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2023 was the 2nd-highest year in offshore wind history

New offshore wind installations (MW)
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109 GW of new offshore
wind was added to the grid
worldwide last year,
bringing the total offshore
wind capacity to 75.2GW
by the end of 2023.

China led the world in
annual offshore wind
development for the sixth
year in a row with 6.3 GW
added in 2023, followed by
Europe (3.8 GW).

Outside of China and
Europe, three other
markets commissioned
new offshore wind
capacity last year: Taiwan
(China, 692 MW), Japan
(140 MW) and South Korea
(4.2 MW).
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APAC and Europe dominated offshore wind installations

New offshore wind installations by market Total offshore wind installations by market
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41GW and 34 GW of new
offshore wind capacity
were in operation in APAC
and Europe respectively by
end of 2023. The two
regions combined made
up 99.9% of total global
offshore wind installations.

Outside of APAC and
Europe, North America had
42 MW of offshore wind in
operation at the end of
2023, with all installations
located in the US.

In total offshore wind
installations, China has
further consolidated its
Leading position last year
with nearly 38 GW installed
- 3.7GW (11%) higher than
Europe.
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10 Year Outlook: Global offshore wind market expected to grow 20% on
average each year

. Global offshore wind market
outlook remains resolutely
promising, although GWEC
downgraded its outlook for

New offshore wind installations, global (MW)

® Europe total additions in 2024-2028
e China ‘1650 66200 - by 10% compareéi with 2:23
; . : CAGR* projection considering the
® Asia Pacific ex China e AR 1909 neaJr—term challenges?
“ North America
® Other o By 2033, annual offshore
wind installations are
/ expected to reach 66 GW,
CAGR* bringing the offshore wind
+25% share of new wind power
/ 28893 installations from today’s 9%
2630 9
23347995 g to at least 25%.
17787 1740 « GWEC’s rolling ten year
10852 1136 15000 outlook to 2033 shows that,
75s [N 15000 with the right frameworks in
sl place, annual installations
- 5610 8401 can triple by 2028 and be on
course to deploy 410 GW by
2023 2024e 2025 2026e 2027e 2028e 2029 2030e 2031e 2032e 2033e 2033, bringing total capacity
oGt to 487GW of offshore wind by
Source: GWEC Market Intelligence, June 2024 the end of that year.
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UPDATED GLOBAL OFFSHORE WIND OUTLOOK 2024-2028

* For Europe, we downgraded the five-year forecast by 6.6 GW due to delays caused by high

inflations and constraints related to supply chain and grid connection.

* For the US, GWEC downgraded our projection in 2024-2028 by 41% compared with our Q1 Total new global offshore wind installations 2024e to 2028e
2024 Outlook. This is primarily driven by the uncertainty likely to be created by the newly GW
elected Trump administration. Facing the ongoing macroeconomic challenges, the US offshore
wind supply chain remains vulnerable at present. The extra tariff that President Trump wants to 29,3 49 a
e o 0.8
impose on imported goods even from both allies and adversaries is likely to increase the project 19,9
CAPEX and in turn slow down the US offshore wind development and construction. In our current 113 0s I
T ’ .
policy scenario, maximum 6 GW of offshore wind capacity from six projects will be added in 10.9 0,7 mbiml 01

—1.5

2024-2028. Those projects include South Fork Wind, Vineyard 1, Revolution Wind, CVOW, M

Empire 1 and Sunrise.
2023 2024e 2025e 2026e 2027e 2028e
I china B The UK Other Europe [l The US |l Asia ex. China

* Our near-term offshore wind market outlook (2024-2028), built using a bottom-up approach, is

based on GWEC Market Intelligence’s global offshore wind project database, which covers *Compound Annual Growth Rate
Source: GWEC Market Intelligence

projects currently under construction, global auction results and announced offshore wind
tenders worldwide. For the medium-term market outlook (2029-2033), a top-down approach
was used alongside existing project pipelines. For details, please download GWEC’s Global

Offshore Wind Report 2023.
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52% of the predicted global offshore wind additions in 2024-2033 will come
from the APAC region

Offshore wind growth to 2033 in Asia Pacific (MW) APAC’s leadi
. s leading

e China @ Taiwan (China) ® South Korea ® Japan @ Vietham © India ® Australia © Rest of Asia position is unlikely to
be challenged in the
CAGR* nextdecade

+8% considering the strong
growth expected in
China as well as

burgeoning new Asian

CAGR* markets.
+24%
/ 17862 18105, . China will continue to
16740 168 20 be the largest market in
220 APAC in the near-term,
1520 1645 1850 . -
13136 1, but its market share will
1% drop to 66% in 2033
from 91%in 2024, which
is primarily due to
7091 &2 . - - expected growth in
692 (NS South Korea, Japan
and emerging markets
6333 towards the end of the
forecast period.
2023 2024e 2025e 2026e 2027e 2028e 202%e 2030e 2031e 2032¢ 2033e
89% 91% 90% 84% 83% 74% 73% 69% 68% 67% 66%

Share of Chinese offshore market

*Compound Annual Growth Rate. Source: GWEC Market Intelligence, June 2024
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The US offshore wind market is facing the growing pain at present, but state
governments and developers remain committed for the moment?

