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4 MWh batteries

Tesla Model S: 100kWh!
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How many Tesla’s batteries onboard?
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HARBOUR & TERMINAL OFFSHORE OIL & GAS DREDGING AND MARINE SEAGOING TRANSPORT INLAND SHIPPING
CONTRACTING
Our biroad portfolio of vessels keegs pors and Darrierts, complete range of alfshare suppornt Darnen mairtasis 4 dedicaied Saspoing Transpornt A exterave range of Nexidle, lully customisatile
har'bours sale and productive. vass (he specific needs of the offshare Damen desigrs and buikss rotust and powerTu divishan, gng o i i

RO with models 1o Suil every
type arxl size of watérway.

dredgers and componenis,

careact foe expert

Discover move s

Disconer micre » Diccones rmae Disiover more s Diteover move s

OFFSHORE WIND DEFENCE & SECURITY ENVIRONMENTAL SAFETY & CIVIL

Duarnen has developed immovative and eliecive Our Tued eflicient snd comioniable public transpornt Damerns rargs of securay and patrol vesses offers COMTROL Darmess Cral provides you wilh & range of naritime

Solutions 10 serve this chatlenging markes wessels can be seen all over the world unrivalled seakeeging behaviour, speed and W caoperste with harbour authorities, vessel overing the interlace
refabiity. Cawners and operatons Lo provida the products they between ship and shore.

Discover more s Discover more » x

= nésd 0 safepuard the ermararenesnt, 5
Discones rare - Discover more

« Wide product & market portfolio

e T e — o — « Standard products (off the shelf)

We offier 4 vade range ol vesssls 1O Support dients Your partner for farine aquatuliure Souboes Diperiencs luxury at the very highe leved, Darnen offers suppae L

hroughout the entire
wi's husiness is fishy fifecycle of your ou

vessel -
Discover more » Discowes more [ ] WO rl d WI d e
Discover more > Disconer e
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I- KEY FIGURES 2018
DELIVERED SHIPS 2018

Workboats &Tugs €2 ¢ 0
billion
Offshore vessels . e
High Speed Craft /Ferries m . L 2| / ?
The Netherlands

Dredging & Specials
Defence & Security m
e

.............

12,000
total
 personnel

4%

.............. \ Middle East

Repair & Maintanance jobs

New Building

Building on site

Repair

Services -

28%

Asia-Pacific

o)
197

Americas

19 juni 2019

1931 Congrescentrum ’s-Hertogenbosch.....-




Million toones of CO2

We need to be green

Pathways for international shipping's CO2 emissions
1400 - ’
1200 .

1000 3
**** Business As Usual

wm—=50% reduction by 2050 (85%
reduction in carbon intensity)

s 100% reduction by 2050

2008 2018 2028 2038 2048 2058 2068 2078
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Changes in International Shipping’s fuel mix, compatible
x10'? with 50% absolute reduction in GHG by 2050

}Current fuels

6| mm e

Synthetic renewable fuel (hydrogen/ammonia/batteries etc)

14 | —— Sustainable biofuel P

0
2010 2015 2020 2025 2030 2035 2040 2045 2050

Smith, T., Raucci, C., Haji Hosseinloo S., Rojon I., Calleya J., De La Fuente. S., Wu P., Palmer K. CO2
emissions from international shipping. Possible reduction targets and their associated pathways. Prepared
by UMAS, October 2016, London.
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Lloyds Register:
“Commercial Ships of 2030 Will Be Smart, Green and Connected”

—

(’ x \) Propulsion and powering

Advanced materials /Q
( \t Human computer interaction
S~

18 Technologies @ .
that could transform
the marine world
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Trend — OPEX becomes more important

ines and Rolls-Roycé sign

Nor Liné _by-the-hour
= SEIVICE TIULS di Uddi V) hieipel. ;‘x. landmark Power y
v P
\ lk denk en hoop dat onze markt meer nie serVice agreemen
verschuift van Capex* naar Opex**. Dat  me
zal wellicht de druk op verkoopprijzen gre
f, verlagen, omdat ik denk dat we CF
aannemelijk kunnen maken dat onze Uit
niet schepen lagere operationele kosten ste
neen hebben. iec
nige co
or Zoals eerder opgemerkt, zouden we de
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__SmaH to large

150 kW
4.500 kW
10.000 kW
600Vdc 1000Vdc 690 Vac 6.600
: Vv
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New energy onboard

