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MRI

Ll

Eﬁﬁﬁ%j IO

o KAABDEMRICHKI> TERADFLEEICEADLSTOVIINEERNULEIT4AC offshorelDT—9XR—
NS RBENETOIIIDODHEZET >/ (TOJ I IR MNIMHEENSR)

o MHICKRUTIZ. ATOVIILTRET DILBME-FMDERBRTOVIIMIEET BIFERE U TEEERRE.
EEBRE KRETOIVIIERFH(LEBRNEEFTHRATOIXKMKENRZEREERDSH) & EEICF/S
EZID2AVYV Y7 LBEGRROBERREZSEILERAFI BRP20G5110TOI T/ DMEZET O

PROJECT IDENTIFICATION AND STATUS KEY DATES VOLTAGE & CONFIGURAT CABLE DETAILS COST
Submarine Eully Num Route Route Route s g otarlm Deoth
Capacity Cable Cable y DCVoltage Total |Submarine Land i P Project
Project Countries : Commissio Configuration Submarine Cable | Submarine Currancyld
(MW) Current Install (kV) x Length Length Length .| Cost Mill
ned Cables Max (m)
Starts (km) (km)
Commissioned , ,
NordLink S:r’:v“:;‘y 1400 HVDC  2017/8 20214 525 Bipolar 2 623.0 516.0 107.0 10320 4500  1,800.0 EUR
MONtenegro-ITAly ’
(MONITA) First Module  "21y-Montenegro 600 HVDC 20152  2019/12 500 Bipolar 1 4450 4230 220 4230 12000 775.0 EUR
(ss’;":g'l‘; Peninsola aly |\ .iy-ttaly 1,000 HVDC = 2007112  2014/77 500 Bipolar 2| 4350 4200 150, 8400 16400  750.0 EUR
Western HVDC Link UNBOE IR 2200 HVDC  2014/10 2018/10 600 Bipolar 2 422.0 3850 7.0 770.0 1640  1,000.0 GBP
United Kingdom
Basslink Austrava: 500 HVDC = 2002111  2006/4 400 Monopolar wih 1| ara7l 2000 761 290.0 75.0
Australia metallic return
Balearic Islands: = Bipolar with
gl Spain-Spain 400 HVDC 201011  2012/8 2epl- PRV 2 244.0 237.0 40 4740 14850 4200 EUR
Maritime Link Canada-Canada 500 HVDC  2017/4 2018/ 200 Bipolar 2 520.0 170.0 350.0 3400 4700  1,300.0 CAD
Nemo Link LTS o 1,000 HVDC 20177 = 2019/ Smmetica) 2| 1400 1300 100 2600 520  690.0 EUR
Beigium monopole
Caithness Moray United Kingdont: 1200 HVDC 20173 2019/ 320 Bipolar 2| 1e1d 1130 480 2260 930  1.100.0 GBP
'United Kingdom
Under construction 7
Norway-United , i
North Sea Link (NSL) (008 1400 HVDC 2018/5  2021/12 500 Bipolar 2 7240 714.0 100 14280 6000 2,000.0 EUR
Shetland HVDC Link Minked Ningron- 600 HVDC 2022/4  2024/4 320 1 267.0 257.0 10.0 257.0 138.0 300.0 GBP
United Kingdom | , , A , , , . ! :

HAT)4C offshore(https://www.4coffshore.com/)
Copyright © Mitsubishi Research Institute 3
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Project

R RF—L

Transmission

. . Statnhett/ Statnett/ JIoI1—/R1YT50:50NERAA
NordLink B i) DC Nordseekabel Tennet BEEFLERE TEYN
MONtenegro-ITAly . . . Terna/ IERFIEZE S U CEFRRIENENS | g
(MONITA) First Module R T Ternainternational | cGes oD Montenesro | {EZCHEH
Sardegna Peninsolattaly | gz o Terna Terna FEibe T

: SN National grid/ National grid/ LARZ1—F vy TORAVICEAD
Western HVDC Link Sl i) SP transmission SP transmission 72DICCOAEXAZXLICERE

- PR Keppel Infrastructure . Hydro Tasmaniah'Basslink
BaSS“nk i‘mtjﬁiﬁﬁ% 3'5*%%” Trust Basslink pty ptyl:ﬁﬁﬁ*iliﬂ\

. . R RED ELECTRICA DE RED ELECTRICA DE Syt i,

Balearic Islands: ROMULO HhigifEhE R 3 ESPANA ESPANA xRS TEIUR
NSP MaritimeDR&EHTH D
Maritime Link s EhER bkl NSP Maritime Link NSP Maritime Link Erman‘Nalcor Energyh 57K
BENIhETERZFERNETOUX
. . R . National grid/ AF) ZAIFRBRERF—LELT
Nemo Link EpER (Cap and Floor) Nemo link Elia Cap and FloorZz=#:H
. T Scottish Hydro Electric | Scottish Hydro Electric | LRZ1—F+vTORAVEADT=
Caithness Moray HIRRER Al Transmission Transmission SHICSWWZTOIU T VREE
. . R Statnett/ Statnett/ AF) ZANFHRHRERF—LELT
North Sea Link (NSL) EFER (Cap and Floor) National Grid National Grid Cap and FloorZz#%H
Shetland HVDC Link P 45325 Scottish Hydro Electric | Scottish Hydro Electric | ShetlandBWFDRFEZRIRICL

Transmission

RZa1—FvYTORAVICEA

Copyright © Mitsubishi Research Institute

RAV : Regulated Asset Value
SWW : Strategic Wider Works
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MRI

£2O0Y T O MDEIEIR

e JJOVIVMDER
o U TOIVIVMERDER
o REtR(BERRUTT—TI)
O HVDCYRTL ' VRTLARDSF =70V TV MDHRIEEERZEEIE
0 T—JI:T—TIWA—Hh&ET—TIVittk
e XEXT—URILEY
e JOJIVNNAT A4 (5l /185 /ER)ICHIFTEIRT—IRILEY
o FHIEZXX—LA
® 53l Hh IEFR ) H
o HHlIIFEENEFRM(Regulated Asset Base) CEFERBOESFIEEF vy I 7RD0O
T—DAF—LRENRHD
® % & B YN
O FHFIZ X —LTIFRAFPEEUVUTERINTSBEHREDLSBREDZIFHRIR
@ JOVIINIPAFT IVREIPAFTIVARF—LDBHATINTUVBREDICDOVWTIECINESHD
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Nord link

NordLink
1400.000 MW

Wilster, Schleswig- Tonstad
Wilster, Schleswig- Holstein Ertsmyra

Holstein

ey \ Norway
= o=

£t S NordLink

=] - 3fitsy RV (Blsum) e /Lo 1T—(Volledfjord)

Tk Statnett SF,DC Nordseekabel GmbH &amp; Co. KG,KfW IPEX-Bank
GmbH,Tennet Offshore GmbH

BH¥EZT—HA/Status 2021/ 4 EE5FaE

fmaE/Capacity MW 1,400MW

ERERE/DC Voltage 525kV Bipolar

ERIEDES /Length of cable 623km(>5BES516Km)

TF&/Project Cost 1,800(Million EUR) <#92,311{&F*>

BhE DT I~ https://www.statnett.no/en/our-projects/interconnectors/nordlink/

*:2021E¥{PTTB 1EUR=128.39H

Copyright © Mitsubishi Research Institute 7



Nord link MR!

JOYIONEE

o E7OVIIMIFAVIBBDIAINRI—E /NI I—FEEBDLIRIEERT DERIRT. 516kmDBE
T—TIWRT. FAYVDRANPKGRAREBICLDIREBAE /NI I-—DKAREICLDIREENZRET D
EC. HEOBERRIRIF-ICLIREMRBERDIZHICHKEINTE,

Tonstad

Wilster

Hrr)httos://www.hitachienergy.com/jp/ja/references/hvdc/nordlink

Copyright © Mitsubishi Research Institute 8



Nord link

s st ER

MRI

e EOYVITUMDHVDCIZABB. 5 —JJVIENexansh{{tf8d 5,
e BEYT—JIIE.Bipolarc.MIT—7JJV(Mass Impregnated cable)Z={EMH,

® HVDCYRTLDBEEDEMFE—FRDMth, STATCOMEUTEMENHEN ATHE,

o 1/N\—%FABBMHVDC Light&RfiZz#HRAU. IGBTR—XDIVN—9—TILZEFICEEL TIEE

=RIVFLRIVERK

A20 kv AC

Tonstad

g..

y. A

W

(il JENL U HPON

1 |

o

(| |

P Swedlont

oK

R

¢ )

§ 1

[

o

rege=I==a

(| !

Y

P !

[

¢ .3
+FT)ABB,

https://library.e.abb.com/public/aaa99cf7067cd258c1257e0d002c9a7b/Nordlink%20White%20Paper%20

EL

g..

Wilster
380 bV AC
(R
;‘/----r-r-r-t
P o 0
—@-o—ol-)(-l---f-i 171
RS Sl F p
| S L
AN
B §/8
W DA SR80
o O
| T 1 e
;-/°---Y-7-1-'|
coubeaded '
! SRS PR YR |
PET==r=4. 1)
O R R
[ T

from%20ABB.pdf

[y

n
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Nord link MR

FERXT—URIVSY

e AJOIUIUME. 201 2FICRAVE/ILTDI—DTSOTHDTenneTEStatnettEDETEEMNEIEN.
2021E58I5:ERULE,

® F#—F—I[&Statnett (50%)P LUDC Nordseekabel GmbH & Co.KG (50%)., DC
Nordseekabel GmbH & Co. KGODA—F—DARIETenneT (25%)P LUKTW (25%),

® European Investment bankMStatnett(300million euro). Tennet(350million euro) TNZENICHE,

S8 E54 EH

Nexans Boskalis Offshore

T s Subsea Services

== I:IX Fﬁﬁll:l
nkt cables Group A/S Denmark H%Lgﬁggﬁggy
T—JIELE - ER =0 F
DC Nordseekabel TennetT
GmbH 1245 B
=B EH

< )
Statnett
ABB
AT LETH - EE - ERIE

=B EF
Copyright © Mitsubishi Research Institute 10



Nord link

MRI

e MTOVUTH+IRMEHMISE I —O (92,400EMH).

e /)l JT—(MStatnett&ER1'YDDC Nordseekabel®dYV—IALATHENITN. AETE50% T DOEE,
RV DDC Nordseekabelld,. T5[CTenneTEKfW(RMYEEERIT)MN50:50THELTL S,

A =7 L

The NORD.LINK Partners

Statnett:

e=renner |

KFW °

Frmmm—m e

Norwegian TSO

Owner and operator of the Norwegian
grid, including interconnectors

50% project ownership

Dutch and German TSO

Owner and operator of the grid at the
connection points in Germany

25% project ownership

German government owned financial
institution

Active in financing Energiewende projects

25% project ownership

DC Nordseekabel GmbH & Co.KG |

RAVRID R F—L (AFR/N=bF—KfW)

A Mitsubishi Corportion

Bl S22577 -0 - RESEXRERED

» J0TIOR-AT/ -+ - B REEIARI I F v~

[' BESMEWERR - EETIRESHN, RS (TS0) MoFRENLISHELTISO 1Y/ AE RS

#
@

ERaH

-

Transnet
—_—

Statnett

i3

(TSOZ{ e /2EN)

MmAERA
ERL, TSORRERENCES

BREEHR, DEXRTSHOKRMN - F2 N FHCEEFWE
ZELRNERFCELIMMETREO2TONS

Hrf)httos://www.power-technology.com/news/germany-norway-nordlink/

REBBEEREENRERBCAITZRAR. EAEH,. ER4

Copyright © Mitsubishi Research Institute



Nord link MR!

e StatnetldRAB(Regulated asset base) EFENIEERERMCEAITNTHY . HiHFEE TEHUX
RS

Exhibit 7
Statnett has only received the WACC on a declining proportion of its net PP&E in recent years; however, trend expected to reverse as
subsea interconnectors enter RAB in 2019 and 2021 as planned

NOK million

mm—— Net PPAE (LHS) s RAB (LHS) w— Headline WACC (RHS) Headiine WACC * Net PP&E/ RAB (RHS)
90,000 7%
80,000 L 6%

70,000
5%

60,000
50,000 4%
40,000 L 3%

30,000
L 2%

20,000
10,000 1%
0 - 0%

2015A 2016A

Source: Annual report; Moody's estimates

PP&E(Property, Plant and Equipment) BFEE&E
RAB(Regulated asset base) 1EHINREER—R
WACC(Weighted Average Cost of Capital) tNEFIEAIR

Hfm) httos://www.statnett.no/globalassets/om-statnett/investorrelasjoner/rating/moodys-credit-opinion-
may-2019.pdf

Copyright © Mitsubishi Research Institute 12



Nord link MR!

BRERIRZAF—L4

® FSCTHERFERIMCII. REHEEETHEENDICH T IERBICIDIBFNHRZEMETDE2029F(C
RA 9 D,

Socio-economic business case gies

Overall economic benefit
- " =>
> (Investment + increased variable cost) Profitable

Revenue from trade withreserves  §
| Compensation from capacity mechanisms |
Investment cost cableand converter  §
| Operation- and maintenancecosts |
"Interconnector” profitability '

| 0 Wider

| -250 benefits
- 220
| '

Socio-economic profitability, Norway
10%

i 2031

wm&nmmmwmﬂlﬂmﬂ License wpncmon
Statnett Flat exchange rate 1 EUR = B NOK Used 10r Conversion

HAr)Statnett, NORD.LINK Status of a transnational project, 2013/10

Copyright © Mitsubishi Research Institute 13



MONtenegro-ITAly (MONITA) First Module

Villanova

Villanova

ftaly _

MONtenegro-ITAly (MONITA) First Module
600.000 MW

Lastva

Lastva

S

Montenegro

E=E S MONtenegro-ITAly (MONITA) First Module

=] - 3fitsy 1%')7(Pescara) 72 0(Budva)

Tk Terna S.p.A. - Rete Elettrica Nazionale,Crnogorski Elektroprenosni Sistem
(CGES) AD

EH¥2T—H2Z/Status 2019/1 25004

lra2/Capacity MW 600MW

BEiEE/DC Voltage 500kV Bipolar

ERIEDRE/Length of cable 445km (S 57BE423Km)

F&/Project Cost

775 (Million EUR) <#9995{5M+>

BhED T I~

*:2021E¥{PTTB 1EUR=128.39H

Copyright © Mitsubishi Research Institute
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MONtenegro-ITAly (MONITA) First Module MR1

OIS

e FIOVIVUMIAFIUTDFINAYTATHEEYTRIODOINITEZERTDIERBT.423kmDEK
T—TJIVERT. IRXINF—EBRICZULKENDODKREBDZBHNDSDEAICFEHODTWBSIYUZICEITT. EVTR
JOMBINSTIGWDOREBHEEBE CTDLOREINTZ,

HAZT
AN xTEF

i

427 2 Db &/ 4=

Fx By T4

Cepagatti R E =]

F#HME

ChIBEORF~HFRICEBRT % ER

T =T

Xy

HAT) httos://www.toshiba-energy.com/transmission/topics/italy-power-transmission.htm

Copyright © Mitsubishi Research Institute 15



MONtenegro-ITAly (MONITA) First Module

sxfmitiR(1/2)

MRI

e FOVIVMDHVDCIEERZ. 7 —TJIVIENexansh {itigd 5,

e BEYT—JIIX.BipolarT. 7IZZJLEAEDOMIT—T IV (Mass Impregnated cable),

Focus on the HVDC cable

TOTAL LENGHT approx. 445 km

OnNsHORE (IT) ( 16 km)‘\
ONSHORE (ME) 6 km s LAND CABLE (Cu 1x1900 mm?) () 42 ¢

OFFSHORE @ Ly

NOMINAL POWER P 600 MW /—\ & [
DC VOLTAGE + 500 kV e
AC vOLTAGE 400 kV (both sides) / y 71

L Longitudna relvdercrment
-

fua |

Outee dhaath, pokvethylens

Lead shagth. sloy
Iiser Sheeth, podvetiyens
Tramawerial reirorcement

STANDARD RAMP RATE 220 MW/min
CONFIGURATION 1 pole with marine electrodes
CONVERSION TECHNOLOGY Lcc

POWER FLOW Bidirectional

CasLe TYPe MI (Mass Impregnated)

HVDC SUBMARIN CABLE (Al 1900 mm?) O 14 cn

Bathymetric profile

H)Terna, "Undersea cable between Italy and Montenegro: Project and forthcoming market and power

flow consequences”, 3rd International Grid Service Markets Symposium, 2019/7

https://asm450601838.files.wordpress.com/2019/07/90702-isO1-monita gsm-2019 lucerne.02.pdf

Copyright © Mitsubishi Research Institute 16



MONtenegro-ITAly (MONITA) First Module

sfmitiR(2/2)

MRI

® HVDCYR T AIFERNB—EHREXEA N (PR

o "R DIURTLATIE. HREE
and Monitoring System) % EfilC.

#&1. HVDCY AT LO— R ERFAT

Rated specifications of HVDC power transmission system

® B # w
RN T RENR 1289 (URT—ERE
ERER 500 MW x 35
ERARH LHEEN 600 MW x 38
EREERRE +500kV
ERERE 1.000 A
ERBAT ERENRA 1.200 A
ERTERRE 400 kV
TRATES (=) PRI 690 MVA
1578 o ik EVFRIOM
TP UPZRL UPRL AT
<HIE> < HE>
THHA 3 i‘fjm 167
gmﬂs i ?‘Z " 215 RN ﬁ)’z!ﬁméﬁ
_ st fmpt _.__
0000 Skﬁ‘*‘* “**Zg O
Eﬁ?f)b?— | T~ BTRTNE—
—D-Dﬂl l”—D—E{
< ¥28 > — B SRS < H2fE >
% @/‘, iZ- HERE  BERE E 0{ N .
noon ¥ X O
—EA,.J-G==J
2k
BET-TN

1. HVDCYRFT LOLHHER

BT — RO 2 E AU — IR T X (PRERR N ) TH S,

Overall configuration of HVDC power transmission system

ERmRZELEL—, "UPNIMLYZaL—9—ZRWVZHVDCE T - (RED X T LABREAM”,

I EX B ) o

T Ui 55 1

TAY— MEREDEE | mawy

— g YIRS —HiHE S v THS —l’ﬁ*’\@f‘i‘?‘nﬂ

o & 9 L

e EiZIT—

MHHAERE ZREZESF UPIMN IDFTY- RZIENRES
B S—

\

\‘

o

VBE:Valve Base Electronics

E2. Bl - REAT LOFEEEE
REMGEVRERIZE, BOUTA S LEEEAER

Eha.

Hierarchical structure of control and protection system

2018/11

httpos://www.global.toshiba/content/dam/toshiba/migration/corp/techReviewAs

sets/tech/review/2018/06/73 06pdf/f03.pdf

TRREDPCYRY Z1T7>ZAERHEHY X T AL(HCMS: HVDC Control
— RS DER - HIH - (REZ 1T Do

Copyright © Mitsubishi Research Institute
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MONtenegro-ITAly (MONITA) First Module MRI

FERXT—URIVSY

e AOVIUMF.20T10FICAHITEEYTRIONDTSOTHDTernaECGESNHNFEERYAYITETE
DR OBOBRBBENITHON. 2011FEICTOYV I VN ERZAANFEE. @E CTHFAINATY.,. 201 2FH
S5ER.2019FICERULT=,

ETIE| e EH

MMT AB Sweden
< HEEE > Nexans
T—JIVEGE Tk
Miar Sub s.r.l. Italy
ATV Sub-Seatech Philippines
T—JIFR%

uadrlfogllo Construzioni

T—TJIVFRER > Terna S.p.A. - Rete
Terna Elettrica Nazionale Italy
STiE Sisgen s.r.l. Italy > *F - EH

T—JIRER
CGES AD Montenegro
*E &R
Toshiba
927’1@1‘@'%5&'5&% CGES: Crnogorski Elektroprenosni Sistem

Copyright © Mitsubishi Research Institute 18

2




MONtenegro-ITAly (MONITA) First Module MRI{

o (YFPIXENFTENAITKENOXRREELEHAERCTHY (ERIFBEDHNTITHBHEAN) . EAIRINAEF L XU
TJEJT*O“D(;7J<730)¥E S ENZ<(FRREED59%) = ﬂijb“*ﬁTﬁéo;ODZDd)ﬁfﬁE’Jﬁﬁi
BEBRAE TR ETC AIUTOESHEDETET Y TRIONDBIXRREEZEBHMU.EEICEDPRAER—
AICHERERRZTORAF—LTERINTLS,

Table 1: Italian market data for 2016 year Table 2: Montenegrin market data for 2016

Indicator Indicator

Yearly demand 310,252 GWh Yearly demand 3.440. CfW !1

Yearly generation 275,649 GWh -Ycarly generation 3,023 GWh
- share of hydro 15.40% - share of hydro 59 %
- share of coal 61.50% - share of coal 40 %
- share of nuclear 0% - share of wind and photovoltaic 1% -
- share of wind 6.30% Import 1,096 MWh |
- share of photovoltaic 8.20% | Export 877 MWh
= Sl ol Hios GO0 Yearly average retail price ?'70

Import 43,181 GWh EUR/MWh

Export 6,154 GWh _

Yearly average retail price (without taxes 23.40 Source: Adapted from EPCG (2017).

and fees) EUR/MWh

Yearly average national single market 42.78

price EUR/MWh

Source: Adapted from TERNA (2016); GME (2017); EUROSTAT (2017).

Hrr)http://www.cek.ef.uni-lj.si/magister/vujacic2906-B.pdf

Copyright © Mitsubishi Research Institute 19



MONtenegro-ITAly (MONITA) First Module MRI

REERRF—L

o HRDBEY . FMRAIIT7DEHICHULT RESETRIORDEHZMIET D

e MONITANERINDE1200MWOEANE TR OMMLSAIIUTPRICHIBESIN. AFUTDEAHIRL
[FETUL.EDTRXITOAIONIESE (N A —EAEREIFR,HUPX) DI LR T 5,

o CBAFHMiIZ1To7cimXIC LD & BRERICH U TN@ENREI<RVWEVWSHBERTHHEDD ., Rg3 —
OVINOBERRIRNF—BANEAGCEDBHRLATERECHDIEREH TS,

Table 21: Price projection

(Estimated price EUR/MWh) 2018 year 2019 year 2020 year

Italian average price 43.85 42.60 41.95

Hungarian average price 40.40 18.80 3925
Bpread 3.45 3.80 2.70

Source: Adapted from HUPX, (2017); GME, (2017).

Hrr)htto://www.cek.ef.uni-lj.si/magister/vujacic2906-B.pdf

Copyright © Mitsubishi Research Institute 20



MRI

Sardegna Peninsola Italy (SA.PE.I)

Sardegna Peninsola Italy (SA.PE.I)
1000.000 MW

Borgo Sabotino Fiume Santo, Sardinia

Latina Fiume Sanro, Sassari

mr
N n

£t S Sardegna Peninsola Italy (SA.PE.I)

=] - 3fitsy 1451)7(Nettuno (mainland)) ©1%')77(Fiume Santo (Sardinia))
BEFHR Litgrid AB,Svenska Kraftnat

BHEZT—HX/Status 2011/7 :EERBHR

fma&E/Capacity MW 1, OOOMW

ERERE/DC Voltage 500kV Bipolar

ERIBDES /Length of cable 435km (2 5/8EK425Km)

F&/Project Cost 750(Million EUR) <#996 3{&M*>

BEEDT T~ ---

*:2021E¥{PTTB 1EUR=128.39H

Copyright © Mitsubishi Research Institute 21



Sardegna Peninsola Italy (SA.PE.I)

JOYIONEE

MRI

o E7OVIIMNI ATIPERIPEHRDSTA—FTEFINT —ZVYEDTAIAY I ZERTIERRCT. 425
KmDBET—JILRT . &RAKZREI500MZEBAD, IGWERENARES YT —Z+vEDENHEED
ZEMREVCRERBESDINEICET DERMR

o SAKRFRET,650MTHATERERVBEEEIRCHD,

Fiume Santo

SACOI

Suvereto

GROSSETC
°

Lucciana & Montaito

‘Mroll.
Exsisting link |

v

Max sen depth -

3427 m.

