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Anexo D: Energia edlica

La generacion de energia edlica esta creciendo aceleradamente en el mundo. El avance
tecnologico en la materia esta reduciendo costos y ampliando las zonas aprovechables
costa afuera. Paises como China, Japon, Corea del Sur, Estados Unidos, y los que colindan
con el Mar del Norte, estan en una carrera por establecer parques eélicos marinos cada
vez de mayor magnitud. En el “pipeline” estan varios proyectos de 1 GW de capacidad
instalada 0 mas, y las turbinas de 20 MW ya estan en camino®. La cimentacion en
profundidades menores a 50 metros ya esta dominada y ahora el reto son las
cimentaciones flotantes a profundidades de mas de 70 metros.

Donde es posible, se hace la conexion directa con la red eléctrica, sobre todo en los paises
desarrollados, pero cada vez es mas frecuente la combinacion de parque eélico con
produccion de hidrégeno verde, ya sea en tierra firme o en estructuras marinas
especialmente disefiadas para ello. La electrdlisis directamente con agua marina ya paso
la fase experimental y pronto sera una alternativa de menor costo para este proceso.
Paises como Marruecos, Arabia Saudita, Australia, estan firmando convenios de largo
plazo para exportar hidrogeno verde producido con una combinacion de energias solar y
edlica, que se convierte en hidrogeno verde o algun producto “portador” conveniente,
como pueden ser el metanol y el amoniaco.

México tuvo un periodo de rapido crecimiento en la generacion de energia eélica en tierra
firme, pero se interrumpio en esta administracion federal porque la CFE ha considerado
inconvenientes los contratos de autoabasto y no se ha encontrado una solucion
satisfactoria para reanudar su desarrollo. También se han registrado conflictos entre los
dueios de la tierra y las empresas desarrolladoras.

Para que el pais, y particularmente la region Sur Sureste, puedan retomar una senda de
crecimiento en materia de energia edlica, es necesario replantear el esquema seguido
hasta ahora. Los proyectos nuevos deben ser de escala, concentrados en zonas de alto
potencial de generacidn de energia edlica, e integrados localmente en su cadena de valor,

2 Estan surgiendo incluso tecnologias nuevas que tienen la turbina sumergida, requieren de muchos menos
materiales y pueden instalar aerogeneradores a distancias mas cortas entre si.
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tanto aguas abajo para promover la fabricacion de los componentes de los
aerogeneradores en el mismo sitio, como aguas arriba, para conectar la energia generada
con electrolizadores que produzcan hidrogeno verde y lo almacenen, como paso previo a
su distribucidn a usuarios internos (grandes industrias como PEMEX, y la propia CFE), y a
la exportacion (contratos de largo plazo con paises importadores netos como Japon,
Corea del Sur, la India, y la region de la Unidn Europea).

Hay dos zonas propicias para este tipo de proyectos: la cuenca sur del Istmo de
Tehuantepec, primordialmente en parques marinos costa afuera para evitar conflictos con
los dueiios de la tierra; y en la franja litoral de la Peninsula de Yucatan, particularmente
de Sisal a Cd. del Carmen, con la idea de generar sinergias con la actividad petrolera costa
afuera que opera en la Sonda de Campeche. En el caso de Oaxaca, el nodo logistico seria
el nuevo puerto industrial de Salina Cruz?, y los clientes iniciales serian PEMEX (refinerias
de Salina Cruz y Minatitlan, y plantas petroquimicas en la zona de Coatzacoalcos), las
empresas petroquimicas privadas establecidas en el sur de Veracruz, y las flotillas de
autobuses de pasajeros urbanos que se desarrollen en los programas de electromovilidad
de las ciudades de la region Sur Sureste. En el caso de Campeche y Yucatan, se podrian
aprovechar los puertos de Seybaplaya y Cd. del Carmen para dar soporte al desarrollo de
parques edlicos marinos en la franja litoral. Un electrolizador para la produccion de
hidrogeno verde podria construirse en el corredor industrial de Seybaplaya, con la idea de
conectarlo al gasoducto que lleva gas natural a las plantas de ciclo combinado de Mérida
y Valladolid, a fin de iniciar con mezclas y gradualmente sustituir del todo el flujo de gas
natural.

3 No es el proyecto portuario que ha manejado la Coordinacion del Canal Interoceanico del Istmo de
Tehuantepec (CIIT), sino un verdadero puerto industrial con la escala suficiente para albergar varias
instalaciones necesarias: una terminal maritima para contenedores que pueda manejar a los barcos de
mayor tamafio (24 mil TEUs en la actualidad) y sea un eslabdn eficiente del corredor ferroviario al puerto de
Coatzacoalcos, en el otro extremo; una terminal de apoyo al ensamblaje y a la operacién de los parques
edlicos marinos que se establezcan en el futuro; una terminal para la producciéon de hidrégeno verde y
productos “portadores” como el metanol, que podria venderse a las numerosas embarcaciones que estan
en transito a lo largo del litoral del Pacifico, asi como a las embarcaciones que arriben con carga a este
puerto. Véase el articulo de O. Arellano sobre el puerto de Salina Cruz (2022) en el Anexo de fuentes de
informacion.
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Proyectos como éstos habran de requerir de la coordinacién de una agencia publica ad
hoc (probablemente una empresa publica nueva que tenga como socios a PEMEX y a la
CFE, y dentro de su consejo de administracion a las autoridades federales de Hacienda,
Economia, Energia y Medio Ambiente), encargada de la coordinacion entre los actores
relevantes publicos y privados, nacionales y extranjeros, que tuvieran participacion en los
proyectos.

En el resto de este documento se establecen referencias que permiten comprender mejor
condiciones particulares y oportunidades que ofrece la energia edlica, particularmente en
algunas zonas de la region Sur Sureste.

Factor de capacidad: 30% a 40%

Alguien mas
tiene que satisfacer
la demanda cuando no hay
aire o sol.
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Mapa 1: Region del Istmo de Oaxaca ~Mapa de Recursos Eélicos.

Fuente; Elliott et al. (2004).
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Energia Edlica Marina e Hidrégeno Verde

El Global Wind Energy Council (2022) opina que es imperioso acelerar la transicion de
combustibles fosiles volatiles hacia los recursos renovables. De aqui que el viento imperante
fuera de la costa (offshore) representa una gran oportunidad para impulsar la transicion en
muchos paises a otra escala, con la creacidn de capacidades y crecimiento econémico, con menor
costo y seguridad energética.

Tres décadas después de que se instalara el primer parque edlico marino del mundo, América
Latina, sin ninguna planta semejante, comienza a interesarse por esta forma de generacién de
energia (Alan Austria, 2022). Algunos especialistas consideran que es el momento ideal para
plantearlo debido a que ayudaria a promover una sélida transicion energética en la region.

Existe un enorme potencial de recursos sin explotar en América Latina y el Caribe, segtin el Banco
Mundial, que estimé un potencial técnico cercano a los 8.000 GW en las aguas de esta region
(Figura 13). Algunos paises tienen excelentes condiciones naturales, lo que significa que esta
energia podria ser técnica y econdmicamente viable (Alan Austria, 2022). Brasil y Colombia son los
mas avanzados en sus legislaciones edlicas marinas. Cabe mencionar que, Brasil es el mercado
eolico terrestre mas grande de América Latina, seguido de México, Chile y Argentina (Alan Austria,
2022).
Figura 13. Energia edlica marina. Potencial técnico de Centro América, Colombia y Venezuela

QP Didlopo China

Energia edlica marina
Potencial técnico
en Colombia

b | o (nvrtanicdod $9 ages » 80T
Paadwnaes Vil oo send ol o « 13330¢
Dow Toveden ou Dochuvhe 220

Fuente: Alan Austria, 2022. Belen Sampietro / Didlogo Chino
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Los especialistas edlicos marinos consultados coinciden en que los costos se estan volviendo mas
competitivos, al tiempo que la disponibilidad de sitios en tierra disminuye. Por lo que la industria
sera prospera en América Latina si va de la mano de la creacidn de un entorno atractivo para la
financiacion y del desarrollo de politicas edlicas marinas.

