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Top markets 2019

N,
()

MNew installations onshore (%)

MNew installations offshore %)

@ PR China 44% @ PR China 39%

@ Usa 7% @ United Kingdom 20%

@ India 4% @ Germany 18%

@ Spain 4% @ Denmark &%
Sweden 3% Bolgium &%

- @ Fronce 7% @ Rest of Word 23%

@ Mexico 7%
Germany 2%

@ Argentina 2%

@ Ausialio 7%

@ Rest of World 18%

Total installations onshore (%)

Total installations offshore (%)

@ PR China 7% @ Unded Kingdom 33%
® UsATE @ Gemany 26%
[ ] Germany 9% @ PR China 25%
@ Indic &% @ Denmark 6%
in A3 Belgium 4%
- - & wootse

@ Brozl 3%

UK 2%
@ Conoda 7%
@ lialy 23

@ Reostof World 16%

Detalled data sheet avallable in GWEC s member only area. For defintilon of region, see Methodology and Definifions in the Appendix GWEC | GLOBAL WIND REPCRT 2019

Y Sowrce: GWEC Market Inteligence, March 2020
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What to expect from an industry with unlimited potential?

There is virtually unlimited technical potential for offshore wind

KEIEP

woodmac.com

W

Offshore wind’s technical potential far exceeds its demand and the question therefore becomes “what to expect

from an industry with virtually unlimited potential?”
Offshore market segmentations

.'?'F-_

>3 L2
. g g

r’l*“iﬁl
4 i e
. Quny * o

N4

y - »

- Established offshore markets: Markets with at least one commercial offshore
wind project grid-connected in the past five years

Committed markets: Markets where at least one commercial offshore wind
project has been awarded a support scheme in the past five years

- Emerging offshore markets: Markets where an offshore wind-specific
subsidy regime is progressing

- Pre-emerging offshore markets: Markets where none of the drivers above
are in place, but first signs of interest have been expressed

Technical potential of offshore wind*

ot

A %‘gg:&;«
A
3 RER)
)
N Offshore
b .
] potential 1.6%
& ) 9,855GW
N A
W \\\ 71% ’3&
N &
'\\‘N\\ RN AT
RN
Il Ofishore wind resources Cumulative 2018 offshore forecast
<60m water depth™
) - Cumulative 2028 offshore forecast
Offshore wind resources S B ]
>60m water depth* ¥ Unutilized capacity

*Europe, US, Japan and Taiwan included based on Carbon Trust and Industrial
Technology Research Institute
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== Pipeline

What to expect from an industry with unlimited potential?

woodmac.com

)

314GW of offshore wind projects have been stacked up across the globe

The pipeline is set to expand further as the regulatory frameworks mature and new centralized tenders will

announced. Less than half of the pipeline will be built by 2028 leaving more than 154GW of pipeline unexploited
Global and regional offshore wind portfolio

Europe China APeC* AMER Global
Co2%)—

[\52 314GW

145GW

) o

33GW ot 28%
80%
20% 8%
Pipeline Accum. Pipeline Accum. Pipeline Accum._ Pipeline Accum. Pipeline Accum.
outlook outlook outlook outlook outlook
2019-2028 2019-2028 2019-2028 2019-2028 2019-2028
I Operational** [l Secured pipeline***

Centralized tender**** [l Early stage pipeline***** [l Accumulated Targets
Note: *Asia Pacific excluding China. **'Operational’ refers to capacity which is fully grid-connected (including decommissioned capacity). **'Secured pipeline’ refers to capacity which has been awarded a support scheme
but is still not operational. ****' Centralized tenders’ refers to capacity that has not been awarded yet, but where the tender has been announced™**Early stage’ refers to capacity which has not secured a support scheme.
Source: Wood Mackenzie

KEIEP
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The Momentum of Floating Wind and its Outlook Implications woodmac.com

W)

4GW of floating wind will be grid-connected across the globe by 2030

Up to 10GW of floating wind could be deployed across 11 markets by YE/2030. For this to happen, new
markets would need to enter the offshore wind scene and new regulatory frameworks would need to be formed.

{%w;ulative floating wind scenario outlook Country split by scenario, YE/2030

Bull case
10

g 4

8 .

