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Agenda

« Big picture of energy and environmental efficiency
- Environmental legislation overview and examples

* Energy efficiency

- Energy balance components
* Fuels, machinery etc.

- Modelling ship energy efficiency
- Methods for energy saving during various phases of ship design

* Energy saving methods and energy efficient design principles
- Largest consuming groups: propulsion etc.
- HVAC energy saving principles
- Heat process efficiency and waste heat recovery
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« Energy Efficiency analysis and improvements
at Deltamarin since 2007

- Current task R&D manager
« M.Sc. (Thermodynamics as major)

* Currently also making a Ph.D. at Aalto
university

- part time research scientist at VTT at the
side of the work at Deltamarin 2014-2016
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Why this is so important topic?
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Drivers for new solutions
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Hierarchy of regulative and sanctioning
bodies ~

International Maritime

Organization
IMO is a ?PehCiaLlJiﬁed Also local regulations
agency o t.e MEPC . EU
Safety, environment, Maritime Environment Protection
legal matters, technical Committee « USAEPA
co-operation, securit : L
and gfficiency y « National legislation

MARPOL

Maritime Pollution Convention

Annex | Annex Il Annex Il Annex IV Annex V Annex Vi
QOil Noxious Liquid Harmful Substances Sewage Garbage Air
Substances in Bulk  Carried in Packaged
Form
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Emission legislation timeline

The future focus can be expected to be in GHG

m
Q ©H Q N QY m N4 Y © Q N Y )
00000000 Q0000000000
LS TLLS IO A

NOX Tier Il Tier Il Tier llI
(global) (North America ECA) (North Europe ECA)
casmsmsEEEEEEEEEEEE @ MK ﬁ.P-(.)-I._"A.NN-E.S{-VI.-R-éé:I.j.-(.NEé:&.)-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. rEEsEsEEEEEEsEEEEsEEEEEsEsEEEssssEEdEEEEEsessEsEEsEsEmEnEEEmEnEnns
North Eu th Ameren ribbean All ECA’s
EC 1.0% 0.1%
MARPO SOX
Global SOx
cap 0.5%
MARPOL \

EEXI EEDI
and CIl' phase 3

------------------------------------------------------------------

CO2
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GHG emission future targets
As defined by IMO
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Fleet emissions -

1000 MT

Fleet size & & E
International === === | —

trade
60000 ships

Emission intensity / t.-- =1 -
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Carbon risks

Regulatory

Y Vi

Charter

Vessel not risk l’
compliant with

future GHG Reputational
regulation and not

Environmental

allowed to opeate. perfrormance
Alternatively, becoming
requiring a costly increasingly
modification or essential
spefad reduction requirement for Potential negative
making the vessel Char.terers who oublicity due to
uncompetitive. | mlg.ht havet [} GHG related issues. Carbon footprinting "
it of financing and \

beyond the IMO
regulations.

related
considerations.

Lower resale value
for the asset.
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Emission gap

IMO has an urgency to get the industry on the right track
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Lifecycle of

Base
year
2008

Intensity

a vessel built today
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Emission gap

IMO €Mission Pathway

40%
reduction Intensity
70%
reduction
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About dimensioning ship and her

systems...
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Traditional ship "data sheet”

T.Delta115 QDELTAMAR!N"’
115,000 DWT Oil Product Tanker

General description

Member of Deltamarin’s eco-friendly T.Delta Oil tanker fleet.
+ Able to carry crude oil and oil products

* Double hull construction meeting Harmonised Common
Structural Rules

» Vessel to meet Tier |1l level

- T m e
ength overal 0.0 m + » Double Hul i an roduct Tanker, H- ’ ' EIVICe spee at NLR at design draft

Length between p.p. 245.5 m Shipright (1A1), SPM, IG5, UMS, VC5-2, TMON, W5 {incl. 15% sea margin) 14.5kn
Breadth 42.0m Alternatively DNVGL, BV, ABS, RINA or any Class Society
Depth 22.0m member of IACS can be selected ME fuel oil consumption at NCR:

