
Fuel- and Cost-Savings 
by Hydrodynamic Measures 

by
Jan Øivind Svardal , Grieg Shipping Group, Bergen, Norway

Friedrich Mewis , Mewis Ship Hydrodynamics, Dresden, Germany



Fuel- and Cost-Savings by Hydrodynamic Measures 

Contents

1. The Grieg Group, conception
2. Optimisation of a newbuilding, K-class vessel
3. Optimisation of a ship in service, J-class vesse l

4. Comparison of possible measures for different sh ips
- trim optimisation
- speed optimisation
- power saving devices

5. Summary  

2nd Ship Efficiency Conference, Hamburg 28 – 29 Sept ember 2009              

Fuel- and Cost-Savings by Hydrodynamic Measures
Jan Svardal (N)  &  Friedrich Mewis (D)



2nd Ship Efficiency Conference, Hamburg 28 – 29 Sept ember 2009              

Cost Savings by Hydrodynamic Measures
Jan Svardal (N)  &  Friedrich Mewis (D)

The Grieg Group
• Established in 1884

• Family owned (4 th generation)

• Ship owning (incl. operation and ship management), seafood, ship 
broking, logistics, insurance broking, wind mills, nav igation 
equipment and asset management

• Headquarters in Bergen. Several offices in Norway and  abroad

Grieg Shipping  Group - Grieg Star Shipping  - Grieg Internati onal    

Grieg Seafood - Grieg Logistics - Joachim Grieg & Co.  - Aon  Grieg  

Grieg Investor- MARIS - NORWIND
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• Registered charity

• Holder of 25%  of the shares of the Grieg Group operating  
companies

• Primary objective is to support SOS Children’s Villages , in 
addition substantial contributions are given to aid medical 
research, humanitarian causes and cultural activities.

Grieg Foundation
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Main particulares: 
Lpp = 197.40
B = 32.20
Tdes = 12.00
V = 16.0 kts
PD = 9,313 kW
DWT = 49,900 t

Target: 20 % energy reduction of the whole fleet
through hydrodynamic and other measures by 2015!

Newbuilding K-class vessel (built 2009 - 2010)
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Open Hatch General Cargo Carrier:
- 2x70 tons Gantry cranes, 
- 11 box shaped holds,
- Dehumidification system for cargo
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K-class vessel
Improvement by hydrodynamic measures:

Result of collaboration with MSH

These figures will be checked permanent by an “ Ener gy Monitoring System”
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Note: All figures are approximate only
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4 - 520 - 23approximateTotal reduction

4.521.5absoluteTotal reduction

1.43.0PBCFPower saving device

1.515.0realizable50%

(3.0)(30.0)calculatedSpeed reduction

0.71.5realizable50%

(1.4)(3.0)averageTrim optimisation

0.92.0-Improvement of bow lines

%%

Costs reductionPower reductionRemarkMeasure



Energy Monitoring System

K-class vessel
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Interfaces:
- Fuel oil module (Density and Viscosity measurement s). M.E. and Aux. Eng.
- Torque meter on tail shaft – Main Engine
- Generator power 
- Alarm and Monitoring system
- VDR (examples: speedlog, GPS, wind)
- ECDIS information – route planning
- Loading computer 
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K-class vessel
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Software modules:
� Propulsion plant
� Trim optimisation
� Power plant (partly)

Results:
� Monitoring energy efficiency
� History trend logging
� Trim optimisation guiding
� Report generator – user defined
� Higher energy awareness for 

the ship crew 

Energy Monitoring System – Marorka (Iceland)
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J-class vessel (built 2004 - 2006)

Examinated measures for cost and fuel reduction:
- Trim optimisation, model tests
- Speed reduction, calculations
- Power saving device, retrofit of a Mewis Duct ®
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Open Hatch General Cargo Carrier:
- 2x70 tons Gantry cranes, 
- 11 box shaped holds,
- Dehumidification system for cargo

Main particulars: 
Lpp = 187.00
B = 31.00
Tdes = 12.02
V = 16.0 kts
PD = 8,151 kW
DWT     = 46,200 t
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Trim optimisation, Grieg J-class vessel, V = 16 kts
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J-class vessel, trim optimisation

Average
1 % gain
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Bow down Bow up0

0



Cost changes (EBITDA) by speed reduction
Grieg, J-class vessel, T = 12 m  -  different fuel cost shares
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J-class vessel, speed optimisation
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Cost reduction:
max 3 % @ 90 % speed

Fuel reduction:
Case A: max 39 %
Case B: max 32 %

Case A:
slow
speed

Case B:
adjusted
fleet
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J-class vessel, power saving devices
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Grieg J-class, power saving devices
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J-class vessel, power saving devices

As power saving device was selected the Mewis Duct®
(Mewis Duct® is offered by Becker Marine Systems, Hamburg)

Power reduction by Mewis Duct
Grieg J-class vessel
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CFD- calculations and model tests show more than 5 %  power reduction!