Figure 1: Converter station locations and routes considered for the submarine cables
HAT)FEASIBILITY OF A NEW LONG DISTANCE SUBMARINE HVDC LINK BETWEEN SARDINIA ISLAND AND

ITALIAN PENINSULA (SAPEI) ,CIGRE,2004

XHEh, B (SACOD) BLUER(SAPEDN)UAICDVWTIF. AXEFDOFSICHEWVWTHEELEI— NP LUERI S,

Copyright © Mitsubishi Research Institute
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Sardegna Peninsola Italy (SA.PE.I)

sxfmitiR(1/2)

MRI

e EOVITUMDHVDCIZABB. 5 —JIJVIZPrysmianh\{#tf59 3,

e BES—JIIL.Bipolarc.MIv—TJIVEER,

¢ HVDCIURTALIFNAR—ZEE/R—DERE—RAEFE.
e Kt (Latina)hoHIlFs—ZvE(Fiume Santo) [CANDEEBRDOE. BENMERATILRVWIBEICWINT D) ICHEiR
HEORIT—TIVHAZEINTL S,

Fier | [ el Flume Santo Pole | Latina [Fiter | [Filter
Hpi2 | Jp12] Jups HP12 | HP12
HP24/36) [ 0-0- l -0 HP24/36
J 1 % Olx i o—t 1.
4
N SUB
SUB|  GIS AIS
4
s—3— O—T1—F¢
I’ll(er Filter | [Filter Filter Filter
P12 HP12| [HP3 HP12 HP12
HP24/36 Pole 2 HP24/36
HiFT) ABB,
https://library.e.abb.com/public/ebf2e5ec67bd0285¢c1257539004c3877/SAPEI%20HVDC%20Converters

%20Paper.pdf

Copyright © Mitsubishi Research Institute
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Sardegna Peninsola Italy (SA.PE.I)

sfmitiR(2/2)

MRI

o HAMICEREFRVIKREICH

FIUME SANTO

=JL
=iy

N3E 0905 —JIVIE
WIZR&ZMICAWST—JIZZIRU.EL ELOHNZEMNLTLD,

31 km
| Bxm ‘ 14 km
- i LA L .h %
: Low water ! Low water
Land Catde|  gapih Cable High water depth Cable depih Cable Land Calle

Conductor Copper Copper Aluminiurm Alumanium Copper Copper
Cross 1:«:"0" 1400 1000 1150 1150 1000 1400

(mm? )
Length -1 150 -150 -85 ~40 14

(km)
Max waler depth 400 1620 1400 200

(m)

Fig. 2 — Schematic diagram of SA.PE I link

EDERWVERD L8 REDZFRVERD LT

Conductor cross section (mm’) 1150
Conductor diameter (1m) 383
Outer cable diameter (mm) i 119.2
Max electrical stress@ S00kV d.c. (KV/nun) 308
Weight of cable in air (N/m) 361
Weight of cable in water (N/m) 254
Max pulling force for mstallation (kN) 530
Min bending radius for installation (m) 3

——  Aluminium conductor

Sermkonducting paper tapes

__ Insulation, made of spacial pulp high density

paper mpregnated with high viscosity
compound

T Semkonducting paper tapes andd rayon tapes
T Lead afoy shaath
™~ Polyethylens sheath
T Steal tape reinforcement
> B

Double layes of high tensie flat steel wires

= Polyprogylene yam outer serving

HFf)The realization and commissioning of the £500 kV 1000 MW HVDC link Sardinia Island - Italian Peninsula (SAPEI).
21, rue d’ Artois, F-75008 PARIS
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Sardegna Peninsola Italy (SA.PE.I)

FERXT—URIVSY

o RKTOJIIMIK 2006FICFSHIFHRY . 2011 FISERLE,

HATAn Environmental Monitoring Plan related to the laying of marine power cables: the case study of

SAPEI project.2013/1

ETIE| e EH

Prysmian Group S.p.A. Italy
sHE - T —J IV EYE - Tk
Sisgen s.r.l. Italy
T—JI R

Assodivers Greece
T—JIVFRE%

> Terna S.p.A. - Rete
Elettrica Nazionale Italy
Assodivers Greece > ®EEF

T—JIER

ABB
VAT LEHE - BHE R

25

e

o
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Sardegna Peninsola Italy (SA.PE.I)

MRI

HIERAF—L-FHERBUINAF—LA

TSOFEXICEITB3IXMNIRFARETEIREINDS,

IRAFvY TERORBHEDNATIYRCTERAIND AU TIE. MU RFKE THDARERANE N
X KEEEDHFFREZIEO>TWS,

- RoR(Rate of Return): FrRIcnizU5—2

- ARERA(Autorita di Regolazione per Energia Reti e Ambiente): IXIVF—R YT =IO RURBRFIHE
RAB(Regulated asset base, FRFINREEN—X) T, Historical or Original Cost
Approach (HC)DAEZ=#HEA,

EHRBIOCBAFTETIX. AL ET IV T —Z v EDXESEEBMICKVERT70BAI—OG(NI3EM) & 5%,
KRERET7ES508A1I—0O0IT,0008H) =+ 2 ICKRERUNATEEEHIMT LTV D,

BEHESAPEIDERICKY FIVT 1 —Z v EDEAHISBMAB X T LOME AT E GERBIEEEANT
15%(10€/MWh){ETU7,

HAr) https://dl.ndl.go.jp/view/download/digidepo 11280834 po 000177.pdf?contentNo=1&alternativeNo=
https://www.meti.go.jp/meti_lib/report/H29FY/000098.pdf

Relazione dell’ Autorita per |’ energia elettrica e il gas sullo stato dei mercati dell’energia elettrica e del gas naturale e sullo
stato di utilizzo ed integrazione degli impianti alimentati da fonti rinnovabili (arera.it)

https://download.terna.it/terna/0000/0020/04.pdf
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Western HVDC Link

Hunterston

Hunterston

Western HVDC Link
2200.000 MW

Flintshire Bridge
Connah's Quay

g Rigon N Unied Kingcor

£t S Western HVDC Link

=] - 3fitsy 1F1Z (Ardneil Bay) ©/F1JX(Fiume Santo (Leasowe))
BEFHR National Grid Offshore,ScottishPower Transmission Ltd.
BHEZT—HX/Status 2018/10 E#xfAtA

fma&E/Capacity MW 2,200MW

ERERE/DC Voltage 600KV Bipolar

ERIBDES /Length of cable 422km (23 5/BE375Km)

¥&/Project Cost Million

1, 000(Million GBP)<#91,470{8F*>

BhED T I~

http://www.westernhvdclink.co.uk/

*:2021HE¥FPTTB 1GBP=147.07H
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Western HVDC Link

JO0I0ME=

e FJOVIUNI. ROAVES URAZD/IN I A=A EDT—IVXIETAI VISR EEEZELU WSO/ —X
F—EHERITIERBC.BET—TIRIE3I75km. BEE2.2GW,. REELATOENZTEDIE MO TIEE
FWNED—_—XDOEFRYICHIBEITEIRINF—DILKRICHIRTDEHICHKE. EICIABDOXIVYETVRD
ﬁiﬂ%l*wﬁ—é‘*?5Hhté%+ntuéo

Marine consenting authorties

m— Marine Scotiand

s Northern Ireland Environment Agency’
— zl¢ of Man Department of Transport
e Marine Management Organisation
—\\e|sh Assemoly Govemment

Figure 18: Location of the Western HVDC Link undersea cable [34]
HFfr)Independent study to examine the technical feasibility and cost of undergrounding the North -

South Interconnector, 2018/4
https://www.gov.ie/en/publication/eeb34-independent-studies-in-relation-to-the-north-south-
interconnector-project/
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Western HVDC Link

s fm L ER

MRI

e AJOVIVMDHVDCIESiemens. 7 —JIVIEPrysmianh {59 35,

e BEYT—JIIF.Bipolarc.MIT—TJIVEFEH,

® HVDCIURTALICIE. 400kVDACT 15, 400kV-ACT—T L. £250MvarDOSVC(EMEBENHMER

B)NREINTWVS,
Western HVDC Link SIEMENS
Overall Link Design fgeinely for e
I Srmrvey Demce Crmetnr Sumen
e — ] e
5 stuietiy = ™ o R

Converter Bipole design / two dc cables

Western HVDC Link

SIEMENS
Ingessty for s

Poie 1

T
5/11/38

120 MVAr

Reactive Power / AC Filter Design
Shunt Reactor

' 19
l
ST
a6
240 MVAr
[ m

L m L 57
5/11/38 3/11/13 EVRRTAE S 46

120 MVAr 240 MV AT 240 MVAr 240 MVAr
: L

400kV AC Bus

Common
Reactive Power

Pole 2

HFT)http://site.ieee.org/pes-hvdcfacts/files/2019/02/2018WesternLink.pdf

400KV AC Bus
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FERXT—URIVSY

o ATOVIVUMIE 2013FICERXZNIBFEY.2018F10RICERUL,
e F—F—I[ENational Grid8ELUSP Transmission,

ETIE| e EH

Steel River Consultants Prysmian Group S.p.A. Italy DeepOcean
JUHILE U @ — 7))V EE 7 FAfhERE
Fugro N.V Netherlands Briggs Marine &
hEREE nwronmental Services
Assodlvers Greece
Fﬁﬁl\
National Grid

C Siemens ) < {%ﬁﬁﬁﬁ >
VAT LEE RS SRE Scottish Power
Transmission
=B -EMR

Copyright © Mitsubishi Research Institute 30



Western HVDC Link MRI

@ (FURDLARZ1—F vy TEMENDHAFREFIETHIRIIONERIND,

o FERMICMEBETNDIKBENILARZI—EUTEAHENDZISWW(Strategic Wider Works)ICERUT=
COAE(Cost and Output Adjusting Event) X AZXALICEDIFHIND,

- SWWICEonzOYz oI #BadrdDCaithness Moray. Shetland HVYDC Link%.,
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Western HVDC Link

RAF—L(1/2)

RE

MRI

o REMNIEZ. EANICLARZI—F v TD

AEMEHEDTT

o HAIMREEANDEA>ITRICTILIDORRATIa—-—ILABESNTLS,

HFr)Consultation on proposed funding arrangements for the Western High Voltage Direct Current (HVDC) link (“Western Bootstrap”).

FEEBHEELTERIIRTN S,

Table 1: Proposed annual ex ante allowance for whole project and for each TO

Ex ante TII RIIO-T1

?é';,.")“'a"“ 2011-12 | 2012-13 | 2013-14 | 2014-15 | 2015-16 | 2016-17 | 'O
NGET (70%) 15.9 84.8 165.2 235.5|  213.5 20.6 735.5
SPTL (30%) 6.8 36.4 70.8 100.9 91.5 8.8 315.2
TOTAL 22.7 121.2| 236.0 | 336.4| 305.0 29.4|  1050.7

OFGEM, 2012/5

Copyright © Mitsubishi Research Institute
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Western HVDC Link

RE[E

RAF—L(2/2)

o SHEFFR COCBASEMTIL. BAUIZEWMELMIYFUA(Slow Progression). 2020BIxBEZ2RE%E
EURHRMYFTIA(Gone Green) . BIxXEMYFT A (Accelerated Growth). EDEEMICHWVTE.
3FERTHOHANRFIX. EARAIANRABAUHIOE6TELAI—0O (W1,4128H)Z LO5HER,

= Figure 9 Lifetime CBA assessment of Western and Eastern HVDC link

m Western HVDC Link
m Eastern HVDC Link

CAPITALCOST Slow Progression Gone Green Accelerated
ESTIMATE Growth

LIFETIME BENEFITS

Hr)Independent Review of Funding Request for Western HVDC Link. OFGEM, 2011/8
httpos://www.ofgem.gov.uk/sites/default/files/docs/2011/08/westernhvdclinkskmstagelreviewreportfinalpublic.pdf
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Basslink
500.000 MW

George Town Loy Yang

sl TN\ ' Austlo

£t S Basslink

= - Hhis ZF—Zb351)7(Four Mile Bluff (Tasmania)) ®#—Xr5'J77(McGaurans Beach (mainland))
BEFHR Keppel Infrastructure Trust

EEXT—92Z/Status 2006/4 E#xkEsA

fma&E/Capacity MW 500MW

ERERE/DC Voltage 400kV Monopolar with metallic return

ERIEDET/Length of cable 374km(55BEK290Km)

F&/Project Cost 500(Million ASD) = 875(Million ASD) <#9704{&M*>

BEVT I~ http://www.basslink.com.au/

Hfr)4C offshore(https://www.4coffshore.com/)
*:2021FEFEHTTB TAUD=80.48H
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JOYIOorESR0/2)

e B OVIVNI IRV TEEA—RANSUTPERITZERITDIERECT.290kmDBET—TILET.¥YX
NZ7PEDKAREZAFA—ALSUPARTOENHEEIHIZ(NEM: National Electricity Market)ICTh
GBI E3CEZRIREVAEERBELVTC. EARINRZAEERETIT ORI ERBEIERDIAF—LTHERE
LTLa,

[ CAIRNS
= Y
\:\“\\
< Victorian Network Tasmanian Network > _‘\\
WS W
Ty
A \
Converter Station Converter Station S_X/
500 kV Substation Transition Station Transition Station 220 KV Suvstation A \ \
- _,/\\’. ——, '\
= Z \ <
N
/\< /—/\- -A. A / x‘\ \"('
Bass Strait \ B

N

Underground Underground AN

P \
Cables Undersea Cables - QA
Cables s e, BRISBANE
L 1 1 (L L i / oni K
32 km 57.4km 6.4 km 290 km 1.7 km 89km 2.1km ! < /
: O &

: ' S
Loy McGaurans Beach Four Mile Blutf George Town s
oy Yang S : ; N .b\\ { \ { >
¥ ‘7! W o 7’\, -
R N e K \
e : Ny |

i ( S e A
AoELaDE / I_/sa;;fv\ _3'; ERRA
HAf)https://electrical-engineering-portal.com/three- '\umm\

awsome-hvdc-projects-in-australia = 3’
MELBOURNE
Bmék

X

Transmissicn network
Interconnector

QNI, Qoeensiand - New Somh Wales Interconnector.

HAT)httpos://electrical-engineering-portal.com/an-overview-of-

australias-electricity-transmission-networks
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MRI

® 1991TFEMNBT993FICMNIFT.ETRUTME

PRI ERBIMBREERRDAEZ X

® 1997F4R YAV 7PHRIFEIR) 7 EDHEELEREZEZNTUTNEMICSMT S EERH. 1997 FE&
¥ ETRUTIMEF XY AV ZTERFEERBF ERRANSREFMZEZRAETSCEICERUE,

e 2000F2A. AXYZ7MIFx. ROV
LtdhZBEIN. 2006 F4AEEESGHHIBINT,

S NRHETIRAYZ

TIKARENHLIZ. IRV

VEF—=ARZ)

OhDERE.MEE.EZEE U TNational Grid Australia Pty

1960's - 1993 1994 - 1999 2000 - 2002 2002 - 2005 2006 - 2009 2009 - Today
et |
Investigations into a Bass ADe:,;:::;ms(a‘gve Basslink Interconnector in commercial operation
Strait Electricity Pe) 9 17 Cable Campaign | ssioning
Interconnector I 2" Cable Campaign ‘ Basslink Telecoms in
l - I i commercial operation
3" Cabie Campaign o
[ \ | I /
1997 Tasmanian Govemnment \‘ 29-11-2002 Basslink 30-11-2005 Basslink 3-7-2009 Basslink
commits to participation in l_he is issued with a is ready for Telecoms
National Electricity Market via a Notice to Proceed energisation commences
Bass Strait Electricity — commercial
Interconnector operation

1998 Basslink Development Board
Established

28-2-2000 National Grid win bid to
build and operate Basslink

HFr) http://www.basslink.com.au/basslink-interconnector/history/

28-4-2006 Basslink
Interconnector
commences
commercial
operation

2007 Basslink
commits to the
creation of Basslink
Telecoms

[1=9-2007 CitySpring
acquires Basslink

Copyright © Mitsubishi Research Institute
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sxfmitER(1/2)

e BAOVUIVUMDHVDCIEZSiemens. T—JIVIEPrysmianh{#t#59 %,
® BES—TJIIEX.Monopolar with metallic return . @ET—JIVEHETHHZRINT LD,

Project type HVDC interconnector

Location Bass Strait, between Victoria and Tasmania o KIELANAREZE. HITEHNASEEEDNDEAZ
Converter stations at Loy Yang (Victoria) and Georgetown BHHOSEMATOORIET.4%ICINZ D%
(Tasmania) SHeLTWB,

Capacity - 400 kV DC transmission o 7T—TJLiBk(E. DCH—T )L & miE T 7

- 12 pulse bridge line commutated HVDC
- 60 thyristors per valve, 720 total per station

N2.7%&1.0%EX>TULS,

- 500 MW continuous rating. Dynamic facility for limited time of ® Fault-tolerant control systems
up to 6 hours for 630 MW CLVIRTLADORERMEEEELEERZ
Year of 2006 B>TW3,
commissioning o THFTICIX, B HF R Ddirect-
Purpose To connect the 500 kV transmission system in Victoria and the light-triggered thyristors (LTT)
220 kV transmission system in Tasmania, at 290 km in length, REAIN. SE@EE IV /IRt EE

Basslink is the world’s second longest submarine power cable

R

HFfr)” Basslink HVDC Interconnector -
System Design Considerations”, The 8th IEE
International Conference on AC and DC
Power Transmission,2006/6

HAT)httos://electrical-engineering-portal.com/three-awsome-hvdc-
projects-in-australia
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e BET—JIODHEMEDEMICDOLTIL. lNnstallation and operational effects of a HVDC
submarine cable in a continental shelf setting: Bass Strait, AustralialMAFRINTL)
Do

0 FHETIE.WRERDBET—TINHRZHBEDRBI2E2VaV(EDLET4EIVaV)EBET—TIL6T
23VIC I T HZRROBERENETAFAEINTNDS,

*Melbourne
Table 1
McGaurans Beach Characteristics of sample locations along the cable path.
Dve 142
Site Distance (km)* Depth (m) IMCRA Zone Sediment Time® (months)
Dive 1 | 10 Sand 11, 20
Remote 1 Dive 2 5 15 Cemented sediment. sand 11,20
i Remote | 48-52 46-52 Twofold Shelf Shell rubble, shell grit 19
::;;':’z ‘Group Remote 2 74-78 55-58 Twofold Shelf Coarse sand. shell rubble and shell grit 19
Remate 3 Remote 3 90-94 72 Flinders Coarse sand, shell rubble 19
i Deal Istand Remote 4 134-138 65-66 Flinders Fine silt, sand, shell 12
urtis Group = Remote 5 252-256 46-52 Central Bass Strait Silt and some shell 7
Remote 6 282-284 3243 Boags Medium to coarse sand 7
9 50 100 Dive 3 and 4 288-289 14-16 Bedrock, rubble, sand 7. 19, 45
— e —
kilometres e R * Along the cable from the Victorian coast.
hund" b Time elapsed between cable section being laid and video survey(s).
IMCRA:Interim Marine and Coastal Regionalisation classification
Remote 5
AR Time: Mo ETFTAREFTTOHBE(A)

Dive384 1§
] Four Mile BlufY

HAT)” Installation and operational effects of a HVDC submarine cable in a continental shelf setting: Bass Strait,
Australia”, Journal of Ocean Engineering and Science 1 (2016) 337-353
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FERXT—URIVSY

o AOVIVNI. AREIIZ<DEREZETIOII VAR D/I\D%EHF TS, National Grid Australia Pty
Ltdh'Bass linkZ &3 B EFIAE % D 2007E(C CitySpring Infrastructure Management Pte Ltd (20154
MDIRTEDKeppel Infrastructure Trust. [ZXFH) [C 497 (B HAGBP) TieAlLTL\ B,

® Bass linkld. ENDOMBEERREGDETAHAT7AIN—DBEFEREHETAHRET D,

STIE e EH

Prysmian
T—JIVEYE Tk
Assodivers Greece

T—JI %

SBSS
National Grid T—TJIVFRER

ALDA MARINE
S.A.S. France

FHEE M2

v,

\

Keppel
Australia Infrastructure
SHE Trust.
=B EH

v U

Siemens
(VRTLETH-8HE - SRE)
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o [FIEFHAICETIEE

BEINEA—XSSUPICHITDZHVDCMNELREZRBEDOE MDD 2D (Direct link:NSW&

QLDRI. Murray link:SAEVICE) X BHEIXF—LTHDIDICH LT, Bass linkldHydro Tasmania

NEADENZENEMICARFTET DEDFIABICEDSINAZR-XICHKEMNRZEITIRF—LTE

Do

Hydro Tasmania receives
IRR on northward sales

Basslink Pty Ltd IRR = (Pyic = Pras)XFlownon

develops, owns and
operates Basslink

Hydro Tasmania
pays Facility Fee
to Basslink Pty Ltd

h

Hydro Tasmania divests

v\ IRR for southward flows
» N IRR = (Pras = Pyic)XFlowsum
—— \
<T,a;mani'a/> Link energy flows reflect
—_— dispatch by NEMMCO in Vic
Pras and Tas Regions

—rb
aX L\_

n<cL

Basslink market operation (Tas Govt, 2000)

Victerian
Region

Generators submit
bids that they think

will result in their
preferred operating
strategy

Tasmanian
@on

HAr)Publicly owned hydro: Hydro Tasmania & Basslink; The Snowy Mountains Scheme.CEEM, 2007

Victorian

Spot price £ A

Market determined
flows

\
Tasmanian', .~
Spot price

F inanciaIA‘
contracts

il
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® YRAVZ_TIMEEIRITINDEIE DM KEDIEZZRIRIC, IENTHZEANDYAV_TERDKARUBE
ARIRNF-—EROREHICEHEIRITMABKREICIVIRAYZPERADENHBEBEEEICEEI
DTS DERFZEZITOROMBEERROEBICEANDOIHEZRELDNDIREETDRAF—LZHFAHL
W3,

A
Exporting Importing
Spot from Tas — {0 Tas
Prices
($/MWh) Victorian
Price Export IRR
Tasmanian
Price Daily Tas
price tradin
value
Import |
06 09 12 15 18 21 00 03 06 Time of day (Hour)

HAr)Publicly owned hydro: Hydro Tasmania & Basslink; The Snowy Mountains Scheme.CEEM, 2007
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() A —RASUT7DER

® F—RAbSUT7DEERYFNIT—VDHE
o A=ALSUTDEAXYFT=UEMICRTLIIIC. NAOBEOSVWIVTPZROLDERBEINTHY . TSI
NEMIUP T MEMEDEIEMIBEERRECERINTLND

£ 3.

(Ll
p3

500kv — Overhead \
- 400kv — Underground
330kv — Underground 7
330kv — Overhead
- 275kv — Underground

Bl 275kv - Overhead ﬁ : N\

Il 220kv— Underground P 1o ‘\ \
Il 220kv - Overhead S
Il 132kv-Underground § q
I 132kv—Overhead N

B 110kv— Underground k,r
B 110kv—Overhead ¢
B 88kv—Overhead et

Il c6kv— Underground
Il cckv—Overhead

- 44kv — Overhead ;ij_\
B 33kv—Overhead X s
22kv— Overhead ‘-’ . -
11kv — Overhead S i
HAT)Guide to Australia’s Energy Networks.Energy Networks Australia @

1:Direct link

2:Murray link _

3:Bass link HFT) The Australian National Electricity Market.
AusIMM Technical presentation, 2017/4
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KREEUNRAF—LAL(1/5)

® Basslinkz{&F 93dBasslink Pty&Hydro Tasmania&®DEIC.” Basslink Services
Agreement” EIEEND25FEDEZRBFEFABICEADDIZNNEZINTLD,

e FIEZNTIXAEDOHREREZNZMETDIMRIC. BasslinklZZDHE(EXEBEBREEX97%DAvailability TR
B ZHFIIEEZEIZNER >TVWD  F. COXEFAPMOMIC. Commercial risk share
mechanism(CRSM) & EN D EFZEEOEZENCEND IR IVVITDAFT—LICE DS WADWAMN
2O & KRBT DEHEZ ANLEZNZHHFL TS,

eIV SR « The Facility Fee, which represents the principal source of revenue under the BSA, is a monthly payment from Hydro
i Tasmania for making the interconnector available. The Base Facility Fee is escalated to reflect inflation

The Facility Fee is based entirely on availability, with 100% payabie if Basslink's availability is greater than 97%. If
availability is less than 87%, the Facility Fee is effectively reduced based on a sliding scale

— Basslink has achieved average availability of 99.5% since commissioning

100% Actual Availability
80% - ;

a8% Maximum Facility Fee

BIR ' = m e s e P P e T P e T PR TS P e PP eeRAReel st st s b tanse s st et e ES e R Y. -
96%

5% . . S — - e
Agpe-08 Yay-08 Jun-os Jul-06 AugOs Supab Oat06 Nov0G Dec06 JanO7 Feb.o7 Mar07 AprO7 May-07

Additional payments are made by Hydro Tasmania to Basslink if the interconnector is fully available during periods
when Victorian electricity prices are at their highest

The FIRD is effectively a 25-year interest rate hedae provided by Hydro Tasmania
The notional principal under the FIRD is AS624.5m. amortising to A$318.8m over the initial term of the BSA

The CRSM shares the market risk associated with operating in the NEM between Hydro Tasmania and Basslink.
Payments under the CRSM are based on differences between high and low Victorian electricity pool prices

j':'(“CRSM”) i Maximum payments under the CRSM are limited to +25% of the Facility Fee (i.e. a payment to Basslink) to -20% of the
: ; Facility Fee (i.e. a payment from Basslink)

— The stated intention of the CRSM is to have a neutral impact on both parties

HFr)"Acquisition of Basslink”, CitySpring Infrastructure Management Pte Ltd 2007/9
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® Basslink [ ENDMEEEREDENC BEDERBROCET7I/V)DIRALSH TRIADINEERZIT
5241_.&&73:3?\1\50

Neutral impact in long term

[

________ Long- Long-
; L term term
i ! Upside Upside

Facility Fee CRSM Incentive  Telecoms Total

Availability Revenue
Adjustment
B rixed Revenues \_ 1Variable Revenues

HFr)"Acauisition of Basslink”, CitySpring Infrastructure Management Pte Ltd 2007/9
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® Basslink OEREBEICOVWTIX EHGERHABEISSFZHFELIZ2011FIZ”Basslink: Decision
making, expectations and outcomes” (Electricity Supply Industry Expert Panel,2011/11)
[EHVNTARKREINTLD,

® FIF{RETIE. Hydro TasmanialllXERBBENSSEFEFEIETIEITASOKAREEZED K PEENSLELRE
NOHPEELENZIETEZSULTULWRVWEDD, FED2MNFEICDWVWTIEZVICH S DLMRETRD HEHEZ T
BEICTBRCEREICKYINFERIETETBICED>TL D,

