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 CIMAC  ( 2017 5  )  

CIMAC * 

CIMAC  ** 

1. 2017 5 12 11:00  16:00 
2.  

Angloitalia Golden Palace Hotel  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
3.  

CIMAC NMA(National Member Association)
CM(Corporate Member) 26

CIMAC ( )
( ) 2  

4.  
K.Heim 

WG
CIMAC  

 
1  

Mr. Abiven, Francois    Total Lubricants  
Dr. Aufischer, Rainer    Miba    
Mr. Callahan, Timothy J. Southwest Research 

Institute (SWRI)  
Mr. Coppo, Marco       O.M.T.  
Mr. Heim, Klaus M.      O.M.T  
Mr. Jakobsen, Ole Graa  A.P. Młller � Mærsk  

 
Mr. Kettmann, Axel      ABB Turbo Systems  
Mr. Klima, Jiri           PBS Turbo  . 
Mr. Kloppenburg, Piet    Techno Fysica   
Dr. Lee, Don-Chool Mokpo National Maritime 

University  
Mr. Li, Shusheng Prof.    Chinese Society for 

Internal Combustion Engines (CSICE)  
Mr. Müller-Baum, Peter  CIMAC Central Secretariat 

c/o VDMA  . 
Dr. Östreicher, Wolfgang . Winterthur Gas & Diesel  

 

 
Dr. Poensgen, Christian   MAN Diesel & Turbo 

   
Mr. Slama, Jens          VDMA   
Mr. Smythe, John H.      Infineum International  

 
Mr. Takahata, Yasuyuki   Yanmar  
Mr. Thekke Purayil, Anirudh CIMAC Central 

Secretariat c/o VDMA   
Mr. Vervaeke, Lieven  Anglo Belgian Corporation 

 
Mr. Yamada, Tomoo    JICEF  
Mr. Zhang, Shoupu     Rake Forester Köln   
Ms. Guenther, Dorothee CIMAC Central Secretariat 

c/o VDMA   
Ms. Pelzer, Martina     CIMAC Central Secretariat 

c/o VDMA   
Ms. Salmi-Lindgren,Merja Technology Industries of 

Finland  
Ms. Spitzer, Johanna     Fachverband 

Metalltechnische Industrie   
Ms. Zhang, Didi-Dandan   Chinese Society for 

Internal Combustion Engines (CSICE)   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
5.  
5.1  

Heim
 

CIMAC Compliance 
Program  

 
5.1.1  
5.1.2  
5.1.3  
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CIMAC CASCADES
2018 2019 2020  
2019 CIMAC  

JIN  
5.1.4  

(1) CIMAC Compliance Program  
CIMAC CIMAC Compliance Program

 
MNA

(strongly recommend)  
CIMAC
 

(2) PR  
 

 
Social Media Twitter Linkedin 

Wikipedia 
(3) MTZ Industrial CIMAC  

 
5.2 CIMAC  

 
 

 
 

 
5.3 CIMAC  

NMA(National Member Association) 14
 

 
2

NMA  
CM; Corporate Member 2  

AVL Croatia Transocean Maritime Agency, 
Monaco 

CIMAC 2019 Vancouver (
) NMA  

12  
 

5.4  
 (1) Tonon Maersk Maritime Technology  

(Vice President  Users) 
  Mr.Ole Graa Jakobsen 

Maersk Line Vice President  
(Head of Fleet Technology) , 

     

 (2) Heim Kettmann Communication
CIMAC Strategy
�Task Force�  

Vision 2030 2019 CIMAC

 
Fundamental Scope of CIMAC 
CIMAC�s approach to important industry topics 
Global presence- North America, Far East, India 
CIMAC Scope and Objectives review 
CIMAC public relation (PR) 

External Topics Internal Topics
 

 External Topics;  

 
Zero Impact (Emissions) 

promote commitment(public statement/press 
release) 

IMO  
 

Digitalization & Big Data 
 

how to get players/how to get data 
System Integration 

( )  
Internal Topics;  

Scope & Structure 

�position/white paper� 
 Global Presence 
 CIMAC users

 
  
 Public Relations (PR) 

�Internal Topics� PR
Task Force 

 
�PR Strategy� 2017

 
5.5 WG   

(1) WG10 �Users�  

 
User Data Base  

 

 
 

(2)  WG �Azimuth and Non-Conventional 
Propulsion Mechanisms�  
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ABB Marine, Rolls Royce
WG20 sub-group  

IMO IACS 
 

 
ABB Marine, Rolls Royce, CAT, Siemens, 
Niigata, Voith Turbo, Veth Propulsion, ZF 
Marine, Schottel, Echandia Marine, Bronvoll  

(3) WG  
WG  

   9 �WGs Week�  
   WG �Users�  

5.6 CIMAC EVENTS 
5.6.1 CIMAC CASCADES CIMAC CIRCLE  

2017  
5 4-5 , CASCADES,  
5 31 , CIMAC Circle at Nor-Shipping,  
6 28 , CIMAC Circle at POWER-GEN,  
10 ,CIMAC Circle at SMM INMEX, 