1% 26% LU i
mercial

markets

Base case

0,
38% 32% 14% ? /ZE%

Bear case

2018 2020 2022 2024 2026 2028 2030

Bear == Base = Bull - France -South Korea - Japan us - UK Others

Note: Please consult the attached data sheet to access the underlying data.
" Source: Wood Mackenzie
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Installed power generation capacity by source in
the New Policies Scenario, 2000-2040

e
[
o

; ST
------_------------"------- Battery storage Oil
] - | | l.--- _ | : I
2000 2005 200 25 2020 2035 2030 2035 2040
\l

Ea. All Rights Ressrved
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Annual changes(GW)

K AHOf|L K| HZE EHS} (Renewable energy annual changes)
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|
[ B Geothermal
- .
e _ Bioenergy

Solar

||
B wind
I I I I I I ==

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Global Renewable Energy Annual Changes(2010-2019)

* Marine energy covers tide, wave, and ocean energy

(Source : http//www.irena.org, March 2020) 14
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Most Powerful Wind Turbines in The World

Enercon E-126 7.58 MW

Siemens Gamesa 8.0-167 DD 8 MW

MHI Vestas V174 9.5 MW

General Electric Haliade-X 12 MW

E-126 7.58 MW SG 8.0-167 DD V174-9.5 MW GE Haliade-X 12 MW Eiffel Tower
Height 198 m Height 212 m Height 197 m Height 260 m Height 324 m
Rotor 127 m Rotor 167 m Rotor 174 m Rotor 220 m (1,063 ft)

ﬁf‘ V'

@ @ @ Creative Commons Attribution-NoDerivatives 4.0 ECOHUNGRY com

Evwind, News Menu, offshore, Uncategorized, Wind Energy

GE Renewable Energy launches
the uprated Haliade-X 13 MW
wind turbine for the UK’s Dogger
Bank Wind Farm

(® September 22,2020 @ reve

GE Renewable Energy to supply 190 Haliade-X wind turbines for
Dogger Bank A and B wind power plants.

The wind energy project will be first in the world to feature the 13
MW variant of GE Renewable Energy’s Haliade-X platform.



Siemens Gamesa 14 MW Wind Turbine unveiled

June 8, 2020 / News Read more: https://www.siemensgamesa.com/

Siemens Gamesa unveils the new SG 14-222 DD, a new generation of offshore wind turbines of 14MW (up to

15MW with Power Boost) and based on Direct Drive technology with a total rotor diameter of 222m.
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Global wind turbine technology trends 2019 woodmac.com f‘%

Turbine OEMs adopting “LEGO blocks” approach shorten the time to market

Turbine OEMs need product agility to compete in a subsidy-free environment; reducing the industrial CAPEX
and supply chain costs is paramount towards achieving this goal

OO D
::-- Sic ‘\g' | } 17
= Eo e > 0151
B (0 oy RN
TS T 1

@ /<o components @ \cchanical components Electrical components

I



Industry
competition
drives OEMs fo
pursue larger
turbines as a
competitive
differentiator

12+MW segment
gains share post-
2023 as leading
OEMs launch
next-generation
technologies

F(=/0l &)

Global onshore turblne mw ratlngs segmentatlon 20'1? 20288 GW)

100%
gR°’
60%
40%
20%

Global onshore and offshore turbine MW ratings all on the upswing

60 62 63

2017 "18 Oe 21e

-1.>< 2x -s.x

Source: Wood Mackenzie

Global offshore turbine mw ratings segmentation 2017 2028e (GW)

4% -5.>< -a.x -7_>< -a_x

KEIEP

27e '28e

12 13 16 17 18 19
100% -
CEMEEE -l
60%
10 ]
20%
OD/O T T _ T T 1
2017 19 "20e 21e 226 "23e "24e 256 '26e '27e 286
- 2.0-2.99MW 5.0-5.909Mw M 8.0-89omw [l 12.0-13.99MW 18.0 MW or Greater
I :0-3.900vw [l 6.0-6.99mwW 9.0-9.99MW 14.0-15.99MW

Source: Wood Mackenzie

I 20-299vw Il 7.0-7.99vw [l 10.0-11.90mw [l 16.0-17.99Mmw

Global wind turbine technology trends 2019

woodmac.com
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Global wind turbine technology trends 2019 woodmac.com %

Average offshore turbine rating set to double in the next decade due to favourable
cost implications for project balance of plant

Regional onshore turbine technology rating trends 2015-2028e Global offshore turbine technology rating trends 2015-2028e

