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B‘t ﬁlJ EEI; gb['ﬁ - ‘ Ei /?\ é}iArray cables — collection systems

'; J:‘éj\ EEI 'LI'I_:I‘ Offshore substations

4%%@” 12 > )I%_Ll: Transmission to shore
):F J:‘ —1. 'f/l:-{ Onshore works

Ié\ 213 Summary

@ o0

// B






\J
\)

1

||

EREZHE RS

Offshore wind farm electrical systems

EH [J_I] /l\iggﬁéﬂﬁﬁ Consist of four key elements:

?ﬁj: Offshore

1. iﬁ] Ij\] EE,% ( Eﬁ,j] L&%?\f—fﬁ) Inter-turbine cables (electrical collection system)
2. ?ﬁiﬁj}‘ Eﬁﬁljj ( ﬁﬂ %ﬁ‘ ) Offshore substation (if present)

3. Zﬁﬁ%%ﬂ?ﬁ}% H'(] EE,%"V:Transmission cables to shore

}%}—J:Onshore
4. }%}—J:% Eaﬁljj ($H)%1F_l: EE,%"VE,) Onshore substation (and onshore cables)

ﬁiﬁAlso
° m*)_LTurbines
¢ EE‘ M H%j% IEJ @Grid Connection issues
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Introduction - general electrical system
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Typical Single Line Diagram (SLD)
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Introduction - electrical system costs
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O array cables B 4 HEAT
B transmission cables %1% EL 45
[J offshore substation ¥ |4 B34
[Jonshore substation =2 |4 Hi 3k

B weather o at
@ other items HAIn H
i I H R4S 120-30%
and typically about 20-30% of project costs = ————
_——'—__—__d__—_ _——__R“R—h___‘
i
_'—'—'_'_'_'_'__'_'_'_'_'_'_



- AR _EAHH R4 .

Introduction - technical interactions

VIRV

E‘:/\ ljé,j] %Bﬁ Three electrical parts

* B8, M grid
o }Xu‘ﬂ, wind turbines
° }XL l%:% l%j] ?\g}ﬁwind farm electrical system

___________________________________________________________________________________________

ap | (o) WARE ()| L
Grid i Electrical system Wind turbines
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Electrical collection system - layouts
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'\ ‘\ 1 \ RN \ \
A TR A B AT 32MW

32MW per string

A ] TR BB AT R, ANHFANER
Trend is for radial circuits without additional links
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Electrical collection systems — cable installation

Tools — mainly plough, jetter, or rock cutter ...

Jetting Tool
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Electrical collection systems — J-tubes
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Electrical collection systems — cable J-tube entry

AR, A&

Very problematic once it doesn’t go to plan
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Electrical collection systems — cable protection

TO%E) F R AR (|
@Jﬁﬂ: %@%E’ %) e ="

Approximately 70% + of cable failures are due to [
human activity, e.g. fishing gear, anchors. ' - —

WA N RBRIFRIRP L |

Burial is the best protection.
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Electrical collection systems — cable protection

AN T B !:-1 g 7 sand/Cement

Burial cost and feasibility depends on soill
conditions

,%ﬁﬁ@%ﬁﬁﬁ
_I]]l ) //l\%% % l] ,;Eé;
18

A_Iternately can rock dump, mattress,
pipe.

s
HARSE R, #lan: I
. B4k

Also other hazards, e.g. wrecks, pipeli \‘\\
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Electrical collection systems — costs

36KVEH G A : KAEFABEI105HEE (KZ4150/7RMB)

36kV cable costs in the order of £100k per km

o PR B

some manufacturers may offer better prices.

ZIWA: 5T1-20 1 REFFINEE N B

Installation very variable at £50k - £200k + per km
o  EBMEEKT RN HEIZIE B A TEAA K IR _EAE
N4

low end for jetting or ploughing in ‘soft’ seabed.
o —HAESABIKEELE, STHEZEMM, HixR2AT
Y

once rock or boulders are involved costs can go up dramatically and burial
may not be feasible.

e e—— ———
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Electrical collection systems — summary

oHE 5 AR JR A B 28 I 1A 30-40JK FL

Radial strings up to about 30-40MW

« /NF-36KVEE s B ik

< 36kV voltage optimal

«H45KAY.  XLPE BX EPR
Cable types can be XLPE or EPR

- ZIH E R AR 1-26 KALIA) )R

Installation rates of 1-2 inter-turbine lengths per day

 JRVE H T RALE A

J-tubes used for turbine entry/exit — fiddly !

