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Offshore Renewable Energy
(ORE)

TIDAL : " FIXED and FLOATING OFFSHORE WIND
ENERGY

Source: MERIC z. Source: Sustainable Marine 'i-,'SOu_kge:' NREL
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ORE Market

Source: MERIC : e Source: Sustainable Matine '},'_S(jufr‘é‘e:' NREL



ORE Market: Wave and Tidal Energy

Installed Power LCOE Challenges
@ TIDAL / « Cost reduction
2022 310 USD/MWh - Scalability
moasrem 39.6 MW 2030 139 USD/MWh . Survivability
e . Maintainability
o WAVE . Materials
WAVE ENERGY 24.7 MW 2022 850 USD/MWh e Control

2030 ~300 USD/MWh

Source: https://www.oceanenergy-europe.eu 2021 Source: ORE Catapult 2022 / OES 2015

Wave and Tidal technologies are still in an early development stage,
with important R&D requirements. No reliable growth estimates


https://www.oceanenergy-europe.eu/

ORE Market: Offshore Wind Energy

(
Installed Capacity LCOE
Bottom_ﬁxed Average Levelized Cost of Energy (LCOE) of offshore wind
54.9 GW Units: €/MWh
- . . Floating
. I Bottom-fixed
Floating
~200 MW

Source: aﬂ WORLD FORUM

OFFSHORE WIND

2020 2025 2030 2035 2040 2045 2050

©DNV GL 2020 Source: DNV 2020

Fixed offshore wind is already an industry, transferring its experience
and technology to the emerging floating wind industry



ORE Market: Offshore Wind (Fixed)

New offshore installations, global (MW)

® Europe

® China

® Asia ex China CAGR*
© North America +13.9%
® Other

38708 40 4000
400

9055

-1881

2021 2022e 2024e 2025e 2026e 2027e 2028e 2029%e 2030e 2031e

*Compound Anrual Growth Rate.

Source: GWEC Market Intelligence, June 2022 ) W E

GLOBAL WIND ENERGY COUNCIL
https://gwec.net/wp-content/uploads/2022/06/GWEC-Offshore-2022_update.pdf



ORE Market: Floating Wind

New floating wind installations, Global (MW)**

® United Kingdom » France ¢ Japan 7900
e ltaly » Greece e China
© Spain ® Portugal ¢ Taiwan
e Ireland ® Sweden e United States
® Norway ® South Korea
CAGR* 6900
+53%

4900

200

+83%

10 1048 L = 200
1 200 250 300
otz 330 @ 19 288 350
STy 96 s i . oo P
Rl st et 10— -3 103
2021 2022e 2023e 2024e 2025e 2026e 2027e 2028e 2029%e 2030e 2031e
T
*Compound Anrual Growth Rate., **Note: this floating wind outlook s already included in GWEC's global offshore wind forecast. G W E C
Source: CWEC Market Intelligence. fune 2022
. e e - g . - GLOBAL WIND ENERGY COUNCIL
https://gwec.net/wp-content/uploads/2022/06/GWEC-Offshore-2022_update.pdf



700 GW

F|Xed Offshore Wind Global Project
Pipeline

120 GW

F|Oati ﬂg Offshore Wind Global Project
Pipeline




L,lpstream Latest News Exclusive Regions Field Development LNG  Energy Transition  e-paper
E

NERGY EXPLORED

Brent spot Brent futures (1 mo) WTI spot WTI futures (1 mo) UK Nat Gas (1 mo)
$8461 v -1.54% 58456 v -1.48% 37864 v -1.57% $7846 v -1.53% 107 75p ~ -4.80%

m European English )
Commission

Q

[ENEWSE N

OFFSHORE WIND ONSHORE WIND SOLAR WAVE & TIDAL OTHER NEWS Q

Home > Press corner »
State aid: Commissic M illion French measure

@ Available languages: English v

Press release 13 February 2023 Brussels

State aid: Commission
. g approves €2.08 billion
Chinese offshore wind industry leaves the French measure to

pack behind in 2022 support offshore wind
energy generation

China accounted for 72% of the 9.4 gigawatts in offshore wind projects
completed in 2022

20 Februsry 202314:.07 GMT  UPDATED 20 Februsry 2023 1819 GMT

Sy Darlus Snieckus

BlueFloat unveils 1.7GW 0z floater NN

] NV TS

OEEC2023

Vessels

Home News Partners Long Read Jobs Events

1725MW Eastern Rise project will be located off the Hunter region of New South Wales offshoreWIND.biz

(3 28 February2023 &> Offshore Wind

. bnamericas Nosotros v Productos v Industrias v Casos

71 Offshore Wind Applications Now
(;olomiala y Brasil lideran el mercado edlico F"ed in BraZiI, Proposals TOtaI 1 76'6
marino regional GW

Bnamericas
Publicado: viernes, 04 noviembre, 2022

December 8, 2022, by Adrijana Buljan



ORE in Latin America



https://www.offshore-energy.biz/

ARE WE THE NEXT REGION?
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POTENTIAL SITES IN LATIN AMERICA (EXAMPLES)

