS MP Chairman)**
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Mr. J. Christensen (MAN E. S. Holeby)**
Mr. H.-M. Kaarre(Liebherr Machines Bulle SA)**
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Systems Switzerland Ltd)/mi5, FEEDFRE AT
nit=,
*IACS MP [ZxLT.PM17701 &L T.UR M73
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(d) SG “Future Fuels”
Gas engines EL TEEIL TLV= SG %#FAL. Future
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(e) SG “Fight of Piracy Parts”
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The members of CIMAC WG2 ‘Classification’
cooperate constructively and respectfully with
classification societies and IACS in a close exchange
of experience and ideas on the development,
creation, revision and interpretation of state-of-the-
art marine rules and regulations for mutual benefit in
order to maintain and further develop safety of life at
sea and protection of the marine environment.
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CIMAC WG4 “Crankshaft Rules”
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Control Working Group (LAf& WG5 &F59 %) 12 Web (2T
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Daniel Peitz (HUG Engineering ,Switzerland)(:& &)
Heikki Korpi (Wartsila Finland ,Finland) (Z32)
Maximilian Bierl (FEV Europe, Germany)

Johan Boij (Wartsila Finland, Finland)

Dirk Kadau (Winterthur Gas & Diesel, Switzerland)
Adam Klingbeil (Wabtec Corporation, USA)

Dorte Kubel (MAN Energy Solutions, Denmark)

Hervé Martin (Turbo Systems Switzerland, Switzerland)
Rom Rabe (Wismar University, Germany)

Junichi Sato (JICEF / IHI Power Systems, Japan)

David Schwarz (Rolls Royce Solutions, Germany)
Johanna Vestergard (Wartsila Finland, Finland)
Hans-Philipp Walther (MAN Energy Solutions, Germany)
Peter Wania (DNV, Germany)

Max Wu (Lloyd's Register, UK)

Hinrich Brumm(SICK AG, Germany)

Sebastian Bartinger(Sebastian Bartinger, Germany)
Vladimir Shnurkov(Gulf Oil Marine, Singapore)

Thomas Werner(Daphne Technology SA, Switzerland)
Bert Buchholz (University Rostock, Germany)

Petri Lehtinen (TT-Gaskets, Finland)

Quaim Choudhury (American Bureau of Shipping, USA)
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Chinese Domestic Emission Control
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- 2030 £ 12 A 31 BETIZESRF AT ESIN-HEED
158 B GHG %270 g CO2e / kWh k. F1=I%

- [ GHG HEHE D 20 R THF Y 550 kg CO2e/kW %
HALLY,

430 ILBEARBHEMSDBSBLENDEHEI—D

rL—iay

4.31 HEMLGHENSIERE Y AT LIZE THEBH R

MNoDEATDER

% 2 74 (IRIE) DA

B RE SRR T 505wk I+ — A%, 2022 & 3 A

30 HIZ.RERD EU AV /Z—DRYD 4 DDIRFEEZ

DEMARY)—= VT BEICBETIHREELMNEEEH

7L, ZESDIRE(F. 2022 £5 4 MEHAP(IZFESN

T3,

BREUY—RAD RN TS, BEIBLOSUVEE

BEDOHMNLUR—PIEENTNS, 12EX X BEFEDKA

RECKDEEDHDNIRILF—IHMIZEFTFL TS,

LODDEEFDEEND AR —=2 F B, F12

EEPTHS,

BfRD)—=2 7 B A ICBET 3 MIEHRIL. Euromot D

ROV R—I—(ZHEHEIN TS,

4.6 /\{/7F ¥ E NOx

BHOEBHIIEL AoNR—DT 1R Dy av kX TiREL
1=

INAABREHERRD NOx HEHE(ZBET5#HLLY IMO @
#Z#R1%. MEPC.1-Circ.795-Rev.6 TR &N T=,

F—ERWUD) D12218 £12318 (&, /(A BHEHRED
BHETETDH—AT. 30%DEAHIEIL., BREATEA
—AMEIDNEEET H-OIZEAINT-,

- 122 TP @AVKR—RUNERIERENEEFINT
WVELMEE . A A BB OFERMFISN D,

12.3 BIENNELRIGECAIRERRIE A EEY—D V%
&Y Do

1221220V T NAABHEERT B EEREN
ERINTWENWIEEFARL—F—MEEERT 5=,
FEEHFERL TS,

Ul (Z8BH EOEHTIEAWL =, RkEFoo7To—
FEZITANSNESHEERICHERTIDLELHD.
INET, FhICRALEERIEAL,

NOx k& 1000ppm SCR(in), SCR (out) 200 ppm T
HIEE 80% TéHd. / \ A4 BFIH SCR(in)Z 1100 ppm
[Z. SCR(out)%& 300ppm IZi&N&E 5154, RCRER
ETOHIEEIL 800/1100 = 73%[247Y, #EHL TL VA
WIEITED (TUO=HANIT7AILDEELLT 80%ETE
ZLTWSIBAR), BIZIE. TO=HILT7AILIZAER B
ppm BIENEENTLVEVMGS ., AEENEREZHE
THDIERETHD, ERMEHERED 1 D(E. (L)
BHRHEERAL TARYNFIVIZETTILENS
%

Euromot [&. RFNBO (BT A—EIL0AFURE) ZfE
RIZE&HBES. MEPCT79/7/9 [T12HILT-, IBEWIE &
fxcEmIND,

4.7 IMO & EU OFFIEIA

MAN #t® Kubel Kh5 IMO & EU DIKRARE SN T=,
1) EREEET S5y h—R (BC)

BIEHE T, ROMEEHIZH-T, RYMBA TS,
HEINDZT—)LR—ZD BC DIRHIE. S5 53RE10E
B BC SRHIDIRETZ1TUN., 2023 £ 4 AD PPR10 (Z#k
EFETHD, EBKRELTEIBTOME BC AIEED
BEMRIE LIRS (FSN ZER) I2OWTIEHEIEED
ZENHIH, #EBR (FEIETAMYR) D BC OFIR/B
FHLRERIEICDOWTIZEENLL,

2)Multiple engine operational profiles (EOP)

BIEERET. HHD EOP &"Not-to-exceed” &LV k=<
9% NOx TH=HILI—FDFHEEIZRYBA TS,
EOP [CEH:ET HLOMDEBEIC DOV TIE—RIGEE
NHHAN, EELGBEICOVWTIEERA I TNVS, &
EE1B5ICIE.PPRI0O ISTEHRIBRVIDLETH D,
EIAPP TR AL DBIRICEEES HEZAKEIZT S
T=0IZ AERDEFEEILRT DLELNH S,

3)GHG Al

MEPC78 LA TlHiZFEM (CO2 B E) B LUBHTA (K
GHG R EHE) AER £ (CII(PAE E4EHE AT HIE)EEDI(T 1
VX —hEEREHEIZ)EEXI(GAMM D TR L X —5hZRIBHE)
DERBIL) BB EZ ST PRBED/NNR 7Y EERK
THHDEENDETHS, ISWG-GHG13 TELH 5%
B LU MEPC79 &£ MEPC80 TOERNLETH S,



4)LCAHARS1>

LCA HARSA> DEFMICEET 21EEL. BIEEETHEST
hTHY. MEPC80 [C#ESN D, FLMMHDEERIRE
[F# D45 5E . Well-to-Tank (WtT) 3 & U Tank-to-Wake
(TtW)12& % CO2, CHa, N2O & GHG DETE LA
ENOx TU=ANA—FEERALEERDO AR v T D
BIEEIRETT D,

GHG M2 (X GWP100 [ZEDUWTEHEINSN, THEK
B#IT GWP20 ZEE T D aIREMLIRETIIN TS,

Operatonal
enisions

, *
mis—ﬁ“!—h

Tanketo-wate

LCA Guidelines

Interim Report fo MEPC 74 - Some observations -

Initial list of fuel pathways
Avery long list (80 fue! tynes]; most relevant fuels cover

il some Incansistencies
WeHowate

Well-to-Wake Methodolagy, general methodelogy
Cavers: CO,, N,0 and CH,. BC not to be included atthis stage.
Cansensus on GWP100; the passibiity to calculate GWP20 for ‘comparative purposes” wil be explored.

(eneral agreemen lo excluds constuction/dismanting of faciifies/equipment (sensitivty analysis may be
tonsidered at & later stage in the CG work)

Sustainability criteria (ather than GHG)
Should not delay finalization of guidefines

Focus on environmental aspects related to fuel production

Pt e : e ilararugart i MEPYC T o datars (VERC TRt

WAN Inargy Sefutlom Sty corbantl | Confoleniaal| rbeemad | Pobic | Actboy = Comnt Tope = 620 Nowarmbar 90 2022 10

TIW TOHEHEIZDLVTIE, IMO 4th GHG study DIEAT
THILMRHBOERELTHERASNS, CHi LU N20 D
TW HFHEEDRIEERET 5-HDAR—RELT
NTC2008 #f#RT5&(E, —fRMIZKFHEIN TS,
NAABEEM ED—RF Y TFr—ERED IMO TE
EINTUOEWL, NI4T LCAHARS A TREREK
= O0®RE. MEh—RoF+vTFvy—IF EEDI 1L
Cll IZ&®H 5N % MEPCT79 [T12ET 5,

IMO T® GHG HlFIZDWWTIXUTEFEL TS,

2023 £ 7 AM MEPC80 T GHG BIEDHEE LCAH AR
FAUDRRREIND,

PR SR DIERETEITI LT TH D,

- 7—X 1 ®ERO RS, 2021 F£~2022 F£&F

- 71—X 2: ®EROFHEEER, 2022 F£H5 2023 &

- IMO GHG ER&ICEDE 3 REEDRIZRTED BIZHE
(% 2023~2030 &£ T, Cll &V EEXI DL E 21— 2026
F£1 A1 BETICRBRREFETHD,

EEDI OERETIZEEIZEASN T LS,

IMO Timeline - GHG Reduction

Revsion of GHG Srateay " e nalzed by MEPC 80, uly 2028
LCA Guidelines

Mid-term measures

(Work plan)

Phase 1 Phase 3

+ Spring 2021 to + Spring 2022 to + Finalize measure(s)
Spring 2022 spring 2023 + Terge! dats
+ Initial consideration ~ * Assessment and according to IMOs
of measures selection of GHG Strategy
measures (2023 - 20%0)
. To be finelized
Review of Cll and EEXI
1 January 2026

Revision of EEDI Have been postponed several fimes..
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IMO DEERDFEIXUTTHS.
2022 £12 A 12 B\ 16 B MEPC79
20234 A24 BN 28 B PPR10
202347 A3EM57H MEPC80

EU QR HIER

5)FuelEU Maritime  (Fit For 55 [C&& N %)

MNTHERASNSMAAREO GHG AR B 1% (2025

2050 F)EHRRICELSEERL TV, &5I2, 2030 Fhn

REMEITHMRICELEREERATIEHLNERSN

AV

2022 F£ 10 ADESHREDER. RORATYT L, 2022 £

RHD 2023 FHJEEICMHT T, BR. BER,. TERDOMT

B (M) B—T i) i Thi, 2025 FEIFEHEBIET .

FuelEU Maritime DR (L. Well-to-Wake T CO2 #t&E

(CO2. N2O., CHs (GWP 100)) T. 5000GT LA (DI =5 FR

N3, 2027 FEIZREESEMHIZ. 400 GT IZ5IEFIfohb

ATEEEA B D,

FuelEU Maritme DEZRERELTUTHH D,

F =L v TFURIZK BT BIETIRE I~ DE A

DREERE IHBME S5 A5 —k AH=X L

‘RED | (BAERRETRILF—IER) 1L DB D IFfuaT&E
PEEE

“WIT &Y TIW IZvav DT I+ )L MELHATREED &
HIERBHEFERD WIT OFREHE

‘EU BETO. FEYHKROBLETEERH (RFNBO:
Renewable fuels of non-biological origin) D{EMAIZxY
B/ MR E SHREN

6)RFNBO & RED I

RFNBO DEZIEIRILF—ESHEN/N\AATRLUSNDE
AREEERICHRT ARABLUOSRAERFATHS, GHG
DBIRTDECEL T0%BETHY. CO2 DILIYRTIE
<, BEEAERRGIRIEICKYRBEAICT IBLELH D,
RFNBO [Zf#FHSNSKFKIE. BERTEEE N TERT S



BENDHD, KERSNBEAREEHEFERTHEHREE
BEINDIHE. BEMRERLGINS, BERE Emk?éw
AEEF, BEEOEBMREBLLIIRIE 90%DHEERFET
FILF—DEERHOSIEDIVEN DD,

Defintion of RFNBOs

Renewable Energy Directive (RED Il

Definition of “renewable liquid and gaseous fransport fuels of non-biological origin":
- Liquic and gaseous fuels the energy content of which is derived from renewable sources other than biomass

Basic requirements:

- GHG savings from the use of RFNBOs should be at least 70% to count in EU GHG reductionrenewable energy
farges.

- No creditfor CO,, the capture of which has already received an emission credt under an emission trading
system.

Defailed specifications T

- EU COMto develop detalled rules fo.
- GHG savings
- Electrciy used for production of hydrogen

y

—_—

*) CLECHBLAOMENOXOC0.9001 co 1.1 [europay)

MAN Energy Solutions Derte Kube - equitorPerspectve CCSandDAC 14 Septembar 2022 18

7)Fit For 55

DS DEEH X Fit For 55 /8w —S D —E8& LT EU #E
HIERGIHIEICEEND, ChlL 5000GT ZkBZ A
BRI, CO2 & TtW TEHfich . EU RfiiES EU OET
DFEARAINDZIRILF—IZINZ.EU NOBOHEABTT
FILE—DFERN 50% UL THABAITERSNS,
FRINDZALSA401E, 2022 & 6 BIZEESTRE,
2022 FEXRETITMN)O—T K. 2023 Fh 5 2025 FIZEK
BHICEAIND,

4.8 EU O3RFIEM

EU ORFEDEMEIZDLVT, RR #M Schwartz KA b
Ndhot=.

EU Stage V(2016/1628) M & # M & iE (X . IWT(Inland
waterways transport) Lo ATI) DY —ERE=AR>
g (ISM) ZEHICHEFEN TS, RIKERET8 AICEUE
SRICEHTHRIREN, AKXy —FILADBHIEEXRF
TIZTFEINTLVS,

BEOIVSY I73—0 ISM TAMHEIL, #k 6
TR EHLWI7IY—DEERIENS 1 T BRRICIRETS
DENHD,

IVOVITTI)—DREEEEITRLT, SESFHTRE
AE—LHHD, FEBICVEDGZE(T IV 25 BIERE
FrETU O 35 B2 FXif). TAFDBEIFEL,

Status & Updates ISM under
(EU) 2016/1628 ,EU Stage V"

+ Latest amendment contains ISM requirements for IWT (and other currently not
included engine categaries = initial ISM covered only Group A.)

ISM: Engine Groups

ISM engine groups
alasd Watorwsy Ganonal prpsia il
ot | e [ |
+ NRE & NRG (el sub-categores | [N el Mt
+ NRS-vr-1b, NRS-vi-1b NRS-v-2a( | VcRe | | St
NRSvbBNRSwE | TS IS
‘\-mnn..n ek
+ IWP & WA (all sub-categories), § | pmpm [ %
JRCELGE I

| |
| |
) | whethet ol | |
+ RLL&RLR (all sub-categories) | ibvasel i .. | |
Whelbel O] | |
Thikelbel | GrugL NS 3 | |
+ Snowmobiles (SMB-v-1) ‘ e o
: - | |

Higrth
+ All-Terrain Vehicles (ATS-v-1) s b

Euromot (&, BN EHRLEFE RBRLTEHSNT- FAQ
FFaAUREETEL TS, &#D NRE (Non-Load Engine)
ATTVEETEFD/NN—2 30 (&, FAQ-In-Service-
Monitoring-2020-03-03.pdf (euromot.eu) HNH>AFTES,
CESNI(EUROPEAN COMMITTEE FOR DRAWING UP
STANDARDS IN THE FIELD OF INLAND NAVIGATION)
ZERTR. BITHLIMEERST @B LUHETVD
U AEETA—EILESR. NMITYIRBEDES) (BT
BTAMAVILDZBRIOVTOERL H D, RHROE
WO IMO THIEF>THY. BROIVOUERTAT7A
ILDOREYIICEELIRESN TV,
Euromot I&. COREYYIZET % FAQ DiF#HRERHLTL
%

5. YT IL—7 (SG) DEBKRFE

420 SG DFEEIRRLHESNT=,
1)Future fuels emission control

=S NREZEHFTHS.

2)Low CO:2 technology

BE(E CIMAC @ Web R—ITafiah=,
3) Review & outlook topics
FERBHDERITSENT 5-0OBEZT TS,
4) Emission monitoring

SG TEEMEMD=HIZARMYT 1~2 BEDT—U33
VIERKFETHS.

6. REI&EE

FREISEIE Web £5&(2T 2023 £ 2 A 14 H, £&IE
Vaasa(Wartsila 1) T 2023 £ 5 A 30 H& 31 BHICEET
ETHS,



M-IV. CIMAC WG7 “Fuels”
EfE&2 (2022 £ 3 A)#HEHEU(2022 £ 10 A) HEHRE

m-IvV-1.

CIMAC WG7 ERxI-E B S
E TH ®BE

CIMAC WG7 “Fuels”

EE4iE (2022 £ 3 BB

1. [FLHIC

2022 F 3 BIZINDART  TUI—IITRWTRMfES T
% 85 [a] CIMAC WG7 “Fuels’SEDIEXIRET 5,
(BHILURBERFEL =0, #BAFLEEBBHASTH,
LRBHMIELRHIT D)

2. FERRBLUEM

1) Bf+:2022 %3 A 22~23 H

2) BNV ART T —9 (FRXk BIMCO)

3) 258 A nN— 24 Z(ERE)-FAM &

3. &

AVn— (BRE)

Kjeld Aabo, MANE. S. Denmark (&)
Charlotte Rajgaard, Veri Fuel Denmark (7% 3)
Aldo Caiazzo, Shell The Netherlands
Barbara Heyberger, TOTAL France

Bartosz Rozmyslowicz, WinGD Switzerland

Bob Thornton, World Fuel Services Singapore
Carole Bontoft, ExxonMobil UK

César Galera, CEPSA Spain
Donald Gregory, Sustainable Maritime Solutions

Dorthe Jacobsen, MAN E. S. Denmark
Franciska Kjeastroem, Alfa Laval Sweden
Geoage Stanley, VPS Singapore
Johann Wolka, MAN E. S. Germany
John Stirling, World Fuel Service  Norway
Jorn Kahle, A.P. Mgller Maersk Denmark
Markus Hoffmann, Alfa Laval Sweden
Monique Vermeire, Chevron Belgium

Peter van Holten, Chevron Oronite The Netherlands

Petter Dehli, VISWA GROUP Norway
Philippe Renaud, CMA-CGM France
Tarmo Makela Parker Hannfin Finland

Timothy Wilson, Lloyd’s Register UK

Tracy Wardell, Intertek UK
Yuijiro Yamashita, =3 SP:N
T ARGRAR)

Christian Schiolborg, BIMCO

* BAHIE T3

4. EBNE

AiIlE 2019 & 11 B (A RRRE) UL S/ REEE-
TW=h 2 EE Y IcHERR e o1z, N1TU YRR
RIIRELEETERENCENS, AU FMTOSMIER
A TH-T=,

1) Av\—_ BIEMSDFEAFEL

IEBHFEN 19 BLEZAVN—DRITIERBEEEZ T
b, Fl-. SHRABRHOERCOVTIE, VEDDIEY
WG F1=EET=712 WG SR D ELHT-,

REHHZBET 2HT-12 WG ZRIL-BATHOTHY
WG7 EDBSEMSISMGETHENLEN., Fi-HER W
ZIENAFBRED) [COVWTIXEICHRDEMARERBNTE
FIEEEDIREZE ZSBEAROLN TV,

Fi-. HEWGT7 £1S0 8217 AERESLDHDREDE
BOEAY, BERICKYERICABRLGHEREL-LLTET
BY. HWG AR IN-I5EE1S08217 HERERED
BERELEETIVELNHSEHASNT,

2) ISO EZERDREHEHRLE Update

Monique K (Chevron: ISO/TC28/SC4/WG6:1SO 8217 &4

ERERER) &Y. ISO AERERICTEAEDEEZENS

DEREEIHT=,

- 20T OFEIZKYIRBBEDR 7o 1—ILIE 9N AEN
TV, RHA 1ISO8217 BESE T 14 2024 £ 1 REFEL
TLV%, 1808217 ZEERIRFICDOWLTIL 2022 F£7 A%
TIZREREDT=H 1SO ~NRHTINELNHDHERE
MERBASNT=,

- BRRRBITOWNTII/AMABRELM, SR -BATRETIRILY
—% RS DZARIZZESN., ChIK ISO [Tk THEER
SINTWSIENHESNT,

- 1S08217 MEIRFEIL VLSFO HDRDEADIFH, FL
—FOERIEE. RIEHEBEDOEA, N(FZELHEH
DR RERALTLBIEMNERBESNT=,

- IMO PPR B LE-®IS/NEERTNDITSVIh—HRo D
EAmITLY. IS0 8217 HEZERIT. MFLBHDFERME/
NG T UM EER T HDERLTIEEEZREALTEY., 13K
BY CCAl ITRAMMISHERINAREITSA., VGC
(Viscosity Gravity Constant) A% 1ISO8217 Mt @ EIZBiTS
NEFETHHEN GBS,

- fHAELTHERSND /A1 FELT FAME AHY. £
DHERIZDONTIL, RITH ARG EN14214 KEEIND
M. BELAZARIZVLOBREREEESNZIREEBIZHE D



MEGHETISO 8217 DEIRKR . MFTEBLREEHRERTE
LTUKABENSH D ENTRBAST =,
- U EDKRAS 1IS08217 HERERIFY WG ITHLT
TRDREEROTNS,
-VGC [ZBE9 5H 151>
- BRELER L ORERLED FAQ
- REMICET AR5/
- INAAREERIZBEIT BH AT MY

3)HIHIL—T (SG)iEEN

SG1-1 BEHEDEERE

CEN WG TESHMOREREICETIFLHRE
EN17763 DHIEZFIRIFTSNTLVSEIZDOLNT, H WG [
2017 FEITHKEL. B FRSNT=, $A% 2022 F£ 10 AIC
F-HREARITINEIFETHLAIENHESINT, 2D
RN 5, SG1-1 [FXR|EFUTHAL S LT,

SG1-2 Separators

#Fi-f CIMAC HAKRS A2 I(EH4FIL; Update:

Recommendation for Design and Operation of Cleaning

Systems for Diesel Engine, i & F TS = CIMAC

Recommendation 25/2006 B HLI-=NA LGS TILVD, R

FHER, BRSO R T LOTHAY ERD=EMEREE S,
2022 £ 6 AETITARAFETHAENHESNT,

SG3 MAHHTDEEMRD DIRE
SG 3 [ZMnfAARH DEEMEIES 2510 %%
TERPTHY . WG A N\—FTRIELT-,

SG4 REM

BEHDREERBREFERICEAT DA A1 EERL.
RMITHEOICEFHEBRALE. FRFTEDXERR
1ISO8217 M afE 5 2024 & 1 AETICARAT ILEL
g0tz XEIF 2019 FIZRTLEAIRSAV (LUTYLY

m-IV-1I.