 
10 18-19 , CASCADES,  
12 7 , CIMAC Circle at Marintec China,  

2018  
  CASCADES ( ) (TBD) 

6   CIMAC Circle at POWER-GEN,  
 

9 6   CIMAC Circle at SMM 
 

CASCADES,  
 
5.6.2 CIMAC CASCADES 2017

NMA  
2017 5 4-5  
Technology Industries of Finland 

 Smart, Clean and Efficient Energy 
Conversion Solution 

Social event TALLINK SILJA LINE 
1

LNG �MEGASTAR�
5  

5.6.3 CIMAC CASCADES 2017,  
2017 10 18-19  
Double Tree Hotel, Seattle 

 Challenges with Natural Gas Rail and 
Marine Fuel 

 
5.6.4 CIMAC Circle  
  (1) CIMAC Circle at NOR Shipping ( ) 

:  May 31, 2017 (14:00-16:00h) 
: Oslo, Thon Hotel Arena 

   :  Green Shipping � What is it all about? 
  (2) CIMAC Circle at Power-Gen  

:  June 28, 2017 (10:00-12:30) 
 : KOELN MESSE  

   :  �Why the Energiewende needs flexible 
dispatchable power generation with gas� 

:   Axel Kettmann, CIMAC   
(3) CIMAC Circle at INMEX SMM 2017  

Oct. 4, 2017 
Mumbai, India  
Challenges and opportunities in meeting 

theTier III standards and other emission 
requirements 
  

5.6.5 Gastech Exhibition & Conference 
 

LNG LNG
2017 4 4-7
 

2018 9 17-20  
CIMAC CIMAC CIRCLE

 
5.6.6 ISME TOKYO 2017 

10 15-17  
5.6.7 CIMAC 2019  

 
Application; ship, power-gen, locomotive 
System; system integrators 
Users  

User�s Day  
 

CIMAC 2017 7  
5.7 CIMAC  
5.7.1 CIMAC  

5.7.1 36,045
 

5.7.2 CIMAC 2016 2017  
5.7.2  

2016
Boom

 
2016 38,593

468,469
 
2017 8,000

 
 

5.8   
2017 11 21-22   

  VDMA 
2018   
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5.7.1  2016 CIMAC  

5.7.2  2016 2017  



�

�

1  WG 2017 5  



�

�

�Azimuth and 
Non-Conventional 
Propulsion 
Mechanisms�
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. CIMAC WG2 Sub-Group �Propeller Damping� 
 (2017 2 )  

 
CIMAC WG2  

  * 
 
1.  
   MAN Diesel & Turbo

CIMAC WG2 Sub-Group �Propeller 
Damping�  

SG 3
IACS
 

   

 
IACS  

  IACS  

 
 

( ) SG Secretary
Chairman SG

 

 
2.  

  2017 2 15 ( ) 10:00 16:00 
  2017 2 16 ( ) 09:00 15:00 

  MAN Diesel & Turbo 
(Copenhagen, Denmark) 

3.  
 

No.   

1 Mr. Toby Ramsay / Chairman Stone Marine Propulsion 
2 Mr. Atsushi Yamada / Secretary Mitsui Engineering & Shipbuilding 
3 Mr. Chris Leontopoulos ABS 
4 Mr. Kian Banisoleiman LR 
5 Mr. Geir Dahler DNV-GL 
6 Mr. Dimitris Sideris DNV-GL 
7 Mr. Sebastian Persson MAN Diesel & Turbo 
8 Mr. Peter Orthmann MAN Diesel & Turbo 
9 Mr. Henrik Huse Nłrgaard MAN Diesel & Turbo 
10 Mr. Michael Munk MAN Diesel & Turbo 
11 Mr. Robert Gläser Winterthur Gas & Diesel Ltd. 
12 Mr. Heinz Keller Winterthur Gas & Diesel Ltd. 
13 Mr. Michael Steidl Hasse & Wrede 
14 Mr. Stephan Bohmeyer Hasse & Wrede 
15 Mr. Michael Dylla Vulkan 
16 Mr. Han Nijhuis Centa 
17 Mr. Recep Uzun Caterpillar 
18 Mr. Klaus Prenninger Geislinger 

Guest  
1 Mr. Christian O. Rasmussen MAN Diesel & Turbo, Chairman of WG2 
2 Mr. Per Rłnnedal MAN Diesel & Turbo 
3 Mr. Jens Hłjgaard MAN Diesel & Turbo 
4 Mr. Kim R. Hansen MAN Diesel & Turbo 
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4.  

  

1) MDT Rłnnedal MDT
 

CIMAC WG2 Chairman
Christian Rasmussen CIMAC

 
2) 

Krüger

 
3) 3  

1 MDT Orthmann 6
( )

 
( ) Grim s 

theory
50%

Orthmann 3 Krüger discussion
 

2 Win GD Keller CPP
( )

 
Geislinger damper

Zero pitch
(damper

) 

3
( )

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MDT Orthmann  
 

4) 
Krüger

MDT

MDT
Win GD  

  

1) Win GD Keller MDT Win GD
IACS UR M51

 

Barred Speed Range Power Margin BSR PM
BSR PM

10%  

BSR 30
 

BSR 30
BSR

 
 

MAN Diesel & Turbo MDT �
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2) wording
2

3 CIMAC WG2
CIMAC WG2 IACS MP

 
 

3) MDT Persson Kim Hansen BSR 
PM  

Bollard Pull curve BPHR
BPHR

MDT BPHR
15-20% 17.5%

BPHR 20%
BPHR

 
 

4) MDT Kim Hansen
BPHR

kW/ton BSR
 

1) IACS
BSR PM  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

MDT Persson  
 

 IACS  

1) Ice class rule 
Worst case time domain

 
Win GD Keller Ice class 

rule  
 

2) Win GD
Ice impact shock 

torque simplify
 

IACS
2016 7

SG

 
5. Chairman  

Chairman Stone Marine
Mr. Ramsay

Chairman Chairman Win 
GD Mr. Gläser Secretary

 
6.  
   Winterthur Win GD 2017

9  
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кккк----ииии.... CIMAC WG 2 Classification  
 (2017 3 )  

 
CIMAC WG 2 Classification   

    
 

1.  
Hoerbiger 2017 1

WG2 meeting
 

 
2.  

  2017 3 6 ( ) 14:00 17:00 
2017 3 7 ( ) 09:00 14:00 

 Hoerbiger GmbH, Vienna, Austria  
 
 

 
 
 
 
 
 
 
 
 
 
 

Hoerbiger GmbH  
 
 

3. 21  
Mr. Christian O. Rasmussen / Chairman 

 (MAN Diesel & Turbo, Denmark) 
Mr. Stefano Furlan / Secretary (Wärtsilä, Italy) 
Mr. Klaus Buchmann (KBB, Germany) 
Mr. Thomas Halwachs (Hoerbiger, Austria) 
Mr. Klaus Heinrich (ABB, Swiss) 
Mr. Piet Kloppenburg (Techno Fysica, Holland) 
Mr. Anirudh Thekke Purayil (CIMAC, Germany) 
Mr. Frank Lutz (DNV-GL, Germany) 
Mr. Martin Just 