El gran desafio se encuentra en la infraestructura logistica y portuaria. También se identifica que
la regulacion puede afectar el progreso de esta industria, ya que es necesario contar con
aprobaciones exhaustivas tras realizar estudios durante los afios previos (Alan Austria, 2022).
Sumado a ello, el Banco Mundial ha expresado otras preocupaciones. “No todos los elementos del
proyecto se produciran localmente; algunos deberan importarse. La distancia de los paises con
proveedores establecidos, como las gondolas de turbinas eélicas del norte de Europa, presentara
desafios logisticos y de transporte. Asimismo, se requerira de grandes cantidades de capital, las
cuales requeriran de la participacion de financieras locales e internacionales (Alan Austria, 2022).

Las instalaciones edlicas marinas presentan caracteristicas diferenciadas ventajosas frente a las
instalaciones en tierra. El recurso edlico existente en el mar es superior y mas regular que en
tierra firme, con lo que aumenta la generacion eléctrica de los aerogeneradores con las mismas
dimensiones. Ademas, la menor rugosidad superficial en el mar requiere una altura de torre
menor si se compara con un aerogenerador terrestre (Eélica Marina s/f.).

En el mar, que presenta menores limitaciones a la hora de transportar los diferentes componentes
de la instalacion, los parques edlicos marinos mas recientes utilizan aerogeneradores de
potencias unitarias superiores a los 8 MW, desarrollandose prototipos de hasta 12 y 15 MW de
potencia (Eélica Marina s/f.).

De acuerdo con el Banco Mundial y Energy Sector Management Assistance Program (ESMAP), el
potencial técnico estimado de la energia edlica marina fija y flotante en México en términos de la
potencia instalada en MW hasta 200 km de distancia de la costa es de hasta 869 GW, 10 veces mas
que toda la capacidad instalada de generacion a nivel nacional (Sebastian Del Cueto, 2021).

De las 4 areas maritimas principales donde seria técnicamente factible instalar turbinas eélicas, la
de mayor interés es la de la costa del Golfo de México que abarca los estados de Tabasco,
Campeche y Yucatan (Sebastian Del Cueto, 2021).

La peninsula de Yucatan tiene un gran potencial de generacion renovable que contrasta con un
suministro eléctrico irregular que caracteriza a esta zona. Aiadir mayor capacidad de energia
limpia es critico para mejorar la seguridad, equidad y sustentabilidad de la electricidad en la
region (Sebastian Del Cueto, 2021).
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Para su implementacion, es importante considerar que las habilidades y conocimientos de
construccion para el sector petrolero pueden ser aplicados también para la construccion de
proyectos edlicos marinos (Sebastian Del Cueto, 2021).

En este sentido, Christian M. Appendini, (2022), propone que, por su baja profundidad, la
plataforma continental de la Peninsula de Yucatan es un espacio excepcional a nivel mundial para
la implementacion de parques edélicos marinos. La profundidad de 40 m (limite a partir del cual los
aerogeneradores deben ser flotantes) se localiza entre 60 y 100 km de la costa. El resultado es un
area de mas de 3 millones de hectareas disponibles para campos edlicos, el equivalente al 70 %
del territorio del estado de Yucatan.

Si bien no seria sensato implementar aerogeneradores en toda esa area, hacerlo en ciertos
poligonos convertiria a México en uno de los principales productores de energia eélica a nivel
global.

Existe un peligro que no podemos ignorar: los ciclones tropicales. Este riesgo incrementa si
consideramos las previsiones en el aumento de huracanes de altas categorias debido al cambio
climatico. Respecto a esto ultimo, el estandar internacional IEC 61400-1, emite desde su tercera
edicion recomendaciones de disefio en zonas de ciclones tropicales, ademas ya trabaja en
tecnologias para afrontar el reto que implica la presencia de huracanes. Por otro lado, la vertiente
mas expuesta de la peninsula es la zona del Caribe, mientras que la zona oeste de la plataforma
es donde la probabilidad de impacto es menor (Appendini, C. M., y P. Ruiz-Salcines, 2021)

Otro aspecto potencial respecto a la generacion de energia eélica marina es la produccion de
hidrégeno verde. Mediante la colocacion de procesos de electrolisis en las areas vinculadas a los
aerogeneradores puede ser posible producir el hidrogeno verde a partir del agua de mar,
particularmente de interés en aquellos proyectos que se desarrollen en aguas profundas fuera de
la costa. Como un gas de combustion limpia que emite solamente agua al punto de combustidn, el
hidrogeno verde viene a ser una pieza del ajedrez dentro de un sistema de produccién de energia.

El hidrogeno verde puede ser comprimido y almacenado en un sistema de tanques cercano a la
costa hasta cuando se requiera. El hidrdgeno liquido puede convertirse también en un gas natural
sintético equivalente al metano, previo a que se sea embarcado a los usuarios finales para
multiples propasitos (GWEC, 2022).

Se estima que mas del 20 % de hidrdgeno, por volumen, pueden ser mezclados dentro de las
lineas existentes de conduccion de gas (gasoductos). El almacenamiento de electricidad puede
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combinarse con la captura de CO2 para generar combustibles liquidos de carbon neutral (GWEC,
2022), particularmente a los sectores dificiles de electrificar como el transporte pesado terrestre,
la navegacion y la aeronautica, asi como la industria del acero, la produccion de cemento y la
manufactura quimica. La GWEC, en el afio 2022 propone 4 lineas estratégicas para impulsar el
desarrollo de la energia edlica marina:

1).- La primera Linea estratégica se enfoca en la cadena global de suministros costa fuera, y su
escalamiento a la demanda global. Ahora el debate se encuentra en los precios a futuro, reduccién
de margenes y el incremento de consideraciones geopoliticas en el sector.

2).- La segunda Linea estratégica se enfoca en las acciones politicas que los gobiernos deben
representar para facilitar el rapido incremento del sector de energia eélica marina, costa fuera.
Mejorar los procedimientos e instrumentos para las concesiones de instalaciones marinas de cara
a los objetivos climaticos acordados y desarrollar las lineas de conduccion sustentables, la
tramitologia y permisos promoviendo las mejores practicas.

3.- La tercera Linea estratégica mira a la sustentabilidad de la industria a través de la cadena de
valor, examinando los retos futuros que la industria debe encarar con relacion a los minerales
criticos y una cadena de suministro descarbonizada. Nuestros océanos contienen soluciones
vitales para incorporar los Objetivos del Desarrollo Sustentable y para soportar la mitigacion ante
el cambio climatico, mediante la restauracién del carbon azul en los ecosistemas como los
manglares o pastos marinos y de la acuacultura baja en carbono.

4.- La cuarta Linea se enfoca hacia el desarrollo de nueva tecnologia en la industria, incluyendo la
innovacidn tecnoldgica en turbinas eélicas marinas, y las tendencias educativas y de capacitacion
en turbinas. Implica el desarrollo de hidrogeno verde y resalta el papel de los sistemas flotantes
en aguas profundas.
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Offshore Wind Technical Potential

in Mexico
RISE score: 69 Fixed: 402 GW || Floating: 467 GW || Total: 869 GW

2
i
2
P
E
|
l
|
|
[- o

V77 Fixed (water depth < 50m) , w w w0 w
[--3 Floating (water depth < 1000) = i/ i MR- S 4 P
« « = Exclusive Economic Zone (EEZ)

b nid L
M~ 0 W & @&

Tt mo0 Shows T S55M0M WOV polantay 5o Jned and Moatng offshone wind In Mewon N 36rme of elalod power CasaCRy It megaears | MW winin 200 kiomelars of tre shorelne 2 i prowidont i & Works Bank
Geoup (WHG ity o offyncre wardd ol i fanded anvd lod Sy 2 Exergy Secke Maragermert Avsxdance Prograer (LSVAR), or mone niberalion and 10 cban rags Lor aifee WG clee! courtn plnans vt
MipiMearnap cogiodfshosening, Fix ftbur detuls 0n e FISE scire prowde pleios wid mgn Ve eamap.erg

Tom mwitedoogy caad 10 ceele B map B Sescbad 0 T WEG report putdatnd 6 Dctober 2079 et Goling Glodal £xpanding Offchore mm’rotmlhm S0 wind resteeoh dae o e Globs

Wirrd At (veridr. 500, @ Wi, we-20sid apploaion 't pAades At wilh & 250 1 nvA.lu Skt o e ltaw Wt Sutisis dnd ex00uieg oo, P more mhroaler Wigs Dyioh aiwindeties inlo
Tow ok Bark aed ESNAP 0 e guasinden 1 atturacy of s Seth v st A e Ombillty whatitowin o sy conmbncin of thar cai Thi Soundeiis, (olor, Jeonrudonl, g ofwr bfarmidcs shown o
A0y PNO 11T S0 0 08 gy & o part of 100 vAa Sank amy OpIent On The KO LS of any WnRony Of $90 SNGOUONOnt of BCO0gean0a OF Such Doundes.