? -
20 -
oo
18 -
6 o
16 -
Jestiiteer .®
. [ ]
s 5 o* S 14 -
E -. ... %
™ K . Y o
S 4 RS 2 12
© S e =
[1'd _.'.. é
S -° . o 10 -
fo] ent? .." ...... o
-y - -® @
2 3 .. °-. E 8
9 - - = .
< -._0. ...._o 3
/—." 6
2 _/
4
1

2015 ‘16 17 '16 ‘19 ‘20 21 ‘2% ‘23 'Zds '25e ‘26 'Z7e “2Be 2015 16 17 18 '19e '20e '21e '22e '23e 24e '25e "26e 276 '28e

* AMER * EMEARC * APAC ® Global Average B Global average = Germany = Taiwan
— UK us — China
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Global wind turbine technology trends 2019

Regional onshore turbine technology trends

Regional onshore turbine rating trends 2019-2028e

AMER

In the US market, the near-
term focus on high net
capacity factor remains
intact. Post PTC phase-out,
larger rated turbines start to
gain share on account of the
lower balance of plant costs
and unexplored medium
wind speed sites

Brazil skips one generation
and zooms pasts from

2. XMW to 4.X/5 XMW
technologies due to
flexibility in siting and low
shear. Taller towers and
longer blades can be
accommodated at most
sites in Brazil

ox HM3x WX
95GW

5X Il 6.x
103GW

7.x Il 8.

72GW 45GW 146GW 151GW

0y
2%

+=100%

29%

14% 16%
L 21% 15% 1%
T - _ g 4% _ gk
2019-23 | 2024-28 2019-23  2024-28

2019-'23 2024-'28

EMEARC
= Latest generation of 4. X/5. XMW turbines deployed in most markets, including IEC | markets like the UK and Ireland as
merchant market deals gain momentum

= Technology options like cold climate versions, low noise blades, segmented blades and size-optimised drive trains will
be key to future product commercial success

KEIEP

L)
LN

woodmac.com _é

APAC

China and India are at the
cusp of mass transition to
3. XMW technologies.
Large rotors for the low-
wind and ultra-low wind

2. XMW technology
variants extend
commercial life cycles,
benefiting from established
cost-effective supply chain

o Some Chinese OEMs
have launched the first
generation of 4 XMW
platforms even before
series production of the
3. XMW, posing
significant reliability
threats to technology
scaling

Markets like Australia will
become key targets to
launch next generation
platforms due to minimal
tip height restrictions and
acceptance of larger
turbines

22
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Fo59 /|F Tren
Wind turbine product needs within each region are shifting

European onshore seeks higher towers, bigger turbines

Average turbine evolution in Europe Tower height options are a differentiator
== Average MW rating ==== Average Rotor diameter 180 4 Product introduction
40 7 r MU 160 ] . QOM
» ®:2014
S 9 140 1
g 3
< %
E: 7 + 120 I
2 g o
: = 2w
£ g 3 )
£ § I i
E 2 80 1
0 o '
2 / o
] 3 8 ’o 3
] Q
Z o
£

2§ —————+—+—1 100 20 ————7—
16e 18 20e 2% 00 05 10 15 20 25 30 35 40 45
: Note: Averaged by number of turbines, Europe onshore only Turbine Rating (MW)
B Source: MAKE Source: MAKE

New German wind auction system expected to favor the largest turbines on taller towers,

1\I \ class turbines on advanced towers reaching volumes that bring cost reductions.

40 ] p- Large turbines have more
fower options in recent years

KEIEP

o AZ& 7|z Trend

Offshore product development

+12MW turbines are pushing the design envelope

Europe offshore product positioning and next-generation projections

240 -

[ o3 Senvion GE 12220

@ Adwen @ MHIVestas 315 wim2

Siemens ' Next generation
i Wi20216 & V21013
@ 10+M Senvion
7 500 w/m2

180 4 VIBAT0 V16480 ADg-150 4 AD10-180

+12MW products under

1

V164-9.5 development are expected fo
SWT.9,0-154 achieve substantial LCOE

reductions

Rotor diameter (m)

12MW segment turbines may
eventually be uprated to 15MW

5M-126 B ——— 860126 Near term competition
120 4 ! , centered on the 8 to
4] SWT-6.0-120 10MW platforms

M5000-116

<6MW models already
obsolete in the EU
90 T T T T T T

4 5 6 7 8 9 10 1 12 1
Note: Specific rating bands indicate competitive range of products

