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= The group presentation

CMA CGM, a leading world wide shipping group

Led by its founder, Mr Jacques R. Saadé, CMA CGM is the
world’s third largest container shipping company.

CMA CGM Group is today a global enterprise operating on
all the world’s shipping routes and offers the full range of
logistics and transportation services to its customers.

From its base in Marseille, the CMA CGM Group is present
in more than 160 countries through its network of over 655
agencies, with more than 20,000 employees worldwide
( 4,500 in France).
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* The group presentation
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= CMA Ships presentation
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CMA Ships

» Wholly owned subsidiary of CMA CGM group.
» Mission: managing all fleet related operations of the group
owned and bare boat chartered vessels (116 vessels).

* The implementation of the transaction is subject to the prior clearances from the
relevant competition authorities; until then OPDR and CMA CGM remain competitors
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* Global context

» Huge variations of the fuel Bunker Price : 380 cSt $/ton
price. 0
700
600
» Strong pressure of the energy 500 -
cost on the group results. 400 -
300
200

> New regulations. eg :Energy

Efficiency Design Index (EEDI). :ﬁ'ﬂ".,ﬁ',"ﬁ;
4
CMA CGM commitment (Source: Alphaliner)
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* CMA CGM commitment in CO, reduction:

CO2 g/Teu-km CMA CGM carbon efficiency

CMA CGM has established three

major strategic areas of focus: 40%

v" Energy, Climate Change, and Air [ cton
Quality |

v’ Oceans, Marine Environment, S
and Biodiversity

v Innovations, Solutions, and
Sustainable Transport Services

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

CMA CGM set itself the ambitious goal of reducing CO2 emissions by 50% per container per
km by 2015.In 2013, CMA CGM carbon efficiency has improved by 40%, one of the
sector's best performances.
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* The need of consumption modelling

Optimization /

Environmental :
Reduction of

commitment

fuel
consumption

Economic contex

* Jean-Baptiste BOUTILLIER
* Sadok MALLEK

Ship Efficiency - Hamburg - 28, 29 September

Follow and
improve the energy
& ecological
performances of
the container ships

_ Integration of the
Necessity of a model in the

tool to follow various

the dashboards (tools

consumption of follow-up)

Exact
calculation of
the quantity of
combustible to
be consumed
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* The approach

Comparison /

Theoretical data Vs
Real data

Theoretical
consumption model

avigation data

Hydrodynamic studies: Ship resistance

BIG DATA - Econometric / Statistical analysis vs analytic study

Setting the parameters
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= Methodology

Regression of the

Report System navigation data —
Offshor\;:-;)snshore: Determination of the
2 . —
Vessel Voyage Performance equation coefficients
Software

Data Base: t

VRS
Voyage Report on Mathematical support —
Shore The theoretical

equation of
consumption

Comparison Follow-up of
Real data Vs Model container ships
(reference) performances

~

Uncertainty
calculations —
Reliability of the
model

4

(1) Precise estimation of -

the necessary quantity of Exploitation of the
fuel »

(2) Influence of external

parameters (Weather)

model by different
departments
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* The preliminary Model development

Preparation of navigation data

* Data export from VRS
* Data cleansing

Application of the regressions

* Definition of variables then launch of regressions

The theoretical approach

* Theoretical equation of consumption — Mathematical support

Analysis and interpretation of the regressions

* Matching : Theoretical model support with Regressions results
* Validation of the calculations
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* The model parameters

The external parameters
A

Weather
Wind, swell, current...

Class - Vessel

Reference
consumption
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= The parameters selected

Continuous variables

(First regression)

The consumption = Function of —

External Discrete variables

conditions

—>

(Second regression)
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* The theoretical approach

Consumption = [ * (Speed)“

v

In(C) =Ing +alnSp + ¢
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* The results of regressions

13800 TEU Class — CMA CGM LAPEROUSE

Consumption HFO
ME (ton/day)