#%Z88) [CIMAC Guideline: General guidance in marine
fuel handling in connection to stability and compatibility 1%
AL, BBRAZDENRIVIITILORBALEIZDLY
TEERENDFETH D,

PYPIE
https://www.cimac.com/cms/upload/Publication_Press/W
G_Publications/CIMAC_WGO07_Guideline_Stability_and_
Compatibility Nov_2019.pdf

SG9 /(A BRE

1ISO8217 &=#FThR Tl N\AFT4—EILELTD FAME [$5%
K 7% (viv) ELTULVB AN, 1IS08217 REIZKY LYUEWLEIE
M FAME %> HVO WE&FENBEERD, ZD1=6H. SBD
NAFREEFERTHERDBERICEDZISORNERESR
DB G L=FT= A RSA V&R T D ELH S
CENERBASN Tz, FERDEARRE 2022 FERFTELT =,

SG10_{XEMH

ERRGAR., thd WG EDHFERIZ DV TOHEMIFARND
NTOGLAMAFIAELTORBRHORS 3o R—
N—RTERAPEDERANH o=, BFIZDUVTIE 2022
F6 AFTISRET S FREELL,

4) ZTOHE VIR

-HERED

BER Aabo K (MAN E. S.) D24 T E#iZEEL TR
EROEHE WG AVN—NTETLAKREIZTTo -
Dorthe G (MAN E. S.)9 £, Bartosz K (WinGD) 12 E£&73
Y. &[E &Y Bartosz KK (WinGD) &R EHE S,

5. REISHE

ZR[E] (% 86 [E]) X 10 ARMEFELL - (H#) EMSA, AR
U BT TR XIS THMEBIZENY  RIEMICH 4
—Y— )L, RA R (KA WIinGD) &4o7=,

CIMAC WG7 “Fuels”

EfE&i# (2022 £ 10 A) HEHE

1. [XCHIC

2022 & 10 BIZ2423—Y—)L AL RIZRWNTRESh
1=% 86 [@ CIMAC WG7 “Fuels’&&IZS ML= THE%
H]ET 5.

2. BERRSKUIERT

1) Bf+:2022 £10 A 12~13 H(1.5 A)

2) G128 —Y— )L AL A (KA WinGD)
3) 2948 A /\— 26 K (BRE)-SRM4 48

3. HEE
HAUN— (BERE)

Bartosz Rozmyslowicz, WinGD  Switzerland (&)
Charlotte Ragjgaard, Veri Fuel Denmark (7% 3)
Andrea Pastorino, Infineum UK

César Galera, CEPSA Spain

Atsushi Takeda, BRE/HAHRIETE BXR

Barbara Heyberger, TOTAL France
Carole Bontoft, ExxonMobil UK
Dorthe Jacobsen, MAN E. S. Denmark

Douglas A. Martin, Defense Logistics Agency

USA
Franciska Kjeastroem, Alfa Laval Sweden
Geoage Stanley, VPS Singapore
Jacco Wolden Dorp, Shell The Netherlands
Johann Wolka, MAN E. S. Germany
John Stirling, World Fuel Service  Norway
Jorn Kahle, A.P. Mgller Maersk Denmark
Maurice O'Donoghue, Intertek UK
Monique Vermeire, Chevron Belgium

Muhammad Usman, Lloyd's Register UK
Ole Ohrt, Caterpillar Germany



Petter Dehli, VISWA GROUP Norway

Peter van Holten, Chevron Oronite  The Netherlands
Philippe Renaud, CMA-CGM France

Reni Bascow, French MOD France

Stefan Smitz, BOLLFILTER Germany

Tetsuya Yamamoto, /oI Pya—ikb—ay

=F:N
Timothy Wilson, Lloyd’s Register UK
7 A
Dax Van Diepen, Maersk Denmark

Christoph Lesnard, CMA Shipping France
Koji Tsuta, BAEf [=pN
Wolfgang Jud, Anton Paar

4, BEBRB

SEMRILFIE 2022 F 3 ANLERSNTLSH, EF
BETORMEX 2019 £ 11 B (A ROKEH) LEELo1=,
SREMNSERIZERA Aabo K(MAN E. S.)h Bartosz
K (WIinGD) ~ZR K &fiot=,

1) Avi—, FIEIASDFEAFEL
AUN—DIEEHLYAMNE 18 #GEEEMIE 21 I
Coryton #t. SGS kL%t 22 £IZ Gulf Oil Marine 4t) , IE
AVN—DFRHN B, BEN1 B0t BEDLLTIES
FENZN=OAN—REIIEKRBBEEEZ TSI, B
RIL—ILEBEIFSHRROTVDENHDELT=,
BERMSBIEICOVTIE, TREBRHICDOLTIYZLD
HMNLELISE. CIMAC (33T WG %3Ib EIT5h.
FEY WGT TiERT A0 DBREAHEZE, F-WC &
AVN—ZIFRBRHEESZ O TIKAMEREZRAELTE
591, [SG3 BMELHDBRIEICDODWTHARZA U FITE
EFTHLHILIDIED ., ZDHth SG DEH KR DHERH T
hint-.

Y TJIL—T (SG)iEE. BEE

SG BEEIX, WG REPICRESN-EMICIYHEELT=,
BRERT. REM(SG) . KBEHERF L (SGS #HR) . &
FA L DFEER(SGT) . /A A #RFHSGO). KEHH (SG10) D
5 VI —7 BEERITRHHDERM(SG3) ., BELRD
FE(SG1-2)D 2T IN—T D57 TIL—TTH%,

SEBEELREEN SCT—YDHE

SG1-2 Separators

(Dorthe K. MAN E. S.)SG THIYFEEHTLVS CIMAC 57
ARZAVITDVWTHTHEETHY REREMNEESNT,
CIMAC HA4F54>% ; Update: Recommendation for
Design and Operation of Cleaning Systems for Diesel
Engine, EITR¥LERS RTLOTH AV EERICET S
NE%EFELTLVS, CIMAC Recommendation 25/2006 %
WELI=NETHS, Part 1 Properties of today’s fuels].
lPart 2 Fuel System Design ] . [ Part 3 Operational
Practices | 3 E. & 58 R—U THEBIN TS, f¥ih

PR TIE TSP, TSA EDBBRIZDOWNT, THAUITDNT
(TR TH AL DHERZEDTED . DM FO FEHD
BERAEGENREIN TS, F-MEEZIZITEFDEH
PAPNZ X LIZDWNT DTSR B S,

SG5 HKEHBRAE

(Wolfgang E. Anton Paar)IS08217 MHRRIZEE SN
TWASAMIEE DHBRAEDRBELLRB S E GRS
DLVT S0 8217 HEZBEEHNTHLIRFTRTHAA, HiThY
HIREIEITI-0I12H WG NIZ SG Z:%3IL. FEd 5oL
L7gotz, REIHEIZIL 1SO. CEN, ASTM % IP A’ Y. 37
KETHEEBRAHLILDL, RBRFHNELGLIZELNH
%, BERTIHZENGIIHABRBROESDEORE, Ml
DH/RWNAIZET HEMAEL RITRBEE DREREREN
HAENDIREIZDVNTRENHHED RN H T,

SG7 ER.L DEER

(Geoage K. VPS) #2857 ILYO, o T ILMD ST —
AEFHLHFVERLOTESBHIEHAL, SHRERL
DFERIZBALTE WG MoEERTEFTEERERLLS
#. FAME DAY L, SEElimESN SNy a—FyUFt
AVEE . ZTOMIEEREE. REMLRELZRHTE).

SG9 /NAAPE

(Dax K. Maersk)1S08217 SEIZBHELTH WG THH
TR DIAEII 28 B AV, CIMAC WG7 ELT/ 1A #k%
SMOTEROERICET 20 1R510% 2023 FITERTE
THHEDLTHESNT=,

SG10 KEMF

(Tim K. Lloyd’s Register) MAFIALL TOREBRIBDR

DiauR—\—% 2023 [ZRTT AL TRETPEDERA

B>z, i CIMAC WG LDEENREITHDEEZD

NAEDNKBRHEORMRIZIE, NAFEH. TUEZT . K&,
AR/ =L PG, ARV EMNEMICEYENLD

Operation, Storage. Handling > Combustion [ZDL\TEE

BORETSINTLS LD TH 1=,




%1 CIMAC WG7 44 )L—7—& (2022 4 10 BB S)

No. sG & avesd | BEE B - FRE
4 | Stability / Compatibility TOTAL CIMAC 774 F 74 v, 150 D Annex IZ{8# D 7 — & 1T 2\ THER,
#75 | Alternative test methods Anton Paar Wi, RO S 2% LRETHZ 51%1T 5 TE
7 | VLSFO operational experience | IMarEST = BER b 7 T2, BER EAITT — 2 2 RFLE Y Bl E
9 | Biofuels Maersk 2023 ? N A FRERMICBAS 2 A4 ¥ 74 v 2 {EKTE
10 | Alternative fuels Lloyds R i & L CoRBBELD Position Paper % 2023 ICF TGS
1-2 | Separators MAN-ES & PRSI ICEET 2 ) 2 A v T —v a VEERHRTTVE
3 | pH/Corrosivity Lloyds R JBERS OB EICOWTDH A F I 4 v EERBFRITTE

3) BRIERILEYMIAZEHEZITTE WG hHRT—
RAVREITIZONT

2022 EHMHIAHITEHREDESHANDERIERRILEY
DAVAZIHRHINEESN, RSV TILIED ., HEEBRDE
BOBREEFANBRESN-CUAR—ILTORKER
A1 300~8,000ppm, 1LZFEFEIL 15 HYEIZIEX 1. 2-4
AOIAy, Z0O4th 1,1, 2-k)yO00x4y, Fh54900T
FLUBENTREINT) . FDESHAVAIYEIZDLNTD
EBMLHER, OV ALY ARHEDAE. BREICDONT
DRHFEZELAT—IAIEL WG MoFITTHIEERY,
ZTORNBDREHERIEEEIT o=

— R IR ELRICIXERRIEEMITEELL .
LN THREERE 200ppm TIXEMIZTREAIKXHETL
BWAEEEMEELICFNSTILEORRBERERAHDEED
AN BTz, ANEDRETIL. AHRERILEYMOEE
IRED 50ppm FHALGMES . TNLIFEFLGWNEALET
(BHEHEELTOAHIIERBIOERE) ELTWLS (BiE
FIEAEYMDRERRIZIE EN14077. ZFLTILZREDEE
% ASTM D7845 [ZT4T5),

HE. BRFBHERD 2022 £ 10 A 25 BIZIERKIZ CIMAC &
—LR—=DIHBEIN-(FooO—RIEUTI>Y),

N2k
https://www.cimac.com/cms/upload/Publication_Press/\W
G_Publications/CIMAC_WG7_Fuels_-

2022 Organic_chloride_fuel_incidents.pdf

4) 1ISO HEZERDIRETFHLLE Update

Monique E (Chevron: ISO/TC28/SC4/WG6:1SO 8217 &4
ERERER) &Y. ISO AERERICTEAEDEEZENS
DIEREFLH 1=,

HRUENEZELEE ISO8216-1 BLU 8217 DIZELE
BHREVaAAVMUEETH-RERMIE 9 BETD 2 »
AEM), 262 HOFEIAVNEZEL. FNOORBITE
C. RESREDBIEEZERT S,
ERRERIEESYORELENDIUFZIBHIHNSELDIC
HAELI-CEEXZIT,1S08217 REICIFaAIMEICET
BEREEDLSZTEMNDONTEETTHDE DA
N-ot=,

1317 1S08217 TIEIMRRIFBHHEZEIHMD 2 ATHS
D BRETIENAAFRERF (BHBASLUVEHR) . &Ik
(BHR&E HSFO) . &SM (&% 0.50%L T VLSFO) &t
4 DDHRREITREINT -, F=. FMHIKEE TERALTL
SORBLUNDOREHRBRERORIECOVWTEESE
THHZENGBASNT=,

ISO8217 BENAT T 1—/)LIE, RELSREXEER.E
BRARARZE DIS D& EFHARM 2023 &£ 1 B RIRERHERE
(X 2024 £ 1 RELDFETH S,

5) ZDHrEYI R

(OVLSFO R E RS MDD T E AR A&

(Andrea K. Infineum) #A%HmM D & E 4EETE /% Hot Spin
Test [CDWTORBADHoT=. COFEETILIFI/NIL
NERLEAZERICLTHEY . B RERRE T IMELE
DZKYRSYCEFAY, ENZVMORERZTET S,
TEED TSP TIEEIZM ST ILAH > THIEKEMNo1=Y.,
FOHETHoEYE. ERETOEBEINHLBEENH DM,
KEFFVERBIZEDLERBABREL O TNS, EMT
D FO jFHTIXERsH. mEER (5 G) TREIN A &ITx
LCCOAETIHERER, REFH (E G) TEHEIT 5, AT
DEEEED 0.2%LTIIEE. 0.5%ULIEIFREE. ZD
M iEREE (R ELTLVS, CNETEHO YT ILE
T4 R TANCEMEL ., #ERD TSP FHEifERELBEL
T3, RHBRBREAITEZ TRV EDIHRBATH-
T=o

(2ISO/TC28/SC4/WG18 Specifications of alternative fuels
for marine applications (A E (& ISO 8217 fifl A%}
DIFHEBEEE S WG6 &FL< Monique K) IZTEEERSE
REDE=DIZTFRN—FAN—)ZFELTNSEDE
AL T,

5. REI&H

R[E (55 87 [) 1. MEAKEN AIREAISES 2023 F£3 A 7
~9 BIZ EMSA(JRARZ, RILI L) ET=IE US Navy (2
AN RAY) DR MR YBRENRETIN TV, 3 B
FDFEDTH 1SO HEZESLRAHRESRDNS
HEIKTIXEFHETATH S,



II-V. CIMAC WG8 “Marine Lubricants”
Web Ef*&5 (2022 £ 11 A) HiEHRE

1. [FLHIC
2022 F(HF 4 F)11 B 8 BN IZHESHTz CIMAC
(EIpR PR R & 5%) WG Marine Lubricants (fF;8;8:8m™
—XTT =B MLI=-DT, TOWMEEFRET S,
£HIE. HFEAOFI(ILADEED=HIZA SR
fELLE>TH D 8 B E D Web &5 (Teams #E ) THD.
2022 & 8 AIZBifESNT-5 1 B CIMAC WG8 ERNxti%
ZERT. BLRNREMAFTOBERNEELSIME,
SESIHTORESIMTHOT=,

2. FMERBH LU

1) BE: 20224118 8B(K)
17:00~20:00 (B AH5f)
09:00~12:00(F—0y/ \BERE)

2) 5fF: Web £ (Teams)

3. HESE

HEEL. R—1DRYTH S,

4. EBNE
BYIEEEDOBE . HirAN—DOBEDENETo1-.
BERE(ER-2IE->TEDONT=,

1) Subgroup update

a. 2-Stroke & 4-stroke Deposit Control

ERUEF DABRIZDONTRBNEN T, 2023 F5 A~6 AIC
B35 Face to Face S—T/V Y [CTHELEL—T 5,

b. Used oil Analysis guideline

T—F 7T IN—THRTERICBEINTEY., [FITEK
LTS, ZIEDLEL—2EMLI=AN, o TY T D
BRREBICOVWTHMLGRABRZEMLEZANRNEDIA
U ENT=, 2-Stroke Scufing DAHARSA I, P>
THMFLY OFBCIENEEOLHELH S0, ThES
ZITBINY B &liof-, SERINRBTH-aA M RER
LT EXRITIHETRELS,

c. Engine Inspection Safety
BRI 75%RREFTEB L THY . XRED Face to Face =
—T4VT TLEA—LTERMSEHBETED S,

d. 2-Stroke Scuffing

T—X 05 V—TATHRIZEAESNTEY. ZIXTK
LTW%, RRIAUMERER 2 ARZFHFTL. REID
Face to Face S—T4/ 7 ZIZERSE S,

* BAINIT—EIL(#)

CIMAC WGS “Marine Lubricants” ERNxMEES

IE T BN
=1 HEH
[ Name Qrganization
1|Dortha Jacobsen MAN Energy Solutions (Denmark =R
2|Maarten Boons Chewron Oronite (Netherlands) "
J|Marek Kniaz Chewron Lubricants (Belgium) 2
£|Donald Gregory Sustainable Maritsme Solutions (UK =0
5|Luis-Jose Garcia Shell (Germany) =8
6|Kaisuke Shimokawa  |JICEF, Daihatsu Diesel (Japan) b
| 7|Kai Juoperi Wartsila (Finland) "
8|Konrad Rass ‘Winterthur Gas & Diesel (Switzerland) E |
9|Akiva Koyama JXTG Nippon Od Energy Corp. (Japan) E |
| 10]Luke Paarson INNIO (UK) FT ]
11| Danigl Paitz Hug Engineering (Switzerland] =R
12| 5tefan Schemitz Boll & Kirch (Garmany =R
13|Usman Muhammad Lioyds Regster (UK =B
14| Ohle Ort Caterpillar (Germany, =B
15]lames Dodd Infineum (LK) =0
16| Mikolaj Kristensen Hans Jensen Lubricators ASS(Denmark) |28
l 17|Haneise Ralf Ralls Royce Power Systems (Germany =8
18]|5ean Pavalay Castrol (UK B4
19| Nikolacs Kotakis TOTAL (France) =i
[ 20|George Spithouris AEGEAN (Greeca) E |
21| Qliver Glow Exxson Mobil (LK E7 |
22|Lawrvd Pack Lubrized (LK) ]
23| Tarmo Makala FParker Hannifin (Finland =K
24| Carity Frederic CMA/CGM (France =B
25| kyriakos siratigos
26|Remco Dewitte
=2 BEXRE

- Welcome
* Subgroup update
- Deposits
- Used oil analysis guideline
- Engine Inspection Safety
- Scuffing
* Used Qil Analysis Guideline WG Final Review
- ISO 8217/CIMAC WG Fuels update
* Formalities: membership, action item review
+ 1Q23 9th virtual meeting planning
* May/June face to face meeting planning
- Location. Outside topics
* Plus delta

e. New Subgroup

TEOFHLLWY TS IIL—TERED Face to Face S—T7«
VMO HIETS,2023 £ 2 AD Web £EIZT,
Convener, secretary, AV N\—#13iE9 5,



- Future fuels and lubrication (Biofuels)
- Aftertreatment and lubrication
(Aftertreatment: NOx, SOx.PM. BC)

2) ISO 8217/CIMAC WG Fuels update
£ B K Dorthe Jacobsen K (MAN E. S) &Y .
1ISO8217/CIMAC WGY fuels D &#HEHRI BN STz,

- 1ISO WG Alternative fuels Methanol (ISO 6583)
REFRAFEEL TD A2/ —)L DIREE WG THRETHRTHY.
2024 EIZHITTFETHS.

- 1ISO 8217-2024 edition
NAT T EOT-BETERFRT 2024 FITHITFE
TH%,

- CIMAC WG7 Subgroup 1-2 Fuel cleaning
Fuel cleaning IZBIS 2H 151 %#ERKL. RET—F
DTG IN—TRTIAAERELTIVS, 2022 F£RIT5E
BFETHD,

- Chlorinated Organic Compounds (COC)

2022 2 A~3 AYUAR—ILTHSFO Z/\uh—Lf=—
EBOMMIZT, BREDFHIERIEEY(COC)IZLSH AR
ROMSTUAREL-, XAERB LUV EARIERDESR
EDHIRBHFICDOLT WG7 THEL. 2022 £ 10 AICRT
—hAUMEFEITL =,

3) Formalities: membership, action item review

#E Maarten Boons K&, RENDZEDKIRIZDOLTHR
HEhi-, T8 35 BITRHLT. REDEEHIL 36 £T7
AT H)DARFEZELTLS,

WG8 Tl Ao N\—2 v T DIRAIHNBREISRO N TEY.

