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Anexo E: Hidrogeno Verde

El hidrogeno verde esta llamado a tener un papel central en el proceso de
descarbonizacion de la economia mundial. Sus usos son multiples y todos los dias se
anuncian avances tecnoldgicos y acuerdos comerciales en todo el mundo que lo van
posicionando como un vector clave, tanto en el ambito industrial actual (para sustituir al
hidrégeno gris que se emplea actualmente en la refinacion de petréleo y las industrias
quimica y petroquimica), como en las industrias de dificil descarbonizacion (como el
acero, el cemento, y el vidrio), y también como combustible (ya sea en celdas de H2, o
como combustible limpio, metanol y amoniaco) para vehiculos pesados, autobuses de
pasajeros, flotillas comerciales y vehiculos ligeros de uso intensivo. Finalmente, también
tendra un uso creciente en la alimentacion directa de centrales termoeléctricas que hoy
utilizan gas natural y que gradualmente podrian ir sustituyendo por hidrégeno en forma
de gas (empezando por mezclas con el gas natural).

Las empresas paraestatales PEMEX y CFE podrian sentar las bases
para el desarrollo de una economia de hidréogenoverde a gran escala
en México.

Una vez que sea competitivo en costos el hidrogenoverde, libre de
petroliferos y producido localmente, podria proporcionar una
alternativa de bajo costo y bajo contenido de carbono independiente
del suministro extranjero de hidrocarburosy las fluctuacionesde
costos de los mercados petroleros internacionales.

Esto podria proporcionar beneficios a ambas empresasy a la
soberania energética de México, permitiendo que porciones mas
grandes de la cadena de valor de cada producto final permanezcan
en el pais, junto con las inversiones, empleos e infraestructura
asociados.

Hidrégeno Verde en México: el potencial de la
transformacion, vol lll; GIZ y Alianza Energética México-
Alemania; octubre de 2021,
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El hidrogeno verde se produce mediante la electrélisis del agua, que separa al hidrogeno
del oxigeno, en un proceso que utiliza energias renovables (edlica y/o solar). Alrededor del
70% del costo del hidrogeno verde consiste en el costo de producir las energias
renovables. Por ello, los mejores sitios para fabricar hidrogeno verde son aquéllos de alto
disponibilidad de viento y sol. Si a esta circunstancia le afiadimos el hecho de que para
reducir el costo de produccidon tanto de energias renovables como de hidrogeno se
requiere de proyectos de gran escala (en términos actuales, de un GW de capacidad de
energia renovable en adelante), el resultado es que la produccién masiva de hidrogeno
verde se esta concentrando a nivel mundial en unas cuantas zonas (Marruecos, Mar del
Norte, Australia, Chile).

El otro elemento relevante en la reduccién del costo de produccion de las energias
renovables y el hidrdgeno verde es el desarrollo tecnoldgico y la innovacion. Asi, por
ejemplo, ya se estan desarrollando tecnologias que permitiran hacer la electrdlisis del
agua de mar directamente, sin necesidad de desalarla primero. Las costas se definieron
rapidamente como los lugares idéneos para producir hidrogeno, por la disponibilidad
suficiente de agua. Ademas, la disponibilidad de viento en el mar, tanto en duracién como
en intensidad, suele ser mayor que en tierra. El desarrollo de parques edlicos costa afuera
ha adquirido un ritmo verdaderamente frenético en el mundo, al igual que el avance
tecnoldgico en la materia. Ya hay tecnologia para instalar aerogeneradores a mas de 70
metros de profundidad, y las turbinas estan escalando rapidamente su capacidad, por lo
que pronto alcanzaran una capacidad unitaria de 20 MW. Esto es relevante porque los
aerogeneradores necesitan estar separados, y si su capacidad es pequeia, habria que
instalar muchos para alcanzar la escala necesaria, y los parques edlicos tendrian que ser
muy extendidos, elevando costos de interconexion y mantenimiento.

Se estima que la demanda mundial de hidrogeno verde llegara a 500 millones de
toneladas anuales para 2050, a partir de su nivel actual de 100 millones. Su uso principal
sera como combustible para el sector de transporte (maritimo, aéreo y terrestre), seqguido
de su uso en la industria, como energético y como materia prima. En tercer lugar, se ubica
el uso para generacién de electricidad, particularmente para balancear flujos variables
derivados de la utilizacion directa de energias renovables que son intermitentes por
naturaleza. A fin de cumplir esta ultima funcidn, el hidrégeno verde debera almacenarse a
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gran escala, ya sea comprimido o en forma liquida, con el costo adicional
correspondiente.?

Hoy el costo del hidrogeno verde es muy superior al del hidrégeno gris y al del gas
natural, pero su importancia estratégica es por la independencia que le da al usuario, a
diferencia por ejemplo, del gas natural que Europa le compraba a Rusia y cuyo suministro
se corto araiz de la invasion de Ucrania.

La Unidn Europea cuenta con un plan para el desarrollo del hidrogeno verde, que fue
adicionado el afio pasado con una meta de 15 millones de toneladas anuales (diez
millones importadas y cinco de produccion dentro de la Comunidad) por encima de lo que
ya estaba planeado. Con este volumen, se espera sustituir justamente el gas natural que
antes les vendia Rusia.

También Estados Unidos ha formulado su estrategia para el desarrollo del hidrégeno
verde con base en tres lineamientos principales:

e Focalizar usos finales de alto impacto
e Reducir el costo de producir hidrégeno limpio (via desarrollo tecnoldgica y escala)
e (Concentrarse en el desarrollo de redes regionales.

La meta que se ha fijado Estados Unidos es alcanzar una produccion interna de 50
millones de toneladas por afio para 2050.

2 También podria almacenarse en cavernas subterrdneas en estado gaseoso, como ocurre con el gas natural.
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Figure 3: DOE's H2@5cale initiative to enable decarbonization across sectors using clean hydrogen="
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2) Tamaifo de la oportunidad

El presente estudio se enfoca en las 7 industrias con mayores emisiones
de GEI' en México y se analizaron 3 tipos de transicion al H, Verde
¢Cuales son las industrias que pueden sustituir el H, Verde en México en sus procesos?

O - i S 0 . ‘ N | |
: =

bea 55% 5 e mm
Generadén de | Hierroy !
Petroquimica electricdad | Acero SR B SES Movilidad
Y 0, eq. ! 5 :
Sronde s g 11 171 23 { 1 | 8 | 23 136
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Sustitucion de H, Mexcis e H atoral itlizad | Sustitucion de futuros
- gris por H, verde Mezcla de H, con gas L e P L e Bt 0 vehiculos de diésel y
Enfoque del aplicaciones térmicas de cada una de las : 5
TR para el proceso de natural en los CCGTs Indiistiias pere i elaborackin da sus gasolina por tecnologia de
andlisis refinacion de en el SEN pr:d Srsies H, en autos, autobuses y
petrdleo PROTKRRS ity camiones de carga privados

Complejidad de
implementacion - ____—_ +

1) Basado en datos de 2046, Se excluyeron las ndusiras Agropecusna, Minera, de Avacon. Procesamiento de Alimertos y N on y F 1) Eil andies de ta industra del comento comsider la mezcla de gas nabural consumedo
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2) Tamafo de la oportunidad

Se estima que la demanda del H, Verde en México inicie en 2025 e

incremente a un total de ~230K Ton en 2030 y ~2,700K Ton en 2050
¢Cual es el tamaiio de la oportunidad del H, Verde en México?

Tamafo de la oportunidad de H2 Verde en México (K Ton)
2,673

I Sustitucion directa
I Mezcla de H2 verde con gas natural
Cambio de tecnologia

51

2025 2030 2035 2040 2045 2050

Mezcla de H, con gas natural Cambio de tecnologia
hﬁ Generaci6n de Hierro y QE g g é @3
Petroquimica Sectricdad Berts Vidrio Cemento Quimica Movilidad
Fusntes: Anuanos estadistcoa de Pamex 20162020, INDC de Mexco 2015, INEGYCES 201 3.2018, ) Ecor Argonne L v. PRODESEN 2021.