New offshore wind installations, North America (MW)

® North America ® Canada

CAGR*
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+26%
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/ 2375
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*Compound Annual Growth Rate.

Source: GWEC Market Intelligence, June 2024

The USonly had 42 MW of
offshore wind capacity in
operation by 2023, but four
projects with a combined
capacity of 4.3 GW were
under construction as of
May 2024.

2023 was also a turbulent
year for the US offshore wind
industry. 13 fixed-bottom
offshore projects off the US
east coast, totalling nearly 12
GW, were all affected by
such challenges. Of these,
nine projects, totalling 7.7
GW, had either had their
offtake agreements
terminated or had the whole
project development ceased
by January this year.

15GW offshore wind is
expected to be built by 2030,
making it the third-largest
offshore wind market
worldwide.
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GWEC Market Intelligence predicts floating wind to become fully
commercialised towards the end of this decade

New floating wind installations, Global (MW)** ° As the end of 2023, a total of
236 MW net floating wind was
installed globally, of which 88%
is in Europe and the rest in Asia.

® United Kingdom © France ® Japan

® ltaly © Greece ® China «  GWEC Market Intelligence has

® Spain ® Portugal © Taiwan (China) d ded its global floati

® Ireland ® Sweden @ United States c_:wngra edits globa . oating

® Norway @ South Korea L wind forecast and predicts 8.5

GW to be built globally by 2030,

Roadmap of floating offshore wind CAGR* 22% lower than the pI'EViOUS
commercialisation +54% 250

Demo and trial phase
(2009-2021)

year’s projection.

R There is a lack of port
infrastructure that can
accommodate foundation
manufacturing and assembly.

Pre-commercial phase

(2022-2028) 3800

Commercial phase CAGR*
(from 2029 onward) +82%

/ 1996

602
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48 1 72y 122 4, 100 M 10 50 700
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2023 2024e 2025e 2026e 2027e 2028e 202%e 2030e 2037e 2032e 2033e

R Bottlenecks in the
implementation of floating
foundation projects is likely to
occur if restrictive trade
policies and local content
requirements come to play.

*Compound Annual Growth Rate., **Note: this floating wind outlook is already included in GWEC's global offshore wind forecast.
Source: GWEC Market Intelligence, June 2024
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Wind energy installations need to triple by 2030, but face competing pressures on
growth in this crucial period

Target for 3xRE to mainatin 1.5C pathway

350
« Political consensus on the energy transition 320
with the 3xRE goal
300 » Value proposition of wind against fossil fuels

continues to strengthen

* Rapidly growing ambition for offshore wind,
250 and rising RE demand from industry

* Strong appetite, especially in private sector
capital, to invest in wind

* Technology acceleration in storage and
flexibility for system integration of RE

200

« Permitting issues slow down projects
globally and increase their costs

» Grids were designed for a different era and
need urgent investment

100 ° Rising cost of Capital and inadequate
finance for projects in EMDES

150

» Supply chains and workforce constraints
will grow more acute

30 e Social acceptance and land rights issues
will intensify as wind expands

6.5

7t 7t 1t
2001 2023 2030 2050

Source: GWEC Market Intelligence.
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Trend of onshore and offshore turbine size 1980-2030
350m (Estimate)

| Tip Height (m)

¢ Rotor diameter (m) i .
76m :
m 35m 39m 9
£ » ‘
2 fH 3 k N
ﬁ i O .
= 045MW 0.5 MW 3 MW 5 MW 6 MW 9.5 MW 18 MW 25 MW (Estimate)
O Siemens Vestas Vestas Repower Siemens Vestas MingYang
1991 2020
1980 1985 1990 1995 2000 2005 2010 2015 2023 2030
270m (Estimate)

QT

(o]

o

[7) o

c

(@]

40m 43m "l |4 | oy | R (A
7 5 B R +
P& | & = . i B
0.05 MW 0.1 MW 0.5 MW 0.6 MW 2 MW 7.5 MW 10 MW 15 MW (Estimate)
Enercon Envision

Vestas

Vestas Vestas Bonus Nordex



Building scale and Rol for supply chain investments

100 units 2.3MW =230MW
100 units 6MW =600MW
100 units 9.5MW =950MW
100 units 15MW =1.5GW

China volume was mainly serviced by Chinese manufacturers. Vestas, GE, Siemens Gamesa need at
least a total of 4.5GW year on year to keep factories fully utilized. Europe installed 3.3GW last year.



