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eSiLOOP™ - Hybrid Power Plant solutions for DP vessels SIEMENS
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eSiLOOP Design Fundamentals SIEMENS

Avoid Failures /\ FWD

*  High integrity switchboards — Insulated bus-bars and cable connections, additional @
Interlocks for human errors T

o)

@

Autonomous system design — functional islands

* Redundant power distribution to each thruster section

* Independence between power sections and thruster sections, each thruster and
engine section is autonomous

* Reduced consequences of Worst Case Failure

*  Worst Case Failure in DP3: loss of ONE thruster or ONE engine section

(ot

Avoid transients — pre-mag transformers and capacitors
Fast and selective disconnection if failure should happen

*  Utilizing proven protection scheme from Siemens Enhanced Closed Ring
*  Back-up for hidden failures
Black-out prevention
*  Energy Storage — 'Syntetic Generators’
*  P3+ Enhanched Power Plant Protection
*  Fault ride through functionality and testing

Fast black-out recovery
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eSiLOOP™ - Step by step illustration of design - SHIP SIEM ENS ,
lngenuity for Life

®

CONVENTIONAL
* WCF loss of 3 thrusters AND 2 generators. (1Main SWBD)
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® ®
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: | eSiLOOP - Forward loop
[ o —@{) * WCF loss of 1 thruster AND 2 generators. (1Main SWBD)
L
® @
@ @
©) T eSiLOOP - Forward and aft loop
C @) |_ * WCF loss of 1 thruster (1 Thruster SWBD) OR 2 generators.
T— |_® (1Main SWBD)
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SIEMENS

eSiLOOP™ Reduces complex and costly segregations / DP trunks

Ship-shaped eSiLOOP : two cable ways

Ship-shaped Conventional: a third cable way adds complexity,
space, weight and costs
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.~ ~.Semi-sub eSiLOOP cable way & routing : one per colume is OK

e Semi-sub conventional cable way& routing : two add space, weight & costs

eSiLOOP™ reduces complex and costly segregations / DP trunks
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WCF:
* Loss of 2 thrusters AND 2 generators

/_\ FWD /\
CONVENTIONAL

Benefits:
» Simple and well known

o1 s4) (sfe) (c7f's) Cons:
I ' * Redundancy depends on generator and thruster as one

L unit

* Running generators in all engine rooms
* Engine maintenance

* Number of machine rooms
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Step by step illustration of design - SEMI
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CLOSED RING

WCF:
* Loss of 2 thrusters AND 2 generators

Benefits:

* Reduced number of running generators
* Reduced Engine maintenance

* More robust power system

* Fuel reduction

» Emission reduction

Cons:
+ Additional testing and verification



Step by step illustration of design - SEMI
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eSiLOOP -4 Engine rooms, 8 thrusters

WCF in DP3:
* Loss of 1 thruster
OR
* Loss of 2 generators / 1 engine room

Benefits:

* Reduced number of running generators

* Reduced Engine maintenance

* More robust power system

* Fuel reduction

* Emission reduction

» Simpler segregation to pontoons / lower deck
* Reduced rating or quantity of thrusters

* Reduced Engine room dependency

* Number of engine rooms can be optimized with energy
storage

Cons:
 Additional bus-tie breakers
+ Additional testing and verification



Step by step illustration of design - SEMI
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eSiLOOP - 3 Engine rooms, 8 thrusters

WCF in DP3:
* Loss of 1 thruster
OR
* Loss of 2 generators / 1 engine room

Benefits:

* Reduced number of running generators

* Reduced Engine maintenance

* More robust power system

* Fuel reduction

* Emission reduction

» Simpler segregation to pontoons / lower deck
* Reduced rating or quantity of thrusters

* Reduced Engine room dependency

* Number of engine rooms can be optimized with energy
storage

* CAPEX reduction

Cons:
» Additional bus-tie breakers
+ Additional testing and verification



Step by step illustration of design - SEMI
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eSiLOOP - 3 Engine rooms, 6 thrusters

WCF in DP3:
* Loss of 1 thruster
OR
* Loss of 2 generators / 1 engine room

Benefits:

* Reduced number of running generators

* Reduced Engine maintenance

* More robust power system

* Fuel reduction

» Emission reduction

 Simpler segregation to pontoons / lower deck
* Reduced rating or quantity of thrusters

* Reduced Engine room dependency

* Number of engine rooms can be optimized with energy
storage

* Further CAPEX reduction

* Cons:
» Additional bus-tie breakers
+ Additional testing and verification
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Safety - power back-up

Power to maintain position and operation until power is restored, or safely
terminate operation despite possible loss of main power.

Reduce human errors — extend time to make rational decisions.

Peak Shaving
Absorbs load peaks and load fluctuations to reduce the required available
power and running engines.

Performance boost

Instant power to absorb sudden load changes which reduce ramp time
exposed by running engines. Allowing dynamic performance beyond that of
combustion engines.

Savings OPEX & CAPEX

Improving fuel efficiency while also reducing running hours and wear and tear
of equipment, provides savings in maintenance, overhauls and downtime.
Reduced fuel, emissions taxes. CAPEX savings may be achieved by reduced
number or rating of engines and thrusters.

Improved environmental footprint
Reduces fuel consumption and emissions.

@ EDJ[EE
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eSiLOOP 2 engine rooms + Energy Storage

Step by step illustration of design part 2 — SEMI with Energy Storage

/\ FWD

WCF:
* Loss of 1 thruster OR 1 engine room

Benefits:

* Reduced number of running generators

* Reduced Engine maintenance

» More robust power system

* Fuel reduction

G2 @ @ @ « Emission reduction

» Simpler segregation to pontoons / lower deck

» Reduced rating or quantity of thrusters

* Reduced Engine room dependency

E * Batteries as safety power back-up, performance boost and peak
shaving

* Number of engine rooms optimized with energy storage
* Down to 1 engine in operation

* Further CAPEX reduction

iy
F@>
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» Cons:

 Additional bus-tie breakers

* Additional testing and verification
+ Additional batteries/battery rooms

C

\/ AFT
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MAIN SINGLE LINE - Example with Energy storage in topside sections
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Energy Storage ”Syntetic generator” SlEMENS,
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Protection scheme SIEMENS |
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Zone protection all over
Protection and circuit breakers have back up for hidden failures
Redundant power supply
Redundant communication
Fast and reliable interlocking and protection

P3+ Enhanced Power Plant Protection
Loss of voltage sensing to AVR []

Loss of speed sensing to governor

Fuel starvation
Engine over producing

All in one box
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eSiLOOP™ - in summary SlEMENS.
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0 eSiLOOP™ provides dual redundant power distribution
0 Worst Case Failure in DP3: loss of ONE thruster or ONE engine room
O Optimized ship/rig design construction process
U Each thruster section is autonomous

U Easy to introduce Energy Storage — 'Syntetic Generators’

Significant CAPEX reductions with eSiLOOP™ (confirmed by Naval Architects, for a DP3 Semi):
U Reduced quantity and/or ratings of thrusters (8 -> 6)

U Reduced quantity and/or ratings of engines (8 -> 6)

U Reduced quantity of engine rooms (4 -> 3)

U Elimination of segregation / DP trunks in columns, cables and piping

Significant OPEX reductions with Closed Ring and eSiLOOP™
U Increased availability and reliability

Q4 Further reduced fuel consumption

U Further reduced NOX and CO2 emissions

U Further reduced engine maintenance cost
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