Deadweight at design draft 100,000/ 13.5m
Deadweight at scantling draft 115,000 t / 15.0 m

#® |n gas moede (LNG + pilat ail, Tier IIl)

* In diesel mode (MGO, Tier 1)
{The above fuel consumption figures are given Dagi:
(MGO) and 50,000 kJ/kg (LMG), in 150 reference cond

Cargo tanks and capacities Machinery and equipment 15% sea margin, without engine maker's tolerance)
Argo tanks + 1 slop tanks MaIn engines xwartsila T0V3TD

3.7+ 1,0 mt/d
39.1 mt/d

Segregation 3 grades MCR 11,000 kW Endurance 20,000 nm
Cargo tank lining Pure epoxy NCR (85 % MCR) 9,314 kW
Cargo tank vol. (incl. slop tanks) 140,000 m’ Propeller cpp
LNG 2.400 m? Emergency generator 260 kWe - e
Marine Gas Oil 1,200 m? PTO/PTI Optional
Fresh water 500 m’ O fired bailer 2x25t/h
Ballast water 40,000 m? Exhaust gas boiler 1.7 r..,'h
Cargo pumps 3x 3,000 m'/h
Ballast pumps (centrifugal) 2% 1,500 m*/h
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Digital ship "data sheet”

Standard route

Baltic Exchange route

TD7 N

Fuel type

Fuel price, updated 2020-09-21

LNG 347.20 UsD/tn
ULSD 324.17 UsD/tn
Consumption
tn/day UsD/day
LNG 4,833
ULSD 42
TOTAL 4,875
Hound Point - Wilhelmshaven Emissions
Ballast Laden Port 100
38.70
24.14"\;:, 23.2@ 52.69 ‘E 10
:5: ' 0.35

Route Updated 2020-02-07

0.19
1]

Weather statistics from 1979-01 to 2009-12 €02 SOx NOx CH4

The presented values are based on Wartsila four-stroke concept

Ships systems course 2022 - Deltamarin/Elg

My route Data sheet Gasum Wartsild Other data
L=
Propulsion histogram
60%
52.7%
40
20%
8.2% 9.4%
I I I 4.3%
0= 0.0% 0.1% —_m I [ . - _u.2':
0 2000 4000 6000 8000 10000

Propulsion power, kW

Energy consumption

Hotel Energy, MWh/day ropulsion Energy, MWh/day
® Hotel y, MWh/day @P | Energy, MWh/day

> 0 W camEe»®
- - -~ @ e ° e
Qﬂm ShipDesign =  OffshoreEngineering ~  ConstructionServices »  Aboutus =  Contact »+ Q
T.Delta115 P oersamariv
115,000 DWT Oil Product Tanker
. -
[l
4-stroke machinery >

https://deltamarin.com/digital-design-portal/
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Energy efficiency from ship designers

perspective
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Ship design energy efficiency challenge

Key .
Performance
Indicator KPI o-—-0 >

i

>
sg‘e‘:,\\,eﬂ Time during ship
design process

{
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Energy Efficiency... where to start?

Annual fuel saving potential with 1% improvement in the
selected processes

* Quantity
« Quality

- both should be Galley service load
considered Oil fired boiler efficiency

Engine service load

Accommodation service load
| ]

Air conditioning service load
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Consistent energy modelling throughout ship life time

building & :
feasibility development commission- operation
ing

!

2.1. Hulland §§ 3.1. Optimi- 3.1. Energy 6.1. Energy \ 7-1. Veri-
team work: team work: fication

1.1. KPI’s propulsion zation of 8.1. Data

ST e * analysis
cification Hydro * Onboard d . ti
o development Jf optimization system o opfra =
.2. Main * suppor

3.2. Develop- System * SEEMP 7.2. Training -

dimension L. i . imizati :
ment of ship optimization * Instructions

variation selection systems * Procurement

trade-offs hull

<’ DELTAMARIN® I
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Digital thread - how ship model can
evolve during ship life cycle

