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Several methods for improving fuel efficiency
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A State-of-the-art of SPS ,

Shipping’s CO2 Reduction Goals

€O, /tonne-km (grams)
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Design: Entire fleet
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(25 year ship life)

Source : ICS

e Shipping industry relative CO, reduction goals

w— e Business as usual
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Comparison of CO, emissions between modes of transport
Grams per tonne/km Source: Second IMO GHG Study (*AP Meller-Maersk, 2014)

3.0 Very large container vessel (18,000 teu)* W
te'.l:twenty-foot equivalent unit

5.9 Oil tanker (80,000 — 119,999 dwt) H dwt=deadweight tonnage |
7.9 Bulk carrier (10,000 — 34,999 dwt) h

|
80 Truck (> 40 tonnes) m
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The MV Emma Meersk officially carries 11,000 TEU (14 tons gross each)
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1) State-of-the-art

Emma Maersk, the world's currently largest container ship in Aarhus 5-9-2006
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The biggest in the world:

= 2,000 metric-ton fully-electric

= 70.5m long, 13.9m wide, 4.5m deep, 3.3m draft design
= Launched late 2017 in Guangzhou

» Guangzhou Shipyard International Company Ltd.
= 70.5-meter cargo boat

= Lithium battery

= Cruise for 80 kilometers

= 2hcharge @ 2.4 MWh
Top speed is 12.8 km/h
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* The electric propulsion solutions applied for some of the main vessel types.
 Based on the difference requirement of the ship mission.
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Cruise vessel Offshore support/construction LNG Carrier
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l Integrated Power System (AC) I Integrated Power System (DC)
Switchboard
Game changer: l l _
. L. Service
Growing demand of electricity I Service I ([ Loass
“' Loads I
| I - Electric
Switchboard : : Battery L ‘I_'Propulsion
Prime Service | |§
Mover Loads Electric Propulsion ame changer: Energy storage
I | g gy g
| Shaft Generator | Shaft Generator
Reduction . -
Prime Reduction . l Propulsion I Reduction .
Mover and Gearbox Propulsion i Gearbox : Gearbox —.—' Propulsion
. . I Service I -
Conventional Ship # Loads # —| Battery
| : |
Reduction . )
: Gearbox Propulsion : . ng\;:jze
! Shaft Generation Solution ' (Parallel) Hybr|d PropuI5|on Solution




(1) Electric Motor = ‘-%"*»’mJ_,u,@,gm,;,#:.-,' |

@) Inverter (5) Central Control Desk
(3 Engine-generator (6) Battery Converter
(4) Switchgear (7) Battery Storage Source: Typhoon HIL
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Terrestrial Microgrids V.S. Shipboard Microgrids:

Terrestrial Microgrids
Intermittent Renewables Regular Loads

2-of-the-art of SPS

Intermittency
Compensation

Shipboard Microgrids
Economical Generation Dynamic Loads

Mismatch in Key Point

Generation & —

Consumption

3 Genset online

Instant Power
Support

2 Genset online

1 Genset online

Control of Energy Storage Systems

Propulsion
Loads

Auxiliary
& service

Loads

L C Bank

X ——D
attery Bank /
—o-/—o—
)§ p
Generator Set #1
)§ .
—o-/—o—
Generator Set #2
Fuel MAH N <
Fuel cell Stack
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s State-of-the-art of SPS

Higher levels design:

AV | \/ |~ Generator Set #1 V Generator Set #1
— dc oo
de Generator Set #2 . Generator Set #2

5l/lf¢ —— ESS

_—— — e — — — =

Voltage Restoration Level
e Nominal Voltage Restoration Function
e QoS Management P /W
- o}
L) =
P ) lim+
Optimization Level
e  Fuel Consumption Optimization Function
e Joint SoC-Generation Scheduling .
) (—\ P P Operation
0. &P ref ° Tertiary Data V Inner Loop
l A ]
Regulator Voltage ref | ¥ Voltage | R Current
- — 5l//ter Equation X Regulator| "o Regulator > PWM
Power sharing Level Excitation Curve A~ A L et T
e Inverse-droop based voltage deviation calculation Power W AV Oref] Pref N
e  Master/slave based voltage & current control Management ref > (Power Management Function)
T - Function SoCT |"m? A4
V Y | — \V;
: . ; ref o Secondary 7 I I I I I - —— «
| B SN
Physical Level of Microgrid ; Regulator Y
o \. J/ : Vdc Opti —
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Battery Bank Bi-DC/DC Converter
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State-oft-th
Integrated electric propulsion configuration
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Queen Elizabeth Il — cruise ship
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16-cylinder Wartsila 16V46CR EnviroEngine marine diesel engines, providing 67,200 kW (90,100 hp)@514 rpm