10 15 20 25
speed

o dayconso —— premiere_regression
deuxieme_regression
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* The results of regression

r A
T T T e e e e e e e e e e — — —— ]
1 source 55 df M5 : Number of obs = 3357 , | b
: IF( 16, 3340) = 2836.83 1 :
1 Mode] 666. 255205 16 41.6409503 lprob > F = 0.0000 : 3
. Residual 49.0267477 3340 .014678667 jR-squared = 0.9315,|¢
. 1Adj R-squared = 0.9311 1|
: Total f15.281952 3356 .213135266 :.Root MSE = 12116 : "
X 1T ,
1 1
: mmp 1dayconso Coef. std. Err. T P=|t] [95% Conf. Interwval] :
: 1speed 2.416784 .012799 188.83 0.000 2.391689 2.441879 .
' Tdraft . 0486282 . 0202928 2.40 0.017 . 0088406 . 0884157 .
1 bystern . 0105157 . 0052602 2.00 0.046 . 0002022 . 0208292 .
1 bybow —. 0452146 . 0065239 -6.93 0. 000 —-. 0580058 —-.0324235 I
: wind_speed_2 - 0292606 . 0056636 5.17 0. 000 . 0181562 . 040365 .
1 wind_speed_3 - 0507822 - 0060141 B.44 0. 000 - 0389906 . 0625738 :
1 wind_speed_4 - 0914604 . 0070638 12.95 0. 000 . 0776107 -1053102 1
' wind_speed_5 -.2004761  .0082036 24_44 0.000 -1843914 . 2165607 X
1 wind_dir_1 . 0419107 - 006404 6.54 0.000 . 0293545 . 0544669 ’
: wind_dir_2 -.0384713 . 0063797 6.03 0. 000 . 0259627 . 0509799 |
. wind_dir_4 —. 0700084 .006826 -10.26 0.000 -.083392 -.0566248 X
1 wind_dir_5 —. 0960802 - 0060287 -15.94 0. 000 —. 1079005 —. 0842598 1
X vespucci - 0306051 .0066608 4.59 0.000 . 0175455 -0436647 :
1 colomb - 0232977 . 0066293 3.51 0. 000 . 0102997 . 03262956 s
1 cortereal -0149423 - 0068068 2.20 0.028 - 0015963 . 0282883 1
X magellan .0102133 .0067275 1.52 0.129 -. 002977 . 0234037 X
1 —_cons =2.30559 -0510389 -45.17 0. 000 -2.405661 -2.205519 1
1 ]
1 ]
1 d
1 d

Consumption =14+ Z(e aip _ 1) x; | * e(constant+aspeed*1n( speed)+aqrqfe*In(draft))

L
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* Final equation of the consumption

Cﬂnsumptiun — exp E:Eunstant+t:5peed*ln[apeed:l+tt[|,.aft*ln[draft:}:] -

(1 + ﬁtrim +ﬁwi11d_speed i ﬁwind_sectur L ﬁvessel ]
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* Model improvements

e Update of input data

(Evolution of the daily reports , updating the vessels list)

e Modification of the existent filters
(Navigation duration, Extreme value of the speed and the consumption)

e Application of new filters
(Trim, speed range according to container ships class)

e the reference values

(vessel, trim) ‘

Improve the reliability / robustness of
the model
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* Trim Optimization

DAILY GAIN.

GAIN 12 m Draft -11.400 TEU
Yo GAIN

&

—_— 22 5 Kis

The optimal trim depends
on speed and draft.

BINuR0D JBONY
AARAARAARAAOR
BRAGRRABRTE AT

HHTHI

TRIM (m)

.
-2 -1,5 -1 -0,5
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* Trim optimization

e For the old model, the trim takes a fixed coefficient independent of
speed & draft.

mmiRjs cretization of the trim parameter (depending on speed &
draft range ).

mmia)p|oitation of the numerical calculations (CFD) and the model
tests results to obtain a theoretical coefficient for the trim.
(Correlation: Developed Model — Numerical calculations)
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= Development of a tool to present the results

e Storing the regression results (Equation coefficients )

® Presenting the results as consumption curves.

Vessel J Class Draft {m) Trim Wind Force (Bf) Wind Sector
CMA CGM LAPEROUSE ¥ | Class 13800 14 Even Keel 3 Travers
=R000==" L 125 Chaizir the TRIk Chaizir WIKD FORCE [BF] || Chaoisir WIND SECTOR
Chkdd Cakd JULES YERME 12
ChAd CER A WON HUMBOLDT 135 T By Bow 0 34 arriére
Cha CGEM MARCO POLO 1 34 Face
145 I By Stern 2 Arrigre
13800 15 2m By Stem R || Face
Chdd CEM LAPERDIJSE 5 4
Chid Clakd AMERIGO WESFUCC il i K W
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= Presentation of the results

1 4

Run Calcul-New Model-1 Yessel Class Diraft [m]) Trim Wind Force [BF) Wind Sector Run Calcul-0ld Model-1
Cha CGM JULES YERMNE Class 16000 & I By Stern 3 Travers
Combustible consumption Model (HFO tons per day) s

Consumption HFO ME ( ton / day)