180 4 180
160 4 e
— o
S L
o ] 40 1 -~
b o
o 0
: ]20 1 X
& Annual Link Cost £ Annual Link Cost
= 100 ———— —————————————— - — =2
O g ------
= [
E 801 <
o
o o
- &0 + —
O Qo
2 2
B 40 5
] o
w 201 o
9 >
3 3
O 0
> >
20
Benefits; Final Business Case Benefits: 5 Year Average -
Benefits; Final Business Case Benefits: 2 Year Avercge
W Lost Tasmanian Sales W Arbitrage ¢ Victorian Contracts M Net Exports M Lost Tasmanian Sales u Arbitrage « Victorian Contracts  ® Net Exports
B Additional System Yield ® Renewable Energy Certificates ® Tasmanian Pricing Impacts B Additionai System Yield & Renewable Energy Certificates M Tasmanian Pricing Impacts

H )" Basslink: Decision making, expectations and outcomes”. Electricity Supply Industry Expert Panel,2011/11
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® Basslink "WERRBHISSERDENTRIF. FOBEXEZVICHSTASADERER DTS,
¢ FOFHREREUTIF. TASOFEERTHDIBKEFICLDIKAREEDEKEXBRENEITFSNT LD,

| 500
Table 2 - Annual Basslink Flows
1 000
Flows fo Hows from Net Flow Direction
500 + T Tasmania Tasmania (GWh) of nel
(GWh) (GWh) flows
0 -+ - . E 3=
) May - June 2006 144 125 19 South
-500 2006-07 | 954 584 1 371 South
-1 000 - 2007-08 2 506 227 2279 South
2008-09 24632 72 2 560 South
1 500
2009-10 | 785 6469 1116 South
2000 - —_— -
2000 2010-11 1132 1232 100 North
-2500 + Total 10153 2909 7 245 South
3000 Sowce: Hydro Tasmanio
May - Jure 200607 200708 200207 200%-10 201C-11
2005

® Flowsinto Tasmania (GWh) ®Flows from Tasmania (G\Wh)

H )" Basslink: Decision making, expectations and outcomes”. Electricity Supply Industry Expert Panel,2011/11
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BREENRAF—LAL(5/5)

® SS5(IC.5MFOEHRBZEZHRUTIFLEREL T 2008 FDETEIMELEICH D AvailabilityDIETFEE
FonTuws,

figure 4 - Basslink oulages

P2% 0

Figure 5 - Basslink availabllity - calendar year basis 250
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H )" Basslink: Decision making, expectations and outcomes”. Electricity Supply Industry Expert Panel,2011/11
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Balearic Islands: ROMULO

Morvedre

Morvedre

Balearic Islands: ROMULO
400.000 MW

Calvia

Santa Ponsa

= =
£t S Balearic Islands: ROMULO
= s ZRA(Sagunto (mainland)) ® XX (Santa Ponsa (Mallorca))
BEREIFNRK RED ELECTRICA DE ESPANA
BHEZT—HX/Status 2012/8 EéxhEsa
fma&E/Capacity MW 400MW
BEiEE/DC Voltage 250kV Bipolar with metallic return
ERIBDES /Length of cable 244km (S 5BEK237Km)

F&/Project Cost

420(Million EUR) <953 9f8F3*>

BhED T I~

http://www.ree.es/en/activities/unique-projects/romulo-project

*:2021E¥{PTTB 1EUR=128.39H
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JOYIONEE

o BITOVIUMNI ARSIV ARVTPHEENL TPV RAESER/OMEIER244KkmOCBET—TIL:1237km) D
ERIRCHY NV TPUVRABESDENRMOERERLE ARUTPEATHBADHREICE O THERRFITDRR
FeRLIESENTHRIND 201 2FICHAERNAABIN. 400MW(200MWX2) DEETERS
ncusd,

o RAKRT,485MDEEHEEBTBHRATE2EB IRV VERELXERAE TH S,

S 7 7
¢ Platea 1 e
Al o X o
8, , | [\ g )|
FASTELLON DE LA PL’ANA\ 2lnalires = — )
(Castellé de la Plagia) e A~
E > .‘ /El Ingenio MALLORCA o T_f_l.“ N
5 Serrall =
s S Castellon LN D A=y MENORCA
- - Villarreal Sur ‘
El €ampom Rambleta ,
' «Sagunto \
) [ Santa Ponsa
4 » Morvedre =8 ES5 f
lla v La Eliana ), /6/Mues el (
Quart dePoblet 2% /Alameda - ........ccccuunn... etip st o st o S R A Ny S
‘\ Idayé ,'-3[!: IA (Valéncia) ’ // L". a
1 I —I<(F. San Luis P CONEJERA
i~ Torrente : //-»/ o
7
S BIZA _—~ CABRERA
;4
~Tabernes . 4 ¢
Gandia ) Y
Gandia Sur Y=y
A
FORMENTERA

HFF)RED ELECTRICA DE ESPANA, Romulo peninsula-balearic islands electricity interconnection, <HiRH2012E88 >
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sxfmitiR(1/2)

MRI

o ATOVIVNIH I BFRMRUIRIRDIBIESIELLTDREY

® T—TJILIRIXEWEEL250kV. =

AiE: 2. BB 1HhoERIND,

Submarine HYDC cable

e =]

BoE

Return submarine cable

400MW(200x2). BIEEERKIE R EXIFEEATNTHY

Conductor
/ Internal
" semi-conductive
layer
y / / Impregnated

insulation tape

_ External
~ semi-conductive
layer

Lead screen
I — Polyethylene jacket

T~ Meutallic
reinforcement
(steel yarn)

Double
steel armour

Polypropylene
outer jacket

Conductor

Internal
semi-conductive
layer

XLPE insulation

External
semi-conductive
layer

Interior

semi-conductive

56000908

screen
~ Metallic screen
(copper tapes)

Double
steel armour

Polypropylene
outer jacket

Polypropylene
separator

EREE +250 kV
EERE 400MW
(200MWx%2)

MABERIFEETT T\

(Bipolar link with metallic
return cable)

BHT— T

AR 2. B

FT—JIb

2#R(1#RH7ZY487)

244Km
AR 4k
YBIERER: 237km
EUKERA#R: 3km

HFF)RED ELECTRICA DE ESPANA, Romulo peninsula-balearic islands electricity interconnection, <HiRH2012E88 >
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—JIVERERHFE(1/3)

e T—JIVFHRKZAE

e RomuloZOVIOMDSE VI AEEAETEEDRBEZZNERB(ERRKESOOM)DEEZRTETIL.
ERZBEEONRNYS(ROV)ZHRWVWTT —JIVBERUEDERCT—JIVEERAERRINz, CRMDBER Z
JettinglC&>ThL U F-1BER

o MEBTIEXT—TJINHRICLDIRELZEZINFITILEHD. T —TIVEEZAN ORIV EBET F4~5mICEERU.
FORICT—TIZEBEHRLU,

. wmmmmom«mmmm 1 .,
atm. 2 ?mmmmlm I used, mﬂng:ﬁm s 5
A depth o N 4 and 5 inetres boiow the sea h
Bon e e Tl
| metres long, the maximum mﬂﬁm is ” 5

RS o , o remote controlled vehicle,

In sandy sea beds a technique known as jetting
wits employed using a submarine vehicle that
huries the cahles under the seabed using
pressurised water jets.

Hfr) RED ELECTRICA DE ESPANA, Electricity Link Majorca-Ibiza,
httos://www.ree.es/sites/default/files/01 ACTIVIDADES/Documentos/Romulo?2 en.pdf. <EEH:2021F11818>
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T—JIVERERHIE(2/3)

MRI

o T—JI)LHERM

e RomuloZOVIorCEHBWSONTZT—JIIVEERMBOLRKRITILLTOEY .,
Nexans{®f :SkagerrakdD{t#k(Cable laying vessel)

Principle dimensions and capacities

Length oa incl. laying wheel : 118.25m
Breadth moulded : 32.15m
Depth moulded : 8.00m
Draught at 9373 t: 540m
incl. stern thrusters : 6.25m
Deadweight : 9373t
Ballast capacity : 59481
GT: 8460
NT: 2539
Vessel speed : 10 kts
Classification :
DNV 1A1 Cable Laying Vessel EO DYNPOS-AUTR SF SILENT E
IMO No. : 7619458
Call Sign : LCEK
Flag : Norwegian (NOR)
Accommodation
Cabins : 60 single
Dayrooms: 2 off
Project offices/meeting rooms: 2 off
Dynamic Position system
NMD/IMO class : 2
Type : Kongsberg SDP-521
Reference systems: 1 x DGPS
1 x LRTK
1 x HIPAP 500
Fanbeam
3 x Nav Gyros
MRUS5,MRu2

) Nexans, C/S Nexans Skagerrak, p.2. BB : B

Cable laying
Main turntable : Outer diameter : 29 m
Inner diameter: 12 m
Load capacity : 7000t
Cable capstan system :Cable capstan with linear engine.
Total pull/braking capacity : 50 t
Maximum laying speed : 50 m/min
Laying wheel/chute: 1 x 10 m diameter stern wheel and chute
Laying instrumentation : Computer based laying control system fully
integrated with onboard navigation and survey systems.

Survey

Survey: Full survey suite for subsea navigafion and
mapping

Posifioning : 3 x LRTK from two independent sources

Heading / Attitude: Seapath 330 GNSS heading and mofion system,

MRUS, 2 x Nav gyros
Subsea positioning: ~ HIPAP 500 (shared with DP), possibility to mount

SPRINT INS

ROV
ROV System: Merlin WR200 Electrical Work Class
TMS: Tekmar top hat system with 300m tether
Handling System: SEPRO LARS with 2000m lifing umbilical
Optional Second WROY, OBS ROV or Captrack system
Trenching
Trenching units: Nexans Capijet trenching/dredging units
Handling System: SEPRO LARS with AHC winch

Copyright © Mitsubishi Research Institute
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T—JIVERERHIE(3/3)

e T—JILFEkMn
e RomuloZOVIorCHWON T —TIVEERMDERRIZLLTDEY

Prysmianf®f:Giulio Verne®D{t#k(Cable laying vessel)

PRINCIPLE DIMENSIONS CABLE OPERATIONS KEY FEATURES
N CAROUSEL

Length overall 133.18 m Capacity 7,000 Te

Breadth moulded 3048 m Core Diameter 6em

Depth moulded 7.62m Outer Diameter 25 m

Summer draught moulded 537 m Tank Height 4 m (extendable to 6 m)

Deadweight 9.366 MT Product MBR 3.5 m minimum

Gross Tonnage 10.674 MT

Bollard Pull 100 tons

BURIAL TOOLS

Giulio Verne can be equipped with Prysmian’s
Hydroplow to carry out simultaneous lay and
burial to 3 m depth, dependent upon project
requirements. The vessel can also be a
platform for state-of-the-art jet trenching
ROVs and Mass Flow Excavator tools.

HFr)Prysmian, Giulio Verne (https://www.prysmiangroup.com/sites/default/files/atoms/files/Giulio%20Verne%20-
%20Datasheet DEF O.pdf). <EERH:2021F11818>
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FERXT—URIVSY

® IRA1VMNDTSOTHSBRED ELECTRICA DE ESPANARARTOVIVZEEE,

e HVDCH—JILDEPCIZPrysmian. Nexans®IdY —IFP AR ZEF HVDCH—TILH 2 EFNENALE

ZIART D BIREITES T DORE, 7 —TIVEERIEPrysmian. NexanshAHRih&ER>T AN UF-—TIUE]
A-IBEREEY,

e HVYDCO/IN—49—MEPCI&Siemens T&DMEY,

SHE e B
Prysmian
. T—TIVELE - ER - fofhER
F_ugro
A Nexans
T—TIVEE - sk - fhimER

RED ELECTRICA DE
ESPANA

STIE]

RED ELECTRICA DE
ESPANA

ER - RST

Assodivers, Sisgen s.r.l.,
Sub-Seatech
T—TJIVFRER
@stensjo Rederi AS,
Assodivers
afE R

Siemens Transmission and
Distribution Ltd
(VAT LETH- -8 -RE)

HFA)RED ELECTRICA DE ESPANA, Romulo peninsula-balearic islands electricity interconnection, <HiREH2012FE88 >
4C Offshore, ForeSEE webapp&V =ZHRH/ERK

N

HVDC

/\
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EAFx—L

@ ARAVDEANTHTIF FREFEIIBHFRFD T TEEINDEEINTHY. TSOFXRICDWTIXE
REEDI#HDAMEHESNTULSD,

o TSOFEXRICEITDIIAMIRMAMETEININDZCEEG>THY | BINEAEKRREICK D TERAIINTZHRET
BT SEEEHESNTLD,

, Practical Law: Transmission charges (—&8ik#:)

The regulated costs of the electricity system are financed through:

Access tolls to transmission and distribution grids paid by consumers, generators

and traders. Access tolls must be approved by the Ministry of Energy using
Enethod)ology approved by the National Markets and Competition Commission
CNMC).

Other charges that may be established by the government to cover other costs

of the electricity system.

Any other financial mechanism established by regulations.

Any provision included in the state annual budget to cover renewable energy
generation costs and non-peninsular costs.

Any other proceeds allocated for these purposes by Spanish regulations.

Hr) Thomson Reuters, Practical Law
(https://content.next.westlaw.com/Document/Ieb49d7bdicb511e38578f7ccc38dcbee/View/FullText.html?contextData=(sc.Defaul
t)&transitionType=Default&firstPage=true), <EIEH:2021F11818>
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IRELOUNRAF—L4

e MTOVIVFIRMINIAEISEAI—O(I,865FBMA)EHETN. TDSENA0RICHYTIEESS
EupN ¥ EERIT(European Investment Bank) &Y 3EICHIFTIREINE.

-2010%F12A178:1.581—0
-2010%F10H28H:221—0O
-2012F3HA28H:2.51—0O

HAT)EIB, Red Eléctrica de Espana VI (TEN) (https://www.eib.org/en/projects/pipelines/all/20090178). <HMEH:2021F1081H>
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MRI

Maritime Link
500.000 MW

Woodbine Bottom Rock

Woodbine Granite Canal

Canads \ Canads
i~ i~

E=E S Maritime Link

& - sy #1749 (Point Aconi) © 174 (Cape Ray)

BEFHR NSP Maritime Link Inc

EEXT—92Z/Status 2018/1 EEnRtA

fma&E/Capacity MW 500MW

ERERE/DC Voltage 250KkV Bipolar

ERIBDES /Length of cable 520km (2 5BE170Km)

TF&/Project Cost Million 1,300 (Million CAD)<#91,118{&M*>

BEEIT T~ http://www.emeranl.com/en/home/themaritimelink/overview.aspx

*:2021E¥PTTB 1CAD=86.02H
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JOYzOohER0/2)

o AJOJVIVMNI AFY - Za—TJ7IVRSIURBE/NRDAVTPHEEZR/INRIERS20km (2 58BK170
Km) DERBETHY . AT AN REODEERMICERSND,

@ N FIFl-ZTTSR—IUMICII#T D Muskrat K HEER(824MW)DBIXRENZ/NAIIVT7HEICH
$MITDET.NARSE Fﬁ/\U)ﬁ‘ZT_fEFE{EE/WL/ 2020FEEXTICBIRLEKRAO N EIBIFTIHFEEZZEMT D
HICEZRINDS,

Regional Energy
Development

LABRADOR
Muskrat

QUEBEC
NEWFOUNDLAND

St John's

Canal

sland Transmission Link

Soldiers Pond

Maritime Link

500 MW capacity Granite

NCiude M UnGerseéa ink from |

\ Labrador !

A\ N ) 7

Ow sy ! 3 Tor V) 2

A fler W Holyre

Point Aconi

NEW Woodbine

BRUNSWICK

HAm)Emera Newfoundland & Labrador, Regional Energy Development (https://www.emeranl.com/docs/librariesprovider13/maritime-link-
documents/regional-energy-development170.pdf?sfvrsn=91a88bba 2), <EEH:2021F10A18>
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JOYVzIorESR(QR2/2)

e 20T1&FELWMaritime LinkDIRETHFELAE

- F’*ﬁﬁé é%‘\ﬁ;,ﬁ2011~2017ﬂ£ 2011:2017

'%ﬁ?ﬁEZO’I’I'\'ZO’M-E

-HRE. IO -%E:2011~2015% 2011-2014
® 2013~2014FICHIF THERIBHETM(EA)LR—FDERY F& 8, &R :

ST 2014FELVYEBZTENEE,
® 201 7FICERBOFRERAMNEBLE. —

JANUARY 2013
JUNE 2013

ENVIRONMENTAL PROTECTION PLAN APPROVAL
JANUARY 2014

CONSTRUCTION

2014-2017

ENVIRONMENTAL EFFECTS MONITORING

2014-2017

COMMISSIONING AND FIRST POWER

HFfr)Emera Newfoundland & Labrador, Project Overview, 2 &Y 24
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s st ER

® BET—TJIIENexansNEPCIZHEHU,. HVDCY X T AIFABBMEPCIZEHT 3,
® BET—TJIICDOWLWTIEF200kV.500MWODOHVDCT—TILHRRASINTLS A, FFMERET X,

The Maritime Link involves the construction and operation of a new 500
megawatt (MW) (+/- 200 kilovolt) HVdc (high-voltage direct current) line, as
well as a 230 kV HVac (high-voltage alternating current) transmission line and
associated infrastructure, between Granite Canal, Newfoundland and Labrador,
and Woodbine, Nova Scotia. HvVdc is the most efficient way to transmit
electricity over long distances. The Project will also include two 170 kilometre
(km) subsea cables across the Cabot Strait, approximately 50 km of overland
transmission in Nova Scotia and 300 km of overland transmission on the island
of Newfoundland.

HFr)Emera Newfoundland & Labrador, Project Overview, 2 &Y
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FERXT—URIVSY

e OUTUMA—F—IE.NSP Maritime Link Inc.T&HY.7EvNERZETD,
e HVDCH—TJIVIZCDWTIENexansMEPCIZEBYHL, BRINXUAFTF DY) I ERODAEFZEBEE,
e HVYDCO/N\N—4—IFABBAEPCIZiEY,

STIE FESRN 12 FH
Nexans
RET-T—JIVELE - ThER - afthER
GC Rieber Shipping ASA
Boskalis International (S) Pte Ltd
nfE R

NSP Maritime Link NSP Maritime Link
STiE 1EFH
HVDC
ABB
(VRTLETH - 8H& - HE)

HFA)RED ELECTRICA DE ESPANA, Romulo peninsula-balearic islands electricity interconnection, <HiREH2012FE88 >
4C Offshore, ForeSEE webapp&V =ZHRH/ERK
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® 2010=FIC.Emeratt&ENalcorI I —aMEEZRZNOULU. EmerattAMaritime Link#EADZHL - E
BZ1T5&8IC. Nova ScotiaEHH(EmerattF&%t) IdMuskrat FallsiIKAREDEEEHND20% %=
3FEEEERE TCEVVERZHNEZ/mEL:Z,

® Maritime Link®70OY 23X ME. Nova Scotia&HZBU TEERHSEIPNINDS,
o P ERAMBHNSIEFEHKICMaritime LinkD#EZEIENalcor EnergylCEEINDIFE.

Nalcor Energy
Emera(V/INZAOI7MN) ekl (Ca1—TJ7PURSURE-STSR—/L)|) [

Muskrat FallsZkK DFERR

— Maritime Link ltd. .

T%FHIEIHY BENEN20%%
3 5 RIE MM TARES
— Nova Scotia Power Inc. i :
Tﬂﬁ@w

HFi)Emera Newfoundland & Labrador, Project Overview,
JINZIT 7M. Maritime Link Cost Recovery Process Regulations made under Section 6 of the Maritime Link Act
(https://novascotia.ca/just/Regulations/regs/mlcostrecovery.htm). <EEH:2021F10B1H> &V
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® 201 2FICEITINTZ” Maritime Link Cost Recovery Process Regulations” IZ&Y).
Maritime LinkORF - ERICEZZ2ETCOERIIRHEHBED T CRINEINS,

e JOVIVIERIX. /JNRAOAVT7RAREREERDTELAXNEZITTEARZZTDZET,./NRAVTE
JH(EmerattDFEstt- - EERSR)NSERZEURITBICEMNEDHOND, ISIC. /NNROAVTEAIF /IR
AV RNREREZEESDEABED T C.EERNSERZOWNITDICEMNESHOSNT LD,

Maritime Link Cost Recovery Process Regulations (—&Bik#:)

Requirement for Review Board approval

4 (2) Once approved under Section 5, an applicant is entitled to recover Project costs through
a rate, toll, charge or other compensation from Nova Scotia Power Incorporated in accordance
with Section 8.

Assessment and costing approval

8 (1) Before receiving energy under the Nalcor Transactions, an applicant must set an
assessment against Nova Scotia Power Incorporated for the recovery of the all approved Project
costs, and must apply to the Review Board for an approval of the assessment under Section 64
of the Public Utilities Act.

(2) Nova Scotia Power Incorporated is entitled to recover through its rates any assessment
approved by the Review Board in respect of the Maritime Link Project.

HAT) /NN RO 7M. Maritime Link Cost Recovery Process Regulations made under Section 6 of the Maritime Link Act
(https://novascotia.ca/just/Regulations/regs/mlcostrecovery.htm). <E&HRH:2021F10B1H >
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KREENRAF—LAL(1/2)

® 7 —F—T&»3NSP Maritime Link Inc.l&. /N\NXROAIT7ABREREZES (Nova Scotia Utility and
Review Board)ICEFOIXNREULAHT(O&ME. CAPEXERMEMNE. D74 AIXNE)ZRHEU.
EHEERDEREBD2TCERHAZMOINT %,

2021TFEDNIRLRBEL(2020F6 AiRit)

|De5cription $M | Section #

|Operating & Maintenance Costs $21.5 511

lDepreciation * 55.6 i B

Debt Financing Costs 5.1.3
- Annual Net Interest Costs 44.5 5.1.3.1
- Amortization of Deferred Financing 1.6 5:.1.3.2

Charges
Equity Financing Costs 49.0 5.1.4
Total Interim Assessment $172.2

* Subject to reduction through deferrals from and afier January 1, 2021 to a maximum reduction of
$22.75 million.