Pubis B 2000 (nnt ety 2004
WORLD BANK GROUP 3 ES M 'I\P o et O THE WORLD Bt

Y THE VeORLD BANK IFC 1318 H Sveet. MW | Washington DC 20433 1USA

ENDIRRSE 2030, Mision: Transicion Energética
Anexo D: Energia Edlica
11 de 46



v Region Sur Sureste

" ESTRATEGIA DE DESARROLLO

9 CAMPECHE - CHIAPAS - GUERRERO - OAXACA - PUEBLA
u QUINTANA ROD - TABASCO - VERACRUZ - YUCATAN
R

Gulf of Mexico Final Wind Energy Areas BOEM

171 GO it Loy Avwes ML T G S Lavw o' Bren B Mg Scmm 1.2 000 000
B oM e e 0 meranon (wacw) — ————
° " n )

ENDIRRSE 2030, Mision: Transicion Energética
Anexo D: Energia Edlica
12 de 46




v Regién Sur Sureste

“ ESTRATEGIA DE DESARROLLO

CAMPECHE - CHIAPAS - GUERAERO - OAXACA - PUEBLA
QUINTANA ROD - TABASCO - VERACRUZ YUCATAN

Offshore Wind Cumulative Installed Capacity (GW) Projections, 2030-2050
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In detail: Global offshore wind farms put into operation in 2022
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Changle Area C 1

Longyuan Putian Nann lsland | 1
Xnkao

Dateng HS

CGN Pingtan leland

Guodian Xiangshan 1 1
Fuging Xinghua Bay 2
Mingyang Yangjlang Shapa
Znanjiang Xuwen-South
Yuedian Yang|lang Shaps
Inejisng Jiaxing 2

Rudong HS

Dsfeng H6

Longyuan Jlangsu Dafeng H4
CTG Lakzhou demo (aquaculture)
Kaskasl

SPIC Rudong H7

CGN Shanwel Jiazi Il
Saint-Nazawe

Shenguan Phase 2

CGN Shanwel Jiazl |

Hornges 2

1

S8R BHNRBEEBBUERBEBBREEEERRREves

B BB BEEEELEE R B REFERB IR EBEEEEBacR §
d38REEBESHES

-
o

L

noawvwoaflvuibdBaraflualB

>'5

645
645

67
645
b45
445

645
645

645

11.0/80
645
B4

Units MW/Unit Turbine

Vestas V29
D5205-8 MW
MySE 30-135
GW154-67 MW
W& 5F-185
GW155-45MW
GW155-45MW
GWI55-45MW
GW 155-33MW
Vii7 - 42 MW
$G50-145
SG50-145
DEW-D7000-186, MySES 45-180
V117 -42MW
H151-6MW
DEW-D7000-186
DEW-D7000-186
MySES0-133
H171-50MW
DEW-D10000-185
SWT-40-130
MySES46-180
GW1B4-645MW
SWT-4.0-130, MySES 5-155
H171-62MW
GW154-67 MW, DEW-GS000-140
MySEA45-180
GW171-645 MW
MySEAAS-180
SWT-40-154
SWT-40-144
GW184-645MW
GWiB4-645MW
H220-8000
$G80-167 0D
SWT-40-146
MySEA.45-180

GE Haltade 160-6MW
SEW11.0-208
MySESA46-180
SG80-167 DD
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Global offshore wind capacity in operation® - by country

MW B Capacity addad during 2022

30,000
25,000 I :
20,000

15,000 13

10,000

5,000

3,010

» & &
& o« & c,9°\

Global offshore wind capacity under construction® by the end of 2022 .

MW
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3,000
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China UK Talwan Netherlands France Germany Japan Norway
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In detail: Offshore wind farms under construction

No Wind Farm MW
1 DemoSATH (floating) 2
2 Goto 17
3 Hywind Tampen (floating) 88
4 Ishikar 112
5 Rudong H13 150
&6 Longyuan Putian Nenri Island | 2 180
7 CGN Hulzhou | 250
8 ArcadisOstl 257
9 Changle Area A 300
10 Changle AreaC2 300
11 Mingyang Yang|iang Shapa 300
12 Fujlan Putian City Flat Bay Three Zone C 308
13 Formosa 2 376
14 Cangnan #1 - Phase 1 400
15 Neart na Gaolthe 450
16 Saint-Brieuc 494
17 Fécamp 497
18 Guodian Xiangshan 12 500
19 Mingyang Yangfiang Qingzhou IV 500
20 Huadian Yang|lang Qingzhou Il 500
21 Changfang &nd Xidao 589
22 Yunlin 440
23 Hollandse Kust Noord 759
24 Greater Changhua 1 & 2a 200
256 Sesgreen 1140
246 Dogger Bank A 1,200
27 Hollandse Kust Zuld 1,500
Total 12711