Numerous challenges are impacting the global wind energy supply
chain today and leading to underinvestment

External Internal
3 Y N
Increasing market volatility Policy signals hold back
Industry demand has in past been volatile, driven by ca pQle)’ Cld iusfm ents
AT pRnceotiORsUp peTschsmes Many companies in the West are unable to make downwards
o2 Volatility induced by macro events such as supply chain capacity adjustments given the anticipated step-up of wind
C bottlenecks through COVID and inflation and raw demand to meet climate targets, while cost-cutting exercises and
material prices driven by the war on Ukraine chronic underinvestment has made supply chain scale-up
Developers canceling projects despite already secured <hallsiiging
offtake contracts

&
[ These situations foster profitability challenges for supply
Regulators push for localisation hisin Gotpoiies p
\

Ukraine invasion has made resilience of energy supply a

top priority s — .
y N v Curse of rapid innovation

Resilience of stock (energy producing equipment) also
moved into focus, including in IRA, Net-Zero Industry

Act, Critical Minerals Act and Chinese export restrictions Race for larger WTGs has left insufficient time for

thorough testing, resulting in serial defects in the field
Local content requirements lead to sub-scale production

: Devel t costs h tb ted due to
plants that are decoupled from global learning rates S e ae o mi a t

shortened product life cycles

Innovation on component and system level has not
allowed for industrialisation of existing technologies
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The world is heading towards four plausible futures, each with
major wind industry impact

Open Door

Push for collaboration facilitates
more global approach to ensure
resilient supply chainss and strong,
stable demand

Social and power market
transformation delivering against
1.5° target with large global
coverage

Free trade focus, building multiple
price-competitive regions with
backward integration

Policy

Renewable demand growth due to
emission faxes and fossil tech phase
out; shared standards for trade

ET focus

ET = Energy Transition

Increased Barriers

More regional crises lead gov. to
focus on short term aids targeting
consumers and industry

Confinued progress towards net
zero in developed markets with
focus on local production and
investment; emerging markets see
little progress

Focus on profecting domestic
players and limiting imports; trade
conflicts lead to less decarb. focus

More focus on local quick-win
solutions and energy flow resilience
rather than decarbonisation

GWEC | BCG | MISSION CRITICAL: BUILDING THE GLOBAL WIND ENERGY SUPPLY CHAIN FOR A 1.5°C

WORLD

Economic Downturn

Economic crises shift focus away
from decarbonisation and makes
investment into wind challenging

Affordability prioritised over
sustainability, minimises investments
in mitigation; inability to pay cost of

adaptation

Low industrial activity leads to select
player support, insolvencies and
likely consolidation / mergers

Focus on power access and price
rather than decarbonisation; less
investment into CAPEX-heavy tech

Global Escalation

International economic and
conflict crises lead to restructured
areas of influence; net zero efforts

largely cease

Availability is highest priority in
energy. The world reduces efforts to
tackle climate change; rich
economies focus on adaptation

High domestic resilience focus; only
larger economies perform well
while conflict limits trade

Availability risk from unreliable
trade. Chinese mineral restrictions
and price uncertainty raise costs

GLOBAL WIND ENERGY COUNCIL
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Which future we reach by 2030 has a major impact on wind
industry growth, margins and cost

Global developments will impact wind market size, sustainable returns and cost curves

Market Size (growth) e Supplier Margins e Cost of wind power

GW (solid) or units (dotted) of
new installations, indexed 2023

% IRR, indexed 2023 LCOE net effect, indexed 2023

300% - 120% -
A
— | 110%
200%
100% —1+33%
Y, -
100% - o
______ 90% -
\ 4
0% 80%

T T T 1 T T T 1 T T T 1
2024 2026 2028 2030 2024 2026 2028 2030 2024 2026 2028 2030

=== Open Door == Incr. Barriers == Econ. Downturn == Global Escalation
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The wind growth outlook towards 2030 is falling short of net
zero —supply chains must scale up

Only the Open Door scenario is sufficient for net zero; the Increased Barriers
scenario is most likely to materialise and falls 650 GW short

3 * Global wind capacity must scale
from current 1 TW to at least 2.75

=== Open Door === |ncr. Barriers o
< Econ. Downturn == Global Escalation W by 2030to put uson 1.5°C
pathway

 An Open Door Scenario offers
stronger margins, lower LCOE
and s the only way to feasibly
meet a net zero pathway

TW installed wind

* An Increased Barmiers scenario is
most likely to materialise, with a

IB, ED and GE result in <=2TW 2030 outcome greater focus on domestic

0 ' | industrial resilience and

2010 2020 2030 localisation, falling 650 GW of net

zero

Note: Interpolated 2024-2030 forecasts, assuming higher demand can have impact on installations from 2025 onwards.
Source: GWEC, IEA Net Zero scenario (released September 2023), BCG analysis
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OFS nacelle

Will there be enough offshore wind nacelle production
capacity to feed the predicted growth?

