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Who are we?

Who am I?

Why are we here?
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Expert insight into offshore wind in the UK
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WFW'’s global footprint
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Expert insight into offshore wind in the UK
Who am I?

ENERGY REGULATION
e Legislation
* Licensing
e Subsidies

MARIANNE ANTON R
COMMERCIAL ARRANGEMENTS Counsel

London
* Power purchase agreements

* Battery optimisation agreements
* Revenue contracts

ENERGY INDUSTRY ARRANGEMENTS

* Grid support services (ancillary services)
* Industry codes — e.g. Connection and use of system code
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Before we begin, an
offshore wind primer
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Offshore Wind Primer
Electricity Basics — balancing supply and demand

Demand: time of year effect and cardinal points (CP)* e Winter peak
* CP definitions (time spans) are revised regularly and could change Summer minimam
CP types: P = peak, T = trough, F = fixed
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Source: National Grid Electricity System Operator
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Offshore Wind Primer
Electricity Basics — some numbers for context

1,000 GW |& 1,000 MW |Z 1,000 kW

—

2022 total GB figures:

e installed generation capacity = 76.7 GW
e generation production = 325.3 TWh

e demand =320.7 TWh

Average UK household uses 2,700 kWh of electricity per year
according to Ofgem

\ ‘[ Dogger Bank Wind Farm will power 6 million homes per annum based on

/’ l\ Typical Domestic Consumption Values in Britain (Medium Electricity Profile
Class 1, 2,900 kWh per household; OFGEM, January 2021), typical 55%

‘_ offshore wind load factor, and projected installed capacity of 3.6 GW
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Offshore Wind Primer
Why offshore wind? Geography.

...The Marine Estate

Approx. 17,250km of
foreshore (55%)

The Territorial Seabed (out
to 12 nautical miles)

Rights to explore & utilise
the natural resources of
the continental shelf out to
200nm (excluding
hydrocarbons)

Rights to lease areas for
the generation of
renewable energy within
the UK’s Renewable Energy
Zone & rights to lease !
areas for CCS/gas storage | Uk continental Sheif Source: The

I- United Kingdom
: Crown Estate

— Territorial Sea Limit
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Offshore Wind Primer
Size matters

The evolution of wind turbines

Q? sennen

1991

First offshore
wind farm
(Vindeby)

Bonus Energy
(Siemens)

.
2000

1st UK offshore
wind farm
(Blyth Offshore)

Vestas

3.6
MW

s,

2013

Wind farm with
most turbines
(London Array)

Siemens

7.0

.
2020
Largest
operational
offshore wind
farm (Hornsea 1)

Siemens

il

2021

Largest
operational
wind turbine -
GE

Haliade X
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Offshore Wind Primer
Size matters

VESTAS WIND SYSTEMS s

] Denmark’s Vestas is Europe's biggest maker of wind turbines
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Offshore Wind Primer
Size matters

Slide 12

© Watson Farley & Williams 2024 WATSON FARLEY & WILLIAMS



Offshore Wind Primer
Size matters

F_
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Offshore Wind Primer
Size matters

BBC news, 31 August 2022: The world's largest offshore wind farm is
now fully operational, 55 miles off the coast of Yorkshire.

The Hornsea 2 project can generate enough electricity to power about
1.3 million homes - that's enough for a city the size of Manchester.
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Offshore Wind Primer
Size matters

Equinor, 10 October 2023: Major energy security milestone as world’s largest offshore wind
farm produces first power.

Dogger Bank is now connected to Britain’s national grid and has started exporting electricity

for the first time to British homes and businesses.
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Offshore Wind Primer
Types of technology

Offshore Wind Turbine Structures

NEW: FLOATING TECHNOLOGY

Monopile Jacket ! Tension Leg  Semi-submersible Sﬁar 7

Platform
. \ ~. \ . «—Blades
- <«~— Nacelle
/ , Turbine Support
| Tower

""“ «— Transition—§_ = & «—— Platform

N LY. W )

" < Foundation—>
Shallow Water

Transitional
Water

=
Deeper Water

Source: https://www.windpowerengineering.com/ready-to-float-a-permanent-cost-reduction-for-offshore-wind/
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Offshore Wind Primer
Getting power onshore