Units MW/Unit Turbine

1
8
11
14
30
45
40
27
36
37
44
44
47
49
54
62
7
41
43
&7
62
80
&9
11
114
95
140

20
21
80
140
50
40
65
95
100
100
65
70
80
46.25/10
a4
80
70
120
1112
48/83

95
80
110
80
100
130
110

Hitachi 2.1 MW
SG 8.0-167 DD

SG 8.0-167 DD

H171-5.0MW

SWT-4.0-130

MySE6.45-180

V174-95 MW

DEW-D10000-185, GW175-8 OMW
DEW-D10000-185, $G 10.0-193 DD
MySEA.45-180

SWT-70-154

SG 80-167 DD

$G 80-167 DD

SG 80-147 DD

SWT-70-164

MySE 11-230, MySE 12-242

MySE& 8-158, MySER 3-180
VI74-95 MW

SG 80-147 DD

$G 11.0-200 DD

SG 80-167 DD

V164-10 MW

Hallade-X 13 MW

SG 11.0-200 DD
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Offshore wind projects hooming across the globe
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TotalEnorgies (809} Flosing. Semi
Erchus CelticSen | wiz? : 00 Submersible "
v Simply Blue Energy {%) Platform - Steel
Censent Scotizh Floaang Semi
Apgicaton Peattand Continental | a2 | sz CIP {80%). Hexicon (10%) 0 i %
Shelf (Fair i) Platiorm - Steel
Uanversity of Mane Flasting Semi-
us ":_"m Atlansc Ocean | ui2a | wizs “""“':f"m"'ﬁ 2 Submarsible 1m0
BWE (26%), Misubis (26%) Platform - Concrete
T | M Enaw % | Flosing Not Specified | &3
Groo&bellelle | AtnecOcesn | 128 | enzs et o, | s crey 7
{38.75%), ENEOS
sapan Goto City Gonandiase | ey | et | o et pomen® | w8 m o
Consent mem
Celtic Sea Sermi:
TwinHub e wzno | wzmas Hexicon n | 2
Pengand Floating Scontish Flastrg Semi
Qshece Cantinental | wves | wovzs {50%). Hexicon 12 u
UK o.....u"’.'.:." Shelf (Faar ble) o Lol Platiorm - Stoed
m EDF {51%). Sem
p-i-.’-':-w-mz N Sea s et 584 Platoem |
pingiaa Shenyuarbt | £ast China Sen 000 | Fosting Semi Soar
pingdaa Shenysrbes | East China Sea 000 | Hosting Semi-Spar
Sud de Ls Bretagne | Atlanfic Ocean | VA28 | V1129 250 | Floasng Not Specified | 102
Mediterranée | Mediterrancan | WV29 | W30 250 | Flostng: Not Specified | 1
Med ] dech 500 | Floatng: Not Specified
Méditerranée || Mediterranean | WV28 | WV 250 | Fioxing: Not Specified | 1
Sad de la Bretagne || Atlansic Ocoan 5800 | Floatng: Not Specified !
Méditerranés (V Meditermancan 500 | Floating: Not Specified
l::ﬁv Project Taiwan Stat RWE, Far Eastern Group 800 | Floxting: Not Specified | 95
e Taiwan "'mm Taiwan Ssrait AWE. Far Eastern Group 200 | Floating: Various 0
Vi ot ey | Toiwan et AWEFaEatemGroup | 600 |  Floating:Various | 60
Hli;ﬂmuNﬂ North Sea Scattish Government 00 | Flostng: Not Specified | 132
Caltic Sea - Early ‘
Commercia Celtic Sea 30 | Floasng Not Specified
Floating Lease 3
uk | CeitcSeaSearchArea2 | Celic Sea 000 | Flosting: Not Specified | 84
CeRic Sca Seaech Area 4 Celtic Sea 000 | Floatng: Not Specified | 190
Cebkic Sca Search Area 3 Celtic Sea 000 | Floatng: Not Specified | 109
INTOG (Ea) Norm Sex Crown Estate (The} 633 | Flosing Not Specified | 106
INTOG (£} North Sea Crown Estate (The) 633 | Flosting Not Specified | 15
34 OFFSHORE www.offshore-mag.com | SEPTEMBER/OCTOBER 2022
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: £
s 8 ii
8¢
1 §
5085 Eu 8§ =
BNI0G (NEd) North Sea Crown Estate (The) 631 | Floating: Net Spochied | 16
INTOG (NEc) North Sea Crown Etate (The) 633 | Floating: Not Specied | 100
INTOG (NEB) North Sea Crown Estate (The) 633 | Floating: Mot Speciied | %00
[ WNTOG(NEa] North Sea Crown Estate (The) 633 | Flosting: Mot Speciied | &
INTOG{WoSa) North Sea Crown Estate (The) 633 | Fioating: Net Specified | %48
INTOG{WaSc) North Sea Crown Estate (The) 633 | Floating: Not Speciied | 788
INTOG(WoSS) North Sea Crown Estate (The) 633 | Floating: Net Spochied | 7
sk South - Cal Ares |, Paciic Ocean e | 1298
Qo North - Call Aren. | Paciic Ocean Floating: Not Specfied | 141
Humbokdt SW Pacéic Ocesn BOEM 1000 | Floating: Net Specfied | 1003
Catfomia i Futre. | packic Ocean Floating: Mot Specied
it o antc | tantic Ocean Flosting: Not Speciied | 33
Brockings Paciic Ocean BOEM 3472 | Floating: Not Specified | 1051
Jandon Pacéc Ocesn BOEM 2881 | Floating: Mot Specified | 1243
“.fm“:,;“ Gulf of Meéco BOEM Floating: Net Spochied | 24
Future Foating Project 300 | Fioating Nt Speciied
Gulf of Maine AFl Area | Atlantic Ocean BOEM Fioating: Not Speciied | 37
Jopan %:huq;sm Goto-nads IM!XKmnéhmh&nu 500 | Floating: Not Specified
Oelapment Ase o Co. Osaka Ga, TODA
o | Cotieseaseathareat | CoticSen 1000 | Floating: Mot Specied | 14
Celtic Sea Search Arca 5 | Celtic Ses 1000 | Flosting: Nt Specied | &3
Hurmbalct NE Pacéic Ocesn BOEM 800 | Floating: Mot Specfied | 540
Morra Boy AW Paciic Ocean BOEM 1000 | Flosting: Not Specfied | 954
Moo Say Paciic Ocean BOEM 1000 | Floating: Net Speckied | 3063
s Morro Hay £ Paciic Ocesn BOEM 1000 | Floating: Not Speciied | 1087
“‘W Gulf of Mexico BOEM Floating: Not Specfied
CentralAtlantic | pttantic Coean Floating: Net Specind | 2514
Coos Bay Paciic Ocean BOEM 10637 | Fioating: Not Specified | 1241
: Medterranean Ocean Winds Caisse des
s Golfe du Lion e s | anses | mﬂm‘ﬁuﬂﬂ 20 e =
: e :
Eoltded Medtermnean | viae | 1zne “'&‘&"“"ﬁ' 30 | Flosting: Barge - Steel
Medterranean EOF Tension
France | Prowence Geand Large = ez | | mmm"".m“" 22 m"“ @«
France ostsi e conay | anm | 1 EOLINK 5 i =
Atfantic Ocean Platform - Stesl
China Thaojng62MW | SashChina | o722 | anvz csic (¥ I PP ot L

Thes tadie prowides an #2-o- glance wew of the global offshare flosting wind laciities that are i concept,

and construction phases a3 wed as development 2ones. Fived

pre-construchion
Bundations and fully commissioned projects are not included in this avervien: The information provided is coaviesy of 4C OWishare, 2 T6S company, and is sccuce ss of Aug. 26 X022
SEPTEMBER/OCTOBER2022 | www offshora mag.com
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$109 Billion by 2030

Private-sector investment in US offshore wind

$ (billions)

v

50

40

30

20

10

2,057 2110 8,000 53 16B
Wind Turbines Substation Kilometers of Substations Other Capex
& Towers Foundations Cables

30 GW of Offshore Wind Supply Chain Components

SIOW recently published a study highlighting the $109 billion supply chain opportunity
from the private sector for offshore wind in the US. The graphic illustrates the level of
spend and on which components. courTesy siow
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Materias Primas )
O, ,. PaiscsProvesdores
@ & 6 w O
Q.OQ ....... ) Palasy Hub
e e e
.................... @ 6
........ ® 0 € e
________ @ € S 0
......... @ ® S P
-
@ e &6 v e
__________ © £ 0 6
____________________ ®
.................... @ <€
_______________ ® @S
® e

Materiales necesarios para los distintos componentes Fuente: GWEA, PwC
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R

Demanda 146 15.0
________________________ 136 _____ e ===
2012 P 30 e
6.5
Capacidad productiva 4.6
edlica en América del Norte,
2012 [GW/ano]
Fundicion Forja Generador Pala Nacelle
3 el : | Y
<y O 7 s
‘ ) Industrias con Caldereria Automotriz Aeroespacial Aeroie Automotriz
] pacial
potencial sinergia Automotriz  Aeroespacial Automotriz Aeroespacial

() Vmgewnsss ) O O O O

Demanda de nueva capacidad
Fuentes: MAKE, Bloomberg New Energy Finance, Anilisis PwC
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Table ES1. Summary of Potential Short-, Medium-, and Long-Term Actions To Develop a Domestic
Offshore Wind Energy Supply Chain

Convene working groups focused on  The farmation of actively funded groups with decision-making authority,

regional and holistic supply chain diverse membership, established communication practices, and clear visions
development for supply chain development
Identify locations to build the next Announcements and initial permitting applications for a sufficient number of

wave of supply chain development facilities (e.g., factories, ports, vessels) to meet the demand of the domestic
equitably and efficiently pipeline

[ Continue to expand the offshore [ A predictable timeline for lease area sales and state procurement
wind energy pipeline solicitations that extends to (at least) 2035
Assess the need for and impact of A predictable approach for incentive programs to construct new supply
incentive mechanisms beyond chain assets (e.g., factories, ports, vessels) and produce Tier 1, 2, or 3
existing programs components* that are not covered through the Inflation Reduction Act or

other existing programs

Establish strategies and incentive A clear and consistent vision that outlines the infrastructure needs to deploy
mechanisms targeted at floating commercial-scale floating wind, including preferred port locations, newly
wind infrastructure bullt vessels, and industrialization requirements for floating platforms
Establish curriculum and funding A standard curriculum for offshore wind energy workers that is acceptable to
streams for workforce training all major offshore wind manufacturers; committed funds sufficient to open
centers training centers and train an initial cohort