rids.et.aav.dk

2 General Electric LM2500+ gas turbines, total provide 50,000 kW (67,000 hp)
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State-of-the-art of SPS
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Radial AC distribution system rero @ Im e  [[Shore pover

connections -
Diesel iesel
Engine 1 Elr?glne 2 L Engine 3
A w 6.6kV 60Hz High Voltage Main Supply Bus r
The 2 busses: / R ] [ ] l
= port side bus ’j—‘ 8@ g
= starboard side bus i O O
are linked with bus-tie switches. Hamanic @ z i o % g} @ Hamonic
|

healthy bus in the event of a fault and
thus potential blackouts can be
prevented

These switches can be opened to AEuxn_iary A
disconnect the faulty bus from the é@@ ’ : @ @@%
0

bl |

1 Emergency A

Huang, K.; Srivastava, S.K.; Cartes, D.A.; Sun, L.-H. Market-based multiagent @ Generator %
system for reconfiguration of shipboard power systems. Electr. Power Syst. —
Res. 2009, 79, 550-556. \ \ \ ¥ \ T

Hall, D.T. Practical Marine Electrical Knowladge, 3rd ed.; Witherby 290V 60Hs E ool B 120V 602 E SO B Battery
Seamanship: Livingston, UK, 2014. Z Emergency supply Bus Z Emergency supply bus

Fuel
cell
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Notional AC zonal electrical distribution system / IEEE Std 45.3-2015

| Zome# [ Zome#4 | Zome#3 | Zone#2 | Zome#l ;
| | : | Bus Tie; | 'Bus Tie | f ] !
: ‘Non-Vital : 5 ‘Non-Vital :
Lf Loads <1 -€ ; Lf | Lf ‘ Loads €1 L€ |
; Non-Vital Loads Non-Vital Loads : Non-Vital Loads i
| ] | é ] | =51 | 5
| oYeXe) | o 1| il e | 500 | 55 | | Vit Py §
L RS Loads 7 f O O i e " Loads 7
. Engine —1 | . Engine —~] || Engine — |
i Non-Vit$l Loads SWBD Non-Vit;l Loads SWBD |/ Non-Vit? Loads SWBD | :
Non-Vital 'Non-Vital
: LE ! Loads ™ L : LE: . LE ' Loads LC ||
' | Bus Tie | | 3 [ Bus Tie | | | |

LC - Load Centre, ABT - Automatic Bus Transfer, G — Generator, SWBD - Switchboafd

Modern electric ships tend to use zonal electrical distribution system (ZEDS) architecture based IPSs over radial architecture:
It is a real multi-microgrid cluster
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Multi-microgrids electrical propulsion ships

Port-side Shipboard Microgrid
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Starboard Shipboard Microgrid
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Multi-microgrids electrical propulsion ships
Port-side Microgrid #1 . Port-side Microgrid #2
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Isochronous Control
» Measure the power difference between

generators and adjust in transient the speed
v Some companies use CAN bus / ex.

Kongsberg
v' No steady-state frequency errors

Isochronous speed controller
Oref 5 e Ting A = =10
‘ overnor > ngine —» > cnerator >
- Fuel C i;—
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Droop Control
» Use the inherent droop mechanism of two

synchronous generators connected in
parallel

v No intercommunications are needed
Large steady-state frequency deviations

X

Speed droop
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f=h State-of-the-art of SPS .