2008 CFE. Statata, Knosma, PIRCE 20182032 SENER. CEMEX_ INECC. Naturgy, Stasets, Andilss infama "
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3) Costos en la cadena de suministro

Los costos totales del H, verde para un consumo interregional
se estiman en $5.3 USD/kg en 2030y $2.4 USD/kg en 2050

¢ Cual es el costo del H, verde?

¢Como se calculé? Estimacion del costo de producciéon en sitio (USD/Kg)

5 4
Se analizaron proyectos de H, " ‘
verde en fase de planeacién o M Grs
construccion y se realizd un 37

2
b‘enchmarkin'g de costos en R e (i Wl
diferentes paises.

o Ll T 1

2020 2030 2040 2050

Estimacion del costo total del H, verde para consumo interregional (USD/Kg)

$5.3 Transporte
$15 I Acondicionamiento
I Produccién $2.4
o
2030 2050
Fusrtes Enegy Tramsilions Commisacn. Hydrogen Councl, Stateta, Andl s inderno
Los pracios de producadn del Mangens gns se obtuvienn dal Hyarogen Counol « Hydrogen insights Repon (2021) 13

ENDIRRSE 2030, Mision: Transicion Energética
Anexo E: Hidrégeno Verde
13 de 65



v Region Sur Sureste

ESTRATEGIA DE DESARROLLO

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

3) Costos en la cadena de suministro

Para cubrir la demanda de H, verde, se estima que se deben instalar 79
GW de capacidad renovable y 51 GW de electrolisis para 2050

¢Cual es la capacidad renovable requerida para cubrir la demanda de H, Verde?

Estimacion de la capacidad solar FV y de electrélisis requeridas (GW totales instalados)

79

Para el calculo de la capacidad instalada
requerida, se considera como fuente de energia
renovable una planta solar FV* tipo y como
equipo de produccién de H, verde un
electrolizador alcalino tipo

I Capacidad Total Electrélisis
.~ Capacidad Total Solar PV

2025 2030 2040 2050

1) Existen otros tpos de fuentes utizar para prod. geno verde (p.e. Pia echica). sin PO, para p de este estudio. se
thwuw Fuantes IENACEM\G Andisis interma
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5) Hoja de Ruta para México

Se definieron 5 lineas de accion para clasificar los hitos requeridos para
el desarrollo de una Hoja de Ruta de H, Verde en México
¢Cuales son las lineas de accion para la creacion de una hoja de ruta para el H, Verde en México?

01 05

Estratégicas

Planeacion

estratégica para la

implementacion del
H, verde en México

Jaal

Economicas o de
mercado

Mecanismos para
incentivar una
transicion viable y
paulatina al H, verde

gy

Tecnologicas y de
infraestructura

Desarrollo e
innovacian de
tecnologias para el H,
verde

&

Ambientales y
sociales

Alianzas entre
industrias v
comunidades por un
bienestar social y del
medio ambiente
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5) Hoja de Ruta para México

Se llevo a cabo un taller con +20 stakeholders para disenar la hoja de
ruta del H, Verde en México y se seleccionaron los principales hitos

¢ Cuales son los principales hitos en la hoja de ruta para la implementacién del H, Verde en México?

& Tecnologicas e

@ Econdmicas

PV 3 81 Estratégicas

— infraestructura

}  ( Organizacién de foros para 0 B Estudios técnicos de )
crear una estrategia Mapear la requlacién actual { mpe(ﬁvmi:@del H, verde ] [ Mmu"::?m }
2 nacional S L ) a nivel regional .
] ( Identificacién de Regulacion especifica sobre ) Evaluar oportunidades de
£ Stakeholders clave y H, verde incluyendo normas tabiacion tecioni 46 o laticos metzade
(1 (__generacion de alianzas __de seguridad y operacion componentes y equipos == ot
V 2 « N | )
m qu: m Taxonomia para la cadena
| | prioridadesyobjetivos ) | devalordelH;verde
— G Y ’ . SAYERT
1 !Pandeintegracionde EPEs | | Sistema de Garantias de Apalancar infraesiructura }  {* ~ Crear programas de
2 alaindustiadelH,vends | | OrigenparasiH,verde exsienfoparatina ransidon] |  inclusin & comunidades
:§ ‘ & 5L = ) . conCapExminimo cercanas
Foros internacionalespara § [ ) Establecer carreras técnicas } (" Manual de transicion al H, |
= conocer los requerimientos | | D:‘sa";’;"' bases Voo i en la cadena verde con requisitos &
...} § \____paraeporacien _ j i Manualesdel mercadoCO, | .. JevalordelH,verde i inversion minima requerida |
""""  { Actualizarmetasdeacuerdo} |  Apalancar acuerdos Desarollar nuevas Evaluacion de trayectoria de |
o alaevoluciondelaindustia : |  interacionales para aplicaciones del H, verde cumplimento de metas de
5 ; del H2 verde L exportar H; verde 3 (Movilidad) : descarbonizacién
y
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El pais tiene un potencial de energia renovable
adecuadamente distribuido.

México tiene una infraestructura energética
bien desarrollada que podria permitir el
desenvolvimiento del hidrégeno verde
efectivamente.

Hay al menos un par de empresas internacio-
nales que han visto el potencial de desarrollos
de hidrogeno verde en México y ya estan
conceptualizando sus primeros proyectos
piloto en el pais.

El marco regulatorio energético existente
permite el uso del hidrégeno como vector de
energia.

Las universidades y centros de investigacion
mexicanos han estado trabajando en
tecnologias de hidrégeno desde la década de
1990. Aquello significa que México tiene la
capacidad técnica para aprovechar el desar-
rollo de proyectos industriales de hidrégeno
verde.

Fgura 1.0 Mercado de hidrégeno en México
(Secretaria de Economia, 2019 y Fortuna, 2020),

Mercado internacional mexicano de hidrégeno

Exportaciones
40%

734
H,/ano

Importaciones
60%

Mercado mexicano de hidrégeno mercantil

Cryo Infra 15%

’

2,650
H,/afo
Linde

Air Ligulde 55%
30%
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Produccion de hidrogeno captivo en México
El Hidrégeno captive en México s produce en lugares donde se extrae petroleo y se
producen petroquimicos y combustibles refinados
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Desarrollo de nuevas lndustnas manufactureras en Mex1co

México umnka con las capacudadm industriales para ser parte dc los paises pmductoms de rccnolog:as para

la produccién v uso del H, : —

: : Electrolizadores y celdas de
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. 1 .
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Generacmn de empleos en  México por la adopcion del Hz

Hacia 2050 tan solo el sector de producclén de hldrégeno verde podria generar casi 60 mil empleos

! Mas dé 90,000 personas podrhn ser empleadas por el sector del hidrégeno en México en 2050,

542050 8,600 13,800 18,400

NOmero prayeciado de emp! ados &n el sector del hid

: Emplecs en Empleocs en
Empleos creados por el H; verde en MX 2030 2050

Producc«on de hidrégeno 1,596 58,594

ucSion e Instalacion 745 34.70 2000 EaluL o « b Ot

abricacion Nacional de Llecirolizadores
FC EV: - lndustnc aufomofnx
jl Estaciones de recorga de hidrégeno (HRS)

ENDIRRSE 2030, Mision: Transicion Energética
Anexo E: Hidrégeno Verde
19 de 65



. Region Sur Sureste

* ESTRATEGIA DE DESARROLLO

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

==
The long ramp
Global hydrogen demand forecast, million tonnes of H,

B Heating bulldings
M Industrial feedstock
M Industrial energy
W Transport (heavy-duty vehices, long-haul rail, etc.)
W Power generation (energy storage, buffering)
W Base hydrogen demand

