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Figure 23: Share of electricity demand covered by low carbon generation in EU27

Source: https://2022.entsos-tyndp-scenarios.eu/wp-
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Opportunities for increases in
cross-border capacity in 2030
(additional to the starting grid)
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UCTE
Capacity: 631 GW
Peak load: 390 GW
Consumption: 2530 TWh
Population: 450 m
IPS/UPS m: Uc ‘[E
Capacity: 337 GW
Peak load: 216 GW THE GRID CODE
IPS/ U PS Consumption: 1285 TWh
Population: 280 m e y
Nordic Grid Code
NORDEL e y e
Capacity: 94 GW i = 3
Peak load: 66 GW ﬁ =] e’
Consumption: 405 TWh < _K
Population: 24m L Operation Handbook
. <= ATSOl/UKTSDA T
/ } HVDC cable Capacity: 85 GW
Peak load: 66 GW
HVDC B2B I Consumption: 400 TWh
' Population: 65m
HVAC cable ‘

UCPTE/UCTE The 50 Year Success Story — Evolution of a European Interconnected Grid
https://www.entsoe.eu/fileadmin/user upload/ library/publications/ce/110422 UCPTE-UCTE The50yearSuccessStory.pdf 12
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https://www.entsoe.eu/about-entso-e/market/enhancing-regional-cooperation/Pages/Regional%20Cooperation.aspx
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Cap and Floor regime (2014)

BRAF—LATIE. EURGEINSDORRZERI DENSD DM, BirdNedEBEHERIRDT — X T,
FONEZE RSN SRFRDOEMASE U TRADF v TZRET DT ENKRDSNIZ,

Cap and Floor XF—ATI(E. UNALPE (Cap) EURADTPEE (Floor) H' Ofgem (ZEEDAR
BE) ([CRDTERESA. BUXBBEEFDODIRANCOLRZBZ ZHEIE. TOBR e ZDEE
FERIORTEND. HICUYRANTFREZTEI> CUE>EHFEEF. BERXNTRELANIVIGETDIET
DINAZIBHENDTE B,

Cap and floor building blocks

A
a"owed retu rn Cap Payments to GB system operator
*
1
a +/- 2% availability incentive
S
decommissioning costs 3
o
operations and Floor
maintenance costs , Payments from GB system operator
(subject to being at least 80% available)
capital costs
B

5 assessment periods of 5 years (25 years total)
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Trans-European Networks (TEN-E) strategy
o PBRINDFE—ABPHIZORIEE EEFREN. HSRREDEbZzBEIE L T, BINEEROF ) m /XD E

FREXRIL— hZIEEL. EUICKDZEZERT D,

. EPREROIEEBEE  Electricity interconnection target
2002F(CER T, FEHICHEVWTHRENRBE=020204(C10%. 20304F(C(E15% = X BEH

FREREZIROEIBOBZEZRE L. TYNDPIREZRTE. BEBSHEEHNTLD,

e 10 HEXRY MND—2BFEHE Ten-year Network Development Plan: TYNDP

) — —

- fERIDRFIEE T O 10 bOBERERDIZEITD,

. HBEFIZTOT N PCIs: Projects of common interest
- BEEORVRFERTO> 1T MIEUMBZIENSZ 5N,
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4.3 Main Bottleneck locations and typologies
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Figure 4-2 Map of main bottlenecks in the ENTSO-E perimeter
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ENTSO-E TYNDP 2014 - Map of projects of pan-European relevance
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ENTSO-E TYNDP 2014 - Map of projects of pan-European relevance
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« PCI (GEIEIND E. 1D)FFReITOCRDOZRIE. 2)MRHEIDO#EHDRE. 3) Connecting Europe
Facility (CEF) 5Dk, ZF (TR ENAIGEEIRD., BIRE(IARBEEZZEDS50%H LR &E72D
TL\d,