Power Management System / PMS

Functions:
e Energy saving:
» reduction in specific fuel oil consumption (SFOC)
» reduction in propulsion fuel consumption
» reduction in overall vessel fuel consumption.
Automatic start/stop/standby of auxiliary generators

Automatic load sharing
Load shedding
e Automatic synchronizing and system restoration

e Monitoring and load analysis illustration

e Load transfer: can control and monitor the load transfer from shaft to auxiliary and vice versa
in hybrid electric ships, and shore power to auxiliary in cold ironing.

— www.microgrids.et.aau.dk




AC Shipboard Power System

LA A A

I c8 cB
| AC MAIN SWBRD

|

|

\ cs c8

S

| AC Main
l | Switchboard

c8 lca
| | | | J

Prenc, Rene, Aleksandar Cuculi¢, and Ivan
Baumgartner. "Advantages of using a DC power
system on board ship." Pomorski zbornik 52.1
(2016): 83-97.

www.microgrids.et.aav.dk




—————————————————————————————— | BlueDrive PlusC
| from SIEMENS

I <20MW

www.microgrids.et.aav.dk
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Onboard DC grid — Multidrive power system scheme

On-shore
charging station

BlueDrive PlusC

Battery

Source: SIEMENS

www.microgrids.et.uuu.dk



Onboard DC grid — Distributed power system scheme
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State-of-the-art of SPS
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Onboard DC Grid
Vessel layout example — Onboard DC Grid

A AN
W WNEE W% Con

“Marl T m @




RN - T ;0‘
(=h State-of-the-art of SPS 4((

DC SMG = ——
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Schematic diagram of fuel efficiency characteristic for diesel generation (in fixed speed)




Dynamic AC concept — DAC by AB
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Dynamic AC concept — DAC by ABB

B Conventional diesel-electric power plant

- Dynamic AC power plant

130 100
125
120 80
sFoc ' | Engine
9 load 60
[ /01 1 [0/°]
105
40
100 p— | ’
l !\q“" —"
a5 — 20
20 25 30 s 40 45 50 55 60 65 70 75 80 85 90 95 100 60 70 80 90 100
Engine Load (%] Engine speed [%]

e

Benefits of Dynamic AC- Up to 6 % annual fuel savmgs for Iarge cruise vessel (+20MW) Source: ABB




Operating modes (PTO/PTI) of a shaft generator/motor system with VFD-
AUXILIARY GENERATOR 1 =~

We may switch-off a DG!

— NO POWER
s AC POWER
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Platform support vessel (PSV)

AC —DC

GENERATOR#2 GENERATOR#3

GENERATOR#M
690V/60H2/3ph G90V/B0HZ3ph

B50VS0H23ph

DC Architecture

www.microgrids.et.aav.dk



b State-of-the-art of SPS .

Benefits of using a DC ship power system

290

Engine Fuel Consumption

e Improvement of prime mover efficiency and -
reduction of fuel costs,

e Weight and space savings,

e Generators operating with a unity power factor,
e Lower transmission losses,

e Faster and simpler parallel connection of
generators, 170
e Simpler implementation of energy storage.

——Fued Speed Ergine

'g

~—o—\arabe Speed
Engine

SFOC [g/kWh]

210

190

150
20 =0 60 80 100 120

P/Pn

(=]

Rao, Srinivasa, et al. "An exercise to qualify LVAC and LVDC power system architectures for a Platform Supply Vessel." Transportation Electrification Asia-
Pacific (ITEC Asia-Pacific), 2016 IEEE Conference and Expo. IEEE, 2016.

— www.microgrids.et.aau.dk




» Norway » Kongsberg K-Pos 2 dynamic

» 2.2m long x 21m wide positioning (DP) system.

» Gross tonnage 6,100t > 4 x2,010kW Wartsila

» Dead weight 5,900t 6R32DF engines

» 25 people » 4 x1,950kW main
generators Alconza NIR

> deck area 945m? 6391 A-10LWs, each

» deck load of 3,450t producing of power.

> water ballast capacity of 3,518m> 3 2 x Rolls Royce AZP 100FP

» Capacity 993m? of fresh water propeller systems

» 167m?3 of methanol.