Offshore Wind Technical Potential Offshore Wind Technical Potential

in Argentina in Brazil T
» - 2= )
RISE score: 59 Fixed: 558 GW || Floating: 1,312 GW || Total: 1,870 GW RISE score: 71 Fixed: 480 GW || Floating: 748 GW || Total: 1,228 GW i
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POTENTIAL SITES IN LATIN AMERICA (EXAMPLES)

Offshore Wind Technical Potential Offshore Wind Technical Potential

in Colombia in Mexico )—
RISE score: 44 Fixed: 31 GW || Floating: 78 GW || Total: 109 GW RISE score: 69 Fixed: 402 GW || Floating: 467 GW || Total: 869 GW 28
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POTENTIAL SITES IN LATIN AMERICA (EXAMPLES)

Offshore Wind Technical Potential

Offshore Wind Technical Potential

RISE score: 52

in Peru
Fixed: 32 GW || Floating: 315 GW || Total: 347 GW
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National
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WS (mis)
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RISE score: 73

in Chile

Fixed: 131 GW || Floating: 826 GW || Total: 957 GW
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Offshore Wind Technical Potential in

Latin America

Top 10 Conuntries in LAC Region

RISE
Country Score
Argentina 59
Brazil 71
Chile 73
Mexico 69
Venezuela 19
Peru 52
Uruguay 56
Colombia 44
Honduras 39
R. Dominicana 59

RISE: Regulatory Indicators for Sustainable Energy

Total
(GW)
1870
1228
957
869
381
347
275
109
91
03

Fixed Floating

(%)
30%
39%
14%
46%
30%
9%
69%
28%
64%
19%

(%)
70%
61%
86%
54%
70%
91%
31%
72%
36%
81%

2209
GW
(31%)
4903 W FIXED
GCW
(69%)
B FLOATING
WORLD BANKGROUP C D
ESMAP

T‘t'\Eu,,WORLD BANK IFc nnnnnnnn ional

Finance Corporation Energy Sector Management Assistance Program
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ORE Project Development
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. MANUFACTURE OPERATIONS &
Design ) ) INSTALLATION ) S ANTENAREE ) DECOMMISSIONING

+ ENGINEERING BLOCKS SUB-ASSEMBLY + MOORINGS + ONSHORE + DISMANTLING
+ PARTS ASSEMBLY MAINTENANCE
+ DEVELOPMENT + DEVICE INST. + DISASSEMBLY
+ OFFSHORE
+ CABLE LAYING MAINTENANCE + SITE RESTORATION

The manufacture, installation, maintenance, and decommissioning must be carried
out with the locally available infrastructure and equipment or, alternatively,
consider scale economies that allow incorporating this equipment or this
infrastructure in the long term.



Critical Aspects for Manufacture, Installation and
Maintenance
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SUPPORT PORTS AND
VESSELS INFRASTRUCTURE

OPERATIONAL
ASPECTS

LIFTING



OFFSHORE WIND PLATFORMS
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S e MASS > 10.000 t
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https://www.windpowerengineering.com/comparing-offshore-wind-turbine-foundations/




Challenges

MANUFACTURE )

Steel g
ve Lifting

Concrete

Launching

Footprint _
Time

>

Source: Floatgen.eu

-

Source: Floatgen.eu




Challenges

) INSTALLATION

Source: Principle Power

Lifting
Weather
windows

DP Sh. | ¥ A '. T ﬂ o W
Ips | o rer ' : Source: Stiesdal
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Operations
@
TI me Source: SAIPEM




Challenges

L

OPERATIONS &
MAINTENANCE

Dry vs Wet

Weather
windows

Ships

Operations A
AcceSSibility | ?oﬁu‘rvce Fred. Olsen 1848 & SO Bation Hub




Challenges: Accessibility (Example)

w O
T

OPERATIONS &

) INSTALLATION MAINTENATIER

Consistency:

% of time with He > Tm and

Tm >7s for - or

Tm >10s forjground swell

Orkney, UK:

Antofagasta, Chile:

lllll

lllll

Adapt O&M
techniques

Challenges: \

Adapt
installation
techniques

S

97% 99% 99% o07% 99% 99% 98% 97% 06% 97% 98%
[ J
Gl
7 4 P 1 1 1 1 1 1 1 # #
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Source: Aquatera 2013
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Challenges: Extreme Sea States
=
[-i-] — C’ characterization

OPERATIONS & and modelling

MAINTENANCE .
On-shore | Near-shore | Off-shore | + Loads Prediction

Storms, tsunamis, breaking Extreme waves and mooring
waves optimization

\- Survival mode /

/ Challenges: \

e Event

) INSTALLATION




Opportunities




Opportunities: Local
niche applications

Latin America offers

unique niche applications
for ORE, covering the
needs of local

o
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communities, industries
and goverments

P

r

z
ka1
3

3
(#
S
%
[

€
GRATION OF DIFFEY,
ENEWAB| E SOURCE®

Blue Economy



Example

Opportunities:
Local niche
applications

Development of
small-scale FWT for
aquaculture and
isolated
communities

LIBERTAS CAPITUR

okeanos.cl



Example

Adaptation of Technologies for Extreme Conditions

Local knowledge is key for the analysis of the extreme conditions of each site




Example

Adaptation of Technologies for Extreme Conditions

Preliminary tests of tsunami-like : R T ] T g
waves on generic WECs for further . I S s e e
analysis with numerical tools L w ] m e - - j j

