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IMO took urgent action to support the UN SDG13!

Adoption of mandatory
energy efficien:
regulations for ships
under MARPOL Annex VI
- Eneray Effclency Design

Index (EEDI) fov new ships,
VR Erey € Fian (SLEMP)
ahagerment pian ( EEDI and SEEMP Approval of the
REGULATIONS for all ships (15 July 2011) enter into force Third IMO GHG
Study 2014

(Octover 2014)

2013 2014

‘Mmgamn of clmate
change” Global
Programme included in Adoption of

IMO's Integrated Technical resolution on
Cooperation Programme promotion of
(ITCP), later renamed as technical co-
“Energy Efficiency” operation

Global Programme and transfer of
technology relating
to the improvement
of energy

efficiency of ships
(MEPC.229(65))

PROJECTS /
IMPLEMENTATION
SUPPORT

Global Maritime Energy
Effici IencE Partnershil
Project (¢
with 10 lead pilot countries
- a Global Environment
Facility (GEF)-United Nations
Development Programme
(UNDP) 5 IMO project

IMO-KOICA (Korea International
Co-operation Agency) GHG
project on building capacities in
East Asian countries 1o address
GHG emissions from ships

2015

IoMEEP) Iauncheﬂ

Adoption of a mandatory
IMO Data Collection
System (DCS) for ships

10 collect and report fuel

ol consumption data from
ships over 5,000 gt

EEDI phase 1 in effect -
10% reduction in carbon
intensity of new ships

2016

Global network of five
regional Maritime Technology
Cooperation Centres (MTCCs)
launched under IMO-executed
GMN project, funded by the
European Union

Low Carbon Global
Industry Alliance launched
under GIOMEEP project 1o
support an energy efficient
and low carbon maritime
transport system

»> EEDI

2017

Adoption of the IMO

with a vision to reduce GHG

emissions from international

shipping and, as a matter
icy, aiming to

phase thermn out as soon as

possible in this century and

setting levels of ambition

and set of short-, mi

and long-term candidate
measures (April 2018)

GIoFeulIng
Partne
pm]el:l
with 12 Iead countnes
1o tackle biofouling

on Ships to adcress
bioinvasions and
support energy
efficiency gains
through cleaner huls,
A Global Environment
Facility (GEF) -United
Nations Development
Programme (UNDP)-
IMO project

» SEEMP/EEOI

»> EEXI
> CII

2018

IMO adopts
procedure to
assess the
impacts of States
of candidate
measures

First year of
mandatory
mporﬂn?

of fuel oil
consumption
data to the
IMO Data
Collection
System

IMO GHG Technical
Cooperation Trust
fund established

IMO Symposium on
IMO 2020 sulphur limit
and Alternative Fuels

Resolution adopted
on voluntary
cooperation
between ports and
ships 1o reduce
emissions (resolution
MEPC.323(74) of
May 2019)

IMO-Norway
GreenVoyage2050
Project i

faunched to support
implementation of the
Initial Strategy and pilot
project demonstrations

{May 2015)

2019

Approval of the
Fourth IMO

GHG Study 2020
(November 2020)

EEDI phase 2in
effect - up 0 20%
reduction in carbon
intensity of new ships

2020

GloFouling Global
Industry Alliance
established 10
address biofouling

IMO-Republic of
Korea GHG SMART
project faunched

1o develop training to
support developing
States to reduce
emissions from shipping
(October 2020)

Launch of IMO -EBRD-
World Bank FIN-SMART
Roundtable on Financing
Sustainable Maritime
Transport (October 2020)

Resolution adopted on
Encouragement of
Member States to
develop and submit
voluntary national

action plans (o

address GHG emissions

from ships 1reso\ul\on
IEPC.327(75) of

November 2020]

1 PEACE, JUSTICE
AND STRONG

DECENT WORK AND
ECONOMIC GROWTH

1 PARTNERSHIPS
FOR THE GOALS

INSTITUTIONS
.,

Adoption of short-term
measures (EEXI, ClI) to
reduce carbon Imanslly
of all ships by 40%