Source: Wartsila
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= Dual-fuel liquefied natural gas
(LNG)/diesel-electric power plant L] FC Jssokw
= Fuel cell operates at 650°C and . - O Pove ExoIronts Contairar e
generates 320kW gl % i é :
”.:.'GalvanlcSep e ' F
Container L@ i
s '_‘// =1 EoK _' o OSMWL
E é B30KVA émwx
(450‘/60"2/ ( ( '
(
Existing system

New installed system




Due to the combined use of the fuel cell and a gas engine, vessel can reduce:
sulphur oxide by 100%, nitrogen oxide by 85% and carbon dioxide by 20%
Source: Wartsila




C) GREENLINE

YACHTS

Lithium battery technology available: a 11,5 kwWh on
Greenline 33, 23 kWh on Greenline 40 and 46 kWh on
Greenline 46 (battery pack with a permissible discharge of
100%).

www.greenlinehybrid.si



http://www.greenlinehybrid.si/

SOLAR ROOF

CONSUMERS 220V

*AC

- ENERGY MAMAGEMENT
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i1 ST ] —

ELECTRO MOTOR / GENERATOR DIESEL ENGINE YOLVO PENTA O3




Hybrid Yatchs: C

At the dock

SOLAR ROOF

CONSUMERS 220V

0-—| 4
g INVERTER / CHARGER l !
) ENERGY MANAGEMENT
GEAR BOX | ‘
‘i.l BATERY BANK

*‘ |
In electric drive qugﬁ

*AC

ENERGY MANAGEMENT

» \
INVERTER / CNARG!I

ELECTRO MOTOR / GENERA! 0

GGARBOX
BATERY BANK
D ESEL ENGINE VOLVO PENTA DS

- p = —~ ~

-3 = e o = RRes T ek B M e B et
- S .~ s X g - el e —
M, - > e e SN
.

In diesel drive mode

CONSUMERS 220V

]
2 -] ’
| *AC
RGER

INVERTER / CHAI

GEAR BOX N

ELECTRO MOTOR / GENERATOR DIESEL ENGINE VOLVO PENTA D3

SOLAR ROOF

At anchor

ENERGY MANAGEMENT

—— !
,
H . L[
ELECTRO MOTOR / GENERATOR DIESEL ENGINE VOLVO PENTA D3
g - L2 - > E

www.microgrids.et.aav.dk




* Prinsesse Benedikte, 3 ‘ = E
built in 1997, @ . - \\\\\ \ \ \

hybrid since August 2013

» Capacity: 364 cars or
124/30 cars and lorries

* The world’s largest hybrid ferry
- 1.9 MWh battery bank

* The system equals approx.
400 hybrid cars

* Reduce CO2 emissions by 15 %
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Source: Scandlines
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Ampere Ferry from Norled (Norway)
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Norled AS, MF Ampere Ferry powered by Corvus Energy
ESSs on both vessel and shore charging stations.

Lavik
Charging
Station

410kWh

Oppedal
Charging
Station »
410kWh B - . s e
1 . {
\«“’ Sognefjord @

Source: Norled

v

5.6km - 34 times/day
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(2D world'

Electrical Electrical
Grid House House Grid
Loads Loads
| |
© o O O o ©
38 e
% T | T I
64 L |k | 62
4 Battery Packs Coasumers Coosumers . 4 Battery Packs
20 Modules/ W 20 Modules/
pack pack
§ Baniery | 3 By

n pxck Energy Storage Azimuth Azimuth  Energy Siorage = pack
System Thruster Thruster System
520 kWh 520 kWh
Energy Storage Energy Storage
Systsm Forward Power Station Aft Power Station System

410 kWh

410 kWhn

R

CarFerry .

o Q"
#6 yniv®

4
e r

» Designed by Siemens AS
and Corvus Energy

* Onshore Corvus Energy 410kWh

« ESS comprised of 63 AT6500
Liquid-Cooled modules
installed on both sides of the route,
each providing near
instantaneous transfer of power to
the vessel ESS.