1

14 15 MW rating

w

Specific rating iso-lines shown to indicate the competitive range of products
SQUEE MAKE
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Contrasting product moves on next generation offshore platforms

Offshore Western turbine OEMs thrive on power uprates, while Chinese emphasise rotor upgrades

Next-generation turbine projections for Western and Chinese turbine OEMs
320 -

280
240
E
200
[<F]
E
2
= 160
[=]
=]
i
120
80
40 4 T T T T T T T T T T T T T T T T 1
3 - 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
MWW rating
= 275 W/m2 = 350 W/m2 == 500 W/m2
® 1stgeneration ‘Western OEMs' next-generation
@ 2nd generation Chinese OEMs' next-generation

Source: Wood Mackenzie
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Carbon fibre blades gain prominence as SGRE and GE move away from glass fibre
in their latest generation onshore turbines accelerating the adoption

Offshore blade innovation continues at a rapid pace, allowing for longer and lighter
100+m blades across key markets, resulting in 50% of cumulative installs

Offshore turbines drive the penetration of hydraulic drive pitch systems

Turbine OEMs challenged to balance performance and sound optimisation

Onshore blade length segmentation trends 2019-2028e

100% -

90%
B0%
70%
60%
S0%
40%
30%
20%

10%

0%

201%9e "20e '21e '22e '23e '24e "25e '26e '2T7e '28e

M < 40-49.9m M 60-69.9m M s0-82.9m I 100-109.9m
M 50-59.9m 70-79.9m [l 20-99.9m

Global offshore blade length segmentation trends 2019-2028e

100% -

9%
a0
T0%
60%
50%
40%
3%
200

10%

2019e 20e 21e 'Z2e 23 '24e '25e '26e '2T7e 'Z2Be

I 50-59.9m 80-89.9m 110-119.9m [l 140-148.9m
M so-69.9m Bl oo-999m M 120-129.9m
M 70-79.9m 100-109.9m M 130-139.9m
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KEIEP

Turbine OEMs and blade suppliers change blade designs and balsa shortages
accelerate the shift to PET, resulting in PVC showing declines in market share

Despite the aggressive launch of 8-10MW offshore turbines in China, those rotors
will be dwarfed by Western peers until domestic blade manufacturers catch up

Growth of rotors past 160+m will fast-track split blade development across leading

turbine OEMs, paving the way for 40X volume increase over the next five years

Global segmentation of single piece vs split blades, 2019-2028e Global split blade installs by leading OEMs, 2019-2028e

hY

100% 55,000 -

90% 50,000

45,000 Cumulative
B0% YE'18
70% 40,000
35,000
B0%
30,000
50%
25,000
40%
20,000

30% 15,000

10,000

10% 5,000

0% o 0 -
201%e '20e '21e '22¢ '23e '24e '25¢ '26e '2Te '28e 9% '20e ‘21e '22e '23e '24e '25e '26e '27e "28e

M single pice blades I Split blades M vestas SGRE M Enercon
| NS M Hordex Chinese OEMs

Logistics savings become substantial on modular blades longer than 75m
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Global wind turbine technolegy trends 2019 woodmac.com %

The shift to medium speed drive trains will move costs from the gearbox to the
generator and power converter

Turbine cost structure comparison of HS GD vs MS GD for 4 XMW  Cost shift in a MS GD compared to HS GD for 4. XMW

Iy
!

- 100%:

Generator /
i Gearbox costs Convartar costs
13% 12% Decrease Increase
HS GD Ms GD
M Biades Hub & pitch [l Bearing & shatt
M zicel tower Il Converer I Generator
M Gearbox M structure Balance of nacells

247,



KEIEP

Onshore gearbox suppliers expanding presence in drive train supply chain,
reflecting the platform strategy of leading players

Despite offshore Western turbine OEMs’ preference for direct drive architecture, MS
GD gains traction due to deployment of MHI Vestas and MingYang turbines

Global onshore drive train technology trends, 2019-2028e Global offshore drive train technology trends, 2019-2028e

B1GW BBGW 63GW BOGW 58GW 53GW STGW BDGW B1GW BIGW 100% 6EW  G6EW 10GW 11GW 12GW 13G6W 16GW 17GW 1B8GW 18GW

- 100%

2019 "30e 2ea 2ia ‘e 2de 2he 26e 2T "28e 2018 ; e ‘2la 23e ‘24e '25e ‘26e ‘2Te '28a

M s co M Hs o oo Bnsco lHsco Moo
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Global wind turbine technology trends 2019 woodmac.com %