3030, compéred to 2008

Agaregated results
of the 2019 fuel

consumpﬂon data
collecti stem

&)cpé gzgnzne?‘ m{)m

2021

IMO Symposium
on alternative
low-carbon and
zero-carbon fuels
(February 2021)

IMO-Germany
Blue Solutions
Project for Asia
project established
(April 2021)

IMO-Singapore
NextGEN project
launched fo connect

lecarbonisation
initiatives (April 2021)

2022

Initiate consideration of
mid-term measures under
Phase | of the Workplan
(October-November 2021)

EEXI survey requirem
Further consideration
of assessment of
impacts on States

of candidate GHG
measures (October- Carbon intensity
November 2021)

Revision of the IMO

EEDiphigse 3 Initial GHG Strategy

effect for certain
ship iygon with
up 1o 50% carbon
intensity reduction
for new build large
containerships

Start of carbon
intensity data (Cll)
collection under the
short-term measure

2023

IMO-UNEP Maritime
Zero-Low Carbon
Innovation Forum
(September 2021)

taike aftact. (Notamba 5032)

measures enter into cffect



Why Minimum Propulsive Power Assessment?

P x SFOC x Cr Vs2 x SFOC x Cr

EEDI = x
(g/ton'-nm)

Capacity x Vs Capacity
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Why Minimum Propulsive Power Assessment?

P x SFOC x Cr Vs2 x SFOC x CF
EEDI = < ;
(g/ton-nm) Capacity x Vs Capacity

32,000 ‘

Propeller curve in
adverse weather
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Under-powered ships are unsafe!

Weather-Vaning; Escape from coastal
water; Course-keeping at limited speed
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Why Minimum Propulsive Power Assessment?
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Development of IMO Guidelines for MPPA

2010 EE-WG 1 Consideration of safety issues related to the EEDI

2010 MEPC 61/5/32 safety implications of EEDI were considered & Indicates the need to maintain a minimum
speed in adv. conditions

2011 MEPC 62/5/19 &INF.21 Draft interim guidelines for minimum propulsion power to ensure safe manoeuvring in
adverse conditions

2012 MEPC 64/4/13 & INF.7 Proposal of guidelines to determine min propulsion power

2013 MEPC 65 Resolution MEPC.1/Circ.850/Rev.1 : Interim Guidelines valid for Phase 0 of EEDI (2013-
01-01 to 2014-12-31); Revokes the Interim Guidelines MSC-MEPC.2/Circ.11.

2014 MEPC 67 Resolution MEPC 255(67) : Amendments to the 2013 Guidelines, Phase 0 and 1 (~2019)

2015 MEPC 68 Resolution MEPC 262(68) : Amendments to the 2013 Guidelines, a&b in Level 1 changed

2015 MEPC 69/INF.23 Progress report of SHOPERA & JASNAOE

2016 MEPC 70/5/20 & INF.30 Draft revised guidelines (Scenarios of adverse conditions, ship speed, added resistance ...)
2017 MEPC 71/INF.28 Draft revised guidelines

2017 MEPC 71 Resolution MEPC.1/Circ.850/Rev.2 : Extend validity of 2013 Guidelines to EEDI Phase2
(2020-2024)

2018 MEPC72/5/9 & INF.16 China proposed amendments of the wake fraction and thrust deduction fraction, etc.

2020 MEPC 75/6/3 Finalization of the revised 2013 Interim Guidelines

2021 MEPC 76 Resolution MEPC.1/Circ.850/Rev.3 : Amendments : definition of adverse weather

conditions & a new minimum power assessment method ...
It revokes MEPC.1/Circ.850/Rev.2.

Nov 11, 2021, SNAMES 7



Major Amendments

25

1. Revised definition of adverse conditions

N
(=]

2. A new “minimum power assessment’
method built upon the methodology of
“maximum total resistance in the
longitudinal ship direction over wind and
wave directions from head to 30

"""""""""" i~ ---Wind_Speed_2013

=
wn

—=—Wind_Speed_2021

—--Significant_Wave_Height_2013

Wind Speed V, [m/s]
=
o

Significant Wave Height, Hs [m]