Offshore wind demand and supply benchmark, 2023-2030 (MW)

Offshore turbine nacelle capacity Expected offshore turbine nacelle capacity Offshore turbine nacelle capacity
excl. Ching, 2023 excl. China, 2024 in China, 2023
Morth America 0% - Morth America 0% &-—- ; China (non CN OEMs] ¢
APAC excl. China = 6% {1,000]
17%(1,0000 @ A4 A .

a

APAC excl. China

s 24% (3,700) ® °
Europe 83% (9,500) Europe 76% (11,500) China {CN OEMs} 94% (15,000)

Damand v= supply analysis 23023-2030 (MW)

w_______

Source: SWES Market Intelligence, September 2023 ® Sufficiert ® Potential botfleneck
E‘ E* AGWEC
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A likely shortage of vessels in all regions excluding China

Overview of offshore wind turbine installation vessels by lift capacity in 2023 Regional demand and supply side benchmark, offshore, 2023-2030
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Source: GWEC Market Intelligence Global Ofishors Wind Turbine Installation Vessel Datzbase, September 2023 ® Fotential botlenack

Globally, no shortage of
WTIVs is expected up
until 2026.

A likely shortage in
Europe towards the end
of thisdecade means
offshore wind markets in
APAC that are heavily
relying on European
vessels will need to seek
regional cooperation to
ensure their offshore wind
deployment won't get
delayed.

Inthe US, where only one
tailor-made Jones Act
compliant WTLV is
currently under
construction (with one
year delay expected),
plans for new WTIVs will
have to be immediately
executed to avoid
bottlenecks.

OFS WTIVs



OFS Ports

Offshore ports are currently under investment to
accommodate the growth

Demand and supply side benchmark for ports, 2023-2030

Estimated operational port capacity available in 2023 (MW /year) Planned port capacity to support offshore wind (MW/ year)

North America 1% (270) o-——==—j North America 17% (7,420) °-—I

.......... 5 : 4%
Evrope 31% = China 24%

(8,000) (10,700)
~— China 64%
6392 == = A |
—— S |
G’l’gg]‘;"d‘ S APAC exdl. China 10%

(4,411)

in Amen ________
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Source: GWEC Market Intelligence, CWEA, Brinckmarm, September 2023 ® Sufficient @ Potential bottlenack




Offshore ports are currently under investment in APAC

Ports with a track record in offshore wind and plans for offshore wind - APAC

| Operational ports with offshore wind turbine
! instalations track record
@ Akita port )

©) Port of Taichung (TW)

© Xivyv Port, Pulian (CN)

© Jiangyin Port,Fuzhou (CN)

© Zhuhai Port (CN)

© Zhanjiang Port (CN)

@ Yangjiang Port (CN)

© CGN Lufeng MarineDock (CN)

© Guang'ao Port (CN)

@ Huilai Port, Jieyang (CN)

@ Caofeidian Port(CN)

® Yangcheng Port (CN)

® Lianyungang Port (CN)

@ Nantong Port (CN)

@ Yantai Port (CN)

@ Guangli Port General Dock Phase 2 (CN)

Ports with plans to support offshore wind projects

© Geelong Port (AU) @ Zhanghe Port (CN)

© Port Anthony (AU) @ Rushankou Port (CN)

© Port Kemla (AU) @ Heavy Equipment Dock at Lin'gang (CN)

© Port of Bell Bay (AU) @ Zhoushan Port (CN)

© Port of Haslings-Victorian ® Dock at Haizhuang Xiangshan
Renewable Energy Terminal (AU) Large-scale Wind Equipment Assembly

° Kashima Port {JP) Park (CN)
@ Port of Kitakyushu (JP)

© Mokpo New Port {KR)

© SPIC Qianzhou Dodk, Jieyang Port (CN)

@ SDIC Yangpu Port(CN)

Source: CWERA, Brinckmann, September 2023

In Europe, while the current operational
port capacity is well-positioned to cover
demand in the near term (2023-2025),
more port capacity willbe needed from
2026 to avoid bottlenecks.

Inthe APAC region excluding China,
simultaneous construction of utility-scale
offshore wind projects is expected for
the first time in 2023 in Japan, South
Korea and Chinese Taiwan. Thisis likely
to stretch the existing port facilities
beyond their ability to cover demand
during the forecast period, unless new
port capacity is built and released to
support the offshore wind growth.