Te C h N | Ca ‘ tre N d q B Variable speed generators
H LNG

New topologies B Hydrogen

B Hybrids / full electrics B Fuel cells

M Shore power / charging B Electrical charging

power
demand

conventional

hybrid
electric

operational
flexibility
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Technical trends TN

More electronic consumers
B electrical propulsion

B LED lighting

B more electric drives

New power conversion technology "
B automotive electrification

B new semiconductors

B modular power electronics

100k

Power electronics in distribution
(ship has a micro grid)

e ML
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DAM=N
New converter types

100 KW DRIVE

IM with DFE (wall- | IM with AFE (cabinet) | Automotive style
mount)

Cooling Water
Total Weight (kg) 960 1580 =300
Total Volume (m?3) 0.41 1.72 0.23

IP65+67

IP rating IP55+21/54 IPS5+21/54
juni 2019 =
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DAME
Challenges — e-ferry case HHASHE
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DAM=N
Challenges — e-ferry case

Challenge

B 4x 500kW propulsion / 100 kW other
B 20 min. sailing - 500 kWh per trip
B 5 min. charging -2 6 MW charging

B weak shore grid
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DAM=N
Challenges — e-ferry case

weak grid

"

charge power?

buffer required? plug power <4 MW @LV

@ = ACor DC? = onboard configuration
Ce

I
M-
L

]
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Challenges — e-ferry case

HOW TO GET POWER ON-BOARD

AC/DC
LV - large cables/connector

HV - safety, large transformer on-board

Inductive - large, expensive

=>» hf / HV switch-mode converter possible?
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Side charging

Top charging

Front or side charging

Wireless charging

Electric charging solution
» Automatic operation
* Plug and socket principal
+ LV or HV solutions
« DCorAC

Electric charging solution
» Automatic operation
* Plug and socket principal
* LV or HV solutions
« DCorAC

Electric charging solution
+ Semi-Automatic charging
* Plug and socket principal
+ LV or HV solutions
*« DCorAC

Electric charging solution
* Inductive charging
+ Automatic charging
+ Induction principal
+ LV AC solutions
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Challenges — e-ferry case

B Dby Wartsila / Syntef
B Power: 2.8 MW
B Distance: 150...500 mm

Rectifier Inverter Inductive coupler Rectifier DC/DC Battery

Grid / power source

W~ - —u—} g = T1-

——

v
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air-gap

19 juni 2019
1931 Congrescen

trum ’s-Hertngenhosch...-"'




Challenges — e-ferry case

Configuration challenges
B onboard bus

B DC/AC

B floating / fixed

B DC power quality
B EMC

B Earthing (ship/shore)

B How to protect DC bus
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400 kW grid
supply

Shore

battery
buffer

B

[1000v, DC]

MW charger

trum ’s-Hertngenhosch

9

6x
300kWh

ox | =
400kW =

6x
300kWh

= 6x
=l 400kW

Switch Board

[1000v, DC]

—/0—

o

DC shore connection
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Challenges — e-ferry case

DC protection

B capacitive grid

bus-tie semi-conductor circuit breakers
other still by fuses

no standards

19 juni 2019 ’
1931 Congrescentrum "S-

Hertogenbosch .




Wodmal coment al
breanorw sa0vecm 1s3same |
ILoading of the Datteriss wi startat |
4~ jeeestive Droop from 0% up 1o % of |
K i:-vew:a: 1
o R —— |
’.f
—= 4
== .
=y
il
A
L e (=
| - il | i
II—~'\- II_~-|
I e I
| |
| = [y | =
| I
TSP 2 | | 4 TS0P 1
e e
| T I |
L [R—_—
} }
i i
e B
oz P
) o)
T e
= = =
e T
. &5
|

FIRE FIGHTING PUNP 4 |

FIRE FICHTING PUMP 1

Disconnector

Loadbreck switch

o meramy v mae] o OF THE LEKTNG CADLPS o R S0 OF THE LIGHTING CROUPS
< l:_e.e_:it_l:!_':___ R I T Cireuit. breaker

Motor controlled
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L DIAM=N
Power electronics is enabler for

future more electric ships
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Contactgegevens

» Bedrijfsnaam: Damen Shipyards B.V.

« Adres: Avelingen-West 20, Gorinchem

» Telefoonnummer: 0183-639911

« E-mailadres: peter.rampen@damen.com
« Standnummer: -
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