(MAN Diesel & Turbo, Germany) 
Mr. Rick Boom (Woodward, Holland) 
Mr. Andreas Wenholt (Caterpiller, Germany) 
Mr. Thies Koelin (Caterpiller, Germany) 
Mr. Mathius Fetscher (MTU, Germany) 
Mr. Axel Metzger (MTU, Germany) 
Mr. Mats Fanspets (Scania, Sweden) 
Mr. Udo Storm (BV, Germany) 
Mr. Mark Penfold (ABS, UK) 
 
 
 

Mr. Peter Müller-Baum (VDMA, Germany) 
Mr. A. Yamada (MES, Representative of JICEF) 

Guest 
Mr. Thomas Winter 
Mr. Mathias Glathe 

(MAN Diesel & Turbo, Germany) 
Apologies  

Mr. Francesco Sciacca (RINA, IACS MP Chair) 
Mr. Muhdar Tasrief  

(PT Biro Klasifikasi Indonesia) 
Mr. Michael Drew (Cummins) 
Mr. Erwin Reichert (FEV) 
Mr. Jens Slama (VDMA) 

 
4.  
1) Oskar Kümin  

WG2 New Secretary  

   Secretary Win GD Oskar Kümin
1

1  

NewSecretary Sub-Group(IGF-IGC code)
Wärtsilä Italy Stefano Furlan

 
2) MoM  

 
3) WG2 Sub-Group  

   WG2 5 Sub-Group
Sub-Group meeting SG 

�Propeller damping� WG2
2  

Sub-Group
 

 Sub-Group �Turbocharger� 
Project Manager ABB Klaus Heinrich  

IACS UR M73
containment too strict

 
2

New requirement  

 Sub-Group �FAT & TAT� 

Project Manager Wärtsilä / Italy Stefano 
Furlan  

IACS UR M44/M51/M71
UR

4
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9 IACS MP Joint meeting
Derate

 
 Sub-Group �Terms & Definitions� 

Project Manager MTU Friedrichshafen
Mathius Fetscher  

IACS UR UI

Fetscher High work load 5

 
 Sub-Group �IGF-IGC code� 

Project Manager Wärtsilä / Italy Stefano 
Furlan  

WG17 Gas Engines IACS 
MP IGF/IGC

2 IACS MP CIMAC
IACS MP

 
 Sub-Group �Propeller damping� 

WG2 Project Manager JICEF
Sub-Group Chairman Win GD

Mr. Gläser  

Sub-Group 3

IACS UR M51

 
IACS MP PT

6
Sub-Group

IACS PT
 

4) New Sub-Group 

WG2 discussion item IACS UR M77
Storage and use of SCR reductant

UR M77 SCR Steel pipe 
(non-combustible) 

OK
MDT-A Martin Just

 
5.  

WG2

 

IACS MP New Chairman RINA
Mr. Francesco Sciacca

 

 

 

 

 

6.  
2017 9 25 27 Frankfurt

VDMA WG IACS MP Joint 
meeting  
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. CIMAC WG4 �Crankshaft Rules� 
2017 3  

 
CIMAC WG4�Crankshaft Rules�  

*  
1.  

WG4
 

 
2  

 2017 3 14 15  
  
Wärtsilä 

28  
T. Frondelius (Wärtsilä) 

Bruno Plaisance, Alexander Rieß,  
FrØdØric Klockars (MAN D&T),  
Carsten Thorenz(FEV GmbH),  
Joerg Leyser(Caterpillar),  
Juho Könnö, Pasi Halla-aho, Jyrki Suutala, 
Aulis Silvonen, Antti Mantyla, Hannu Tienhaara, 
(Wärtsilä),  
Nikola Naranc� (AVL),  
David Bell (Ricardo),  
Jochen Schmidt, Richard Ulmer (Alfing), 
Rammon Saiz, Emilio de Diego (Sidenor),  
Anirudh Purayil(VDMA),  
Andrew Wormald (Cummins),  
Geir Magne Bakken (DNV-GL),  
Jürgen Niedernolte (MTU),  
John Dowell (GE Transportation),  
Rafal Kolasa, Ronald Hamann (CELSA),  

(MHI ),  
,  ( ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hotel CUMULUS, Vaasa  
 
 
 
 
 
 

3  
MBS(Multi body simulation

 
4  
(1) Modeling and Dynamic Analysis 

Multi body dynamics

 
 
(2)  

 
 
 (3)  

IACS UR M53 K-factor
Appendix

Clean Steel
DNV-GL

K-factor 1970

 
 
5  
2017 9 25-26 VDMA Frankfurt, Germany 
2018  3 13-14 AVL Zagreb, Croatia 
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. CIMAC WG5 Exaust Emission Control  
2016 12  

 

CIMAC WG 5 Exhaust Emission Control   

   

1  
2016 12 9 FEV

FEV 59
CIMAC Exhaust Emission Control Working Group(

WG )
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FEV  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
2.  2016 12 9  
3. FEV Aachen 
 
 
 
 
 

4  
22

 
Dr U S-Kelling (FEV)  
Mr. H Korpi (Wartsila Finland)  
Mr J Boij  (Wärtsilä Finland)  
Prof. B Buchholz (FVTR GmbH)   
Mr H-J Götze  
Mr M Osterkamp (DNV-GL) 
Dr S Hensel (Winterthur Gas & Diesel) 
Mr A Aota (Mitsubishi Heavy Industries Europe, Ltd.) 
Mr B Mestemaker (IHC MTI BV) 
Dr. J Wright(ABS Europe limited) 
Mr. R Oldenburg(MAN Diesel & turbo) 
Ms. Michael Witt (MAN Diesel & turbo) 
Dr. H H Poulsen(MAN Diesel & turbo) 
Prof R Rabe (Universität Flensburg) 
Mr J Sato (Niigata Power Systems Co., Ltd.) 
Mr. PURAYIL, Anirudh Thekke (CIMAC Central  
  Secretariat, Germany) 
Mr. A Widmann (VDMA) 
Dr G Weisser (ABB Turbo) 
Dr. I Vlaskos(Ricardo Deutschland Gmbh) 
Mr. David Meyers (SwRI) 
Ms. Ping Tao(Shanghai Marine Diesel Engine 
Institute) 
Mr. D Schwarz(RR/MTU) 
 