Source: Norled
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State-of-the-art and trends in SPS
AC-DC grids in SPS
ESS integration

Power Quality Issues in SPS

Cold-lroning

www.microgrids.et.aav.dk
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State-of-the-art and trends in SPS
AC-DC grids in SPS
ESS integration

Power Quality Issues in SPS

Cold-lroning

www.microgrids.et.aav.dk
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HyELEF project 2017

Hybrid Electrical Ferry including Batteries

SOIC
B g0 S g i M ER 2 Ch )

Ship and Ocean Industries R&D Center

«

AALBORG UNIVERSITY
DENMARK

VIS=DO

- www.microgrids.et.aav.dk



Ferry in Kaohsiung
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g"?“l\ Asia’s First Hybrid Electric Ferry M.

Y
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Asia’s First Hybrid Electric Ferry (P

Re IHI\“

Shore G i

Power U- enerators
650V *

2"88kw G
380VAC

Battery 3 phase 440VAC \~=

60Hz 3 phase 60Hz
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[ -
H

{ AC440V
Panel

DC-DC
Converter

————
[l
i
1
i
i
[
i

DC750V |
Distribution ; Canacitor
Panel | =T 10mF *

e 440/220
_ 45kVA
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i ‘ : \ ‘ : \ i with LCL-filter circuit ; 1 AC220V
e / / arive Z i i Distribution
)

ceeeead Panel
Propulsion M Propulsion
Motor ——_ J Motor —L— . Hotel
—
Hotel Load
Peak
35kW

e
“:—A B - —r

:—'\.A‘" Gig-—x

www.mlcrognds et.aav.dk




» Original gear box, main
shaft, and propeller.

» Origial throttle system.

» Same driving characteristic.

» Low cost.
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» DC/DC, DC/AC, LCL,
Inductor.

» Extreme compact size.

» Very low heat generate.

T Source: SOIC
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«¢)  Asla’s First Hybrid Electr . 4
k w“gcﬂi‘“ﬁ ‘e, - o“é
— #e yuive
e-ferry battery load profile
( 100kWh@20%~80%SOC = 57.5kWh Useage )
O B Sknot Pure Electric M 5knot range extend
< e
T <
9
w Pure electric d
% . Mode consumes 57.5kwh energy in 60min interval ﬁ‘i
p1 23
5 50
o
+
o 0
3 i
o 50
g > 37 3 a1
- -100 B 451 4| bl L L y
P=3 55 57 59
5 Charge reach :
g 1% 80%S0C After 1hour, the ferry either
& \ switch into pure go ta 50kW charge station or
E Charge from 20% SOC electric mode continue (repeating) running
=S by range extend mode
TIME (MIN)
» Every one hour running, the boat can either continue by range extend or
stop and doing shore S0kW one hour charging. Source: SOIC

- T JTIN TTT >
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Goal:
1.Output same power as original diesel engine

2.Maximize system efficiency
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DE 1

DE 2

Battery

Propulsion

Cruising

- Retay

: operated ;

Berthmg
i OPS

- Discharge if :
P 20 < SOC <80

- Charge 1if :
SOC <20
DE — Diesel
Engine

OPS - Offshore
Power Supply

——www.microgrids.et.aauv.dk



g’“\l Asia’s First Hybrid Electric Ferry 1 .

RES!
.lmo(;n‘ ®e u“““
Technical challenges:
» Original old generators are not stable which costs much extra work and budget.
» DC microgrid stability adjustment requires lot of experience and tests.
» Signal interfere within different equipment is a trial and error uncertain process.
> Battery life care strategy.
Non-technical challenges:
» Crew and client have stereotype that motor and battery has no power.
» Hybrid system operation is unfamiliar to crew especially with electric equipment.
» Investment payback time regarding battery life.
» Silence cruise makes crew feel unconfident.
Source: SOIC
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EFFICIENSEA project 2014-2018

Off-shore Application of the
Flywheel Energy Storage System

( Den Danske
Maritime
Fond

AALBORG UNIVERSITY
DENMARK

mentme . W

WattsUp Power




~ ~® o
/. /\ \iw\ - = = ¥ < = ‘ ) 25 ( ‘
Bt EFFICIENSEA Project (@

@:ﬂ/ 0000 u"\""’\

*WattsUp Power IVS, Martin Speiermann
*Maersk Drilling A/S, Helene Aagaard
 Aalborg University — Department of Energy Technology, Josep Guerrero
Budget: DKK 16 million

Innovation Fund Denmark investment: DKK 8 million

Duration: 3 years
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Dynamic Positioning (DP) is a
computer-controlled system that
automatically maintains a vessel’s

position and heading.