Onshore TO  Offshore Transmission Owner (OFTO) Generator

Onsho_re
Substation Offshore Platform

OFFSHORE WIND FARM
PUBLIC ENGAGEMENT EVENT
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Offshore Wind Primer
Getting power onshore — Moray East case study

Indicative Cable Route & Substation Area Within Consented Cable Corridor

)

KEY
= = Indicative Cable Route

I indicative Substation Area/
| Coneented Cabla Corridor

Substation site in March 2019

AVTE T eyt iy e prie

Cable Route
In 2014, Moray East was awarded planning permission in principle for a 500m planning corridor for the onshore cables which is

shown outlined in red on the map above. Engineering work has been undertaken to refine proposals according to local circum-
stances, and a 45m wide cable and installation corridor has been developed. This is shown above by a broken black line.
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Offshore Wind Primer
Getting power onshore — Dogger Bank case study

The cable installation vessel just offshore installing the export
cables.

Part of the cable route from landfall at Ulrome.

ngineers ct he progress of the cable installation. 3 : 2
Engiecrs slieaicic progre The Operations and Maintenance Base is now complete.
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Offshore Wind Primer
Some government statistics

Chart 5.1 Electricity consumption by sector, 2000 to 2022 (Table 5.1)

400
350
300
Other
250 . .
Commercial consumption down by 17
= per cent since 2010
200
=
150 Domestic consumption down by
19 per cent since 2010
100
50 Industrial consumption down by 19
per cent since 2010
0

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
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Offshore Wind Primer
Some government statistics

Chart 5.3 Electricity generated by fuel, 2000 to 2022 (Table 5.6)

4 {_) §)

Total generation
down 15% since 2010

350
Other fuels O

400

© 300 Fossil fuels
@
- Renewables : :
L 0 Fossil fuels down 54% since 2010
A Nuclear
mﬂ
~ 200
S
—_— [ "\
' 150
100 O
-4, Renewable generation
0 increased fivefold since 2010
2000 2005 2010 2015 2020 2022
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Why Offshore Wind?
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Expert insight into offshore wind in the UK
Why offshore wind?

G E O G RA P H Y: lfgl\;?»Govemment

* We are an island! :
— Territorial waters — up to 12 miles IndUStrIaI
— Continental shelf — extended “renewable St rateqy

energy zone”
Offshore Wind Sector Deal

-5
* Abundant and free natural resource + geography = ‘;f“:a
to support it ﬂ:‘_ o~ -

* Economics
— Port infrastructure/ redevelopment
— Job creation/ growth
— Export expertise

!
INDUSTRIAL
STRATEGY
e

e Government made a deliberate decision to
pursue offshore wind
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Expert insight into offshore wind in the UK
Increasing ambition

Offshore Wind
Sector deal
published

30GW by 2030

Amendment to
the Climate
Change Act 2008

Net zero
emissions by 2050
becomes law
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December 2019

Queen’s speech
increases offshore
wind target

40GW by 2030

April 2020

British Energy
Security Strategy
published

50GW by 2030
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Expert insight into offshore wind in the UK
Pipeline

Network Magazine & 4C Offshore

il @ﬁshore
Supplied by Wind Energy
Tdnd

I Fully Commissioned
B Under Construction
Il Pre-Construction
B Consent Authorised
In Planning
Development Zone
Cities
Ports

1-Beatrice

cotland Pilot Park
Inverness Fotethead ’H_V wind S land Pilot Park

l# Aberdeen(EOWDC)
Aberdeen

&
Montrose Seagreen
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Expert insight into offshore wind in the UK

Montrose Seagreen

Grangemouth
Rosyli

Leith
@Glasgow Edinburgh

\

Blyth Offshore Demonstrator - phase 1 - -

Porl ol Tyne @
Sunderland

RS
Robin Rigg Hartlepool &

Middlesborough @

12

\13
® Heysham
12-Walney Phase 1+2+Extension 158 16

13-Ormonde

15-West of Duddon San
16-Barrow

20-Gwynty Mér N\
21-Burbo Bank+Extension
22-Rhyl Flats
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Manchester
Liverpool