H) /N ROVFPRARERES . NSPML 2021 Interim Assessment Application,p.18. <HRHA:2020F7H31H>
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e 20TTEFEELRRICEELUREMaritime LinkDEFZ\EIXMILITD®EY

Bi:hF TR

actual costs total total

. L. ; estimate to | project
il 2011= | 5014 | 2015 | 2016 | 2017 | 2018 | 2019 [2020 @1 |5r2ett® | completion |esimate at
2013 completion

Emera NL Project
Management Costs 44,389 42,315 24,599 25,639 32,721 15,779 6,809 940 193,191 1,584 194,774
Nalcor Projects i ) ) )
Support Cost 0 15,232 425 438 257 136 1 16,215 1 16,214
Construction and
Engineering Initiatives 14,975| 167,980 259,750| 403,871| 478,216 -630 21,412 -108| 1,345,466 7,271 1,352,737
- Environmental
PP 2,651 4,378 1,082 1,623 7,090 1,415 158 18,397 39 18,436
i S“bma”r”e"f_‘a?tgg 3,359| 83,797| 74,439| 54,213| 115,511 -5,897| 18,304 -648| 343,078 648| 343,726
- Converters,
structures, and other 1,517 48,747\ 106,195| 227,643| 157,614 5,397 1,147 50 548,310 2,508 550,818
ancillary equipment
- AC and DC
Trererss o 7,448 31,057 78,035| 120,392| 198,001 1,545 1,803 490 435,681 4,076 439,757
Total 59,364 | 225,527 284,774 | 429,948 511,194 15,013 28,220 832| 1,554,872 8,854 1,563,725
Contingency 0 0
Escalation 13,629 13,629
Grand Total 59,364 | 225,527 284,774 | 429,948 511,194 15,013 28,220 832| 1,554,872 22,483| 1,577,354

HAT) /NRAIVTPRBERES.NSPML Quarterly Report Q1 2019,p.18. <tHhRH:2019F4A158 >
JINRIAVTPRHEEHRES.NSPML Quarterly Report Q2 2020,p.16. <HhRH:2020F6 8158 > &Y
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Nemo Link

Nemo Link
1000.000 MW

Richborough Herdersbrug
Richborough Gezelle

o -

niETRgdon  \ Belgium
> N

£t S Nemo Link

- sthisg 1F¥1Z (Pegwell Bay) ®RJLF¥—(Zeebrugge)

BEFHR Elia System Operator SA,National Grid NEMO Link Ltd
EEXT—92Z/Status 2019/1 EERRtA

fma&E/Capacity MW 1,000MW

ERERE/DC Voltage 400kV Symmetrical monopole

ERIBDES /Length of cable 140km (2 58E130Km)

F&/Project Cost 690 (Million EUR) <#885{&M*>

BEVT I~ htto://www.nemo-link.com/

*:2021E¥{PTTB 1EUR=128.39H
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JOYIOorESR0/2)

® Nemo LinklZ.Z-National Grid Interconnectortt XURNIF—-EliattDIVICE > THFE - ERHT
NTVWD ERBOERICEODOTRMEBAMLDORA LEBYIRBIRIIF—ADT7ICRZEZETDIEZEN
EINTULD,

—_— N P b —-T
w— T —TI O zgES

A1FUR

A
| usmis BET—T) 130 | [ €=T—a |\

F—ZPIVF @ S
v OFIb—Ta

| Bt =71 9km |

NIbF—

[ mrr—Tw 2 |

EMEREL. EREERT—TINEBXDH#E (https://sei.co.jp/company/press/2019/05/prs040.html). <BEEH:2021F10B1H>
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s st ER

JIAM-NT—VRTLXADHREHTHI3EREINRIEEEE,
ERXLPES—JI CTHAREEEERDT400kVDT—TIW IR TLEERE,

%2 NEMOZOYVIZbhEIFMATRE A + 400KV
el =] 4% XERE 1,000MW
BET—T) B4 ZX1100mm?’. KBS, —SH%RNE v \
‘ _ : , X EBARES SRET— T
BELFo—T)U BEY A X1600mm-, HES
EtJs(vk |RBJ Bl Symmetrical
e = Monopole
a/aAv >/
EvT=Rs . X
#rJaqvh | TLTOvIR REERTIA BRI (VSC)
SRS TLATOw IR, KUT—8k LT __141.5km
[P R ERT IR v IR HE ST 130km
fE EER:11.5km

B EREI.SEITV2-AILE1—-%1905, p.55. <HBRBE:2017F18>
FEREL.EREERT—TJINEXDH#E (https://sei.co.jp/company/press/2019/05/prs040.html). <FEH:2021F1081H>
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FERXT—URIVSY

e “AROvY/N\—IZNemo Link(*National Grid &XUEliatt®DJV),

® HVDCT—TJIDEPCIE. ITA-NT—IVRTLX(CKRBRESHFEREL)AZFL. HVDCT—TILDOHE
EHI WM TOIEEERIEICDOVWTIRKEUND Y IIANEZFEL DD BER T Z 18R,

e HVYDCO/IN—49—®MEPCIIESiemenstthiBy,

ETIE| e EH

J —Power systems(X{IZiEEIG)?%*i)
HHE DeepOcean 1
T—J)VEES

Bohlen & Doyen,
DeepOcean, DeepOcean 1,
Severn Offshore Services

nRaER
Nemo Link ltd. . Nemo Link ltd.
St SEF
Siemens AG
(VAT LETH-EE-RiE)

( J Murlohy & Sons
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® HLETI(EXInterconnectorDIREERELIYHIE LT, Cap and Floor#llEAERINTLD,

o EEREASHITERRICLIDIBEIHZEREI DI —NSEBERZENT N, T2 BIRENFSNAR
NoieHma. OfgemNESH dmEMEMIE (Floor) FTREDRHERENHIET S, XZEXEBHRERAH
HROfgemMWEH S LRI (Cap) EBATZEHE . BENRZEREDREREBICETIOLENH D,

® Nemo Link®Cap&UFloorldEL TD&EY,
-Cap:77.0BARYREI115EM)
- Floor:43.98ARF(#I65EH)

Cap and floor building blocks

Payments to GB system operator

allowed return

Cap

:
)

+/- 2% availability incentive

b

()]
ol
decommissioning costs 2
o
operations and Floor
maintenance costs ’ Payments from GB system operator

(subject to being at least 80% available)

capital costs

5 assessment periods of 5 years (25 years total)
HFF)Ofgem, Decision on Post Construction Review of the Nemo Link interconnector to Belgium, p.7, <HkH:2019F9812H>
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REENAF—L

® Nemo LInNkKODRERERIZI OV I I IPAFTIRICTREINTLS,

o GHMIBERIEIAXRINTULWRWLWA DEVEXTHNISEA L (H27EM). CAPEXTHS5.8ERIR($8751%
). OPEXT6.4BRUR (1, O00EA)ERAENTLS,

® OpexdARICDOWVWT.OfgemDEEIXFENemo LinkttiIREEHR EDOEICTREEN S >T=H. 2019F12
BICCap and FloorlCEAIN3IXF(Ofgem final position) NREIN/,

Nemo LinkDFF&RM:ER

_ 2 _ VN 2019/12-

={=| 2014 Nemo 2014 Nemo Link Ofgem Ofgem final
Link Ofgem PCR Minded-to position
submission position submission position
: : Ofgem Ofgem
Nemo Link Ofgem Nemo Link - = o=
s — o BEIRLE BRIZERE IR~
B L1222y = B L 252 <o
Devex 17.0 m£ 17.3 m£E 18.5m£E 18.5m£ 18.5m£E
Capex Eggt‘s 591.8 m£ 577.9 m£ 583.6 m£ 579.5 m£ 579.5 m£
Risks 31.9m£ 31.9m£t 0.0m¢t 0.0m¢t 0.0m¢t
Opex 645.7 m£ 610.9m£E 664.7 m£t 605.9m£ 638.4 m£Et

%PCR:Post Construction ReviewDlg, B¥&ttlFofgemICU T, BRI H&ICIAME2—Z8RHE LT, Cap and FloorO&EE%
ZIFTDINEND D,

HFf)Ofgem, Decision on Post Construction Review of the Nemo Link interconnector to Belgium, p.16, <HkRH:2019F9812H>
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Caithness Moray
1200.000 MW

Spitall, Caithness Blackhillock, Moray
Spitall, Caithness Blackhillock, Moray

cnied kingdom N Unied Kingdom

£t S Caithness Moray

- sthisg 1¥1)ZX(Noss Head, north of Wick) ®1¥'JZ(Tannachy, Portgordon)
BEFHR Scottish Hydro Electric Transmission plc (SHE Transmission)
BHEZT—HX/Status 2019/1 EERRtA

fma&E/Capacity MW 1,200MW

ERERE/DC Voltage 320kV Bipolar

ERIBDES /Length of cable 16 Tkm(35BE113Km)

TF&/Project Cost Million 1, 100(Million GBP)<#91,617{&M*>

BEEIT T~ http://www.ssen-transmission.co.uk/projects/caithness-mora

*:2021HE¥FPTTB 1GBP=147.07H
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JOYIVER(QA/5)

® XIVKSURIEEHDBEANEIXRINFT—(EAD)DEALKICHS REEEEBNIC. ELEBE2DDIL—H
DFRBDLEBRFICE DI BET—TIVOANLVEIRSTRETESCENMERINERNREIND,

® 1950FRLUBDILLRAIAVES URICHIFTRE—TOJVIIFNTCERADEBERBET. AFUIERNTIZRIEBED
Western LinkIZRWT2BBDHVDCERIETH D,

HAT) CAITHNESS-MORAY TRANSMISSION PROJECT, Scottish Hydro Electric Transmission’s
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JOYzohES:(2/5)

® RFFIBRAICHKIU D TIE WDODDT—XTROAVESVRILRICHFTDBERAEBIRIF—(AA) DEAHILK
ICEANDIRAANREIN, ABALKICHIGT DEHDRMBBTHDENERINT LD,

o EEETHEICIE, Bt g S Shetland link& D ZinFixfKzmiRICUIZ. EEFADRIFEITELEEEN T D,

7000
6000
5000 Slow Progression (SP):BE&E{LLLTVEE
IXTOVIVMREEIND T —R
4000 Gone Green (GG) :EKENDERFKRILBRD
> ——Ofgem HEICIVBIRBEENMEILTDT—R
= — P Slower Slow Progression (SSP):BIx
3000 7 - HRED—EIREFITDIT—R
2000 =
1000

0
P I I T, I I G O . TP
QR M M MIPA L M A A b .{\.\x .{5\‘»

N\ N > NS O Y O O O
DT AT DT AT AT AT AN PP

O 0D DD D D
m“\‘\' {’\m x“’\x ‘{‘0 m‘*’\‘\' '90 »9\'5
R g Qi il g

HA)Planning and implementation of an HVDC link embedded in a low fault level AC system with high penetration of wind generation
CIGRE 2020
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5

1O E=(3/5)

MRI

& RIMIFHRICHIU D CIK BRI LOGEHDIV—FIEDSBEREADHEENSBEEREEDIV—HDLHE
EINTLD, (REHRERRLARR. KIpRERICOVWTIL TOREEHY)

Table 1 - Proposed reinforcement and other possible options

Option

Technology

Capital
cost
(Em,
2013
prices)

Timing

Additional
boundary
capability

Shown
in
figure 2

ia

HVDC subsea
cable link
between
Caithness and
Morayshire +
onshore works
(SHE
Transmission’s
proposed
option)

1,236

2018

BO:
B1:

800MW
850MW

(see
figure 1
also)

ib

1z +
downstream
reinforcement
(onshore rebuild
of double circult
line between
Beauly and
Blackhillock to
400kV)

1,588

2018
and
2024

BO:
B1:

soomMw
1,720MW

C+B

2b

Onshore rebuild
of 132kV double
circuit line
between
Dounreay to
Beauly to 275kV
+ downstream
reinforcement

1,609

2026
and
2024

BO:
B1:

1,095MW
1,480MW

A+B

Figure 2 - Possible reinforcement options in northern Scotland

Stornoway

WESTERN e
ISLES

§ Grudie Bridge

D ------------------------------ -

el S
/)

H o North-South Bounda?
Tealing /
%

ﬁ - o Tariena “_Q\\Q. ABERDEEN

) Decision on the Needs Case assessment for the proposed Caithness Moray electricity transmission project under Strategic Wider
Works.OFGEM, 2014/7
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JOYzorE®:(4/5)

e JOVIVMDIVETIHI2010FICEFEY . BhITBDLDICHERF—L L, 20T14F(ICERETEN T ER
FEMCBSATDITOIIVMEUVTEEINIZZEZZIT. 201 5FEHNSEZMAB. 201 8FEICEXZKRTLR
WERDHEIETIC A>T,

2010 Project concept
2014 August Contract Award
2014 onwards Detailed Design and FAT of HVDC plant
2015 Construction Starts
2016 November FST of Control & Protection System
2017 Electrical & Mechanical Plant Installation
2018 April Stage 1 Commissioning
2018 November Stage 2 Commissioning
2018 December Hand over to National Grid
SHET Terminology ABB Terminology Timeline
Stage 1 Eaquipment Testing April 2018
Subsystem Testing August 2018
Stage 2 System Testing November 2018
Trial Operation December 2018

HFAF)CMS HVYDC System.SSEN,2019/6
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MRI

o MEBEICENDIHEIL. 2008FNoWMDOSNTHY  FREBRMER

EBELTWD,

REZADIV—FDBEREIX2016FIC

o B —FEAEBEEIRICTILOBVWSDOHNMDXBEICHITTERINTLDS,

CME CASLE INSTALLATION : # LECEND
OMEGA AND NLINE JONTS i b e Dot A FOGte T RS Porgeroee -Nowm | 2
CASLE REPAIR AND DAMAGE LOCATIONS /¥ R S s Repat Aove i
Noss Head ) ﬁ cc:(n:nmcmc‘m A
0’“’ E
]
Caithness &*
A
'\-ﬂ‘
.\
Mid-ine Omega Joint KP56.688
Kng,
¥ Cable replacement, Jet Trenching, %
o - Ths Rock placement KP11-18
ol G = -
23 y
¥
57N G Omega Jant KP13.11 Potential further
HNST SOERER UG \\—iw‘mKP!3389 D e
> { os UK Omega Jont KP3515 An, — FadtLocation~KP13305  Rock Placement KP 18-KP72
Ny S 2 ,i:._,‘,“gmpmm.uo
Portgordon Moray

Contractor / Report Route Relevance to Caithness-Moray Circuit
Year Ref.

Shetland to Moray Nearshore section at Portgordon

Hub Platform to
Caithness (Noss Head)

Survey Route from Hub to Noss Head

Hub Platform to Moray
(Portgordon)

Survey Route from Hub to
Portgordon

MMT (2008) 100364
MMT (2010) 100711
MMT (2012) 101044
MMT (2016) 101594
iSurvey (2018) 13194

Caithness (Noss Head)
to Moray (Portgordon)

Pre-lay and UXO survey

Portgordon to Noss
Head

Post-lay Pangeo / MBES survey

F: UXO:Unexploded Ordnance

HFfr)Caithness Moray (LT21) HVDC Cable Burial Plan.Scottish Hydro Electric Transmission plc.2019/2
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sxfmitER(1/2)

o [ELERBMODACRENS. LAIDSpittal. Caithnessld. SOOMW (fE EACHI2Z75kV) . EEID
Blackhillock . Moraym®1,200MW (FE EACHI400kV) DZEEMRE VS ERRERDTL D,

® BlackhillockZEfIL. 2019FI:EEZIBELIzBeatrice Wind Farm(588MW) £#E#HELTL D,

* Voltage Source Converter technology
(ABB HVDC Light)

* Symmetrical monopole configuration Commissioning year: 12018
* +/- 320 kV DC Voltage FPowerratng. RO

No. of poles: 2

Main data:

* Spittal Converter
> 800 MW Rectifier / -720 MW Inverter
> +/- 263 MVAr

AC voltage: Spittal side 275 KV, Blackhillock side 400 kV
DC voltage: +320 kV
. Main reason for choosing Length of subsea cable, reinforcing AC
* Blackhillock Converter HVDC. |
° 1179 MW Inverter / 1080 MW Rectifier e

° +/- 394 MVAr

- network, connecting renewables

Application: Interconnecting grids

* Future rated for multi-terminal operation Hiffi) Caithness Moray HVDC Link Interconnecting grids.ABB

HAT)CMS HVDC System.SSEN,2019/6
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o E7OJVIILDT—TILDAREBEIILLTDESY,

Cable Parameter Cable Property

Conductor Material

Conductor Cross-Sectional Area
Conductor Diameter

Single Cable Qutside Diameter

Single Cable Mirnimum Bend Radius (MBR)
Combined Cable Bundle Dutside Diameter
Combined Cable Bundle MBR

Weight of Cable Bundle

Table 1: Nominal HVDC Cable Properties

Copper
2,200mm’
54 6mm
132mm
im
270mm
Im

100kg/m (air)

75kg/m (water)

Conductor
Type / material
Cross-section
Diameter

Conductor screen
Material
Thickness / Diameter

Insulation
Material
Thickness / Diameter

Insulation screen
Material
Thickness / Diameter

Longitudinal water barrier

Material
Thickness / Diameter

Metal sheath
Type / material
Thickness / Diameter

Inner sheath
Type / material
Thickness / Diameter

Tensile armour

Type / material

Thickness (wire diameter)
Number of wires
Diameter

Quter serving
Type

Thickness
Complete cable
Diameter
Weight in air
Weight in water

profiled strands / copper
2200 mm?

54.6 mm

semi-conductive polymer
1.5 mm/58.7 mm

cross-linked DC polymer
20.0mm /98,7 mm

semi-conductive polymer
1.4 mm/101.5mm

swelling tape
0.6 mm /102.7 mm

extruded / lead alloy
2.9 mm/108.5 mm

exiruded / HDPE
25mm/113.5mm

wire / galvanized steel
5 mm

69 pcs

124.0 mm

polypropylene yarn, 2 layers
4 mm

132 mm

49.4 kg/m

35.7 kg/m

All values are nominal

HFfr)Caithness Moray (LT21) HVDC Cable Burial Plan.Scottish Hydro Electric Transmission plc.2019/2
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FERXT—URIVSY

® Scottish and Southern Electricity Networks(SSEN)NDEEUL. EEDREERIZISSEND
100%kF&=tTdhdDScottish Hydro Electric Transmissionh{75,

® European Investment BankhHFRED—HZmET D,

HiE 253 &P

kt cables G A 5 D k Seaway Offshore
( - /(;S jl’)(l)l%lj)ﬂ: / enm@ Cables GmbH
Fafta
Ecosse Subsea MM‘E AB HELIX Energy
Systems HWERE Solution
T—=TIVIb—bk R

Scottish and S ish Hydro El i
E cottish Hydro Electric
Southern I L%ropetag k Transmission plc (SHE
Electricity nvestment Ban = ssion)
Net N =y ransmission
etworks x5 ER

St
Hitachi-ABB
(VRTLETHE - 8hE - RE)

HFr)4C offshore, ForeSEE webapp kWU =ZRMHIER
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@ TFIADILARZ1—F vy TEMREINBIRFREFNETCHDRIIOD T T HEHNICHEBEEINDIZRENLA
—1—&UTESHESNB3SWW(Strategic Wider Works)ProcessICEEonz 090D —DTdh
Do

® ®%ihdBShetland link&EHNET AEBRAOAVE S RMIBORARERFEDRBEERE . EEHMADE S
BED . FERKBICHBEINDZREELULTEDHSNTLS,

o FOCRICKYVEBZICNDIZUYREFRE CHDScottish Hydro Electric Transmission plc&EHREIHE
THhD0FGEMEDETOVIVMDOMEBER EREROZLEHICEADBI RN EY RIN, FEMTOLAD
BAIAD S REF TN~y HZEL. B TOVIIMN E(BHEOSV\V OV I IONNIEEANMDDIESE
HDIPT. REHNICLARZI—Fv Yy TO T CEWRARERIRAMNKENREINTULDS,

Notification Needs case Consultation
and eligibility assessment on initial views
(2 months) (3-6 months) (3 months)

Consultation Decision and
on final view licence modification
(3 months) (4 months)

Project Assessment
(6 months)

HFr)Strategic Wider Works (SWW),OFGEM
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$EESZ#L_LA

o SWWICEBHSneEr7OII Ik

Proposed project Key driver for investment

_ Hinkley-Seabank Proposed new nuclear generation at Hinkley Point

NGET; SHE Eastern subsea HVDC link | Increase in the north-south transfer capacity; new offshore
Transmission; generation in Firth of Forth
SPTL (joint project)

SHE Transmission Caithness-Moray Onshore and offshore renewable generation

SHE Transmission 400kV East Coast Increase capability to export renewable energy to central Scot-
land and North England

Kintyre-Hunterston Renewable generation around Kintyre, Argyll
and Bute area

Western Isles link and New generation on Lewis

onshore works

Shetland HVDC link Generation around Shetland

Orkney Isles link Renewable generation around the Orkney Isles and Pentland Firth

Beauly-Mossford Renewable generation projects in the Strathconon and
overhead line Mossford areas

Second East Coast Wind generation including Moray Firth and marine generation
subsea HVDC link from Pentland Firth and the Orkney Waters

SHE Transmission

SHE Transmission

SHE Transmission
SHE Transmission

SHE Transmission

SHE Transmission

SPTL Dumfries and Galloway To facilitate renewables in SW Scotland and to provide a

secure link to the Moyle interconnector

SPTL

East Coast (Kincardine — | Enables increased levels of renewable energy to be transferred
Harburn) 400kV from SHETL to SPTL network areas.

HFfr)Strategic Wider Works (SWW),OFGEM
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® FIIEDSWWZOCELADAF—LICEWVWT,. BERFEETMAR THBICScottish Hydro Electric TransmissionHh
REUVEIRMNAEZBEEVEHRE T T,

o RIRMIC. EEREFREM(RAV:Regulatory Asset Value)ICEATRERIRMEUT.SHETAE1,236
MillionZIBELEZDIZHULUT. OFGEMIZ£1,062 millionZ32H 3¢ EaL TS, (REEBEORINEE
Tl -O%HEIB TH I EDNFRENIC-14% £ THERE I Nz, )

Ofgem’s cost reductions

Cost category

Latest view Proposed in Oct consultation®
Onshore construction -4% -6%
HVDC construction -2% -4%
Risk -34% -62%
Resources -34% -38%
Operations, regulatory and 0% 0%
consent
Total -99% -14%

XRisk: OV ITONIRVICEN S5 4T
Resources: JOYVIVMEEIX NS

HiAr)Decision on our assessment of the Caithness Moray transmission project. OFGEM.2014/12
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o REEING BAMICLAZ1—F vy TOXENSHEN T CEENS L UTERT N, BEROTOT I+
B TCIFR<SHETHORAVO—EREULTEINNR E R D,

® RAVADEARITRICTTEIDIGRTI2—-ILABEINTL D,

o MRIRBERENIT1EBGBP(ZEHICIXT10. 61 28GBP)MS>5M5.258GBP%ZEuropean Investment
Bank(EIB:FUMNRERIT) ARELTHY . COMEBIEIIA VIS U RMBOO—AI T TSAF T — UL
P REESRIBEICEFHTITZEODEVLTRESINTLS,

. 2013/14 | 2014/15 | 2015/16 | 2016/17 | 2017/18 | 2018/19 | 2019/20 | 2020/21 Total
2013/14 prices
£m £m £m £m £m £m £m £m £m
Costs proposed by SHE
Transmission £9.380 | £151.972 | £382.336 | £397.063 | £200.292  £75.917 £9.691 £9.575 £1,236.226
Total reductions -£1.052 | -£20.,244 | -£53.443 | -£56.102 | -£30.222 | -£10.179 -£1.347 -£1.335 -£173.923
[ I |
Efficient costs
proposed by Ofgem £8.328 | £131.728 | £328.893 | £340.961 | £170.070 £65.738 £8.344 £8.240 £1,062.303

) Consultation on our assessment of the Caithness Moray transmission project.OFGEM.2014/10
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North Sea Link (NSL)

Kvilldal
Kvilldal

North Sea Link (NSL)
1400.000 MW

East Sleekburn (Blyth)
Blyth

i |

v\ Unied Kigion

= i
E=E S North Sea Link (NSL)

= - Hhish /91— (Hylsfjorden) &4 +1) 2 (Cambois Beach Slipway)

BEFHR Statnett SF, National Grid NSN Link Ltd

BEEIT—YRX/Status 2021/12 EERFHBRTE

fma&E/Capacity MW 1,400MW

ERERE/DC Voltage 500kV Bipolar

ERIBDES /Length of cable 724km(S5BIEK714Km)

¥ & /Project Cost 2, 000(Million EUR)<#92, 56 7{&M*>
BEEIT Ik http://northsealink.com

*:2021E¥{PTTB 1EUR=128.39H
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JOYVIVERO/2)

® NorthSea Linkl&Z& -National Grid& /)T —-Statnett#dHAHEETHFET S
HARASEDEEERECHY . 2E720km. B&1.4GWDHVDCH—JIVICTHRE
E/IWVDI—DENTBZEERT D,

o REIFLANEHRDPEITSIREFUBIRODEANEIML VWS —A. /LTI —FE
BRKART I EBDNUEKARENBATH S FENELRDIBRTHERIN
éﬁ%’&?&ﬁ@“é:t?\ HEATEOMEBETE2ERTOBIRENRBEDRL
ZERELTL S,

NORWAY

/‘ -
“’l'

NorthSeal ink

5 . /"
} [TH %
<

HFr)Northsea Link. Location (https://northsealink.com/en/locations/locations/). <EEH:2021F10818>
Northsea Link.Why connect Norway and the UK? (https://northsealink.com/en/the-project/why-connect-norway-and-the-uk/).
<FEH:2021F10818>
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JOYVIORER(2/2)

® 2-0fgemICHUT2013FICTI BV ABEFZITV. 201 5F(ICHRBRKEHIM (FID) MRESI NI,

o 2015F LI mERITOERERMIEEIY. 201 8FICREXEMRGEBET —TILOERIENFERL.
202TF10R KYUHABREGZNHIBI NI,

o 202TFHRICABHNERDHIBIND R

Liconses Preparations Converter
for start in Blyth stations
up given started finished

License Final investment Preparations Construction Subsea cable Subsea cable Commisioning
applcation decision taken in Kviltdal of converter installation installation of the
submitted by partners started stations starts finished Interconnector
starts

HFr)National Grid NSN Link ltd., Timeline North Sea Link (https://www.northsealink.com/en/the-project/project-timeline/), <H&ER:
2021F10R18>
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(B53)RMICH TS EREEFABIR(1/2)

o UM TR LEZSTCEFERBROAASBNHEESNTZERELV T, 2002F(CEUZRRICT, 2MBEICEER
E(CX T D ErX ﬁgo)ttﬁtb’C%ﬁ10%utwﬁzﬁﬁé 2005F X TICHAEIDEENRTIINTZCER
THD. U L. Z<DMBETIE2005FXTICTORU LOBERRBERFAEITDICENTITEN DT,

® 2015F28.MMES=IL"Achieving the 10% electricity interconnection target Making
Europe ‘s electricity grid fit for 2020" Z2AFKU. 2020FFXTICT10OR% U LD ERIBREEZHFET
DIEHDEEZEU,

ERFBEDRBL(2014FKR) EUICHITHIRERE

>12MMBET. 10% 0 BIEFRE . EUICBIF3TEEH

IE 9% + the Connecting Europe Facility

N 7% (CEF):#%30081—0OMN>5, IRIF—

o % SEIC53.581- 0D FEERS. (2014-
0

EE* 4% 202035)

LT* 4%

LV# 4%

UK 6%

ES 3%

PL 2%

cY 0%

MT 0%

Source: ENTSO-E, Scenario Outlook and Adequacy Forecast 2014

Hrr)Interreg North Sea Region, Future Interconnector demand (https://northsearegion.eu/northsee/e-energy/future-interconnector-demand/)
EC, ENERGY UNION PACKAGE COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT AND THE COUNCILAchieving the 10%
electricity interconnection target Making Europe’s electricity grid fit for 2020 (https://eur-
lex.europa.eu/resource.html?uri=cellar:abbfdc21-bdd7-11e4-bbel1-01aa75ed71a1.0003.01/DOC_1&format=PDF) . <EEH;2021F10818>
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(ZF)RMICH T SEREEFABIR(2/2)

e 2017 . MBS DERBEEICEAITDIEN I IIL—T (Expert Group on Interconnection
Tragets)E. 2030FXTICAMBEHICE T2 ERBEEE=Z 15BULETIHEZRELTCHY . ER 51