Forces and motions
HEAVE

YAW
R(OL)LSURGE | 3 --' < 5
t :’,V’ i
Sb Azimuth . P S
Thruster ~ Sway ( c
Azimuthal propellers Cycloidal propellers Tunnel propellers

Tunnel Main
Thruster Propeller
and Rudder
o e T, e L~ e
- s v .“-_;,~.
—www.microgrids.et.aau.dk
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Gyrocompass

Laser Positioning

CP Propellers

DP Control System
Symmetry's IDP System (Brazil)
s.et.aau.dk
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Hydroacoustic Positioning
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Dynamic Positioning (DP) 5 (@

Example of configuration for Dynamic Positioning system

WEST VENTURE
Type:
Semi-submersible
Location:

Norway
Availability:
Available
Maximum depth:
2,600 feet

Source: Lauvdal, Trygve, and A. K. Adnanes. "Power management system with fast acting load reduction for DP
vessels." Dynamic Positioning Conference. 2000.
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<k %6 ynive®
Semi submersible drilling rig with Full-scale data from West Venture
four podded azimuthing thrusters Thraster power [MW], bus #1 - #4 Vessel position.
m - - y . 6l .
60| i
sof i |
H o= -
anf % -
65
| Z 66t
ol | 67t
10 68"
0 -9

10

Dotted lines: when available power on the busses are reduced to 0,3 MW
Solid line: the total thruster power on each bus

—— N, A——
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Thruster
Transform

Position & Heading
Measurement

Thrusters Vessel

- POSITION REFERENCE
FEEDBACK
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Wind Speed
& Direction

Real
Equipment

DP System
Software

Estimated Wind Forces

Thrust
Vector
Command

Current & Wave Forces

Speed

w2

State Gains

Position

S Thruster
Correction to Models
Move Ship Required Position
Model Into Line Positio
With Real Ship M:a's'ur'i‘n
Estimated Achieved Thrust .
Equipment
(PMES)

Kalman Position
Filter Innovation

Best Estimate Of Position

Source: Pirie & Smith, Ltd, UK
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é"“\l\ Offshore support vessel OSV example . { .

- ﬂoc&

X B
S 26yt

Typical Operation Profile

Ot ol Soovin. Mode Time [%] [Power Demand [kW] |

Lo = DP 37 2128
Stand by Low N

Sland-by Iy IR In port 23 168

Steaming 11kn Steaming 11kn 20 1836

Inport Stand-by High 8 1000

r s Stand-by Low 8 755

0 5> 0 B 0 2 W B W Steaming 15kn 2 4260

— Out of Service 2 0

e
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= T .t
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Electric Power Plant

Phase l: Optimal Operation Managerment

E{:I
Azimuth

h ..L
Total Load Thruster ~ °
15 T 3 3 3 3 3 3
Measured Load | —
__________ A System
14 Average Demand A 4
T - Load 's
R L ™)
13 T B © Drilling
. 1T~ i ]| cmec Mission % Drive
12 oy NP g ) N
I Profile a
s | \ |
s 1 . S
5 Case B L"’\ Shipboard [}
3 10 e ] 4 Section 3
I — O
o
or \ 1 Plant o
gl | caden )" =P | Configuration 'E AC Load
—_—
Case|D \ °
" A Units c
Specifications 8
6 >
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 w

Time (minutes)

DC Load

Source: www.flywheel.et.aau.dk
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State-of-the-art and trends in SPS

AC-DC grids in SPS
ESS integration

Power Quality Issues in SPS
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AC Mariti Mi id Syst -
ariiime Iviicrogri ystems ) PQ issues
(steady/ transient)

d Ship Grid (PCC)
#1 Main SWltchboard C Electical Propulsion System
P , T %}
| ; A)Y L ° .
o | (&Y # - Harmonic/Inter-harmonic
Unbalanced Waveforms