Despite leading Western turbine OEMs’ deployment of partial power converters on the
latest 4.X/5. XMW turbines, full power configuration grows due to Chinese demand

Global converter technology segmentation, 2019-2028e Global converter location segmentation, 2019-2028e
100% 100% - 67 7 F3 V0 VO V2 73 V76 8O 82 P
90% 90%
a0% 80%

TO% 61% 63% 65% 66% 67% g9%, [
BO% 60%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0% -
2018e '20e "21e 22e '23e "2de 2he Z26e ZTe 28Be 2018e 20e "21e 22e 23e 2de '25e 'Z26e "27e "2Be
B Full power I Partial power M oown tower Il Up tower
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Global wind turbine technology trends 2019

- =
woodmac. com fﬁ

10+MW offshore turbines will adopt full power converters with medium voltage due
to performance and enhanced efficiency of HV-IGBT chip technology

Converter topology benchmarking Converter topology benchmarking Converter topology benchmarking
6MW turbines 10MW turbines 15MW turbines

Price

4 LN
R

Complexity

Efficiency Complexity Efficiency

4
Complexity *.A Efficiency

Power FRT
Density Compli B
pliance owear
Density FRT P{:rm_ar -
Compliance Density .
Compliance
THD
PQV Compli e
pliance PV
Compliance POV THD
Compliance
DFIG FPC LV FPC MY FPC (IGETs)
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Global wind turbine technology trends 2019 woodmac.com Fj

Software penetration in wind turbines to follow automotive industry trends, with key
suppliers accelerating this transition

Wind turbine software and hardware penetration comparison
with automotive » Automotive industry has gained from 120+years of experience and shifting

from hardware to software functionality. Wind turbines will share the leamings

LT
100% +— 100% and experiences from other industries, including automotive to steep the
90% learning curve.
B0 o Wood Mackenzie anticipates, that wind turbines by the end of next decade
0% will incorporate more than 30% of software functionality
o The software functicnality is rolled out to many capital components in the
60% 1 wind turbines and wind farms, towers, rotor blades for monitering the loads
H0% A and deflection, structural components, performance and predictive
40% - maintenance of main bearings, gearboxes, generators and blade bearings
30% - Control system suppliers revenue split projections 2020 vs 2025
20% 1

U% 1 . l_ 1] . .
Automotive 2020 Wind Turbine Wind Turbine
2020 2{]3?
A} -
G &l !

M Hardware M Software M software I Hardware
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Global wind turbine technology trends 2019

KEIEP

woodmac.com ,{5

Induction hardening is gaining prominence for main bearings as only the roller
surface contact area is hardened to a pre-defined depth

Scaheffler Asymatric spherical roller bearings:
» Since introduction in 2015, the designs have been continuously
developed and enhanced

= The asymmetric design allows a larger contact angle to be
deployed on the rolling element row subject to axial loads. An
additional smaller contact angle on the row is subject mainly to
radial loads

= This arrangement allows optimisad load distribution while reducing
the width of the bearings

Induction hardening:
» The only roller surface contact areas are hardened to a pre-defined
depth
= The remaining cross-sectional areas retain the onginal material
properties
= These offer higher product reliability and performance
» The limitations for this process is “soft spot” at the running surface

= The new scan induction hardening process with three inductors s
developed to address this challenge

Main bearing configuration benchmarking

S SRB D SRB D XTRE OTRB

Technology maturity

Scaling capability

Reliability

Cost reduction
potential

Supply chain

Mote:

S SRE- Single Spherical roller bearing

D SRB- Dual Spherical roller bearing

D XTRE- X type tapered Front X-tapered, rear cylindrical
O TRB - Large diameter tapered roller bearing
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Global wind turbine technology trends 2019 woodmac.com ,fj

Offshore turbine nacelle weight increases by 100% with a 30% increase in the size of
direct drive generators displaying the huge weight scaling challenges

Offshore nacelle weight scaling estimates Offshore turbine nacelle weight trends
Weight (tons) f" 00 Macelle weight / MW (tons)
1,200 - — 100
95 -
1,000 90 ® Direct Drive
® Gear Drive
85 -
80 - ® 15MW
75 - -
. K 0% Jaid
65 -
® 3MW
60 -
55 1
50 4 - BMW
0 -:l—_rl.l'l T T T T T T T T T T T
BMW-DD 12MW -DD 15MW-DD 0 7 8 9 10 11 12 13 14 15 16 17 18 19 20
B Nacelle weight MW
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Innovation in tower technology leads to taller towers that can lower LCOE