Manchester
Ship Canal

B Fully Commissioned
B Under Construction
Bl Pre-Construction
B Consent Authorised
In Planning
| Development Zone
Cities
9-Levenmouth Demonsiration Turbine PO"S

Dogger Bank B

vDogger Bank A

Westermost Rough
Hornsea Proj ¥ 24-Inner Dowsing
Humber Gateway 25-Lynn
26-Greater Gabbard
27-Gunfleet Sands+Demo
28-Kentish Flats+Extension
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Expert insight into offshore wind in the UK

15

12-Walney Phase 1+2+Extension 15

13-Ormonde

15-West of Duddon Sands
16-Barrow

20-Gwynty Mér N\
21-Burbo Bank+Extension
22-Rhyl Flats

23-North Hoyle
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Expert insight into offshore wind in the UK

Why privatise?

Year £/MW (millions) £/100 MW £/1 GW

(millions) (billions)

2006 1.37
2009 1.54
2013 3.17
2017 3.48
2026

Scale of early offshore
wind farms
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1.37
.54
317 3.17
348
ate) 250 X

Scale of current offshore
wind farms
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Expert insight into offshore wind in the UK
Why privatise?

Offshore wind capacity forecast (GW)

DO Marianne’s easy maths
100 50 GW - 11 GW =39 GW

39 GW x £2.5b =

o B £97.5b by 2030

(i.e. in the next 6 years)

Current copacity UK / Scot Government plans

2030

Source: Scottish Parliament Information Centre, April 2023

https://spice-spotlight.scot/2023/04/26/wind-energy-in-scotland-current-position-and-future-plans/
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Expert insight into offshore wind in the UK
The key players

Orsted ’ @ sse
equinor % Renewables

VATTENFALL

MASDAR %

Green

e GREENCOAT 3} ’fi_’ C]P

roup

UK WIND 7, & B
Q© oaLmoRre cariTAL (( ScottishPower
Renewables
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The Challenges
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Expert insight into offshore wind in the UK
Challenges to overcome

INFRASTRUCTURE

* Underinvestment in grid reinforcements across
the country for decades

It will take time to catch up so that the grid can
support the level of wind planned

INSUFFICIENT SUPPLY CHAIN

e Global demand has increased — we are not the
only country reinforcing grid networks and
building offshore wind farms!

* We will need a work force covering R&D,
manufacturing, supply, installation and operation

INTERMITTENCY
* Wind is free and abundant, but unpredictable
* What do we do when the wind is not blowing?
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Expert insight into offshore wind in the UK
A closer look at intermittency
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13:38 Wl T @) 13:39 Wl T
GB Grid Carbon Intensity GB Grid Carbon Intensity
41.1. 288

gCO2/kWh
oe * 0

W, Gas 22700 MW (55.2%) W0, Gas 22700 MW (55.2%)
@ Nuclear 4500 MW (10.9%) @ Nuclear 4500 MW (10.9%)
m Biomass 2800 MW (6.8%) m Biomass 2800 MW (6.8%)
Solar 2400 MW (5.8%) Solar 2400 MW (5:8%)
_’f\ Wind 2400 MW (57%) ’f\ Wind 2400 MW (5.7%)
France 1500 MW (3.7%) France 1500 MW (3.7%)
Norway 1400 MW (3.4%) Norway 1400 MW (3.4%)

ﬁ Coal 960 MW (2.3%) ﬁ Coal 960 MW (2.3%)
Belgium 690 MW (1.7%) Belgium 690 MW (1.7%)
Netherlands 590 MW (1.4%) Netherlands 580 MW  (1.4%)

fm Other 500 MW (12%) fim oOther 500 MW (1.2%)
# Hydro 450 MW (11%) #i Hydro 450 MW (1.1%)
C Updated 29/11/2023 13:35 GMT @ G Updated 29/11/2023 13:35 GMT @

A still day in
November 2023
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Expert insight into offshore wind in the UK
A closer look at intermittency

GB Grid Carbon Intensity GB Grid Carbon Intensity

gCO2/kWh

30.3 % 197

Gas 10600 MW (35.2% 11300 MW (36.5%) A Wi n d y n ig ht i n
Wind 6900 MW (22.6%) N Wind 6700 MW D e Ce m b e r 20 2 3