?1 Type of infrastructure _ °

=[] Electricity hd
= |Z| Projects of common interest (PCI)
= [¥] Electricity storage
[] after 2020

between 2017 and 2020
before 2017

= [¥] Substation
4 after 2020
Ed between 2017 and 2020
E before 2017

= [¥] Phase-shift transformer
‘e‘
= E High-voltage line
= hefore 2017
== hetween 2017 and 2020
after 2020

E= E Electricity Baltic synchronisation
= [¥] Electricity offshore hubs
O
=[] Existing power grid

= [] Natural Gas - \
»

http://ec.europa.eu/energy/infrastructure/transparency_platform/map-viewer/
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EREDME  Cost Benefit Analysis

eI

RS

TZEMIEDNE

Improved Security of Supply
H el - BRENEALE (S hiZORS
Scio-economic Welfare
BAOREIRILF—HE

RES Integration

BREE)

Variation in losses

CO2 BEHEDZE &)

Variation in CO2 Emissions

e o2 PN I & VAN o= = a2

Technical Resilience/ System Safety

ZEUME Flexibility

e =E S
Total Project Expenditures

BEDOIRIETFC. B AT LANEYTEE ULEHDOMEZIRMT
D ENHEDEE

BHZAT LN, BHZHIRCTEZDEEHD. DFD. FEMICTHRD K
WAETISMNENZEEITE DK S REN/RGTC (Grid Transfer
Capability) ZiRMHt T=DHE

BHZ AT LN, BOHIEIEES Z&/IMELUIRN S, $iAROB A EE
TRILF—DfFRDT ) — > ERZ g CZDHEE
BHZATALCHITD. BUEKRDEET. ITRILFT—ZHRDIBET.
SEW &E&+HE

BNSAFTLADCO2 HIHEDZEE T, B3 DFER

BN AT LN FIXRITIRIHICIRD TLVSIRIAT, XS DEES

RESNTVDIXERDBREN . BARMENS 22T -H—EX%Z
SHT. EDVOTEHRRORAFERIBS ) A (CEY)(CEIS TE DN\
(DEE

TSO FHEEXBAICHITD. KFMNE. UNUXBRORSRALET
—BUEEIX N

COMICENIRE. ERANDSZEFLXEEN (CDWVWTFHIZT D,



& E DR S BRI L BB L)

« BRMNEATIILIEER (C K DEIROMDRNER. BINEDNTIHHEG., BRAIRIILF—OREICEITTE
RERDED SN TND, JFETE, EFRBHRPREZERIC. TNTNOEICEUTZEBRERDER
ZHELIET OO MR - STBSN TS,

R BERERCELO TEECHMFENTVWSELESE (HVDCT—T IILDEM)
HFE L DERCL > THFEND ELES

JIDI— o8-

RIVRFHREBOLENS,

= FPEREVE NS ORBDRE. 3 E2g (VAN Z{HIRREIRE S Z{fIRE
JERR. E’X?lj‘l{iigtttﬁszbfﬁﬂ% NSL Viking Link BritNed
B0,
- _ . FBIKBFDMEHE T
98%MDEHNHEKNDIC LD THHE. . A _ FBKEFDAE o i+~ P P i
UNDT— KNFEESERCR@L T, A OE BDRBES L
BIKRF DG RV ERRE. Skagerrak NorNed
BN FEEDERA L (FIFRHEFE mm 5 E2Q [iVAVI 3 e

—w o _ e | éld::%izz o]
FIY—y TREELES. MAREAE g Ly s COBRACADe

Skagerrak
F(C. BRPARKNAICELDT
BEHZHEL LD, BEIE

S~ 4 s = % e m ZAM/IK A ZiM/RRRIR S _
AZ>Y éﬁhﬂ%%ﬁéég%i\&g%; BritNed NorNed COBRACable

EUTOEEIE,




HH

FRIEZRFRDILA (UK)

Norway

Great Britain’s electricity market currently has 9.8GW

s | A— ; of electricity interconnector capacity:
 4GW to France (IFA, IFA2 and ElecLink)
* 1GW to the Netherlands (BritNed)
A  1GW to Belgium (Nemo Link)
R e 500MW to Northern Ireland (Moyle)
.4 « 500MW to the Republic of Ireland (East West)
/T e 1.4GW to Norway (NSL)
 East-West Viking Link  1.4GW to Denmark (Viking Link)
AT —
N BB
Greenlink IFA—.:.:.NEMO ) Gaitany
Eleclink
FAB Linx \FAZ
— BRIOVIIb
——Cap and floor & FE 4R