EfE 3 MORETRERELD, BL. A1 UREDSEE
(&, EXGHEEEALGST HEFLRFEDMSLLY,
FEILEHTAYN—ZXRT HIGEIL. ) AR
SnBN, 1 BB A 2 [EIE D Face to Face = —T12 525
ML FNIE, AoN—y T D#ENERHLNEN,

X, —1ELLTSMLTLWSDTIEES, HREDREKE
LTSMLTWAIEET—X 2T T I —TNTREIELC L
LWETHLHERLT,

Z B & Dorthe Jacobsen K&V, thDdT—F2 55 )IL—7
LD ERREEERT HIRENHINT, 2024 FFREIZT
SU92)VhD VDMA(R UM I RER) TERETES L
S ERETLTLN,

5. RESHE

RENE, AoFAUBMEEL. 20232 7 BF(X. 14 A

LRk D TFTETHD,

X. 2023 £ 5 B ~6 AIZ Face to Face 3—T (4 &Rt

I B FET. HIE. IF2097)LED VDMA(RA VBT

F£ER) M. OVFTEHEIL TLVS, Exponent & Brookes

bell [ZRARELTAVR Y TERETELGUVDEAITIKTET S

Cé&lTlEot=,

REILIEDRBDRE VIR IERDBEY THD, /17 HKF

EHEEMICETATILEVENTFESN TN,

-Future fuels with lubricants presentation from Shell

-Biofuel & lubrication presentation from OEMs

- Session of failure analysis and damage claims process -
what data is needed for a lubrication related failure.
(Exponent & Brookes bell)

-Future biofuels presentation (Infineum or others)



IT-VI. CIMAC WG15 “Control & Automation”
ERR&5% (2022 £ 11 A) KRS

1. (FC®HIZ
2022 &£ 11 RIZFAY 252497)LMZT CIMAC EffsE
HEEESNT -, RETIEZFDOHMELZHRET 5,

1 FERRSKUER
HEF: 20224 11 A2B0K) ~4 B(%®)
15FT: VDMA, Frankfurt, Germany

2 WHEE
H%E(54)

K& =4t E
Dr.Wolfgang WinGD Switzerland
Ostreicher™
Sai Venkataramanan | Woodward USA
Teruki Nishioka Nabtesco = Marine | Netherland

Europe
Takaaki Kawase JICEF / Nabtesco Japan

“) Chairperson, fh—%

REE(HRA)

AIRIDA > SA U FEL LB L TEREED 10 BLILES
Motz AU T4 TOSMEAREFZ>T= AN WG15 Wd)
SmMEIEWVEM ST, SEINDKETIE CIMAC DO2As
AT, 2EOREAXFHEX. \MTUyrK, 7]‘/74/
KDV TOFELHY. ThEND WG [TELI-AXE
EFNETNTERATEIEELGSI-. WGT5 DESEDEEA
RITOVWTIFRIFBERNORBESN S FELLGHTLD,

3 EAE

31 ChETOFEEKRIZONT

BRLVEED WG15 DFHRRIZOVTHOHTHEASN
f=o

*IACS cyber panel JWG

*IACS panel on complex systems

-Standardized data architecture

3.2 JICEF Report
2022 £ 10 B 19 BIZ JICEF WG15 EAXEEEZI(ZT
WG15 BiEEEANDOXREHELIZ. TORBREHRE L -

* FJTRIM)

CIMAC WG15 BRI EER
FE HO WO (RE JIE &F) -

RERNE

B EREMOH{E
- HENEMMEREICE - R ERE R RS
KFEMTOD I
B —N\—tFa) T BEEERNER

B JICEF oD I74—K/\v)

JICEF oD TFRIRDERERTRL. §BDWG15HT

DEFRELT BT,

-BEREMICBELTRRE IO IR TTIILTY X LA
BEShTWAN, BEERTEA—ToY—RILDEE
LHOND=0 . MDERIZODVTODIBHREINET ZNE
nHd,

- BEEMMICEL TORFIOZEMEIT DOV TIEMIZH
ENANELEZD,

4.3 Digitalization SG

WG20 Digitalization Strategy Group A5 Marco Coppo K
(O.M.T. Officine Meccaniche Torino S.P.A.)4#8&, T—4
HEEIZDLVT O Position paper MERBAE 32 1+1-, WG15 [
L. */ZT.L\»f/TO L—3RmhoDE Eb‘*&)bhto

Knﬂzﬂﬁl

5 REXH

SEODELEFTEIIRDERYTHS.

B WG15DREICOWLTIE, Efe . BERRIZOLTE
HLA—ILTERSND,

CIMAC O [EIBfE(E 2023 £ 6 A 12~16 BIZ8EE. £11

[CTHEXTFESN TS,



II-VI. CIMAC WG 17 “Gas Engine”
NATVyRERRRHE (2022 F 11 A) HFERE

1. [FLBHIC
2022 & 11 B 3 BIZE 34 A CIMAC WG17 £EMBfES
N-OTHEZRET 5,

2. FERRBKUIERT

2022% 11 B 3H

9:00~15:40 CET(AAEffHE 17:00~23:40)

VDMA, Frankfurt, Germany and via TEAMS

% ) VDMA (Verband Deutscher Maschinen und
Anlagenbau :FA VBT %ER)

CIMAC WG17 ER®IEES

FE dl BX*
Jiri Klima PBS Turbo s.r.o.
Sadao Nakayama JICEF / IHI Power Systems
Markus Miinz VDMA
Fritz Nubling Fuchs
Mark Penfold Lloyds Register
Dirk Bergmann Turbo Systems Switzerland
Ltd
Markus Haas Sick AG
Jacob Angeby v
Gerhard Ranegger v/ AVAT
Torsten Baufeld v Liebherr

) v/ [& Teams &

4.1 FND=2—RX-7yTT—hk(Mr. Miinz, VDMA)

1) FLYDREN= DN TITEHETELL,

2) EXM Tl IED(Industrial Emissions Directive) D REL
AELN TS, IED (FEEEFHHNAR. K, LECx
TEHELEHIETHIEICRHLTHALHY . BAT (Best
Available Techniques)Z#ERY 5&5189 . COREL
[Z.EU OF)—0T1—ILBERICEDE IED ONE%

42 BARD=—2—R-7yFT—k(dLL, IHI FREME)

ERRESLUOMMBEBARIU O O HEH X RFI%

L RHEEICBIL TIXFICEELZL (FIEERIC) o

3 DOH—Ro=a—rSLLFYAIZ DT (BERT. B
AAAGZE, BARLP HRHE) D,

LIF®D CN ANEIF T FUADRESNT=,

1) BARARBHEUGA) D CN FrLoP (K1)

2) BER(LEMA) D CN 2717 (K 2)

3) BALP A R4 (ULPGA) DERY#E# (K 3)

Decarbonized
society

3. & (30 &)
4. BBNE
Ingo Wilke (Chairman) MANE. S.
Mirko Lepel (Secretary) | Turbo Systems Switzerland
Ltd
Gerco van Dijk DNV
Albertus Dijks Gasunie
Kaj Portin Wartsila
Lawrie Peck Lubrizol
Stefan Laiminger v/ INNIO Jenbacher
Michael Kryger v/ MANE. S. WESTHLD,
Haifeng Liu v/ Tjianjin University
Nicole Wermuth v LEC GmbH
Arne Gidden v/ FEV
loannis Vlaskos v/ WinGD
Jan Sell v DNV
Hyunchun Park v Hyundai Heavy Industry
Dave Montgomery v CAT
Marc Schinke CIMAC
Hubert Kienzler Heinzman
Oliver Lehmann Markisches Werke
Shinsuke Murakami AVL
Egor Geist Exxon Mobil
Greeg'g‘:”“. Efforts during the transition period
1. Thorough shift to natural gas and advanced use of natural gas (dem@8l
Fuel conversion from oil and coal, widespread use of cogeneration and fuel cells,
higher efficiency of equipment, etc.
2. Decarbonization of the gas itself (supply side)
Decarbonization of the gas itself for innovation on the supply
side such as methanation and hydrogen utilization
3. CCU / CCS and overseas contribution, etc.
CCU / CCS, overseas expansion of innovative gas appliances and engineering
capabilities developed in Japan, utilization of carbon-neutral LNG, etc.
Government target
now 2030
1. JGA M CN FxL o

* (IHI REN



fromes Losrers i Production Tax Credit for Clean Hydrogen

Base credit is $0.60 / kg, but multiplied by 5X if projects pay at or above the prevailing wage;

[Issue]
<> DAC technology

( Renewable Energy A additional 10% enhancement for facilities in coal-affected communities
(Solar power, wind power, Surplus I Hydrogen productior/
geothermal, etc.) electricity o, - - " » i o per ka 0 ~ {0
. . - s Cl 0 cl 0
/ y - Air 0 < -
Stable base [ [1ssue] @ ° 0 0 - J O - :
(Nockar, Hyte) o <0.45kg $3.00 (100%) % (100%)
- Standarcs C¢_‘ <15and>0.45kg $1.00 (33.4%) 10.2% (34%)
3 ammonia I
& sonter supply L B ssue] | - <2.5and>1.5kg $0.75 (25%) .5% (25%)
infrastructure = <> CO2 capture 3
fecnoogy E <4and >25kg 150.60 (20%) 6% (20%)
Energy storage 2
[ (battery) l o . .
o EE < i 4. Production Tax Credit for Clean Hydrogen
s | g R o
ry / s g - » s & . . e . .
reving cnoieny 7 J8 fuel cell_Je- 4.4 HEOHH ZREKT (Mr. Liu, Tianjin University)
ry weigl

t . NHRILOVITHT HRHIKR
, Electric applications [ B ications with N N
(Lo etic ppicarons JCTHA e = ) EBERMH= Euro 7 % China 7 ABBSR TLVBAS. Hy

2. LEMA @ CN &+ © NHs 7TV —2av BN EMNSIREHIREN
DTULVELY,
Japan’s LP Gas industry aims to establish Green LP Gas supply structure » AR/ —ILERRR, FHRMICIE H2 4 NHs DRBFHITI VY
» Product Green LP Gas via synthesizing from CO2 and Hz. Establish supply FbEIRENB EDEA LN,

structure by utilizing existing LP Gas infrastructure.

* H2 O NHs DFRFNDNTH 7y T T—RIELHS, Stage
- 7 TORKARLIOVITHT HRFNEFTETRLAG

S —— PN bLEZLND,

wmeamacmens 2) H2 S KU NH3 RE T D0 DTSR

- 2021 F£ED NH3 (239 5 #EBI€(E 3 milion RMB,

- 2022 FED NHz KU Hz2 (233 H4B1E (& 15 million

RMB T, 2023 FE LRI S5(2HEMT 5 RAH
s —AT, KYZLDEENH2ONH I DU (xLTR&D

I Synthesis and supply of Green LP Gas:

LP Gas synthesis

[on-site]

BEE®RIELTLVD,
 NHa-Hz BBEBREEICDULVT, RILFRA U R KD BIAR
i s " o SN (X 5) . HEEELSRATHSEER/ D (ToNT=,
wl o Q FIE(G B)DHETEAR/ —ILEHL T AR/ —
P LOEREESM?
3. JLPGA M oSy LD—ERDIRE A A/ —LIEBEFEERRTIHAL TS,
4.3 REQD EPA KR (Mr. Montgomery, CAT) Bt o Ao gt Amporiytogn  Anpers g ]
1)Hz2 Hub — . . - . :

Hz Hub IZDWWTED#BIE % (7B USD DF#BIE) H Bl
INBIEITHY, 8 DD Hub ABIREZIT5 RAH
At TRR—/S—I2 DV TIFIRTEES T,

2)Inflation Reduction Act Update (IRA)

»

)U)'l“/IE‘y:/a ‘/I:*T_l'j—é/\oj_)l/j_'/r (PTC . ProduCtK)n Tax Ammonia engine test bench at Tsinghua ~ Ammonia ignition by Gasoline combustion  Ammonia combustion

hydrogen jet flame

Credit) 75§ 2024 E(:ﬁﬁ‘ﬁ'éhé ( 4) o ECHIE 1 kY %T: Tsinghua proposed a new combustion concept of multi-point premixed combustion(MPC),
U 900 USD T:ebi %0)?& 2 E—G 1500 USD (:J:E_-;-éﬁ and the key technologies of "ammonia-hydrogen synergy" engine are being developed.

vl

s
e |

AFo 5. NHs engine combustion at Tsinghua University

Q. CHa [FEDKSITEHRITHDM ? 45I1SO TC28/SC4 /| WG17

A BEERC, - AHFEREL TITKRIZE LT,

Q. 100%H2? Q. BHDORBEIZDONTIEES M ?

A TLURENBIEDLH D, A. AEUAE(MN) D TFEREGIZIE 70 BBEICT 5LV
Q. CHs T3y av DEHEIT ? BHb. BRERIHDH, MN [ZDLTIE 70~75 8
A. BBEETIHGLD T RTER DS, ENFEELECATIEBLINEADND, AR /—)LIZD
Q. RFILTALHELESIDH ? WTETA—EIIZHTISAXENTEY.PM. PN %
A BBOF—F—H8, EDESIHOIMEEERH,



4.6 ROHARSAIZDULVT

VNI —ZADRERICET 51510

H7J WG IZTIACS ¢3%ET 5,

2)7—9iavT

- HEEE 3 DT IN—TIZRIFTTI—oiayTh kS
iz, FEORBRHICELTEEICHE SN -EHE
T BIZHT=Y, EQISIZBYBLREN(WG17 DR
I—TRN WG EDHRELE) BV IL—T TREN T
hint-.

- FEEEHICEDOWTH I WG IZTEREIRRLI-AMARS
AVEERL. REID WG S—F(U 712 TEET S,

47 HULRSLaR—/—DREL

s RREHOFEITOVWTIXREERTSH2EET S,

- PRFHR D NHs AY NO HEHICE 2 582222 T

2008 MRV R—IN—TlE. NAABEIZEEND

NHz DEIZ&Y NOx HEHBICKELHEEEZ HmhEHS

NnTLV=,

- BEOKRIZEHLETIESI>TOR—FILE M.
Portin, Mr. Laiminger. Mr. Dijks IZT# R T %,

4.8 FEDHEHE (WGT7 LD HREZE)
WGT7 [EWG17 DEDEFMFEICEKRNH S, Ra—T%#E
DESIZT B RS,

4.9 H—RoF¥TFrIZDT
Bosch [ZIKEEL=h— Ry X TFrIZBTHTLEICD
WTIE WG5S A&t = REIET S,

5. RE=HE

- 20234 4 A 27 H(K). xt@m& TEAMS Z 4L T Black
Forest Freiburg |28 4 SICK AG @ Training / Conference
Center I[ZTRfET %,

* HHI @ Mr. Park &Y. 2023 £ 6 AICEfESNSEILKRE
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II-VIl. CIMAC WG19 “Inland Waterway Vessels”
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Person Company Name Country
1 |Marinus Hoogerbrugge |[AVL List Austria
2 |Gerhard Ranegger AVAT Automation Austria
3 |igor Sauper Large Engines Competence Austria
Center
4 |Wang Feng Shanghai Marine Diesel Engine  |China
5 |Zhang Dongming Shanghai Marine Diesel Engine |China
Accelleron Turbo System .
6 |Hu Bozong (Chongging) Co., Ltd. China
7 |Shi Rongming MAN Energy Solutions China
8 [(Zhang Mianzhi MTU China China
9 |Zhou Dong Chonggqing Jiangjin Shipbuilding China
Industry
10 |Piao Jicheng PetroChlna Dalian Lube Oil R&D China
Institute
11 |Zhan Zhiheng SINOPEC LUBRICANT CO., LTD |China
12 [Heikki Korpi WARTSILA Finland Finland
13 |Dieter van der Put FEV Germany
Great
14 |Joseph McCarney Johnson Matthey Britain
- ) JICEF / YANMAR POWER
15 |Yoshinori Sasaki TECHNOLOGY Japan
. Hyundai Heavy Industries Co., South
16 [Nakhyeong Choi Ltd. Korea
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F—_— AFLUVERE | EHEERNEAD 2R HH ZRIHHE (g/kWh)
SV(L/cyl.) P(kW) CO | HC+NOx | PM CHX
SV<0.9 P=37 5 5.8 0.3 1
HFTU 0.955V<1.2 5 5.8 0.14 1
1.255V<5 5 5.8 0.12 1
P<2000 5 6.2 0.14 1.2
5<SV<15 2000<P<3700 | 5 7.8 0.14 1.5
P=3700 5 7.8 0.27 1.5
P<2000 5 7 0.34 1.5
. 155SV<20 | 2000=P<3300 | 5 8.7 0.5 1.6
T P=3300 5 9.8 0.5 1.8
P<2000 5 9.8 0.27 1.8
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P<2000 5 11 0.27 2
<
2558V<30 PZ2000 5 11 0.5 2
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2021.7 | Maersk 3500TEU Hyundai Mipo 1| 2mwx3
Dockyard
2021.8 |  Maersk 16000TEU Hyundai Heavy | g 4 | 3 opwyxa
Industries
2021.11| X Press 1170TEU Xindayang 16 | 1MWx3
Shipyard
2021.11 50,000DWT Hyundai Heavy
(w | MOt 28/ — LR Industries 1| BOOkwx3
50,000DWT
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) Stoma Eyond Gsl 1| 800kWx3
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MPC .
2022.7 | Container 13000TEU Taizhou Sanfu 2 | 1.5MWx3
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-CSSC(FEMMIEELER)IEAR/—I)LDFHEI DY
(CS6L21)F%EARA—RLT=, 2022 FICRAFETOD I
FE. 2022 F 12 BIZFRET. 2023 FITHERMAN.
2024 FEIERFETD T E A9/ —IVEET—E LTV
DU (A UMDy RES)  BBEIET )= AF/—ILT
RHIRFHIFEE70%5EHTES, TVOVFERITRS
DEY,

3 CS6L21T DU ER

R7/RkO—% 210%320mm
SEH ELIENG]
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BGhE 42%
IMO Tier II/II (SCR)
|
el PEFRF stagel
AR/ —)LH % 90%
PR3 S A%/—)L. MDO. HFO

5. A4/—)L DF TP CS6L21

-8A28H . HEEMT IL—TET O HEEMHATEAHE

FL1-6M320DMA%/— LTS UN, REREEMRT«
—E LI UBAERHTHO TRAITHEIIL Iz, A2/
— LR AT LI MREEMASHICLoTRRS
=, 6M320DMAR/—)LT P&, RT7E320mm, X
FO—%2420mm. K& % HE H500kW, EEEEE750min-1,
B AREAEMR . 2000048 RiFED (LSHEA EWM. 735
WAV H—BLURHESERMK. BEIFEMR.
1100TEURFE DA THRAD EHI O KBOV T
THRBLUVEBIVH—RAOHEIOUEE | FRRGM
BISEATES,

BRAGHIEOFZEICHIGTESLIIC, BHRIVDVITIE,
BER—NEFOI) U —~DEEESLREERDL
¥hHd,

HBIARWEM320DM B B AL 3h & %

[ oy !’
- & = ':

6. A9/—)LIT T 6M320DM

4-2. BRI I=E1F 5 GHG Al

Dieter EG(FEV)&YBRMIZ#& T4 GHG HIiRI<BE 3 2 Ehm D
|ENDHOT=,

- XM EBR(EC)IE 2050 FFETICRIERFILZENRT HE

Bl 2EMABERI ) —0 T1—ILIZH#EL T
%, GHG HlIlB B #R% 2050 FFETICEAHHEL, @S
B TIL 2050 FFETIZ 90%AHIEZE BIEEL TS,
LREDIVEERT A-OITRIELEERK. V) —>T
RILF— ARG EE) TA— R ERRBBERAET
EHERIBLTLS,



_ B Framework to coordinate and initiate activities in various poli
Goal The European Union shall become climate-neutral by 2050

Overall Transport
GHG GHG
emission emission
targets targets

1990

Targets

2050 —C ‘iﬂ k

Poly | mﬂj J\ "fl J w::jH w\ o JH
areas |

-

.

Rel,

X 7. BRI ) —>T4—IL TL—LD—H

- BUINEERTIIFRAGERERRELIZHLL GHG Bt
EIRFNDOBEE/ Sy —TFit for 55 DE AT TS
FEDHTLNS, Tk 2030 FEICFINDEEZEIZHINT
1990 F LT EL 55% D GHG HEH EHIEEBITS
LDTHD,

The EU Green Deal was presente The EU Parliament voted for medifying Proposalof srous polies toachiene
Dec. 2018 with the following ta rg ets the GHG reduction target, resulting on Ss% reduction by vy
50-55% reduction 60% reduction “Fit for 55"

of greenhouse gas emissions of greenhouse gas emissions Approval by EU Coundil Parliament &
by 2030 compared ta 1990 by 2030 compared ta 1990 EU Commission pending

=) =\ | ‘g =

= September 2020 December 2020 -
Y I\ .
December 2019 T October 2020 T July 2021
[ ] o]
The EU Commission presented the

“2030 Climate posing

55% redu:
of greenhouse gas ns
by 2030 compare: m 1990

55% reduc n

target on
2030 < omp redt 1990

g, Decambar 2oz |2

8. GHG #EHtiElE BN —r <y

- B S )—2 T 4—)L& TFit for 55100 BIZEREDT=8H
FRRITENET—RICR L TERIERFILIERHEREIN TL
5, BENHFTIEERMES (EU) D HEH 2B HIE
(ETS;Emission Trading Scheme) x>k 35 8ll(Fuel
EU Maritime)%:E BRSNS,

RefuelEL Aviation

Notification on CORSIA

—
CO, emission standards for cars and vans —

AVIATION
Social climate fund
—{— Alternative fuels infrastructure regulation —
L1
=1
Renewable Energy Directive —e % (s Jo)
|- |-
EU ETS" Directive ON-ROAD
f Energy Taxation Directive
B
—=/ Effort-sharing Regulations
MARITIME
FuelEU Maritime
1) Emissions Trad g ,»— % 2) Eurnpean Economic Arex
aurea: Eurcpean Fadiament
9. BEE—FRIDILEEE
: 35 = - = ==
-TFit for 551D BAZE|D 1=, . BEBEROBETLEMS

NTWS, TLLOATEDEY. BAENhT=,
a)REMRHAL T3S
(AFID ; Alternative Fuels Infrastructure Directive)
XM A A% R v b7 —% (TEN-T; Trans-European
Transport Network) igL D F E7EEADLNG (20254F)
B IUVENHIR(20305F) 175D BHEERT 5.

b)T L X —FiFIES

(ETD;Energy Taxation Directive)
IRAARHORFREEEREL. ERETERRRHOME
FE#ET S,

C)EUBEHHEERS %I (32 $15000h> LA E)

(EU ETS;EU Emission Trading System)
BEIZHSGHGHIE EIZ DLV TEU HHEIERGIHIEICS
H5, BAXEBREHICERS ., 2023F(CHHED20%%
AL . 20265 LBFIZ100% DB A LGS
d)fefAARHR A (a2 2150002 LA L)

(Fuel EU Maritime)
BAETEERBOFERICEYEEISERET(WIW ; Well-
to-Wake)DGHGHEH 2HIiBE &1L T 5.