5 FEV  
Dr. Dirk Bergmann FEV FEV

80 VCR
2 CFD

3  
140-210mm 200-400mm 480-700mm  

Pmax 300bar  
FEV  
 
6.  
(1)  IMO  
MAN Oldenburg ESSF 
meetings MEPC 69 MEPC 70

PPR4  
� MEPC70 NECA  
 
0.5 2020 1
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 CG MEPC71

 
 

PPR4
 

 NOx MEPC71

 
 IMO

 
 SCR
PPR4  

  
1

 

SCR  

SCR
 

 IMO Tier2,3
 

 EEDI
EUROMOT

MEPC70 IMO
 

EEDI Ro-Ro / Ro-Pax
 

 
MEPC69 Map PPR4

MEPC71  
EUROMOT

2020 0.5
 

PPR4
MEPC70 EUROMOT

SCR 1 Map
EGR

EGCS
 

(2) IACS Project Team 
IMO IACS UI DNV 
GL Osterkamp  
� SCR MEPC70 PPR4

 
� 2016 5 10 ICS IACS

1
Map  

(3)  EU Stage5 
EU

VDMA Widmann  
� NRMM

2017 1
20

 
(4) EU  

RR/MTU Schwarz EU
 

� PM  PN HC CCNR / 
CESNI  

(5)  
SwRI Mr. David Meyers US

 
 

2016 6 18
NOx, PM, HC, CO, Sox

NOx  
 2016 6 29 Environment Canada SI

US EPA

 
US  

 

 
 GHG 2 EPA

LPG

 
 US Tier5

NOx  
 US GHG

 
(6)  

 
 

 
 3 2016 1 1
SECA

 
 NECA  

(7)  TA Luft  
TA Luft

VDMA Widmann  
 2016 9
2017 4 2018 1
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 SCR
8  

 HCHO 2018 2019 2 30mg/ 3
 

  
 300
CO,NOx PM 5 mg/m3  

  
 

THC, 1mg/m3
VDMA  

 (8)  
Wartsila Boij

 
 50 MWth EU LCP (Large Combustion 
Plant) BREF(Best Available Techniques 
Reference) (June 2016) HFO

NOx NO2 SO
 

 NOx NO2 HC
 

 2016 BAT
BAT 2017

EU 2017
JRC EIPPCP
EU LCP  

� IFC (International Finance Company) EHS 
(Environment Health and Safety)

2 6
EHS Offshore Oil & Gas Development, 
Vegetable Oil Processing  Wind Energy, 
Plantation (Perennial) Crop Production (March 
2016), Annual Crop 
Production (March 2016), Petroleum Refining 
(November 2016)  

� 1 2  
(9)  

SMDERI Tao
 

� 3 2016 1 1
SECA

 
� DF 

CH
1 2017 1 2 

2020 1  
� 

DF(Deterioration Factor)
 

 
 

� Marpol73/78 ISO8178
E3,E2,C1,D2 

 
(10) SCR  

MAN Diesel & turbo  Witt
SCR  
� 50 330

SCR SCR
SCR

SCR

 
(11) WG7  

MAN Abo WG7  
� IMO MEPC70

WG7
 

(12) WG17  
WG5

 
� HC

TA-Luft

WG17  
7. FEV  
� FEV

FEV
18

 
8  

2017 6 13 14
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. CIMAC WG5 Exaust Emission Control  
2017 6  

 
CIMAC WG 5 Exhaust Emission Control   

   
 

1  
2017 6 14 MAN Diesel & turbo

MAN 60
CIMAC Exhaust Emission Control Working Group(

WG )
 

MAN  
 
 
 
 
 
 
 
 
 
 
 
 

MAN  
 
 
 
 
 
 
 
 
 
 
 
 
 
MAN DiselHouse MAN  
 
2.  2017 6 14  
3. MAN Diesel & Turbo

 
4  

23
 

Dr U S-Kelling (FEV)  
Mr. H Korpi (Wartsila Finland)  
Mr J Boij  (Wärtsilä Finland)  
 
 
 

Mr H-J Götze (Consultant) 
Mr M Osterkamp (DNV-GL) 
Mr A Aota (Mitsubishi Heavy Industries Europe, Ltd.) 
Mr B Mestemaker (IHC MTI BV) 
Mr. M Ioannou (ABS Europe limited) 
Mr. M Penfold(ABS Europe limited) 
Mr. R Oldenburg(MAN Diesel & turbo) 
Mr. P Simmank (MAN Diesel & turbo) 
Prof R Rabe (Universität Flensburg) 
Mr J Sato (Niigata Power Systems Co., Ltd.) 
Mr. P A Thekke(CIMAC Central Secretariat, Germany) 
Mr. A Widmann (VDMA) 
Dr G Weisser (ABB Turbo) 
Mr. T Callahan (SwRI) 
Ms. P Tao(Shanghai Marine Diesel Engine Institute) 
Ms. K S Jensen(Alfa LavalAalborg A/G) 
Mr.M Engelmayer(LEC Gmbh) 
Mr.B Andreas(Caterpillar Motoren GmbH & Co. KG) 
Ms. M Sara( Wärtsilä Italia) 
Guests: 
Ms.D Jacobsen(MAN Diesel & Turbo, Denmark 
(Cimac WG8) 
5 MAN Diesel & turbo  

Mr. H.Jensen (MDT) MAN 2
4

2
 

6.  
(1) IMO  

MAN Oldenburg ESSF 
meetings MEPC 69 MEPC 70

PPR4  
MEPC71 6 3-7  
ESSF 
EU IMO 2021

2023
 

EUROMOT ESSF WG
NO

 
PPR4 

CG MEPC71
 

FO S 0.5 2020
 

IMO MARPOL
ISO 8217 MEPC71 

 



�

	����	�

�

CIMAC WG7
ISO  8217

 
IMO

MEPC 71/5/1 0-0.1
HFO 20.-3.0  
EGR

15ppm 25FNS
 

SCR MEPC71
A

A B
SCR 2  

Teir
 

BC  PPR4  
PPR5 2

0.5
IMO  

EU PM BC

 
PPR5  BC

 
PPR6 2019

 
FSN  
WG5 WG7( )