I Breakeri \
| a #1 Load Center Ship Service\
} i = Loads system
Automatic Bus Frequency Variation
#2 Generator
Nati
Power Generation System = Power OSCI"atIOI‘lS
Ship Service rliCKers, Notchniling
Loads =l Sl 2T e
)
Power flow/Power sharing
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=), Harmonics

Microgcﬂ
lmoc&““
b) Low voltage drilling multidrive

12-pulse Voltage Source Inverter (VSI)
a) Medium voltage single drive for thrusters

=R EPEE &2
A,%%wij&zwzzzgzsszi 25 _

wiol by oex ¢y EEeEiE |

mzm“®@@@@®@m )

Phase 1

Source: Adnanes, Alf Kare. "Status and inventions in electrical power and thruster systems for drillships and semi-submersible rigs
proceedings of the Dynamic Positioning Conference. 2004

— www.microgrids.et.aau.dk
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PQ Standards in SPS .

PERMITTED LEVELS OF VOLTAGE AND FREQUENCY DEVIATIONS FOR SHIP POWER SUPPLY SYSTEMS

Instruments and Parameter Variations
Standards Range of The H B . Iﬁndl“du?l
Standard Voltage Frequency armonic armonic
7, Distortion Distortion
Electrical Installations
Q.
AN Polish Register in ships. Definitions +6%.-10% 5% 59%(40th) o
IEC60092-101 and general +20%(1.55) +10%(5s) °
L .
requirements
O
(== , . Ssclcctic-n a?d If}sc ulf +6%,.-10% 159 SonS0th | o0
% Lloyd’s Register tﬂﬂdﬂi’ds.]?; : ;}r ava £20%(1.55) +10%(53) o(50th) 5%
E Characteristics of
Shipboard Electrical
ﬁ . o L]
Power Systems in +5% 3%
5%(40th B
% STANAGI1008 Warships of the North +16%(2s) +4%(2s) o ) 3%
Atlantic Treaty Navies,
“ NATO, Edition9, 2004
Rules of International
© American Bureau Ship Classification +6%,—-10% +5% 59%(40+th) 30
. of shipping 2008 Societies, eg +20%(1.5s) +10%(5s) °
Q PRS/25/P/2006
> IEEE Recommended +59 +39,
() IEEE $td.45-2002 | Practice for Electrical e e 5%(40th) 3%
Vg Installations in ships - K - K

crogrids 'et av. d




While variable speed drives help optimize production, save energy and extend equipment lifetime, they
rid. Many applications in the industry require a low

also introduce harmonic currents to the on-board
level of harmonic distortion. Regulations have been imposed by marine certification bodies which state

that harmonics must be kept to 5% or 8% of the total harmonic voltage distortion (THDv) on the main

bus bar.
Danfoss Drives” wide range of mitigation solutions which can help restore weak networks, increase

network capacity, meet compact retrofit demands or secure sensitive environments includes

VLT® Advanced Active Filter AAF 006
VLT® Advanced Harmonic Filter AHF 005/AHF 010

VACON® NXP AFE

Source: Danfoss




Poland — Denmark Cooperation PhD Project 2017
Unbalance and Harmonic Analysis in Shipboard Microgrids

«

AALBORG UNIVERSITY
DENMARK
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Cable connection to
main ship switch board

Energy Storage Systems

Flywheel

Batteries

Renewable Energy Sources Circut e = X
breaker
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ol
G A
Wind
Turbine

- DC bus

— AC bus
= =Communication link
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g"‘“\ Cold Ironing .

* Change grid frequency from 50Hz to 60Hz and synchronize with ships grid.