Conduct outreach and education Increased engagement and contracting between major manufacturers and
activities with existing suppliers to domestic businesses

increase awareness of offshore wind

energy opportunities
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Construct the major supply chain A network of domestic manufacturing facilities that can support the demand

facilities needed to meet the from all offshore wind energy projects in the United States; a system of ports

demand pipeline and vessels that can support annual deployment without creating significant
delays

Continue to expand the offshore A predictable timeline for lease area sales and state pracurement

wind energy pipeline solicitations that extends to (at least) 2040 and potentially as far as 2050

Leverage national, regional, and A standardized approach to community engagement, permitting, developing

industry working groups to share and  supporting supply chains, and adapting to evolving technologies throughout

develop best practices for supply different states and supply chain sectors

chain activities

"Tier 1, 2, and 3 components refer to finished components, subassemblies, and subcomponents for offshore wind
projects as defined in Shields et al. (2022).
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Incorporate learning from early- | An evolved supply chain that develops in parallel with technologies and
stage commercial-scale projects into = processes that are customized for the social and regulatory considerations
ongoing operations and decision- within the U.S. market (e.g., foundation technologies to minimize pile-driving
making noise, refined feeder barge strategies to reduce at-sea risk, improved

communication and community outreach)

Train a sufficient manufacturing Workforce training centers and apprenticeship programs produce a
workforce sufficient throughput of trained workers to fill all domestic manufacturing

| Jobs
Evaluate procedural and impact " Commonly used best practices that incorporate community feedback
equity metrics for early-stage | throughout the decision-making process for supply chain investment that
commercial-scale projects and apply frameworks that have been refined using lessons learned from early-
incorporate best practices into stage projects
ongoing supply chain development
activities

~longTerm Actions: Maintaining a Sustainable Industry (Beyond 2030)

Maintain and upgrade key supply | Existing resources developed in the 2020s (e.g., manufacturing facilities,

chain infrastructure to adapt to ports, vessels, workforce training centers) remain active and capable of

evolving technologies producing new components (e.g., larger wind turbine components, floating
wind components on the East Coast), possibly with the inclusion of new
innovations or automation; floating wind infrastructure continues to expand
to support increasing levels of deployment

Expand supply chain infrastructure to = Offshore wind energy supply chain hubs that are present throughout the
new regions using lessons learned United States with capabilities and are customized for the specific
from early build-out technology, regulatory, and community needs of each region

Fill manufacturing gaps in supporting 7 Critical subcomponents and subassemblies are primarily manufactured in

supply chains with domestic the United States to decrease reliance on global supply chains
production
Continue to expand the offshore | A predictable timeline for lease area sales and state procurement

wind energy pipeline solicitations that extends through 2050
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A domestic offshore wind energy supply chain designed
to meet the annual demand for major components in 2030
would require at least 34 new manufacturing facilities
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Table ES2. A Domestic Supply Chain Scenario for Offshore Wind Energy in the United States in 2030

Fixed-bottom wind marshaling ports 8
Floating wind integration ports | 2
Dedicated wind turbine installation vessels 4-6
Dedicated heavy-lift vessels 4-6
U.S.-flagged specialized feeder barges =3
Manufacturing facilities | 34
Development time frame 6-9 years
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A domestic offshore wind energy supply chain designed
to meet the annual demand for major components in 2030
would require an investment of at least $22.4 billion
25,000

== Installation vessels
Ports

== Wind turbines

20.000 | ™ Substructures

! == Electrical components

= Steel plates

wn Other

15,000

10,000

Investment, $ million

5,000

20020 2022 2024 2026 2028 2030

Figure ES2. Cumulative investment over time in the major components of a domestic offshore
wind energy supply chain.

Note: Installation vessels include wind turbine installation vessels and heavy-lift vessels, which could be U.S.- or
foreign-flagged?, and specialized feeder barges, which must be U.S.-flagged. Ports include fabrication and
marshaling ports.
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Offshore wind projects will need to import components
while the domestic supply chain develops. Global supply
bottlenecks could limit deployment if U.S. projects cannot
source a sufficient number of these components.

60
— Deployment with no supply chain constraints
- Conservative supply chain scenario

win Accelerated supply chain scenario /
W NM 50 ’
1=K~ ,1
EQN /
“3‘ m a Additional imports required for ,t'
28840 30-GW-by-2030: ’
i 17.1 GW (Conservative) e y
Suwn 7.2 GW (Accelerated) 5%

- A P
25 ,
S g g 30 ,,’
saa /
cEE i
Yoo ’
‘s v v oag o
= v ‘I
— - ¥
543
" o a7
< 8. E 10 - -
=Eo =

=Q ‘ -

Projects built before 2025
import 8.6 GW of components
4]
2023 2025 2027 2029 2031 2033 2035

Commercial operation date

Figure ES3. Manufacturing constraints on offshore wind energy deployment for accelerated and
conservative domestic supply chain scenarios.

Note: The time required to plan, permit, and construct offshore wind energy factories results in limited
manufacturing capacity in the mid-2020s, which would need to be met by imported components to meet the 30-
GW-by-2030 deployment target. All scenarios assume that 8.6 GW of offshore wind energy projects are installed
using internationally sourced components by 2025. Including these 8.6 GW, the United States would need to
import 15.8 GW of offshore wind components under the accelerated scenario or 25.7 GW of offshore wind
components under the conservative scenario to achieve the 2030 deployment target.
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An offshore wind supply chain could create a vast number
of jobs, with a higher market opportunity in the supporting
supply chain than in major manufacturing facilities

60,0004 - — . |
| w« Major manufacturing jobs (prescribed)

“ - Supplier jobs (25% domestic content)

E | == Supplier jobs (100% domestic content)

% 50,0001

L.

-

£

% 40,0001

[

S 30,000+

H

Q. |

© 20,000

-

Q

-

)

£ 10,000 I g EE
. l H ' lﬂ ‘ ’
° ’ ‘

=

2035

|
2021 2023 2025 2027 2029 2031

Facility operational date

2033

Figure ES5. Major manufacturing jobs and supplier jobs over time assuming a 25% and 100%
domestic workforce based on the accelerated supply chain growth scenario.

Note: Major manufacturing jobs are prescribed for each facility in the supply chain scenario and supplier jobs are
modeled for varying levels of domestic content. FTEs: full-time equivalents (jobs)

Table 1. Advanced Manufacturing Production Tax Credit Provisions in the Inflation Reduction Act
of 2022 (H.R. 5376, 117th Congress 2021-2022)

Component Tax Credit Tax Credit Value per Approximate Percent of
Componentin a 15-MW Total Component Value in a

Wind Turbine System 15-MW Wind Turbine

Blade \ $0.02/watt (W) $300,000 15%
‘Nacelle [SoosW | 750,000 10%
Tower | 50.03/W | $450,000 20%
Fixed-bottom foundation = 50.02/W $300,000 10%
Floating foundation \ $50.04/W ' $600,000 5%

Related offshore wind \ 10% of sales . N/A' » N/A
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Figure 4. Announced manufacturing facilities for critical offshore wind energy components in the
United States. Figure from Musial et al. (2022)
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Table 3. Generic Factory Specifications for Critical Offshore Wind Components

Component Throughput Investment Permitting Laydown Navigation Direct jobs
cost and area channel (full-time
(S million) construction (acres) depth equivalent
time (meters) jobs)
{years)
Blade 225/year (yr) 300 3-5 ‘ 80 7 500
Nacelle 100/yr 250 3-5 a0 10 230
Tower 100/yr 250 3-5 as 10 250 ‘
‘Monopile 100/yr a0 = 2 | s0-100 8 ' 550 |
Jacket 50/yr 0 N/A 80-100 8 ' 550
Gravity- . 50-60GBFfyr 50 1-2 50-60 12 ' 300
based
Foundation
(GBF)*
Transition 100 200 2-3 45 10 300
piece
Floating S0/yr 100 3 | Varies 12 240
platforms depending
on design
' Cable ' ss0kilometers 350 5-6 45 6(array) 230
(km)/yr (array) 10 (export)
250 km/yr
(Export?)
~ Mooring 2,000 km/yr 50 (rope) 4-5 | 50 (chain) ~10 110
rope and (rope)
chain 500 (chain)
2,000 km/yr
(chain)
Steelplate 1,000,000 metric 2,000 | 5 30 100 | 460
tonnes/yr
Large Varies | 110 | 2-4 10 N/A 240
castings and depending on
forgings component
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Table 4, Summary of High-Level Barriers' Impact on Individual Supply Chain Components

The biue shaded boxes indicate manufacturing-specific barriers, whereas the orange shaded boxes
indicate barriers that extend beyond manufacturing and into the larger offshore wind industry.