4. GHGHEH BHIRE (WHW ; 20204 %1 tt)
=2 2025|2030 | 2035 | 2040|2045 2050
GHGHIHAEIBE | 2% | 7% | 14% | 26% | 60% | 75%

- FFEMED HHREEKEREERED -6 . NAIADES I
( Navigation and Inland Waterway Action and
Development in Europe) 7OV T ZMMNERINTEY.,
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i 122018 0772021 06/2022 09/2022 Ongoing
PET [ ] . . ] [
(S RED Il revision Commission Coundil Parfiament Negotiations between

comes into force mendment proposal positioning positioning Parliament & Council
= OVERALL TARGET B [rprT——
o Share of renewables 32% 38-40% 40% 45% latest RepowerEU plan
== TRANSPORT SECTOR
= Share of renewables? 1% - 29%
- or
5 GHG reduction - 3% 3% -16%
ENERGY CARRIER SUB-TARGETS
in % of overall energy supply for transpart
Advanced Biofuels 35% 22% 4% atleast 22%
Promoted | RFNBO - 26% 26% 57%

N

Food & feed-based fuels %
o D chare Rt

X10. BAERIBET R ILX—155(RED)KELRFD BZ
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100% 100% 100% 100% 100% 1003
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515 -
79% 29%
100% 3% rm 24%
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W gy | 16%
2020 2025 2030 2035 2040 2050
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Summary - 4 Mic PE Different Labs

Avg. 4 mic Eff.% - 1SO 19438 : Different Labs and Test Dusts
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Discussions on ISO 4548-9:2008

s (=== ~
[ Outlet anti-drain valve \
P mounting block
Inlet anti-drain val .L
Taken from — -‘ b.m-.» =
NE45_2021 ) Fitered ofl flow = o
ne anti-drain valve

Two anti-drain valves
315 D1611-1 (Clause 13)

Temperature 80 +3 T (0il Temp.)

150 4548-9:2008
Inlet anti-drain valve Outlet anti-drain valve
2545 (Room Temp.)

ol type 150 VG 100 150 VGS grade
Oil head height 500 mm 600 £ 10 mm 150 + 10mm
AN Measurement time 6h ih ih

1. The figures for test rigs in ISO 4548-9:2008 don’t depict the location of anti-drain valves.
# I'd like to propose to redraft Figures 1 to 3. See the following three slides.
2. Form 21 was circulated and ISO 4548-9:2008 has been "confirmed” since 2022-07-26, without
addressing the collated comments from CN, IR and JP at the latest Systematic Revision voting.
» 1P propose for SC7 to make the decision for revising the Standard (with PL, SDT, Timeline,
SDGs, Confirmation of Scope) in this plenary meeting. See E22-11 “Proposed changes”.

20224042 1SO/TCTOISCT Blenary, Online, Tomohike TAKEUCHI (TOYOTA BOSHOKU)

K

1 oil reservoir b
2 pump

3 screen filter

4 inlet cock

S  bleed screw

6 test mounting block

7

8

filter to be tested
outlet cock

9 header tank

10 measuring cylinder

11 outlet pipe

12 inlet anti-drain valve

2 Disconnect here
b head obtained according to 7.2.7

Figure 1 — Test rig for inlet anti-drain valve

H-4 BAILEVAE

(5) ISO 4548-9:2008 ST A%

ISO/TC70/SC7 [%.1SO 4548-9:2008 %HET3 51=8. 7
A M) —F—DHEEITGLHIEIZEELT:,

EXERIYBERIZTODIIRN) —F—DITZNH 1=,

2008 FRETRIEA 2T H)—F—EL Tz, 1321

7 DEROHERIKEZL TS,

5. REIOERREH
2023 410 A 9 HM:E
REFELTLS,

BIZKEISH M Troy TOXTER

6. FRE

S EID ISO Eff=iEIL. FEERIFRIZ Web Meeting TORE
LY, BRAIIZESETICEETREICHELE, &
FTRYNT—IFRBRREDTFEENEL., BEICHEEE
L=C&tHoT. RED Resolution DFERE T BB
;Y B BEHERKY. Resolution ENERSH., CIB
BETHERT S LT,

ISO 4548-9:2008. 1SO 4548-12:2017 MRETIZDULNTIE,

EIZFfJ\B@#E%ié*i&%é%qﬂ@#ﬁ*ﬁﬂ‘]ﬁ%%i?’é:&l:
&Y. TC70/SC7 &Y. HETEXIZEDDE 'E'%’):&?b‘”
HEf-, §%1E WG AIFR/\— Fﬁﬁb KEADS
m. EETHEDEEMRERLT-,

ISO 4548-9:2008, 1SO 4548-12:2017 DERETEEZEH#EDH T
LHT, $Z1S04548-9 12D\ TlE IR D JIS L 1SO
EITEWDH DT80, JIS i&F ISO EAHAADH B K5I,
AXRADEREZENL. BRAERTHREITZEH TLE
LEZD,



IV-II. ISO/TC70/SC8 ({X{RENARRE — e HEtHMRIE) IWG6
WebER<# (2022 £ 9 A&11 A) HEHRE

1. [XLHIC

2022 £ 9 A 5 BE&LW 11 B 23 HICR#EINT-
ISO/TC70/SC8 (X B BN PAHKES — HE BEH RITE ) /
WG6 QEESEICHEL:-OTHMEEFRET S,

2. ISO/TC70/SC8/WG6 (T P& LAITE)

2.1 BAER-&RT

2022 & 9 A 5 B 17:00-22:00 (B A<BFfE])

2022 & 11 B 23 H 20:00-22:00 ([&)
VDMA(ZZ297)LK) | Zoom &35 6%

(10/27 [ZFFESINTL V= TC70/SC8 (X 2023 & 4 AIZ
EHA. 10 B 28 HD TC70 KFBTIEEBBLVES DA
wmELE)

22 WEE: (BFEE)

9HF5H: T3 7. K1 A—RMIT 1,161,
B1 & 14 2(O5*HE 8 &)

1MA238: ZE3,MH7,K3.5 19 & (web DH)

HEEFMZLUTIZIRT #34E  *web
K il 9/5 |11/23

Rajani Sanjay GB |ISO/TC70/SC8 & (Caterpillar) | # *
Ehrhard Tobias DE (ISO/TC70/SC8 = #/Z(VDMA) # *
Beisswenger Lucien |DE |ISO/TC70/SC8 E#5/m(VDMA) #

Munz Markus DE |ISO/TC70/SC8 E#/m(VDMA) *
Khan Yusuf US |ANSI (Cummins) # *
Oughton David US |ANSI (Mercury Marine) *
Williams Paul GB |BSI (Parkins) # *
Payne Riuchard GB |Euromot (Cummins) # *
Engeljehringer Knut |AT |ASI (AVL) # *
Feisel Knust DE |DIN (Deutz) # *
Paul Joachin Martin |DE |DIN (Bosch) * *
Pawils Volker DE [DIN (DNV) * *
Pientschik Christoph |DE |DIN (MAN) * *
Bautke Ulrich DE |DIN (MTU) *

Montreuil Philippe  |FR |Euromot (John Deere) * *
Ji Weibin CN [ISO/TC70 (SAC) *
LiuJun CN [ISO/TC70 (SAC) *
Jia Bin CN [ISO/TC70 (SAC) *
B B JP [JISC (INABLERT) * *
g JP |JISC (B35 ELERT) *

AT:A=2H7, CN:RE, DE:} 1Y, FR:777%, GB:A% YA, JP:B A, US: 74U

23 BENEBOHAS5H.11 23 BZ2FEHTEH)

9 A 5 BIExt@E. web SFRTODRET. BMEE D £<
(FHETHSITH o=, (11 A 23 BIE web KEDH)
A EH, SC8&WG6 #KM Rajani KEETRELE
Ht=,

2.3.1 h—Ro 2V )—REtit

2021 F 10 AH &1 2022 &£ 5 A WG6 REDREIC
EOF FREM-RHEBRAORGOFTEH, H—RY

* () IMRBUERR
ok JRISEUERT

ISO/TC70/SC8 ENEEZER
FE AN B
8 @)l RE

T —BHEADORIGEBELTEDDHIEEL, LITDHE
HAIZDNWTEELT-,

- A=) —BBIIRIE T SHEHMBIE D=8
ISO 8178 L) —XDHETICEF T 5.

- IR1TD 1SO 8178 L) —XITIRESIN TSR DE
RIZA .. BEITECTHLUWEHRIA A, SHRlIS%EE
me b, AEFEHFAR, XEHFRELUERERIC
DNTHRETT %,

FHEFEFTEER—REEILR—THEED,

- AR T —BREEL T, KR TUEZTIZONT
BT, ZDMOBREHIDNTHIREHZIED D,

FIUDUITHIEEINS(TUOY RO O R E R
BIERRELIELY,

s TATNITA—TLIVIUERRET D,

s TR ADILIZDNTIFEELALY

- BETHEEREZRITED 510 RERFIIRELEST
WAHEYICBREL TRETREZED B,

- 1SO 8178 L)—XDH T, Part 1.4 KLU 5 &5k
LTHEDDHIEEL. LLTD PL ZHDICHEDHDHIEIC
&L=,

Part 1 : Kurt Engeljehringer (AVL)
Part 4 : Yusuf Khan (Cummins)
Part5: Hlli&

- 1ISO 14396 £ &V I1ISO 15550 HETEELIRETT B,
232 1S0O8178 L —XDEH
BAMNGIRELIzPart1 8&XU Part4 D gtr EOFRES,
gtrE HBOHERDREDBELEE . h—HRT1)—
PR IS TRET DRI ZIEY AT CEZfEREL 1=,

3. ARk

RRBADBHENIMESNLTLNDN, REFHIFELT
H(FOoN TS/ \yTOBBEMICDONTILEZRE
NELLTRTDBHBREENOTESHRZ BIZIXHERH
DD, FICEE h. REBEEEBZEERSN., T34
TH AL OEVERRABE-OMMLEEIZOVTIE. A
MHEE ERAL TR RILEHET DHELHY . h—
R 1) — R R RHERR St IS L= 3RAG R Y | BITE SR D
AENEHETHD, ChoDEEHND, ISO HEDETE
FRAIEDHIDENHY . BRAOERF+7 I RS
HEIENEETHD,

4. R[E] SC8&WG6 £HFE
2023 % 4 A 17 B(A)-19 BOK)IZ. A—RM)T7 55
—Y M AVL 1t THITEBAE (web $5%) D F E.

<PE>



V. RECERERERED

1. BREICH(THIEEEERIZONT

BRETIE., "ISOTCT0 (HEBINRHEEE) ENEERE
L“BLUISOMCIN(HRE—EV)ENEEZEZER"%
HELT. FEBABREEESLUHTRI—EIZTDOLTD
ISO BEHRMDEFZELBEEFEH TS, -, ERNIZE
EIZDWTIE, T—REICHEEFERETS JIS REER
FERIZKY JIS FERERDEBEEZEHEL TS, DD
TALEZIZELTO 2021 £EMS 2022 FEEITHITT
DFEEFOFEMIZDOLTIL, AHE 122 5(2022 £ 8 AS)
THRELZO T, ZCTIE TN LUEOREDFERRE &
VSEDEBEOBEEFRET S,

2. EFREEERERMR (SO BEfR)

2.1 2f%

(1) ENEEERER
AEELFHIOFTEEDOZEICE ST, EIT, A—JLIZE
HEMBEEICLLI BB, FERNIC on-line TD
TC192 ERNBERESFHELZIEZNIE,. TC7T0 BLU
TC70/SC8 [ZDWWTIERFETH SN FERNIZIL. FkE
DFETHD, X TC70/SC7 GHiBmA»BesAER) BRIL.
EREY BENEER M T XS (JAPIA) DB RMTESIZHE
KREZEDOEZEZIALAGLTLS,

(2) ERR=EBRAME - SRR
2022 FIZIE. RD on-line EfEREM RESNT-,

25 Bt BRE i BANSDHES
ISOITC192 (HRZ—EY) | 5000 s RERIEI#
%g% 6A9H ;iif*)lz#—‘/x
ISO/TC70/SC8/WG6 2002 4 BEMEt
(BER R R — 9A5H (IMAELMERT)
ISO8178 M)
ISO/TC70/SC8/WG6 BENEt
\#&ll/£n)
1MA238 g}lﬁf’zﬁ )
(VEIZBLERT)
ISO/TC70/SC7 TREE
(88 mA BB E) (F5H)
10812 H :
ABEH
(ATC E757)
ISO/TC70 A% f=pUI=Ni:!
(BN ARERS) 10828 H éﬁi?l’ﬁrﬁ)
iz}
(BME)

2.2 ISOTCT0 (R RENNIMEER TR ER) BIREEIKR
21 HICREL-ERSEOFMIZ OV TE, AERIEDE
RRBMEEE SIS,
(1) TC70 (&%)
a) TC7T0/WG2(FzE)

ROFAEREOBEEEEERL. T T L =6

- 1ISO7967-3 (#, WAB LUV ERENEE)—FKITEMH D,

* RS S

HARMEEESS
R BEXT

- ISO7967-6 (F/BMEE)—FITH.
- ISO7967-10 (R KEEE)—R1TH
- ISO7967-11 (RN E ) — R1TH
- ISO7967-12(HFRHEEE) — FITH
b) TC70/WGS(FhNEE)
PhKEB DRI, 1SO 6828 DHIEMFEL. hEEHE
EELTHREEEEZRRELTL=A, FDIS HELKRZH
TETHH, WG [TfEET B,
c) TCTOWG10(REBRE)
TC70 THRITLTWLS, RELEEDHRIK (SO 8528 1)
—X, 135 IZDLTIE, EWG10 BLUWG14 T
Efich . WG14 [FEHAFREEEEZIELLTLVAN,
BENBRNLGBEICREYTE T HEDERELAHY.
WG10 TESMZEIE WG14 THBMGEEZFEY
ETHIEN, CIB HEDFERRD NI, Convener (&
Ms.Govindaswani (%) &L . WG10 ® & # % "RICE
driven generating sets -Electrical aspect’“tIE &411=,
d) TC70/WG13(BRERIE)
HEAHEE CHEDRNAREOERTRERIETH
%. 1SO 6798-3 GRHMAIE) & FKITH.
FRED ISOTS19425(T 79 —F—h b DRRES
AT DHREERZRIAL TV,
e) TCTOWG14 (B HHELEE)
C)TIRAT=LIIZ FTEZREL., BFITRDLSIZHIE
=,
“RICE driven generating sets- Mechanical aspect”
FIRDEHLLT, ISO 8528-13(REBELEN KLLMD
REEFREERRT S
1585, 1SO 8528 MIRERITED 13 /R DLTIE,. K
DM EITERL WG ZiRDT=,
(% WG10 ) * (WG4 LEET D,
- 1ISO 8528-3* (HEH)
- ISO 8528-4* (RAYFF7)
- ISO 8528-5* (FEEHRENDLHR)
- 1ISO 8528-6* (GRERA %)
- 180 8528-12 (FFEAREEE)

(8Y WG14) * WG1 &EH#ET S,
- 1ISO 8528-1* (E#&H L UEAE
- 1SO 8528-2 (H4F8)
- 1SO 8528-7* (¥%fiit&E4R)
- 1SO 8528-8* ({EHAFELE)
- 1SO 8528-9 (#REN)
- 1SO 8528-10* (BREAIE)
- 1SO 8528-13* (FHKEEENDHH))



f) XEIOEKRSE
2023 4 10 B 25~27 BIZ on-line TRMED FE.

(2) ISO/TC70/SC7 (HigHI71 L ARER) nHRESR
a) BRE.RODTSIRATAvIT1INEIADRERKEES
TH5,
- 1SO 4548-13 (B##4iMit £ 31 ER)
- 1SO 4548-14(H REIREN B & UUHIEARENEAER)
- 1SO 4548-15(IRENIR F751ER)
b) SEDEFEETROFIEEIERNEZESINT=,
- I1SO 4548-12(#IFHI U NEIZKBDBHMES LU
VA FUMERARE)DHIE
- ISO 4548-14(:HREIRBI S K UHMIEAREIGAER)~ D B A
DA DB
- ISO 4548-9(7 > FRL U FDERER) DRIE, BAMNS
JIS LD EEIEDT=DITHEFIREL., KBINTF,
c) REIDEMESE
2023 £ 10 A 9 HIZH@EHK T U.SAD Troy(73/\
< M) CHET B,

(3) ISO/TC70/SC8 (B HMAIE Hik) nHERER

a) 1ISO8178 V) —XDRIEEEE—BYKRTL. ROFT
—<% SC8/WG6 THEEIL. RDARTEET HZ&IC
LT=

b) A—ARYZa—rJILBEBANDORIGIZEREEE. ISO
8178 L) —X  4FIZ Part 1 GREREE) . Part 4 (G4
1IN EFVHEMDEHES KU Parts GRERAFD DR
BELHREZELET D, COEEE. EERE UN R49
(BEA RBITE) B KV USA #R#& 40CFR part 1065 D
REDHMISFELEALERET S,

c) BATO JIS EEX (SO 8178-1 LU 4 ~DES
£) DRICHKR SN, WHEES KUHTRETERXDFRE
DREEWNZDVWTHERIET S,

d) REIOEESE
2023 £ 4 A 17~19 BIZA—AXRM) 7 TxE.~on-line
DINAT )R THHET S,

2.3I1SOMC192(HRI—EV) BfiZER

(1) WG4 (1S03977 ) —XD REL) Bk

a) Convener "X X9 %, # Convener: MR. Brice
Chabrier (Siemens)

b) 1ISO 3977-5 LU 7 [&. BELEL . BREEFTIEhD 7R
2%,

c) 1SO 39772 (REREE LU ERK) DREMRKIE. DIS
REF#LZ T, FDIS HEABITL .

d) ISO 3977-9({Z3EM. BREME. REMSLUVREMW XK.
CD R ZE## 2 T, DIS fH#EABITL =

AR

(2) WG10 (R &) B8R

ISO 21789 (H RA—E > DR EMRE) RWEMEXEIL. DIS
BRETHIN-REILDBKREIAV M EEER. FDIS
DERETEDBEINT., K30HET D FE, Convener
(Peter Rainer(%)) [£BE 9 %,

(B)WG12 (RA404—E ) Bi%
REROERRELEEROZTENSDIAVMILSRIEE
FBHZEIZHED 1=, PLIE Mr. Langton (U.S.A),

(4) FAEERRAE 11086:1996 DTHIE

BAMG KRHETEELSHT- JIS B8040 DT —42%iRHL
THY., WEEFRERMT DT TUL =AY, EH AL,
EBRTHED L ERERSLITHELTVS,

(5) FET—~ D&
REAT—<ELT,
- AR = a—kS)L
- ARBHORE M
N BRSETREIN. 72—tV D0ERLHY. 5%
DREEEL T, BY EIF T &Iz oT =,

(6) XEIDERSE
2023 &£ 11 BICUL(Z£HS) DEUINEFFFTIZT, /(T
YR TITIFE,

3. ERREL TR (IS BER)
2019 £ 4 AIC JIS REMERZERZHRER. EERT 6
[, 2F2% 10 BEEHEL. K540 RO 2 FRIEDRIEIEE
T L=,
- JISB8008-1 MEEENN MR- BEHMRIE S -
T 1 B ARKEEYS KRR O RIE %
&
- JISB8008-4 lElL -5 4 & £FEREDEFIKES
FUBEBREICHITHRBRT 1L )
2022 £ 4 AREHEBR~ARERRELTREL, TO%&. B
RGBS LUREEFEIESERLOMBEOFAESL
EfEL. 11 A 11 BIZBARREHEBNLDBRLEEZTTL
T=o

4. Dtk

SEMG BRFEFEDFEROIBRE LT —IREINER
SNBTLEITRY, BREICEWTHREENS 3 FRDF
FLEDT—IBLVENITHIERDORBELY T —2EIR
HRDISIT—IERELLEERERFERE~NRY

L=,
- FEEAMREEE: [{EESINAEREDR RFIEITHT
BHEFEEL]

- HRE—EV THRR—ELDRiREICHT 2R M
DIEEEAL ]
Kt



VI-1.

1. [XCHIC

HRXEt Yy XL EIZ Woodward B DA —/\—7R— L.

