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EffShip

Zeroemission

Is not atechnicalproblem
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Propulsion power [kKW]
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25000 =Panamax Design draft 12,5 m
——Panamax Ballast draft
—Ro0ro - Cassette draft 8.2 m

20000 ==Roro - Trailer draft 6.9 m

Panamax

Speededuction 15.5 12 knots
reduces consumption

15000 | from 50 to 22 tons per day

10000

EffShip

, 2013

Roro
Speedreduction]
22-19 knots
reducesconsum@ion
from 83to 47 tons
perday

=

>

QO

c

Roro 2

_______________ Speededuction °

s00!| | - - 19-16 knots q
reduces consumption §

from 47 to 27 tons per day =

(]

n

0 £
10 12 14 16 20 22 24 L

W; % wmgux &e@ge_dgﬁ »X

DEC

Maring

ship speed [knots]
EZ/IH CHALMERS *IE O (3 Goteborg Energi

SIOMENSO SYENSKR ORIENT LinEn

g



Howslowcanwe go?
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EffShip

What else than speed reduction can we do to reduce
consumption?

A Traditional hull and propulsion optimization
A Traditional engine optimization
A Energy recovery/ energy transformation

A Utilization of the free energy
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How much energy can be recovered?

Shaftpower output
49.3%

Jacketwater cooler 6.3%
Heat radiation 0.6%

Lube oil cooler 4.3%
Exhaust gas 25.40¢
Air cooler 14.1%

Fuelenergy

content
100%
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EffShip

Valueof | freee  jeléctricity

Short seaoro 6 600 sailing hours per year
HFO operatiorm 2 000/kW (e 0.11/kWh)
MGO operatiore 3 000/KW (€0.18/kwh)

Panamax 6 200 sailing hours per year
HFO operatiorm 1 800/kW (e 0.11/kWh)
MGO operatiore 2 800/kKW (e 0.18/kwh)
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EffShip

The value of "free" power from recovered heat

€ 3500 000
€ 3 000 000
= \/alue of free energy 2000kW
Value of free energy 30G0kW
€ 2 500 000

Cost to recover energy from exhaust (steam turbine)

Cost to recover energy from cooling water (ORC)
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Value/cost k]

EffShip

The value of "free" power from recovered heat
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Value/cost k]

The cost to get "free" power from recovered heat

A Thefirst KW is thecheapestand most cost efficient to recover
A The question is ndf energy should be recovered, the questiom@v much

€ 3 500 000
€ 3 000 000
€ 2 500 000
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Value/cost k]

The cost to get "free" power from recovered heat

A Thefirst KW is thecheapestand most cost efficient to recover
A The question is ndf energy should be recovered, the questiom@v much
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Value/cost k]

The cost to get "free" power from recovered heat

A Thefirst KW is thecheapestand most cost efficient to recover
A The question is ndf energy should be recovered, the questiom@v much
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Value/cost k]

EffShip

The cost to get "free" power from recovered heat

A Thefirst KW is thecheapestand most cost efficient to recover
A The question is ndf energy should be recovered, the questiom@v much

€ 3 500 000

€ 3 000 000

= \/alue of free energy 2000kW

Value of free energy 30G0kW
€ 2 500 000 : ™
== COSt t0 recover energy from exhaust (steam turbine) —
o
== COSt t0 recover energy from cooling water (ORC) N‘
€ 2 000 000 =
<
o
@©
€ 1 500 000 =
o
>
Q0
€ 1 000 000 c
)
=
3
€ 500 000 -
@®
=
S
€0 8
0 200 400 600 800 1000 1200 <
Recovered "free" power [kKW] L%

‘ i e B3
@ % wmﬁ.’m StenaRederi »3(( EZZIN cHALMERS ... ..‘..‘.._. (5 Goteborg Energi

g



Value/cost k]

EffShip

The cost to get "free" power from recovered heat

A Thefirst KW is thecheapestand most cost efficient to recover
A The question is ndf energy should be recovered, the questiom@v much
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EffShip

ﬁ

500-1000 kW

Energy recovery and transformation
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EffShip

Equipment Weight Size Recoveredtransformed | Investment incl. Break even at 75%
energ NMCR

Four stroke Main Engines 2 x 10 MW

Exhaust gas boiler, EGB 30 ton A5mh=6m 4000 kW € 750 000
10ton  3x3x2m 600 kW € 450000 10000h

Modified coolingsystem 3000 kW € 100000
ORC turbine 20 ton 3x3x2m 350 kW € 600 000 10000h
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{

L5 (CLILIXYLE - CNINNGOVA
W; % wmgu\ StensRederi K 2os EZZLN cHALMERS .. ......,_. (3 GiteborgEnergi




EffShip

What else than speed reduction can we do to reduce
consumption?

A Utilization of the free energy
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EffShip

EffShipPanamax with rotors and sails

Rotorprojectedarea 530 m2

f e I LI I',

- EFfShip

Sailprojectedarea 3550 m2

I Al

EFfShip
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Relative redcution in propulsion power

Reductionof propulsionpower for a Panamax tanker
for different sailalternatives
Ship speed 12 knotsyind speed 9 m/s
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EffShip

Shipping route RotterdanCaracass
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EffShip

Motor sailing Panamax tanker

with 3500 m2 sail, wind speed 8 m/s
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Motor sailing Panamax tanker
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EffShip

Equipment Weight (additional) Size Power reduction Investment Propulsion energy | Break even
Vs= 14 knotsvVw =8 m/s cost (MGO) after

EffSail 150 tons 3500 m2 1400 kW € 1500 000 180e/MWh 6000 h
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EffShip

Emissions reduced by

A Reduced fuel consumption by

I Speed reduction

I Energy recovery/ energy transformation

I Utilization of the free energy

Xodzi aGAff y2G TSNP SYA&AaA
Further reduction by

I Exhaust gas cleaning
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EffShip

ExhaustGasCleaning

Engine adjustments 15-25 2-5 =1

EGR 30-50 13 ~04
HAM, DWI 30-50 2-5 ~06

After treatment=no
engine interference
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EffShip

ExhaustGasCleaning

A SOXx
I Scrubbers

Hllsl
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A Scrubber
A Piping system
A Sea water pump
A Separator
A Sludge tank
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consumption | (50% NaOH) | cost Diff MGO, HFO New building** NMCR
Hybrid 14 ton dry Scrubber tower: 200 kW 13 I/MWh* 10e/MWh*  50e/MWh* € 4000 000 100000MWh** 6 700 h
27 ton w water A 4.2m h=10m  (Appr 1%) 20 kg/MWh*

A Scrubber
A Piping system
Sea water pump
A Separator
A Sludge tank

Reagent tank
Dosing unit

Bleed of holding tank
Effluent holding tank
Srubbingwvater pump
Srubbingwater cooler
Fresh water tank
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