Only one purpose-built offshore wind
port is available in the US at present,
located on the east coast. Itis
imperative to bring new port capacity
online to fill the gap.

OFS Ports






Increase in material costs

90% of offshore wind turbine is steel.
Last two years, steel prices have
increased by 50% from the start of
2020 to the end of 2021, and are
being further impacted because of
the invasion of Ukraine.

The offshore wind industry also
depends on copper for cabling
and electrics, yet is having to
manage price increases of 60%.

Prices for neodymium and
dysprosium, the two key rare earth
elements (REEs) for direct drive and
hybrid drive wind turbines, have
tripled in price over the same
period.

Materials breakdown for offshore wind farm

Source: BloombergNEF Note: GFRP = Glass fiber reinforced plastic. CFRP - Carbon fiber reinforced plastic.

® Steel

® Electronic scrap
® GFRP

® Copper

e CFRP

" Rare earth

® Aluminium
®lead

® Concrete




Materials prices remain elevated vs pre pandemic but have
come down from their peak

% » Russia invades Ukraine
400

300
Neodymium
200 e . Europe steel
N s AP " US steel
e~} ATy IS copper
100 China copper
China steel
0

Jan 19 Jul 19 Jan 20 Jul 20 Jan 21 Jul 21 Jan 22 Jul 22 Jan 23 Jul 23

Source: Bloomberg, 2023




Increase in logistical costs

Delivery timescales of some key
components to increase from five
weeks to 50 weeks

Freight costs have also risen: Spot
rates for a 40-foot ocean freight
container from Asia to the US
reached a record-high - 10 times
higher than rates just a few years
ago.

Turbine prices for future projects are
forecast to rise by 9% in the second
half of 2021.

Very challenging for wind energy to
continue to compete for razor-thin
margins in tenders and
procurement schemes

Impacting the industry’s ability to
invest in supply chain growth and
innovation.




Local content, Ports and Vessels

« Inmany markets, increased scale
has led to increase demands on
inbound investment.

« Ingrowing markets like South Korea,
Japan, Taiwan and Vietnam there
are differing expectations on local
content.

« Offshore Wind requires very specific
port infrastructure and investment is
needed now

« Installers also need to invest in new
vessels and equipment to
successfully install larger turbines.
Vessel capacity could be a
potential barrier in the future.
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New investment in WTIVs is much Needed to Ensure Delivery

. In operation . Under-Construction/planned
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Jack-up Heavy lift Jack-up (China) Heavy lift Jack-up (Asia  Heavy lift (Asia  Jack-up (North Heavy lift
(Europe) (Europe) (Chinag) ex.China) ex.China) America) (North America)

Source: GWEC Market Intelligence, October 2022

Globally speaking, no bottleneck is expected for WTIV
vessels in the next five years (2022-2026).

In Europe, the current WTIV supply chain can copy the
demand as the annual offshore wind installations is
relatively flat and unlikely to reaching 10 GW milestone
until 2026, which explains why European operators can
release their jack-up and heavy lift vessels in the next
two years to support the demand from emerging
markets in Asia, mainly Taiwan and Japan, and USA.

Looking at the supply chain situation in the period of
2027-2031, however, a bottleneck is likely to occur from
the end of this decade in Europe unless investment in
new WTIVs will be made before 2027 (assuming 3 years
lead time).

In United States, currently only two tailor-made WTIVs
are under construction, to avoid bottlenecks, WTIVs
currently under the planning stage has to be executed
in the next 2-3 years in order to copy Biden
Administration's 30 GW offshore wind by 2030 target
reach the target, 4-5 WTIVs and 4-5 Heavy Lift vessg
will be required according latest NREL study.

GLOBAL WIND ENERGY COUNCIL
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Streamilining permitting isa hecessity

« Average of 9 years from award of

efficient and streamlined processes -
the main bottleneck to growth istime

[®] [ P [ [es]
%

Average years of offshore wind lease award to full commissioning offshore wind lease to full
12 years across markets)
I I I « Thereisa global need to create more
s S & ter investor certai d |
& & & N X Q& & @ greater inv r certainty and larger
Source: RenewableUK; GWEC Market Intelligence Su ppOFtS healthier com petition in
auctions and more sustainable

commissioning (ranges from 4-15
N . « Simplifying permitting can enable
& P &
o o - market volumes, which in turn
development of supply chains



Rising interest rates are also raising costs across the
value chain

Central bank interest rates

%

Jan Mar May JUI Sep Nov Jan Mar May
2022 2022 2022 2022 2022 2022 2023 2023 2023

Source: Bloomberg, 2023
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A turning point for offshore wind "

e Policymakers are forging ahead with new
legislation, regulation, investment strategies,
and international alliances (like GOWA) to spur
renewables

=

BN
(/

e New initiatives like Ocean Energy Pathway
(OEP) are being created to accelerate offshore

wind globall

J1OPAY /N
e In this competitive environment, markets need i
attractive policies to attract investment AN
e To secure next stage of global growth, industry o

needs ambitious + stable policy couple coupled )
with adequate market pricing ,\\

e Restrictive trade and investment policies may .
increase cost and may risk delaying the global A\
energy transition -
7\
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Successful development
in emerging markets

Strategy

What makes for a successful
offshore wind strategy?