Nuclear 4700 MW (15.5% Nuclear 4700 MW

France 2300 MW (7.7%) France 2300 MW
Biomass 2200 MW (7.2% Biomass 2200 MW
Norway 1400 MW (4.6% Norway 1400 MW (4.5%)
Belgium 690 MW (2.3% Belgium 690 MW (2.2%
Netherlands 540 MW (1.8% Netherlands 540 MW
Coal 350 MW 2% Coal 350 MW
Hydro 240 MW % Hydro 240 MW

Other 190 MW % Storage 220 MW

Storage 150 MW (0.5% Other 200 MW

Updated 11/12/2023 22:50 GMT Updated 11/12/2023 22:40 GMT
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Expert insight into offshore wind in the UK
A closer look at intermittency

GB Grid Carbon Intensity GB Grid Carbon Intensity

A much windier
 “
34.pew 118 night in January

gCO2/kWh

Wind 13200 MW (38.8% v Wind 13200 MW (38.8% 2 O 2 4

Gas 6600 MW % Gas 6600 MW  (195%
Nuclear 4700 MW (13.7% Nuclear 4700 MW
France 3000 MW (88% France 3000 MW
Biomass 3000 MW (87% Biomass 3000 MW
Belgium 1000 MW (2.9% Belgium 1000 MW
Hydro 800 MW  (24% Hydro 800 MW
Netherlands 730 MW (271% Netherlands 730 MW
Norway 630 MW Norway 630 MW

Other 280 MW Other 280 MW

Storage 140 MW Storage 140 MW

Coal OMW  (00% Coal 0 MW

Updated 02/01/2024 21:15 GMT Updated 02/01/2024 21:15 GMT
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Expert insight into offshore wind in the UK
A closer look at intermittency

12:13 ]

.))
=

12:13 wl T
GB Grid Carbon Intensity GB Grid Carbon Intensity
40.1 .« 260
gCOa/kWh o .

B . A still day in
0, Gas 17700 MW (a4.0%) W, Gas 17700 MW (2.0%)

’f\ Wind 5000 MW (12.5%) 'f\ Wind 5000 MW  (12.5%) IVI a rC h 2 O 2 4
France 4000 MW (9.9%) France 4000 MW (9.9%)
‘%’ Nuclear 3400 MW (8.5%) @ Nuclear 3400 MW (85%)
m Biomass 2300 MW (5.7%) m Biomass 2300 MW (5.7%)
Solar 1600 MW (a1%) Solar 1600 MW (41%)
Norway 1400 MW (3.5%) Norway 1400 MW (35%)
i Coal 1400 MW (3.4%) ﬁ Coal 1400 MW (3.4%)
Belgium 920 MW (2.3%) Belgium 920 MW (2.3%)
Netherlands 890 MW  (2.2%) Netherlands 890 MW  (2.2%)
Denmark 660 MW  (1.6%) Denmark 660 MW (1.6%)

» &
#I Hydro 370 MW (0.9%) Iix Hydro 370 MW (0.9%)
G Updated 11/03/2024 11:50 GMT @ C Updated 11/03/2024 11:50 GMT @
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Expert insight into offshore wind in the UK
Conclusions

OFFSHORE WIND:
* Has been and will continue to be
a UK success story

* Will play a big part in reaching
net zero by 2050

* Not asilver bullet
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Questions
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Expert insight into offshore wind in the UK
Resources

* 4C Offshore - https://www.4coffshore.com/
e The Crown Estate Offshore Wind -
5‘—

https://www.thecrownestate.co.uk/our-
business/marine/offshore-wind

* Ofgem Offshore Transmission -
https://www.ofgem.gov.uk/energy-policy-and-regulation/policy-
and-regulatory-programmes/offshore-electricity-transmission-
ofto

* British Energy Security Strategy -
https://www.gov.uk/government/publications/british-energy-
security-strategy

e Offshore Wind Sector Deal -
https://www.gov.uk/government/publications/offshore-wind-
sector-deal

* Offshore Renewable Energy Catapult -
https://ore.catapult.org.uk/

* Government electricity statistics -
https://www.gov.uk/government/collections/electricity-statistics
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