BEEBOILANRIAEND,

® 2020F11A.ENTSO-ELYTYNDP(ENTSO-E’s 10-year network development plan) 4
RIN.3A4HWET154DMFTOEERARTBEHNARINL DG BET—JIVICDWVWTIE,. FDZLNERZESE

(DC)TH 3o

FRRAFEMNOTOITIMRR(TYNDP2020)

172
TECHROLDGY TYPE  m— AL oc

49 5

§ 10

l 1
1N [ [ | — -

Owarhead line Subisea cabie Subistation Unsdargreand cable Phase shilt Campensatian Comerie statl o
transfprmes

TYPE OF ELEMENT

HAT)ENTSO-E, TYNDP 2020 Main Report (https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-
documents/TYNDP2020/Forconsultation/TYNDP2020 Report forconsultation.pdf). <EEH:2021F11818>
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s st ER

® NexansPBHVDCT—JIE&EZEZHL,. 550kVDV YR T—TIL(MI Cable) B EEREINTWLS,

L HVDC’T_j“)l/T“% TLT EE.jjlg:gi". /)l/"j:[ 0)/ r'uLnXgnéxﬁwTﬁ%ﬁluTﬂTﬁb %@1& ﬁ
EEUTT@@%%(J&%

et | e || ot | R oLy
EERE 1,400MW

!_- T—T Ik BEE150mm

—/ B5=:60kg/m

[E]E8 BT =

ik 724km

| mmceeemay | wocmemy | uctery SRR 714Km
fE EER:10km

HFr)National Grid NSN Link [td., Non Technical Summary, <HkRBH:2014%F38 >
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FERXT—URIVSY

® NexansXUPrysmianNEPCIOVES 99—, 5E5500kmOHVDCHORLE - # & ZE=Nexansh',
O50km7DHVDCOHOHEE - #HEZEZPrysmianhiEHUT=,

e HVYDCOV/N—9—MEPCIIFABB#AMEH,
o HERTHICEHEMI—ARAVPOVIIT—RAV-—ADEEZZFTELTWND,

st =5
raham construction, Nexans, Prysmian
Nexans, Prysmlan Canyon Offshore [td
RET- T —JIVELE - R ¢ =n {@sn -

BNP Paribas
T7AT IR

Survey Association
(VRO —RA117—)

Fugro Geosurvey, Next Geosolutions
(F—=RA1+v—)

C_
C

HELIX Energy Solution,
Boskalis, Prysmian, Nexans
finfaER

V.Y

Statnett, National Grid
St
ABB
(VAT LETE - BhE - SRE)

Hf)4C offshore, ForeSEE webappd& U =Z#HMER

y

Copyright © Mitsubishi Research Institute 91



North Sea Link (NSL) MRl

e RE - /IJI—ODOZEHOEKERBETHDH. 7OV VN IRMNRUREIES50:50THEIND . D
S5 mEAOERIEICap and FloorFIENABERINS,

o EEREASHITERRICLIDIBEISZEREI DI —NSEBERZENT N, +2BIRENFSNA
MoieHma. OfgemNESH dEMEME (Floor) FTREDRHERENHIET S, Xz EXEBHRERAH
HROfgemMWEH S LRI (Cap) ZBATZEHE . BENnZEREDRFEREBICETIOILENH D,

® North Sea Link®CapXUFloorldEL FD&EY ,
-Cap :89.85 BARYR/FE(H135EH)
- Floor:50.90 BARYR/EH#T5EM)

HA)Ofgem, Guidance on the cap and floor conditions in National Grid North Sea Link Limited’s electricity interconnector licence, p.8,
2018F6H23H
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North Sea Link (NSL) MRl

REENAF—L

® OfgemIcHIFT5Cap and FloorIRMEERF—LDE2ERE(FPA)M# T UL, National Grldﬁiﬂﬁj\
DIARELTT4TTOYvN—RIORAFEIINNT.3IBRIR(FH200E8). IV —RAIOZREIR
WA 3BRIR(F650H)MNCap and FloorOEEIRMERESINT,

® StatnetttBENEFEITZIE MITOVIIRIRMNETIT. 2BRIRET,680EM0) EHAIND,
o FXIEWMBHIVY ZPIUIVITHEBEOXESLVUTC.EUNS3TEAI—OMI40BA) A B EINE,

IRV R =150HTRELEIBA

Submitted costs Submitted costs Ofgem FPA Revised Ofgem Final FPA
at IPA at FPA Consultation submitted costs decision on
position at FPA allowance*

IPABSCHIE  FPABICHDS  FPABMICHS  TAPmELBDS  FPARIEI-BTS

NSLIZHEH NSLIg#Es  Ofgem&Eaxb e S N I
Risk/contingency 84 116 58 117 59
Project
management 59 C 42 i i
Other costs 31 30 30 29
Con Firm prices and
trac  provisional sums 474 474 429 429
ts Variation orders, 757
options and
additional 34 0 31 0
provisions
Total cost 900 697 604 650 560

XEREP7RCap and FloordIXMEREIE. NSLEI#DPost Construction ReviewlZCTREIND,

HFr)Ofgem, Decision on the Final Project Assessment of the NSL interconnector, <HRH:2017F68>
Power Technology, North Sea Link (NSL) (https://www.power-technology.com/projects/north-sea-link-nsl/) <EI&H:2021F108180>
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Shetland HVDC Link

MRI

Shetland HVDC Link
600.000 MW

Caithness Switching Upper Kergord

Noss Head, Caithness Station Upper Kergord

- N o -

g Rigdom N Unied Kigdom

E=E S Shetland HVDC Link

& - sy 1F1) Z (Hylsfjorden) &1 F1J X (Cambois Beach Slipway)
BEFHR Scottish Hydro Electric Transmission plc (SHE Transmission)
BHEZT—HX/Status 2024/4 E#EREBTE

fma&E/Capacity MW 600MW

ERERE/DC Voltage 320kV Bipolar

ERIBDES /Length of cable 26 7km (2 5BEK257Km)

F&/Project Cost 600(Million GBP)<#1882{&M*>

BEEIT T~ https://www.ssen-transmission.co.uk/projects/shetland

*:2021HE¥FPTTB 1GBP=147.07H
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Shetland HVDC Link MRI

JOYIOorESR0/2)

¢ XOAYVFS VR I IS VREBEEERDAYM S VU RAKRI ZE R I A HVDCOI I IONT BEFZD
Caithness Moray HVDC Link®. 5 FHVDCIURT LA (HAER)ICHKIINTHY .. ZZIERT

S TEZimFHDCEMEERULLIODETDIED, 2024 F(CHAINIE. 600MWDRINDEREDEZRZ AT
&9 Do

Shetland HVDC Connection: @ St andToutme)
Location -

@ Shetland Connection

Hrr)https://www.shetnews.co.uk/2020/07/09/cable-decision-to-be-published-within-the-next-couple-of-months/ 2021/10/15HM&
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Shetland HVDC Link MRI

JOYVzIorESR(QR2/2)

o VIFSIUREEDEANEE(VIKING WF) DRFERZFIREUVZERBORAAERTI 2 —ILMNIURIN,
2024 F |0 EHGMAIRZEEHBL TV S,

Project time line

Start of Cable Land Cable Installation Subsea Installation Subsea Installation Campaign
SUBSERETTANBICABLES Manufacture Aug20 Jan 21 - May 22 Campaign 1 July 22 2 & 3 April ‘23 - July 23
\ N\
Start of Main Civil Start of DC Start of
NOSSHEAL, CATTEINESS Works Jan21 Installation May 22  Commissioning Feb23
Start of Main Civil Start of AC Start of HVD Start of
KERGORD, SHETLAND Warks Oct 20 Installation Jul ‘21 Installation Mar [22 Commissioning Feb24
/ 7T\ I\
2021 [ 2022 202 20J4

Contracts Awarded 30 Jul 20 Connection Date 02 Jul 24

HFT)BUILDING SHETLAND’S ENERGY FUTURE, SSE
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Shetland HVDC Link

sxfmitER(1/2)

MRI

® Caithness Moray& Zim Tt =it/ Uz REE C. SpittallCAAIEI SDC Switching station
[CKWU22DDHVDCERBENFERINDIBRERDTLD,

/' Island Shetland
| B Hergord Wind Farm
Offshore \\ @ 600 MW
\
\
+
\ & B— 25 MW
| ~ . 600 MW Load
\ Offshore . .. o
Onshore —— " —— ~
Spittal . Sy
N |
\
@i EF{I e \
Svitching |
Caithness Station )
Wind Farm ) ————— .
poo N 800 MW =
- o - ]
-
- -
e
/
/ -
s
Blackhillock |-
\
R Converter Station
] Specification Blackhillock Spittal Kergord
Rest of GB Y, Active Power (M) 1200 00 600
AC MNe twork / Reactive Power (WMVAC) 394 263 197
o i— AL voltage (k) 400 775 132
200 MW — — | DC “bitage (64 320 320 320
e e e _! - Configuration Synmetrical Monopole; HalfBridge Type
3
/
P

5-terminal design for Caithness-Moray-Shetland HVDC Project

H)Use of Real-Time Simulation in the Caithness-Moray HVDC Transmission Project.National HVYDC Centere,2019/4

Copyright © Mitsubishi Research Institute

97



Shetland HVDC Link MRI

sfm{tER(2/2)

o ETERMW(ALIVIDHBIERRN) DHEILLLTDEY,

HVDC Converter Station 132kV Kergord AC Substation
600MW HVDCZHFRIL, #i7zICERE 20205F9RICACT32kV GISZESS
IN7zKergordZ&EmMICER IS EHVDCZEERT D ELEIA

BLACKHILLOCK

HVDC Switching Station
NoOSSICEREINBHVDCRYF T
AT—23>

HVDC Land/Subsea Cable
600MW HVDC cable JBEEDE25
5km.

HFT)LTO9 Shetland HVDC Link.SSEN.2019/4
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Shetland HVDC Link MRI

FERXT—URIVSY

® Scottish Hydro Electric Transmission plc (SHE Transmission)WstEFREZTV.REDT
CTREFHRIVCHEEZEZHRLICITD,
o —ICACEEFDHEBRESENTVDRZENS. ACEERMZESiemens. HVDCZABBMAE S &L\ S (R,

HiE 253 &P

nkt cables Group A/S Denmark
T—JIEYE -k
ABP Marine MMT AB Sweden
Environmental hBEREE

Research Ltd
T—=TIVIb—bk R eEEEE RN -

/'Scottish Hydro Electric .

SHE Transmission Tran_?gﬁ:rlrc])ir;s?(l)%)(SHE :
L Siemens Pt
BAM Nuttall Ltd S
ACZEERT

HVDC
Hitachi-ABB
(VRT LEHE - BHE - 5RIE)

HFr)4C offshore, ForeSEE webappd&k U =ZRMHIER

Copyright © Mitsubishi Research Institute 99



Shetland HVDC Link MRI

o HRHEHBEHE(RIIO)DD T CEZEZREELTEHININDZEZHIRIC. AiIBMD Caithness Moray & RE#kIC
SSWoOtEXROw& OV UVTREMITSN TS,

® Shetland link®SSWZ>OtEXRIZCHIFTBNeeds caseDNREIE. ShetlandETHEFEMDViking
WF(443MWDRELRNDEEF) DEBNRAE<EELTWVWD, FAWFIEX. 2020FDCfDOAEICHANTL
FOW.HREBENABINENLZEDODDEFAEETA(SSE renewables) TR EZHBELUENS 2024 F 0D EHLH
BICEFEREZHBLECENS. . B7O0VII7FDERAEEIIESVEDHIN S, 2020F7H
[Z”Shetland transmission project: Decision on Final Needs Case and Delivery
Model”ICToOYVIVMDMEBEHIIEZEINTLSD,

Figure 1: Decisiom-making stages for the revised Final Needs Case

Consultation Motification -
I R ; Publication of full
closes 25ponsaes 0 .
) - p - and detailed
Consultation (awaiting reviewed conditional ...
o o reasons on the
open decision). and decision on
) _ final needs case
Deadline for published Final Meeds o
decision and final
responses Case

approval

ECEN EXZE . S

HFfr)”"Shetland transmission project: Decision on Final Needs Case and Delivery Model”, OFGEM, 2020/7
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Shetland HVDC Link MRI

BRERIRZAF—L4

o RBEMOINIL EXMICLARZI—Fvy TOREMEHED T TRAEMELLTERIN BROTOIVII
B TIFR<SHETHORAVO—HEUTREIRNE RS,
o ERMIC, FEEMERM(RAV:Regulatory Asset Value) ICEARRERIRXNIEEL TWRWA, AR

EBETCOIMGEGEREELUT. SHETAHAREUVAZRBEIXRG6T75. 4million GBPIZXYULT. OFGEMMOEEKAE
X.628. 6million GBPE WS K#EELROTLD,

Proposed

Cost Category Stbmitted Adjustment Proposed
Cost (£m) (£m) Allowance (£m)

Project Management 45.4 0.0 45.4
Regulation and Consent 8.3 -0.6 7.7
Engineering 6.3 -0.3 6.0
Construction 519.4 -15.0 504.4
Commissioning 3.2 0.0 3.2
Operations 13.4 0.0 13.4
Insurance 1.0 0.0 1.0
Non-LOTI -6.3 0.0 -6.3
Other 16.2 -0.5 15.7
Risk 68.6 -30.3 38.3
Total 675.4° -46.8 628.6

HFfr)” Shetland HVDC Link - Project Assessment”,OFGEM 2021/9
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MRI

®FERICEADN D L2RER

o RTEMICENDH/EHRING

o EEDRERT EBARABRICOVWTIFRTRBHRNADBVWA T—TIEREFICLVETENMEILEUZSEES. BSTENE
FEDEIRYHE(N—F v IR AF—LDER)ICDVWTARINTUVIFERN., silaDRAENE OV ID
Ik Z INEE,

o BARARBICHSITIRAEZBU THEOINSIAWRZNE,
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MRI

W OI T DEENMELESEF (Western HVDC Link)

® Western HVDC LinkMDEREE

o BEREIYU . FEAIST-—TJIDORHELDEERENSHYERRIBTEE2015FTHO2ZEDN2017TEFICERIN. 5
ISR B R BKENERIN. SSICTFOERRABDERICEIY2018FICLICSTEHRLEZED D &RHR5|IEE
UIF2019FICKRTINRAAT,

o 2019FENSEMAMBLEEDD2020FT1RXTICIED T —JIVHMEICKIDZETEMELICLY  REZ/ETHSH50fgemd
FABEMNBBIN. 2021F1T1BICHZT—TILHEISEIUVEMBICH T IRENBERNARINSET,

o Ofgemld. HEMBIGEEZEDERIK. FICTOJIIMDREREBZRET IS/ FI—VDBREVLT.RETOCR, T—TIVER
BEOIUFETZ T ANDEETCHY . AR ERTEAR THBNational Grid Electricity Transmission (NGET) &,
Scottish Power Transmission (SPT)DWERICLDBEXRIEIZHSNEN2LEDOD. HEEZEKXRUETENMEILICKY .,
AR ZEEINBIRTRAAREBEOENIMHRECIVELEUVZEBRZHEITDIENDELT, £158 million(1{&5, 800 AR
R)D#HE/INVvIT—ITHERLUE,

o MENYT—IDIE5£15m(1,500ARUF)E. Ofgem’s Redress Fund&FIEN [ EBREDHDERIC. EY
DE£143m (1184, 300ARYR) & FEEREDEBICERINHEEERICETIND,

*:” Decision of the Gas and Electricity Markets Authority to close its
investigation into National Grid Electricity Transmission plc and SP
Transmission plc and their compliance with obligations relating to the
Western HVDC subsea link” , Ofgem, 2021/11/30
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eI 0V o DstENEESER (Basslink)

® BasslinkMEREREE

201556 ANS52016F1RIC6NRARICDIZYBasslink DT —TIVEREBICH D FHEMERELIZ. ARBAODYRY 7 E
ICHTDFKICHSIKARELNBETEEERY IRV PMNICHETEENMIGREKEL TS Uz, GEERUDEEDEZHIC
METCHT—TIVIIAVLZETOIEDICHRERBEICHV. REEMOEBEICEEULOFEAZEZULZIEEEBD—DIC
ZFoncTtunsg)

BasslinkMEBRFEAK ThdBasslink ptyld EZBo—JIIIHILY D Cable Consulting InternationallZi
BEZEKBEL.6HHDHFABEDHER. %@El(iﬁm?*@“FT‘H;UJJ@#UEETETL/T_O1’&7’3‘ HAXZT7 MRV Basslinkd#l
RAEEZEHID/INAROYRAYZ_7IZ BEIHIVODNY GLICAEBEZEKEBEL. A ETIVORBITH SERRRZBZERICK
BT—TJIREDEEEZRUEE.

AHDOFERDBVEWVWICIYGPEICESAEN, STENEZLEIERTIRAEEREHSNT . 2020F128I1CFFE AIEBasslink
PtYICXHUTCT. ANV ZT7MBRUONAROFYAYZ7ICW LT3, 300 A ZRIVDENEE2,530AZRILOPEHERZI DL
SICHmUEN. COFEICEBasslink ptyldE&ZZIEZ =,

UEBRFEICELY . Basslink ptyOFA—7+ThdKeppel InfrastructurelZBEFAZREICHE>THY . REEHEZSH
BINREEZA—IANSUTPDAIITST7EYNEETHBDAPA group(https://www.apa.com.au/)HSZ2FZEODFR
;ﬂlg sHY.2021FT1T1B21HICVoluntary Administration (FREEBEEFHEI SN REXZ IS EIRRE(C H D & BN
S UREESE. FREEE A (voluntary administrator)ZEaLU. 2HOBEFLIXBEICRAITZFHESTZ—(FTS
%E‘fm MCADIECEZESEAANZTPMNRUNAROY AN Z7 X . BIEHmES . EERBERDLZHDRFRF—LADEER
EEEHDTREAEZTOoOTVB(APAREEEEFRIEESRICBUEBIICE k’aETﬁ'é:(DiEJEB@U)O

Basslinkl&. LEEEAELEEEFIC2018SFED EH AR OKIEREEICHV. . N3INBOAENELE(2015FD5—T I
BECIFERERINAGY ., RAEFHIEYAYZ7OKAENDIETRICEEINTWV ZLZH 201 5FFEEDEFEHRO>BICIEES R
NomEDD. FAERBEDERBAABOXIZ/NIROYRANYNZ7HES Lz,

FOER. RREEHNSH AR ZHIET IRREZZHTCTLEDND. Basslinkd OV o974+ A LEDDSCR
(Debt Service Coverage Ratio:TTHIERBFH/N )N mINKERBZINT T IAHILNZRO2TZEDD . TDED
BEBHEZOMARNEDOXILBHEICLY. BUREDSCRIFZ®mAZITKEICEAIEL TS,
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ETNER

MRI

ENTSO-EfRE=(1/2)

e HVDCH—TJIVDFHEHHERFEVEDDRIMARETHY EBICUY —XREFEEIRAMINE, BET —
TIVOEHBEHARBMN60H(CIGRE SC B1 cable fault statistics)&EEL\. X

- HVDCRZEZXERDES

KIX1.4trips/F.0.83faults/100km-F,

- EET—JIIOMERIZ0.10trips/100km - &
o T—TJIMEDIITCEDER., bLUBRERANDHERITLL T,

Type of TSOMD . s

Cable faults

Joint faults

Cable end-

termination faults

Cable laying

J-Tube

challenges

Cable crossings

B FE L

B -FEE

SBIER

BIE

SBIE

27—2 B T — T I DB T R TS (BRI R . SRR SEE
S IR S <RI SRR, EREROME YT ERERORREA RSB
SRR T — - FO— U O ORER, TOREVAMIEC & BRI T LV B Y
S EERPERAYNEE, I ORBREE N/ \— LB YRR — L
24— 2 « SBIE: E  Z R O A (IR (RERBAD A5
> BEROBBORERE T & UL < B3, MERSOTISIE
AL SEIOREE. SF6HRE AR COPIERE. BB
S BB SR DR, T— A E K RAL TR T RN TS
PREBILE - EE-EL: DCEBEM TS Y14 — /S — (58,7, 5 & B DI, BB AT R +5)
S B EIEERE B, RN B A TR T O
PIRKEBTIULE  « T—TILDOANEIBEIC K WIEBHFENEREHEL Y XV T—TILEICENGE RV AEMES
S BB BREE. T— T ADED N BE. B
PORIME - HRAERE(EET — T VOB O T LR BIS)., BRENIC L3 HHAEE LR
D) S BRSBTS T T R Y U— IR SRR
PRCEBILE - M B RE R (T — AT B E R R EAEORE D T)
S EYLREHENEE. BAS R HE MEROBISE. £5)

HAT)ENTSO-E and EUROPACABLE, Recommendations to improve HVDC cable systems reliability , 201968 13H
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HEZREER ENTSO-EfRE(2/2)

e HVDCIURFTLMEKW R Availabilitym EZEEUT. ENTSO-E&EuropacableDERE T, BRI HE
BXWERAETRT
sisk
%ﬁ%ﬁﬁ P LB B FIEX DT+ YR TOYS AOEHLK. BEEFRHOMEDEA SR, BERERE OIS
T RE

BET—TJI BIERT—IJIV:T—TJ IV RS TDR(Time Domain Reflectometry method, EssaE ket AIEE:) DFEENME T T 5728, T—JILE
(SR DT EB DERE & IEHRR DRERARITIR, SBERE DR RSFERIMIERE

BEL—TIb BEET—TIV:—RTA I3V OERZLEET SHEDHE
D - BRELLDTZ. T—TIEEDBYSREREADT (FFEEH LUORETTIC L D) ZBH R <K,

» DHTIEFMECA (Failure Mode, Effects and Criticality Analysis, MIEE—R - B8R UBGERT) X/zIIA—HD—DREFRIETOERT
FRITZIAEESECLE1—T3,

- EEOREREICHIS T B BEICIHDU THE=ZEZZHTHNT S,
(35 - BEOBRICHEEGDFIR(AHE/ BRI RS, £EMCTOHT R ) DAL
- BERICHRBIFE=FNUS ABERISRZRICHIGT B7ehICXA—N—ET—TIVFE BRI DL NIV TORBAEFIDIEEE
R - BEOBRICHEE LM it TESFOFE/IL—~DOBR, R —E X8
ART * HVYDCYRT LIF) =R I LDRDD D NRI LA R DR Z Vo REFMEEZERU TARTZRRLTH

T=JWI—=k  BEORAENERTRCEZ(T SAEMENH D728, SREHRE CEYVSHEZ R, )V —hEEAEMEDOHRE. 7— T IMERIKRD
AIESEDRE

] - BHRIRE DU R0 ZRIRICHIZ B7=0(C, BRD&R T —JIVICEYRES

AIE « UROEEREX D TF 2V RZHIRY D72 DBIE DK, RTEAEICHE D TEHNGRA T S1 U F IV IDER. 7251 VER
DRAT LDIESE

HAT)ENTSO-E and EUROPACABLE, Recommendations to improve HVDC cable systems reliability , 201968 13H
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51

MRI

o BENFEDHRALRTOVIVMNDBINETNZEENLREREEENLRSEXMICEDVWT.HEDIR V%
BRU. AR EEEZEODIELSTENMMERXICH VT, AvailabilityA EICHRDZFENEBREINTLDS,

. /EIEJ:J_UJj’DJI’?I\O)’T TIIREBIIMEARTIRXLDTI0%ARBECTHDIEDD, BEilr
N RRENIBRDERE0%DRERAERDTLD,

- ’7 TIEZEDEHNDWONMEITTDBRRAFEICLDIED BELS

DEGUEZZC. BREVBET—TIVDORABREEZHRILITIVNENH D,

- BEEBAT—JIVIE . ES HIT . RUWAZZTRNSHERIND ). COBENRINICHKEIND,

i ’T—?“)I/b\‘ié{ﬁb@b\b\é: INZEMHRIT DO DFA Y —ILERMNBE,
o T—IJNRERDREEEICHAISRAEDEEREFEIFTTOoELT S4ZMBIY CEImBERFEZRE.

- FEAPRRIBI T4 A-T I UM TP TO—-F T, Bﬁj\ﬁﬂlsa\
2T—TIVIRTLDOMEBEZEZRET D,

.‘ o‘l
o "0y,
b 4 Y f\ o= o
\0‘ N7 "
°° X
operational
\ effects:
after laying: asset

electrical, thermal,

non-destructive
identification of
all possible faults
from installation

/\E /f not found during
% the after laying

management:
maintenance to
preserve quality
over time

environmental and
mechanical over-
stresses

installation problems:

parts delivery,
transportation, pulling
damages, terminating

AT E. Gulskifts, "Discussion of electrical and thermal aspects of offshore wind farms’ power cables reliability.”