WG
IMO  

1  
PPR4 MEPC71

 
NO EU

 
MEPC71 IACS

 
DNV-GL
PM NOx  
US MEPC71

 
EGCS 2015

MEPC68
 

EU  
MECP71(2017 ) PPR5(2018 )

 
NO (IACS UI MPC51 revision 
(MEPC71/5/4)) 

D2 E2
EU E2

 

DNV-GL

 
GHG THC

 
(2) IACS Project Team 

IMO IACS UI DNV GL
Osterkamp  

MEPC70
MEPC71

2008 3.2.1  
NO

 
DNV-GL  
https://www.dnvgl.com/maritime/publications/studies-
papers.html 

(3) EU Stage5 EU  
EU

VDMA Widmann  
EU Stage V EU 2016/1628-Stage V 2016 9

2017 2
300 W 2019 2020

 
US EPA PM  
56-560KW

2018  
(4)  

SwRI Callahan US
 

 
2015 75

70ppb
 

EPA 1380bhp
NOx 0.05g/bhp h O2 15

 
(5)  

 
 NECA  

 
(6)  

SMDERI Tao
 
GB 15097-2016

2014 7 2016 7
1st 2018 7 1 2nd

2021 7  
SMDERI 2017 4  MEP (Ministry of 
Environmental Protection)

1.5 6g/kWh
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3

 
5 CIMAC W19

LNG ADC 320 MG23
 

(7) TA Luft  
TA Luft

VDMA Widmann  
TA-Luft2017 2002  
MCPD (Medium Combustion Plant Directive)  
TA-Luft th BlmSchV EU

VDMA
 

Diesel 1mg/m3 dust at 5%O2
VDMA  

(8)  
Wartsila Boij

 
EU LCP BREF Final Draft (IED Article 75 committee 
meeting April2017)
NOx  225 190 mg/Nm3 
(15% O2)  
SIS MIS 2025
2030  
50MWth  
HFO/ Gas  1500

NOx Dust 5-10 mg/Nm
 

4
 

HP eu.europa.eu/environment/ 
IFC .EHS   

8 2017  
 50 MWth 2

 31.5.-30.6  
 (mg/Nm3 , 15% O2, dry)

 NOx 200 mg/Nm3 , 
DF 400 mg/Nm3  NO

SCR 50-300 MWth 1460-1850 
mg/Nm3 , >300 MWth 740 mg/Nm3  PM limit 
50mg/Nm3  PM

 
2017 6  
NO 50  

 
(9) WG7  

MAN Jacobson WG7 CIMAC
WG

 

ISO 8217 7  
S 0.5%

 
ISO LNG WG 

EN 16726-2015  
WG8  

WG7  
2020 HFO S

 
2017 50 IMO NOx 

3 . 
 
7. WG5  

WG5
 

2017 9 27 WG
WG5 VDMA

2017 11 WG5  
2018 5 12

2 9 3
WG 2017 9  

 
8. MAN DiselHouse  
WG5 MAN DiselHouse

MAN

1933
H.C. 

Ørsted engine 840mm
1400mm 115min-1 24.5 m  
12.5 1,400 . 15 MW
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кккк----мммм.... CIMAC WG 7 Fuels  
 (2017 3 )  
 

CIMAC WG 7 Fuels   
   

1.   
2017 3 15 16

Winterthur Gas & Diesel Ltd. Win G&D
76 CIMAC WG7 Fuels

 
 
 
 
 
 
 
 
 
 
 
 

-1  Winterthur Gas & Diesel Ltd. 
 
2.  76 CIMAC WG7 Fuels  
1) 2017 3 15 16 1.5  
2)   
3) Winterthur Gas & Diesel Ltd. 
4) 40  30 10  
5)  

 
Kjeld Aabo ( ) MAN Diesel & Turbo, Denmark 
Charlotte Rłjgaard( )Bureau Veritas, 
Denmark 
Akihito Aota MHI Europe, UK 
Aldo Caiazzo Shell, Netherlands 
Alexandre Caldeira  ANP, Brazil 
Alonzo Jimenez CEPSA, Spain 
Andrea Pastorino Infineum, UK 
Atsushi Takeda Nippon Yuka Kogyo/NYK,  
Barbara Heyberger TOTAL, France 
Christian Bruns GEA, Germany 
Daniel Peitz Win G&D, Switzerland 
Dorthe Jacobsen MAN Diesel & Turbo, Denmark 
Holger Jacobsen VISWA LAB, Germany 
Jean Saboret Exxon Mobil, UK 
Jeroen de Vos VPS, Netherlands 
John Stirling World Fuel Service, Norway 
Jorn Kahle Maersk, Denmark 
Kai Juoperi Wärtsilä, Finland 
Maarten Boons Chevron Oronite, Netherlands 
Maurice O’Donoghue Intertek, UK 
 
 
 

Martin Barnes BP, UK 
Mats Englund Alfa Laval, Sweden 
Michael Banning Innospec Fuel Specialties, UK 
Monique Vermeire Chevron, Belgium 
Philippe Renaud CMA-CGM, France 
Stefan Schmitz Boll&Kirch, Germany 
Tarmo Mäkelä Parker Hannifin, Finland 
Timothy Wilson Lloyd’s Register Marine, UK 
Thomas Porep VIRIDES Solutions, Germany 
Torsten Mundt DNV GL, Germany 
 

 
Anirudh Thekke Parayil VDMA(CIMEC), Germany 
Dax Van Diepen Maersk Oil Trading, Denmark 
Douglas A. Martin   Defense Logistics Agency, USA 
Jason Breslaw BP, UK 
Konrad Räss Win G&D, Switzerland 
Luca Baldini Eni SpA, Italy 
Martial Claudepierre Bureau Veritas,France 
Masahide Nakagawa MKK EUROPE B.V., 
Netherland 

Muhammad Usman Lloyd’s Register, UK 
Seiichi Oka Mitsubishi Kakoki,  

6)  
 

 
Sub-Group SG  

 
 