2020 25 30 35 40 45 50
Sourte: Goldman Sichs Glob Investmant Research

The Economast

s
The world to come
Announced large-scale hydrogen projects, by type, October 2021
© Gigawatt-scale @ Large-scale @ Fuelli @ Integrated © H; infrastructure
production industrial use nfras‘::gucm H,?éomy pr’ojects
° ...
©
X e o. - o
'n 8, N . - o
o '-. NJ
°® = ° N = 44
)
o
g o
[+
I3
o
0 o . %
o> - &
: * .
Sousce: Mydrogen
Council/McKinsey o
The Econoast
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Where is hydrogen innovation happening fastest?
% of global hydrogen-related patent filings in 2011-2020

EU - 28%
s smguirpniy 20 South Korea — 7%
wtor, nd applying hydrogen
wo"?.‘c ;Wm:q Bectrobyzer tachnology and
shipping are driving many
hydrogen patants
/ ~ Japan — 24%
United States — 20% ot i
Patants related to aviation and vehicia fuel colly
hydeagen distribution networks
are proeminent
China — 4%
Has the fastest growth in
Ipdrogen patents compated
with the previous decade
* Formative
« « Content Source. IEA Wydrogen Patents for a Clean Enargy Futre

Figure £1

Share of international patenting and revealed technology advantage by main world regions and value chain segments
(IPFs, 2011-2020)

3%
0% 15
W% I
3%
; 2 & e
.. 0% wx . 19% 3
k4
30 ¢ ¢ o as
=y
6% 5% % ¢ >
’ I m %
o% il | . L ¢
’ t " «

e

1

e’

£ w us L (N us L3 N w "» us L N

Production Storage, distribution and transformation Ind-use applications
B shareof iv5s @ RIA

NOte: The CACUALIONS are Dt Om the Country of Ui BT Soolcmts, Uning NacTional Coustting in the e OF O0- 20gRi HT0mY
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Number of transport sector patent filings for
hydrogen-related technologies, 2010-2020

7 19
S T Ty
Automotive Aviation Shipping
S9e Formative
milComunl Source: lEA: Myttrogen Patents for a Clean Energy Future

Hyrogen production cost (USD/kgh2)
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©
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$1,408 billion

W s W osnszic W hoahsmencs B Curcpe M Souteastasiz B MicdaBait 0 AsaPachic M Eursia M Lanin Anada Mree

Source: Delotte anaryss tased on the Hy?0 medsl

Higher
exparting
potential

@ Sauoi Arabia Higher
exposure to
import

ow 15 USDAR MY

Consamption (Mt

As lllustrated in this figure, Chile, Morocco, Ssudi Arabia,
Spain, the United Kingdom, and Japan otcupy different
positions onthe importer-exportér spactrum

* Narthern Chile has some of the warld's highest solar
irradiation levels, baosting the country's expory
potential for renewable energy

Morocco hasaccess to outstanding salar and

wind resources, which is compatible with a highly
competitive large-scale production industry leveraging
I£S proximity to the European Union
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Stated policy priority across G7 strategic documents

k’ -
1 Il ) e 2= =
European United United
Category | Canada Union France | Germany Italy Japan |Kingdom | States
[ cennicsn| 00 | 00 | 00 | 00 [ 00 | 00 | 00 | 00
1] suenicsn| @@ | @0 |00 |00 | @0 | 00 | 00 | @0
zgomerhydrogen @O (OO |09 | OO |00 | 00 | 8O | 90

~_snips| OO | QO | @@ | OO | OO | 0@ | 8@ | CO
.)+rucks 9 OO |80 | OO | 80 | OO | 0@ | @O
fi.pelines 9 00 (60 096 60O (OO |09 | €O
storage | @O | 9@ | 90 | OO | @0 | 80 | 00 | 9O
. sending| 00 | @O | €0 | OO | 00 [ OO | €O | @O

DISTRIBUTION

T2, seemaing| 00 | @@ [ 0O (@@ [ @0 [ @0 [ @0 | @0
A perccnenics | 00 | 00 | 00 [ 00 | 00 | 00 [ 00 | 00
22| oterinavsry | 00 | 00 | 80 [ @0 | 0 | 00 | @@ | 90
A soone| 00 (00 [ @0 (@0 [ @0 |00 [ 00 | @0
wistion| 80 (@0 (@0 (@@ [ @0 [ 0O [ 00 | @0

= Tans | O0 | 90 | 00 (99 ( 09 8O | 89 | CO

(g Tk 9 (00 (00 | 00 | 00 |00 (00 OO
=3 Buises| 00 | 90 | 00 ( 00 | 6O | 00 | 00 | 00
s cars| 9@ | OO | OO | @O | OO | 00 | 8@ | OO

S
o

e by

1377\, Power generation .. .O OO OO ‘O .. .. 'O

{PDgResidentlal heating .. OO OO ‘O .O .‘ " OO

@® High priority @O Priority/mentioned OO Low/no pricrity
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Exhibit 1: Steel producers are evaluating decarbonization strategies
Fecum of trew decigrnm
CO, reduction Full decarbonization possible
4 & K .
AN
Blast furnace Biomass Carbon capture Electricarc furnace DRI plus EAF using DRI plus EAF using
afficiency (BOF) reductants and usage [EAF) natural gas H;
Strategy Makz efficiancy Use biomass a=an  Caplura fossil lusls Madmize seconcery  Inoreese vsage of Repiace fousil fudls i
Impromants to slerrative reductant  and emssions and taws and tacycling by DR In tha FAF R process with
vplrze BF/BOF or fual creatn reva peoducts reiling more seep Terennebie snergy o
opcratons EAF
Examples  Oplimieed BOF mpuls Tecrored process Bosthune' production EAF - usuge lomell  Cutrent DRI phus MIDREX DRI process
(DRI, scrap), increasod fram CO, emissions scrap EAF plants using running on H,
tual njsction n HF natural gas ING) | proesss
(g, Iydrogen, FCH H\'LPRI
unmng on By
Current Tectritlegy rewdiy Procasz passible In Net aallable on an Techndogy readily Tachnokgy rewsly Teclrology svalibes
outlook availabic at South Amercaand Industrial scake availohic at avallablz at high cast
compatitive cost Russs, ous 10 competitiva cost
biomass avalability
SOURCE MOMIrcoy snanyse
Exhibit 2: Green hydrogen prices are expected to halve over the next ten years
H, price development, Germany, EUR/kg H,
4.0
«
Grey Hy
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- -
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-
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Clean Hydrogen in the US could ...

2 & O
¢ CO. N A 2L
~ U (ATA\RTATA)
Support scanomy ™ Jually Joow tr
wicde deciarbonweatan supgn L the energy
transition
~10%
0 100,000
econany-wide jobs created by 2030
emissiens reductions
by 2050
450,000
Cumulative job years
through 2030
LI |
A long way down

QUINTANA ROD - TABASCO - VERACRUZ

<D

1 Dollar

.\ Regioén Sur Sureste
Lj“ ESTRATEGIA DE DESARROLLO

CAMPECHE - CHIAPAS - GUERRERO - OAXACA - PUEBLA

YUCATAN

©® &

1 Kilogram 1 Decade

Cost of hydrogen*, $ per kg, 2020 prices

®Green"H, @ “Blue”H; from
gas with CCSt

High.

w}:: I:t

® "Blue” H; from
coal with CCST

10
8

78

o ONSsE O

2021

2030 forecast

2050 forecast

*Includes cost of plant and capital over plant lifetime
Carbon capture and storage  Source: BloombergNEF

The Economaist
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Steppin’ up Kl

*Via ammonia or e-fued rather than H; gas of kiquid  Source: Lishreich Assodiates