Despite CAPEX increases on taller towers, energy production can make up for associated price increases

LCOE versus hub height sensitivities Capacity factor v. hub height sensitivities
45 - S0 4
° ‘L..-ﬁ
44 B W ] 49
_— | SO @ ® . *
S >
2 42 @... 47
T S
Z 41 @ ®... IO Y. T 46 ,.--"’
:'|‘| ....... " ' ......... ..._.. ' & ."“
£ 404 0 e Z 45
s o o g -
=34 TS ® ... ® 2 44
C'P [ .rti.
w 38 43 &
o 37 42
|
36 41
35 1 40 !
70 an a0 00 110 120 130 140 150 160 70 &0 a0 100 110 120 130 140 150  1@0
Hub Height (m) Hub Height {m)

@ Baseline $/m Tower cost @ 150% of baseline
@ 75% of baseline

Tui':heights are increasing across all regions, including the Americas, to harness
higher wind speeds and increase AEP

# Net plant capacity factor

| Alternate wood tower technologies offering 30% cost reduction potential are under

development, though commercial deployment yet remains unanswered 7
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Global wind turbine technology trends 2019 woodmac.com @

Local content, import steel duties and inherent cost advantages drive hybrid and
alternative steel towers adoption across markets

Global tower technology segmentation trends, 2017 vs 2024e Foundation volume vs tower height sensitivities

950
900 s
850
800 P
750 & s
700 AP

650 = ”

2017 o 2024e
25,060 Towers 15,614 Towers

600 P P

Foundation volume (m3)
1\
L\
LY

550 ol

500 #

450 4

400 )
M steel I aiternate steel [l Hybrid 70 80 a0 100 110 120 130

Hub height (m)
wims bl cznereshs towers Slamalion sheel mouty iong il sgmenied ard ke whell owers &= Steel =& Concrete —%= Hybrid

Source: Wood Mackenzio

Innovative tower concepts gain commercial momentum, as SGRE backs
" Nabrawind’s self-erecting 144m steel tower to be deployed in Morocco
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COST STRUCTURE ['000 EUR/MW]

2%

€D e 1% 1% 1%
1500 5,400

390 3,900

580 - "

620 N
960
1,350

WTG Foundation Installation FElectrics  Project CAPEX  0&M T Lifetime
development costs
(LTC)

LG EE O

1) Discounted over 20 years
Source: IHS EER; Project Finance; Emeuerbare Energien; Handelsblatt; Roland Berger

KEIEP

Exhibit 3.16 Offshore wind turbine cost structure

Nacelle and hub
assembly
2%

Hub casting, blade
bearings and pitch

system
9%

Auxiliary
systems and nacelle
and hub cover
10%

Drive train
including generator
and load path

Electrical and 30%
control system
including converter
and transformer

13%
Blades

Tower excluding 20%
electrical and
control system

16%
Source: BVG Associates
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Typical cost distribution—baseline

Balance of
Nacelle

Generator 6.1%
6.2%

6.2%
Structure 2 gog

Bearing & Shaft

Converter 5.8%

Hub & Pitch 11.6%

24.4%

Blade
12.9%
Gearbox

Note : Cost distribution based on global supply chain
Installation, logistics and other turbine capex elements not included
Source : MAKE

<] : Make, Global wind turbine trends 2017

X (=]
Fas

KEIEP

714 H|E

ol

Typical CAPEX distribution—wind plants

5% 3%
ok 19%
10%
26%
77%
52%
Onshore Offshore
Other BOP Foundation
Electrical collection Turbine

Note : Turbine incorporates all turbine—related CAPEX
elements Dose not include any OPEX contributors
Source : MAKE
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Wind Turbine Price Index — mean turbine price

Turbine price ($m/MW)
2.2

20 1.94

18 1.74

Lo 180 e

14 1.52 1.50 — s
i) 1.34 ‘

1.0

1.06 1.03
08 0.99

0.6
0.4
0.2

0.0
IH 24 1H 2H 1H 2H 1H 2H 1H 2H 1H 2H 1H 2H 1H 2H 1H 2H 1H 2H 1H 2H

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

= = «Previous Index (2H 2016) Current index (2H 2017)