Clear role for offshore wind in
country’s energy mix

Clear role in economic development
plans

Focus on reduced risk to attract
foreign investment

Policy

What policies are needed to make
this strategy a reality?

Long term, stable targets

Strong supply chain development plans

Policies to ensure meaningful
stakeholder engagement

Policies to drive competition and
reduce costs

("
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Frameworks

What frameworks are needed
to enact policies?

Marine Spatial Planning

Clear leasing process

Clear permitting process
Bankable offtake agreements
Grid integration planning

Strong H&S framework

s
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Delivery

What enabling elements are
needed to deliver?

Sector partnership with industry
Skills development programs

Proactive development of ports,
grids and logistics

Continual focus on lowering risk
and attracting low cost finance

= |




Therole of seabed leasing for offshore wind

- Inoffshore wind, the conversation must also extend to leasing processes. At present we do not
see volumes of seabed release aligning with offshore wind targets.

This is creating artificial constraints in the market, raising costs, which ultimately willbe borne by
consumers.

Examples of rental fees (not including other fees) for offshore wind leases
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Leasing should cover
both Territorial Waters
and Exclusive
Economic Zone to
maximise opportunities
in each country.

Leasing should be kept
simple and encourage
the pace of
development while
maintaining flexibility in
the light of unforeseen
obstacles.

Some best practices in leasing

Marine spatial
planning (MSP) should
be used to identify
large sea areas. A
pragmatic and
proportional
approach can be
utilised.

Sharing of survey data
into the public
domain, which allows
other sea users to

become informed.
completed.

Leasing processes
should be robust and
transparent, to reduce
the possibilities of legal
challenges.

Depositing health and

safety (H&S) data into

an industry accepted
system allows

improved H&S
management for the

good of all.

Tendering should
commence with a
prequalification
questionnaire (PQQ)
stage to ensure
tenderers have the
capability to deliver
on projects.,

Regular release of
seabed, for example
every 2-4 years, to give
a steady flow of
projects.




Streamilining permitting isa hecessity

« Average of 9 years from award of

efficient and streamlined processes -
the main bottleneck to growth istime

[®] [ P [ [es]
%

Average years of offshore wind lease award to full commissioning offshore wind lease to full
12 years across markets)
I I I « Thereisa global need to create more
s S & ter investor certai d |
& & & N X Q& & @ greater inv r certainty and larger
Source: RenewableUK; GWEC Market Intelligence Su ppOFtS healthier com petition in
auctions and more sustainable

commissioning (ranges from 4-15
N . « Simplifying permitting can enable
& P &
o o - market volumes, which in turn
development of supply chains



Actions to streamline permitting

Dedicate centralised
maximum lead times authorities and single
to permit wind plants. focal points to work
From three to 1.5 years with renewable

developers

Align land and ocean Promote active
use guidance at dialogues between
national and sub- local authorities,

national level, include communities and

designation of industry for shared
promotional “go-to” understanding of

zones. priorities.

Build digitised,

Invest in more staff searchable and up-to-
and digital resources date databases for
for the various land registrations and
authorities. siting of renewable

energy projects,

Implement an
emergency clearing
house mechanism for

legal disputes to

prevent extended
delays to critical

infrastructure projects.,.




Competing pressures on wind growth to meet 3xRE

Wind energy installations need to triple by 2030, but face competing pressures on growth in ® The road to reaching 11,000 GW of installed
this crucial period . :
renewable energy capacity by 2030 is steep

Target for 3xRE to maintain 1.5C pathway and lined with chollengea

350
¢ Poliical consensus on the energy ronsition 320
with the 3xRE goal ﬁ, ° . .
300 ® Value proposiion of wind against fossl fuels Global wind gl’OWIh needs fo I’Gpldly
confinues o sirengthen . - < .
e e P ’ accelerate, with annual wind installations
250 rising RE demand from indusry . qe
 Seomg cppelie, epeckly In aivele sechor coplkd roughly tripling to at least 320 GW over the
S course of the decade to get on-track for a 1.5C
200 ® Technology occeleration in storage and flexdbility
for syslem integrafion of RE pﬂfhWUy
o Permiling issues slow down projects
150 éﬂx‘ymdmmaeﬂ‘mcosh
-Gfidswada' for a different era ond need
nz urgent invesiment ®  Wind has achieved steady growth over the last
* Rising cod of copital and inadequate
100 r.fmfapmin EMDEs two decades, and record growth in 2023. But
* Supply chains and workforce constraints . .
/ will grow more ocule the industry faces competing pressures to
50 * Social occeplance and lond rights issves

will inlensiy as wind expands ascend the growth curve in this decade required
0 ‘e for 3xRE.