——Significant_Wave_Height_2021

degrees Off'bOW”, rather than “COUFSG- 0150 175 200 225 250 275 300 325
. . . . Ship Length L,
keeping of the ships in waves and wind
from a” d|reCt|OnS” Recommended values for wake fraction w, Ver. 2013
Block coefficient One propeller Two propellers
3. The navigational speed for assessment 0.5 0.14 0.15
. . 0.6 0.23 0.17
is defined to be 2 knots. 0.7 0.59 0.19
0.8 0.35 0.23

4. Revised default conservative estimates :
t=0.1andw=0.15 Ny 2013= 1.16 VS Ny 2901 = 1.06

5. Recommended methods for added resistance in waves.

Nov 11, 2021, SNAMES 8



Added Resistance Due to Waves

MEPC.1-Circ.850-Rev.1 (2013) INTERIM GUIDELINES FOR DETERMINING MINIMUM PROPULSION POWER

3.12 The added resistance in waves, R,,, defined by the adverse conditions and wave spectrum in paragraph 1 of the interim
guidelines, is calculated as:

_ o Raw (Vs,w) 4

Raw = 2 J, — Sgr(w) dw (4)
where R, (Vs, w)/C is the quadratic transfer function of the added resistance, depending on the advance speed V, in m/s, wave
frequency w in rad/s, the wave amplitude, {, in m and the wave spectrum, S, in m?s. The quadratic transfer function of the added

resistance can be obtained from the added resistance test in regular waves at the required ship advance speed V; as per ITTC
procedures 7.5-02 07-02.1 and 7.5-02 07-02.2, or from equivalent method verified by the Administration.

MEPC.1-Circ.850-Rev.3 (2021) GUIDELINES FOR DETERMINING MINIMUM PROPULSION POWER

15 The maximum added resistance due to waves X, is defined in accordance with either

. .410.75
.1 expression Xq = 1336(5.3 + U) (z_“) . h2
PP
oo 21 Xq(U,pr,wr)
.2 or spectral method X4 = zfo fo “ngg(m’)D(p — 1) do’ dy’
where % (N/m?) is the quadratic transfer function of the added resistance in regular waves and A is the wave amplitude;
S,;q(w’) is the seaway spectrum specified as JONSWAP spectrum with the peak parameter 3.3;
D(u— p") is the spreading function of wave energy with respect to mean wave direction specified as cos?-directional
H spreading;

19 The quadratic transfer functions of added resistance in regular waves % are defined from seakeeping tests or equivalent

methods verified by the Administrations or the Recognised Organisations. Alternatively, the semi-empirical method specified in
appendix of this documentcan be used.
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Semi-Empirical Method

achcd NANYANG
—< | TECHNOLOGICAL
=) UNIVERSITY

SINGAPORE

Prediction of the Added Resistance in Seaways
for Better Ship Design and Operation

Dr. Liu Shukui
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Semi-Empirical Method

Liu S., Papanikolaou A. and Zaraphonitis G. (2015),“Practical approach to the added resistance of a ship in
short waves”, Proc. 25t ISOPE, KONA-USA, Vol. 3, pp. 11-18.

Liu S. & Papanikolaou A., (2016), “Prediction of the added resistance of ships in oblique seas”, Proc. 26"
ISOPE, Rhodes, Greece.

Liu S. and Papanikolaou A. (2016), “Fast approach to the estimation of the added resistance in head waves”,
Ocean Engineering, Volume: 112, pp. 211-225.

Liu S., Shang B., Papanikolaou A. and Bolbot V. (2016), “Improved formula for estimating the added resistance
of ships in engineering applications”, Journal of Marine Science and Applications, Vol. 15(4), pp. 442-451.

Liu S. and Papanikolaou A. (2017), “Approximation of the added resistance of ships with small draft or in ballast
condition by empirical formula”, Proceedings of the Institution of Mechanical Engineers, Part M: Journal of
Engineering for the Maritime Environment, Vol. 233(1), pp. 27-40.

Liu S. and Papanikolaou A. (2020). “Regression analysis of experimental data for added resistance in waves of
arbitrary heading and development of a semi-empirical formula”, Ocean Engineering.

Liu S. (2020). Revisiting the influence of a ship’s draft on the drift force due to diffraction effect. Ship
Technology Research, Vol. 67(3), pp. 175-180.