Clear2
9 11 13 15 17 15 1 23

Speed (Kts)

Yesszel Class Draft [m] Trim wWind Force [BF] wind Sector Run Calcul-0ld Model—2
Chid CGM MARCO POLO Class 16000 13 1m By Bow 5 Arrigre

Run Calcul-New Model-2
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= Presentation of the results

Run Calcul-New Model-1

Yessel

Class

Draft (m)

Trim

wWind Force [BF]

Wind Sector

Chi& CGM JULES YERMWE

Class 16000

16

I By Stern

3

Travers

Run Calcul-0ld Model-1

Combustible consumption Model (HFO tons per day)

Clearl

Qi cei—C WA CEMW LULES VERME--1
—— Qichodei=CMA DG MARCO POLD-2
=8~ Mevhiociel=CMA CGM LILES VERNE =]
—— Mewhiode-CMA CGM MARCO POLO-2

Consumption HFO ME ( ton / day)

Clenr 2

4 1 13 15 17 19 i} 3
Speed (Kts)
Run Calcul-New Madel—2 Yessel Class Draft (m) Trim Wind Force [BF) Wind Sector Run Calcul-0ld Modal—2
Chia CEM MARCO POLO Class 16000 13 Irn By Biow 5 Arriére
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= Presentation of the results

Run Calcul-New Model--1 Vessel Clazs Diraft [m] Trim ‘wind Force [Bf) |  'Wind Sector | Run Calcul-0ld Model-1
Ch44 CGM JULES VERME Class 16000 L T By Sterry 3 Travers
Combustible consumption Model (HFO tons per day) i |

Gap =10 % at 19
knots

== Mevehiociel=ChA CGM JUILES VERNE=]
—i— Newhdode-CMA CGM MARCO POLD-2

Consumption HFO ME ( ton / day)

! & ¥ y E Clear 2
9 n 13 15 17 15 Fa 13

Speed (Kts)
Vesael Clasz Draft [m) Trim Wind Force (BF) | Wind Sector iy =
Run Calcul-New Model-2 T e = 171y o - e Run Caleul--0ld Model-2
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" Inclusion of the evolution of ships

The external parameters
A

Weather
Wind, swell, current...

|

Class - Vessel

Consumption
=mm) estimated
-Reference

1

Evolution of ships (Improved hydrodynamics,
Modification of the main engine... )

. * Jean-Baptiste BOUTILLIER Fuel Consumption Models | 2 CMASHlPS

Sadok MALLEK Ship Efficiency - Hamburg - 28, 29 September




= Solutions for existing fleet to reduce consumption

® The Slow Steaming
(Decreasing the navigation speed)

® Installation of a Turbo-Charger Cut Out
(Deactivation of a Turbo-Charger / Low load running)

e The Dry Dock
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= Solutions for existing fleet to reduce consumption

Bulbous bow modification
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= Solutions for existing fleet to reduce consumption

Propeller Boss Cap Fins (PBCF)

Without PBCF : a With PBCF
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= And next ? Global optimization concept !

Three areas to adjust the vessel hydrodynamics performances and the propulsion
efficiency to the actual and future operation profiles.

—_—
—
G \I‘

=8 J
l I!r-,!,ﬂ.
T,

I
| |
|

l
I
Th I o o b
e propeiier: - c .
, pk nth | | |5 i e The bulbous bow:
Mmakes the vessel moving. . .
S th g It’s tuning is linked to the Fropt part of the vessel. The
Its design is dependent of entire water flow along the
th | 4 h propeller and the
e vesse an er . . i i i
. . operation profile. hull is dictate by this part.
operation profile.
Less power needed for the
same operation thanks to
the new bow and new
* Adapted bulbous bow for propeller (second saving) * Less power required = Main
slow steaming operation
* Less power needed =

Less power needed thanks different propeller

J Engine can be adapted
to the adapted bow for the

same operation (first
saving)

Combined Fuel saving
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* The follow-up of the performances

Example: CMA CGM OTELLO - Bow modification

Vessel Class Draft (m) Trim Wind Force (Bf) Wind Sector
CMA CGM OTELLO 8500 OTELLO 13 Even Keel 3 Travers

Combustible consumption Model (HFO tons per day)

L

—0ldModel-CMA CGM OTELLO-1

A./ ~7% gain at 18 == Newh odel-CMA CGM OTELLO-1
/ knots, but depends |
on speed, weather

condition...