The Economist
7
0%
6 -10%
@ 26-28% BELOW 2005
g‘ 5 17% BELOW 2005 s ‘ LEVELS IN 2025 | -20%
o LEVELS IN 2020 \ ;!
) -30% §
g 4 \ \ | 50-52% BELOW 2005 | 40% 3
LEVELS IN 2030
2 _LEVELS N 50% &
N, 3 \ Q
@ - HISTORIC EMISSIONS N -60% %
-§ 2 | A 17% BELOW 2005 LEVELS IN 2020 N 70% g
£ - U.S. PROJECTED EMISSIONS UNDER 2025 TARGET ~ "
W 4 |- US PROJECTED EMISSIONS UNDER 2030 TARGET N <
< U.S. PROJECTED EMISSIONS UNDER 2050 GOAL L . ¥ o0
NET-ZERO
0 l mz0s0 | @ -100%

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Figure 1. U.S. economy-wide net greenhouse gas emissions. A net-zero system will require transformative
technologies to be deployed across sectors™
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2005 Baseline: 6,635 MMT CO2e

7,000
2 6,000
2
v
8o
g3 so0w
.—
5=
22
é < 4000
w8
3 3
Y 3000
g &
o R
£t
o o 2,000
g
)
1,000
0
2020

Net-zero
. Grid

o
2025 2030 2035 2040

Cement and lime

. Marine

vehicles

2045 2050

Iron and steel
Refining
Bulk chemicals

Other industry

Aviaban

Net-zero
o Economy

Other transportatian
- Rall

Megium- & heavy-tduty

Light-duty vehicles

Figure 2: U S, net greenhouse gas emissions projected to 2050 (horizontal bars)* relative to national goals to
enable a clean grid and net zero ernissions by 2050 (dashed lines). Transition to a net-zero economy will
require portfolio of strategies, including decarbonization of electricity, electrification and clean fuels; reduction
in waste, reduction of non-CO: emissions, such as methane; and scale-up of CO: removal such as through land

carbon sinks.’

Hydrogen use 83 percantage of fina! energy oemand
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Figure 4: The range of hydrogen’s role in final energy use according to global and regional estimates shows a
wide range of applications in each sector, ™
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50 MMT/year
Clean H, by 2050
Enabling ~ 10%
20 MMT/year :j:::; :}nl
Clean H,
by 2040
10 MMT/year

CleanH,
by 2030

Figure 5: The opportunity for clean hydrogen in the
United States.

Hydrogen consumption in the U.S. by end use, 2021

8%
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Qe
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é 6o o
£l
Announced H2 capacity, kipa Hydrogen Pathway
~ - © Renewables ) Nuciear
7150 “o-20 wi electrolysis wi electrolyss
() 20-150 A NIA © SMRATR + © Methane pyrolysis |
cCcs N/A ¢ Other
Project type
@ Clean hydrogen @ Midstream and end © Integrated projects
production projects use projecls

(@) Currently publicly announced clean hydrogen production projects as of EQY 2022, with total production
potential of 12 MMT/year. (Repurposed from DOE's report, Pathways to Commercial Liftoff: Clean Hydrogery)

Terrduie, WA )
Deuglas County WA

Mozes Lake, WA
Southwess, WA @

Lakn Prasion, 5D

’W.m’

el O Harbor, O Alsbara, NY
Lararese Courty WY Lacal
. . © Nagure Fi, 0 ’ Over 1 6W

Craresige, Utbwna. 1L 0 &
DOetta AT Genvee co B
Kareas Gty M0 S ey Sk
€A Puetdo County, OO .
® 100 MW - 1 GW
Frama. cA Durbm, NC
Y | Puim Springs. CA Aranto, 1X ‘ South Harrman NC
Ontana, CA <A -
na, .‘mw Yaung Couety, T ® L ® I1MW-IIMW
% Lusbock Courty, TX
S 2y o e ‘ > Ga Inchides Polymes Lectrclyts
© Wemoeane PEM), Said Oxide
Noduriand, TX P Dol B ;:;l:mm:g‘m.m
b ans L o - Installations over 1MW

w0l Mwy 2023
(b) Planned and installed PEM electrolyzer capacity over T MW. Bubbles are for illustrative purposes only and
not drawn to scale.

Figure 8: Examples of announced clean hydrogen technology deployments in the United States.
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Existing demands
at limited current
scales

Emerging

demands and
potential new
opportunities

Industrial

feedstocks

Oil refining
Ammonia
Methanol

Other (e.g. food,
chemicals)

Steel and cement
manufacturing

Industrial heat

Bio/synthetic fuels
using hydrogen

CAMPECHE
QUINTANA ROD

CHIAPAS
TABASCO

Transportation

Forklifts and other
material-handling
equipment

Buses

Light-duty vehicles

Medium- and haavy-
duty vehicles

Rail

Maritime

Aviation

Offroad equipment

(mining, construction,

agricullure)

Figure 9: Current and emerging demands for hydrogen™
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& energy storage

Distributed
generation: primary
and backup power
Renewable grid
integration with
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ancillary servicas

Long-duration energy
storage

Hydrogen low NOx
combustion
Directireversible fuel
cells
Nuclear/hydregen
hybrids
Fossillwasta/biomass
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with CCUS

Bulldings and

hydrogen blending

« Low percentage
hydrogen blending in
limited regions

Mid to high
percentage hydrogen
blending in cerlain
regions with limited
allernatives

Building or district
heating. including
fuel cells and
combined heat and
power, for hard to
alectrify or limited
options

------- Hydrogen Shot Production Cost Goal

| } Current cost of electrolysis

Biofuels

Iron and

Chemicals

Steel

Seasonal

Storage Synthetic

& Grid

Hydrogen Shot production cost goal $1/kg.
Excludes cost of hydrogen delivery, compression, storage, and/or dispensing

Today

Fuels |ndustrial %

[ | Current cost of steam methane reforming
Trucks =" with carbon capture and storage

Export
Markets

Heat
-

EANANANN

Medium term

Figure 10: Willingness to pay, or threshold price, for clean hydrogen in several current and emerging sectors
{including production, delivery, and conditioning onsite, such as additional compression, storage. cooling,
and/or dispensing).** Current costs of hydrogen production depicted to not include impacts of reguiatory
incentives, such as those in IRA.
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Legend
. Dark Colors Base Case
Bl Lignt Colors: High Demand Case

. Cucles: Higner bouna of willingness to pay

v
W

MEDIUM- AND
S2 HEAVY-DUTY
VEHICLES

Threshold hydrogen price {$/kg)*

51 |
ENERCE e ! ADDITIONAL
AMMONIA STORAGE/ "m | )|PEMANDS/

POWER SECTOR 1] . i
5 : il (L masxers
0 10 20 30 50

Hydrogen Demand (MMT/y)

Figure 11: Scenarios showing estimates of potential clean hydrogen demand in key sectors of transportation,
industry, and the grid, assuming hydrogen is available at the corresponding threshold cost.

50 a;:;’:g’glﬂi?é’u"; %

40 » Blending in Natural Gas for Heat
= Energy Storage/Power Sector
u Steel
» Biofuels
30 = Trucks
= Ammonia
Refining and petrochemicals

Million Metric Tons H, per Year

20 ’/W
) % .
0

2030 2040 2050

Figure 12: Deployments of clean hydrogen to
decarbonize industry, transportation, and the power
grid can enable 10 MMT/year of demand by 2030,
~20 MMT/year of demand by 2040, and ~50 MMT in
2050.
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B Core Range of Estimates

Additional Scenanos
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g
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£ 8
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2 1.3
0 .
Transportation Biofuels & Industry  Blending Grid

PiL Fuels (Power Sector)

Figure 13: Ranges in potential hydrogen demand in
2050 in five key sectors: transportation, biofuels and
power-to-liguid fuels, industry, blending, and energy
storage and grid balancing.