Model test result:
T = 12 m
V = 16 kts:
6 % power reduction
or 0.27 kts higher speed
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Power reduction
5 - 6 %
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Summary J-class vessels
achievable power and cost reductions
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4.422.5Total reduction

2.76.0Power saving device

1.516.0Speed reduction (50%)

0.20.5Trim optimisation (50%)

--Improvement of ship lines

%%

CostsPower

ReductionMeasure

Ship in service

J-classShip type

Note: All figures are approximate only



Summary K- and J-class vessels
achievable power and cost reductions
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Note: All figures are approximate only
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4.521.54.422.5Total reduction

1.43.02.76.0Power saving device

1.515.01.516.0Speed reduction (50%)

0.71.50.20.5Trim optimisation (50%)

0.92.0--Improvement of ship lines

%%%%

CostsPower CostsPower

ReductionMeasure

NewbuildingShip in service

K-classJ-classShip type
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K-class vessel
built 2009 - 2010

J-class vessel
built 2004 - 2006

Achievable savings:
Fuel 20 - 23 % 21 - 24 %
Costs 4 - 5 % 4 - 5 %

Fuel- and Cost-Savings by Hydrodynamic Measures
Jan Svardal (N)  &  Friedrich Mewis (D)

Summary, achievable power and cost reductions



Study for 4 very varying ships: - Trim optimisation
- Speed reduction
- Power saving device

1. Heavy Lift Multipurpose Dry 
Cargo Vessel         12,700 DWT 

2. Very Large Crude Oil Carrier
300,000 DWT

3. Container Feeder Vessel
1,700 TEU

4. Very Large Container Vessel
13,500 TEU
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Main particulars, ships in study 
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1.251.002.321.311.60-CTh

0.220.260.140.190.21-Fn

24.6020.0015.5016.0015.20ktsVD

1001017391130rpmn

56,00012,25022,4508,1514,464kWPD

8.906.609.707.004.90mDP

0.690.650.810.800.79-CB

14.008.5020.0012.007.50mT

51.2027.9060.0031.0021.00mB

350.00165.00324.00187.00130.00mLpp

13,500TEU1,700TEU300k46k12kSize

ContainerContainerTankerJ-classBulkerShip type

432Grieg J1Case No
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Trim optimisation 
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1. Bulker 12k, T = 7.5 m 2. Tanker 300k, T = 20.0 m

3. C/V 1,700 TEU, T = 8.5 m 4. C/V 13,500 TEU, T = 14.0 m



Trim optimisation, C/V 1.700 TEU, V = 20 kts

95

96

97

98

99

100

101

102

103

104

105

-1 -0.5 0 0.5 1 1.5 2

Trim (m)

P
ow

e
r c

ha
ng

e
s 

to
 e

ve
n

 k
e

e
l (

%
) T = 7.5 m

T = 8.5 m

T = 9.5 m

3

VLCC, 300k
Change of trim
not possible!

Trim optimisation, Bulker 12k, V = 15 kts
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Trim optimisation, C/V 13.500, V = 24.5 kts
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Average
3 % gain

Average
1 % gain No gain

No gain

Trim optimisation2
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Trim optimisation 

Summary

01.001.03.0%� PD

Trim optimisation, averaged power reductions:

1.251.002.321.311.60-CTh

0.220.260.140.190.21-Fn

24.6020.0015.5016.0015.20ktsVD

13,500TEU1,700TEU300k46k12kSize

ContainerContainerTankerJ-classBulkerShip type

432Grieg J1Case No
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Note: About 50 % of the these averaged power reduct ions are realizable only
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Speed optimisation
Mathematical model takes into consideration:

- speed power curve of the ship
- engine behaviour at low load operation
- monetary losses due to later arrival 
- cost share value = fuel costs / total costs
(the presented cost share figures are valid for 100  % speed)

Two cases: A – the vessel simply operate at slower spe ed
B – adjusted fleet with constant transport capacity
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The actual amount of cost share value depends mainly on:
- fuel costs

But also on: - operation costs
- capital repayment
- interest repayment
- cargo handling costs
- maintenance costs

total costs



Total cost changes by speed reduction
C/V 1.700 TEU, T = 8.5 m  -  different cost shares

-20

-15

-10

-5

0

5

10

15

20

10 11 12 13 14 15 16 17 18 19 20

Speed (kts)

T
ot

al
 c

os
t 

ch
an

ge
s 

(%
)