/r/ 7/ rr
2000 2023 2030 2050

Source: GWEC Market Intelligence.




Overview

GWR 2024 examines four areas - investment, supply chains, system THEME: What is wind energy’s role in

infrastructure and public consensus — critical for setting the conditions for . :
meeting the global goal to triple

wind growth and for meaningful engagement to mitigate the risks of an

i e
unstable and disorderly transition. renewable energy capacity by 2030+
Addresses issues of the current technological era, including the rapid

innovation cycle of the supply chain, disinformation, automation and Al , and

a digitalisation gap between Global North and South. IS
® Each section includes a list of recommendations on improving the e T&

-

conditions for wind growth. Common thread is more robust collaboration
needed between industry, policymakers, investorsand communities.
Markets to Watch has expanded to include: Australia, Azerbaijan, Brazil,
China, Egypt, India, Japan, Kenya, Korea, The Philippines, Saudi Arabia, the
US, Vietnam.

Peer reviewed by colleagues at IRENA, SSE, Vestas, Electricity Sector

Association of Kenya.
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Long term challenges easing, short term challenges more acute

Coal phaseout

Just tiansition and Inclusion
Workforce

P10pOSIton versus gas ® A 2024 survey of GWEC’s wind and
System Deslign

renewable industry associations found more
optimism on the long-term opportunities for

wind energy growth, but short-term challenges.

Eneigy access Adopting system value
Infrastructure ® The exception is in supply chain and workforce
bottlenecks, which are perceived to grow as a
Gild and tiansmission Peimitting imetnes
challenge over time.
Integtaion and flextarly ® Challenges in the next 5 years are concentrated
on grid and transmission, permitting timelines
Technology Soclety 9 P 9
and land rights issues.
Slotage and gieen hydiogen Public consensus

Clicuany Land use

Supply chain costs

S ly Chal Short trm (within next 5 years} and long term [more than 10 years chead] challanges which could slow down
oo - deployment of wind energy. Nodes closet to the outer circle cre considered mote severe challenges, while nodes closer
to the centre ore considered low or moderate challenges

Source: GWEC Morket inteligence ond a survey of GWEC's ol and regional wind ond woble energy associalion

indusry
1 members, Q1 2024. This grophic is not inchisive of oll challenges and factors impacting the growth of wind energy in dflerent markes, and
© Shon Teim (next 3 years) @ Long Term (10 years and beyond) bwbbomduom;\idob ik growth of wind energy in




Key takeaways from the report

Investing in wind energy

for 3xRE

Building the supply chain
for 3xRE

Generating the grid and
system infrastructure for

3xRE

Fostering public support in
wind energy for 3xRE

* Meaningful action is needed to mobilise larger volumes of investment into wind energy, including
enhancing public-private partnerships for investment in EMDEs

* Growth at scale comes with stable and ambitious policy environments that offer reasonable returns on
investment

* Collaborate to build a secure global supply chain with healthy, managed competition

* Trade policy should foster competitive industries, not push higher costs onto end-users

* New production models are needed to industrialise and decelerate the turbine platform race on size
* Ensure the advantages of Al and machine learning outweigh the drawbacks

* Close the gap on grids by making grids a national cross-cutting policy priority, requiring clear targets
for grid investment and system flexibility, anticipatory funding, and public support for grid expansion

* Scale modern and flexible power systems with storage, demand-side response and other flexibility
solutions

* Action to accelerate permitting of wind projects, including greater cooperation among policymakers,
industry and communities

* Community engagement is more critical than ever
* Guard against misinformation and disinformation that sow doubt in wind and renewable energy

* The global wind industry must fulfil its role in delivering a just and equitable transition, which requires
socioeconomic cohesion around the transition agenda




Bottlenecks are set to emerge across the global wind value chain

Sublect Rare Earths* Steel Plate* Copper Carbon Gearboxes* Generators*  Blades* Power Castings* Towers*  Foundations*  Cables* Onshore Offshore Installation