Y—ERZTH>THEYET. #HF. FTEICRIZES.
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1. [XCHIZ
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RETA—E VBRIV T EHELTRKAEFHEFTS
ZEICKY, TA—EILEA RO RE /v T2
BHhLREIETEET,

HCCI. PCCI, RCCl 8&UZDHhDIEEREE (LTC) £
—RDIGE. EET7Tr—a Tl TERKTE/ T A
—R—%ZYEHIRAIHFT 5=OITBRET—R\vy
EFRBELTHUEREMENAREEHYET . REFBMAE
(SOC). ENLFZE (RPR), BLURAHIDIVDUHE
BEZ T I MBI/ \SA—2—% TP avbA—5—
THRTIBLENHYET , EFE. ChoDBBEE—FDE
RAEE, EHEETIA—ZADHIE7 LI A LERES
FUBEIGSER-OIZFERATEIEARNMRLIE ER
BTSRRI — R\ EBEHTHILICE DTS
EZATVET, TNALEFNIE, ThoDBREIREDIEE
[FATRAFESRICEEFEDTLLD,

3. YVRATLOWME
RT-CDC #EEDFLEMIX. BREV A —FENT—4
ERTLTREHEET — 21Tl ToYY HAIILA
[CIoPrDBREEREETIY O arybO0—5— (ECU)IC
RELT. ROFSERELETS
o EYRREFIEICLDSIOUUIRE

o BEEENDRE - (Pmax)
EHEFRZERE - (RPR)
VOESI: Tl
KR

o O O



BIGIGER

i CA50
BREE - (HR)
PRIGEBHIRIE — (SOC)
IMEP ) —\Soo s

LZ\

o BBFE—YJENGE - (Ploc)
O

O

O

O

4. HET7INITVX L

PRBERAEA T R TOT7 T r—>ar DFIEIET S+
TRBYFLBAD, —BIELTUTOFY—rE oDV
DRKEBAZIVYT  BHE, BIUERLEHEIERATES
HUTIEEERLTVET,

Low Speed

Combustion

Diagnostics

RT-CDC % ECU
High Speed
Cylinder
Pressure
Sensor
Crank Position
Engine

Engine Control, Actuator

BRIERIEHIE (mKAIIY)
FTRTOVA—IZHLT CAS0 ARIDLSIZmkS
AT EHIET S

PRIENR — 2 D PBRF 70

FTRTOUHF—IZH LT IMEP AR5 &S5 #hFE
HEZHET D

ZERREL I (GBHEIE)

INAIRR\)LT /Waste Gate /N LT TI7—E% |

RT-CDC IZ&>TEIVOUHA9)ILIZH L TIREE T B84

FEH R T LIL—TH

BEHERERLET

BRLEER

SOC, CA10, CA50, CA90, Burn Duration

o IVUUREE

PP T ST (R Sk - !
© EARN—ROER
Pmax, EAE—Y{iE. PMEP, IMEP

In-
Cylinder
Pressure

#Hy %

PABERIR

HEDIELE

R K
Timing

ZERRLL

Pmax

0

EHhOE—VHE
(BRGEATE)

o

IMEP

BMEP

CA10
(10%EFEARE)

CA50

)

CA90

BBt H M
(CA10~CA90)

BRBE NS R
(BRE~A—X)

PR AR

T EHAE

5. BHVIC

%

EEXR /- MAIVCUETOHLWVEARTESRK IO
DIMIRHLT FROEZSAUIZH TS Woodward D
BEEMLT, BRFESNI=REEYR—FT DL
BiZICRYMBATNEET,

Combustion

A

as =
Crank Angie {deg ATDC)

PRBEEHETEIR (Metrics)



VI-II. HETH)EDEE M-800-VII=H (T2 H AR DY A
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BEDBRERASIET DEEN LA >TLD,

I Z £, #EEEEL T — 2% [N - fEAT Lo EEn X 15 . BE
F401. CBM(Condition Based Maintenance) Z{T5EHA>. /1
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2017 £ 9 A, EUMBEIZH T2/ NEE(RAELE) DH
H A R#RFI(Z. Euro 6d &L T Real Driving Emissions
(RDE) &HERAEMENT-, ThiE,. FNFETHEE (TR)
NTERETIONEBTHOHEHFEAIRADOE KRS
HEREFIC. ERETHOHENRRBRESHE TERET S
EWVSEDTHD, 20 EU FOMRFHIZRISHFMLLENY
ZAHE.ENT 2022 FLYRBRORFIHFHIRSNTIND
[Fh. AR -HETE 2023 £ RDE HFHIEAAR
FoTLVS,

62 EU TlE/DEESIVESEDZERH. Lo
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TR SO AT LOEKRMEREL, TREROE
LEHBEEEL-EREB/NT D,
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—RERET D, AR EBBETHABEEH 5m T
HY . HRAEILOFREIEH 50ml THD,

NH3 [EKISEITRTL REEINH D10 EERETD
EBEHC=HIZT4ILE0H A 1)LIF 113°CIZIEAL TLY
%, Table1 [ZEBEHHDOBEETT,

Table 1 OBS-ONE-XLO1 {14k
NHs : 0 ~ 1500 ppm

AN N
AR LYY 00~ 1000 ppm
BTG RE 113 °C
o BFRE :-10~45 °C
AR & & :0~3000m
Stk 9 350(W) x 470(D) x 255(H) mm
AREE #9330 kg
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#ELYTLVD, RDE SREROAIF 2 (PN) EHRIGE L #TLULVR
HERICHLTIEEEHA . ERDBHIR AL THLY
EHGEHRZETICEN, FTETEEITGHER DS,
%&b, IRLAM Z[ELH LT HmFEifinirit s, BifFi
MDTSvoaTyTIkY, KYIEHEGHLA REHREE
BL., AAKBEORBEAFERICERLTOENEER
T,

SEH

[1] European Commission, “Proposal for a REGULATION
OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL on type-approval of motor vehicles and
engines and of systems, components and separate
technical units intended for such vehicles, with respect to
their emissions and battery durability (Euro 7) and
repealing Regulations (EC) No 715/2007 and (EC) No
595/2009” , COM(2022) 586 final (2022.11.10)

[2] Shibuya, K. et al. "High sensitivity and low
interference gas analyzer with feature extraction from mid-
infrared laser absorption-modulated signal”

Meas. Sci. Technol., accepted, 2020.



VI-V. MRS H-RiER0FFEA—h(ZEEIHR) OMYBH

1. [FCHIC

AR R EL T R HIE S U SRR O/ Rk =
[CEF-KBREROFERAL RSN BREUEDHERA
ZHAELTWVS, N h—HOBREHICK-TIE, fEE
FUBRSYTENETER L, HHEROEREHDREEY
ElZEoTRIVCHARHITEZ 5L MESATIVS,
CDEILHEBEERET H1=0HI2, BE, HDEMEE
PRIBREICEVT T—REEMEAL T, EIKET
B MfIFEETIEENTFEOTLND, =, EFHfE
BEDIZEIZIE., BEENRERAERDO AT LMEETF
FIEHRICERASN IS EREBICEAINSGELSITHY,
HEmPOKD - BEYBREOEEEN LY —BEFE>TL
%,

— A RIEDREEPCALTFORAMEORLEEZRSIES
FVEBIKEFESH AL RRERCELGEFROT—42
R—=Z2{BEITERATHILE. MEDAEEERLLEN
L EERBEKRE CEIR, #BTETHILIIDLND
EEZ D, BT ERBEOCRBHEICHERINSMFH-
HEHEMATLEYT HHFFEOEMBER. HiER L
U7 78— —ERZE LT HRFEELOTVAAFER
M. DX b L TH, RREIRETES LIS
BAREEEEE. #REIZRYBA TS,

2. RFEHE R, BRHERH
LHOBEFREEZ LI IO TIE; SIHIEDBERESED
DR THY . BREERIC & DEIDNERVLTHFP O
¥ (FCC fili - RSV F) KN ERBE-BRET D

~

B & il i

B

=

(B {TF PR )

[ oy Bty

* HIREEALR MAMMERS MM SJFHER

=EEIHRHRAR
Alrr B

DN REWERT D=8 FILEH LR RRFTMNRS
NEREEZ TP REICTREARICBHEEN G, F-.
DEELI=RASy O ERERAREIM BT DR, RLER
RIS/ /RSB B OITHFRED A DRI
BE=ARRBMNRESND, ChODRBEF LT
#gs. SOITRAF. BBIHIENE, IMER., BHGRLTEE
BAT=HESFH IV DNRER 1 [TRT,

s g Fog
vy L D
>[H wyb)y
=] %7 o
AT _
|page | R ! B |
| YATL s

B, HEH
BRR (RTvP, T2 UhH)
K5

k. B
B (RTvD)
-Ka

By =

3 EMS AT L (RIEM) FEF AT LR

BRELRMF D RSy FCC il - KD DRER 2E KUV
EHPOEY(BERENE) - KSDBREE 3)<k-oT. HbE
FREeL MESEIMANTEELREIEZRLTWS,
HERFEODHNRIIERRELNEREIIKET 5,
F1-. EERAREH IS SRERL-ESIC &> THEEIC
BENTWDE, DEEEEEDIE T OERRS) (R DIES)
[CDEMNBEFNLHD, LLEDZEND, MIBRE-BE
DEYLGER, EEAORARRRERILETHLH.
BELEDBEZEREL. B EEER5LT 520D
BEREDA T AV IOV T TIZERBAT 5,



3. ABRMB(IILFE=S) MM-Plus
~EERELNEREDOERE ML A, DX e~
BE R IR RANB(TILTFEDS MM ZEER
TREL. HHRICKYERDH, R E - NIEEE - NIEH
AO/HOFE A -EEEERREO R RTEENH D, S
512, BEsAN oD HREN - EERANSDAZYDHHT
R-UEMPOKDEEERAL. HEFEDOREIRESE
BL2ITHEOTLD, HOFRFNEICILE B RELRE
EENFETHY. TNODFEEEZRIER TN DIVD
varkrA—)LIL—L(UT.ECR)IZIESH T HE mE
LT. “MM-Plus“ DEIHEZTLN (K 4)., BIEDFXET
BEHIUVEEIEDD DX IbEHHR—rT 5,
MEREOARENEIRIKEL DRI, TRORKLEE
EIZE>-NIERELRKERDEFEIZIG C =R A0
EEETHAIZLLERL. MEREAEEILALKIIZ—
EIHFTEENEETHS,
RO MM [FNIEFRELREZ A THRRA TR LD
[CIRIGDAIZRRL T =AY, MM-Plus  TIZHE{EIA 5 B
11z ECR THEMSD DE SR DEIRKN ., REERERS
KUEEEBRATREE D, Tz AT 25T DV DEERT
—RELELIT EEANEETHILLARELLD. CDT
—5%FRAL. HEDORFEEEZFLOT —ALLERAOEL
KREDEILDHERIZL>T HEEHODBENERK
RICHRIETHLSIERL. TPV DA A—DNDERER
% FCC iR 7S RMITBRET S,

(FRFHHE)

@ I
EEOs
ol
! _Wﬁﬁijﬁﬁ Ivyravba-nib—A4
B R . (OO TEETD
g;;;;i 4-20mAT FO SR : F|E?£EE ig.}.é |
[ [ =

. > WL RRA T |

4 MM Plus #B&E

4. ERABUKIFEE MK-JET
~REERATOER~

HESHEORETIL, BEaAE TR SR BiRE
115, BERAQERAROERNRTE S L, BERARER
DFENIZKYDBEEREICEREEZ 1Y, IRBIZRLESE
=UT BN HD, BICRSYCESETHRERO, M5
VOE RSB DR IZE . — &I EERARIRD
ENNELWO. BREREEELVECT2RELND
%,

EmRzESAL

SEERAD
(AR A DR . 3
sakEun el (S
CEARER O ER) |
SRR YO

( PAT No.2856275)
CGEFRERE S O IERD

5 MK-JET 20L V&8

6. MK-JET &iliEi# D IERA A—

CCTIE, BEEAEDRKRETH YT [CEERARER. 78R
DEFERETHAETHEDRIBERRTIRELL
TEFRBUERFEE MK-JET 2877 %,

BEE

- RBEERENEIFAECRERIVIMERIRAR)

- [EERIK- S BEAR OO SR R R R 2 A

- MNTOFEVZS, BIEMEERLI-EE

- HER. VO A X BB

« MK-JET ER®MZEEITMK £')—> Uno )& {E L =1
CET, KYBEBESED UP

- KA 2 BARRUTER, HEFITAEYRUERE



7 [EOBRXAYR IO DU REERERED D BRI %
LT, %&HITMK YY) —> Uno J(K 8)& AL =15 & 1<H 1+
% MK-JET TO#% 1 B, K3k 5 73 x 3 EEEZRD %K
HFRETHDH, BERESRE T ICERAKRTORERIZL
BhHhod .| DERIEEEAZSELT 1 T DFHELWLIZ
BEERRIZENLERRESNATINS,
https://www.kakoki.co.jp/products/m-003/index.html
https://www.kakoki.co.jp/products/m-004/index.html

MKZU—2

112063

8 ERMEFITMK 21)—> Unoy

5. AN IAT1—EILEE BRIRBRADIRH
~GHG HlIE~ DIV A~

2050 Fh—Ro=a—t5)L. MO FELSERFRIEDE

BIZMIF, CO, HFEEFHIB T XKD —DEL T, /N A

FT1—EILBHROFANE ARSI TS, Bt(EEIL

MEFAFEN BL-BE-MERTHER BLEMR

EMRAMHEELIHFTEE RN N\(F T —E LR
HOBRIIREBRI S E TV =LV,
NODREHERIE. BLREED 2022 FEAICRYE
EOFEDMICETE/ (4T RHEVIRWIZET 55
ARSAV IIZRBEEh ., BRAICEITEN\1FT—E LR
HOREMNDOMELTRVIRWLIEZIIDLNDEEZ S,

https://www.mlit.go.jp/report/press/kaiji07 _hh 00024
4.html
https://www.kakoki.co.jp/news/pdf/p221107.pdf

6. HhHYIC

L OMEFRRETRONEENLEN-DBEES.
RBOEFME AR, AT VRN, TI4——E
AAEDIRMEMN S, SHFFFEL2E, D —XREH 1
FEEBADMAERENHD, §RLLI—F———XII0G
Cr=$ftich B HfiiBa S L TRYMEA . 2HR1ET 5
BRA TG OB FHR O L ULME AIRB B IN S EH
DUERIZHIEL . M DOBEZEXRD DX ALHEHIZH&RITILT
BE3FESHOMUGEIZRYBATSYET,

BREVWEDE%

SECEIHMHART BEEEART MAKRRE RS
AHFRREHIE 252 TEL 044-396-3221
mkk—sj—japan@kakoki.co jp

RO T 73— —E RS8R TEL 044-333-5364

sj—afterservice@kakoki.co jp



VI. CIMAC X2IZBIFAEARPIVYY NOX BIRANXREDFE B

1. [XCHIZ

AARERNTE, AENREHET 510 1967 FITAE
MEEARE INFIESN, 1968 FEICIFIKKF LX)
ENAEREEESNEBFEIN , Tz KRFEBERT
(X, EERIKRKBERALEIOTIC, BAMHEECLER
BEEHANBEIN, REICKDHHEEFTEDITH.
EHMAERRICESHRE - BRBIEMBREHIREE
ZICEHRERFNOHELEBEDOHI T RRFIHFH
mEhtz, BEREICH T HHERMRGITFELHICHES
N HHEEEORTEMBETITFONTE:, Y. EE
FARBREBEIEHSIBER ORI RICITIEESN TV,
f=h%. 1985 FEEMERICEWVTI—VRL—ary
ATLDRABEERBRANAONTEERARNREED
BEOSEMLII20. RIET(X 1986 FELYFEHZRE
[C&EAHTEIERAREEARRJEENRRERIZRES
. HREI—EVELUT—EILBEDORRF LML
FEOBRENMThNIz, ZDEREHEFZ. 1987 £ 10 B
30 BIZKR&BEMBILED—EHARESN, GT(HRF—
EV)BLY DE(TA—EILIUOV) NIEVERE R
ELTEMIEESN, 1988 £ 2 A 1 BIZ SOx, NOx, [
WCAEE DHERIEWNERBIA TSN, ChIZ, 5IE
mEMABBRADEFERFNEITIN, KRBT T
FEEICEHELWVEFEESL =, V2D KRR DA
EROIU DU A—H—TIE 1980 FIZIELVHENOX &
(FVCAIZET 2R FIR EHEM ORI G ATHNT -,
(SOx I K ERFIDT=6 . EREE, BEREDLRET
DRI EMEST2)2 ELIT HRIUDUITDNTE, 1991
F£2 A1 BroRHFO[RELTHAANLNT=,
T KBTI, REFCIBLENDEATEFLRE. E
MEEDBRBRERNMNDRKJFEMEHHERFT
HEFEHIEFRED KREHE(CAA: Clean Air Act)h’
1963 FEIZHIE SN Tz, D%, 1970 FIZ CAANKKE
Z2EEH-REMEICHTH2AEMN D&Y BELTIR
#il - B 1T B fH A& (K BT & 1 1= (Clean Air Act
Amendments), (2 ) ERREXIEEENTEDOT-
RESEMEORENEEBULTHS. REXRE
HERERME TORREREZEROHREE. 2) &
MR IR, ) FESLUVAEFEARKJ LMD, 4)
FEMERRIRS. 5) UBEAY U 1RE. 6) EHHF AT EH. 7)
IRIZREHRH D KIBL CAA RETH TSN, Y

—7 . MDD RREEMLIEIZET SERMLERFIC
DWWTIE. BRBEE#E(IMO: International Maritime
Organization) T#Etah, 1988 F 3 AICEEINT-E
EIRE R % 8 £ £ (MEPC: Marine Environmental
Pollution Committee) 5 26 RIS & T/ /L T—h i hH
LDRRELEBILEICETIEEEARAZTESDRGRE
[SINZBRETHLHERELTEESIN 4, BHHT 10 &£
[Thi=5mEAFITONT 1997 £ 9 AICBESNT=
MEPC % 40 BI&&HLUHHESRE (International

BARMRKEESS )L A

Conference of Partiesto MARPOL 73/78) ICTIEZRIZE&

EIZEY, MARPOL 73/78 M#itiEZE (Annex) EL TR

Rz, 1997 FIHAEINI-LEET2000H£1A1H

NoDIEHEEAT S MARPOL £#MtBEVIAIRINS

= (FHMBEVIIE, 2005 £ 5 AIZEHNLEOEHL%

=L, FELF)Y, SolT, EDEERD 2005 £ 7 A

IZFAfES - MEPC % 53 ESATIX. CORFDRE

LONEESN. BfMICESEABRRBIURKNES

£ (BLG: Bulk Liquids and Gases) & & U5 B4 LE - 5t i

INE B £ (PPR: Pollution Prevention and Response.

IMO #R##ZF TBLG D FEZEZ 5| EMHL V) TR SN T,
NODIEREHFZT MEPC TEEMNERDON.,

2008 & 10 ARSI MEPC % 58 @& & T
MARPOL &#9t/EE VI& & U NOx Technical Code @

WEMFIRSN=-(REE. 2010 £ 7 B 1 BIZEIL
=)o 9

COEIGKREBEFEZAT. BED CIMAC KETHKS

f= NOx B DERXICDWTEIRAEL =,

AFAZEIL. CIMAC Web #4 k® Technical Database [Z

BEWLWT.2MPILDF—T—F% NOx, NO. Exhaust
Emissions . Environmental . Gas engines . GE . Dual

Fuel engines. DF TRERL-{ERTHHADT—EEZEL
ENTUVVEWRXAHSHEEFT T AERELV-LY, £f=. DE.
GE(HRIVPV)® DF(TaT7ILTa—I)LIVINE

FUETNZTNDIVO U THERINZHBXDR R I

HULTH NOx OT—RIZEICHEHOT—RILHHER

DREHIDLENGEEIEEEORBTHAVUINIZZELDT

fIERALM =LY,

2. NOx BfRmm XX RERH

Technical Database DRFRIER CHR TSR XH%E
FREELIZ, GT, DE, GE.DF, ZD B LUV EFTD F
REBHEBER 1 ITRT,

1 M5, 1973 FIZHHT NOX IZEET 2R XHERLH
21=2ERR MDD, ThslE DE DRXERTHOI=.
F1-. GE LU DF D#HTODIMHIXFEREIL 1985 ETH
21z, FD%. IMO TH NOx 18#IIZF83 2 EEN RS
NENSDFEREMHEIC DE OFERTRIRIZEML
TWAIENDN B, GE IOV THRXHERIEIH-ED
DD, NOx 2 TIRFIE XV 3 ZIRFIMNRET HETIL,
HRIVOUDAREHIHT MR ELEEBLTE
EXREHBERAORAENEREZo=LSICHBIEN S,
1993 £MAVRY KK LIFEIL, DE @ NOx BRim3HE
RENT 7 DS 13 ¥R GE [ZDULVTIX 1998 F£Dary
N—=HFIKREMND 2 FHHD 8 wWERINTILD, BH.
DF MHRIZDLTIE, DE E—F& GE E—KIZ&LbED
HADT.DF ELTHO NOX ICEAT AR ERNENIFE ZLH
Mot D EHBIT B,



25

[ IMO NOXHIHIERIR || IMO NOX2R . 3RIRFHER |

IMO NOx#8

HHERE
b i

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
CIMAC KBk £F

-k - GT DE

4--DF —¢—GE - ¢ - Others —&— Total

X 1 CIMAC X=IZ$115 NOx BRiG X R

—A.GTIE 1975 FIZ 2 HDBIXRRNHY. & 4 [6]
DRKETOHERRIEENMI=2DD, 2001 EFDKEKLET1
~4 RDBIXERDITHN T =, ZDHIE GT IZET
BRRZDLOHLEEoTE=HIZ, FELEAS 2004
FEORELUBEDEERNGEOTNS,
RIZ.DE,GE,DF IZDW\WTEDHFISEASNDIUY
VDRXERNITONENCODVWTHRIXB DK ZHE
2L,

21 T4—ELTIIDY
DE BRDOARETELIZERSN=HEIFICHTHHE
HOHBZER 2 27T,

14

IMO NOGIBIRIR || 1Mo Nox2k. sRMAHER |

IMO NOXx3
HBERE
E il

12

10

IMO NOX
HHEE
6 B

Epia-d

= N

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

CIMAC K BifE S
—= - 1A BEA &-- RAFA/RER —+—E&HHA (on-road)
- ¢ - HEETA ———1fi% —o— Total

2 DE #R#FX DM RN BFRIXB DR

DE (2B % NOx BAZRDBIXHAHDH THRRIN-DI(Z
1973 £ T, 2 D EMMA (on-road) TP EFKELT
MXERTHoIz, CNLDHXTIEE 3(LUE CIMAC
HRXSIARIIRXRDPD FigdSHLEHTEELR)IC
RY &IIZ, Urlaub oIF RFEST BRI & NOX DRERIZD
WTEBESNTLSD D379, ZILTNAR RRGE

D HBEEM (On-road) ATV TREISN TV =L
BlENAEERIIVAvIZOWTHREINTLNS,

YR N .
[ gno 2% | ] |
iz run] 4 '\\\_' | = Tezl reswiis
i '
| \f\\:‘ I l-'-l:i Erpdip e reswirs
Fh—t- : 'hl .' L
[P 4 ] -
it :
T e e N "
¥ A= 105 | T
ia ] S
ol . ] -
250 352 ELT I58