T8 H BAFR AT, BRAEL ARG NE RIS

Generally best buried unless NO human activity and benign sea environment
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Offshore substations — introduction

AN B B ARG ?

Is it necessary to have an offshore substation ?

/N E, i, 100MWLELTF

If the project is small, c. 100MW or less

iR, i, 15kmUARN

...and close to shore, c. 15km or less

W R R IERE M, #lan. 33kV

...and connecting to the grid at collection voltage, e.g. 33kV

then the answer is probably no, else yes.
LHEIARIGIE (FEE . Fwil, 7 =) fFammA&, R
W EWEBE =15, RS HEE — AN For

Most early projects (UK, S, NL) answer yes to the first two questions and often the
third. Hence most are without an offshore substation. ,
— T —
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Offshore substations — Barrow

Heli-Lift

Module E
Power

Transforme

132kV Cable 33kV Cable
Transition Transition
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Offshore substations
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RES ey KA 23 TR

Barrow (Installed) Horns Rev
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Offshore substations — single line diagram

/
21N t%%
132/33kV tmggns},;rm er
(Offshore and/or
Onshore)

VAr
compensation 4@%@ .
S A Al

T 4% >{<>< ><<>< >{< 1 >}< Diesel standby generator

33kV switchgear (Optional)
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Offshore substations — one or two transformers?
® $/l\7>t5}£%§ ’ Eﬁ%-ﬁj‘/l\ (+) #H% ? Single transformer, or two (+) in parallel?
¢ _‘/I\EEEES%% — _‘E‘ﬁﬁ E%E"jt = “ %Xﬁ'lﬁ ] one transformer - failure is “catastrophic”
¢ W/I\EEEES%% Two transformers
® %’ﬁ 5’ I‘ ﬁfl‘ﬂ!g Extra capital cost
¢ ﬁﬁ gEE%%ﬁB%%%%é‘I& Improved security against transformer failure
- E%E%ﬁﬁ%1§ﬂﬂ ﬁ%gﬁﬁ EK] Hﬂ‘ I‘E—I‘I new transformer or repairs could take months
— Eﬁll%ﬁﬂi& ( 175’\100 — 150£|5 ) failure rates are low (1in 100 - 150yrs)
— U&Qﬁi—fﬁﬁ m ﬁX‘(}H‘/}E E%% H@%ﬁ%@ reduced export depending on transformer rating
¢ ﬁ—‘l%‘ B‘Ji@’?f%ﬂ zﬁj:)hﬁiji Higher O&M costs
- WHHMESR, flaEREFNBEENEE, FeEFEF

Also other factors such as number of cables to shore, ratings etc ...

) | 5 FE SRR T B RE L A — R A

To date the trend has been for 1 transformer when possible
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Offshore substation - costs

» BN A BAEIR TSR G e He 223

Main cost variable is the support structure and its installation

X F100MWVAEA B X, BEARW&EEAT2H T9EE

Electrical items typically £2M for 200MW or so

* SCIREE A2 3 A KK LR 5% A

Structure and installation can be substantially more than this £a

- PEAETZ 15

Monopile seems to be attractive

N 10
* B B EAR5-10 F J7 e85 1% Ik BLA
Total costs £5-10M increasing with MW 5
100 200 MW
f__ﬂ________———‘_____——_ﬁ__—__ _H‘k_“\m
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Offshore substations - summary

- BETH: 100MWA A I Hom &g 8t 15km, 4712 i/ T-36kVH]
FHPIE L.
Optimal for projects approximately above 100MW and 15km+ out to sea, particularly if grid
connected above 36kV.

© R RSB R y5— 10'F JT L B5RT T K2y 100MWHT XU L3 o

Costs typically £5-10M installed for around 100MW.

o FEREFRIFRESL 36KV, HE) MAESE.

Main plant is switchgear (36kV and HV) and transformer(s).

- WA E S BEENHAR RS, Fln. Bt

Back-up supplies and other kit also possible, e.g. reactors.

o« BB/ AERITIEE H SRR R BT

Modular/containerised approach usually taken with substation built onshore.