”Digital prototype” "Digital master” "Digital twin”
>
c,o“"ep‘ \C a0 o AN g N e‘a'{\o Time during ship
aes® ®2° des'® aeiwe o° design process

3ew?
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Energy Balance calculation
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Energy efficiency factors

X =
« Power X time = Energy
« kW X h = kWh
* Energy X SFC = consumed fuel
* kWh X g/kWh = t fuel

1 000 000
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Energy Balance

Based on the 1st principle of
Thermodynamics:

Energy conservation

- Energy in fuel is transformed
into mechanical power, heat,
electricity... but never
destroyed
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Energy Balance in practice

« Energy balance is a tool for quantifying energy flows n dot "G, *dT

FIGURE 4

] ) LH\, SHIP AII::;L F:E::::SUM;EI;: -
* |nput - main issues kwh engnes A0

- Operation profile Sr
- Power requirements of various systems OcC e "1

M ngines (propulk 8454 83%

° Main engines (PTO) 803 8%

- Machinery data + heat recovery
Qil fired boiler 115 1%

Total 10163 100 %

- Fu e l d a ta Daily avg at service speed 41,08 [t/day]
Annual daily average 27,84 [tiday]

SHIP OPERATION PROFILE V'S FUEL CONSUMPTION

e OQutput - examples BT o e e o
- Fuel consumption § oo @ i "
- Energy distribution inside the ship S ]|

- Evaluations of ship autonomy gtzzﬁ
- EmiSSiOn CalCUlation ’ LOAD UNLOAD MAN ? 10kn : 11kn 12kn 13kn 14kn  14,6kn

WHours /year (leftaxis) Fuel consumpt?on at goﬁ: 8,0 :/: 2102 h
— Etc WFuel consumed/year (ri Fuel consumption during man.: 0,1 % 24h
LX) Fuel consumption at sea: 919% 6634 h
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Defining the operation profile

* A key item in energy efficiency evaluation

* Power X  TIME = Energy

Ship Power profile
om0 SHIP OPERATION PROFILE VS FUEL CONSUMPTION
4500 7000
. 4000 1 24,0 Operation Modes L 8000
5000,0 :>.
2 3800 W ATSEA 5000 T
& 3000 N I 2
2 0,3% AN £
S 2500 & HARBOR [ 4000 =
40,0 s 75,7 S
& 2000 1 % L 3000 g
S 1500 3
B 2000 S
2 som0 2 1000 =
——Electric_Load__kW_ 8’ 1000 3
Main_Engine__Mechanical_Power__kW_ 500 e
0 — 0
ome LOAD UNLOAD MAN  <10kn  10kn  11kn  12kn  13kn  14kn  145kn
WHours /year (Iefiaxis) Fuel ¢ i at pprt: 80% 2102h
W Fuel consumed/year (right axis Fuel consumption during man.: 0,1 % 24 h
10000 L‘ — Fuel ¢ ion at sea: 91,9% 6634 h
1k i
oo o © ] o
SRR EiE3FLESNNGSZEEELIMATIENNZZERY
Time, h
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Power requirements of systems

Propulsion power consumption « Alternatively, measured data from
based on CFD analysis, model the ship (in case of "retrofit
tests, etc. work” or reference ship data for a

newbuilding project) can be

Electricity consumption based on o
y P utilized for more accurate results

electrical load analysis etc.
Estimation

Heat load based on heat balance |
calculation etc. W | |
|

Wi JM ﬂ {

| n\\ | |
L,J_J 1 L
st 7emmiznse  aaomiseos
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Example: Main propulsion options

To be considered:

G 6L20DF  Fuel
065 k 1110 kW .
4-stroke 5500kw . e Ratio between
G S 00E propulsion and
1065 K 1110 kW hotel power
* Vessel
maneuverability

------------------------------------------------------------------------------------------------------------------------------------ « - "Energy
efficiency +
safety view”

- Effect to
6L20DF
0 arrangement
2-stroke 5500kw . ° CAPEX
6L20DF « Operating costs
1110 kW
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Diesel engine energy balance example