Component | Construction | Limited Constrained | Limited port = Lack of Cost Incorpor-
and pipeline | space and supply ond vessel specialized = compet- ating
uncertainty | permitting | networks infrastruc-  workforce itiveness energy

uncertainty ture | justice

Blade®

| Nacelle
Tower
Monopile
Jacket
GBF

Transition
piece

Hoating
platforms

" Mooring rope
and chain

Steel plate

Large casting '
and forging

Offshore
substation

ENDIRRSE 2030, Mision: Transicion Energética
Anexo D: Energia Edlica
32de 46



ESTRATEGIA DE DESARROLLO

CAMPECHE CHIAPAS GUERAERO - OAXACA - PUEBLA
QUINTANA ROD - TABASCO - VERACRUZ YUCATAN

Table 5. Types of Manufacturing and Supply Chain Workers and Their Respective Roles (Stefek et
al. 2022)

Worker Type Job Roles

Regional professional Regional corporate executive®
Administrator
Sales and marketing manager and team
Business development manager and team**, research and
development manager and team,** manufacturing and sourcing manager
and team**
Human resources manager and team
Counsel** 7
Production engineer**
Manufacturing engineer**
Plant manager*™
Operations manager**
Design engineer**
Testing engineer**
Supply chain analyst**
Quality assurance/quality control officer/specialist™™
Quality assurance inspector*
Quality control engineer*
Safety officer/advisor
Purchasing manager/assistant**
Logistics manager
Nondestructive test and inspection technician®
Materials handler
Production supervisor®
Manufacturing associate/operator - welder, machine setter, assembler
_Electrical technician*®*
Maintenance supervisor
Maintenance technician/engineer
Cleaning staff

‘ *Knowledge or training specific to offshore wind energy technology or industry recommended
| **Knowiledge or training specific to offshore wind energy technology or industry required

Factory-level management

Design and engineering

' Quality and safety

' Factory-level worker

' Facilities maintenance
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A domestic offshore wind energy supply chain designed
to meet the annual demand for major components in 2030
would require an investment of at least $22.4 billion

25,000 = :
== Installation vessels

Ports
== Wind turbines
20,000 ™= Substructures

== Electrical components

== Steel plates
we Other

15,000+

10,000+

Investment, $ million

3,000

$o20 2022

2024 2026

2028 2030

Figure 17. Cumulative investment over time in the major components of a domestic offshore wind

supply chain.

Note: Instaliation vessel investment is based on the U.S. Feeder scenario and includes WTIVs and HLVs, which
could be U.S.- or foreign-flagged, and specialized feeder barges, which must be U.S.-flagged. Ports include

fabrication and marshaling ports.

Table 12. A Domestic Supply Chain Scenario for Offshore Wind Energy in the United States in

2030

Fixed-bottom wind marshaling ports 8
Floating wind integration ports" [2
Dedicated wind turbine installation vessels | 4-6
Dedicated heavy-lift vessels | 4-6
U.S.-flagged specialized feeder barges | 4-8
‘Manufacturing facilities | 34
' Development time frame v 6-9 years
Total investment $22.4 hillion
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Table 15. Scenarios for domestically manufactured and imported fixed-bottom offshore wind
components.

Cost premiums for factory payback, transportation, and tariffs are identified for each scenario as a
percent increase In Individual component costs. Factory payback cost premiums include tax credits from

the IRA (H.R. 5376 117th Cong. [2021-2022]) for blades, nacelles, towers, and monopiles.

Commercial Operation Date

Component Parameters 2023 2025 2027 2030
Blade Source ‘ Imported Domestic Domestic Domestic
Factory payback \ 2.5% 2.5% 2.5%
Transport 30%
Nacelle Source imported | Imported ‘Domestic ‘Domestic
Factory payback 2.5% 2.5%
Transport \ 10% 10%
Tower Source imported | Domestic Domestic Domestic (U.S. |
(Imported steel) | (Imported steel) steel)
Factory payback 4% 4% a%
“Transport 20% |
Tariff 25% 25%
Monopile | Source | imported | Domestic | Domestic (U.S. Domestic (U.S. |
_{imported steel) | steel) steel)
Factory payback B.5% 8.5% 8.5%
‘Transport | 28%
Tariff 25%
Transition piece  Source Imported Domestic Domestic Domestic (U.S.
' (imported steel) | (imported steel) steel)
Factory payback | 16.9% | 16.9% 16.9%
Transport 17%
Tariff 25% 25%
Array cable®® | Source Imported Imported Domestic Domestic
Factory payback } | 7.4% 7.4%
Transport ‘ 0% 0%
Export cable Source \ Imported Imported Domestic Domestic
Factory payback 12.8% 12.8%
Afranspon 0% 0% |

* Cable transport costs are estimated to be a negligible percentage of the capital cost as all the cable for one offshore
wind energy project can be transported on a cable-lay vessel from a European facility to a U.S. project in one or two

trips.
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Table 16. Short-Term Actions: Organizing a Strong Foundation (2023-2024)

Convene working groups
focused on regional and
holistic supply chain
development

Relevant Organizations:
State and federal
governments, Tier 1
manufacturers, supporting
suppliers, organized labor,
community representatives,
regulatory Organizations,
project developers

The formation of actively funded
groups with decision-making
authority, diverse membership,
established communication
practices, and clear visions for supply
chain development

Well-organized and empowered
working groups can formalize a
transparent, consistent, and strategic
agenda for supply chain growth that
will provide a solid foundation for
further development activities and
reduce uncertainty for new entrants to
the supply chain

Identify locations to build the
next wave of supply chain
development equitably and
efficiently

Relevant Organizations:
State and local governments,
Tier 1 manufacturers,
supporting suppliers,
community representatives

Announcements and initial
permitting applications for a
sufficient number of facilities (e.g.,
factories, ports, vessels) to meet the
demand of the domestic pipeline

A planned (and publicized) network of
supply chain facilities that is based on
local capabilities (e.g., existing
workforce or suppliers, port or
waterway resources, beneficial
regulatory environments) and energy
justice considerations (e.g., impact on
host communities) will address supply
chain gaps, reduce uncertainty about
the needs for further investment, and
allow supporting supply chains to
develop in parallel with Tier 1 facilities

Continue to ex;and the
offshore wind energy
pipeline

Relevant Organizations:
BOEM, state governments

A predictable timeline for lease area
sales and state procurement
solicitations that extends to (at least)
2035

A stable 10-year pipeline will provide
the basis for investing in supply chain
facilities and expecting a reasonable
return

Assess the need for and
impact of incentive
mechanisms beyond existing
programs

Relevant Organizations:
State and federal
governments, Tier 1
manufacturers, supporting
suppliers, organized labor

A predi_cféble approach for incentive

programs to construct new supply
chain assets (e.g., factories, ports,
vessels) and produce Tier 1, 2, or 3
components that are not covered
through the IRA or other existing
programs

Incentives such as tax credits can offset
the upfront investment in new supply
chain resources, making the assets cost
competitive with imported

components
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Establish strategies and
incentive mechanisms
targeted at floating wind
infrastructure