Consumption HFO ME ( ton / day)

T T T T T T 1
9 11 13 15 17 15 21 23

Speed (Kts)
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* The follow-up of the performances

Example: CMA CGM MARCO POLO - Optimal configuration for Draft & Trim

—

Yessel

Class /]

Draft [m]

Trim

—
Wind Force [BF) wind Sector

Chia CGM MARCO POLO

Class 16000

14

2m By Stern

3 Travers

Consumption HFO ME ( ton / day)

Combustible consumption Model (H}Q tons per day)

\

Gap = 1,5 % at 20

knots
——MNewModer-CMA CGM MARCO POLO--2
11 13 15 17 15 21 23
Speed (Kts)
/
Vessel Class // Draft [m]) Trim ind Force [BF] Wind Sector
Chdd CEM MARCO POLO Class 16000 ( 16 m By Bow 3 Travers
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* The follow-up of the gap (Model Vs Reported)

The period of over/underconsumption can coincide with a specific crew ...

Gap (%) Model Vs Reported Data

Navigation period

15,00% :
i |
10.00% Underconsumpti 'n ~ .
on (\ /[ N\ /\
- AN V//
0,00% : /\ /"‘\ - }. : - —_— - — | e Gap - CC FIGARD
|
-5,00% V o 1
/ \ / ' Overconsumpti
-10,00% e }
1 on
-15,00% i
22/11/2013 11/01/2014 02/03/2014 21/04/2014 | 10/06/2014 30/07/2014 18/08/2014 07/11/2014 27/12/2014 15/02,/2015
Navigation period
Gap (%) .
10,00% Underconsumpti
on
200 \/v"" T ] /
|
. | | \ I\ | AN\ /
1 | m—(ap - CCTIMUS
- | \ /—\/ '
- 1 1
1000% Overconsumpti : ;
on ! |
-15,00%
22/11/2013 11/01/2014 02,/03/2014 21/04/2014 10/06,/2014 30/07/2014 18/08/2014 07/11/2014 27/12/2014 15/02,/2015
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* Industrialization of the model

> Integration of the models in the dashboards

» Automation of modelling (ongoing)

DSaIW C":{&Jt | Adjust Scale|
ooooo : Vrl
1,250 1,250
® Sea State
1,000 1,000
750 750
- Curmul Fuel 500 500
250 250
=~ Cumul Fuel model
0 0
250 -250
0 2 3 4 5 8 10 1 12 1 14 1 16 1
Da”y chart | Adjust Scale|
Source : Vrb
200 200
® SeaState
2 Daily Fuel 150 150
100 100 == Daily Fuel Model
50 50
o 0
-50 50
0 1 2 4 5 8 10 11 2
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* Industrialization of the model

Bosniaand H ovina - Republic of Serbia
CMA CGM DANUBE, 9365 Teus @ ll Ew
more information for 9674517
MEX : Bosphorus Express
Mantenegro Bulgaria Required Speed Checked Speed Average Speed
Koagvg 16.03 knot(s) 14 knot(s) 16.9 knot(s)
RPM: 56 MCR %: 32.7
Macedonia Trim 0.16m by stern OK
Optimal trim om
Albania .
Next Call Izmit (TRIZT)
(Source: VRB) 4 Sep 2015 10:00 (UTC) / 165 nm
4 Sep 2015 13:00 (LT)
Anchor time in Izmit 31 min
{ [(Average on: 08/2015) i
Last Position .
(Source: CLS) 16 Turkey
d Last Vessel report (UTC) 3 Sep 2015 05:00 (DAILY)
Email master.cmacgmdanube@skyfile.com
‘_ Phone + 47 2367 3246
Danube
.
LS
&
L3 - e
Narthern Cyprus
Cyprus S
Fidelio
Lzbanon
H Amerigo Vespucd
Elbe
West Bank
Daily chart Adjust Scale
Source: Vrb
1,250 10
i EMEL]
1.000 SeaState: 4D s
, Cumul Fuel: 1,110.1 t
Cumul Fuel model: 1,090.38 t
750 6
- Cumul Fuel 500 E 4
250 2
=¥ Cumul Fuel model
0 0
-250 -2
0 1 2 3 4 5 6 7 8 S 10 n
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* To conclude

* The Model limits are related to quality and amount of data(especially

for small vessels).

( Improving the quality of reports — Increasing frequency — Installing new instrumentation
for a better collect of weather data)

=» Ongoing Project: Automatic Collection Data
* The modelis implemented in several dashboards

* Maintaining and improving the model

( Automation of modelling)

* Integration of the model in other projects: Fleet Center, Lines,
Bunkering, Chartering...

‘ mplicity, ease of use and portability.
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