Mourkogiannis D. and Liu S. (2021). Investigation of the influence of the main dimensional ratios of a ship on
the added resistance and drift force in short waves, Proc. ISOPE.

Wang J., Bielicki S., Kluwe F., Orihara H., Xin G. Kume K., Oh S., Liu S., Feng P. (2021). Validation study on a
New Semi-empirical Method for the Prediction of Added Resistance in Waves of Arbitrary Heading in
Analyzing Ship Speed Trial Results. Ocean Engineering. hitps://authors.elsevier.com/c/1duSK6nh6z8GS
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Semi-Empirical Method

« A formula that can be processed by MS
EXCEL with simple input.

 The formula is able to track the impact of
the variation of main ship particulars and
can deal with different speeds and loading
conditions.

1) 299.00 e Added resi f KVLCC2 ship i
2) 48 00 "B" ed resistance o ship in

regular waves, Fn=0.0

(09 BIL)

3) 16.  "Thore"
4) 16.  "Tat" o

5) 0803 "Cs’

6) 0.25 "kyy, radius of gyration of pitch ) 3
nondimensionalized by Lprp"

7) 55.0 "Le"

8) 80.0 "LR"

0.495 XB

0.495 XB

Added resistance of a bulk carrier in

i i regular waves, Fn=0.05
Required input 8 ’
Nov 11, 2021, SNAMES 12




Added Resistance Due to Waves

.2 or spectral method Xg=2[" IZWM
0o +0

Az Sgg(w,)D(u - H') dw' dul

X
where A—‘; (N/m?) is the quadratic transfer function of the added resistance in regular waves and A is the wave amplitude;

ch(w’) is the seaway spectrum specified as JONSWAP spectrum with the peak parameter 3.3;

' is the spreading function of wave energy with respect to mean wave direction specified as cos?-directional
D — ') spreading;

6, Primary wave direction

a Elementary wave direction

Ship’s heading

Various Angular Distribution
T T Artous Angui T

T T
a0 0.40 —ITTC, 7.5-04-01-01.1, S=1, Wind sea
L ——ITTC, 7.5-04-01-01.1, $=75, Swell
= Spectrum, Tp=9 s "”{m sl
i
35 5 mSpectrum, Tp=12s i 0.35
D =
% —RAO_Num, 2 kn = L |
3.0 = 0.30
o = 35 .
S
25 0.25 2
i : & 3f 4
=
S
20 020 2.l _
=
z
=
15 0.15 5 o2t 4
El
)
z
10 0.10 o B
i+ 4
05 0.05
4 = o5 4
00 - A : . — 0.00
PP PFPFCECL AL SERE PP PP PP PP , ) ‘ .

-200 150 100 100 150 200
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Added Resistance Due to Waves

16 The maximum added resistance due to waves X, is defined as
maximum over wave directions from head p = 0 to 30 degrees off-bow p =
30. The range of peak wave periods Tp applied in the assessment is from

3.6,/h; to the greater one of 5.0,/h or 12.0 seconds ...

17 The added resistance in short-crested irregular head waves may be
regarded as the maximum added resistance over wave directions from
head to 30 degrees off-bow, because in short-crested waves, the
maximum added resistance over wave directions from head waves to 30
degrees off-bow occurs in head waves.

18 The spreading function D(u—p") is defined as cos?-directional
spreading. Alternatively, long-crested seaway may be assumed with
D(u— ') = 1; in this case, the maximum added resistance due to waves
X4 can be determined by multiplying the added resistance in long-crested
irreqular head waves by the correction factor 1.3, to consider that
maximum of the added resistance in long-crested waves does not always
correspond to head wave direction.

# METHOD COMMENTS

1 Maxima of mean value in short-crested | RAOs in regular head waves to 120° off-
head waves to 30° off-bow (Article 16) bow (Not possible in towing tank)

2 | Maxima of mean value in short-crested | RAO in regular head waves to 90° off-
head waves (Article 17) bow (Not possible in towing tank)

3 | 1.3 x Maximum mean value in long- [ RAOs in regular head waves (can be
crested head waves (Article 18) done in a wide tank !')