Energy Reviews 151 (2021)

FEEEREDZMINSX—FDFTMICLY . £Fm

E10FDFLRARKTIK. BET—TIVE

ZBEICEFELEVWSERIRBAII—TI—RXDEE

RETFRFR T REH

[cH7z

Renewable and Sustainable
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ERAEAE (AvailabilitysH@i€F L)

® Calculating Target Availability Figures for HYDC Interconnector

e OFGEMTIX. BRIFD OV IV MTERICYZ OV T V7D AvailabilityzEgIcEERIEERTET IV ZRMU.
BETFTIICEDWTEHAEINBDAvailabilityzR—X[CHREKEDODEEVCETBFARD I 71T AFHEREICFIE
AgELEREEZRMHALTVLS,

o IDETIVIL. 2012FIC"Calculating Target Availability Figures for HVYDC Interconnector’ & LTH
RIN.FDE.2016F., 201 8FICHETRALRHAIN. BE/NSA—YDRHBHRA 7Y T TF—rINTLD,

o AETIVNE . AFIURTHEETSCap and floorDRFRF—LDTOIVTIREFE(IRIEINEMO project)Ic
HEW IRE TR TCHREEEDIZODEREENNEICRY BEFEOTOVIIVMPHEMEAN AT IT D IMTTR
(Mean Time To Repair:EHEERRE). MTBF(Mean Time Between Failure : EHERR) &R ED
BEREEC. OVIVMDAvailabilityZEBEHIT3EDEUVUTERTINTULS, 2016 FNDETFTIVHETIL. TR
JOJVTOREUTNSL(North see link)ZW&2&EUTCRIBEDRFDANBEDBRICEIVETIVDSBIEREXET
LTLa,

o FIIDETIVIEOFGEMMDZEEZED . Sinclair Knight Merz (SKM:EXMNODIIZ7U0030FIvT7400
2. 2013F(CJacobs Engineering Group Inc.ICBUR) AL, FOHDOHETRICDWTIZGHD (7
O—/NIVIDI7)TE BRICENSSY )NRZFEERL TLD,
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(&#&)Calculating Target Availability Figures for HVDC Interconnector(1/2)

® OFGEMTHEINLZETIVOHE

Input (NEMO project)

Weather Sensitivity Asset Classes
Average Typical North Sea Weather around UK - Average 65 days MTTR for cable
Restricted access  |Average 90 days MTTR for cable

Maintenance Sensitivity

Less frequent Fewer Maintenance requirements equating to 24 hours per year
Average Typical expected maintenance of 48 hours per year
More frequent Higher Maintenance requirements equating to 72 hours per year

Output (Availability caliculation)

Weather Average
Maintenance Average
Converter Outages Medium Case |To vary converter MTBF, change sensitivity in New Project Availability Calculation - Unplanned Outages
Circuit y
. " . S , Availabl;

Project 1 — 1000 MW Symmetrical Monopole, 139 km connection with 110km offshore and 29 km onshore. Units L(Eknnf;h Class Equipment Feilre Rete  MUEF Vears TR DEs Uiy 0 Ca\;/)anifye"‘o

This is similar to that envisaged for the NEMO project. 7 Converter| Symmetrical Monopole (Onshore) 2 0.50 0.6 0.0033 13 0%

7 110 Cables Project 1 Offshore Cable Section 0.0572 17.48 65.0 0.0102 41| 0%

Project 1 ] 7 29 Cables Project 1 Onshore Cable Section 0.02552 39.18 40.0 0.0028 11 0%

7 Converter Symmetrical Monopole (Onshore) 2 0.50 0.6 0.0033 13 0%

/\/ Onshore Converter #N/A - #N/A 0.0000 0 #N/A

Station Symmetrical #N/A - #N/A 0.0000 0 #N/A

" | Monopole at +/- 320 kv #N/A - #N/A 0.0000 0 #N/A

#N/A - #N/A 0.0000 0 #N/A

5 #N/A - #N/A 0.0000 0 #N/A

o2 #N/A - #N/A 0.0000 0 #N/A

R #N/A - #N/A 0.0000 0 #N/A

28 iGw #N/A - #N/A 0.0000 0 #N/A

85 #N/A - #N/A 0.0000 0 #N/A

£35 #N/A - #N/A 0.0000 0 #N/A

3 o #N/A - #N/A 0.0000 0 #N/A

% Z #N/A - #N/A 0.0000 0 #N/A

I 8 #N/A - #N/A 0.0000 0 #N/A

g z #N/A - #N/A 0.0000 0 #N/A

8 H#N/A - #N/A 0.0000 0 #N/A

— Onshore Converter #N/A - #N/A 0.0000 0 #N/A

Station Symmertrical #N/A - #N/A 0.0000 0 #N/A

/\/ Monopole at +/- 320 kV #N/A - #N/A 0.0000 0 #N/A

Availability Calculation - Scheduled Maintenance
Maintenance Case (H/M/L) Reliehalcs Ma'mtenance Duration Unavailability
Rate/year  Period (years) e\
7 Other| Scheduled Maintenance Medium Case (1) 1 1 2 0.0055 0%
diFT)” skm-model---target-availability-model-for-hvdc-interconnectors 0.xlsx” Total unavailability 0.0250

Copyright © Mitsubishi Research Institute o Overall availability 97.50%
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(&#&)Calculating Target Availability Figures for HVDC Interconnector(2/2)

® OFGEMTHBEINLEETIVOEHE

— _ - Base Converter Component Availability Data
- EFNICAVSNTUVSERSRBER P Y
Unplanned Outage
Component MTBF (years) MTTR (Days)
Monopole (Onshore) 05 059375
Monopole (Offshore) 05 1.1875
Symmetrical Monopole (Onshore) 05 0.59375
Symmetrical Monopole (Offshore) 05 1.1875
Bipole with earth return (Onshore) 05 0.59375
Bipole with earth return (Offshore) 05 1.1875
Bipole no earth return (onshore) 05 0.59375
Bipole no earth return (offshore) 05 1.1875
Symmetrical Monopole (Onshore) 3-2 05 0.59375
User Defined 1 (Offshore) 05 1.1875
User Defined 2 (Onshore) 05 0.59375
User Defined 2 (Offshore) 05 1.1875
User Defined 3 (Onshore) 05 059375
User Defined 3 (Offshore) 05 1.1875
AC Filter
IJ' —_ j‘ )bll‘%*ﬁ Energisation Resistor/Short Switch
DC Converter
R . DC Reactor
Base Availability Data DC Filter

External Failures (No/km/year) MTTR (Days) Internal Failures (No/km/year) MTTR (Days)

Cable Type High Low Average Average High High Low Average Average High E};&%ﬁ%ﬁﬁ
AC subsea XLPE Cable 0.000375 0.0001875 0.00025 65 90| 0.000405 0.000203 0.00027 65 90
AC Onshore XLPE Cable 0.00087  0.000435 0.00058 20 30 0.00045 0.000225 0.0003 20 30
HVDC subsea XLPE Cable 0.000375 0.0001875 0.00025 65 90| 0.000405 0.000203  0.00027 65 90
HVDC Onshore XLPE Cable 0.00087  0.000435 0.00058 20 30 0.00045 0.000225 0.0003 20 30
HVDC subsea MIND Cable 0.000375 0.0001875 0.00025 65 90| 0.000405 0.000203 0.00027 65 90
HVDC Onshore MIND Cable 0.00087  0.000435 0.00058 40 65 0.00045  0.000225 0.0003 40 65

HFAT)” skm-model---target-availability-model-for-hvdc-interconnectors_0.xlsx”
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(SZ)EREEIRATLICEDSHESHDOH TSV ITA—L

e ELECTRODEZOY IOk

o EREBVATLADEARKICREBEINDIFZRO—DONHBENMELTHY  ERLOBESRHREET IR L.
ERMEDORLEEMNSSETIRYBANRETRINTWVS,

e ELEctrical Cable failure Trending for Operational DEvelopments (ELECTRODE)ZOY T OhTI. *
FRABADBEEREEDEWNBHRLDLEZEN - DN ITD2TSVYRNIA—LZBELUL. SBR.BATIVYRIA—LICBEHREBEIN
OS5 BHOERBHADBREERILL. TOERREZDOMUERREHBIDICET. BEFTXEDERMER LY, EHED
RRICBEADBDFMADFRZEBHNELTL D,

e EITISVEIA—LIX. FEWFOMEERHREZENITDSPARTA (System performance, Availability and
Reliability Trend Analysis) O3y bTJ4—LNDI T hZEHELTL S,

TSYRIA—=LODOVETH

|dentification of Portfolio areas of
underperformance
*All Tier two outputs

|
i
! -~
; OV 7 SEEF
- v
\ & H T
; D Astiimar gem  NIKT AON mCETR
'
' i
i E1 gy #B soltech
} V @ e-
— e~ | £= 3
t w
g, B
<, s ARUP Errl| T
' Tier 1 Subscription & Report Tier 2 Subscription & Report | -
,  *Avaliable to data providers *Available to all : M @
i *Individualised operational trends and sGeneral cause and failure overview ; Jaenes Fish 7 MOTT M WAV E S . o
recorded faillures across wind farm cables ' o MACDONALD G ['{ oup omnise ns
|
i
'
|
!

HFT)ELECTRICAL CABLE FAILURE TRENDING FOR OPERATIONAL DEVELOPMENTS.ORE Catapult.2021/5
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BNRE(1/2)

® =T, BEREFICLEBRUCERTERICEANDERIE. AHBHR CERONTZEHHE (GTENMEILEE ZDER DX IR
EVUNDBRINEHNHNETHDICEh O BAFEREAZ ERAV RN EEEZICHEERE.

e ABFL R—r&UTITechnical Advisory on HVYDC - Mitsubishi Research Institute | Z<%8.
F . BALR—FORBZEEIC2022F2H14HICWorkshopt®EfiE

(GAE®m L)
-Warwick HVDC (http://warwickhvdc.co.uk/index.html)

- YVIFTNITIVYRDIVIZPHAEREITZIERZENDEMIVTILI ST RMMNOEEZETOII I DSEBZERELAZDIEA
NDERBADEB/N S, EEXT—IRIIANDIVITFvRIVEZEH D,

- RTE international(https://www.rte-international.com/?lang=en)

- IS UADEEEEE CTHIRTEDBAERREZENZIBOI VI TP I I —ERZRHITIEHT. BEZXZE OV T I MDRETIC
B3 EREEZEIT D,

Consultancy and studies

S

Technical assistance

Delegated management Digital solutions

)

4

Maintenance

and procurement
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BNRE(2/2)

(ZZEARB)
-BEERZEESOVIVNDERARVCREICEAN DERE

a) Operating a HVDC Link - TSO perspective
- control modes and various features of HVDC links;

- with reference to specific questions raised by Mitsubishi Research Institute: operation of point to point
interconnectors VS HVDC links operated in a meshed grid;

- future developments, for example the grid forming role that could be carried out by converter systems.
b) Introduction to Maintenance Principles of a HVYDC Converter Station
- Introduction to the maintenance principles of HYDC-VSC systems

-O&M Team Structure, Roles and Responsibilities, and Required Infrastructure, Facilities and Systems to
Support O&M Activities

- Maintenance of HVDC-VSC converter stations, focus on HVDC specifics: Power electronics, auxiliary
systems (cooling, climate) and controls

- Maintenance specifications
- Maintenance experiences and recommendations
c) Introduction to Maintenance Principles of DC Cable Systems

- Preventive maintenance of DC cables (both onshore and offshore) and spare parts philosophy will be
developed, even though it shall be noted that the requirements and activities are much reduced
compared to the HVDC converter station;

-Elements will also be given regarding potential hazards that could be faced in operation (due to the
equipment or to damages caused by third parties) and the way they could be repaired (for example:
mobilization of vessels, etc.)

-BEEARZXEOVIVMNDERFHEZFAT —LDERE

- the mode of financing of each project: corporate finance, project finance, EIB grants, subsidies
- the shareholders

- the expected rates of return

- specific measures to limit market risks when there is exposure to price variations

Wiy
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o NHBHR CLEENEHEIBREREEDERRICENSER -FEICADDSRHRINEZ R,
o HEXNRTAOIVIVLZEXAVIC. RTEHNMRE - ER T BREREERCHITDIEMLDER - REDERER

EIEDOVWTIHERINEE.

RTEHMREIDIERZETOII VL

HVDC & OWF PROJECTS

VSC 2021
France - UK

1000 MW SIEMENS

France - Ireland

®
700 MW 09
Biscain Gulf VSC 2025 s
France - Spain P ®
2 x 1 000 MW B ®:--9
L ]
Inelfe VSC ..

France - Spain
2 x 1 000 MW SIEMENS

7 FACTs

Total capacity 1500 MVar

6 OWFs
Total capacity 4000 uw

IFA2 VSC 7021
F -UK
1000 mw ABB

IFA 2000 LCC
France-UK
2x1000MW

Savoie-Piémont VSC 2o2:
France-Italy
2 x 600 MW

Hrr) Technical Advisory on HVYDC - Mitsubishi Research Institute.RTE international
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ERRFDIRA 2 b

o RTE#HMERITSHVDCERBEDERKICRIVFEUT. RTEDERIFEREVY—HHETEIERIERE
UTUTDEIIBTEDEFEFT TS,

» Operation of HVDC systems
» Active power control

o Fixed active power control mode ijac = Porcref . Supplementary control modes:
o AC emulation mode Favoc = Freg + K+ 4 Power oscillations damping control
» Reactive power control (voltage control for VSCs) (POD)
» Frequency control Sub-synchronous  damping  control
o Frequency sensitive mode (FSM) (SSDC)
o Limited frequency sensitive mode (LFSM) Run-up/run-back functions
» Network restoration and black-start control Interconnection/link control
o Rapid response after black-out (a few minutes) Automatic power transfer control

o Soft voltage restoration (from 0.25 pu to 0.9 pu)

o Stepwise load restoration (50 MW to 100 MW)

o Ability to re-synchronize with the operating network
» Offshore specific control mode

o Littleto noinertia - Voltage and frequency disturbances

o Grid forming control (U/f control)

Hfr) Technical Advisory on HVDC - Mitsubishi Research Institute.RTE international
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® RTEHRIFAVNIZDAYTFURF—LEREL. BHOHVDCTOITIRDAYTFH U RICHBL. EERR
DAITFTIREHEZSDDURNIVICHEU . NRERDIIVRTLAEBREREIC. ENTNONICZHASTES

POA—HEFEEUDDERLTULD,

(RTEHDA DT REE)
O LRI BRICTIVLAFARGBERT. 2T EM
DHRT PATLICHEEINE Y R— b2 (RIREERE.

EREBDOHEMRBE, ) DBITZEBY T . REICHE Svstem

o LN 2:HERIFFAEIZIIFEICERKXLZEE

AC Switch Yard On-site Op Team
RCEDUR—IMEB(ER. BERRBOBZILR

ENEMEETDTIYI, Valves On-site Op Team
o LN EMBIBEAZEEVEELTSZOERFKLIE  C&P System On-site Op Team

(—REARE. RBREI1-IICLDEERE).

HVAC System On-site Op Team
o LARINAREAENEEDEMXIIIKEEICRETIE ,
PR (A PIR S IEMS (BUeEUNORegmT DO Yad 20l O TEE

F)NERZEZTTOLER,

O LRIVS: T X IEFKEE ERARSTERB (T
Ot R (REXREFICLDWE)DEFINBEZVEET
GE 351

Hrr) Technical Advisory on HVYDC - Mitsubishi Research Institute.RTE international
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wFAEHI(T—2))

o T—JIDEFE OBEREORMS. QIFBICEWVEEERER.QFREICEVI IVIIL-IRXMILY,
BRBBERICDORMNB TEEMN S 5.

e TLT . ZDEEERIMET B LD DRTETHBHEEFOMSEL T UTFICRT LS RTO—CEITHE
EEBLTNS, 2L EHOBRIERTHY  FRELERNELEET 505 B FLEEEEYIC
ZORBHECHSEDY TREL,

N Administrative
authorisations

Fault location and UXD
survey + report

Pre-location Resclution (demining,
of the fault modus operandi)

Resolution (Rock remaoval,

platform...)

Mobilizaten of the vessel
for repairs

l Cable operator team '

Cable repair

Testing and
rECommissioning

avai'able

Repair system (cable,
joints)

Hfr) Technical Advisory on HVDC - Mitsubishi Research Institute.RTE international
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o T—JINEHRF FBHOERANSTOIIIRKBICKEL

HETDIENS, CigreRET XTI XREETE

DFRENREL TV ENSNTVDBRITGEVNSENS, SE., RTEINFIRFT ICEAET 2EZHENZ
EvO7vTU. ZOBEEBRIIRECSZRAZERICKRESHT,

JOVIIMEE EREREEAG
27 A | i BREORS SIRICEL 740
NorNed Norway- 700 2008/9 itsa:crkerr?;tesnergi 450 Bipolar 580.0 578.4 410.0 ASUFRIDEEST— | RERT—JIVES. e — | 2~3hA/1(2021/1/22
Netherlands Offshore GmbH : : : TIDEE TIVEER. BIRE. 2021/4%%E)
~ BET—TIVONED | NKTHICEKY  BEEEFRORE.
Baltic Cable | S€rmany 600 | 1994/12 | Statkraft 450 | Monopolar | 262.0 | 250.0 | 50.0 | SOERICLBAEME | M. U LAEBEEE, AR | 2oHE(2020/4/ B
Sweden = e - 4. 2020/5/E%4ED)
= TI—JIVEERIC L VEE
United National_Grid S
BritNed Kingdom- | 1,000 | 2011/4 |[nternational 450 | Bipolar | 259.0 | 2500 | 150.0 |Z-7VEEGHEE | \ercoumpemmrm | Q00R(2021/3 08
Netherlands International B.V.
Svenska F1IVRNE LTIV
Kraftnat,Vattenf Monopolar TAHYRT LDEE 29H8M(2019/8FH 54,
Sweden- all AB,Polskie with (2019/8) e @)
SwePol Poland 600 | 200071 g 450 metallic | 2°40 | 2390 | 50.0 |70 cmmacy, | FHETED 19ER(2020/1 BHEFAE.
Elektroenergetyc return I THNK 2020/ 2%1)
zne S.A. (2020/1)
N . = | A—FT—Td»DStatnettttHhit]
SBET—JILOSERE : —
Skagerrak 1 Norway- Statnett . freo—ILAIBZEIT Oz 77— | 3SHBRBI(2017/95HFAE.
and 2 Denmark 500 | 1977/1 ISk Energinet.dk | 220 Bipolar | 240.0 | 127.0 | 526.0 féfsig)e”ak 2v S jEmERYTZNKTAM, | 2017/1288)
ANRTT—TIVERERIC LU HIE
Konti-Skan 1 B Svenska 2IT—TURIDEL
Replacement | Denmark 380 | 2014/7 |Kraftnat,Energin | 285 | Monopolar | 150.0 | 87.0 N/A | T—TNONEDSD | (GHETRE) A A
Cable et.dk BRI L D4 EREE *
’7—7‘»1%&%3?&%?%;}%%
. : ; SBIET—TJIVDSERE | Dreyfus Travoceanitn’, D%V | 97HRI(2016/11/25%
kvl R A
. ' . O— L) I & B3l | ERBABSUINTT—IMCEY | 355p9(2021/9/155#
Angleterre United 2,000 | 1986/10 |de Transport 270 Bipolar 73.0 46.0 60.0 #i£(2016/11) it
2000 Kingdom d'Electricité LE(2016/11) ZEOMOHVDCOstEEILER | o 2021/10/20859
(IFA2000) (RTE) RERIOIVN=FT | gk, 1485 %108 I5E, 2B | FEL 2022/3/2T2%E)
DXK(2020/1) ?Dﬁﬁﬁll/%?ﬁ%io (€ EN) FE)
2020/1

Hrr) Technical Advisory on HVYDC - Mitsubishi Research Institute.RTE international
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AAENETOVIIMDERFEZE REERICEADDIRXF—ALICDOVWTARABHRZEICAEIZITO>TVS (A

)N RTEICEHERAKDAETEZTWVW. 22000V I(MONITAEBasslink) AAHICDWTIEHRHEI R F—
LATCTEBINTWVWBRIEAEIRING,

: :::;;‘:::;:’::” o 1EB loan GO0 for Stansaty
> B lnen €452.372m for Tannet Sharetolder corporate > €1 2bilon)
Intercosnection Co | S0 de KW 2 !
Nordl ek rmany-Norway ;ﬂ:n s W) N ” o ipeniectsAonns/ol o galated Jregulsted
Statnecy SO% i
o Mornita Intesconnector Eneegy adia & 2 p.s 300%, [regulated for 400 MW, usengulated
[ I hes
» X = tnerconnector 3.0.1 [Tema 100% before 2019 rep for 200 MW il
pES bomn €123
[sarel " Itaby-itaty (Sordegma) Terna Irotns . www. el avg//pvojects Joans/ o/ 2000005 torporate | “CA00m) |regulared requlated
s
LV during construction)
only - msets pavd for
Scottish Pomer
Imerconnection X {England) nd tranafarmed 10
m A lion) | i} | L
'Western HVDC Unk ‘ W {Scottand) anemiasion Lid & rebevant TS0 S0/'50 N corponate (CLilion) regulated regulsted
Natensl Grid
AxcrAng tu
A Ograpty
Kepel infrastructure Trust (KIT), fulty
owned by Kegpel Cagital, owned by
Termased | 1INLand institutionnal
Australi-Australl | (G o
Corporate loans bry sharedoider (1T)
[Basatind y Besadok Pty td  |Bassink placed wnto receivenship In non European company urregiated Jrequtated
infrastructure (Tasmania) [November 2021, after AUSS38 million Syndicate credit 10 cover Sspute risks
Geagute with Taimanis govenment
comsecutive 1D 3 6 months outage In 15
18 and fatled sabe 10 APA company
PES Joon CO0OM
| . s w::': :""" ;| met s de Epuna et //www. el seg/en/projects/ieans, el 2000027 corporate | MI00) — regutatad
Sharehoider corporate
domeitic Emers Newloundiand & Labrador bl G513 0lien bond Neuncing by Scotiabenk
[Maritime Liok Canato Canad, X
intrastructure 2 100% R ooy sy C51.3 billlon boan puarantee by Canada
Jovemment
DFGEM capBfioar regulation +/-2%
[avaitality incentove
h LYY of debt
ems Link intercurnaction U-Beighum 1V, Nemalinktd  [Nationsi Grid SON, E1la SO, IV corporate {£600m) A;'”;‘ LRV yearfcou apincor mgulatico
cap: £77.002. 297 ywar (eculty
|rermeneration power genertor]
stle 9 boan €671m
[Calthnress Moy Infs U SSEN Transmiasion Jhetos / www. eld cog/fir/pvojects/pipetines o/ 2015 corporate |“ES00m) [regutaned Jregutated
2
National Gesd Noeth [repelaced Norway vde [ capdfoor UK fregulsted Norway side /
Interconnaction Latrwt! (Nocway wde UK =l
MO Sea Unk Norway-Ue S ( oy e ) Sea Link Lid (LK side NG 100 (LK udw) corponte e R skile
St tlannd U SSEN Transewasion corporste |r-plaod rwgulated
Infrastructure
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BNRE EERHEFAT—LDERE

LREEADN S DEEHRE(PCI)

MND OV I IOMDEERFAZEB CEERRED—DOEULT. Projects of Common Interest or
Projects of Mutual Interest(PCI or PMD)ICEREINBZET. INDERAZ REIREENZ(TON
DENETLEND,

EUDKEHTHE CHIMMNEBEREZ. A Y- T—EX-BERXOEHLBE 2Rt T2 E—HIEDMERM L
BERAEBELQIYPENRYN T —JEULT. IRINF—RB. FUTEEIVITODEEZESH THY ., 20135F
NOLBIRIVF—HEDOBEBENLPCIICEEIN, BEEHNRXZEBZRITTULWD,

EUDEnergy Infrastructure Regulation(EU Regulation No347/2013)Tl&. PCIDEEEE
REEUCEUNMBEDOYERETE2HEULICERZELSTCE. RIEBH (CO2HELEIR) « #2581 (155
BEBREBEEMIL) . FEUTEZEHE(HEZEEDEE) ICHEESIIRRFBFETHDI_EZETTLVSD,

MINEZEEREEFHENICPCIRENDZEREZMISHIC. BRANERDIT(Cost Benefit Analysis:
CBA)ZRWVWTHY. JOVIVFIRNMER)ICHUT REE. BFE. RERZECHASNERZE EEMIC
AL, TOJIOLDEEEZHIMTSELTLD,

ZHAMEEROLES . ETOVIIFDOCBADERIIEMNRFEEREBERYET—2(ENTSO-E)R2F &K
ETDRFEMAFIONESE (Ten Year Network Development Plan) TARINTHEY . RFONE
JOJVIOMI2021FET1T1A*ICATRINTL S,

*: https://ec.europa.eu/energy/sites/default/files/fifth pci list 19 november 2021 annex.pdf

Hfr) Technical Advisory on HVDC - Mitsubishi Research Institute.RTE international
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REEED S DEEHE(CEF)

o FIBDPCIICREINNIE. BRMODTETIXRRERIVATLDEREZZRT5<113%,

® MMBERIF201I3FICEUNDIRIF— KRB, ELCEBEAMVISOTOV IV EMBE CXIET D
Connecting Europe Facility (CEF)ZEIZRU. . EXM DR IINHESCPCICANRBMBEXIEEITD . PCLHER
JOJVIORD BENICCEFOZENZITONDIDTIILBLK. BEEREINDSCEFORABICHUADHMEE D
Do

e 2021E3RA12HAMMNEZER(EC)DRERKRICEINIL. 202T1~2027FED AR M ES (EU)RBATFED—
BEUTHD.3371I—0OBYEOIRITaT-3—0OvIN-T7IFT4—(CER)ERICEALT. BN ES
(EP)&ERMNIBELIEICDIFE/REISEL. CEFZO S A FRMNDE X, TRIVF—. TI9ILDA TS
FYRT—OANDBEEZEITD. &ELTLB,

® CEFLINMC.PCIDERERITECETRATRLERFEAF—LEUVTIEUTOLIBREDH H D,

- European Fund for Strategic Investment (EFSL):FXMNES(EU)D RN EREEHRFHEZEESHDIEE
BEREUERMNRESTBEOPRZ T. COEERIL. EUFENSDEEZEC LANEEZFAHUTCT. 1V IS HREM/R—T3
. BE.EBR.BHREERIN. TOMDnH T/ —