Breakeven timing for hydrogen vs. conventional alternative

Adoption scenario:
@ With$3/ kg H, PTC  Without H, PTC

Today

,2025 ,2030 2035 2040+, Other considerations

Refining
Ammaonia (slectrolytic h2)
Steel - new bulld DRI

Heavy-duty truck with LCFS .'

Retuelling infra avallabiity, truck avallabiity, cost
and uptime / range consiraints, long-term LCFS
value

Heavy-duty truck .4

Values from best-in-class examples. Specific project use cases will vary.

Figure 14: Breakeven timing for hydrogen with the clean hydrogen production tax credit vs. conventional
alternative (Repurposed from DOE's report, Pathways to Commercial Liftoff: Clean Hydrogen?)
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Need for sufficient _
infrastructure 19%

Public awareness/

Q
understanding 17%

Need for technology

11%
advancements “

Lack of incentives
for companies

8%

Competing
technologies

Safety concemns - 6%
Lack of suitable -
0,
end uses 5%
Lack of gov, support - .
for R&D 5%

Figure 15: Stakeholder identification of potential
barriers preventing widespread public acceptance
and market adoption of hydrogen in the United
States in September 2021. This stakeholder input was
gathered prior to the passage of IRA which contains
substantial government incentives for clean hydrogen
production.

6%

ENDIRRSE 2030, Mision: Transicion Energética
Anexo E: Hidrégeno Verde

34 de 65



4. Regién Sur Sureste

) “ ESTRATEGIA DE DESARROLLO

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

B towvolume (Cument Estimate) [l High-volume projecion () 2030Targer A% 0513 pased
Fuel cell R&D Hydrogen Technologies R&D
Fuel Cell System Production Cost Delivery & Onboard
|heavy duty vehicie) {electrolytic hydrogen) Dispensing Cost Storage Cost

(700 - bar
compressed system)

$323/kW+ $21/kWh
. 1k/yr . 10k/yr

Liqurd tankern
I & Tube traders

$11/kg+
$227/kW I $6/kg+ $9.5/kg
10k/yr

$5/kg+ I
folotzlsv/'kw I & Tube Uaies g Si6/wh
I A— $8/kg* 100k /yr
$3.50/kg* $5/kg

O ssokw O sim O sk O sk

- sFor range: Deldvery and +Stoeage costs based on
"“‘: °"| cze’lss.;\: PRy * ‘f " “'m tor »:h, % dispensing at today’s 2013 stocage cost recoed
Cast anabysis (2021), $1500/kW {24120} stalios with
capacity =450 kg/day

adjusted 1o reflect cost of 5107
:mmtm meets 25,000 (::mc::::v:”m *For range: Debvery
rs durabuiity SAB0/KW and dspemsing at today's
(2020) stations with
capacity 450-1,000
kg/day at high volume
manufacturing

Figure 16: The status of production, delivery and dispensing, and onboard storage costs relative to the cost
projection for high-volumes and the ultimate cost target for market competitiveness.™
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Strategy
@ Target strategic, high-impact end uses Vision:
co, Affordable clean

hydrogen for a net-

Achieve 5 MMT/year of clean hydrogen by 2030 zero carbon future
and a sustainable,
resilient, and

Reduce the cost of clean hydrogen s

equitable economy

$ — Benefits:

Enable $2/kg by electrolysts by 2026 and $1/kg H; by 2031 Emissions reduction,
quality job growth;
energy security and

Focus on regional networks

<
S

Depioy rogional clean hydrogen hubs and ramp up scale

resilience; positive
community impact

Work with other agencies to accelerate market lift off

£
-
m
e
[*%)
Good Jobs and Safety, Policies and Stimulating Energy and
Waorkforce codes and incentives private sector environmental
Development standards investment Justice

Figure 17: The national strategies for clean hydrogen and the Department of Energy’s Hydrogen Program
mission and context.
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Figure 18: Hydrogen energy storage systems involve
the use of electrolyzers to produce hydrogen from
excess power on the grid, bulk storage, followed by
power generation using fuel cells or turbines.

Definition considerations

—eeeer

Does it support non-fossil fuel
feedstock diversity?

Is it basad on a quantifiable
methodology?

What is the hydrogen production CO2e
threshold?

= Does it consider the lifecycle impacts?
*  Does it support technology-neutrality?
*  How will it be certified?

From complexity
(hydrogen colors)

To one indicator based on CI
I.Il (e.g., kgCO2e/kgH2, gCO2e/M)...)

A carbon intensity framework is a technology-neutral
approach to assessing the GHGs associated with hydrogen
production. It opens the debate about competition between various
hydrogen production routes that meet the required carbon Intensity
at the least cost,

A carbon intensity framework can adopt a threshold and
certification scheme to rigorously account for GHGs arising both
at the site of production and upstream of production.
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Hydrogen Shot

In June 2021, the DOE launched the first in a series of Energy Earthshots to accelerate
breakthroughs of more abundant, affordable, and reliable clean energy solutions within
the decade. This “Hydrogen Shot” - *111" — aims to reduce the cost of clean hydrogen
to $1 per kilogram in just a decade

] (@) i

1 Dollar 1 Kilogram 1 Decade

DOE is also working closely with industry to expand low-carbon hydrogen production
capacity, including through grants, loans, and other tools and incentives. We will
support multiple production routes with potential to achieve the Hydrogen Shot, to
stimulate competition, innovation, investment, and commeraalization, to catalyze
sharp declines in cost, across the value chain.

Pathways
and Status

Energy
Sources

Targets Use Cases Impact

Decarbonization
Chemicals,

Fertllizer

Equity,

Heavy Duty Inclusion

Electrolysis

@

Renewables Cost: $5/kg H, Trucks
(at low wolume) Shot
) Iron, Steel, Reliability,
Thermal 1 »1 Cement 0 Reslilency
Conversion
Cost: $1.5/kg H, 1 e
Nuclear [but high emissicas)] FRgpEanH Blofuels, 9 Affordahility
Synfuels
Advanced Iy
Pathways
Enabling & ’
2R i/ HAD B ey

Fossil with CCUS

/

¢° @ Innovation

Blending with
Natural Gas

Figure 15: The Hydrogen Shot targets build on progress for a variety of pathways, enabling a range of use
cases and impacts.
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7=
6
i "35/"8 u Electricity
5 m Capital Costs
= ® Fixed O&M
x4
»
3
< 3
S
§ 2
. l o
0

Figure 20: Achieving §1/kg using electrolyzers
requires lower electricity cost, significantly lower
capital costs, improvement in efficiency and
durability, and higher utilization. Costs depicted to

Hydrogen Production Units in the United States

Dt Source 2008 [H5 Chemaal Fronsmacs

s P
”ummn of hydrogen pipelines Handnook Hydmgen Report. Natual gas
~ Intorstats Natural Gas Ppelinay :‘m’;:: oxmnciucl from AR Velocity