158 rocC
Start of combustion  [*en]

Fig. 19 Calculated and measured
NO emission vs, sfart of
combustion (rafed speed)

3 NOx =8 -FtEHE R D

CIMAC ORERIVIOUTHRININbDmIX M FEREINT:
DIE. 1973 EORET—INUT THOIZENERT
[FRLAEHRENS, )
* non-hydrocarbon fuels
vibrations-

* environmental problems-noise and

exhaust and heat pollution

* total energy system

1981 FEIZH NOx BB T 1 IRDBIXE RN H o=, B
il (On-road) AT P UICEITABFES RAHERIIY
LAVIZRIFTEEIZODVTHREL TS, ?

ZD. 1985 F(Z GT, GE, DE/DF @ 5#® NOx [ZF
TEHERRNHY. ChHDERICEVLVTHSR ISV 3y
[Z2DOVWTHRESNTLVD,

1989 £ IZI%. Kawakami SN E#ET —4E L UVHE K
Zeldovich ##8Z ALV NOx 2L —avDiERM S,
PREIE ST R (C LD NOX BBl E . HA/ Y ILEFDR
HHERMNSCOBRETLEVIVAAREE N (Pra) &



ERLEOERERRENOHBFTHB AR BEEREZE
LSBT NOX HERE T A EZRERL-. ORI 4 I
YAIIHFIZED Prax DBEIEALICETIERS LV
NO L 2al—Lav#ERHIZETRYT,

T T T T T T T
Bore  §4fmm Bu  : Bepooiopoldsfeens
Siroks 170w & ¢ Escow sl ralie
Spead  (Ejrpm v 1 G presstan mile
Ak | Torsscharper sfichiney
5 Cacuuied | Meseren
. . T .01

Difference in specific fusl consungtion ¢fkW - h

n M
1.3 (K] [ L& L7 ] 1.9

Fig. 3. Relation between specific fuel consumption and Pmax/Peomp

NIGATA NOx SIMULATION
MO PREDICTIONS

BMEP. 192 MPa
Spuinl 1000 rpm
Iej. timing 21,8 degCh BTDC

o
5c$ch
e

I
) Q%h"‘

Fig. 5 An examplé of N0 formntion proséss

4L LRAFDEEILE NO OZaL—a R 10

Ohashi (& 1991 FIZTHFEEZERE NOX DHE(CDOL
T, Eav T bER—R(ZLE=VY A ARE 460 mm
DAREHREIVOUDEFENERICDONTHERLZ, T
F1-. 1991 £(Z(X Sgndergaard L 2 ALV DY
DHEAAKRSLIUVELEIZOWTHREIL. MMMLED
SCR BHIZDOWTEHEHRKLTLVS, SCR DFREHIZH 5
2R U HAILTDUIZDNTIE, Gros AR
AB LU SCRIZDVTHRERLTLNS, ™

i

}‘—':

"B deck
MmN SYapoTatar
a" deck

[ Ammanis siarspe fank

Uppar dieck

2nd deck

Fig, 9: Acrual Inseallarion of SCR system on board a
wversel (longitudinal cut)

5 SCR fta E#& &5 12

Miyano (&, 1993 F(/KEBREFRBIKIZESTT DR
EHREALT NOx EFARNSIZLEFRKR L, VB
KKESHFHORTLE BREIVOUHBRRAZR 6
[ZRY,

Arsthis
Fressurs Asculation . H
Man-Aeturn Valve |—-—:T¢hon "
[ | Vil i r..iqtls‘_T Fual
Frosl 2
(Fusl] it }
El
-] -
b [Fusl] = Crank Apgle
L\' 11 JI: = Sth‘mbd . Saleraid
ql \urf.":I!— Ll j = Walve
Iy b
] | = A" _| Cortreller
— 1 g In|u=|o Pu-nn | P.'pss:l 4] f— Fuel
k r"“' Pums _I Pump
I-uc rc
I Pranger 1 § H Ewarer Fusl
r MNan- [ Hccr\rﬂ Tank Tank
{ il r-\f,:'}‘:;'\_‘ h.ur P turn
-
- '\ ,f‘\x,‘ 'J ||I
Fusl Inpeeticn F al I.\' bt er_r\. J'I JBem?f Valve
Fump Injection Valve o

Fig.3.7 Stratified Fuel-Water Injection System

m 5 Lead

Pmax MPp

=13%1  Max Prossure

oEm

B 5 F. G be gfkWh NOx (Excess Oz

] 20 40 &0 &0
waterf Fuel Fatio WJF B val

Fig.3.10 Single Cylinder Engine Test Results
with SFWI Systemn

6 BRKEFIRATLERTBEI O FERE 4

F1-. 1993 FIZIX Boot NREMLEFELLTHRTINE
[2&% NOx EFICDLTHELTLVS, "®Egeberg 5l
2 AT DMBEFRE. EGR, VI A NEE
TORZTESFGEICODVTHERL, EETVEZT
ESTEBRERAIZR 7 TR,

60 —

Legand:
+ Dosage 4.0 x Steichiometric

3
y
\
\
/

- I — & Dosage 2.5 x Stoichiometric
g{ o/ h
§ 40 -
3 .
g
» 30 7
=]
=z o
o %
20 /
10 - @
0 ! T T T T

25 30 35 40 45 50 55 Injection timing - deg CA aTDC

Figure 9: NO reduction by direct injection of ammonia into the cylinder of a GLISMC research ergine

7 BEETUEZTESGHERE] 0

1995 (21X, Yoshikawa oMW EKLEEREZE/LSET
NOx ZHI# T bart T MZDWVTHRRLT-, NO v 3L
—avEAVTHREAREANESDAFREANDIY
I ERHL. BRI —RAE AT L, BEFH &
VAR EDEELZH>TERLTLS, T—HE LT
UOUDIENOXx AVt T hER 8 [2RT,



High Temp.

Low Temp.

(2) Quick Mixing
Gas and Air Gas and Air | :
2) Miiddle Stage e

of Combustion b | Burnt
Ai
ir = /\U

1
|
1

(3) Reduction of
Compressed Air
Temparature

Burnt

’J/ 3

S {(3) Latter Stage
of Combustion Alp —oumt

Unutilized Air

Fig.5 Concept for low NOx on diesel combustion

8 & NOxav =71

Ff-. Velji o1&, BEREEICEITAHEKE~DKEST.

DIUERAANDERKES, KITLOaVBHBIZES

NOx {EBEAERZITL. KRMICKYRFEEREELS

#9 NOx DNEBTELINBTDREREITLY B &=,

Schnohr 5%, Efstt LR EEFFHRERETHREEESR

& NOx ERICH L THRBEILTELEHRELT LS,

YPmax Z—E CEMLELERESE-I5ED NOx ik
DEAEBIZHE I IZRT,

1998 £IZ(E Kondoh A%, BIBEEHE KU BEHEIRA
NOX [ZRIFTHEIZODVNTHEEL TS, 26 A 11

BETOREBEEHED NOX ICRIFTEEDHER 10 (<
=Y,

F1=. Stebler HlE, FRIVDUICBEVWTIS—V AT A,
= £ EGR (HPEGR: High Pressure Exhaust Gas
Recirculation System) ., JE&> L — LY X T L(CR:

Common Rail), AIZ4#—E Vi@ # (VTG: Variable
Turbine Geometry) DEIELIZLY ., BELHE DI VD
&Y 1~3%DIAFEEFEFEILT60%D NOX {EiFA A
RELHREL TV, 2YHPEGR D& KR ZER 11 2R,

200
E
&
Comp Ratio
T T
3 AT T T T - —— 1241
— =

o - | - - 134
@ gw Ed . B T
- LA S R —-
ol - - I 13.48
Q - . LT T e — L

-~ -~ LElIlTe . ; — =~ - 288
. P25 e
@ 500 i T
® A | Max Pressure

e e
o o | 130 bar
= a0 L L

6.8 £0.0 5.0 100.0
Load %

Figure 5 NO, smission as a function of engine load at four different eompression ratios

9Pmax —ECEMLELEELI-EED NOx SHERFERHF 19

A plw Mam ke

1] 1 il ie i
aaF ™
N M
S A O
2 o . Frtee e, f
% | i’ D I
s “"’"'\_»“mw.r*l
uef . T
5 o .
: ..::- ﬁ.f n))"':' I-'-~.\-_.-'-'-\-.-.._\_|'. mﬁ:mj“ﬁ
Toam . o
£ “‘_' H.g-ﬁ'-‘ - D_Hh.
E ey U/Fr tai ':lll;:: Ta"h-_ﬁ_—p—d‘; *
4 o [T T —
B | 5
& F __f:;;“ - --.-"':"ﬂ"‘k\. .
E L e SRR p— _a,f‘h-q_.q. ....f ........ .
E | "'!W:j_.:j:&_:ﬁlﬁ
[ 1 4]
a
x I

I Ry | SEp 2] | Haw

Fig. 4 Deasured MOx Concentration and
Ambieot Condition of CGE

10 BEEHI NOX [ZRIFTHERH 20

charge air .l : main

cooler turbocharger

¥ =cr
T turbocharger

|- throttle

Al

i exhaust

Ui ?,//

B
.

Sl

A AR

NN

Figure 2: The recently developed high pressure

exhaust gas recirculation system with an additional small.
truck turbocharger to overcome the pressure difference

between intake and exhaust.

11 HPEGR %i#% & 2"

2001 £ICIE. Riom LIE@#EMOILTLy—HAOT
KEBHEL TRFREISED IS %2 EAT5 HAM.
L X7 L (Humid Air Motor) [CDWTHERLTz. AR T
LTH 70%D NOx ZEF TEAERTHo1=H. Thex
ERTHOICITHRFEEED 2 EULOKIREL
DT—HTHA=6. D NOx HIEFHELTERT
BEHICIECOELNEEEE STz, PHAM Y AT LD
RFEFH KU NOx HIF R ERIERBGIZR 12 [TRT,
F1-. Eilts 5IdKE 15~20%FKMLI=/KT<ILS I
FHYIMO NOx Tier | #FHBEIARNS LEAIRNERFE
ATHRWERMNEONDELT.® 13 IZRF NOx
Reduction package #H&kL1-, 2

2004 £FIZI. Hupli 5AM0EIZLS NOx EFEZNRIZD
WT. U A NEEKES, ARME. SV FRAD
BEERSES. I/70I7LSavBLUINLDES
BEDRBRBRIZOVTHERLIz, O DHEREEIC,
JRAMNEREEZFEZEL T RERBANESRS LU I/0
IvILoar N ERATEEL NOx FETHY. EEERE
FRATKEEENBONTWDBEIXE EKESAE



LTWSEDABRTH 1= WRBEERBMER VAT LS
FUEFED NOX EFHEZR 14 [Z7RT,

I Hel cormpiasied lrh

Flale: Fllling =

Calch Tani
Hual eachange:
| wumter cisensn [ | ——
Figure 7 : Engine with H.AM. pringiphe
o bl ek
L] L O = £ £ 5]
e L L L L L
o i
a- i
: i
0 - {
E G h-\_\__
=3 e e—m
E L

Figurs 10 : Second test series resuits

12 HAM.V AT LB ZU NOx BliE R ERFE R 45 22

0
NO, T
{ hih envionm en@l
beneft
MAN B&W NOx
mducton package
~
ANNTS
hs@latin / ~
coste | \ . ; Sm oke
! T T T T
o [ VN 0.5 1o
A P -
\ -
los
! B2
L
w efiort rwhok Opemtbnalcosts
pOW ersyseEm op - -
w+

13 NOx Reduction Package?®
CASS phase1

First version of commearcizl
Combustion Air Saturation System
aiming at half IMO N

Figura 18

—1y

Coombustion & Humsdification

[Direct Waar

LE
LT
LE
nEl
{1 )
pi- Imgcton
]

L]

|dF||||I|ﬂ||||I!E||||iD
‘Wanr Fual Tiow oo

Figure 51 Efficiancy of commecarcial

humidification methods
14 MRABAIMER AT LBIURFIED NOX EFEZR 2

F7-. Kihara sIEMEFHAAOD L A=T oY —%H
L. MEFTRATOE Y —REAZSIVHERICON
THLERL TV, PV )INa=7EoH—DREE LU+
UH—BBAEER 15 [TRT, Takasaki HIZZDTIL
A7 —HF-T. ERRBERFOMLEIODVIC
KBTANEE R DN A—HTITL. BEF N 208
55%hY Fuel NOX IZE SN HHEREFK KL TS, 29F
BRBRRFTORBERGIZE 16 ITRT . ChoDY
LNAZT7 oY —RRBLIUMEHARBRGEICKY., O
LaA=T7HE2H—0 NOx §HAIAY ISO 8178-2 TRH LN
BT, 2

Sorpli gl WO — B0 ook, INO - MOz
Gos 10 appros Alppmi T (O appros 5.001pgm)

Py ety | lmmmw
L

| O (g Ak

g oe L
L

Figure 4 — Principle of the Zrdz sensor

Exhaust gas
A [ A

[Exhasl stack)

Figure 10 —  Configuration of the Zr0z sector
and an air glector for vessel maniforing

15 a7 o —DRES LUV Y —%REAE D

1300~ A0

1200+
& HishN
Sanmple
1100+

MO CVOC) ppmi 13% Oy )idry)

10001 o . i
' MN—Fuel NOx
[ Conversion Rate 55% Line
gm._. MDO
W——=%2 03 085 0%

Fignre §: Test remlts nsing CVCC
16 ERRERBTONVH—hRIEHEREEG 2

2007 £ (ZIX. Shimizu 5N Y AF )L T—TF )L (DME:
Dimethyl Ether) ###t& L TEGR Z:@ A9 %2 &TNOx
30ppm (02=13%)& V)7 —TZ., HEFDO B AE RN KA
MO NOx LEEHRFBEHEETELHI L. 1250kW DEEE
ToUNARIERGEERKR LI, P DME REEIM TS5V
Fo2O—RE &Y EGR TAMERZR 17 I2RT, F=.



Kawakamib(E, AT DU IEHE O 30 £ NOx
ER (<%t 9 B EHEA . IMO NOX Tier | G H LUV BE
@ IMO NOx Tier /Il REFEIZH T EHIT—V AT LIGE
EEHERYBAHCDNTHRRLE-, 2

Figure 4 : Schemafic flow of DME Power Generation Plant for development activi

4 D5l iy
Fiicasl mguinson

o
£
[ a0
]
_
9’ [
§ .
]
w
11 -
ol p
EGR ratio
- Sven )
] I

Thermal Efficiency =)
Figura 10 : EGR tast result

17 DME & BEI 75 70—RB LU EGR FRMER 29

2010 ££(& IMO NOx Tier /Il ANFIREN =% TEHY.
Tier Il 1209 BHEBEARETO XL Tier I (2xt3 5%
MIBREELEH-RYBEADNEREINTINS, Sugiura
(X2 HA49)LTo22 M IMO NOX Tier I/ @RS IZE LY
T.NOXERFEEBREDIN —FAINR/MILDAED
ARERICOVTUTORETEHERL -, KFB(T<
Loay, BEEL) IS/ BEESFOREL
[COVWTHEBRRRBF/VCERB IOV ERANER
HERBLUVUERICEDIHAREITOLER. KEFOBRH
SHEE 3% L TDEILT NOX 75%HIFES R, 35—V X
TLEEELI-ERMBERIRTD NOX 20%HBDEF
BHBEE. BV —DRBLLE-BREF TS
HIZHEINDABTH 1=, 0I5—H AU ILEEHL

EEBRBEREABRBIVKESHOIIaL—LavEE

VIOV AIDFERBIZR 18 [TRT,

Ff=. Niki HEHEIV DM SCR RRAEFRERICDLNT,
A7) 7oA —TAMER . PEEEOT A YRR
BRiERSSUMEARBER CTHRONHMRIZDOVTH
KLU VhRERIV OV DBREEARBRESLUM LR
BiERER 19 I2R T,

2013 £ IZ[&, Fujibayashi 5AY IMO NOx Tier Ill x5 (2
BWT 2 HAMILIVDUDBRBETEHR IS A #E4
SCR MRAHRERIZOVTEMTH 80%MD NOx {EiFA
ARETHAHEER KL, 322 HA(Y)LToPVIZ SCR

DATLEBELENBRESLVELABREREE 20
[Z5RY, Ff=. Bank bl 7VE=T7EETHIELI-KE
IVoURIGDOBEE SCR OERBEIV OV TOMELR
RITOVTHERLTLS D

Higashida (&, IMO NOx Tier Il [CBR¥LEBEDEL
ZR/BRICINZ 1=, EGR KIvILTavEHEAE
OEREVATLORFERNBRERERLIZVVRATLOZR
HMEE LU NOX HERHERER 21 ITRT,

F 1 Fuel injection
uel Injector o

iEld

iy
Teyl[T]

Canst. Vol Combustion Shambaer

(nnar cia, 260 mm) Figure 17 — CVCC experimental device (left) and

MO reduction by lowering air temperature
at start of combustion (right)

N
2000l | 3
2300 L
L i 2200 i
zmnl Vi
IFjstson auration % Zom v
Watsr Fuei 100 " goa
20 10 TOC 10 20 x ml
Cranik sngie deg, ATDC 2300
2200
E™ 2100 |
Water nozzle S0 =4 o 2000 RN s
Inj. amaount 50% of fuel = | N
Inj. precsure 14 MPa t = om
nj_tming | Bdeg ATDC e ay
a

experimental visual data and CFD results

18 S5—Y AN EEELE-ERRERHIARS LUKES
DAL=V BLUVIVDUEHBID RG] 30

=

Crank angle

>
deg ATDC

1
100 r“
i [ ]
R
f i
i 1 ‘ # 100% cad
A TR o
L T w
I el

o o 4 L] . io¢ 120 140 1@
souimncs et TN

Figure 12. The experimental SCR system NOx
reducing performance with urea solution

Al T
I [ Engine San >
§ &0} " Exfaust G Tormp.
S
232 W08
25 E
i B 100k r—— T m so EE
“‘ .5 L ', Urea Flow etz [ Erane st | EE
0 L L f I o £
= 1000
B B0 (e
E Fe00- ', Before Calalysts
E S aml
g 200 Aller Calalysts
0
100 1

E_ mob
EF

-]
Es
oF H-
§ 200

Q
1700 1710 1720 1730 1740 1750 18:00 1810 1820 1830 1840 18:50 1200
Time [hourmin]

Figure 21. Operation of urea-flow control system

19 HEIL O DREEHARER B SV LHRIER 3



Vaporizer
[containing urea Injector and mbeer)

SCR reactor
{eontalning cataiyst biocks

Figur= 5: Large two-stroke manne diszel engine
Hitachi-MAN BEW 6S46MC-C7 equipped with high

e, e W, TS T, A e A

EE EeEa
s

[ N AT T
B i sl oo

Dl ratic %

HELEHBAB8E

o o

0 10 20 30 40 50 &0 70 B1 30 100
Engin= oad %
B D40 mbio % 8- NOw 505 outist gt
Figure 15: SGR performance measzured during the
seg-tnial

20 SCRYVARATLEHD IV D UNERE S VE LHRER 2

Fresh

HEO_ [WEF WEF e T WEF Water | g
Flow Meter Unit Mixer Unit Supply Unit
Fresh Water
Hydro Tank
P ged EGR
A 4
Main Engine
Supply Unit [«
EGR System for Scrubber|
Water N
i T ,,,,,
Sludge | Waste Water,
Tank | Treatment :
Unit Sodium
Hydroxide
Water Tank

Discharge to sea

Scope of supply by shipyard
Scope of supply by Kawasaki
Figure 15: Sysfem arrangement of EGR & WEF
TEST RESULTS OF COMBINED

EGR & WEF
120 LR
Stanciand (Ther 2 setup) —— EGR 30-35%+WET40%
= 100
£ -
& T
= B0 e
= ~-m
% a0
.|
§ 40
8 - -
= .Ir.——_.T"'_.. — = =
"
D 1 1 1 1
0 25 50 75 100
Load (%)
Figure 14: Resultz of NO, emizeion reduction for
EGR & WEF

21 YRATLOZRFRE KLU NOx SHERSER 34

2016 £(Z(F. Sandelin A¥ 2 A VILIVSUDEE
SCR Z#RELTHBELTWLSEBEMNHoT=, IMO NOx
Tier Il MIEDFRBEDIZEDTUE=ZTA)vTHDi
WEHRELTWS, PIREELTUEZT7RA)Y T OB R
=M 22 2R,

AH, wip s
- _

Figure 7 Ammonia afip curve plotted az & funchion of
the sfaichiomedric reducing agent fo NOx rafio, a.

22 BFEERETUOEZT Ry T OFER

2019 £IZ(E. Mayer A IMONOx Tier | B9 5 2 4
AONTA—EINIODUIZKEFRMT SHZET IMO NOX
Tier Il Z@HRE TEH_EZRBRTRIVZEIEZHERL
12 L) U F EEDNSH =T 4—E ILVEFE KU KEST
(A LEVIVTRELKDAT—ILOBEROBRBET.
NOx #EBL =& R %K 23 [T~ T,

Figure 2. Skeich of the combustion chamber az
seen from above with fhe position of the fwo
diezel valves (D), the fwo LGIM FBIVE (L) and the

swirl direcfion indicated.

25 - —— [ retereree
T = Watwrfusl

20 o

£ -

- T———

] —

o

&=

=

i 30 Al L n B0 a0 100

]
Load %]
Figure 18. NOx emizzions [ghWh] as a fimction of
load for waler'diesel and a Diesel reference.