* 4-stroke, medium
speed marine dual
fuel engine as baSiS ¥ HT-water: Jacket water H HT-water-

. 7% .
for the analysis Charge air W LT-water:
H Exhaust 12% Charge air
gases 4%
[0)
26% i LT-water:
Engine energy production % Lube oil
Produced power 44 % 5%
Exhaust gases 26 %

J : & Other losses,
HT-water: Jacket water 7% radiation
HT-water: Charge air 12 % 1%
LT-water: Charge air 4%

LT-water: Lube oil 5%
Other losses, radiation 1%
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Fuel

* LHV

data

* Methane number in gas etc...

Fuel LHV Density Carbon Sulfur HV/Volume CO2 SOx NOx| Required Required CO2 SO2 NOx
[MJ/kg] [kg/dm3] Factor [%m/m] [%] Energy [MJ] Fuel [kg] [kg] [kg]
Heaw Fuel Oil Residual fuel IFO-380 40,4 0,991 3,114 3,5 ref ref ref ref 1000 24,8 77,1 1,7 100,0
Heaw Fuel Oil Residual fuel IFO-180 40,5 0,991 3,114 3,5 100 % -0,2 % -0,2 % 0,0 % 1000 247 76,9 1,7 100,0
LS Heaw Fuel Oil Residual fuel LS-380 40,4 0,991 3,114 1,0 100 % 00% -71,4% 0,0 % 1000 248 77,1 0,5 100,0
LS Heaw Fuel Oil Residual fuel LS-180 40,5 0,991 3,114 1,0 100 % -0,2% -71,5% 0,0 % 1000 24,7 76,9 0,5 100,0
Marine Diesel Oil Distillate fuel DMC 41,5 0,920 3,151 1,0 95 % -1,6% -722% 0,0 % 1000 24,1 759 0,5 100,0
Marine Gas Oil gas oil LS-MGO 42,7 0,865 3,206 0,1 92 % -2,6% -97,3% -6,0 % 1000 234 751 0,0 94,0
LNG LNG LNG 471 Y 0450 T 2,750 0,0 53 % -24,3 % -100,0% -85,0 % 1000 21,2 584 0,0 150
Biodiesel 100%  Biodiesel B-100 S15 37,5 0,880 3,100 0,0015 82 % +7,2% -100,0% +10,0 % 1000 26,7 82,7 0,0 110,0
Biodiesel 100%  Biodiesel B-100 S500 37,5 0,880 3,100 0,0500 82 % +72% -985% +10,0% 1000 26,7 82,7 0,0 110,0
Biodiesel 20% Biodiesel B-20 S15 41,5 0,858 3,100 0,0015 89 % -3, 1% -100,0% +2,0% 1000 24,1 74,7 0,0 102,0
Biodiesel 20% Biodiesel B-20 S500 41,5 0,858 3,100 0,0500 89 % 3,1% -986% +2,0% 1000 24,1 74,7 0,0 102,0

Ships systems course 2022 - Deltamarin/Elg
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Low emissions impact on ship - volume

Energy storage volume with various fuels compared to diesel

1400%

« - Fuel storage
usually the main
challenge

 Fuel infrastructure
and general
availability + price
are also issues to
consider

1200%
1000%
800%

600%

400%
- I I I

0%
Methanol LPG Ethane as Methane Hydrogen Hydrogen Hydrogen Ammonia
LEG asLNG (350bar) (700 bar) asLH2 asliquid
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Results

21.9%

Generator losses
/ 1.3% /
Propulsion > Azipods 21.7%

Thrusters 0.2%

 |n addition to the

Electrical energy . ——_—
absolute 40.5% R 1%
consumption Cabins 1.0%
f] u reS y the Engine room fans 0.5%
relative Scrubbers 0.3%

distribution of fuel
energy is achieved

. Also fL!rther other engine losses
analysis of the
separate processes
can be made

' 13.0%
s Sa n key dia ram on Lost exhaust

the right illustrates heg)13.4%
how the fuel
energy is
distributed in an
example ship
(cruise ship with
diesel electric ship