- Natural Gas Pipel mNREL

= Hpdrogen Npslines
0 200 - a0

% 400900
Figure 23: Hydrogen production units and pipelines for hydrogen and natural gas in the United States.
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2030 Midstream costs if advances in distribution and storage technology are commaercialized: Downstream: End use applications
Hydrogen distribution and storage assuming state-of-art technology at scale’
Clean Hydrogen Production
| e | songatsoope, | N ikt
| 300 km, 12" OD :
gas compression et o ' Gas replacement
R N .| $0.9lkg | | $0.1/kg &t ~5000 H
 $0.2-0.4/kg i || at80barfor 7days, || %010 ' Transport
iat500bar, 10tpd ' | ! 5ogtpa ¥ 1| tod, 1000 km, a2
' (tank storage, truck | | ATV IV BRI P SN i [l e, RSO ]
; distribution; -
: T : :a:a:om e ne 'D
 $0.1kg : rag pipedl
: at 80-120 bar, i e iaaan e 1 B Gasaationaaiaiden .
{50 + tpd [l 808/Kkg i ! $0.7-1.5%g :
! (pipefine, codocated | | | at500barfor7days || | at101pd, 250km |
:mw‘“) : Govdspodsonnssensesnsdy: | hirsests sees sewsoniend.
Vatpwibesdsabiomes v Comprassad
Gas phase
‘> gastank , i
Sorge trucking -
: ! | s02kglor7 days,50 | | $0.2-0.3%kg '
[ S2TRQatSOtd | ! tpd seale | ! at50tpd, 280km |
. Liquid = Liquid
* Ligquefaction =+ hydrogen " ==+ hydrogen \ | $1-3.60kg !
e &) storage trucking | 2700 kg/day, 700 bar :
1 DOxia mnadm-m-l-dnga s Troam adng-rige comisnkc s e 2 "“‘ ...... aﬁon 7 \ ......
chapphorgid a1 chanonetiation scaske (or iger) gonor Ben
2, Gtmt:na:;ubmwgt::r” Ine f41 2t high p * fuel dispensing -8 —
Scurces: HDSAM, Argonna National Laberatory. Hydrogen Council &t high utilization”

Figure 25: Industry-informed estimates of midstream costs by 2030 and potential end uses. Repurposed from
DOE’s report, Pathways to Commercial Liftoff: Clean Hydrogen.

Figure 27: Examples of regions identified by responses to the Hydrogen Shot Request for Information (RF).
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Key Hub Outcomes

* Clean hydrogen produced and used at scale In replicable
demonstrations and with sustainable business models for market lift off
Emissions and pollution reduction

New sustainable jobs, Including good-paying union jobs

Clear benefits for disadvantaged communities

Exemplary models for skills training, diversity, equity, and Inclusion
Domestic manufacturing

Sustained economic growth and scaled-up clean hydrogen use
Additional and sustained private sector investment

e o .

Clean Clean
Connective
poduin, || s | comer
| | 1 | . proximity .

Figure 28: Critical elements of successful Regional
Clean Hydrogen Hubs and key outcomes.
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500,000 to 1,006,009
' ¢ By . Acberts
100,000 10 500,000 it b

" HEINREL

Figure 29: Production Potential of Hydrogen Across
the United States.’”

‘b ! 1,000,000 to 10,000,000 O Nuchear plact

ENDIRRSE 2030, Mision: Transicion Energética
Anexo E: Hidrégeno Verde
42 de 65



ESTRATEGIA DE DESARROLLO

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

240,000 ika/r year) 123 000 <1000 74000 kgfw’/vear) 374000 <3000
a) Hydrogen production potential from onshore  b) Hydrogen production potential from offshore
wind resources, by county land area wind resources, by area

gt
Si.(m (kg:km’/year) 1%@ 'ﬂ_.?m 230‘000 {kgl:m’/year) 10%000 <1r000

¢) Hydrogen production potenbalﬁ’om solid d) Hydrogen production potenﬂalfrom existing
biomass resources, by county land area hydropower assets, by county land area

1,300,000 (kg/km/year) 750, ) <25(i00']
f) Hydrogen production potential from utility-
concentrated solar power, by county land area scale PV, by county fand area
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Industrial source
® Aluminum & Lime

® Ammonia € Magnesium 3

® Carbonateuse @ Petrochemicals Source Output (ktCO,/yr) Sink demand
o Cement & Pulp and paper ¢ & <5 (ktCOy/county)
o Ethanol © Refining o 500- 1,250 8120

® Ferroalioy @ silicon carbide ®) 1,250 - 3,000 1000

® Glass @ Soda Ash O 3,000 - 6,250 100

@ lron and steel & Titanlum Dioxide 10

® Lead @ Zinc O >6,230 3

Figure 33: Industrial clusters in the United States create potential regions for decarbonization hubs. (Source:
Psarras et al'™)
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Product name
A Existing hydrogen plant
@ Existing ammonia plant

Wind

Percentage of windy land
area (30% gross capacity
factor at 80 m)

0 . 3.33

Ammonia capacity
4 ’ o Thousand tons/year

O 0-250
() 250-500

O 500-750
O >750

Figure 34: Existing hydrogen and ammonia production plants and potential wind energy resources in the
United States.

| Applied RDED,
Systems
Integration

Basic & Applied
Research

Data Collection Demos &
& Lessons Deployment at
Learned Scale

Foundational & Crosscutting:
Diversity, Equity, Inclusion, Stakeholder Engagement

(environmental justice, tribal, labor unions), Workforce

Development, Policy, Technology Transition,
Enabling Market Adoption at Scale

Figure 36: Foundational and crosscutting efforts will
support the entire lifecycle of activities at DOE, from
basic research through large-scale deployment.
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Table 1: Key Program Targets 2022-2036.
2022-2023 2024-2028 2029-2036

« 3 or more pathways identified
with potential to meet
Hydrogen Shot

« 10,000 hours of high-
temperature electrolyzer testing

* 3 or more pathways assessed for
life cycle emissions

* 125 MW of electrolyzers
integrated with nuclear for H;
production

« 2 ormore conditional loan
program agreements

10 or more demos with renewables
(including offshore wind), nuclear, and
waste/fossil with CCS

$2/kg dean H; from electrolysis at scale
by 2026*

51 kWh/kg efficiency; 80,000-hr life; and
$250/kW for low temperature
electrolyzers

44 kWh/kg efficiency; 60,000-hr life. and
$300/KW for high temperature
electrolyzers

20 MW of nuclear heat extraction,
distribution, and control for electrolysis

* 10 MMT per year by 20300r more
of clean H: produced in the US,
from diverse sources

$1/kg clean H; production from
diverse resources at scale*

46 kWh/kg efficiency; 80,000-hr
life; $100/KW uninstalied cost for
low temperature electrolyzers
80,000-hr life $200/kW cost for
high temperature electrolyzers
while maintaining or improving
efficiency

« 10 kg/min average H fueling
rate for heavy-duty applications

*  40% reduction in footprint of
liquid H; fueling stations vs.
current (2016) code,

« 50% increass in seal and metal
durability in H; service vs. 2018
baseline

« 400 kg/hr. high-pressure
compressors and cryopumps

o 5% or better accuracy for H,
fiow meters at up to 20 ka/min
flow

g
&
g
Q
A
&
§
=

7 kWh/kg efficiency for H; liquefaction
50% cost reduction of carbon fiber for
H; storage vessels (vs, 2020)

50% of membrane/ionomer material
recovery and >95% of platinum
group metals (PGMs) recovery from
fuel cell membrane electrode
assemblies (MEA) pathways identified
through recycling and upcycling

3 GW or more electrolyzer
manufacturing capacity in the United
States

$4/kg H, cost at scale (including
production, delivery, and
dispensing at fueling stations)
70% of membrane/ionomer
material recovery and 99% of
PGMs from MEA pathways
identified through recycling and
upcycling

* 3 or more pathways validated for
emissions reductions, while
meeting environmental and
energy justice priorities

o $170/KW heavy-duty truck fuel
cell cost vs. $200/kW baseline

« 18,000-hr fuel cell durability for
buses,

* 1.5 MW or more of H, fuel cells
for data center resilience

« 1MW scale electrolyzer and
fueling marine applications

o 15 fuel cell delivery trucks
operating in disadvantaged
community, creating potential
for market growth that reduces
emissions and creates jobs

« 1 ormore integrated H; for
ammonia production
demonstration

End-Use and Enablers

$140/KW heavy-duty truck fuel cell cost
50% reduction of fuel cell PGMs vs.
2020 baseline

1 ton/week reduction of iron with H,
and pathway to 5,000 tonnes/day

9 ppm NOx emissions for 100% H;
turbines, 2 ppm with selective catalytic
reduction