» EATTRAERIAME, £&FBR&ETES

Access as per turbines, often also with helideck

ER-ULKREHE - B4k

NB - DC converter substation not considered above.
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Transmission cables - introduction

IR 27 FL 2R

These are the cables to shore.

RO ) — PR, HERFIJR LB Y

Size matters — distance, voltage and MW is important.

— Sy

-

*ﬁﬁﬁﬁﬁ%}ﬁ# M ( Eﬂj(ﬂ:36KV) Projects grid connecting at higher

voltages, i.e. >36kV will probably opt to cable at the grid voltage.
o {1 e.g. Horns Rev X7 7E150kV @ 150kV
o Barrow X% 7£132kvV@ 132kV

ETHGENEH, ZFEMEPEHRAEGNEGEIERS
FL 25 SRALL

Aspects of cable construction, installation, and protection are similar to the array or collection
system cables.

RN TR R ERNREE, BHFEMEHER, 1T

EI __\_A‘\
AN RAZ o
Voltage and reactive power are impertanttechnical considerations leading eventually toﬁC‘n_Gr————HR
e

/M



JELEE 28 — Horns Rev X\ HEIZIM H

Transmission cables - Horns Rev
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Transmission cables — voltage, MW and distance

MW 4
JK EL
500 [
DC
245kV+",

100 |-~ 132kV

33kV

10 100 Dgance, km
i =
. - B T
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2)’% Tﬁ%l%ﬁﬁ Transmission cables — AC v DC

° T%‘:: AC:

o BRKAGKEHRT AL R (GEHEHN~100Kn)
Maximum cable length is limited by charging current (usually ~ 100 km)
g % JLiE:‘}FIE; HVDC.:
¢ E%’ﬁl\ Eﬁ%, 1&&%?}5% cheaper cable, lower cable losses
AT A, AR esTiFE, b5
converter cost, converter losses, reliability

XTI EE R, BRSO 3

therefore beats AC at longer distances

E%'ﬁl\ H‘JEFJZ%B% cheaper for onshore section
“UEGiR)” EEER (BARERRLE) « BN, EMHHR
#6

‘traditional’ HVDC (current-source converters): cheaper, lower losses, less ‘network-
friendly’

“MERER-L” (BEFERRS - E&HR, S B
RIS W 2%
‘HVDC—Iight’_Q/_o_Igal_gg_—smweeuemﬂvertFrﬁ)Tnore expensive, higher losses, ﬁcTr?——————___\_R__‘

//n.elwerﬁﬂéndly’
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Transmission cables — DC options

Aimas B R~FK, BRIFEATES, bO—MeaeElEL (B—"MERELDD

Converter stations are big, expensive and unavoidable plus one must be located offshore (and one onshore)

?@J:ﬁ EE,ﬁIJjOﬁshore substation }'_-%:J:ﬁ EE,ﬁlEOnshore substation

490 MW arrnnﬂ;‘\\
L DG +/- 2400V
I ’-l‘ﬁ?"i ‘j : DC 450V 380KV
- Sea/Land
2km se0
Rt HVDG
et | Konverter
'.fff::':'. e "'“"’ﬂ/‘ Qﬂnlsch
_——'—'—__'_____ = _—_——____
_—'—'—'_'_'_'_'_—d__ _—__—_\_'_"‘—-._.__
I
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Transmission cables — DC cables

'3 Rl '@.@t*ﬁ tb, BEi %émﬂs Compared to AC, DC cables are:
ﬁﬁ$ Simpler
%ﬁl\ cheaper
tbﬁﬁ?ﬁﬁfﬁﬁ lower losses compared to AC

AC DC

Condiucho

— Semiconducting compouwnd

¥LPE extruded insulation

semiconducting campound
Lead alloy sheath
Fobyethylens jacket

Syntetic tape or yarn beddings
Stee] armour

Palypropylene yar serving

Typ. Weight = 20 to 35 kqg/m
Typ. Diameter= 90 to 120 mm
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Transmission cables — costs

AC
36KV STFEAT, KZ7100, 0005885 /km
36kV as per array at around £100k per km

110-150kV ~ K#J200, 000%4%%/km (XLPE 2K#!)
110-150kV around £200k per km (XLPE type)

200-245kV K£1300, 00095LEE/km

200-245kV around £300k per km
HV DC K100, 000F24E/km
HV DC around £100k per km

(LB BLAR I At A B AR B 1R 5 85)
fﬂm%ﬁmﬂ@mwﬂ%
f!_/_,_,__
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Transmission cables — summary

e FE S R ER R L JB BLESURT R R B s PR BRI 2

Voltage is a function of distance, MW, and grid voltage.