Relevant Organizations:
State and federal
governments, port operators,
shipyards, vessel
owner/operators, Tier 1
manufacturers, supporting
suppliers

Establish curriculum and
funding streams for
workforce training centers

Relevant Organizations:
Organized labor, community
colleges and universities, Tier
1 manufacturers, state
governments

Conduct outreach and
education activities with
existing suppliers to increase
awareness of offshore wind

energy opportunities

Relevant Organizations:

Tier 1 manufacturers,
supporting suppliers, state
governments, organized labor

CAMPECHE - CHIAPAS
QUINTANA ROD - TABASCO

A clear and consistent vision for the

infrastructure needs to deploy
commercial-scale floating wind,
including preferred port locations,
newly built vessels, and
industrialization requirements for
floating platforms

A common curriculum for offshore
wind workers that is acceptable to
all major offshore wind
manufacturers; committed funds
sufficient to open the training
centers and train an initial cohort

Increased engagement and
contracting between major
manufacturers and domestic
businesses

- GUERWRERO - OAXACA -
VERACRUZ

ESTRATEGIA DE DESARROLLO

PUEBLA
YUCATAN

A common plan for floating wind
infrastructure development will allow
the industry to develop efficiently and
strategically with buy-in from relevant
states and industry sectors; this
organized approach could establish the
United States as a global leader in
floating wind deployment

' Developing a local workforce with a

common skill set as prescribed by
manufacturers and other major
employers will increase the economic
benefits and resiliency of a domestic
supply chain

' Building a bottom-up supply chain that '

uses and expands on the strengths of
existing local businesses will make it
easier to establish major component
manufacturing in the United States,
which will lead to a more self-reliant,
cost competitive, and beneficial
domestic supply chain
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Table 17. Medium-Term Actions: Gaining Critical Momentum (2025-2030)

Construct the major supply chain
facilities needed to meet the
demand pipeline

Relevant Organizations:
Tier 1 manufacturers, state and
local governments, community

A network of domestic
manufacturing facilities that can
support the demand from all
offshore wind energy projects in
the United States; a system of
ports and vessels that can support
annual deployment without

A fully domestic supply chain will
de-risk deployment bottlenecks by
reducing reliance on congested
global supply chains and will create
significant jobs and economic
benefits within the United States

representatives creating significant delays
| Continue to expand the offshore A prediét;ble timeline for lease A stable pipeline looking more than
wind energy pipeline area sales and state procurement 10 years into the future will
solicitations that extends to (at provide the basis for investing in
Relevant Organizations: least) 2040 and potentially as far as | supply chain facilities and
BOEM, state governments 2050 expecting a reasonable return

Leverage national, regional, and
industry working groups to share
and develop best practices for
supply chain activities

Relevant Organizations:
Newly formed working groups
encompassing government,
industry, organized labor, and
community representatives

A standardized approach to
community engagement,
permitting, developing supporting
supply chains, and adapting to
evolving technologies throughout
different states and supply chain
sectors

Consistent approaches to supply
chain activities will simplify
ongoing investment, construction,
and planning activities

Incorporate learning from early-
stage commercial-scale projects
into ongoing operations and
decision-making

Relevant Organizations:

Tier 1 manufacturers, supporting
suppliers, federal and state
governments, community
representatives, project developers

Train a sufficient manui‘écturing
workforce

Relevant Organizations:
Organized labor, community
colleges and universities, Tier 1
manufacturers, state governments

An evolved supply chain that
develops in parallel with
technologies and processes that
are customized for the social and
regulatory considerations within
the U.S. market (e.g., foundation
technologies to minimize pile-
driving noise, refined feeder barge
strategies to reduce at-sea risk,
improved communication and
community outreach)

Workforce training centers and
apprenticeship programs produce a
sufficient throughput of trained
workers to fill all domestic
manufacturing jobs

1 Having a skilled trade of domestic

Evolving a domestic supply chain to
reflect local conditions will support
more streamlined project
deployment that addresses a wide
variety of stakeholders and helps
the industry better understand the
future needs for supply chain
resources such as ports and vessels

offshore wind energy workers will
encourage further investment in
local manufacturing and generate
jobs and economic benefits
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Evaluate procedural and impact
equity metrics for early-stage
commercial-scale projects and
incorporate best practices into
ongoing supply chain development
activities

Relevant Organizations:
Community representatives, Tier 1
manufacturers, supporting
suppliers, organized labor, state
and local governments

CAMPECHE

- CHIAPAS
QUINTANA ROD TABASCO

Commonly used best practices that
incorporate community feedback
throughout the decision-making
process for supply chain
investment that apply frameworks
that have been refined using
lessons learned from early-stage
projects

- GUERWRERO - OAXACA -
VERACRUZ
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| Correctly incentivizing realistic and

meaningful equity considerations
into supply chain investment will
maximize benefits and minimize
harm to at-risk communities, which
may also reduce permitting delays
and stakeholder concerns

Table 18. Long-Term Actions: Maintaining a Sustainable Industry (Beyond 2030)

Maintain and upgrade key supply
chain infrastructure to adapt to
evolving technologies

Relevant Organizations:
Tier 1 manufacturers, port
operators, vessel owner/operators

Existing resources developed in the
2020s (e.g., manufacturing
facilities, ports, vessels, workforce
training centers) remain active and
capable of producing new
components (e.g., larger wind
turbine components, floating wind
components on the East Coast),
possibly with the inclusion of new
innovations or automation; floating
wind infrastructure continues to
expand to support increasing levels
of deployment

Maintaining and adapting existing
facilities will reduce demand for
new construction, which will
reduce costs, permitting demands,
and impacts on new host
communities as offshore wind
energy deployment continues
beyond 2030

7Expandi suppl;éia‘i;ihfrastmcture
to new regions using lessons
learned from early build-out

Relevant Organizations:

Tier 1 manufacturers, supporting
suppliers, state governments,
organized labor, community

Offshore wind energy supply chain
hubs that are present throughout
the United States with capabilities
and are customized for the specific
technology, regulatory, and
community needs of each region

7Expanded supplifchain resources

will facilitate deployment in new
regions, such as the Great Lakes
and Gulf of Mexico, and can be
developed in a sustainable and just
manner that incorporates lessons
learned from supply chain growth
in the 2020s

representatives
Fill manufacturing gaps in Critical subcomponents and Expanding domestic manufacturing
supporting supply chains with subassemblies are primarily capabilities to produce critical path
domestic production manufactured in the United States | components that are identified

to decrease reliance on global during supply chain growth in the
Relevant Organizations: supply chains

Supporting suppliers, organized
labor

2020s will reduce the risk of delays
and will create opportunities for
jobs and economic benefits
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Continue to expand the offshore A predictable timeline for lease A stable 10-year pipeline will
wind energy pipeline area sales and state procurement provide the basis for investing in

solicitations that extends through supply chain facilities and
Relevant Organizations: 2050 expecting a reasonable return
BOEM, state governments
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Turbine size (MW)
v
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Wind farm size (MW)
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Western European wind farms are organized by startup year, turbine size and capacity.
The size of the bubbles corresponds to project sizes (MW).

Turbine manufacturers market share in Asia (ex-China) by capacity
ordered 2018-2022
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Ming Yang
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COURTESY WESTWOOD GLOBAL ENERGY GROUP
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FOUNDATION INSTALLATION FLEET (EXCLUDING MAINLAND CHINA)

Lift capacity <1,000 >1,000 to 2,000 to >3,000 to >5,000 Grand Total
1,600 3,000 5,000
In Service 4 . 7 4 7 4 26
Under 1 12 2 15
construction
Grand Total 4 8 16 9 4 41
SOURCE: DATA TAKEN FROM 1HS MARKIT PETRODATA CONTENT {CONSTRUCTIONVESSELBASE) & 2022 IHS MARKIT
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Embarcaciones requeridas a lo largo del ciclo de vida de los proyectos

Proi ect Lifeti me ves se' S These vessels are used daily throughout the 35 year

lifetime of the project including both construction and
operations & maitenance.