3 H; fuel cell Super Truck projects
completed

2 or more pilot projects with tribes

4 template community benefit
agreements

4 or more Regional Clean Hydrogen
Hubs using diverse resources and for
multiple strategic end-uses

$80/KW heavy-duty truck fuel cell

cost while also meeting durability

and performance

$900/KW and 40,000-hr durability

fuei-flexible stationary fuel cells

* 4 or more end-use demos (eg.
steel, ammania, storage) at scale

« 10 MMT per year or more of clean

H. used in strategic markets at

scale aligned with the National

Hydrogen Strategy goal

* Modeled cost at scale to meet Hydrogen Shot goal
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C: Guiding Principles and National Actions

Guiding Principles
Federal Agencies will adhere to guiding principles in eight categories
Enable deep decarbonization = =
through strategic, high-impact uses [Il%/ t’lz Grow quality jobs
Catalyze innovation Vs yrerere Foster diversity, equity,
and investment £ - . 5190 inclusion, and accessibility
Guiding principles

applied (o ensure a suslainable,
resilient, and equiable clean

Spur domestic ~ hydrogen ecofomy & § Advance energy and
manufacturing and robust -~ # environmental justice

‘ These prncipies must be

supply chains
Approach [ . Enable affordability
holistically P— and versatility

Figure 37 Eight guiding principles for the development of dlean hydrogen production, transport, delivery,
storage, and use.

2023 2024 2025 2026

. Ongoing analysis: supply, demand,  Update National Continue
::::r;::fr;?tegv emissions, jobs, infrastructure, Strategy to refine
p policies, investments, etc, and Roadmap and iterate

DOE, in consultation with EPA, to develop Clean

S:ﬁ:’:‘gﬁ"“e" Hydrogen Production Standard and update
Standard Standard within five years of enactment

Select 6-10 reglonal clean hydrogen hubs within
Hydrog9s Hobs one year of propasal submissions and execute.

Total: S8B from FY22 through FY26
Elactrolysis Additional electrolysis and related RD&D. i
¢ >

RD&D Total: $1B from FY22 through FY26 electrolysis
Manufacturing & Additional Manufacturing & Recycling RD&D.
Recycling RD&D Total: $500 million from FY22 through FY26

Figure 38: Timeline for key hydrogen provisions in the Bipartisan Infrastructure Law.
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Storage for Import
Production .( % Distribution . Terminal
BOEM | EPA |

Local Regs FAA | Loce flegs. | OSHA FERC | USCG

>« l

Export Transmission & Distribution
Terminal .
K -m W TMCSA
mula | USFS FIC | Jomsn

FERC | USLG
Waterways " Rail
PHMSA | USCG g PHMSA

City 5 Local

e rfBﬂ Gate |@4:®| Storage
Locsl Regy FAA | Local Regn
PHMSA OSHA

RD&D Collaborations

DOC | DOD | DOE | DOT | EFA | MARAD | NASA | USDA

BLM - Bureau of Land Managemant FAA - Foderal Aviation Agministration MARAD « Mantime Administration
BOEM - Bureau of Ocean Energy FECM - Fossit Enargy and Carbon NASA - Nationa! Aeronautics and
Management Managemant Space Administration
85T ~ Bureay of Safety and FERC - Federal Energy Reguistory NHTSA « National Highway Traffic
Environmental Enforcerment Commussion Safety Administranion
0OC ~ Department of Commerce FHWA ~ Feceral Mighway OSHA « Occupational Safecy and
i tosith A i
DOD - Depart ¢ of Deferne Administration Haslth Adrunistration
FMCOSA - Fadecal Motar Carmier PHMLA - Pipeline & Mazardous
DOE ~ Departmaent of Energy Safety Agmunists ation Materials Salety Asministration
DOT -~ Department of Transpartation FRA- Faderal Rallroad Administration USCG - U S Coost Guard
EERE - Office of Energy Efficiency FIA - Federal Transportanon USDA - US Department of Agriculiure
and Renewable Energy Admnistration
USFS - LS, Forest Setvice
EPA ~ Environmental Frotection EYC- Federal Trade Commission

Agency

Figure 39: The regulatory landscape involves a suite of Federal and local regulators who may oversee each
segment of the hydrogen value chain. (Source: Sandia National Lab)
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Actions and Milestones for the Near-, Mid-, and Long-
term
2022-2025 2026-2029 2030-2035

Delivery and

Infrastructure

Mm

Figure 40: The national action plan for clean hydrogen.
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PUEBLA

Actions to support clean, affordable, and sustainable hydrogen production

§
o
=)
:
[~
S
g
-3
c
3
O

Demonstrate clean hydrogen production
technologies from multiple pathways,
including pyrolysis, waste, renewables, and
nuclear.

Reduce the cost of electrolyzers at scale
through RDD&D on manufacturing, stacks,
and BOP components.

Reduce the cost of thermal conversion
technologies through RDD&D on madular
designs and process intensification.
Develop low-cost, durable membranes and
separation materials.

Identify opportunities for standardization
of componenits, reduce dependence on
critical materials, and foster a robust supply
chain.

Design and conduct accelerated stress
testing techniques to assess and improve
durability.

Publish case studies on pathways,
emissions, and cost and update GREET
capabilities for user-friendliness,
transparency, and additional pathways in
suppart of 45V,

Develop rigorous data collection and
monitoring framework for future
deploymenits.

Identify needed worker competencies and
develop consensus-based, industry-
accepted training credentials where
possible,

Promote higher-education and
apprenticeship programs, especially in
disadvantaged communities, for training
the clean hydrogen workforce, including on
safety, codes, and standards.

Promote career awareness efforts to attract
people to join the hydrogen workforce

2022-2025 2026-2029 2030-2035

* Assess pathways from lifecycle, » Deploy clean hydrogen from o Produce at least 10 MMT/year
sustainability, cost, regional, and equity renewables, nuclear, fossil + CCS of clean hydrogen by 2030.
perspectives to prioritize strategies, at scale. e Enable dean hydrogen
determine gaps, and inform interim goals. |e Enable clean hydrogen production at $1/kg* from

o Establish Clean Hydrogen Production production from electrolysis at diverse resources.
Standard. $2/kg* » Demonstrate electrolysis

Enable multi-gigawatt-scale
domestic electrolyzer
manufacturing capacity.
Demonstrate catalysts and
components that minimize use
of critical materials while
achieving competitive
performance and durability.
Optimize integration between
electrolyzers and clean energy
supplies to reduce cost and
improve efficiency and
resilience.

Advance the most promising
concepts for hydrogen
production currently at lab scale,
such as thermochemical,
photoelectrochemical or
biological approaches.

Collect data from real-world
demonstrations to inform
RDD&D and continue improving
performance and durability.
Refine and update pathways
assessments to ensure the most
sustainable, equitable, resilient,
and affordable approaches are
targeted.

Use rigorous analyses, lessons
learned, best practices, and
broad stakeholder feedback to
identify pathways for scale up
with highest benefits. Review
and refine work competencies
and industry-accepted training
standards to match industry
need.

stacks that minimize the use
of critical materials and
achieve targeted performance
and durability,

e Demonstrate novel,
commercially viable
approaches to hydrogen
production leveraging diverse
feedstocks, such as
wastewater or high-
temperature heat, at scale.

e Ensure resilient and
sustainable domestic supply
chains are available for all
production pathways
employed and enable
independence from imports.

o Continue to collect data from

real-world deployments to

inform RDD&.D, identify
remaining gaps and refine
strategies.

Apply best practices, lessons

learned, and rigorous

analyses, including through
global collaboration and
sustainability frameworks to
ensure the most sustainable,
equitable, resilient, and
affordable approaches are
advanced to maximize
benefits.

Sustain university, community

college, and union training

programs to support a robust
workforce.

* Modeled cost at scale, meets BIL provision (Sec. 816 of EPACT-2005) $2/kg by 2026.