Source. Bloomberg New Energy Finance Nole! Contract prices include turbine plus towers and transport to site, and they exclude VAT, Turbine contra
cis signed for delivens in China are exciuded from this Index. Al values are converted to doliars at the exchange rale at coniract—signing date.
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Economics: Global wind turbine price
index by signing date

Sm/MW

MH 2H 1H 2H 1H 2H 1H 2H 1H 2H 1H 24 1H 2H 1H 24 1H 2H 1H 2H 1H 2H
2009 2010 20M 2012 2013 2014 2015 2016 2017 2018 2019

= Since 2009, global turbine prices have fallen 58% to $0.70 million/MW. In 2019, Turbine makers reported sector-wide price stabilization on a
per-turbine basis.

The price for U.S. wind turbine contracts signed in 2019 tracked with the global average price, at $700,000 per megawatt. Historically, North
American prices have tended to fall below the global average. However a series of tariffs imposed in the U.S.-China trade war have removed
this discount. The tariffs, which hit gearboxes, blades, and, to a lesser extent turbine towers, were estimated to increase prices by 5-10%.

Despite tariff uncertainties, contract prices for turbines signed in 2019 dropped by about 10% from 2018 levels. As turbines get taller, capacity
factors improve, which contributes to lower levelized costs for U.S. wind as well.

» Even as prices per turbine stabilize, the capacity of individual turbines is increasing, meaning that prices per-megawatt will continue to drop.

Source: BloombergNEF Notes: Values based on BloombergNEF's Global Wind Turbine Price Index. Values from the Index have been converled from EUR to USD on conlract execulion date
and are nominal.

©BloombergNEF L.P. 2020, Developed in partnership with the Business Council for Sustainable Energy B|Oomberg NEF

43



Learning curve: Onshore Levelised Cost of Electricity (LCOE)

EURMWh
350 1
300 \ J .
Assumed underlying onshore
I /wind learning curve
/ i.e. same rate of costimprovement (13%)
+ | for each doubling of capacity
200 :
150 1
i
Siemens fore cast 4
100 1 (Low wind)
[ ]
50 | | * "l.l--q = __====___--_-,
Real wind power data points e ~._Variable cost range
Siemensforecast @ Gas/Coal incl CO2
(high wind) as/Loal Inc ’
0
1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030
Annual installations actuals and forecast 46,8 49.6
328 31,3 .9

GW

0.4 0.2

KEIEP

LCOE range Gas/Coal
/ incl CO2
Conservative progression
(10 % learning rate)

| Optimistic progression
(16% leamning rate)

g Source: own analysis by leaming curve methodology of known LCOE datapoints and market installation actuals and forecasts

© Siemens Wind Power 2014. All rights reserved.
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Offshore Levelised Cost of Electricity (LCOE)

EUR/MWh :
Assumed underlying onshore
250 - . . [
wind offshore learning curve
i.e. same rate of cost improvement (11,5%)
for each doubling of capacity
200 *
LCOE range Gas/Coal
/ incl CO2
150 : AN Prognos/Fichiner 201.3: .
- * ) / - 120km, 50m
,»‘/ . Fmg”fg'ﬂlefqunan,:ﬁ:qZM3' ?’ ‘1’@,“ @ Prognos/Fichtner 2013: Conservative progression
N / / ""'-...“q._ 120km, 50m (9,5% learning rate)
100 Datapoints pilot projects / *.._‘-.,‘
) - T -
near shore / Seaa g
/ ;f’; - )
/ / Optimistic progression
50 (13,5% learning rate)
/ '
project data points typical conditions iy
0
1990 1995 2000 2005 2010 2015 2020 2025 2030
Annual installations
GW 15,0
12,9 1.4
0,0 0,0 0.1

Source: Own analysis based on leaming curve approach, supported by datat from Prognos/Fichtner 2013: Cost reduction potentials of offshore wind power in Germany
http-/fwww offshore-stiftung.com/60005/Uploaded/SOW _Download|EN_ShortVersion_CostReductionPotentialsofOffshoreWindPower. pdf
© Siemens Wind Power 2014, All rights reserved.
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New?lok erator opens door to 25MW
offshore wind turbines

GreenSpur's cost-cutting rare-earth-free' design could be market-ready by 2022

Replacing high—price rare—earth materials with ferrites — a waste material produced in
steel-making — would cut the cost of PMG magnets from £40/kg ($50/kg) to around

£1/kg, according to GreenSpur calculations, meaning the design could carve around 33%

out of the capital cost of direct—drive generator, and so almost 5% off the price of a 55

turbine.