- European Structural & Investment Funds (ESIF): THNEZEESECEUHEREICE>TEEINTHY . ERHEIL
é:ﬁ‘h_f ‘C&é?&[ﬂ‘l‘%ﬁ%tﬂ&&étb? EELSDO)&J\E%(EJ%?%&/(//\‘—DED\?‘ﬁ@)b&ﬁidﬁ%ﬁ“x?%iﬁ’éiié\

- European Reg|onal Development Fund (ERDF):#tiigEB DA EEZERETD_ET INESG(EU)ICHITEIER
FH. . BINERZBIETDICEEZHIEL.2021-2027FICIF. TRICEWVW, EURY—FTEEICEBLL, LYUDR
NUDNHB. LUHEHRRI—OVINADREEZTEEET D,

Hfr) Technical Advisory on HVDC - Mitsubishi Research Institute.RTE international
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NEIRBEAD S DEERZE(EIB)

o AFABWERDEMICHIFTZDTOIVIVMNIDVWTIE. ZFDIFEAERBHFHAF—LICKVRERRZITOEDT
HYU. FTNSOTAOVIIMMEIFEITRD LD BRERFZEEZITDo
- Corporate finance at TSO level (debt and equity),

- EC grants for work (from European CEF fund), for PCI or PMI (Projects of Common Interest or
Projects of Mutual Interest)

- Loans from EIB (European Investment Bank)

o [RIRE fE (European Investment Bank:EIB)IZ1958&FICRIIIN IVIOEY TIVIICAKEZHFD
MMNEES LHARSHEETHY BE-YXTTEUTOBEHNS, BRNROTOI T VMIRE iR
LTLaS,

@ EIBOARIERHFICDOVWTIE TETFREFRDNEBREINBIN, ZEEBXRBICOVWTIIUTOL O REHNZEIT
5NTLD,

Bt E 4

- RXYRNDT—=DAV TSRS OFvDEBEIF.ERDODRIAN IS IOTARICKOD>TEBRBITDVNENRS D G EELREMEHERT
BIEHIT. XY T—UDRETIIBETRIINIE RS,

-EARBRARBRONTVD,. HDVWEE<BRVEMICDOWVWTIE BBEABRABRINU. ERABECK O TERBBINRITINIERSEL,

-BEODABRUMAFEHOERE. ZFERUVRKRERBEEFGRZERELTITONRITINERS R,

=10 i

-IRTOTOVIIMI EIBOAZEBICESTVWTRBENICELHIEINDIVERHD. COBNDESHIC. VRXTLIRN, KXY
cO—2oia5%k. {J’—(.‘?A“‘ﬂé.—ﬁ% BEHEINEZEBAIRIVF—FB=.CO 2HLEEDEHIREICT T2 TOVI VDO MREZTEMIT S

DICTRLREENBTREZRUIDIVENH D,
—+bLL\<Db\®£1¢7a%ﬁ§$7mﬂ‘@“éiﬁ TOE— Y- RETNEABRIAREERAMIRNEV E VSR
ERHIDVENH D,

*: https://www.eib.org/attachments/strategies/eib energy lending policy en.pdf
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BAREE . EEHFEFAF—LDER

“E3r.x

FEENEZOVIIMDESTAE. IBELQWNICEANIAF—LICDVW T AHBREZEICAEIXT>TWVWD (A
BN RTEICHERKDAEZITWVW. 220070V I2F(MONITAEBassLlink) AAICDWTIEIRFI R F—
LATCEBINTWLWRZENESREIN,

@ MUMNICHPWVWT . HRARXRF—ALATTSONREEZREITSAOVIVMNTCIK. JOVIINIPAT IOATESRRFES
TOFEMIIFEAER,

o L. BRERREVTEGIEDEGSREHTCTOIIIMTONDIBZEICIE. ENTNOEDHEFIIC
B EDLEXAKFINHERIND,

-BIZIE. RTENRBEFREETHD IS VATIE. InterconnectorEEIFEEDRFEBEER—ID—EELTIENOND =6,
RTEIX. R, &% . ERAFICMDTSO (fl:National Grid) EZLICIHAITEIN. BEENTSONEBEDNDEER—XEEE
WERRICHEICEEITDZITOVIIMEEZEBELET,

- CNERMEBHIC. T FI-TIIYRDORBEIERTHD0fgemE T3 FI-TJUVFDHEEERKGEEZET DERFIEE
EFRMEICHROTHY (ENSIUMBNEDRENEETD) (TDEH. COLIBRBRYFWVE—RNICTIIFIL-TUY
FREEZRBUERIDTZHICSPVRERIVERERATIEZREMT 5,

- BAARICIE. Britned (UK-Belgium) [E2DDTSONED>TEY . REBITEAMEINZ50/50DJVTESREREAAT
B EEETO>TCLVS,. WEBMIC. North Sea Link (UK-Norway) ICIEZFE7Z2DDTSO (National Grid&
Statnet) AEASULTVWEIN. COTOJVIVRI. BETSONRBMBENEEZREBL. SPVEFRAULTEENDRBEESHE
ZITOEVWS BRI BEZED>TLD,

Hfr) Technical Advisory on HVDC - Mitsubishi Research Institute.RTE international
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JERBI R F—LIC L DIREEUX

e FHEWNEZOVIVMNDESRTEZE. IHRELOWICENDIRAFT—ALICDVWT L AHBEHRZEICHAEIEIT>TLD(F]
BN RTEICHERKDAEZITWVW. 220070V I2F(MONITAEBassLlink) AAICDWTIEIRFI R F—
LATCEBINTWLWRZENESREIN,

@ RTEIKVIERHICLDBEONRAFT—ATHEINZOVI2ELTUTO2D0 OV IIRABNIN
TUWS,

- ElecLink:ZEHE- sellindge& 75> X-MandarinsZz#E#ddHVDCoOY T THY., IFA 1
Interconnector& izl d . CTEER

-AQUIND:%®EE: Lovedean& 752X -Barnabosz#E#H I dHVDCoOYTOTHY . AQUINDMDE
FICE>TERM16 TWh(ZENENEEEDNS%. ISV ADE3%)ICHUATZENZRIBT 2 ENATRE
AN

Hfr) Technical Advisory on HVDC - Mitsubishi Research Institute.RTE international
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ElecLink

ElecLink
1000 MW

Folkestone Peuplingues

Sellindge Les Mandarins

- .-

onEdRgom France
s i

E=E S ElecLink

=] - 3fitsy ®KE(Sellindge) © 7> (Les Mandarins)

BEFHR ElecLink Limited(Getlink#t®100%F=%t)
BHEZT—HX/Status R, 2022F Q3EFHTE

fma&E/Capacity MW 1,000MW

ERERE/DC Voltage 320kV

ERIBDES /Length of cable 65km (D 5BESTKmM) X BU. BESRIEI—0Ob U RIVAICEER
F&/Project Cost 490 (Million GBP)<#9720{&M*>

BEVT I~ https://www.eleclink.co.uk/

*:2021EFFPTTB 1GBP=147.07H
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ElecLink: 20OV oNSE

MRI

e I[EFH-sellindge& 775X -MandarinsZz#E# I dHVDCTOYIIRTHY.IFA 1 Interconnector& s g3 T

BERIND,

® ElecLinkDERICLDERBBEDILKICLIV . BIROFARE. E—I0BHNFTEDMIBEFG
BICEBIBMEFREDHDIIRINFT—MEZOERBEZBENELTWVS,

Bigh bank L]
| Canker Thomion bank (=]
|ENGLAND Noh : o8

g T P e Po |
E Fomst P Pt

=E e :
e <
Z Vvet # po ¥ o :
o '\H{ANCE
O © Cwne man /,f\\
ahe

HFr)ElecLink, https://www.eleclink.co.uk/what-we-do.php, 2022/1/31H%

SR BN DEHHIZ D
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ElecLink: & LHx

o FHAITIX.400 kV ACEREMEEFKIDIH TREZEMMNZRESN. AALRICERKRICA00kY ACEEEERI DI TRE
ZTHFANREIND,

o R—/N\=—mEZFEINI1—OrRJIV(Channel Tunnel)RNIZ320kV HVDCO—JIHAEEZRINB . KO T D BIEZESE
BRITOVIOMEHERBRUT, RIEREBEICH T IREENLEBENNTVWAREHTH D,

NGET Sellindge HVDC / _E_ ‘El L k HVDC Les Mandarins RTE
transmission 400kV converter \/ eC |n converter 400kV transmission
network substation station station substation network

| Folkestone Peuplingues ‘
Power/ Power/
Energy Flow Energy Flow

400KV AC 400KV AC

cable (14.5 km) cable (3.5 km)
ZA T 320KV HVDC cables in the

GREAT BRITAIN Channel Tunnel (51 km) FRANCE

Hrr)ElecLink, https://www.eleclink.co.uk/what-we-do.php, 2022/1/31H&
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ElecLink: &R0 - T 71T ARXF—LA

o OfgemIC&LdCap & FloorfENDERIEIZITIT. 100 EREEETCI7IT VAL KREVAIVZEOIHE TEZEINTL D,
HEZTOVIIVMIKREICKDIVATA - TPAT IVREERFEICEFLEABDINGEZIBERELE/ V- TOITIT7A
FTOR(TYRIPAFTIR)EHAEDEEND,

o OfgemMURTEICLDMHFBERAN2E5FHMERIN. TSICHMMEBESDERRZEZITT.HRBEEND8EI(B800MW)Z EREL
THEEFEZNICLIRIBOFTEGNHRHOSNTHY . ERFEICE > TERENRRNANRRATIN. TOVIIT 7152
REMARLPTVRNFEEHTH .

® /zZU.ElecLinkMEBEICL>TEHEONIZHRNTFOHEDOSNREEZBAERIC.AIRZDS0%ZZEDE A (R T
3aFIVITIVYRAL-RTE)ICE T T D ENERF[FITESNTULS,

I94T4-T7A4F IR TYRTFPLF IR

Group Star Capital
Eurotunnel Partners

49% & 51% &

A 4

ElecLink Ltd. Debt providers

ElecLink
__Interconnector

HFr)Eurotunnel, The ElecLink Project, 2019118
ElecLink, Expression of Interest Notice,
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AQUIND

MRI

AQUIND Interconnector
2000 MW

Lovedean Barnabos

nteaKgom France
> T

EE AQUIND

=] - 3fitsy %E(Lovedean) ® 73X (Barnabos)
BEFHR Aaguind Limited
BHEZT—HX/Status FERRl - ARERKICEAT 2FHmSH
fma&E/Capacity MW 2,000MW(1,000MWx2)
ERERE/DC Voltage 320kV

ERIBDES /Length of cable 240km (2 5/BEK182Km)
F&/Project Cost 1,527 (Million EUR)<#91,960f&F*>
BEVT I~ http://aquind.co.uk/

*:2021E¥{PTTB 1EUR=128.39H
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AQUIND: D’ OV IS5

® I[E-Lovedeant 73T X-BarnabosZzE#HK I IHVDCTOI IV THY. AQUINDDERICEL>DTEMT16 TWh(3E
ENENHEHEENDS%. TS5 VADRAI%)ICHYTIEHERBEITDI_ENTREERD,

o AQUINDRIHFR#HMRAUCTHEINSIERERRTH D,

HFr)Aqguind, http://aquind.co.uk/#interconnector, 2022/1/31H%
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AQUIND: &4k

o ZEMTIEFTIYaFILIUYRED400kV ACEEM. IS5V RAITIHXRTEN400kV ACEEmMA DY . TOEERELEIREE
EBEEEBRCTRHNMBRELODTWVD,

e HVDCU—TJIVIEXLPET—TJIVHAEAIN. ALDOFPIIZILI7(EULKEA) ABENTWND. T—TIVEREIEF£320
kV,

HVDC Interconnector
HVDC Interconnector

Inaulation matenal
(croes Bnked polyethylene)

Steel wire armouring

(marine cable onty)

et
Metallic sheath Q& CUrrer

(lead alloy)

of aluminiem)

The cables consist of a central aluminium (or copper) core

surrounded by plastic extruded insulation known as Cross-linked
Cross-section of a typical XLPE cable )
Polyethylene (XLPE), which allows the cable to operate at +320kV

Hfr)Aauind, http://aquind.co.uk/#interconnector, 2022/1/31H%
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AQUIND : #Z&E[EIX R F—LA

e AquindZOVIVNTIRK. Z7OVIVNIPATVRADMEMZRIIRELVLTREISINTL S,

o WHIDHRERTBRETIIEICVIPRIVI—NEEL. BREETIE/ VU —XR-TOVIII7PATIVRICKLDEERRZE
MEtINTWLS,

o MBI ERBOIRARELVTRMBE. REmTBINARUCT7Z YT —tH—EZINSOIRAICMA . HEINDINLTFPA/IN—
T—TIVDOFBEUNAD, FBUIXADEM(C%IEE) ICEM I DARENRGDIEEZISNT LD,

o MEBEERBOOIMIRMNI.EFREDTI ~2REEER/ESNTHY. TJOIJIII7A TV RAMKICTRBBEDF vy
V170-NRAENDEZBZSNTL D,

TPATIRARANS O Fv—DREHIRR Hhig i E R AR D BB RURAET IV
v gﬁ% TUBT S SMT IR Bl b
R.EPCIIUNS 99— AASREBRE &35 o P —————
v ENHARS: 15~ 255 EMEE | ~75% Z}Jaﬁﬁf&f BRIC, HERED SEUR
v D/gtt$:m70%€-7—‘“y NPT URT BYEKRT o8t REOSEE B
5 \ o

i N BRI SALATEE,
SRMHRA | ~20% | mame s | < AARORIC. AR
BOHEE LTINS BRI

RT3 IVT)Y R KRUML-RTEICY
~5% | UC. 703U ——ERZR/ETDC
EICEBIXA

7o) —
—EX

HFr)Aquind ltd., Request for Exemption: AQUIND Interconnector, 2020
Aaguind ltd., AQUIND INTERCONNECTOR Funding Statement, 2020%F12HA
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BNAEREETOIIINIEET DEHETIE

o FHENRERDELREFE

o OFGEMIZ&IFTSInterconnectorBE@EHIE(RIIODO T TCHOEEITOELER)

o “Offshore System Operation”(ENTSO-e) D&M

o "Offshore Transmission Network” (ZEE ) BE T OB

“Multiple-purpose Interconnectors” (2E) BEEDEFA

EEERGERICHITBEUIES (Electricity market regulation (EU) 2019/943) @R KR4
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Ofgem|[CHIFTBIRXERETOLR(1/3)

® OfgemICLBIRMEAETOLRIEIARESIEE(IPA.FPAPCR)ICAITEN. CNSDEETORRET
OV OLDEHBIRREDBERIIUTDELIICHEOTND,

Three-stage regulatory assessment process:

initial Project Assessment Final Project Assessment Post-construction review

(IPA) (FPA) (PCR)

|

* Assessment of opex

* Consider some capex/
risk ltems

* Final C&F levels set

« Assessment of project
costs

* Provisional cap and
floor lavels set

* Impacts on GB and
consumers
* Initial regulatory approval

-

We run application
windows for our IPA

stage
Window 1: 2014715

Hifr)Ofgem, Electricity Interconnectors Cost Assessment Guidance Document
(httos://www.ofgem.gov.uk/sites/default/files/docs/2021/03/electricity interconnectors cost assessment guidance march2021.pdf).

<BEEH:2021F11A1HB> &Y. MRIfER
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tX(2/3)

MRI

o BEICHITBRIEREB(IPA.FPA.PCR)ICEVWTITONBIEEARNBIIUTDEH Y,
- IPATIE HZPJOOZXDRRECH EFFREICH ITDIARZIRIET D,
- FPATIE. 7 ROYN—NDHSRETNAZIXLNRBELUZFMLU. Cap and FloorDERAABCEENGKEZHMT D,
- PCRTIE. #8702 Cap and FloorDKEZHIET S,

OfgemICHIFTHIRMERTOCREZDHE

E-E'3
J1—X

'E
JOtXx

=

Developing phase

IPA

FPA

Annual
Reporting

. Post-

PCR

Operational
Reporting

- J7OITIRHUKY

ZOMORIERIRE
CB5 TR TR
5 -3HE T 2o

o FAROVIN—DHIHER

REBICDVLT, fE
AN TR S

- TROYVN—DSIR

TRENZIRDR
Rz L. EER
72Cap and Floor
DIKER T, Cap
and FloorM&ER ]
Bz Hif

- FICDEVEX.

CAPEXMDIREEICER
5

AN}

- FER-TEHEARICH
T3, TEDEWIA
MEJRMEFEHI
LiR—~EEERE
IINENHD,

« REM7RCap and
FloorMK#E% $itf
9571—X,

« FPALIEMZREHEIR
~EFPAERPE TER
TIRho-EBEBSE
ZZRBUTCRESIN
%o

. FEIREER. BFD

OPEXT—%%
OfgemIZiRET D
M‘gj}{a;)%o

IPA:Initial Project Assessment®Dig,
PCR:Post Construction Review®Dt&,

FPA:Final Project Assessment®ig&,

HAr)Ofgem, Electricity Interconnectors Cost Assessment Guidance Document
www.ofgem.gov.uk/sites/default/files/docs/2021/03/electricity interconnectors cost assessment guidance march2021.pdf

). <KEEH:2021F11A1HB> &Y. MRIfER

(https:
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Ofgem[CHIFBIRXERETOLR(3/3)

e Ofgem(CHITIHREFTT VT —hF
- OfgemM 2RI 2TV TL—hIEDVWT. TARAOYN—EFEBR - JI—XFICIRMT Y ZRETIHVENH D,

- BFICEBAMIXNT—%(Subsea cable, Land cable, Substation, Overhead lines, Converter stations,
others, Operating costs, Replacement costsFH)ICDWTIX. TSHICHDIELEIR N T —9ZIREITIHEN
55,

HEKRXAFI(Subsea cableDEFHEHRN = —2RikEE)

Date uf

Cou tyse L Aotivity cthvity B [ Jemcesin "":_"‘;;"‘ Exctange rotn | archangn saee | 1O O IR g g0 (o, m-m»l
Dwx Flonring asd (00w o 1 Hutal 020
atal Mesd gtts 1 Qg

By
OO0
Q00
Q000
Q000
D000/
O D00

Cagmx 1 0.000
0000

Cagox Inesallytion 1 0000
Q00
Q0
Q00
o000
000
0000
20
Qmel
()

Capux TPt e Matarials | 0.000
2000
Q)
0N,
Q0
Q00
0000

Cagn |Commimninning | 0000
Qi

G x TPee bt [ —— | 0000]
Q0
AL

(Tatal 0000

(e [ a-:-:ol

ool 0.000)
Talal 0000 o

HAr)Ofgem, Electricity Interconnectors Cost Assessment Guidance Document
(httos://www.ofgem.gov.uk/sites/default/files/docs/2021/03/electricity interconnectors cost assessment guidance march2021.pdf
). <EEH:2021E11A1TH> &Y. MRIERK

Ofgem, Cap and Floor RIGs Template (https://www.ofgem.gov.uk/publications/electricity-interconnectors-cost-assessment-guidance-
document)kWF o rO—Realg
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“Offshore System Operation” (ENTSO-e)D&EiIR(1/4)

® Offshore System OperationTIZ. ATDARAICK D TRIEERDHNFT AN EBEINTLD,

Pillar 1: Local responsibility to coordinate and Pillar 2: Market player are responsible for their
deliver secure system operation own imbalances

| o RTSOlL. BEE 3% FEEDIGICH T, SR
| RS2 T BRI AR T 2 EEEET B,
'« TSONAEERICES I BBk BRI e L 3¥
| D EARBRA CEL<ENTH S,

e THSSIEEEL-BEEERDT . A VNS YRS
. LCTEEEETD

e MSESmENBHORI 3 EfAET D=HIZEHR
I AIRERFE LD T LTI E 74 )N —=RICT7 ORI B
| CEERDBEHICEL - BEECHTRYEATE

! (Intraday market) [IBEE NI INENH D,

1

Pillar 4: Offshore Bidding Zones(OBZ)

X)wbFA =5 —DIRIC, mERESNZILFIE
T1ZmAL U7 IV L TOFRGHREZ XN
TSOILREANDREZEHERICTIEEEZRT 5o

TSOICKBYRTLARV—II VHERETIZ TOA
VINS U RRBDOEENREE SNZOBZMDERIC
KU TSOIC K BHHZNM ADREENRENE RS,

HFAA)ENTSO-E, System Operation & Governance, p.6-7 , 2021F6H2H
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® Offshore System OperationTIld. EXMICIIELEXETHRICEFEETIRF -FIEZEZH IS ETH

BRDIV—LT—0BRIDCENERDIETNTHY BBROARENLUTDLDIC

EIE_\_*]-TL\%O

System Solution Regulation/
Definitions Code

Definition of
Bidding Zones
offshore

Definition of
Capacity
Calculation
Regions

Definition of
System
Operation
Regions

Definition of
Standards and
system
requirments

HFAF)ENTSO-E, System Operation & Governance, p.8-9 ,

[ EEF L7 LY ORIRERERF EFIRERERICT S726IC,
FLOBEMRRERREIED

- TSOEETU 7. EIR. HHpRAKEZEEL FLTOU7 I

54 LSystem OperationDEEZHELT S
AR/ X1 RIS 2T ANDEEPEH R ITE(BET D

- ERFERRRREBFT) 7D Capacity calculationlcHIF5

HREAHRRREZHD

- Capacity Calculation RegionsEBMERE DT
« EEFDBidding zonellHBIF2 TOLR EDMRNES
- ERfERARIR S Bl 7 O —FICE D <BEFESystem

Operation RegionlZH T 2HIRRZHKEEZSHD

- HHELER &3NSR System operationZ{BtE I 2V A TLE

& DM IR L DLETE

- Protection schemesD 7z DREBHEPFDMI T LDER

BEEBICT —YITHEEENNE

2021%#6R2H
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5

« TSOsH¥iRZ
» Agency for the Cooperation of

Energy RegulatorshiRE

« TSOF. JUYRbROY— A5 =03

VDESV. BEROE SN S DEBEKEFEEE
EU T fBIEL7=System Operation
RegionDEHZRET S

» Regional Coordination

Centres/System Operation Regionfd
DAVI—TDI—RAEERT

» Agency for the Cooperation of

Energy RegulatorshViRE

- TSONBIEEETS

+ CEP article 14
« CACM article 33(1)

+ CACM article 15

» CEP article 36

« HVDC connection
codeTlE+2ITHh/IN—
TITLVRLY

MRI
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“Offshore System Operation” (ENTSO-e)D&I(3/4)

® Offshore System OperationDFRXTIE EAMICIEZ(FEELETD)System Operation&EFA#kT»H D
N ELSEEOEMAMEZIFE > TUVWSRTERODTLS,

o CNSOFLLFAEDORMNFEEICKHUC IRITOTOLRAEETEHEIZETHRROAAENTEINTLS,

System _
Operation Solutions Reggcl)?jtelon/
Tasks

Outage - Qutage Coordination Region AKX U OCRFE * TSONUREE - #hs + SO GL
i ® HEESS ‘\I\\ . g o . 0
E?grglir;%tion COREDWE » Regional Coordination Centresh*Regional Outage
o 2O DIEBMNILNY KVEME RO, BELTDHR CoordinationZ=£EL. BhEY 27w cOBREHUREDE=
BYRDEHEBEUTEDY IR0 ST ROEREF1) 71 ZHR T D2 DFREETE %=
34
UV DEREE. UV CERECEROS 299
EweoOeXICmAS5NS,
Capacity - IgETN=Capacity Calculation Regionlc® -+ Regional Coordination CentreshBidding zonelZd  « CACM
Calculation [T2£2Thke L ¥ EBidding zonelZH T BRI [T2BREZEEH
. H . Az o E §
Coordination  H-AHEBZENIS - TSOMSecurity limits€F Ty oL, GRERITS

« Capacity calculation(&. \mEDRRRIFEE EEICTHVDC
BEORBEILDOEOICHEEINDS,

Coordinated « Capacity Calculation RegionsHAXU « TSOIE, b ROY—DZEL, BHEK/RUNIII—RL—RDE  + SO GL article 75-78
! ! ' ' X e = ~ A TER o e

2313?;;'2/5 %?E%%%éalculatlon RegionsfEICH T Dz BICKY . BMEREEITD . Coordinated action

= = » Regional Coordination Centresl&Security recommendations in
« £2TMDBidding zoneldCapacity Calculation Analyses%zx/ CEP
RegionsICAIEd %
Forecasting o FRIZU7ZHIET) 7 DIFEICHEKTFEL TL Capacity - ZETSOIFBEMHEIET 7RO FRICHUTEEEZT IS « Forecasts defined
(CSAm) Calculation RegionsBIICHEFRATFTRDH | sougoa np=rps, 2y in CSAm

BIERNNEE XD ETREME « Scheduling process

defined in SOGL
article 110
HAT)ENTSO-E, System Operation & Governance, p.10-11, 2021 6H2H

Copyright © Mitsubishi Research Institute 142



MRI

“Offshore System Operation” (ENTSO-e) D& (4/4)

® Offshore System OperationDFRXTIE EAMICIEZ(FEELETD)System Operation&EFA#kT»H D
N ELSEEOEMAMEZIFE > TUVWSRTERODTLS,

o CNSDFLFADEMUWREICKHUC.RBITOTOCRZETEHIZETHRROAAENRIINTLS,

System
Operation Solutions Reggcl)?jtelon/
Tasks

Market - FIBMAS RO R RY bHEEABidding zone XU
performance Offshore Bidding zoneMERDHIC IHE
and input RIFRERMT S
Reserves RAERNDONELEEFEREICERITDUNEND
Dimensioning )
« SO GLICH[F3EETU7ZRULFCTOVYIDE
EDREEDNNE