Nov 11, 2021, SNAMES

8, Primary wave direction

a  Elementary wave direction

Ship’s head

Riw/(pai?BHiLon)

Spectrum, Tp=9 s
Spectrum, Tp=12s

—RAO_Num, 2 kn

S (W)/H2

Various Angular Distribution
T T T

Angular distribution function

—ITTC, 7.5-04-01-0
ITTC, 7.5-04-01-0

1.1, 8=1, Wind sea
1.1, S=75, Swell
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Added Resistance Due to Waves

Nondimensional Mean Added Resistance, V=2 kn

Nondimensional Mean Added Resistance, V=2 kn

Nondimensional Mcan Added Resistance, V=2 kn

028
s
rom
= 0.24
i
= ooz
B~
- vz
4
=
= gas .
LS~
wz
0.18

Ry (o, T) [{pgH2B? [ L)

Nondimengional Mean Added Resistance, V=2 kn

024

Mean added resistance of the six subject ships in short-crested bow waves from head p =

Nov 11, 2021, SNAMES

0 to 30 degrees off-bow p = 30.
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Workflow

KVLCC2 300 kton tanker
Design speed 15 knots
SMCR 24656 kW @ 73.8 RPM w. 5% LRM

THE MINIMUM POWER LINES ASSESSMENT

30000
—Bulk Carrier —Tanker
MCR, kW « KVLCC2

25000 -
20000
15000
10000

5000

DWT, ton

20000 80000 140000 200000 260000 320000
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Workflow

Req. thrust

Resistance

X_calm_water
X_aerodynamic

X_wave
X_rudder

Initialization

Adverse
Condition

Adv. Coe. J

Req. RPM

Req. Power

Py S P

Engine feature
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Resistance Components

Calm water resistance at 2.0 knots

Alr resistance

1
X = EpSVSZ (1 + k)Crg = 27.8 kN

Xy =5 X0paApVi e, = 4422 kN

Max mean added resistance in irregular waves X

Max added rudder resistance X,

5.0
— Empirical Prediction, 0 kn

---Empirical Prediction, 2 kn

Empirical Prediction, 4 kn
@ EXP, 0 kn, CEHIPAR

EXP, 0 kn, Guo&Steen
O EXP, 4 kn, SSPA

EXP, 5 kn, Yasukawa_2.9m

4.0

Raw/(PgL?B?Les)

3.0

20

1.0

0.1 0.4 0.7 1.0 13 A= 16

Added resistance of KVLCC2 at lows speeds in
regular head waves

Nov 11, 2021, SNAMES

1500000
—-Long-crested Head

Xy [N]

—Short-crested Head
1300000

1100000

900000

Tp [sec]

700000
7 8 9 10 11 12 13 14 15

Predicted mean added resistance using recommended
methods

19



Total Resistance & Required Thrust

(kN)
2100

1800

1500

1200

900

600

300

Ship Resistane in Adverse Conditions at 2 knots

M Xs Xw

L-C Head

u Xd

1368 kN

Ver. 2013

M Xr

S-C Head

Components of the total resistance of KVLCC2 at 2 knots in
adverse conditions as defined by the IMO Guideline.

]

a-KT

~—KT/172/100

0.07

0.09

0.11

0.13 0.15 0.17

0.18

0.21

023 ] 025

L-C Head | S-C Head 2013
X [kN] 1796 1551 1368
t [-] 0.1 0.1 0.245
T [kN] 1995 1723 1812

Prediction of required thrust following the new and old
guidelines

Nov 11, 2021, SNAMES

Determination of propulsion point from the propeller open-water

characteristics .

Relaxed requirement on thrust !
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Power Assessment

Absolute load diagram SMCR is 24656.1 kW at 73.81 rpm
MEP at SMCR is 15.3 bar. 5% light running margin
30,000 -
— =P overload
P continuous s 1
25,000 — - Max. speed 2 #
——Service Prop. Curve Ve |
| — —-Light Prop. C - :
'§‘ 20,000 ig rop- urv% | . /./ |
% * 2013 Interim Guidelines W /// |
Q A New Guidelines /// .
2 15,000 - . |
o ;
& I
m©
= :
10,000 - I
I
L-C Head Waves x
5,000 - I
S-C Head Waves I
O T T T T T T T T T I 1
30 35 40 45 50 55 60 65 70 75 80
Shaft speed [rpm]

The requirement following Method-2 is slightly higher than the 2013
Interim Guidelines’ result and that following Method-3 is slightly lower.
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Countermeasures

Holistic optimization, not simple reduction of speed & engine power!