3.  
3.1 

 
10 3

6 Parker Hannifin VPS
 

30

 
3.2  Sub-Group SG  

1) SG WG7 �Fuels�
4 SG1-1 CFR

SG5 LNG SG6 
SG9 ISO 8217 2017 3
SG1-2 SG7 SG10 

3
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-2   
 
3.3  
3.3.1 CIMAC WG ISO8217  

CIMAC WG
ISO8217

WG  
1) ISO8217

ISO8216 8217 2017
25

23
3 19 6

 
2) CIMAC WG17 

CIMAC WG WG8

Gas engine & exhaust gas after treatment
 

3) CIMAC WG5 

CIMAC WG 7 8 10 17

 
4) CIMAC WG8 WG

WG WG10 WG17

 
3.3.2  

Mr. Kjeld Aabo MAN Diesel & Turbo MDT
2020

ULSFO SCR

 
3.3.3 LNG  

LNG 4
 

1) Mr. Jason Breslau BP LNG
LNG

LNG
 

2) Mr. Tarmo Mäkelä Parker Hannfin LNG

 
3) Mr. Martial Claudepierre Bureau Veritas IGF 

2017 1 1
LNG

IACS
SGMF The Society for Gas as a 

Marine Fuel LNG
ISO/FDIS 20519 Specifications for bunkering of 

LNG fueled vessels  
4) Mr. Daniel Strödecke Win G&D

 
3.3.4 EU MRV  

Mr. Torsten Mundt DNV GL
EU CO2

EU MRV Monitoring, Reporting and Verification
2017

3 European Sustainable 
Shipping Forum ESSF verification and accreditation 

 
3.4  Sub-Group SG  
3.4.1 SG1-1 CFR 
1) 2005 CEN

CFR Certified Flow Rate
CWA 15375:2005 en ISO

EN
3 GEA
SG  

2) 3
CWA 15375

Mr. Tim Wilson Lloyd�s Register IACS
CIMAC 

WG2 Classification ISO
ISO/TC28/SC4

2020  
3.4.2 SG 1-2  
1) MAN

Cleaning of heavy fuel oil (HFO) and fuels 
<0.1% S How to remove cat. Fines 2 MDT

Al+Si
FO

10�m
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http://marine.man.eu/docs/librariesprovider6/service-
letters/sl2017-638.pdf?sfvrsn=8  
2) CIMAC No.25 Recommendations 

concerning the design of heavy fuel treatment 
plants for diesel engines

Cleaning system onboard
 

3.4.3 SG 5 LNG  
1) SG LNG for marine 

fuels 1. 2. 3.

 
3.4.4 SG 7  
1) 

 
3.4.5 SG 9 ISO 8217 2017  
1) 2017 3 ISO8217:2017

FAQ CIMAC Guideline providing 
answers to FAQ from ISO 8217:2017

3 24
 

 
http://www.cimac.com/publication-press/publications/

wg-publications350/cimac-wg07-guideline-iso-821
72017-faq.html  

MEPC

ISO ISO
ISO/TC28/SC4/WG6 2020

 
3.5   
3.5.1 ISO 8217 7  

Ms. Monique Vermeire Chevron ISO 8217
3 14 15

ISO WG 6 ISO 8217
 

1) MEPC70 ISO 8217 7

SG

2017/9
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
CIMAC Guideline providing answers to 
FAQ from ISO 8217:2017  
 

SG1

SG2 ISO8217 Table 1 2

SG3 SG
0.50

 
3.5.2 Win G&D Diesel Technology Center

 
15 Win G&D

Diesel Technology Center
2

Winterthur
 

 
 
 
 
 
 
 
 
 
 

-3   
       Win G&D Diesel Technology Center 

 
4.  77  
1) 2017 9 26 28  
2)  
3) VDMA CIMAC  
4) ISO8127  

WG WG5 -
WG8 WG10
WG17
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. CIMAC WG 8 Marine Lubricants  
2017 4  

CIMAC WG 8 �Marine Lubricants�  
* 
 

1.  
2017 29 4 4 5 GE 

Jenbacher factory
63 CIMAC

WG8 Marine Lubricants

20

2 1964 1976

-1 2  
 

2. 63 CIMAC WG8�Marine Lubricants "  
1) 2017 4 4 5  
2)   
3) GE Power 
4)  31 -  

CIMAC
Jacobsen Boons 31

-3 4
 

 
3.  
3.1  

3
 

Gas Engine Lubrication Guideline  
   Update-4-Stroke 

Gas Engine Lubrication Guideline 
Update-2-Stroke 

Corrosive Wear 
 

2
4-Stroke 2-Stroke 

2
 

 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-1   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-2   
GE Jenbacher factory  

 
 
3.2  

GE Power GE Jenbacher factory
GE Jenbacher factory
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3.3 WG  
GE Power Patrick Frigge Distributed 

Power Gas engine lubrication challenges
2

 
Winterthur GD Konrad Rass WG

2-Stroke Corrosive Wear
 

Dorthe Jacobsen ISO 8217
IMO 0.5

ISO 8217
Cold flow properties 0.50%S Fuels Stability

2020 0.5 S

 
 a. Deposits 
  i. Combustion chamber 
  ii. Fuel injection system 
 b. Fuel cleaning 
 c. BN depletion 
 d. Lube cleaning(4S) 
 e. Life time 

 
3.4  

Parker Hannifin Stuart Lunt On-board 
and Online analysis techniques

 
 

3.5 UOA Used Oil Analysis  
Winterthur GD Aegean  

Chevron  Castrol  Sinopec  JXTG  Shell  
Lukoil  Total Oelcheck 10min UO

Used Oil

 
Used Oil Analysis

 
 
 

 
 
 
 
 
 
 
 
 
 
 

-3  1 
 

 

-1   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-4  2 
 

3.6  
9/27 29 VDMA

CIMAC
 

CIMAC WG8 

 
a. WG17-Gas engines 
b. WG5-Emissions 
c. WG7-Fuels 
d. WG10-Users 
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4.  