X 23 FiH/KEF AR E NOX FHRIHER %)

F7-. Nakagawa [${EE EGR [Z&Y IMO NOx Tier lll &
WRTD 2 YA T14—EILIUDUFRFELIZCEE
FF=UT-, *MEE EGR R MR EB A RTD EGR #FE L NOx
BETEOBEFRZR 24 2R,

Hamaoka &, #FET—HI/ILI DD SCR #FEAL
1= IMO NOXx Tier lll 3 T/AA/\RECE 2 R il At ig 2R 43



LEL TV N\IMEB KU E M AHEOFIES R T
LIGER, ZERBRICKIRFEERERBLUE AT
IFITDOVTHERRL TS, BEHEDIVOVDIGE
D SCR VAT LA EER 25 2R,

k1 o miell
1 g
4 vy
it pra]
Fiak
EGiE Bl
P H'_]
FoR # El

Bownt DTET | e Tinaaesd
L ]

Figure 3. Quiline of LP-EGR

0
} Fad coloied: VECHLSJEGR
Ciherrs: UECEILGE & VETHILSE

- =
F & 10 CITES SB 0358 Load
-
2 0
3 L3

L 3

§ o +
§ w4

]

N T
A

g

EGH mta %]

DERBHIRLEVKHATH 1= BAEFTITHRSA
= GE BRDHX DA, BERBERDHRINH 73%% G
HTLEM, ChiF, AFEBOREVARICIEERAS
nighot=CEN—RELEZONS,

10

[ Mo Nox2x. axmEER |

0 g
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

CIMACK &SRS
ok BAR —a -ER ——BEETER —w——ftf —e—Total

26 GE ERMX DRI TR XBDHER

GE 22\ THISHTHRERDH 1= 1985 F(Z[L, Danyluk
HMRE®D CAA BETITHET R 2 HAIILIVDUD
HNERLVHRIIV VR EICHTIMERRZE
2. INODWREHBER 27 DESICHRLTINS,

Figure 38. Result of NOx reduction rate
24 {RE EGR R#FIREE- BT EGR L NOX ETEDREFR 3

[ P T e
i 7 AT FRRETION

B Lissa warler bark
B Gontio pr
I Pusp unit
B Mozdie urit
B Fecbed vodvie af beoad ai

Figure 4. SCR systermn Overview

25 BHEDIVDUDHBED SCR VAT LAVER 38

22 HRIVDY

GE BROARRTLICHREINTIZHXDF R TFITHT
LRERHDHEBRER 26 ITFRT,

GE IZE89 % NOx ORERRIRMIZITHN-DIEL 1985
FORET, BERAKBICET LD TH o =, SITFEEEHL
f=&312 1970 M5 1980 FEITMHFTTREF LD
BRUEADITHN, F- KEEETERERBRICLYE
WIBZELT NOx REIZFHR T HELEICT. (FVLLAP
SOx DFEEMNFEAELRVEBRNIT— v ILR—XT
RARESNI-BERT GE [CETHHERRNTHNDILIITH
2= DEHBILTINS, T, 2010 £, 2013 EOKE

]
= B AW 16 ANT ;
i

E] Wik XHeadi

bl

Ky | Eda
] Prease: 514 i S5
Wik WIH
LS AL

By

o h
HOT g I WL G
W -H H — Ny
i P HET
i =
1 1 W G
¥
i — N0y
§ i. HET
I e oo
2 w33 G i

Fig. @ Performance Development
28 GE#IRIIviavBLUMEREHT

F1=. F. Pischinger 5%, U ZRE 250mm @ 2 44

DIWIUDUITENTHEME., B8t R KB ORKE

EIZ& B BT LU NOXx HEHREHRRLTIVS, 2O

EfELL. 2 R KRN RIEIIZEORRERE

28 2R,

1991 FIZ[&, Goto LN FRBRER B FEESMRBET R
GE[ZDW T, VYA AEZE 260mm DEZNE, & NOx
BARTIODUERFELI-FERMHo1, VFHEEMREE GE
TlE NOX BLUHAVILEBNERD 1= D ZE R &8
EDRETHIN. CORFADI-OFRFEERX. A—T
DFvoN—RDEBRBREREERES LRGN



HRIVOUDGZEELBRLI-ERER 29 ITRT, &5
(2. 1993 4£,1995 £IZ(X. ltoh LU Goto LMNEFNFE
N EEBTHFELE GE IZVUUA R 335 mm ) GE
BmMLTO)—X{EL,. ZN5OHERNEFLI—TRL
—2avHiBTHRIGELTLWAABDERRLH 1=, 424)

Variation of ...
...Compression Ratio

... Ignition Timing

_.Equivalence

75

0 1 L 1
9600 10400 11200 12000
BSEC ®Wh

Influence of Compression Ratio, Ignition i
Figa

Timing and Equivalence Ratio on Break
Specific Energy Consumption and NOy Emission

28 [EffELL. ZERLL, ML RIZ T HEDOREBRER 0

E

:

MOz Comesntraticn (ppm-Uz 0%}
e =
E E
T

Fig. 12 Relatien Between Excess Air Ratio and NOx

29 ZEHREEE NOXIH A VL EEI DR 4

1998 £ (Z[&. Schiffgens 5H3 14 NTE 280 mm D F
ETREAMREDRPE GE ORRICOLNTHERRLE, 4
BIBEERYEBIVIVD VIR AV AT LER 30 12
TEHBMRERYVICFEEELFRESIEHKDOIOD
FvINLITEEIVARTSTDEENRESh, TUD
URPDANRT LIZIRERE, /79X T KUY
DUBBHIELE DRENTRIN TS, BH. I—0Y
INDARIUSU DA N—BEFBARADIUD
VA—H—FYLEMERIZH M. KRIDUHAFF
IN—T0 Ll EET TN,

28/32 Sl

spark plug check valve

pracharmbar
Figure I: Combustion chambers

28/32 Sl

Figure 10; Engine Management systems

30 MBEERYBIUVIVOUIRDAVRDRT L)

2001 (%, Takemoto 5A% GE D /v RAEHR
ELTEMEER LT BICITFDEALREEE HNHI L % 2R A
DIMERBETHAHEL, VT RAE 1656 mm DER
BALMBMBEARI OV EFEFTRESME GE (TD1VT
HEBLBERERRLTNS Y FEFRESMEE GE T
FHREEORE. BEOH. EOF. BEOAEOREILT
HPEE NOX DRL—RATDBERERELE-REZR
311ZRT,

Improved pre-chamber |
EH = |

Thermal Efficiency %

oy s |
= ki = i {
B Copventional pre-chamber
r_ri | [ [
e 1
| ‘ “*_fh;munmqu.du aff [ |
10 150 Faii) =0 a0
Wz pom [40,00%)

FigZ1The performanca of 6NHLG-5T

31 HEFREME GE OEMEL NOX DL —FAT7DE &
E&% 45)
2004 £IZIX. Gupta blFL—F—Bm ADFEATAXNTS
TV FBRAELITH-DIE NOx LAl EETHS L
FtBAL. SAE THRERINT-E 32(GHX DS E X#k[24]D
HEFERISBA SN TIND, O
2007 £E(Z[&, Hanenkamp 5N F#AEZAIZ 230ba M
BREALBERHAREZESL, BEKEI/O—T
JTEKSEBHLL PGl #gia> w0 GE #HEL
1. 402D PGl avtThEE#E, {8 NOx LR FER
%R 33 IZRT



F71-. Yamada SFAFIL—ILORATLIZKE T HRIER
<A/ 1/ayb AKX REACIS—H 1)L, SREIRE
VAR O—TS55 A0 — L2 a0 REREILT
2MW 952D FHERSE GE #BIRLIZERRL TS,
BZ)—ILEEBLI-EEDHABRERBIZR 34 (TRT,

- E a

E

i1

B | 3

L T 6 N
SPC . IiiP-HR
——— W

e p————

Figum 12: Effects of ignition system on NO
emizsions and specific fuel consumption [24].

32 L—H—mRIZKBIE NOx {LFHERFER )

Gas Admission Vale

i |m "

~"=-Prachamber

Figure 1 — PGl Ignition system

Wi, [%]

3% Pl
'

3
!=' 7 S—
£
&
u a1 82 034 04 68 06
W, [gém?

—+— Susgmngerianis / nllisl Variant

—— Cobimalkarinhs ( Dptimal Vasarl
Figur= § — Ciyerall performance gain

33PGlavtTrEEHIE. & NOX {LEKEREE R F 47

E

Bl sy

N =T NN RN RN I N

¢

FEU U U S N P B B R B
1
.%_L:i

-=
—
n

RN I TN A U U —
==+ -- -E_-_______. I

=
)

150 o] -]
Filhe [pors @OT=0%]

Fig.14 Effect of swir intensity
34 AT —VERELI-EZDHEBRIERH 4O

2010 #FIZI&. Sakurai bHFEFREWAGE GE TEX
K NOx TRIVOUERRELI-CEEHRERLIZ, TR
ME(CANTSTEEBLTINSN, CFDEFTTT K IE
E.IMREBRGEORBELZREL, BERFEHRT
DOVTORBRERN L. MBEERYDHKELETL
NOx 200ppm (at O2 0%) T 48.5% D Esh R4 ZR LT-&
LTWE, ORRB IO OUNLNDIENOX- B EDHE
KinER 35 2R,

F1-.Ishida SlE<wqsoO0/.1O0vrKXDFEFT RS BAGE
GE MEHEHEL=H. NOx [CBET 2| & IxE M o1,

50)

50
£ Green (3as Engine
ga,a 2 \ HigherEfieioney—
E - Lower NCx
g S
S E:Isting Engine
44

1] 200 400 &00
MO at 0% O, [pom)

Figurs 18 —Comparison of
3as Engine Performance

35 RERBILOUNLDIE NOX-BHEDOHEIKIR 4

2013 FIZ(E. Lee BITFRRBRE. BFER/NNILTF2I3Y
T HBRR—, BiEERR O RE{L%E CFD 2T v RER
IC&YREEERY, &5I2, EGREZRRALT/yXoI D
MEHLEEEE NOx ZERKLE=VIUFAE 350
mm O GE ZRAFLIEHKRLIZ IV FRBEZEICATS
CFD & & U EGR DR ERFERFIZR 36 2R T,
F1=. Vaktskjold 5 KIER K GE TOHMMIBEHFIZH
FL1=H, Bergen Engines [EXTEA X E GE 2
RA&THEL TS A—D—TH 5,2

2016 £FIZ(E. GE BAFAE DRFK D HIZ NOXx KA %
BREIZETIRHENFEEAERONEM ST, GE BEZRD
FRODHBT, Pirker 51K GE [THITHAFRIREELE



BBREDQZTRZNIZEVTERMENS NO A5 NOx #
BHEZ IaL—YavETILTRTLERNBREZRERL
= P RIBELTRBRED NO £EER SV T RRE
NoFREZE~DRNDEES. PREEZEHEMRE
[T HETFHRBEERND NO £ EE 30%EBTES
EDFHREAERFIZR 37 [TRT

!
L

Old pre-chamber Mew pre-chamber

Figure 3. AFR distribution in the pre-chamber

Z] % e

_E: & - —:-_;.._-—.'--.l-hﬂtﬂ'll'n':

| g-----""" igfne | = 0 oo
T [ g

? g T i g

s —

] P— 1= -

e T

B E
R ki i

i
o B I

Figure 22. Engine performance according to the
EGR rate from the experiment

36 FHAE=EICREY % CFD T & U EGR DEXERFER A 51

4
—— formed in PC
v, — formed in MCC
/ flow MCC to PC
2 | f.-' L

o

Crank angle

didt {Nitric oxide) [umol/"CA]

ra

Figure 3: Nifric oxide formafion rafes in prechamber
(PG} and main combusfion chamber (MCG)

MO formed in
prechamber

Excess air ratio PC
at ignition timing

Mew optimurm

Figure 11: Reducfion of NOx formed in fhe
prechamber from prechamber enleanment

37 FHBEE, TMBEED NO £EHERE, BLUFTHRBEED
FIBMBE IR S FIRBEER NO EREDETEH] 5

2019 £I23 GE BB E DR KD PIZ NOX BE A %%
EICBTBREMNTEAE RONTE M >T=, GE BROF
FDHT, Zelenka 5IZ&kB K GE D KTER N, L—F
—BN TF4—EILI4oa/81/0vFERIZDONTHESR

BIVOVRREVIAL—2avTRAKIAVETFDOLER
BREERIZOVWTERL D=, FTRIEZETOINLD
AANFETRBRLLERZR38ITRY, RAFELREBREL
—ToF e N—THITL, IO DIEENSHEE D KTE
RN EMRAREL TR YR KFERELTING,

125 wpOx Emission [mginm™]
E 120 wHC Emizsion [mgin]
2115  mCOEmission [mginm?]
210
2108

£ 10

50
: |
85

2w [

PCSpark  PClaser PC Diesel
Ignition Ignition  Micro Filat

mExcess ar ratio [-]

50 - mGOV of IMEP [%]
mPC Pressure increase [oar]

PC Spark PC Laser PC Diesel
Igniticn Micro Pilot

o 8

— 120 gER HP Cyde [%]
E M5 gincomgl, Comb. [%pt]
2 10 gReal Comb. [pt]

100

2l

E

2 8

2w

i ]
i

PC Spark PC Laser PC Diesel
Igniticn Miicro Pilot

Figure 9. SCE results: PC ignition concepts

38 FPRBEETOR KA HLLEARER >

2.3 Fa7ILTJa—IILIVDY
DF BRODARETELIZRRINTS
BRERBOMBER 39 IZTFRT,
DF (2B 9% NOX DERMRAIZITHhNi=DIL 1985 &
DAET. ERABBEICETILOTH -, “UEFILEIL
HRBIMARGEIZEDEERC. BEOEH-BH
BAERATORERICHAABEICOVBEZFEDIVY
COGAREIZRASN-LDEHBIEN S, 1=, 2010
FELUEIE IMO TNOXx M 2 -3 KIRFIMFREIN =,
MMOEHBICERINIZREHOBEANOT—EIL
BinH [ EE7L DF #BIDIRAMNEZ . CIMAC K& TH
WXERHBLEMNLZLDEEZ D,

10

AX DR R EFITHS

|| IMO NOX2:k . SRIHIER

Epe-d

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
CIMACKLBAfESE

-m-fH —a-ER --e--BHEEMA —e——fk —e—Total

X 39 DF #RAXDORE D EFRIBOHER



1985 £E(Z#)&h T DF O NOx [ZBAR T 2R RN THN 1=
AL NOx ERFEICOVTOREBIEAL, Itoh SIXH
DE/DF BFDORKXOHP TARERNTLEAKELLT
FERIN TS DF IOV NOX 28T HRTI VA
UMREER R PR 40 (CZDOHRIIVIaVEEE
Y,

[E]
12
§ 1 Oz
10
§
ER coy
& 8
9y
w02
o D.r] |~ co
(&) e ——
]
0.8
EYR
506
0.5 CHy
100 o
50
£ w
g
5 b
Z ol /—\
00 NDx

0 0.5 1.0 1.5
BMEP. MPa

Fig.25 Exhaust gas emission on 6PASL-DF,
1000 cpm

40 DF OERIIvi a4

1991 £EI2(&. Bozung A a—C1hL—ar TS50
EH OV TRAL T SH T, NOX EEHTUIUA
AT 1Z&BHRTIV AV DUBERL TS, DD
BR%ER 411277,

20p

NOx
(g/kWh neen ) 10
HC

(9/kWhmeen)
(without CHy ) o

o
(9/kWhpeeh )

Moo N R oo o

~

[ = liquid fuel with a sulphur

so,™ content of 02 wt %
(0/KWhcs) i : M
0 —
1
particles
(g/kWh) @
oL EA i
=
gz sz =
g £g o2 £
a £ 2 g2 8= 4
2 & £ o= &%
s 8 & g£ BX
g = g @3 S g =
@ B = o & 5 "
TE TE 3 §5 ES @
9E TE & EE E £
25 3o S = 3 =3 =
R 2
iz Br ¢ OBE BRI &
Emission values of internal Fig.2
=l combustion engines (full load) ’

4 TSV F IR B HRTIV A

1995 F(Z(X, Basio MHERA RBHIIZRLT L
A NE 550 mm O DF EFEOHREIToFIC. ER
BEZEL NOXx OFEFRORZERWNTHRE—RTOH NOx
BHENELRBEIE 1 TIIRFZEZFEETELLDT. F
MIREFZRALTERBEIEE 2 (2TH5LDAERBALT
L%, %)

2010 £IZIX. Sillanpaeae 5hH' GE & U DF [2DLVT

FERLTWAM, DF 122U TIEIY U HEFE 200 mm.,

340 mm, 500 mm QI DEHFBIZDOVWTRR TNV,
DF (ZYAo=——FIL/XVEFERL., IhNESWED=——F)L

EHRE—FONA/OVrAICERLERE LA BRET

M2 NOx ZERBT 5= FDINAOYRES D

BHA2MIV T LM ZEEFRICHIEL, N/O Y EST

EF2EFAOBREEEED 1%LAIZLTWAEREL

TW5, 0 42 [TYALV=—FR )L/ X)VETFRT,

Figure 5§ - The WARTSILA® twin needle dual fuel
injector.

4294 =—K )L/ X)L %8

2013 FIZIE . Nylund 5 2 (VIO U THETFIR
At GE REDREREIT oz, IRE—FDaVETH
FRFO—VGEEZEDRIBHARNESFEEIN.
ERITREEDYIZZORERICE2ERBORFEEES
D 1%DFRBEERNAND/AMOYMABEF ICLYF RS
5, CNIZKY NOX (XT4—E LD 90%H|BA I EET
IMO NOx Tier Il [CRLIBIEL THIGTES, 1=, A
EFHOKRBELBILV EAROE—. Ryb xR
YEDEE. VIO HDEELGEITOVTHHRELTL
5, OHRE—RDAVET+ER 43 (TRT,

Figure 2: The 2-gtroke DF prnciple with gas
admiszsion (left) and ignition (right)
43 HARE—FOa TR

F7=. Juliussen 5% 300 bar DEKKRH RS EEST D
RAZBA% L. NOx [% 30%HIE TZ IMO NOx Tier Il [Zxt
S TEDHEFHEKRLTIND, OKRBEEIT IMO NOX Tier lll &
%59 BIZIE, EGR 4 SCR D &5t Dt ibAnEL
EZbND, TA—EILELLE LTz NOX fERHIZER 44 [
G I



)
E .....
=
&
g wm
=
om
..... 0 @ W om W m
Engine Load [3)
. Diewinafinance
Lm .
o reference
e o husing
T3
£ we
= 200
a8 410
5 o ] P
= —
448
10
10m +
WM O# W @ W M W m
Load (%)

Flgure 19— BETOME-GI. SFOC and NOx resuls for both Diese
ol nd g3 operaion &t FEfErEnce CondIons and e gas
Gperation at aptimised conamons

44 F4—H )L EHBLT= NOX £ B4 ©0

2016 FIZ[E, Kiesling 5H DF /31 Oy ESHZHLNT
REDDLES SEHHET— 2 I)LES F QMM
DWVTHERLTWS, NMOVMNESTHFELEFESEET
1—EILEFHFOEFFHEZSEEZENROARLES
BEBK[AIVOUVOHBRTHREL. ChoDHERMNS
EPA Tier 4 £#f-d1=0ICIZ/\/OvMNESTEFHE
T1%UTICTEIRELHY. COXHGTIILEFEER
HT—EILEHFFOHAIIEEDEMGENBEIC
HHIEERLTWS, SOy NES FETLES =586
TA—EILEFFOEZEOKRESLIUVAXE—FDLLE
HERERAIZR 45 ~T,

L —
—&— Filat
\Wide Range —a— Wide Range
#
E T g
‘ i e —
1 ]
L1 0
T 8 £
. E
s B3
4
o 2 S
L
Psech °
i
§ ‘ib—-:“:k':_‘:":__—'_ =i—+
0
&
= earfy,
#
3 &
&! 2 !
Figure 13 - Spray vapor phase results with both pilot e 5
and wide range injectors at a diesel mass — i i o
comresponding to 1 % diesel fraction ! o
01 2 3 4 5 8 7 8 8 1011

Pojezer | %

Figure 17 - Comparison between pilot injector and

wide range injector at various energefic diese| fractions

45 NAOYMESFELEFNEHET—EILIEST FOEE
DREE S UHRE—F O LB BRKE R 4] 61

2019 FIZI&, Henke AU ARE 340 mm DER
BIoOUDRET, NAOYMESFOEEN NOXx D
ERICRIFTEELEITODVTHEZERERRLT-,
46 |ZHAEZEENER (COV IMEP) , Bv3h3R (ni) . HI<HE

K[IIyav (NOxi 8&LU CHa) DREEBRFERGIZ R A,
HRECEDFINALEMRE. ERTIvavEbIcEn
BHEREEOTNG, 2

-
- Loanlral,

- ORI -
e w-Dwseniral,

[

] —
%0

COV e

1-»: (;fel__ ; —el_ I ::'J!
-rm:u------ = ---'*"'.%Q-_?_h 2

e

MO 10 Lt

Ao,

:ld j.rﬁ. ‘}_—ﬁ——--Qo:._--_ﬁh___g

NG,
T

X
L

o [ S =
e 30y "

max Pitol mass { mg win

Figure 18. COViwer, mi, MO, CHai at PO25 — Pilot
mass varation; " = %; "" = g'lkWh

46 INAOYMESFHFEEH NOX FIZRIFTHE 2

3. BHYIC

SEIE. P RBIVOUTREEEINTOSER IS
v a3y D—2THH NOx IZDWVWTEBEL. BED
CIMAC K& THRINT- NOX BiERRH/XIZOLTE
[Z CIMAC Technical Database ##HLTCHELT-. A
ZEIL CIMAC THERIN-ETODHIXDABRERELS-
DI TIIENWIEEZSBRULNEE. AR -FAROIERE
RTW=EThEEEZS,

NOx B EDHEMARIEHRIIVIIVIRFIEDERN
B SN DIRFI DB N EDONDEMIERHH
BN AL5ERELE>TNVD, RE, h—Ry=a—Fk
SILIZAFHRREZBRETOIVCSURENEDHLONT
WBH, SN TRESNDIIUDUIZHETEH NOX i
NEAINEZDT, SETO NOx IZETHME-FHED
BAELEA—LTHELILIIEZDHDHLEEZTINS,
SEIBTESLITELLRET 5. - KT OUY
DRBEARIZELVDAMKREL EHRIR - B RN REE
EEESE5ENEBEZAEICABREIHER MV,
Bl COMERNBTEZHERBOLZE HICHYD
ESTETWVELT KB ILBLLEIFET,

