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1 THE OFFSHORE WIND FARM ELECTRICAL SYSTEM DESIGN AND OPTIMIZATION PROBLEM

Source: Fischetti, Martina, and David Pisinger.
"Optimizing wind farm cable routing considering power losses."
European Journal of Operational Research (2017).

Given a large-scale offshore wind farm with coordinates location of WTs,
geographical and meteorological information of the site under study

!

1) Determine the number and location of OSSs and allocate each WT to a OSS

l

2) For each sub-group optimize the CS (Collection System)

!

3) For each sub-group optimize the TS (Transmission System)

!

4) Determination of the optimal connection between OSSs

RADIAL GRID RING GRID

MESHED GRID

Ergun, Hakan, Dirk Van Hertem, and Ronnie Belmans. "Transmission system
topology optimization for large-scale offshore wind integration.” IEEE Transactions

on Sustainable Energy 3.4 (2012): 908-917.
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Given a large-scale offshore wind farm with coordinates location of WTs,
geographical and meteorological information of the site under study

This is given in the BIG project ‘ 1) Determine the number and location of OSSs and allocate each WT to a OSS
2) For each sub-group optimize the CS (Collection System)

!

3) For each sub-group optimize the TS (Transmission System)

This is important for meshed
networks and should take into ‘ 4) Determination of the optimal connection between OSSs
account market prices
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Given a large-scale offshore wind farm with coordinates location of WTs,
geographical and meteorological information of the site under study

!

)

2) For each sub-group optimize the CS (Collection System)

We focus on this

3) For each sub-group optimize the TS (Transmission System) >
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Optimization target: AC Transmission Cables

S

> AC Transmission Cable

» OWEF direct connection to shore or ACDC converter
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Case study 2 (Germany — Sweden — Denmark )
Partial Integration and High OWP



Optimization target: AC Transmission Cables
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> AC Transmission Cable

Single-core cable with lead Three-core cable with optic fibers,
sheath and wire armour lead sheath and wire armour

A transmission cable is defined by:

» Conductor cross-section

» Insulator material and geometrical features
» Mechanical and electrical protective layers

» Jacket material
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How to size a transmission cable?

According to IEC-60287 model

» Static equation dependent on: physical installation conditions, soil thermal
resistivity, cable materials thermal information and ambient temperature.

> Positively correlated variables: I, - Tg.

» Maximimize I by considering T, = 90 °C.

Single-core cable with lead Three-core cable with optic fibers,
sheath and wire armour lead sheath and wire armour
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How to size a transmission cable?

Challenge with IEC-60287 model

» Acceptable and practical for traditional power systems.

> Itis not optimal for Offshore Wind Farms (capacity factors = 0.4 — 0.5)
Solution

» Dynamic Sizing of cables considering the restricting factor of
conductor temperature (to maximize the lifetime of the insulator).

Single-core cable with lead Three-core cable with optic fibers,
sheath and wire armour lead sheath and wire armour
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How to size a transmission cable?

What the new criterion should include?
» The dynamics of the system and time-varying variables.
» The capacitive currents.

» A probabilistic lifetime estimation of cables.

Single-core cable with lead Three-core cable with optic fibers,
sheath and wire armour lead sheath and wire armour
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The proposed methodology

« Simulation Get time-series C?rl](r:LeJLate
tting. ime-seri } . . o
seting. _ Get time-series of cable Get time-series Calculate dimensional

« Site-specific: of yearly cycle temperature . .
i of loss-of-life number of plus time
Power and with highest el fractions cycles to failure varying
Temperature capacity factor cable’s radial electrical total
time-series geometry losses

Lifetime Estimation and Performance Evaluation Framework (LEPEF)
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Dynamic Cable Temperature Prediction

» Thermo-Electrical Equivalent Model

Thermo-Electrical Equivalent (TEE) circuit model for a single-core HV submarine cable

__.;-" Balric
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system of ordinary differential equations (ODE)
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Dynamic Cable Temperature Prediction

» Thermo-Electrical Equivalent Model:

15

Temperature ( © C)

45

[ & o
o o o

Computing time (Seconds)
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[

20

Calibrating the model for a Cable XLPE-245 kV-630 mm?
Multidivision of the seabed around the cable