Machinery 2.4%
Other 1.8%

LT-water and Galley 0.7%

Dumped HVAC 9.8%

HT-water
12.7%
AC reheating 0.9%

Evaporator 1.7%
Potable water 0.6%

Galley 1.4%

Engine preheating 0.7%
Laundry 1.6%

Dumped Steam

75.8%

Other machinery 0.5%

Pools 1.0%
Foolk 5%%,

AC preheating 0.5%
Evaporator 3.2%

Potable water 0.8%

power plant) Wi s Sl
0.3%
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Energy Balance examples
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Bulk carrier - 70 000 DWT

SHIP OPERATION PROFILE V5 FUEL CONSUMPTION

4500
_ 4000 1+ 240 Operation Modes 1
2 %
% 3500 17 W ATSEA i
3 3000 10,3 B MAN
-
o 2500 4+ @ HAREBOR I
=
g 2000 I
5 1600
E L
o 1000
© 500
0
LOAD UMLOAD  MAM =10kn 10kn 11kn 12kn 13kn 14kn 14,5kn
WHours /year (leftaxis) Fuel conzumpticn at port: T9% 2102
“ Fuel cunsumedf}'ear.irigl'rtaxis'l Fuel congumption during man.: 0,1 % 24
Fuel consumption at 2ea: 9159% 6634

ELECTRICITY CONSUMPTION MSTRIBUTION

TOO0
Consumed mech. energy MWhia FOtia
G000 Propulzion 45731 3545
5000 %:; Consumed electric energy MWehia FOtla
S | A& Auxmach for propulsion 1568 315
4000 ‘g B Aux mach for =hip 411 83
1000 % | © HWVAL and heating 1585 324
5 D Galley, laundry, workzhop 338 69
2000 S E Cargo, deck and hull 2551 57T
2| F Lighting 675 139
1000 § G MNavigation and automation 198 40
H Cargo fans 245 1
o | Thrusters 3 1
J
h K
h L
h Total 7573 1600

FUEL ENERGY UTILIZATION

Energy production MVWhia
Propulzion power 45731
Electrical energy Ta73
0il fired boiler heat 1100
Economizer heat 3285
HT whr 5240
Lozt 52518

Total fuel energy used 115445

Total fuel energy utilized 52928

Ovwerall fuel efficiency 54,5 %

E Economizer
heat
3% M HT whr

5%

U Lost

H 0ilfired
baoiler hea

1% & glectrical
Energy

7% power

E Propulsion

40 %

zhare
100 %

share
21 %
5 %
21 %
4 %
34 9%
0o
3%
3%
0%

100 %
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PCTC, 1Aice - 7000 lane meters

SHIP OPERATION PROFILE VS FUEL CONSUMPTION

ELECTRICITY CONSUMPTION DMSTRIBUTION

MvWWhia FOtia share
101857 18555 100 %

2202 422 12 %

636 118 3%
1928 39 10 %
6412 1324 35 %
1943 419 10 %

387 114 3%
3408 700 18 %
1305 258 T

306 60 2%

&0 13 0%

4500 13000
- Consumed mech. energy
. 4000 Operation Modes 18000 C Propulsion
31,5
z 3500 E&" o ATSEA 14000 % .
@ o Consumed electric energy MWehia FOtla share
S 3000 B MAN 12000 c .
2 S|4 Auwxmach. for propulzion
E 2500 4.8 B HAREOR 1DDDD*§ B
7
E 2000 Y goop B | ©  Auxmach. for =hip uze
= 1500 S000 5 0 “entilation, AC and heating
'*E = E Refrigeration devices
o 1000 4000 2 | F Cargo, hull and deck machiner
[E] .
=] 500 2000 2 G  Galley and laundry equipment
H Cargo fans
o o | Lighting and =ocket outletz
LOPD (DLE bt G0 gD 4D T 20 Adl (T ST 4ERD A THD (@D 4T i J Navigation
®Hours /year (et axis) Fuel conzumption at port: 2760 h K Thrusterz
u Fuel cnnsumedf}'ear.irigl'rtaxis'l Fuel conzumption during man.: 150 h L
Fuel conzumption at 2ea: 90,7 % 5850 h Total