SEDOIMEN., BERICESTOLTERRIZITIIEE
LT,

7 #. CIMAC Technical Database [ZLLFDH A+
FATEFEY,
https://www.cimac.com/publications/technical-
database/index.html

CIMAC DR EIFENTHXEA V2 O—RTEET,
(BANRKEEESEDEAREDHE ., BLUHKSR
BENEHRBEBEGEASEDT LV —TESHBLIVEKS
BENESEXEFENFEFLA)EICIMACEETI DT, #HX
J|EADUO—RY—EANTHEATEET . BARBK
BEEESSKEIX. UTOYAMLIHERTEET,
https://www.jicef.org/about_jicef/jicef members.html)




CIERAEELY,

& Xk
1) HFAR. TERANKRKEIICETIHIARERH. M
. Vol.26, No.9, 1991, pp. 465 — 471

2) KHFEBXR.NILHEA, PET—EILHEEIZEITS
NOx DK, fAHEEE. Vol.25, No.5. 1990, pp. 306
-317

3) BAESIRE#E(CbD)REE, XKEIZEITS
KE - BEH R T D EA . 2012

4) MMRXKEERAGFRFZRE S, MEES. Vol.32,
No.6. 1997, pp. 390 — 397

5) ER=ER.FEE NOx HHHRHIDERICHT->TD
FE X, BREMFESREE. No.843, 1999, pp.
640 — 644

6) JIl LA, EfRBEHEIMO)ZE SN0
BRKIIv avAHEEORIEBMESRIIONT,
Bk, Vol.49, No.6. 2014, pp. 750 — 755

7) A. Urlaub and E, Mdiller, Experimental and
theoretical investigations into the question of the
exhaust gas quality of M-diesel engines, 10"
CIMAC Congress, 1973, pp. 457 — 483

8) M. Shibata, CIMAC, PRESENT STATUS AND
HISTORY, 1989

9) A. Neitz and E. Muller, Exhaust gas improvement
in M.AN. automotive engines by controlled
injection, 14" CIMAC Congress, 1981, paper D7

10) M. Kawakami, et al., Investigation on reducing
NO(x) emission of medium-speed diesel engines,
18t CIMAC Congress, 1989, paper D27

11) H. Ohashi, et al., Development of high-powered,
and T. low-NOx Niigata 46HX medium-speed
diesel engines, 19" CIMAC Congress, 1991,
paper D06

12) K. Sgndergaard, et al., NOx control for large marine
diesels, 19" CIMAC Congress, 1991, paper D15

13) S. Gros, Environmental control for medium-speed
diesel engines. 19" CIMAC Congress, 1991, paper
D14

14) H. Miyano, et al., Development of stratified fuel-
water injection system for low-NOx diesel
combustion, 20" CIMAC Congress, 1993, paper
D24

15) P. Boot, NOx-reduction of diesel engines by
combustion air conditioning, 20" CIMAC Congress,
1993, paper D67

16) C.-E. Egeberg and P. S. Pedersen, New
developments of the MC engine for improved
reliability and environmental acceptability, 20%
CIMAC Congress, 1993, paper D12

17) S. Yoshikawa, et al., The development of low NOx
emission Diesel engine, 21t CIMAC Congress,
1995, paper D28

18) A. Veiji and R.-M. Schmidt, 215t CIMAC Congress,
1995, paper D46

19) O. Schnohr and P. Frederiksen, NOx optimizing of
auxiliary engines, 215t CIMAC Congress, 1995,
paper D64

20) H. Kondoh, et al., Influences of fluctuation factors
on NO(x) emission from medium speed diesel
engine, 22" CIMAC Congress, 1998, pp. 803 —812

21) H. Stebler, et al., Reduction of NOx-emissions of a
medium-speed D.l. diesel engine using Miller
System, exhaust gas recirculation, variable nozzle
turbo chargers and common rail fuel injection, 22"
CIMAC Congress, 1998, pp. 857 — 866

22) E. Riom, et al., NOx emission reduction with the
humid air motor concept, 23 CIMAC Congress,
2001, pp. 430 — 439

23) P. Eilts and H.-J. Borchsenius, Available NOx
emission reduction techniques - costs, benefits and
field experience, 23 CIMAC Congress, 2001, pp.
422 — 429

24) J. Hupli, et al., Humidification methods for reduction
of NOx emissions, 24" CIMAC Congress, 2004,
paper 112

25) N. Kihara and T. Kusaka, Application of ZrO2-type
NOx sensor for on-board measurements of engine
emissions, 24" CIMAC Congress, 2004, paper 169

26) K. Takasaki, et al., NOx Emission from Bunker Fuel
Combustion, 24" CIMAC Congress, 2004, paper
87

27)1S08178-2:2008 Reciprocating internal
combustion engines - Exhaust emission
measurement — Part 2: Measurement of gaseous
and particulate exhaust emissions under field
conditions(3R7E (& ISO 8178-2:2021)

28) A. Shimizu, et al., Development of large scale DME
diesel power generation plant, NOx reduction
technology by large amount of EGR and DME use
SCR, 25" CIMAC Congress, 2007, paper 62

29) M. Kawakami, et al., Environmental Contribution
with Niigata Marine Diesel Engines, 25" CIMAC
Congress, 2007, paper 28

30) K. Sugiura, et al., Theoretical and experimental
study on measures to minimize the NOx -SFC
trade-off, 26" CIMAC Congress, 2010, paper 205

31) Y. Niki, et al., SCR system for NOx reduction of
Medium Speed Marine Diesel Engine, 26" CIMAC
Congress, 2010, paper, 228

32) T. Fujibayashi, et al., Development of Marine SCR
System for Large Two-stroke Diesel Engines
Complying with IMO NOx Tier Ill, 27" CIMAC
Congress, 2013, paper 29

33) R. Bank, et al., High-Pressure SCR at Large Diesel
Engines for Reliable NOx-Reduction and
Compliance with IMO Tier Il Standards, 27"



CIMAC Congress, 2013, paper 188

34) M. Higashida, et al., Newly Developed Combined
EGR & WEF System to comply with IMO NOXx
Regulation Tier 3 for Two-stroke Diesel Engine,
27" CIMAC Congress, 2013, paper 200

35)K. Sandelin, SCR under pressure - pre-
turbocharger NOx abatement for marine 2-stroke
diesel engines, 28" CIMAC Congress, 2016, paper
111

36) S. Mayer, NOx Reduction to Tier Il Levels on MAN
B&W LGI Low-Speed Engines by Water Addition to
Either Methanol or Conventional Diesel Fuel Qil,
29t CIMAC Congress, 2019, Paper 168

37) T. Nakagawa, The Latest Technologies of NOXx
Emission Control for UE Engines, 29" CIMAC
Congress, 2019, paper 186

38) S. Hamaoka, Yanmar Solutions for Environmental
Regulations after 2020, 29" CIMAC Congress,
2019, paper 276

39) P.R. Danyluk, Improvement of thermal efficiency
and exhaust emissions in 2 cycle spark ignited gas
engines, 16" CIMAC Congress, 1985, paper D48

40) F. Pischinger, et al.,, Reduction of Fuel
Consumption and NOx-Emission of Two-Stroke
Gas Engines, 16" CIMAC Congress, 1985, paper
D68

41)S. Goto, et al., Development of Niigata high
efficiency, low NOXx, ultra lean burn Sl gas engines,
19t CIMAC Congress, 1991, paper D24

42)Y. Itoh, et al., Advance lean-burn gas engines
approach to the co-generation market, 20" CIMAC
Congress, 1993, paper D23

43) S. Goto, et al., Development of high-output, low
NO(x), lean-burn, SI gas engines, 21t CIMAC
Congress, 1995, paper D22

44) H. - J. Schiffgens, et al., Low NOx-Gas Engines
from MAN B&W, 22nd CIMAC Congress, 1998, pp.
1399 — 1415

45) T. Takemoto, et al., 23rd CIMAC Congress, 2001,
pp. 1—16

46) S. B. Gupta, et al., Laser ignition for natural gas
reciprocating engines: A literature review, 24%
CIMAC Congress, 2004, paper 204

47) A. Hanenkamp, et al., New Gas Engines from MAN
Diesel SE, 25" CIMAC Congress, 2007, paper 167

48) T. Tamada and S. Shimomura, Development of
New DAIHATSU 2MW Class Gas Engine, 25%
CIMAC Congress, 2007, paper 248

49) H. Sakurai, et al., Newly Developed KAWASAKI
Green Gas Engine — Top Performance GE, 26%

CIMAC Congress, 2010, paper 189

50) M. Ishida, et al., Newly Developed Mitsubishi
MACH II-SI and Expanding Utilization of Energy
and Speciality Gases, 26th CIMAC Congress, 2010,
paper 109

51)Y.-S. Lee, et al., Newly Updated Combustion
System for HIMSEN Gas Engine, H35/40G, 27"
CIMAC Congress, 2013, paper 142

52) E. Vaktskjold, et al., The New Bergen B35:40 Lean
Burn Marine Gas Engine Series and Practical
experiences of Sl lean burn gas engines for marine
mechanical drive, 27" CIMAC Congress, 2013,
paper 417

53) G. Pirker, et al., Method for Analyzing Prechamber
NOx Emissions from Large Gas Engines, 28%
CIMAC Congress, 2016, paper 130

54) J. Zelenka, et al., Ignition Concepts for Large-Bore
Gas Engines — A Comparison of Spark, Laser and
Diesel Pilot Ignition, 29" CIMAC Congress, 2019,
paper 314

55) Y. ltoh, et al., Development of new medium-speed
engines PA5 diesel and dual fuel, 1985, 16%
CIMAC Congress, 1985, paper D80

56) H.-G. Bozung and F. Fleischer, Service
experiences with different methods of emission
reduction of MAN B&W 4-stroke diesel and dual
fuel engines, 19" CIMAC Congress, 1991, paper
D16

57)G. Besio and P. Tremuli, Design of a
precombustion chamber for a low NOx emission
dual-fuel engine, 21t CIMAC Congress, 1995,
paper D40

58) H. Sillanpaeae and U. Astrand, Wartsild gas
engines — the green power alternative, 26" CIMAC
Congress, 2010, paper 95

59) I. Nylund and M. Ott, Development of a Dual Fuel
technology for slow-speed engines, 27" CIMAC
Congress, 2013, paper 284

60) L. R. Juliussen, et al., The MAN ME-GI engine:
From initial system considerations  to
implementation and performance optimisation,
27th CIMAC Congress, 2013, paper 424

61) C. Kiesling, et al., Detailed Assessment of an
Advanced Wide Range Diesel Injector for Dual Fuel
Operation of Large Engines, 28" CIMAC Congress,
2016, paper 078

62) B. Henke, et al., Investigation of the Dual-Fuel
Combustion Process with Different Pilot Injector
Positions, 29t CIMAC Congress, 2019, paper 364



VI. MAN Energy Solutions (Augsburg) ft iR

1. [FCHIZ
CIMAC FFEE SN EESNT- Frankfurt NSEET
Mannheim, Stuttgart, Uim Z##2HBLTH 3 BRIOECA
235K 112579 MAN Energy Solutions (MANE. S.)
At (B 1)~ 2022 £ 12 A 2 B (&) ITFHEHEENFL
nt=

[ Sy

iy
Mannheim ‘ armstadt
o irzbu

I
ofeleTy”
othenbur
arlsrulN Jhutoa
reuchtlingen

Main Lines s

High speed Trains Only  se—
Other Lines
Shipping Services

Y2 4 AL %E. BiatE. SCR 12&
BB EE R DL T o7 =,
MAN E. SFABERBIZDOVWTUTIZHRET 5,

L

M2 GHG

1 MAN E. S.&#t(Augsburg) 8L U IE

2. WiE
4 [E (& Head of Sales & License Turbochargers &
Exhaust Gas Treatment @ Dr. Daniel Struckmeier K.
Manager of Sales & License Turbochargers &
Exhaust Gas Treatment @ Ragnar Olafsson K& XU
Exhaust Aftertreatment O Peter Lauer K% AL TT
BERNZEL T EKEEBIZEEE AT,

2 Struckmeier K (%) & Olafsson K ()
(Diesel 2 SH#DFEIT)

HARHMKEESS )L HA

3 Lauer K (&) EEE (B)

3. SAMME 2

MAN E. S.I&X. 7T RTIULIIZAWEBLRA YD EE

ERETHY. KARDHAR, TaT7NLTa—TIIELV
TA—ELIOO L BEAESIUMMHEES XT L,

HEFTA®. B#AHE,. SCR 1L M. SHELLUEE

RiEmITOA—REHEREL TS, RttE 2010 &£

[Z MAN Diesel & MAN Turbo Q& #ICKYEEIIESNT-,

%8 . MAN Diesel & MAN Turbo [IZDWWTIEZZT
[FHBESE T4,

S DT T—YE8%5 [ Burmeister & Wain & &t

LR EN., RKD 2 YA UIWBBEOI—rT405 %12
(X, F£12 "B&W" HNE&EFNI TS,

EANTIE, SAtr—ELT=H# E&S v+ —H LU
IS4t —DIFE NBEIESIUZFNHLET
RN, BIIEMBEUZTDHLETTAAVIAN 2
YA EEETEELTLS, BRNEER No.119 THRE
LTLA&ESIZ, MAN #t(3 B&W & HERTIZIE MAN #13%

BOIL—TAK 2 4L EBEDOREEEEFITOTUL:

M. 1980 ERICEEFHRTL. ZITIE 4 49U

DEAF. &t EENMTHhNI TS Y

MAN E. S. (. RI#EZDTIAEU—DMAIZEST

WESND4HAIIILELV 2 A4 ILBEEHRETLTL

%, B O H NEEIE 450 kW HD 82.4 MW T, Fif-.
RERLUVHHMEBRLA 22 MW OHRE—EY, &KX

180 MW D#E&A—EY . BXUHRK 150 7 m¥h DK

BHREBVLREK 1,000 bar DEAHZEHE DAV TLyH—3

A B LUVEELTHY., M REEITEHRE. CP AR

S IEZERIGBHIZERATILNS, MAN E. S.00 84 S &6 (<

(X, ELHEMMHEESRT L A—RERASEN. T

WMELUVHR, TOCREE, 4—VF—FREFAITOL

—wkrhEEND, BEIL. TMAN PrimeServiFS5KT

RFESNTLWAEHRBEDT I4——EREZ(THTE

NTE, RAfE, EICFAY, TOI—9.TFVR RS R,
Fra#fE. (2)T7. AR, dE. 77 REER

D#3120 DEREHLE TH 14,900 ADRZYIEERLT

WBITHIIRT—=H T V=T ThHb,



SEIEARVEDEFRTRETEGA>HBET S MAN
Museum [ZIZ Rudolf Diesel LR #)IZEiE SN -EERA
1 BELABTRINTVNS, TOEEEH 4 ITRT, 55,
ERYVSHIIBAIAUAVIZHARMVIEYEIZR RS
NTW3,Ft. K 5I1ZFT 1968 EMbEESIN TV
SUTILEA—EVED NR20 2 BHHEODYNETILLE
TSNTULVS, (4 (iuﬁu#ﬁ%@%w)

M4 T—EILIUOUEER 1 B

A
5NR20 BSS 7 ILA—EViBiat o

4. Augsburg Ti5 %
TIO9RTNIDIGIE. ROVEREE->TEY., 18405
[ZERII SN, 1897 FIZIEXTA—EILIVDVDHEREDM’
&Y IBETIE. MAN E. S. DK EL-TUNVS,
SEIFEEBOFEFBENSTELHHT, THAMNF
EAEBBLTOEWKRERZ IO TRENTE,
%9 . PrimeServ Academy #Ezkzx RF 1=, B 6 LU
7 IZRTESICEHHMEOEEAFZESL, Ch5HD
HEEFEALTISUNY A= — i8R —4
— AT FURABMEICESRE T, BT RFYIDEEE
BEBELTNL—ZUI BT TS, COELSH
HX VA TEHRELS Y24 LEBIBL TS,
EHICEBFINTOVSREERRPITEUL—ILELE
BRICFTHMIAShIREICHD, Tz, RFDBIHEHEIC
DLWV TH, AENARICLANLTEALA 45155012
FL. &YavHriot= TCT BIAEDE#A TCA
BIHEBRTHRESN ., FRBEOHEL D HYHTL
To TS, TCA BN EHEEM 8 [TRY, SbIT. K
BRBEOFEDROBHMAZERALTEREEILE
BmBLERSNA TV,

8 FMEINTL\S TCT BIEHEDHEIT

THBICE, COMBICIEFEEAERE=EESN DD
IHBBHY. B8 IZRTKICIUOUDITUIr—R%E
ZCEELTEY., MeDMIIIU 05 —REBLEES
NTW o Tz, DUV EAYR  EBELGEFTERRIL
B#TMILTHY., MREERMOMERLIZOEA
2TWLWBELDEHEAIT S,

LBRFIRETEGH LN, IV DMAILTRAE
X 9IZRY,

8 BYITIHBTDISUI/r—R4ES



9 TR Y

Tl BREOEEIZEWNTIX, KRBV TLyy—%3%
AESNTHEY., AVTAVAVMNIRZRBLRZL-,
RELEIBASANERICERNVTERERFEIN T
BENZRTHo1=,

BE. IGERFERTLTEBAICEARIC. BRI
FEuUNLEET I -V KEEEREREBI= Y
NEVTHY., SEREIELTIKEDELHoT=,

5.4 (V)L HE. Bt RLBEBEOR—I+U4
5414 %4914

BWED4FAIILEEELTIE, T4—ELTUY U (DE).,
HRIVPU(GE), Ta7ZIN7a—TI)LI YV (DF) A
EEINTVSHS . MAEH. REETHSIUOHHCIE
DE & &U DF », FeFARE#RICIX GE. DF & U DE
NEAIh TS, VUV ARAZE 175mm Mid 510mm,
HH 500kW H5 20.7MW £ TLSEEFHDMENTEET
5, CCTlR MAERERICAITTIOYSLEZRTH
%,

F9. AKX EEEE KK/ T+ —T U RER
HLU KISV avEIRE., TEeGHEEvr—D BR
HAE, NYT)—NATYIRV AT L, TaTINTa—I
L LNG BFUTOAIALBEICEREZBVNTEY 4 4
AL BBEDTOTSLIEE 10 TRESA TS, (005
STDHY A XENKLTERNYPTTEELS ODEH
[CEDWNTHRAELER)

L51/60DF V51/60DF — 1
L48/60CR V48/60CR ——
L35/44DF |
L32/44CR V32/44CR : ——
L32/40 V32/40 - e
V28/33D STC I
L27/38 L27/38(MDO/MGO)| [ |
L21/31 =
175D —
S.EM.T. Plelstick PAGB STC _
S.EM.T. Pielstick PC2.68 | _
0 5,000 10,000 15,000 20,000

kW

10 AR EHEIA 4 1oL EETOS 5L 10

Fr-. K&K V51/60G B4R . V32/44CR HEEE.
L27/38 B8, 175D B D EZER 11 [ZRT

L27/38DF
11 KRECHAIHE 0

—75. FEF#RE& L TIE. Energy & Storage M AL T
GE. DF.DE OR—rI+UABBAINTNDS, HH. £
NENADTZT7 112 9% 1 DIZELHTRELIZLDZE
12 12R9

w| 51/60G
O| 35/44G
51/60DF
L | 28/32S DF
23/30S DF
51/60
28/32S
27/38S
23/30S
21/31S

DE

10 15
Mechanical output MW

12 Energy & Storage i 4 H AV LT O 5.4 111213

20 25

F1=.V35/44G EU4RSH . 28/32S DF EHBH D4V Eix
13 125R9,

WATLLLCCLCC L (R
Il 1“" \

V35/44G 28/342S DF
13 FERA%EE 1219

5.4.2 iBiAHE

1 RBHROBREIVSCTILKBHRIEER 1127,
RIHIED TCT BT TCA BCHBL TN, BE8%E
Y HEEBIC FERBICLHEETHERNRL EALEAT
{E>THY, ¥, TCF # (I TCR BIHKRLTAE
20%1E 00, SRR LLEBICE AR ERE - BFEARE
Sh.TCP &% TCR BB LTEALLEKENL:
870 0FLMELIEDIETHS,

5.4.3 SCR

BALIBEEE D SCR [ZDLVTIE, IMO NOx Tier Il #8#i
Eiml=3 =, UTITRT . EIZ2 YAV HEETRAS
T3 HP & & 4 (YL TIRAShTWS



LP B Ei& 4 YAV HEETERASA TS LPH 24
FAREEINTLVD, B 14 [TEFE SCR XIFEREZTT .

® 1 BRBEHAR—NI4+UF

BNl | whgm | *TE
TCT | 50 2125 e
TcA| 55 | 2824 min
Tcp | 70 | 0808 | Suwy \ }7,
TeR| 54 | 04000 | Suwn

14 SCR FA%4'S L 1916117

6. BEDRHRBIKR

6.1 49 1Y)LHES. iB##E. SCR

4 AL HEORITRAREEEIL NG, T—EILEHE.
FMRENTEEL 49/60DF T, LT DEHEDIE, 1BV
#1 49/60DF #EAD S EER 15 2R T,

L-Type V-Type

Bore/Stroke (mm) 490 /600
Configuration 6,7,8,9,10 12,14
rpm (min™) 600
Power output / cyl
(KWm) 1,300
B.M.E.P. (bar) 23
SFC* in gas mode V: 6,990
(kJ/kWh) @ 85% load L: 6,990
SFC* in diesel mode V:171.0
(g/kWh) @ 85% load L:171.0

e Diesel mode: IMO Tier Il
Emission Gas mode: IMO Tier lll
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locations/augsburg
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3) https://www.man-es.com/company

4) HMAEFR No.119, 2021.01

5) https://www.man-
es.com/applications/MAN _Museum_Augsburg/

6) https://www.man-es.com/services/man-primeserv-
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13) https://www.man-es.com/energy-
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