0 Bow form and superstructure optimization for lower added resistance due
to wind and waves

O Stern form optimization for wake fraction and thrust deduction fraction

0 Optimize engine-propeller matching: Larger Light Running Margin in
matching between propeller and main engine, considering also fuel
efficiency at service speed

O Modern engines with advanced technology

59 7 T 13000
< KT(#2) <-KT(8) Pg, kW —Torque Limit (SMCR=18600 kw)
12000

= 10KQ#2) = 10KQ(#8) x #2

Kl, lOKo, MNe

11000

-~ ETAo(#2)

+ #8

- ETAo(#8)
10000

9000
8000
7000

6000

5000

| ~ 4000
i 085 ] 07 300 33.0 36.0 39.0 420 ppy 450
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Discussions

1 Powering the ships in Phase 3 EEDI implementation while meeting the
MPPA requirement will be more challenging.

O More detailed specification on tank testing condition, for instance, wave
steepness? (To correspond to adverse conditions. )

Cal by EUT
107 A{cm)Exp :
I e [deﬂ{
= N=80
— R N=160)
8H 21 & -
AR ,
) 6 O
o 6
i
P!
4 Ly
o 5 S- G i . \'\.\\‘.‘ i
a-g F-0- ) \:{
0
0.0 0.5 1.0 15 2.0

S

Added resistance in waves of SR221C ship model
in head waves, full-load condition, Fn=0.15
(Kashiwagi et al. 2004)
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0.7

0.6 No side-wall effect

—ITTC2014

0.5
© Vs=2kn

04

0.3

wFr,/Ly/g

0.2 Side-wall effect expected
0.1 <

0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
By/Ly

Red points corresponding to A/Lpp=0.2 and 2.0
regular wave of a 5 m long model to be tested at
2 knots for the seakeeping experiments ina 10 m

wide tank.
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Discussions

|s advance speed of 2 knots sufficient ?
Why differentiate the sea conditions according to ship size?
The influence of aging and fouling on the hull and propellers.

Ballast condition is more dangerous but not considered.

O OO0 0 D

Dynamic effect (Acceleration in seaways).

0.8 18,000

—ETAo - —KT —10KQ — -P overload
—+ ETAo, ks=1000 pm KT, ks=1000 um ——10KQ, ks=1000 um ——P continuous =T
—+-ETAo, ks=2000 pm = KT, ks=2000 pm —-10KQ, ks=2000 pm r 16,000 - —Service Prop. Curve P
—-Light Prop. Curve sl

- - ; T

E 14,005 MPPA, new ship

= + MPPA, fouled cond A

(] O MPPA, fouled cond B

3 —

©12,000 -

a

&

m©

& 10,000 -

8,000 -

6,000 -

4,000 : ; ; .
0.0 43 46 49 52 55 58
0.15 0.25 0.35 0.45 0.55 J 065 Shaft speed [rpm]
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Conclusions

1. Review of recent amendments.

2. Critical examination of the new semi-empirical
method for added resistance prediction.

3. Case study on KVLCC2.

4. The revised t & w lead to relaxed thrust and
power requirement of KVLCC2.

5. Design measures for meeting the requirement.

6. Uncertainties & future development.
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REGULATING THE SAFE NAVIGATION OF ENERGY-
EFFICIENT SHIPS IN ADVERSE CONDITIONS

Many thanks for your attention!

Dr. Liu Shukui
skliu@ntu.edu.sg
Lecturer, School of Mechanical and Aerospace Engineering

T NANYANG
& | TECHNOLOGICAL
=2 UNIVERSITY

' SINGAPORE




Technical Webinar Feedback

Please help us to do a short survey to give us some feedback!

The survey form will appear after the webinar ends.

Thank you for your participation and see you in our next webinar/ talk/ event!