Fiber* Converters* nacelles*  nacelles* vessels* Worklorce
e > > 0 0D IS ODD D I
:c Europe 2023 - - - 2025 2024 2024 2024 2024 2023 2025 2025 2025 2024 2024 2025 2023 2023***
.0
g North America 2023 - - - 2025 2023 2023 2023 2023 2023 2023 2023 2023 2024 2023 2023 2023 | 2023 ***
£ China - - - - - - - - - - - - - - - - - e
-
* General availability of needed materials at the global @ Risk of manufacturing bottlenecks before 2030 for multiple components at regional level, - ® Offshore wind needs fo scale
level, with copper mining/refining and concrete in particular gearboxes, generators, blades as well as offshore wind size compatible both port capacity and wind

production available for all major regions metal castings, towers and foundations turbine installation vessels

Key findings with sufficiently large crane

® Strong centralisation for some key components, especially gearboxes and castings. capacity
North America is generally fully dependent on imported components and is already

foday experiencing undersupply of especially components for offshore wind including @ Offshore assembly  ® US critically lacks vessels and

offshore towers, foundations and subsea cables risks undersupply ports while announced
as uncertain i i
* Supply chains will generally benefit from building out regional manufacturing hubs to industry outlook ce);p::r:g:;(;lsa:::nd el
ensure more resilient access to needed components while ensuring continued trade and may lead o il s nee v 0 GRDYaT
global interlinkages to enable flexibility and address demand volatility ol

plant cancellations  cancellations will pose risks

O No global bottleneck risk . Immediate global bottleneck

* Deep dive analysis provided ** Time to action denotes time when new capacity construction must be started to avoid bottlenecks in each region without frade
*** Workforce with major challenges, addressed in GWEC & GWO: Global Wind Workforce Outlook 2023-2027



China dominates the global supply chain —but also global installations

Value add from supply varies by step; EU and US punching below their weight

Total value Trade ~ New
Value generation along the wind supply chain (% in USD 2023) generation balance installations
(USD) (GW)
100%
7% o 8%
7 28%
3% -35% 5%
6% oo 9%
14% _ 18%
o +45%
5% 3%
64% +12%
58%

Mining Refining Manufacturing Assembly T&l Total 2023-2025e

@® ROW (S, America @ N. America @ Europe @ India @ China

Note: Analysis on location of value-add, not nationality of producer. Mining, refining and production split for wind use esfimated based on national capacity, sourcing pelicy and trade patterns, and do not include major Chinese ownership in major mining markets such as Indonesia and Chile.
Manufacturing includes sub-suppliers for towers and blades. Assembly includes OEM R&D.

Source: GWEC, [EA, BCG analysis.
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Six recommendations to secure the supply chain for 1.5C

1: Address basic barriers to wind industry growth in land, grids and
permitting to increase volume and predictability

2: The wind industry must standardise and industrialise

J

3: Regionalisation will be needed to support growth and resilience,
while maintaining a globalised supply chain

4: The market must provide clear and bankable demand signals to
reach net zero

5: Trade policy should aim to build competitive industries, not push
higher costs onto end-users

6: Fundamental reform of the power market underpins further wind
growth

EEROOBE

GWEC | BCG | MISSION CRITICAL: BUILDING THE GLOBAL WIND ENERGY SUPPLY CHAIN FOR A 1.5°C
WORLD



Evolution of wind turbines

300m 1-15MW

200m ik
100m 1.2 MW
0.5 MW
1-12kW _
S SR
190 C 1990 1995 2010 20156

Source: Orsted




Offshore wind has proven itself as a maturing, competitive and

diverse industry

Membership of the Global Offshore Wind Alliance has swelled to over 20 governments from APAC, LATAM,
Europe, who have all pledged to collaborate towards 380 GW of offshore wind by 2030 and 2000 GW by 2050
- in line with the COP28 3x pledge

GOWA Government members (as of January 2024)

Australia
B N Belgium
Brazil
== Colombia
E= Denmark

B European Commission

== Germany
B 1 Ireland

e Japan
=—= The Netherlands
5= Norway
= Panama
EM Portugal
=_ Spain

A~ StLucia
B B Romania
@l State of Victoria
B=E UK
= USA
== State of California

=
o

o df
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Ocean Energy
~~ Pathway

OEP’s Approach: Technical Assistance

Ocean Energy Pathway makes enabling, strategic
investments in emerging offshore wind markets,
bringing key players together with independent
experts to help create a thriving sector.

Our programmes can involve:
Policy advice: guidance on policy frameworks, regulations, and
strategies.
Capacity-building: offering training workshops and supporting
expert delegations to strengthen knowledge.
Technical analysis: conducting technical and in-depth economic
studies and assessments, to help facilitate decision-making.
Implementation support: project management and monitoring to
assist practical application of policies.

Knowledge-sharing and best practices: facilitating dialogue
and cooperation between governments, industry, and civil society.

Introductiac

—
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