YIESHERAUT N R

Physical aspects similar to array cables.

DALk = 2 HH B G R R AR B

Main MW export cables hence protection is very important.

H%EHE, REHXHE. KEE, #lw:. #HE
MW, BB KT100km

DC is expensive and only worth considering for big projects at long
distances — e.g. several hundred MW at 100km +.
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Onshore works - introduction

ZH R

Consist of:

o N2 Bl ) s 2R3 4 (2 B8R

Transition from subsea to land cable or line (shore landing).

. J by

Onshore substation

o« FFMERE B

Grid connection aspects

o T F L R B 2 R e 1 — A )

Not going to cover general issues of grid integration of wind or the process of
connection.
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Onshore works — landing and transition

%ﬁﬁ%%iggﬁﬁI B':]fﬁﬁ Hopefully soft and easy.

BROFBTHEDT TRE . A, Bl HARRERY), BEAERHIl, BEAKK
FAFE 7 -

In cases where there are sea defences, rocks or other obstacles, these are best avoided or
Directional Drilling or other measures may be necessary.

NIRRT,  MIRZK B K B3 %7 15 21 ity o W 2 51 2 — AN RT3

Some planning detail in moving from deep water to shallow to tidal to dry Iand as applles

: H_ ,-3 ~ CastIron '
; = ) .;-l'- - el -l":' """ Shells iy

L o " = e : =)
= . -"".r- 'l"“lr'J r"".r 'Ir- i"\'.u'-.l.
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Onshore works — cable transition

B T
HERR AR = '
R R E T —
Drawing shows simple HV /-[
vault. il D H
IR
| Drai rage sump

{} ....... ‘ _______________________________________
RERRRRRG N ]
T R AN 2250

J—
132kV Land
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Onshore works — substation

* vt A] BEE Y FEL Y A B e B /(ELRE W] BE B A — LB
Design may be driven by the Grid Operator / Utility, but there may be some choices to be
made.

TR MERE., REMSERHA.

Will consist of switchgear, metering, possibly transformers, and associated plant.

* R FR R AT < B - ), AR AT RE TR E L ThAME .
Reactive compensation likely to be necessary for the subsea cable and grid code
compliance.

Bt hRE

Standard stuff !
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Onshore works - grid requirements

TS AIF N

These are written into the Connection Offer and Agreements.

NS A E PrdsdE, B RAFHSEHYE, (ER MEAA K EK:

General requirement is to comply with national and international standards and good practice, but more specifically:

. Mwﬂ&

° 'm' = '?ﬁ; mm% . ﬁ Normal operating power factor
° ﬁ@{%?}h 'WJ!IHG59 Interface protection, e.g. G59.

o g3 A A AT ER P A — L R R AR 32 iR S5

Distribution Code and Grid Code — tolerances and services to grid

» AN E BB AFAE, Bl 24T PRI

Odd items also occur, e.g. operational constraints

- IhEEJE, Hlin. P.28, P.29, Fl G5/47EH[EH.

Power quality, e.g. P.28, P.29, and G5/4 in the UK.

¢ EE‘}_IJ_S: MI\LDJ( Voltage steps

¢ I‘;J/E Flicker

° “L%& %7){5 Harmonic distortion
° EE‘E‘IS%%L Voltage unbalance
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Onshore works - summary

* FEL 4 5 il A2 BT 2

Cable landing is important

A Rl i SR R B A A SR A G

Normally change to land type cable or overhead lines at shore.

* AR I AR ] e R AH R ] LAY

Changeover can be relatively straightforward.

-2 Lo i RAEN AR, MR EF il LR EAS, A RE
AR — AN TT 2R 5 F, v

Onshore substation is relatively standard and with transformers offshore will generally be
just a switching substation.

T T RME AR T T — K R o P A IR BT TR

Reactive compensation important — long HV cables produce tens of MVAr.

* B} 2 75 9 B SRRR B K

Grid Operator requirements important.

ER - WAPKHEMNES, B, (M2 RHMACAR

NB - Not talked abou ration, Grld Codes, grid reinforcement and related. =
f___________}.gud—m’ceg g "“-ﬁ_\_h‘_‘
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Finished
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