*Switzérfand

— ZOf ETROTOIT I

France

Source: Ofgem, https://www.ofgem.gov.uk/energy-policy-and-regulation/policy-and-regulatory-programmes/interconnectors
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Starting grid of the study -
Expected cross-border capacities

around 2025
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Source: https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/system-needs-report.pdf

Source: EEP, https://electrical-engineering-portal.com/download-center/books-and-quides/electricity-generation-t-d/hvdc-transmission-systems
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Offshore Network Development Plan (ONDP)
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M. TYNDPEERITF ERY FD—TA4>TSDHZ—XPIRX MEBFTUL

LD,

\I

Source: https://www.entsoe.eu/outlooks/offshore-hub/tyndp-ondp/
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Key messages

- FIRANMEBRCAT TARSINF LXEA > ISOI-XZASMC LTS,

Offshore Transmission Infrastructure [GW]

Offshore RES Generation capacity [GW]

,\(
Gﬂ\ 382

4\\*

168

2024 2030 2040 2050
2030 2040 2050

Existing and planned hybrid projects

...BUT: average speed in the last 10 years was + 2.5 GW/yr S Radial projects Hybrid needs identified by the ONDP

Source: https://www.entsoe.eu/outlooks/offshore-hub/tyndp-ondp/
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Offshore grid expansion model

Priority Offshore Grid Corridors

Morthern Seas Offshore Grids

(NSOG) |
€) Baltic Energy Market i
Interconnection Plan !

(BEMIP offshore)
€) Atlantic Offshore Grids (ADG)

o South and West Offshore Grids
(SW offshore)

South and East Offshore Grids
(SE offshore)

_________________

s ENTSO0-E Member
ENTSO0-E Observer Member

TEM-E Priority Offshore | Countries involved
Grid Cormidors

Atlantic

1. NSOG BE, DK, FR, DE, IE, LL;
NL, SE

2. BEMIP offshare

DK, EE FI, DE, LT, LV, PL, (3]
SE

3. AOG FR IE, PT, ES

4. 5W offshore

FR, GR, IT, MT, PTES

-

Mediterranean

5. SE offshore BE, CY, HR, GR, IT, RO,

= "0

Black Sea

Figure 3 = TEN-E Priority Offshore Grid Corridors as laid down in Regulation (EU) 2022/ 869.

Size of the RES
| Up to 1GW Between | Above 2 GW
cluster
1and 2 GW

Zone
Zone | HVAC Single Multiple HVDC (max size per
0-22.2 km HVDC connection, 2 GW
Zone ll HVAC Single Multiple HVDC (max size per
22.2-50 km HVDC connection, 2 GW
Zone lll Single Single Multiple HVDC (max size per
51 km - EEZ border HVDC HVDC connection, 2 GW

Table 2 — Criteria for choosing the transmission
technology to connect an Offshore RES cluster. Zones
consider the distance-to-shore, while related cable
lengths include the assumption of an additional 30 km
onshore connection to a standard node.

Source: https://www.entsoe.eu/outlooks/offshore-hub/tyndp-ondp/
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Single or multi purpose

Single purpose

Hybrid projects under development

[ —_—
Bornholm Energy Island e
Commissioning year: 2030 | /
v e Countries: DE, DK |

North Sea Wind Power Hub Capacity: 26W ! /
Commissioning year: 2035 .