FUEL ENERGY UTILIZATION

Energy production MVVhia
Propulzion power 101857
Electrical energy 185931
Qil fired boiler heat 3209
Economizer heat 13019
HT wehr 3057
Lozt 116367

Total fuel energy uzed 257079

Total fuel energy utilized 140712

Cvwerall fuel efficiency 54,7 %

H Economizer

heat
59

H Oilfire
boiler heat
1%

E HT whr
1%

E Electrical
Energy
7%

b Lost

E propulsion

power
40%

18931 3794 100 %
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RoPax - 1300 Passengers, 750 LM

SHIP OPERATION PROFILE W5 FUEL CONSUMPTION

5000 12000
4500 .
o Operation Modes 1 10000
,']E 4000
P 3500 41,7 4 ATSEA + 8000
%
2 3000 56,2 HMAN
= 2000 1%
[=] 4
'*E 1500 4000
['F)
& 1000 T 2000
500
0 — . —y - -0
pd'fﬂ N&*\G‘E‘“ ADED BT 4 R0 a0 G NT BT gD TR BT gD gkt paeh gkt
Fuel conzumption at port: 83% 5053 h
®Hours fyear (left axis) Fuel conzumption during man.: 0,3 % 45 h

Fuel consumptiontonnesiyear

W Fuel consumed/ year (right axis) Fuel consumption at sea: 814% 3588 h

FUEL ENERGY UTILIZATION
Energy production MVihia ¥ Lost

Propulzicn power arria 53 %

Electrical energy 23819 M HT whr

Oil fired boiler heat 9254 0%

Economizer heat 13473 E Economizer

HT whr 0 heat

Lost 151345 5% # Gilfired
Total fuel energy used 285870 H Electrical boiler ® Propulsion
Total fuel energy utilized 134324 energy power
Overall fuel efficiency 47,0 % 3% 3% 1%

ELECTRICITY CONSUMPTION DISTRIBUTION

Consumed mech. energy MVWhia FOtia share
Propulzion ETTTE 19318 100 %

Consumed electric energy MWehia FOta share

A Hulland deck 285 67
B Aux mach for 2hip (engine =& 13700 2056
C  HVAC 3783 &30
D Galley, laundry, wes 451 89
E Cargo 1822 321
F  Lighting =ervice 2515 582
G Navig, radio autom T 69
H  Accommodation G44 215
|
J
K Thrusterz TZ 17
L
Total 23819 5109

1%
28 %
18 %
2%
& 9o
11 %
1%
4 %

0%

100 %
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Cruise Ship - 3600 Passengers

SHIP OPERATION PROFILE VS FUEL CONSUMPTION ELECTRICITY CONSUMPTION DISTRIBUTION
3000 10000
0 on Mod 1 apoo Consumed mech. energy MVWWhia FO tia share
L 2500 28, peration Modes { 2000 B Propulsion 114704 23268 100 %
z % : § ATSEA = ,
% 2000 T 7000 o Consumed electric energy MWehia FO tia share
2 o MAN | sooo S| A Auxmach for ship, engine, pn 23931 4387 25%
£ 1500 , W HARGOR eoop 5| B HVAC 27435 S622 29%
E £ | C Refrigeration devices 3632 744 4%
S 1000 - 4000 5 D Hull and deck machinery 2738 458 2%
'ﬁ - 3000 = E Galley and laundry 10350 2120 1%
L £00 L 2000 T‘j F "a"j"lllrk.ll'lg machineny 22 4 0%
] | 1000 Z G Lighting and socket cutlets 27213 5eT6 29 %
H  Mavigation, radio autom 147 30 0%
0 -0 | Aux for thrusters 10 2 0%
?Orgﬁ }hm D D AR KN e D e D TR e gt ,;],11'\ ‘-."F-“ % J
®Hours /year (leftaxis) Fuel conzumption at purt 2500 h K Thrusterz 348 0 0%
M Fuel consumed/year (right axis) Fuel consumption during man.. 1,4 % 130 h L
Fuel consumption at sea: g28% 6110 h Total 94975 19455 100 %
FUEL ENERGY UTILIZATION
Energy production MWhia B HT whr
Propulzgion power 114704 H Economizer 13 % — i post
Electrical energy 94573 heat / 30%
Qil fired boiler heat 20563 179
Economizer heat 55716
HT whr 64752 # 0ilfired
Lost 149389 boiler he
4% - i
Total fuel energy uzed S0a107 W Electrical M Propulsion
Total fuel energy utiized 354718 ENErey power
Overall fuel efficiency 70,4 % 13% 13%
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Example of Deltamarin’s energy flow