E=EAHF D Fload-Frequency ControlT!)
7/70voDORFIE. TSOBICHIF2EENIEBD
] YA A )

Real time SELERFEICL > TEZLDHEBEERANEL D
System 8 £ 2 p i I - _

. - RRBEAIV ) 21— 3 VDR SN.L RIS
YBErEien BEBY1—U3 UM — R Y B AR
Real time - BEATU7 (B) DI HESEICAFEINDIHNEN
Balancing 5>
Coordinated » TSOK U Capacity Calculation RegionsfEIC
Security HlFBRemedial Action®I R +438
Analyses -

Cost Sharing

MSSNEN, BHOI VNS IRITHUTEREEITD + CACM
- CEP
« EBGL
« TSOIF. fEL-F EICHIF2E/HFIEHT 7 DREEEAICHLT « SOGL LFC&R
RITER « CEP article 6

TSOIEGFELEZSDLCFJOYIRNDHEENETEEZERT D . Definition #18 in
Regional Coordination Centreslditigiitr1o 200 % SOGL

eidis EBGL
- SO GLOBHF RT3 LRIESH DI, EHEL
£

« TSOIFXB#HOEMETIPRICHIFTBIPIVIALIRT LER + SOGL art 38-39
ICHUTEEEZRTS

« European balancing platformi&. BE EROSEEICHIF « EBGL
BY—TYM—RIEESHIEICHIFTIEERY—ILTHD

« Regional7Z>0—F « CACM
» Inter-regional 7>’0O0—F

HAT)ENTSO-E, System Operation & Governance, p.10-11, 2021 6H2H
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(2& M5 - IS fEEn

P&
ACER
bidding zone
CACM
CEP

Capacity Calculation
Regions

Coordinated Security
Analysis

EB GL
Load-Frequency Control
Offshore Bidding Zone

Outage Coordination
Region

Regional Coordination
Centres

RSC
SO GL

System Operation Region

HFAA)ENTSO-E, System Operation & Governance, p.10-11,

Copyright © Mitsubishi Research Institute

2
Agency for the Cooperation of Energy RegulatorsDig,
Capacity allocationfEU CEIE/ERE A AIgER T ) P Z&H8 9,
Capacity Allocation and Congestion ManagementDig. ERIEDERHEFEZEDIHIR T V%,

%II:I

Clean Energy Package Mg,

HORKR—F—DEHEB|EERT B7=2HIC. N-1EBHIPRTSODL F 1L —3a v EEEL. HIEHEE TS CHE | alaem o0
AV =TI BEZEE @ d D& %Capacity Calculation& L\, Capacity CalculationhEfESINDI I 7T,

RTERLDURY - BEEREL. BTSOICHEVWTHREI NS MEEEHRET 572 DN ZEET

Electricity Balancing Guidelines®#g,
BEEATIUPICHENT, VAT LB EZEMNICHEF I 2720 DRI GRAEKEE =157,
FEICHIFBbidding zoneZ31E59,

BTSONERITDTI7ERNEEETHY £ TOREH CRREY 7Y hOFRINREMBEICIHU GREIN S,

iR I CREhE T DI1REIZERET D& T, TSONERENZ /T I DIFE ChY . BETNDERGHAERCI T LERDEELE
Ot Z=ZE LT BdY — VB CHIAA SRR ABEZEE I D1%EIZE S,

Regional Security Centres®ig,

System Operation GuidelineDi&

System Operation|CBE T BRIEICN T I2EEZEIVIRONIETSOTU 7 EIELU. 7T HY—T7 A X D MOEGELERFDR
B IURTLEF 1T A E BRI DEODNERTINMEED T EAX I MEEND,

2021%6H2H
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"Offshore Transmission Network” (32E)BEETOERIKR(1/2)

® _NETHFLAANDZEEBRIE ELOERRBEF LANDKEEFR(LLT. OWF) Z E%#ZKdI dpoint-to-
point? JO—FHAIRSNTWEN . SERFLENDIFERGCEAILARAKRUC2050Fx Yy EODEIRICHIT. BE
FOEZ R ERBFERCREAFODHERDSHZE CRHRALEDARENRHDZEINT VD,

o FEEEXRITT.2050FxyhPONEKEKEZH/IFT. 2030FXTICA0GWDFLAAREDEAZRITDRE

Tl FLEZEERVNTI—ODEYAICEATDIREL"Offshore Transmission Network Review (LA
T.OTNR)BEREINTL S,

<OTNRZ&mI#&E >
Crown Estate. Crown Estate Scotland. Delfa. Marine Scotland.

Marine Management Organisation. Ministry of Housing, Communities and Local Government.
National Grid ESO. Ofgem. Welsh Government

_NETDOffshore Transmission Network D Offshore Transmission Network

' 1! |
: ||+ 2050FxYMEOOER |
|+ EEAAORIAEA(2000FFE~2010F4H) | 1+ 2030FFTIC40GWDE LANKEDGABE, |
5 |- 2030FFCICI0GWAFOREANEAZEE | | FMTE3GWHUEOEANLE |
X B |
| ;|
| P
| |

=1
= P EEF R OWFZ{ERIC#E#T 9 Spoint-to- + 2030FFTIC18GWDER#R(Interconnector)

point7” FO0—F DA DERBER

- REC2026 FLUREBIRENEMILT SAIMEN |

HA) UK Gov., Offshore transmission network review (https://www.gov.uk/government/groups/offshore-transmission-network-review). <
EEH:2021F12810H>
BEIS, UK hybrid Project Forum,p.8 , 2021%&3810H
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"Offshore Transmission Network” (ZEE)EETOERINR(2/2)

e OTNROEMIE, 2050Fx Y M OIS I ZELRNDEREZEL . BIE. a2 - BFNIXCORER/NS
UAER-RE EEBRAOEYFERITEoEEIND,

® OTRNTIF4DDT—URM)—LZREL.BERNEATWND,
- DFIEZEBICHOBMEPIEDEEDEY A (Early Opportunities)
- @2030F40GWDERRICHIFIzF X *4/770)7(“)75(Pathway to 2030)
- Q203 0FLUEERIBAZLVIERNLQRERICHNERZTEDHKRST-EHE(Enduring Regime)
- @ZOSOEJ:L)E,H\H(:%}ﬂii&i@%ﬁ&%iﬁb\Eﬂﬁﬂ@&%ﬂf&@a#@*ﬁ#(MUltl—Purpose Interconnectors)

Ensure that the transmission connections for offshore wind generation are delivered in the most appropriate way,

considering the contribution offshore wind is expected to make towards net-zero by 2050. This will be done with a view to
finding the appropriate balance between environmental, social and economic costs.

Capitalise on early opportunities for coordination through identifying inflight
projects that have the potential to coordinate with changes to, or existing flexibility i
within, current regulatory framework. Multi-purpose

interconnectors

(@l Early Opportunities

Enabling achievement of 40 GW target for 2030 by increasing central

e ) ) _ _ Within each workstream
poordmatlon and accelerating delivery of the required onshore and offshore grid we will consider the
infrastructure

validity of options’
design and associated

Design and implement the changes necessary for more efficient connection of regulatom;:lhange =z
early-stage and future offshore wind projects support projects

pAll Pathway to 2030

C3 Enduring Regime

4 Multi-Purpose
Interconnectors

HFr)BEIS, UK hybrid Project Forum,p.9 , 2021E£3810H

Deliver near-term changes to facilitate the development of MPIs before 2030 and develop an enduring regime for the
longer term.
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OTNR(ZEE)B:E TDREHIK

® OTNRICEAUL. 2020FKH L chESR(Early Opportunities). 2030F £ TOHENLZEG
(Pathway to 2030). 2030FUEORANEFKE(Enduring Regime) D3DMDWorkstreamTD
REIMNEATLD,

| Engagement throughout the year — newsletters, roundtables with MPs, discussions with local authorities, correspondence and more |

Early Opportunities: Near term Pathway to 2030: Medium term Enduring Regime: Long term
connecting mid-late 2020s connecting by 2030 Connecting post 2030

What we’'ve done What we've done What we’ve done

+ Worked with developers on initial pathfinder + Set clear expectation of coordination by + Established need for more upfront strategic
proposals default planning of offshore wind and onshore join-up

* Launched consultation + Launched consultation « Extensive industry engagement

What comes next + Begun Holistic Network Design What comes next

What comes next

* More ambition from developers - * Policy consultation in late summer 2021

discussions through the summer + Complete Holistic Network Design (Jan 22), . potential for a more detailed consultation, in
+ Government action to support more ambition a key prerequisite for connection offers early 2022
+ Draft energy National Policy Statements * Further consuitation on delivery models + I required and available, primary legislation
» Further consultation in late 2021
Key challenges Key challenges Key challenges
* In the near-term, better coordinated + Achieving speed in delivery + Aligning long-term reform with wider policy

outcomes may mean delays to connections
+ Managing Anticipatory Investment

+  The charging regime for coordinated and technology changes

infrastructure will be complex to resolve
Hifr) Offshore Transmission Network Review(OTNR) Summer Webinar.p.2021F6H822H
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OTNR(CEE)EETHOIREIRR: Early Opportunities(1/2)

® Early OpportunitiesTIE. 2020F KPR TOEGEZEEL VWD ENS ERMREEE EDIEEIC
LBEE(opt-INAR)ICE>THABZH>THY.2021F6AFaCcl6 70T ASHADRAEEICIHU
TUWS,

1 i NN\
Projects in scope gﬁ

Primarily focuses on projects that are: Less likely to focus on projects that are: ?
Currently seeking a CION . Pre-CION & o
In pre-planning . Have a DCO o
Ny

Currently applying for a DCO . Have a CfD N
.

Early Opportunities focuses on facilitating coordination by encouraging developers to
opt-in. @

Thus far, approximately 16 projects across most major developers have volunteered
some form of coordination.

We are continuing our assessment of these proposals.

Ofgem recently published their consultation on changes to facilitate pathfinder
proposals.

Joint Ofgem/BEIS cover letter:

"We would strongly encourage developers to proactively consider opportunities for
coordination with others in the same region where they have notalready done so"

H ) Offshore Transmission Network Review (OTNR) Summer Webinar.p.2021FE6822H
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OTNR(%E)BEETHOREIRA: Early Opportunities(2/2)

MRI

Gl

Early OpportunitiesTl&. 6 DDA TR IDWTRT—IRIVY —RBIDER/NEHSNTULND, (D5,

1,2,5,6 DEiFAX—ITRIESRE, 3-4DTEFEAA—IJIEMPIOR—I Z=5H,)

1. FEXEVRTLEEHDOWFTHE (Shared offshore transmission system)
CERSELZTEFRICERINSIBY UV FELEERMOBICEEREZRE (Quasi-bootstrap)
OFTORUVERIETERINDIZEEAVIIICOWFZERE IS BHER(OFTO-led MPI)
ERBICHBEINDIXERBICOWFZEK L. GBEAMIZICH A (Interconnector-led MPI)

o U1 W

L EBEHMXEEEREF EEEVRTLANER (Connection of electricity storage or a demand)

. Shared offshore transmission system, where multiple offshore generators use a single offshore transmission

system.

. Quasi-bootstrap, which involves installation of a circuit between the offshore substations of two offshore generators,

where those substations are not connected to a common onshore substation.

. OFTO-led multi-purpose interconnector (MPI), which involves the connection of an offshore generator to

transmission infrastructure comprised of distinct OFTO and interconnectorelements.

Interconnector-led MPI, which involves the connection of an offshore generator in the GB market to transmission
infrastructure that is classified as an interconnector.

Connection to a TO-owned bootstrap, which involves the connection of an offshore generator to a subsea
electricity link between two points in the onshore system, which is owned by a TO.

Connection of electricity storage or a demand user to an offshore transmission system, which may involve
connections to the onshore or offshore elements of an offshore transmission system.

H)Offshore Transmission Network Review(OTNR) Summer Webinar.2021F6H822H

.Transmission operator(TO)NWNREIT I BEEXEBHFRICOWFZESF (Connection to TO-owned bootstrap)
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(SZ)FIETDOEBAXA—I(1/2)

Onshore system Offshore system Offshore generator

OShared Offshore Transmission system

OQuasi bootstrap
- BEOOWFZ—DODF T BRI B

- BABHE L EERICERERSN TV EELEE

- BEFEREFMOBIBARUOCZEROEEREX) Y AE i & &
« ELEIRTLOMERE - EREDHRSANSEBERX
)y kg

S |
/]
@ ‘i\ q\

HA)Ofgem, Changes intended to bring about greater coordination in the development of offshore energy networks, p.19-20, 2021%6H
14H
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(SZ)FIETEOERAA—I(2/2)

Onshore system Offshore system Offshore generator

Electricity storage or demand

OConnection to a TO owned bootstrap OConnection of electricity storage or a
- BEED2EMEERT BBEEEERIC. BHROOWF demand user to an offshore
TR T DAETHY XEBREIETONKFE transmission system
- EFERSEFREYNR TSR XYY NG - ERMOCFRKRERREF) EEBIYATAIC
g A%
c XBEIVITSDHEHS T IRIVF—RINIVDAE
fol BDHEANSEXUYNE

) ||

H)Ofgem, Changes intended to bring about greater coordination in the development of offshore energy networks, p.22-23, 202156
A148
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OTNR(ZEE)EETH#EEHIAR: Pathway to 2030(1/3)

® Pathway to 2030TIX. 7OVI IV MDEMEZETNEATULWRVW2030FETCOEGEZREETDICENS,
EXEERE - RZEICLD0pt-inARTIILBL  STEFETCO7O-—FNRFEAINT LS,

o HKIETHBREEERDKXEICH TS REAARUMBOBESEEZRALTHY. CNICLOTURIDIER
EERBDFPHIENRAEND,

@ 2030F X TCORBREZRAZTITONRDIC.2030FXTICERTFEOOWFDMNEE ERFEZYY JILT BE
EMNEHSN,."OTNR Generation Map”’&EUTREINZ,

Less advanced projects will be required to coordinate to

overcome potential limitations of opt-in approach. This plan-led In particular, projects
approach constitutes a major change from present. coming rough TCE
- Consider environmental and community concerns early, i.e. Lea(s;:gw;?‘;ﬁgd 4
in the network design. ScotWind Leasing
« This will also reduce risk and speed up connection for Round (right).
projects.
Progress: — SRR i e
« Completed Generation Map e -y =
« Developed approach for Holistic Network Design .
« Set up Central Design Group t‘ SR -

Developed a range of delivery models

H ) Offshore Transmission Network Review (OTNR) Summer Webinar.p.2021FE6822H
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OTNR(ZRE)BEETOHDIREIAMR: Pathway to 2030(2/3)

o WE.FILIZEEAVITDEAETINEUVUTUTDO6DAERIN, AT —URILY —RBEDOHENERINTL
B FTNFNDETINCIIEEERBOEFEOSHBENER >THY . . HFICQO~G®ICDWVWTIZIOFTOERET D5
SEANTOCIPEAIAENTLS,

e IENational GridICTHolistic Network DesignhEHS5NTL S,

BERSPOFLEEIVISEAETTIV(R)ERT—ORIVYT —RBDRE
ESO:National Grid ESO, TO: Transmission Operator, OFTO: Offshore Transmission Operator

Delivery model Holistic Network Detailed Network | Pre-Construction Construction Operation
Design Design

@DTO build and Operate TO

@TO build > OFTO

operate TO

®ATO design > OFTO T0

build and operation

@Early OFTO

Competition ESOor TO

®BVery Early OFTO

Competition

®Developer design and Offshore Offshore Offshore

built, OFTO operate generator generator generator

(Z#)Current Approach- Offshore Offshore Offshore

OFTO regime generator generator generator

) Offshore Transmission Network Review(OTNR) Summer Webinar.p.2021FE6H22H
BEIS, Offshore Transmission Network Review: Enduring Regime and multi-purpose interconnector, p.21, 2021%11823H
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OTNR(Z:E)EETHOREIRA: Pathway to 2030(3/3)

e 2022F1RB17H. RAYES VRSP TH25GWOFE LR AMEITEE)—XAE(ScotWind Leasing) D A
IERADNR COFEREZZ(T. ScotWindZOTNRICHAIADARL, 2022F6 A=x=B®ICHolistic
Network DesighnzZRE T AEHMNRINTZ,

® 2023F1QICAITT.SCotWindZBEFFELDRAMEBENNEEINDTFE.

HND

Connection Contract Update Programme

HFr)National Grid ESO, Pathway to 2030 Connection Contract Update Programme
(https://www.nationalgrideso.com/document/230851/download). <#E&H:2022F387H>
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(2Z)OTNR Generation Map

MRI

® Offshore Transmission Network ReviewTlE. BRERE CEEFH. EUKIEIEZNATEINTL

SFLRNEEBERMKARUEL - FEXERNMYYTEINTNSD,

OTNR Generation Map(£%§)

OTNR Generation Map
e o ¢ - ] '*‘v;v
J' I" ‘1.|"»Y Fr- l FO‘(
2N &
(rwasr? J

[

Soute 1 5000 000 AL A .
Ao IS OA s

HF)Crown Estate, OTNR Generation Map

(https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/1035655/otnr-generation-

map.pdf). <EEH:2021F12H108>

OTNR Generation Map (3#5KkR)

Offshore Wind Estimated
Connection Date (TEC Register)
[ Operational

B 2021

B 2023

Bl 2024

B 2025

B 2026

B 2027

[ 2030

[ 2033 - Leasing Round 4
[ 2036

[] Unknown

[ ScotWind Plan Options
I Operational Interconnectors

Offshore Wind Export Cable
X Corridors

I Aggregate Production Area

- Aggregate Exploration and
Option Area

[ Offshore Mines Lease

Offshore Mines Exploration and

Option Agreement
T AAC Amcannnnnt
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“Multiple-purpose Interconnectors” (E) DIRFHE=R

ZBEMERBE(MPI:Multiple-purpose Interconnectors) &I, #HiigE (bidding zonefd) Z D4
CERBEOWFEDEERZRINZRZIEXERVNT—I%FET,

FDpoint-to-pointDZEERYRIT—IEHRUT, ARMYERIN.,. ZELRREBIREZ/EITDIE
TERERAVYINDREONDIZENEFOEND MAT.OWFDOERBEDIE R EEREBERICHS BIFER/-

REXEDEBREFEOXJYENGEONDZEIND,

SRR =
Offshore wind and Tomorrow’s solution:
interconnectors today Offshore wind and interconnectors in harmony

BEIS, UK hybrid Project Forum,p.10, 2021%3K10H
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OTNR(ZE)ESETDRETIR R :
Multi-Purpose Interconnectors (MPIs)(1/2)

MRI

o ZBEHERIE(MPIs)DWorkstreamTIZ. 202T1E6BDBRICTRITEFENTOZEHEERICEAT
DREADEBINTUVWD,BEISFEDHEZETIEX. RITEFEDZEENRNEN, BUKIEHEZEICLD XY

NEONDIHINIREFTEIND,

@ MPIDREHCHWTIE/IVDTI—EHETIHE ., EEMNQERBEELVTES SN TS,

* Interconnectors — 6 GW currently operational, 18 GW by 2030 ambition in
Energy White Paper

* Multi-Purpose Interconnection = combining interconnection and offshore
transmission

+ July consultation — considering MPIs within current legislative framework

« Later BEIS-led consultation — considering whether legislative change is
necessary or beneficial

* International engagement — UK Hybrid Project Forum in March,

engagement with specific countries e.g., treaty with Norway, commitment
to cooperation

H ) Offshore Transmission Network Review (OTNR) Summer Webinar.p.2021FE6822H

Tomorrow's solution:
Offshore wind and interconnectors in harmony

,
/ 1,
8 iy 7.8 \
: g W
N A ) S
e > ir |
e j ...A‘:,“—CS»_ IEAISE
"’-'W”’!’
TR ATl SRy
I D) e 2
e 8
oy G o
8 &

Source: National Grid
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OTNR(EHE)BEETORETIRMNR:
Multi-Purpose Interconnectors (MPIs)(2/2)

MRI

® OfgemTIEZ. MPIZEAICHEITTRITEFEDND FTCMPIZERI2AENRETEINTUL D,
e IIFEOfgemTIE.2DDOMPIBAEFTILAEETH,

- (ER)HERERRICF LR NEEMZEERIDTT IV REENEEER UM KREEISEE

- (TR REICZESNSOFTOLEKRERBN SR FLEEIN VIS ZHEBKRLU. SOICFLANKEEMZERISET IV

WERFN SN TLWSMPIEAET IV

H)Offshore Transmission Network Review(OTNR) Summer Webinar.p.2021F6H822H

Onshore systam

Offshore system

Offshore genaerator

Interconnector

Systam within
the jurisdiction of
another country
or territory

Foreshore
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“Multiple-purpose Interconnectors” (ZEE)REEDE) A
OfgemiC &L BInterconnector RoundDE&E

e 2021F12AHA13H.0fgemldCap and FloorXF—LAZFHUKInterconnectorDEEZHIEBT S
CEENTURE.2030FFXTICISGWDERIEREZHERISIEBEZOERICAEIFT. SEIO AN TT R TIE
2030F X CICHAEGHBNARAFNITOVI VM EBEEINDIRAH.

® MATC.SEIDALTIVIRENSOWFEERBZ BEEEHELU REENZEZERU KERIINT [CFE P 887X
Multiple-Purpose Interconnector® AfLZHABRNICEE TS EMRBASHICT N,

<OfgemTLRV—=Z(20215F12A138) (#) >

(HAEg)

The UK Government wants to more than double existing interconnector capacity by
2030 to support its target of quadrupling offshore wind capacity by the same date.
To help meet that target next year’ s investment round will favour projects able to
complete by 2030.

(FRER)

Ofgem will also run a pilot cap and floor scheme for the first-time inviting bids for
“Multiple-purpose Interconnectors” (MPIs) which can link up clusters of offshore
windfarms directly to an interconnector.

This means when the wind is blowing in the North Sea, these offshore wind farms can
export surplus electricity to both Great Britain and Europe.

HA)Ofgem, Ofgem gives green light to investment in new interconnectors (https://www.ofgem.gov.uk/publications/ofgem-gives-green-
light-investment-new-interconnectors). <E&H:2021F128158>
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EEERGERICHITS
EU#E5 (Electricity market regulation (EU) 2019/943)MERAKRMN(1/2)

® 2DONWFRERBZFLTHAEERKRIDICET. ERBEVTHAULDETIRMEAELT. 7V —0 &R
1YDOET2020F12BICER%RA®BUIZKriegers Flak Combined Grid Solution(KF-CGS)D 7~
OJ1T 055,

e JOVIVLDEE
- Kriegers Flak Combined Grid Solution(KF-CGS)I&.2020F128ICEBA %= H1A

- AKX RAY T IUONV—IOWADFELEWFD O DZEERIFEE U TCETRIIN TV D, KEROHEEERDZ$HICEuropean
Energy Programme for Recovery (EEPR)D150B A1 —0O0®EBMEEEFRAL. PEICTENENDFLEXEEZME
BEHITDIETERULE,

Biavenskov O3 SCHWEDEN
COMBINED DANEMARK
/ GRID \
/ SOLUTION 1\
. Dftdhare-Windpurk
Ao Kriegers Flak {K¥)
- N
k_‘ / Offshors
e L Windpark
Baltic 2

| Offshore
el Windpurk
Baltic 1

DEUTSCHLAND

DANEMARK ONERGINGT

Hrr)httos://www.50hertz.com/Portals/1/Dokumente/Medien/Pressemitteilungen/20201020xxx20 CGS Infografik 20x30 EW 01.jpg?ver=2020-10-19-
163248-537
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EEERGERICHITS
EU{E5 (Electricity market regulation (EU) 2019/943)MERARMN(2/2)

o KF-CGSIZRiENELZEERDZLAHBRERICEANIEELREFTHY . WSDHDIRITDIL—IU LETIXEIR
WHABULVWBEZIRETDIEDEUTELNF L,

e ERAMICIE. KF-CGSOERMWBEIND2020F118IC. EUIET (Electricity market regulation
(EU) 2019/943)DEHABRNDNESH SN BEFI— IV EERDIEHZEHENICEHONTVWSERICH D,

e RIFETIE.FMEBEERRBDAY—IXRIIBEDNDVRLELETONRZEEZHATENEEIICFIATES LD
[CURITNIEBRSBWVWEEH TLWBDIIREDHEG (Article 16(8) of the Electricity Regulation)®DTF
Tl HPBEEINIEWFOERBEVGERANRREET I ENS. HENICTIOEBISWFOERBEELTD
ERAZEEZUV.WFORBENMEVWRICERERBEVGERZITOCEZHFBRUEEDTH D,

o A7O0VIVFDIDHEE. BHIBDEIMNANICH TS ZARFLEEEBRDIL—IMEVICHEZRIFLTWVS,

*:https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32020D2123&from=EN

(&)

Electricity market regulation (EU) 2019/943: FEITLURE EHNDKETA R EINZ . EU 20X R—
S —&HEE|FEEI(Regulation (EC) No. 714/2009) MeXiERELT2019FICHEIT,
2TCHDIRINVF—EBRIONAT—EHEEN. EHDOTISEHIUEII—R—ADMEETIHER—ID
WM ZRIEEIC T D, TICKET SMAENIEENTIEOEXRRI ZEHLZED
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