—=—Tension linea de proa

Fuerza [N]

15 20 25 30 35
Tiempo [s] 18]

il &H

Y-

U A Ch

B -

g

OAD_AUSTRAL ANOS MARIME EMERGY RESEARCH & IMMOWATION CEMTER

¥/ CANAL DE ENSAYOS HIDRODINAMICOS




Example

Adaptation of Technologies and Operations

adapt

Example: Development of simulation Tool “adaptORE” for ORE
operation and maintenance analysis

Features:

adapt “‘\_ .. i O
N\
! \ i  Georreferenced
RE )\ G-984 . .
o B * Time-domain
:E,as.Cr‘y"ces . F.962-G .
Objectives: g ;8 - Behind-casts
° ’l AA .\\' Lo Abarca
- Compare different 9 Q R
L3 / ’/
sites / | e
. .' Q Q | A Entities:
« Compare different \ - : . ORE Devices
technologies @ Q 3 A
— . ¥ Aguas Buenasm,.
. NS o2 7 ,;f': - g ° H
- Compare different S - . y Support ships
strategies (e.g. use B2y onio = . Ports
of different ships or i, O 4 ] .
technologies) Il * Maintenance strategies

(under development)
B QUERIC



Example

Adaptation of Technologies and Operations

adapt

Time-domain simulation

q\c» = ol

%, Maintenance m 11, Feasibility % , Analvsi
OR 0 ysis
E "‘ requirement \ 4 check

® — o >

Input: Output:

*  Weather data * Operational costs

« Device Yes * Energy
characteristics > production

. Service-ships o . Availa'bi'lifcy

+  Operational steps No + Accesibility

complete

« LCOE estimate

criteria !
No
€ - ————————mmm e ——
- Yes /Maintenance \
Next y S Completed
. Open es Fp h Ye
time Port.? o Calculate:
step Progr. Yes - + Maintenance
Maint. No | No Cost
! 3 « Availability
No [ Maintenance Postponed | loss




Example

Adaptation of Technologies and Operations

adapt

Ship geometry

Operational Limiting Curves

«10* Espectro de respuesta Roll

Response
Spectra

Operability
Criteria

Operational Limit Heavy Manual Work (90°)

Limiting wave conditions

TR CAFTIR
oA alIsTRAL 5 E | ! I :
MARPE ENERGY RESEARCH & NNOVATION CENTER




Example

Adaptation of Technologies and Operations

AdaptORE

Figure 1 Figure 2
: -— T
adapt a€Er» Q=¥ B
n b 4 o
8 10 - po e | e e = S S — _ —--— threshold
ORE o b bk e
o 5
£
Result -
4
o
E
(Example) £,
T
© 50
g |
= g
] 0
R T 7 .. @ closed port
— 1 e ‘Eag === open port - o -
. s o
.:‘:r.f.r_‘:{:«_f_ el e J o
i E:._w:‘.,,.,._ o - é s performed
T 4 e - 5 a - e s - - - o= . - e @ @ ™= postponed
5
E

Sep 2020 May Sep 2021 May Sep 2022 May




Example

Adaptation of Technologies and Operations

adapt

Act:)clefm- AI;I?ItIa- Clazlpatmty LCOE
——— 1114Y 1114Y actor

ORE

Results 70% 94% 46%
(Concept) 2 55% 89% 38% 88
B ] 53% 87% 34% 82
2 43% 82% 32% 93
C ] 64% 92% 41% 78
2 53% 86% 36% 86

TR G
Cor asthit
MARHIE E7ERGY RESEARCH & PNCVATION CENTER




S

Special Shlps and Support
Systems |

 Local design and constructlon of
specialized ships and navalp ’
structures, adapted to -
requirements (markeﬁ;{ '0 |
diversification)

- Innovation and technology transfer
at different scales (valuable local.
experience comblned with
international experlence)

Source: Consorcio de Acuicultura Oceanica




Special Ships and Floating Structures

*’““":“ Multicats - Jack-up barges

= =
Source: Damen
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0
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Source: Liebherr

. - —~—
Source: Wind Power Engineering



Special Ships and Floating Structures

ORE Service Vessel with W2WG

Source: Bibby Marine : Source: OffshoreWind.biz

Multi-purpose semisubmersible barges
'

- |

-

Source: Damen




Construction Sites

Floating Construction Facilities : Assembly Sites

Source: Renewablesnow




Other Support Systems

A

\~




Conclusions

Offshore Renewable Energy is a unique
opportunity for Latin America

» Latin America has excellent conditions for the development of ORE, with
varying conditions along its coastline.

* These varying conditions require different technologies and approaches,
with a strong emphasis on local knowledge and local content, which can
have an important impact on local economies and communities

* Regional collaboration can play a key role, along with collaboration with
technology providers

* Unique challenges ahead!
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Thank you!

Gonzalo Tampier
gonzalo.tampier@uach.cl
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