Countries: DE, NL, DK \

Capacity: 14GW

Dual /multi purpose

> % \. Figure 4 —= Connection categories.
7 \ \
Nautilus \
Commissioning year: 2029 = ‘
Countries: BE, UK 5 "
ity: 1-2 GW . . . .
Capachy:1-28 | | Interconnector Radial Radial Hybrid Hybrid
- (-.to onshore or No expansion Expansion possible Mo expansion Expansion possible
offshore node (- to onshore or (- to onshore or
— ]

‘ \ LV & EE interconnector offshore node) offshore node)
Lionlink Commissioning year: 2030 / | ! ! !
Commissioning year: 2030 Countries: EE, LV X : J‘

Countries: NL, UK , Capacity: 1 GW vl | 1
Capacity: 2GW / ) 1
\ / / 1 i
~ — 1
7 ) =4 —{
Triton Link 3 I\ W,
Commissioning year: 2031
Countries: BE, DK | t
Capacity: 3 GW by 2023 and
10GW afterwards | )
\¢ -

Figure 5 = TYNDP 2022 offshore hybrid projects (NOTE that the TYNDP 2024 will include additional offshore hybrid projects.)

e.g. connected to
Source: https://www.entsoe.eu/outlooks/offshore-
hub/tyndp-ondp/

e.g. connected to e.g. connected to e g. connected to e.g. connected to
existing onshore existing onshore offshore market offshore market offshore market
market nodes market node node node node
Figure 8 - Representation of node-connection-options (to be specified by the RGs).
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Optimization

2040 off. transmission infr. 2040 ONDP results ,_."lj:}

This NTC was not there
in the starting grid

This comidor is reinforced
{NTC higher than in the
starting grid)

The maps are @ qualitative representation of the offshare madel in the North Sea, not based on the real dats gathered.

@ Expandable offshore node @ Mon expandable offshore node Onzhore node
— Tranzmission capacity abtained through the model in 2040

Transmission capacity declared by TS0 in the PEMMDE (starting offshore infrestruciune)
Transmission capacity abtzined through the modal in 2050

Figure 10 — Step 2 — The optimniser expands NTCs of existing links between nodes and creates new links.

Evolution of generation cap. (connection type)

Generation Capacity [GW]
600

500

400

300

200

100

2025 2030 2050
mmm Hybrid option tested mmm Hybrid planned mmm Radial

Figure 18 — Input data (EU+NO+GB): Generation capacity
and their connection type.

Source: https://www.entsoe.eu/outlooks/offshore-hub/tyndp-ondp/
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Results

New links Transmis[seisvr]n Ll Route length [km] Costs [bn€]
2040 expansion results only
Candidate links for expansion 108 / 35,032 /
Corridors selected With DC circuit breakers 18 25 5,900 23
Without DC circuit breakers 6 7.5 2,300 12
2050 expansion results only
Candidate links for expansion 266 / 70,200 /
Corridors selected With DC circuit breakers 16 19 4,600 18
Without DC circuit breakers 7 6.4 2,700 13

Table 2 — Results of the 2040 and 2050 hybrid expansion simulations.

2025-2030 2031-2040 2041-2050 Total 2025-2050

w/o DC breakers | w. DC breakers | w/o DC breakers | w. DC breakers | w/o DC breakers | w. DC breakers |w/o DC breakers | w. DC breakers
Cable routes (both AC and DC) 11,600 km 11,600 km 24,000 km 27,600 km 12,800 km 14,700 km 48,292 km 53,904 km
Offshore DC converter stations 39 39 82 76 51 43 172 158
Offshore AC substations 67 67 47 41 23 15 137 123
Onshore DC converter stations 39 39 79 83 49 54 167 176
DC circuit breaker sets 0 0 0 18 0 16 0 34
Costs (depending on technology 85bn€ 85bn€ 196bn € 201bn€ 112bn € 117bn € 393bn € 403bn €
and configuration)
Cost range due to +30% ... +100 % +30% ... +100% +30% ... +100 % +30% ... +100 %
uncertainties

Table 3 — Equipment and costs needs from 2025 to 2050.

Source: https://www.entsoe.eu/outlooks/offshore-hub/tyndp-ondp/
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IsEAF0 (Aligning Policies for a low carbon society)
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Source: https://www.ofgem.gov.uk/publications/innovation-
sandbox-service-overview




HENZE - HgZETOHER (social acceptance, local acceptance)
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