MHI Vestas waves off the third and
final V164-8.4 MW turbine atop
Principle Power’s semi—submersible
foundation as it sets sail for the =
25MW WindFloat Atlantic site, 19km -
off the coast of Portugal.

First WindFloat Atlantic unit sails away

25MW project off Portugal will feature three MHI Vestas 8.4MW turbines

3 21 October2019 & Offshore Wind

[ A

i

Power flows from WindFloat Atlantic Final turbine departs for WindFloat Atlantic site

The floating offshore wind farm off Portugal will comprise three MHI Vestas 8 4AMW turbines Journey to wind farm from Galician port of Ferrol will take three days

O 2January 2020 & Offshore Wind mage ) 28May 2020 & Offshore Wind {Image: Principle Power]




‘: Liftra Major Component Replacement

When major components require changing, time is of the essence. Our solutions for major component replacement are designed to make these operations more efficient, cost-effective and
fiexible.
@ HOME

& OUR PRODUCTS

Turbine Installation

Turbine Transportation

Major Component Replacement
Offshore

Most Viewed Products

Wind Turbine Brand

& WIND TURBINE PART
Nacelle

Rotor / Blade / Hub

Tower

Foundation

LT1000 Liftra Self-Hoisting Crane

€ ABOUT LIFTRA CRANELESS REPLACEMENT OF MAJOR COMPONENTS

CRANELESS REPLACEMENT OF MAJOR COMPONENTS

Authorized Service Providers

Career

Turbine part Area of work Turbine brand
Contact

s C All l] I | Major Component Replacement l] l l All lJ

Q SEARCH

£

LT1000 Liftra Seif-Hoisting Crane LT1100 Blade Way LT1200 Lifira Self-Hoisting Crane LT1104-1 Blade Skylark

CRANELE

PLACEMENT OF MAJOR SINGLE BLADE AND PITCH BEARING CRAN REPLACEMENT OF MAJOR

TICAL REPLACEMENT OF BLADES

%



NABRAWIND

NCED TECHNOLQC

Conventional WTG
Large Cranes

130-170 Boom
750-1600T Cranes

Nabralift
Small Cranes for WTG Assy  Nabralift Self-Erection

70-80 Boom Nabralift
500-600T Cranes Self Erection System

o
e
R
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h Green hydrogen —
==¢t a key enabler of the energy transition

( ) Offshore wind to hydrogen solution 1(a)

It is critical to scale up green hydrogen projects
and manufacturing to achieve the foreseen cost Offshors wind 1o hydrogen solufion 1(5)
reductions and ensure the economic viability of
hydrogen so that it can fulfil its potential as a
long-term enabler of the energy transition.

. A key to meeting climate goals:
offshore wind-to-hydrogen




Wind Turbine Blades Can’t Be Recycled,
LS e Piling Up in Landfills

s s P
e * .

Fragments of wind turbine blades await burial at the Casper Regional Landfill in Wyoming.

tographer: Benjamin Rasmussen for Bloomberg
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VIDEO: Crane collapses on China-built
offshore wind vessel at German facility

= 2F 5000ton,
(2020.05.04)
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| 7414 homes

Equivalent to

Levenmouth WA . i
. passepgers on
Demonstration Fights
Turbine

* 528 million

ORE Catapult’s Levenmouth Demonstration Turbine (LDT) Is Unique Among
Offshore Wind Testing Facilities. The Towering 7MW Machine Is The World’s Most
Advanced, Open-Access Offshore Wind Turbine Dedicated To Research And Plays
Host To Some Of The Industry’s Most Exciting New Technologies For Testing And

Validation.
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Semi-Submersible Spar buoy

5MW Turbine «  B5MW Turbine

Diameter : 126m Diameter : 126m

Spar buoy » Spar buoy

Depth to Platform Base Below SWL(Total Draft) : 20m Depth to Platform Base Below SWL(Total Draft)
Elevation of main column above SWL : 10m :120m

Spacing between offset columns : 50m Platform Diameter : 9.4m

Diameter of offset columns : 12m « Mooring

Diameter of base columns : 24m _ Number of Mooring Lines : 3

Mooring i Angle Between Adjacent Lines : 120

Number of Mooring Lines : 3 _y_.’-,..e-‘-. _ - s
Angle Between Adjacent Lines : 120 - _—— Dia.
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