simulation tool

« Utilized in all
projects from
concept design
all the way to
operation

» A case specific
dashboard is
configured

« Displaying the
most relevant

results or items
that are studied
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Energy modelling during ship project

phases
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KPI

Early conceptualizing

V'S

‘=
=
==
=2
=

Choosing the main
dimensions,
preliminary hull
design and
machinery concept
generation

First energy model
compiled by
utilizing suitable
operational data

Typical efficiency
improvement
10...30%

cot\“ac‘

6e\'“'eN

<>
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Contract design

V'S

KPI

ess- = System
= ¥ optimization

LE: E 29 . Updated energy
i© . model with more

BORO0-0 00 |

accurate data
 Typical efficiency
" improvements
+ .. 10%

Absorption
chiller

X
cot\“ac 6e\""eN
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Basic and detail design

kpr 14

4 10

I LR R —

4‘

LT propulsion aux aft B LT propulsion aux aft LT aux aft
M LMG evaporation heat residua fuwdl

LMNG evaporation heat residual aft
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i)
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o LMNG evaporation heat calculation

System development
and equipment
choices

Smart dimensioning of
equipment for
operational efficiency
and optimized costs

Updated energy
model with more
accurate data

Typical efficiency
improvements ...5%
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Operations

A
KPI
¢". « Focus on operational
improvements
* Energy management
— Continuous data
analysis and decision
. support
o e . Typical efficiency
improvements
| starting from 5%
N ;17 HT ORC utilization degree _ Very case dependent
_:“ Ty = ;: <’ giue
}
0““30‘ .“e(‘l

aeV
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Energy saving -overview to methods and

technology
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Main focus

« Energy (=fuel) can be
saved both by
minimizing:

- process energy  Xton
consumption fuel

 The result can be
evaluated with the
energy model

Ships systems course 2022 - Deltamarin/Elg

A

Azipods 21.7%

Thrusters 0.2%
Lighting, navigation
and communication 2.1%
Cabins 1.0%

Engine room fans 0.5%

{ Scrubbers 0.3%
J—————————— Machinery 2.4%
N———— Other 1.8%

< Galley 0.7%
HVAC 9.8%

AC reheating 0.9%
Evaporator 1.7%
Potable water 0.6%

Hotel
18.6%

Galley 1.4%

Engine preheating 0.7%
Laundry 1.6%
Other machinery 0.5%

Pools 1.09
Fook. 5%%,

AC preheating 0.5%
Evaporator 3.2%

Potable water 0.8%
Oil-fired boiler
3.9%
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Lowering the energy consumption
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Energy saving in the (electricity)
consumption

Generator losses
—/, 1.3% /
Propulsion Azipods 21.7%

21.9%

— - Thrusters 0.2%

Electrical energy S—— .
40.5% Lighting, navigation
and communication 2.1%

Cabins 1.0%

e Engine room fans 0.5%

Scrubbers 0.3%

l|;°6t:}| Machinery 2.4%
Bt Other 1.8%

Galley 0.7%

LT-water and
other engine losses

' 13.0%

Dumped 0,
HT-water HVAC 9.8%
12.7%

AC re g 0.9%
Evaporator 1.7%
Potable water 0.6%

gy

Lost exhaust
hea 4%

Galley 1.4%
Engine preheating 0.7%
Laundry 1.6%

Other machinery 0.5%

Pools 1.0%
Tanks 0.2%,
AC preheating 0.5%

Evaporator 3.2%
Potable water 0.8%

Dumped Steam

/ 5.8%

Oil-fired boiler Lost from
3.9% oil-fired boiler
0.3%
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Energy saving in propulsion - examples