 

4/4
self-paid dinner -5  

4/3

-6

 

-7 8  
 

 
 
 
 
 
 
 
 
 
 
 

-5  Self-paid diner  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-6   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-7  1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-8  2 
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1.  
2017 4 4

CIMAC WG15
 

 
2.  
2.1  

MAN Diesel and Turbo, Copenhagen, Denmark 
2.2  

2017 4 4  9:00 16:00 
2.3  (13 + 3 ) 

Rick Boom (Woodward, Netherlands)
*Chairman 
Fredrik Ostman (Wartsila, Finland) *Secretary 
Achim Przymusinski (AVL, Germany) 
Claus-Michael Strenger (MAN Diesel & Turbo, 
Germany) 
Stefan Ihmor (MTU, Germany) 
Eric Rosenlund (MAN Diesel & Turbo, Denmark) 
Andrea Grun (DNV GL, Germany) 
Maria Carmela Signorile (Winterthur Gas & 
Diesel, Switzerland) 
Andrea Grun (DNV-GL, Germany) 
Martin Greve (AVAT, Germany) 
Hiroshi Akase (Nabtesco, Japan) 
Teruki Nishioka (Nabmic, Netherlands) 

 
Christian Rasmussen (MAN Diesel & Turbo, 
Denmark) 
Torbjorn Moller (MAN Diesel & Turbo, Denmark) 
Ralf Stokholm (MAN Diesel & Turbo, Denmark) 
 

3.  
3.1  MDT  

MDT
Moller

 
3.2  JICEF  

3 23 WG15

Boom
 

�  
JICEF

NK
 

 

� IACS UR M3/E13  
JICEF

 
�  

 
3.3  WG20 System integration  

WG15
 

3.4  WG2  
Rasmussen WG2
WG2  
WG2

IACS  
� Propeller damping 
� Use of fuel with different properties 
� Turbocharger 
� FAT & TAT of engines 
� Interpretation of IGF-IGC code 

3.5  WG  
� 17 9 WG

WG15
9 26  

3.6  IACS UR M3 & E13 
� IACS MP 16902a UR M3

 
� 2

UR M3
 

� 

 
� 2017 5 CIMAC

IACS MP
WG15

4/21  
3.7 IoT 
� 

 
1  
2

 
3  
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WG15

 
� IACS MP

 
� 9 WG

VDMA Anirudh Purayil Industrie4.0

 

3.8  IEC61508  
� 

 
 
4.  

2017 11 23  
Winterthur Gas & Diesel  
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1  
 

 
 

 

BAILEY, Andrew INFINEUM 
INTERNATIONAL  

BAUFELD, Torsten AVL LIST 

BOOM, Rick 
WOODWARD
GOVERNOR
NEDERLAND 

DIJKS, Albertus N.V. NEDERLANDSE 
GASSUNIE 

GANSSLOSER, Frank AVAT AUTOMATION 
GLOW, Oliver ESSO Deutschland 

GOTO, Dr. Satoru NIIGATA POWER
SYSTEMS 

GREVE. Martin AVAT AUTOMATION 

HAMPSON, Greg WOODWARD
GOVERNOR USA 

HERDIN, Gunther PROFESSIONAL GAS 
ENGINE SOLUTIONS 

HERDIN, Rudiger PROFESSIONAL GAS 
ENGINE SOLUTIONS 

JOHNSON, Ryan D. SOUTH WEST 
RESEARCH 

KLIMA, Jiri  PBS TURBO  
KRYGER, Michael MAN DIESEL 

LAIMINGER, Dr. 
Stephan GE JENBACHER 

LEPEL, Dr. Mirko ABB TURBO SYSTEMS 

MATTHEEUWS, Luc  ANGLO BELGIAN 
CORPORATION 

NOTARFRANCESCO, 
Mark 

WOODWARD
GOVERNOR 

PARK, Hyun Chun Hyndai Heavy Industries 
PORTIN, Kaj WARTSILA 

RANEGGER, Gerhard HOERBIGER 

ROECKER, Ryan SOUTH WEST 
RESEARCH 

SELL, Jan DNV GL 

STELLWAGEN, Karl CATERPILLAR ENERGY 
SOLUTIONS 

THEKKE Purayil, 
Anirudh 

VDMA 

VERVAEKE, Lieven ANGLO BELGIAN 
CORPORATION 

VLASKOS, Dr. Ioannis RICARDO 
WIDMANN, Alexander VDMA 
WILKE, Dr. Ingo MAN DIESEL  

WIMMER, Andreas TU GRAZ LEC 
YASUEDA, Dr. Shinji GDEC 
 
 
 

2  
2.1  

WG
WG5  

 

 

WG Lepel
Stellwagen Greve Wilke

 
CIMAC
 

2.2  
2.2.1 EU  
Mr.Widmann VDMA EU

 
MCPD Medium Combustion Plant Directive 

MCPD EU 1 MWth 
<50 MWth TA-Luft

 

Xth 
BlmSchV Green Air Pollution Law

TA-Luft  
 

1 2017 12 19 MCPD EU
 

2 2018 12 20 MCPD  
 

3 2021 1 CO EU
 

4 2023 1 CO
 

5 2025 1 1 > 5 MWth

 
6 2029 1 1 5 MWth

 
NO 95mg/mn

3 

@O215%(1/2-TA-Luft 250mg/mn
3 @O25% )
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TA-Luft Xth BlmSchV 
TA-Luft Xth BlmSchV 2  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TA-Luft  

1 TA-Luft 2017 TA-Luft 2002 + 
Formaldehyd  

2  
NOx CO 100mg/Nm3 1/5  

CO
 

CO 100mg  
300mg 

THC1300mg =1 300mg  
1 mg / m3

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
BImSchV  

1 2017 12 2017 4
BlmSchV

2017 9
5

 
2 2016 9 TA-Luft

 
3

 
THC

1mg/Nm3 @O2 5  
  
  

1  

2 TA-Luft Xth BlmSchV  
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2.2.2>ÌEU !Þ�qG:GG��2A0¦1ŸFþ�·�¥  
G‰Mr.WidmannH�VDMAH�FÿFȨU Fþ!Þ�qG:GG��2A0¦1Ÿ

Fþ�·�¥FûFôFÔFö���ÌFçFïF¹ 
H�H
H�EU G:GG��2AFþ1*�ô 
G‰FãFþ1"8ŸFþ*ü��Fø% $×FÿF¸EU 6ëFþ%&�«4 #Ý�öF¸+¬#ä