* Reduced local emissions, noise and vibrations

* Increased lifetime for ships engines

* Allow maintenance on the ships engines during the harbour stay

* Bi-directional: Generator load test power can be fed back to the shore grid — complying to local grid code

v,
% Shoreside l Shipside

- ~
—(\ ﬁ a’-
' Optional

onboard
Shore transformer

Incoming utility supply s

Berthside connection = — I
-to-shi switchboard _  Connection . $Witchboard i
Shore-to-ship power supply system .  [Pesiosirint BT L 3
i3 |L 3
221 £
wn " o

[
I
L

cable

|
& - I Ship to shore 1 I
= _.®_/_| FILTER m—/_ Frequency connection I
- converter I I
3 | — po ———

wn
@]
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=
(@)
(@
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s
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Onboard
generator sets
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Generic cold ironing standard requirement

om Em mm mm mm Em o mm Em Em Em Em Em Em Em Em Em Em = om o ey

/ N 7 \\
I’ Shoreside Y Shipside :
| S2SP

| tonnection cable |
Main utilit Transformer

| y Frequency S —I' """" —3 s R e |

1 f converter —— : pay i T g Onboard |
R - i 1 ( Q ) | enerator sets

| . 3 — ~ —l” O - v E E -0 - g |

| LF%5 - P S— -“_-_—I——l’ b ¥ switchboard |

I switchboard " switchboard I
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o Cold Ironing « .

Centralised cold ironing configuration

g
S0z e —> . . . .
T ) % Distributed cold ironing
————— n o e e L 5% configuration
ndd : r o SoHz -
; ey r Ul : k. ] T N R S S §
2-lmEds B B B | el eacueal 24 0
15 o : H o N wlp
Man utility ' E m . 1 ~ 2.0 (D - ’
arid i 1 e e e e ey
’ . .

|

8

M
v

By iirg; L=+
\\ Shoreside connection " ,'
e Used one frequency converter as a e Directly extend the system by replicates
central and double busbar to the complete regime of each berth with

allowed the ship berthing either frequency converter and transformer.
50Hz or 60Hz. e Excellent flexibility and redundancy

* High costing




DC distribution configuration

High Voltage
Utility incomer

o

S0Hz  coldiironing

substation

Qutput inverter

Distribution
rectifier

——

} connections

By extending of two previous
configuration with introducing DC bus.

Easier to integrate with any energy
storage device

Able to use in small quay area

E. A. Sciberras, B. Zahawi, D. J. Atkinson, A. Juando, and A. Sarasquete,
“Cold ironing and onshore generation for airborne emission reductions in
ports,” Proc. Inst. Mech. Eng. Part M J. Eng. Marit. Environ., vol. 230, no. 1,
p. 1475090214532451, 2014.

www.microgrids.et.aav.dk
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PROGR
SP2S case
Phase currents of the synchronous generator during
synchronization with low voltage AC grid

Synchronization
If Ship tries to synchronize bulky DG with the shore,

huge inrush currents appear due to inertia

4A/div
20ms/div

Simplified block scheme of S2SP system

4 HO—2 2
TUSZSP iSZSP EYUQen igen
AC AC/DCIAC
@ Converter : aa AC@
Experiment
: S2SP i SHIP ! [ ! —— )
R
Source: Ship-to-Shore vs. Shore-to-Ship Synchronization Strategy, R. Smolenski, et al., IEEE TEC, 2018
-2 Ll - St . T TEPT ;’ ,;,. _.:’:"_: 1 o




:Sl“lﬂ—l'lg] {

- Gantry

Diesel ICE

e
7 N

S

’;-?:

0—‘-\

TN |

b Xab\“'\‘.'

LR NN S

Ale




[
Rt Port Cranes
=]
1500 /,j"\,\\\ |
= 1000 ,
N
2 ‘_"’/ / \ e \/\A
500 221644959 128 16 l‘)]2>\2%4 )x6g]\ﬁ/l
-1000
(sec)
- S
| A § |
e
|ICE generator set |
' I
i —
' __!'M___J DC/DC

converter

¥,
Q'O

«“ AD""

«

%6 yuve®

‘
/
"tr

5 40 A i

Source: Nan Zhao, Nigel Schofield, and Wanggiang Niu

Energy Storage System for a Port Crane Hybrid Power-Train

IEEE TRANSACTIONS ON TRANSPORTATION ELECTRIFICATION, VOL. 2,
NO. 4, DECEMBER 2016

— www.microgrids.et.aav.dk



Port Cranes

Engine

Flywheels

100 12

+45% Energy recovery
Possibly DC microgrid config.
Coordination between FW

Savings and...
Power peak reduction

Inverter

Inverter
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