Design aspects

Development of the hull details ‘
- Appendages

- Optimization of the hull form
- Variations

- Bulbous bow

- Ducktail

- Central Skeg .

Operational/maintenance

Operational speed control

- Itinerary adjusting, faster
maneuvering

Route optimization
- Based on weather etc.

Trim control
Regular hull cleaning
Propeller polishing
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Slow steaming example

« Lowering the -
operational speed is
one of the most ]
efficient ways to
save fuel s " :

* The speed-power [22,0kn = 28 750kW
figure (on the right X % 1
side) illustrates the 5 yn - 8 750kw
exponential (44% higher)
increasing of the | 20,0kn = 20 000kW
power requirements ~ "TTTTTTTTTTTUOC TR N
with increased ship
speed 5 -
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HVAC and energy balance

Hotel Electricity Consumption

Other
48 %
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Affinity laws — for evaluating the energy saving with speed
control of a pump or a fan
Example:

Changing the speed (rpm) of the pump will have the following influence:
RPM increase 10% = nl=1

n2=1,1

Simple rule: 50% speed =
1/8th of the nominal power!
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Onboard Heat Consumers

Heat consumption

Potable water
heating Galley, steam
10 % 11 %

A

Pools, steam
8 %

ther heating
11 %

Laundry, steam
Evaporator heat 12 %

37 %

AC heating
11 %

Heat consumption can be
20-30% of a cruise ship
total ENERGY use

Majority of the heat
production is normally
covered with waste heat

Consumer Usual temperature
range

AC pre- and reheating 70-80°C

Hot water heaters 55°C

Evaporators 75-85°C

Galleys and laundries ~100°C and more!
Pool heating 27-37°C
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Power production efficiency - general
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Power production efficiency

* Independent on the ship
machinery, the ship
machiney always has
some ”power plant
efficiency” figure that
can be calculated

* The following examples
focus on diesel engines
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What is SFOC?

 SFOC = Specific Fuel Oil Consumption
« Unit = g/kWh

« SFOC is not a measure of fuel consumption, it is actually a
measure of engine efficiency

*  Fuel consumption = SFOC x kWh
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What Affects on SFOC?

Engine internal parameters:

TYPICAL SPECIFIC FUEL OIL CONSUMPTION CURVE

—  Combustion process —> fuel injection, air 30

supply, exhaust...
—  Mechanical condition - cycle losses, 2 \\

engine driven = 20

pumps,... Z \
External t . § w \\ Best SFOC usually at about 85...87% MCR

parameters. L%L) . .
N N

—  Fuel - type and quality.. 5 \\ AN
— Air - temperature, S~ N /

pressure, humidity 0 —
_ COOlant 9 temperature, ﬂOW 0 10 20 30 40 50 60 70 80 90 100
—  Operating point > % MCR output 1%

<’ DELTAMARIN®
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More information?

* A new book
about ship
encroy
efficiency came
out in 2022!

« Chapter 12
includes the
main principles

resented in
this lecture
including three
case studies
from .
Deltamarin’s
projects
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SUSTAINABLE ENERGY
SYSTEMS ON SHIPS

R°
ﬁl Preview

View on ScienceDirect

Sustainable Energy Systems on
Ships

Novel Technologies for Low Carbon Shipping

1st Edition - July 21, 2022

S 9T 97 3¢ 3¢ Write a review

Editors: Francesco Baldi, Andrea Coraddu, Maria Mondejar
eBook ISBN: 9780323859905
Paperback ISBN: 9780128244715
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