Projoct Stages Type What activities will the vessel conduct?
P Translers parsonnel and lght equipment in support of contruction and
aperations. Construction: During canstriction, bath the devaloper andt trbine
Crew T':"’“" manufacturer are likely to hire 2 CTVs respectively.
g G&M: For nearshore projects (less than ~1.5 bours from poet) CTVS will be
Dy Conalnichion &=L oveanly primary for O&N; furtner offshora projects wil use SOVs.

During O8M: Q-3 weats

A Dynamic Positoning (DP2) vessal with motan compansated gangway
owing turhine technicians ta *walk % work® directly from the veszel 1o the
Service Operation  turbine The use of these vessels ve CTVS depends moztly on distanca of 1he
Vessel (SOV)/ Walk  praject from shara. Mest. bt nat all, projects will ulthze SOVS.

:o.ml "m':;(.ﬁf“wv Censtruction: Used lor gssisting with wind turbine nstallation and
g commissioning {oringing turhing and cablss paling). Developars and turking

l Durieg Construction; 0-2 vzt Soppurt } manufacturers are likely 1o hire one SOV each.

LR SIS G iomE O&M: wing frbine serviong and operation.

Project Litatime

COnstruction Vessels These vessels will be used during the approximately

2-3 years of surveying and construction of offshare
wind projects.

Project Stages Type What activities will the vessel conduct?

Survey of vasels do this work, nearshore work tends to be amaller vassels; offshore wark
utlizes larges wossals.

h Conducts fisheres and benthic surveys an export cable routes and in the Lesze
Envrionmental Area, And Flaces LIDAR buoys for vanous snavironmantal assesments, A vanety

2 dVeszeis
1 G hnical Physically samples & tests seabed characierishcs to aptmally place turbines
i\ Sur and cables, typically by conducting borings or sampling to specific depths below
Surveying vey the mean ssabad
1 &Vvessds
Geophysical Acoustcally maps seabad features, surface and sut surface, 1o determing
Sur Export Cable Routes and within the Lease Area. Detects and charts unexpladad
v ardinances (UXO)
| & Vessai:
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Construction Vessels
Project Stages Type What activities will the vessel conduct?
Larpe, specialist cable instaliation vesse! eguipped with 1-2 high capacity
i (+ 6,000 T, large diamater) caroussis capable of realing long lenghts of large
—y diamater pxpart cablas, axporting fram cadle manudacturing facility and
Export Cable Laying instaliation on wind farm site. Typically a Dynamic Positioning wassel for
Vessel Instafation in water depths >10m. Potental 10 incluide calie burial spread.
T:2Veddels Physically samples & 1ests seabed characteristics to optimally place turtines
and cables, typically by conducting borirgs or sampling to specific depths
helow the mean seabed.
i Elat kattomed wessal ! barne equipped with madum to large carpasal(s) and
E ancher handling spreads for catle instalation in water depths ranging from Om
Sbg:::t‘l":uul y (beached) to approximately 10m. Cabde installation from cable landing site /
¥ Horzontal Directanal Dalling (HOER) exit 10 water depths far typicat DF vessel
2 Vessels Patential to incluide cable burial spread.
2 ":::::‘:::M Landfall and nearshore support works, supgort far Hodzantal Drcetiona! Orilling
Support B.":: (HDD} and Eandlal pull-in coerstion of expart cable,
Cable Laying 1.2 Visseds
Bariiied ork et pagef A varkaty of ancillary cable llaton support is will be uses dunng

Exportand Array  corstruction: cable jointing/spicng cablos, mulbcat shallow water anchor
[=—3 S’ Cable Support handling, spud leg sonteon, liftbeat! jack up for shallow walsr ops, Pre-lay
Vessels Grapel Aun (PLGR} vessel and fishanas support vessals, Dunng D&M, these
2 Evezsah wrasets will be used for cable subsea inspectinn and repairs.

Cable Crossin Crana vessels for nstaliation of cable protection structures (metresses, 1ock
Constructi Vcsesel hags. groat hags) in a range of water deaths from nearshoee {shalaw) 1o
= offshore wind farm site {deepwater).
V=7 Vrotanln

Atray Cable Layin Cable installation betweeen turbines and from turbines to affshore substaticn,
;’“ el (CLV) 9 Typicelly installed with crew transter tacilites and cable pull In gulpment for
cable ingtallation in to sach turbine. Patential to include cable burial spread

T 3Vossois

Project Stages Type What activities will the vessel conduct?

u Anchor Handling Used to support mults anchor cable installatan barge. Cable installaban barges
2 - Vessels can hawve 892 anchors in shallow water.

c‘m Lay'w -8 Vaasen
Jeamrteami) Croates tronch in seafioor in which to lay cable. Nearshara (shallow water) or
Cable Trenching offshore (despwater} vessel equipped with cable pre or post lay burial teal,
Vessel typicaly A-Frame launched seabed trencher - ROV Jetter 7 Cutter, Cable plow,
1-2 Vessals Jatting slec. Potentisl to requirg bollard pull (cable plow).
Floating Heavy Lift  Utilizad in substation, ransition piace, and foundation nstallation, induding pie
Foundation Vessel  driving, Most are flosting, but sometimes & jack up vessal i3 used,
1-2\essch
Wind Turbine During corstruction, utlized in turbing instaiation. Suring O&M, utilized for main
3 Instailation Vessel compoaent exchenge, such s rapiacing nacedles, generators, gear boxas, If not
Coastwise- qualified, palred with feederng spreac.
1 2wesxh:
D‘VQ'OPNON: Feadaning spreads ara a newer installation cancept in the ofishare wind
l Cﬁcﬂ, ndustry. Foeder barges supply campannnts to installation vesscls fram part in
& Decommis- . compliance with the Jones Act, Feedering spreads are ikely to vary depending
sioning ‘i on the sxperience of the initisl U.S. prejects, Feedenng spreads include
(et o nut guge] Feadering Spread: coastwisa concepls such ax towed barges, salf-propelled vesssis, or ultra

large #it baats, The number of vessels depends on the feadaring concapt and

o GB oi:":no:“" the number of WTIVs. A towed barge spread waudd likely include large dock
9 Tug barges with motion compensation systems, affshore tugs for station keeping,

trensit 1ugs towing barges from poet to offshore lecatons, and poet tugs tor
2-3Veszon marshading/port movements, Zaro faederdng spreads ane raguired with &

coastwise-qualficd WTIV. Feadaring is for installation and nat transpaetation

hetween parts. (Sex the raw on tha next page for supply chain transporiation.)
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Construction Vessels

Project Stages Type What activities will the vessel conduct?
‘I Supply chain Coastwize qualificd vessels will be required ta mowve components between US
transportation munufacturing stes and marshalling areas.

Instalis protective rock for seabed Infrastructure (such as cables and
foundatans). Utilized in multple phases: site proparation, scour rock around
maneqiie, application of rock scour ontop of cables, atc

/ 4 . Levals /o
3 &\ Drodging Dredging

Rock Dumping/Scour
Protection Vessel

afione 1o arcpare for constrution of cables and turhines.
s include Trailng Suction Happears, Cutter Suction Happers, and

st Grab Hoppers.
2 4 vioasois

Development,

Construction, ) . Satety/Scout During Surveying and Constrcution: Ensures aperational safety with ongoing

& Decommis- 4\Vessols Vessal marine traffic. looks out for fivad fishing gear, and Interfaces with fishing vessels

sioning :
(i) & Nmu:l:l,r:flabon Creates a bubble curtain ta mitigate noise from pile driving.
RN

Accomodation Houses turbine technicians and other crew during faverable weather windaws,
Vessel such && the summer months,

@ Zveusdz

L SCOHStru:::‘r‘iel Carnas funl, supplins, and ather suppart equipment ta construction vasscls,

5-20 Voszals
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Upper Turbine Rotational Direction

Upper Turbine

Lower Turbine Rotational Directson

Lower Turbine

Rotor Connection to Upper Turbine

Sea Level

Pontoon
Rotor
-~ Stator

Generator/Ballast
Cable Management & Mooring
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