�ìFÚG�G�!Þ�q'�Fø�j)% ;Fþ�¨�]�ìFû��3>Fû�P�ÂFé
G�FãFøFûG�G�F¸EU 
ÆFþG:GG�j)%Fþ�ó
²�öFø�w��Fþ
&��–G"�WG�F¸G6G[GyG<GŠGAGGGVG"�P�öFéG�FãFøF÷FÒ
G�F¹ 

G‰FãG�G�F÷Fþ)�4#FÿF¸EASEE G:GGFþGAG•GKGŠGEG0GnFû
G�FóFö�f�LFåG�Fï�¦8oF¸AþD�WIH�G4G7GQGg�æ�XH�H�46.5
HZ 54 MJ/Nm3F ̧ MNH�GoGMG•�oH�Fÿ�•��*OF¸D 9×%ò
;ä�µ�w5�H��q�± 30 mg/m3>ÌF¸D!GeGwG>GcG{GŠFÿ�•*ƒ
�ÖFøFåG�FïF¹AÿFãFøFû�PFçF¸G6G•GFG•��#úFÛG�FÿF¸D�
WI Fþ�±�œFú�š�·FÿG:GG�o�AFþ�Y�ó���ö�e8ŸFÜ#Õ
FêG�F¹D 9× ð�Ø%ò;äFÿ+I8×�e8ŸG"#ÕFêG�F¹/æ*(Fþ
*•�‚�öFû�e8ŸG"#ÕFêG�F¹D GeGwG>GcG{GŠFû��FÖG:GG
�ö"gFþ�Y�ó���öFÿF¸���ŠFúFù�ö+��VFþ�e8ŸG"#ÕFê
G�F¹� "á�*�WF¸G\GQG;G•G>$Î#ÕFþ�e8ŸFÜFÒG�F¹FøFþ
�o1=FÜFÒFóFö1Ÿ1=FÜ)E)FFåG�FöFÔFïF¹2016 �ºFÛG�
3 �º6ëFþ�£��F÷ WG 
ÆFûTFH�GMGGG=GcG7GŠGGH�G")…
�BFçH��W3 �g!·H�F¸G�FøG�FöFÔFßFøFåG�FöFÔG�F¹ 

G‰TFH
F÷FÿF¸G4G7GQGg�æ�XFþ(
�VF¸�š�·�œFúFùFûFôFÔFö
1Ÿ1=FÜ��G�G�G�FöFÔG�F¹ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2.3>Ì �¥�•Fþ���Ì>Ì >Ì 
G‰�‹.(�¶H��‚ ²�N�·�µH�FÿF¸�\Fþ6×�‡G6G[GyG<GŠ7Â)%0b

3ûFçFþ�ö�•�N�NFø�z0[Fú�vG�)�G�H��ó
²F¸7Á�Š�ó
²F¸
)��í� "áF¸#”�CH�G"1��ÂFçFïF¹  

G‰�³!›G:GGF¸
Ì#Õ�•+�G6G[GyG<GŠFþ�<#Ý�•4
FÜG6G[Gy
G<GŠ�‹'ÇFþ�MFôF÷FÒG�F¹ 

G‰7c#Ý$Î7Á0¿
�F÷FÿNOxFŞOxF¸G�FÔFèG#Fû0d�D�ÍFÜ
FÒG�FÜF¸GoGMG•F¸COFÇO2 FûFÿ0d�D�ÍFÿFúFÔF¹+ç#Ý
G6G•GFG•FÿIMO TierB¡0d�D�ÍFÜ$Î� FåG�FöFÔG�F¹ 

2.2.4>ÌUS EPA / ASTM FÛG�Fþ�q�‚Fþ�f�‚  
G‰Mr.Roecker(Southwest Research)FÿF¸(•�\Fþ0d�D

�·�¥G"���ÌFçFïF¹  
G‰EPA FÿF¸G8G•G‰G]G2G4G5G2FþG=GwGG8 G6G•GFG•Fø34�gFþ

GHG G"0d�DFçFöFÔG�F¹NMNHHCH�8�GoGMG•F¸8�G6GM
G•!c�ì�È(òH�Fþ1�0É�m)FFÿGcG5GŠGH2GHG 0d�DFû
0d��FåG�FïF¹ 

G‰G8G•G‰G]G2G4G6G2FþG:GGG6G•GFG•FÿF¸OBDH�On Board 
DieselH�2018 �º0d�DG"G=GxG0FéG�6ä$ÎFÜ�²0[FøFúG�F¹
�ÚFþ�w��F÷FÿG�FðFãFþGzGgGyFþ0d�DFÿ!“FÔF¹ 

G‰0d�DFþ0b3ûH�EPAFÜG_G2GeGwG2G•G�G:GG3z3æFþFïG�Fû
�è0¦�pFþGoGMG•0d�DFÿF¸�‚�;�’F÷Fÿ�P7VFåG�G��•+�
�öFÜ9×FÔF¹ 

G‰EPA FÿF¸�±�ºG\G•G‰G{GŠGWG‰G6G•GFG•FþGoGMG•G:GG�<��G"F¸
�aFúFßFøG�H��º6ëFÿ0d�DFçFúFÔFø�N�9FåG�FöFÔG�F¹Fã
FþFãFøFÿF¸�±�ºG:GGG6G•GFG•FøGUGsG0GyG‰GcGsGŠG6GyG‰
G6G•GFG•FûFÚFÔFö5�0[Fú�–�áFÜFÒG�F¹ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2.5>Ì �p�\FÛG�Fþ�q�‚GYGsGŠGG 
G‰Mr.BoomH�WOODWARDH�FÛG�F¸�p�\Fþ0d�D�·�¥Fþ

���ÌFÜFåG�FïF¹ 
G‰
Æ7c���]4 /œG:GGG6G•GFG•H�DF G"�µG�H�Fþ�<�¼G:GG0d

�DH�China 1H�2018 �º0d�DH�FÜ�f&gH�GB 
15097-2016H�FåG�FïFÜF¸G�Fð$Î� FçFöFÔFúFÔF¹ 

G‰0d�D�P1ßFûGoGMG•FÜ�µG�G�G�F¹WG19 Inland 
Waterway Vessels F÷G�0ð8ŸFøFúFóFöFÔG�FÜF¸0d�D

�W3>Ì G:GG��2A0¦1ŸWG Fþ�/�D  