30 % fuel costs

40 % fuel costs

CV 1.700 at 70 $/B

50 % fuel costs

60 % fuel costs

Total cost changes by speed reduction
C/V 13.500 TEU, T = 14 m  -  different fuel cost shares
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Bulker 12k, T = 7.5 m   -  different fuel cost shares
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1 2

3 4
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Cost reduction:
max 9% @ 87% speed

Cost reduction:
max 9% @ 87% speed

Cost reduction:
max 7% @ 86% speed

No cost reduction
possible



Reduction of fuel consumtion by speed reduction
case A:  the vessel goes simply slower   -   different ship types
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 4.  CV 13,500 TEU   -  43% @ 86% speed  

 3.  CV 1,700 TEU     -  46% @ 87% speed
 2.  Tanker 300 k      -  no fuel reduction
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Speed optimisation
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Speed optimisation

Reduction of fuel consumption by speed reduction
case B:  fleet with constant transport capacity     -   different ship types

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
Speed relative to design speed

F
ue

l c
on

su
m

pt
io

n 
re

du
ct

io
n 

(%
)
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Speed optimisation, summary
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positive % are reductions at costs & fuel consumpti on

353703236%Case B

434603945%Case A

Speed optimisation, � fuel consumption at optimum speed:

79039%� Costs

21.517.4>1614.513.1ktsVopt.

2520161615100%VD

Speed optimisation, � costs at optimum speed: 

13,500TEU1,700TEU300k46k12kSize

ContainerContainerTankerJ-classBulkerShip type

432Grieg J1Case No

Note: About 50 % of these averaged power reductions  are realizable only
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Power saving devices (PSD)

For all vessels the following are compared:

- Pre ducts 1. WED Schneekluth Duct 
2. SILD Sumitomo Integrated Lammeren Duct

- Pre swirl fin systems 3. SVA SVA - fin system
4. PSS DSME - Pre Swirl System 

- Hub vortex optimiser 5. Costa Bulb (rudder bulb)
6. PBCF Propeller Boss Cup Fin (Mitsui)

- Combined system 7. MD Mewis Duct ® (Becker Marine Systems)
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“Power Saving Devices”
denote additional components positioned close to th e propeller



Power saving devices (PSD)

1. WED 3. SVA 5. Costa

2. SILD 4. PSS 6. PBCF

7. MD
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Pre ducts Pre fins Hub devices Combined 
device

Fuel- and Cost-Savings by Hydrodynamic Measures
Jan Svardal (N)  &  Friedrich Mewis (D)



2nd Ship Efficiency Conference, Hamburg 28 – 29 Sept ember 2009              

Possible power savings by different PSDs
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Slow ships



Power saving devices (PSD), possible power reductio ns
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Tanker 300k, power saving devices
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C/V 1.700 TEU, power saving devices
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C/V 13.500 TEU, power saving devices
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Bulker 12k, power saving devices
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Power saving devices (PSD), possible power reductio ns
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-3.57.36.07.7%MD

2.6(?)2.63.42.93.6%PBCF

2.82.63.33.13.2%Costa

3.43.24.33.53.8%PSS

2.82.63.32.72.8%SVA

--4.51.72.8%SILD

2.72.53.42.82.9%WED

Power saving devices, possible power reductions
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Mewis Duct ®

Principle arrangement
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Mewis Duct ®

Aft-body with propeller and rudder, no power saving dev ice
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Mewis Duct ®

1. Fins ahead the propeller Generation of pre-rotation

PSS
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Mewis Duct ®

2. Duct ahead the propeller Direct flow to the inner radii, own thrust

SILD
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Mewis Duct ®

1. Fins ahead the propeller Generation of pre-rotation
2. Duct ahead the propeller Direct flow to the inner radii, own thrust
3. Pre-swirl mainly inwards Reduction of hub vortex losses

Mewis Duct ® =  Combination of these three components

PSS

SILD

PBCF
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Mewis Duct ®

Mewis Duct, possible power reduction
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Mewis Duct ®

STAR ISTIND
Grieg Star Shipping

the vessel with
the first Mewis Duct ®



Note: Trim optimisation and Speed reduction: 50 % o f estimated gain is realizable only! 

5.26.52.14.48.7%Sum costs

1.71.72.12.73.5PSD

3.54.501.54.5Speed (50%)

00.300.20.7Trim (50%) 

Possible cost reduction by different measures, % total costs

20.922.57.322.527.2%Sum power

3.43.57.367.7PSD 

17.518.501618Speed (50%)

00.500.51.5Trim (50%)

Possible power reduction by different measures, % power

13,500TEU1,700TEU300k46k12kSize

ContainerContainerTankerJ-classBulkerShip type

432Grieg J1Case No
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Summary , Possible fuel and cost savings, all measures
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We thank you very much for your attention!