8
Number of layers

NMAE vs computational time of the cable temperature calculation for synthetic input data

NMAE (%)
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Lifetime Probabilistic Estimation

> Arrhenius-IPM

=], (oot () ()
D

|

2

[ T,

D= 12- (FD) —» Probabilistic enlargement failure law
T T

Lp(E.T.Pp) = [

—» Failure probability [p.u]

— Conductor temperature [K] = T (t) : (Power(t), distance)

—— Electric field [kV/mm]

—————— Lifetime prediction [hours]
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Cumulative damage

> Miner’s law

Total losses calculation

» More holistic approach
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K= !

h
Y, LF;
k=1

—» Loss-of-life fractions in a cycle step [p.u]

—— Number of cycles to failure

[DT h

TL=Y Y R.(Lk)-1(l.k)’
[=1k=1

L Current [A]. (Function of the distance and time)

—— Conductor resistance [Ohm]. (Function of the distance and time)

—> Total losses [MWNh]
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Dynamic Temperature Cable Prediction

Optimization target: 2-meterSabdveteed demeeratie ®ymmBeRes [{peae2007)

AC Transmission Cables
Observe the yearly variations of the boundary temperature. Spanning [-3 °C ,— 22 °C]

modelled with 10 surrounding layers. 1 year simulated. WF nominal power: 456 MW. At 100 (%) from 055

Temperature dlllmsmnn along the cable cross-section at worst time (" C): 5081 hour. Cable XLPE-245kV-1600mm”

Critical extreme

10
- 1000 %

Case study 2 (Germany — Sweden — Denmark ) —
Partial Integration and High OWP |

Congucior Tempamturs [* C)

Arcadis Ost 1 (GW1) OWF

Total Installed Capacity = 456 MW ‘ al ®

Export cable size = XLPE 1600 mm?2 .
Length = 89.71 km 0

Vertical distance from cable center (mm)

Horizontal distance from cable center (mm)
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Dynamic Temperature Cable Prediction
Optimization target: 2-m étendalstaie Issa PRIl Lal)eanvceRRses §eear 2007)
AC Transmission Cables

Temperature ﬂhtrhﬂlﬁ along the cable cross-section at worst time (* C): 6336 hour. Cabla XLPE-245kV-800mm’ modelied with 10 surrounding layers. 1 year simulated. WF nominal power: 456 MW. At 100 (%) from OS5

Critical extreme ol

10
L]

Case study 2 (Germany — Sweden — Denmark )
Partial Integration and High OWP &

Currant {A)

‘Vertical distance from cable center (mm)
2
8 -]
Conducior Tomparatur | C)

Arcadis Ost 1 (GW1) OWF

Total Installed Capacity = 456 MW

Export cable size = XL PE 800 mm?2
Length = 89.71 km

Horzontal distance from cable center (mm)
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Three OWFs applications with Dynamic Temperature Cable Prediction
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Dynamic Temperature Cable Prediction + Lifetime Probabilistic Estimation + Cumulative Damage

22
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Dynamic Temperature Cable Prediction + Lifetime Probabilistic Estimation + Cumulative Damage

> Results for a cable 630 mm?2 XLPE-245 kV and total length 50 km.
> Based on cable with lifetime of 30 years, failure probability of 5%, 1 km total length, operating at continuous rated conditions (7;, = 90° and E,, =
12.20 kV /mm)
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» The current criterion used for sizing AC cables for OWF applications is outdated.

» By means of the proposed methodology, the maximization of cables power transmission capability for OWF applications has been achieved,
respecting the maximum degradation allowed to the cable insulation.

» Remarkable potential economic savings/incomes can be achieved by means of optimum sizing of AC submarine cables.

> Future works will be focused on

= Extending the methodology for different technologies of AC cables.

= Extending this methodology for sizing DC cables.

= Application of different probabilistic lifetime estimation models and sensitivity analysis of them.

= Extending the methodology for applications in real time with sensing of time-dependent variables, such as the thermal resistivity of the soil, the
specific heat of the soil, the power generated and others.
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Questions & Discussions

© 50Hertz

Thank you

© EnBW
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