* Modeled cost at scale to meet Hydrogen Shot goal.
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Actions to support safe, efficient, and reliable clean hydrogen delivery and
storage infrastructure

2022-2025

2026-2029

2030-2035

@
3
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Develop and update rigorous
analytical models and tools to
assess delivery and storage
pathways, determine gaps, and
prioritize strategies.

Develop technologies to tightly
monitor and mitigate hydrogen
leaks and boil-off.

Assess compatibility of pipeline
and component materials with
hydrogen and hydrogen blends
with natural gas.

Advance novel approaches for low
cost, high efficiency hydrogen
liquefaction and boil-off mitigation.
Conduct discovery and
development of hydrogen carrier
materials for use in bulk storage
and distribution.

Identify geologic formations that
can be used for bulk hydrogen
storage, and associated
development and operating
requirements.

Develop and optimize designs for
hydrogen infrastructure in key
applications, such as industry and
energy storage.

Develop technologies for high
throughput dispensing of
hydrogen for heavy-duty vehicles.
Develop and harmonize fueling
protocols for heavy-duty and off-
road vehicles for which hydrogen is
the optimal solution.

Accelerate RDD&D to reduce the
cost of high pressure and liquid
hydrogen storage tanks, including
carbon fiber composite vessels.
Establish data monitoring and
collection framework to assess
upstream and on-site emissions.

Validate and refine analyses,
maodels, and tools to prioritize
delivery and storage pathways for
various applications.

Demonstrate efficient and reliable
hydrogen pipeline compressor
operation.

Quantify loss rates from gaseous
and liquid hydrogen infrastructure
to inform mitigation requirements
in large-scale deployments.
Develop designs for commercial-
scale novel, high efficiency systems
for hydrogen liquefaction.
Advance promising concepts for
hydrogen carriers and design
reliable, low-cost regenerator
systems,

Initiate regional bulk hydrogen
storage demonstrations, including
underground approaches, and
ensure local and regional benefits.
Demonstrate novel, efficient, and
low-cost approaches to bulk
hydrogen delivery.

Deploy scalable hydrogen fueling
stations to support early fleet
markets, such as heavy-duty trucks
and buses.

Ensure monitoring systems and
data collection are in place for
potential hydrogen and other
emissions/releases.

Design sustainable and equitable
regional clean hydrogen networks
in key locations to maximize
benefits, ensuring energy and
environmental justice and equity.

Design networks of hydrogen
infrastructure optimized for
regional supply and demand, in
collaboration with local
communities and stakeholders to
maximize benefits and ensure
energy, environmental, and equity
goals are addressed.

Demonstrate advanced liquefaction
with double the efficiency of
current concepts.

Develop long term storage
plan/strategic hydrogen reserve to
ensure resilience of supply.
Deploy Regional Clean Hydrogen
Hubs with advanced low-cost dean
hydrogen storage and
infrastructure.

Collect data, indluding emissions
data, from demonstrations of bulk
hydrogen distribution (e.g.,
through pipelines or carriers) in
real-world environments to inform
RDD&D that reduces cost and
improves reliability.

Continue collecting data to inform
scale up of optimal delivery and
storage pathways and RDD&D.
Ensure any safety or other best
practices related to hydrogen
infrastructure are shared across
diverse stakeholders to enable
continuous improvement.
Leverage global collaborations on
hydrogen infrastructure to inform
long term investment plans and
hydrogen exports opportunities.
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Actions to support clean hydrogen use and broader market adoption

2030-2035

2022-2025 2026-2029

* lay regulatory groundwork for large- [ Enable international
scale clean hydrogen deployments harmonization of codes and
across production, processing, standards related to hydrogen
delivery, storage, and end-use. technologies.

* Work across industries (e.g., nuclear, | Address regulatory challenges
renewables, fossil, CCS, energy to increase electrolyzer access
storage) to identify requiatory, and to renewable and nuclear
policy gaps, and key strategies to energy.
address them (e.g., "Dig Once” » Share safety best practices and
approaches to co-locate lessons learned from early
transmission, COz hydrogen, and deployments through publicly
other conduits) to minimize impacts. accessible platforms.

* Develop streamlined guidance on Deploy at least two Regional

hydrogen pipeline and large-scale Clean Hydrogen Hubs,
project permitting with stakeholder demonstrating hydrogen use in
engagement and addressing hard-to-decarbonize sectors
8 environmental, energy, and equity (e.g., industry and heavy-duty
= priorities. transport).
8‘ * Develop market structures and * Develop national guidance for
3 offtake agreements to accelerate hydrogen blending limits.
% progress. o Supply clean hydrogen to
* N Initiate transition to clean hydrogen produce at least 3 billion
0 for hard-to-decarbonize industrial gallons of sustainable aviation
= applications and identify specific fuels from biomass and wastes
'g locations for potential scale up (e.g., by 2030.
© ammonia, refineries, steel). * Increase the efficiency and cost-
-4l » Advance efficient end-use effectiveness of recovery and
:.J technologies (fuel cells/other power recycling of raw materials from
©° conversion with low/zero emissions) electrolyzers, fuel cells, and
.5 and down select for scale up. other components across the
» Complete robust modeling and hydrogen value chain to ensure
improve data collection to quantify independence from foreign
climate impacts of hydrogen imports.
leakage. * Collect and analyze safety, risk,
* Develop best practices and guidance and reliability data to develop
to assess life cycle emissions of real- early insights that can influence
world deployments of clean future deployments.

hydrogen and inform "guarantees of
origin” and certification schemes.

» Establish safety, risk and reliability
data monitoring and collection
frameworks.

« Catalyze long-term, credit-worthy
offtake including from more nascent
sectors that are on the cusp of
adopting clean hydrogen.

« Develop market structures and
regulatory guidance to enable
clean hydrogen exports.

* Utilize lessons learned from
large-scale deployments to
identify priority sectors for
future growth with a focus on
holistic approaches that
support the most efficient,
affordable, and climate-aligned
goals that maximize public
heaith safety and the
environment,

» Demonstrate and quantify the
benefits of hydrogen in
enabling the resilience of future
clean energy systems and
addressing disaster mitigation
(e.g., microgrids, cyber security,
remote communities).

* Demonstrate ultra-low-NO,

turbine operation and low-PGM

fuel cell operation on 100%

hydrogen for power generation

by 2030.

Launch at least one Regional

Clean Hydrogen Hub

demonstrating hydrogen use in

energy storage for a clean grid
and quantify opportunities for
hydrogen to support achieving

a carbon pollution free grid by

2035 including regional factors.

Continue collecting and

analyzing safety, risk and

reliability data and developing
insights that enable continuous
improvement.
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Actions to enable a safe, affordable, and sustainable clean hydrogen economy
and ensure energy justice

2022-2025

2026-2029

2030-2035
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Develop and implement frameworks for  |e
broad and inclusive community
engagement, including from
environmental and energy justice,
disadvantaged communities, Tribes, Tribal
organizations labor unions, industry,
academia, national laboratories, and
Federal, state, and local governments to
ensure broad participation and hold
listening sessions to gather stakeholder
feedback.

Incorporate Community Benefit Plans into
funding opportunities requiring applicants
to describe and commit to community .
and labor engagement, investing in
creating good jobs, furthering diversity,
equity, inclusion and accessibility and
meeting Justice 40 goals.

Identify metrics for diversity, equity,
inclusion, accessibility, and other key
priorities, for teams and organizations,
and geographical/community locations
for Federally funded demonstrations.
Launch tools and platforms (e.q.,
H2ZMatchmaker) to facilitate partnerships,
inclusion, and market success. .
Develop retraining programs for workers
(e.g., from fossil industries), enabling both
near- and long-term good paying jobs.
Develop recruitment and career programs
for students from underrepresented .
communities and foster diversity, equity,
inclusion, and accessibility.

Develop and implement sustainability
frameworks and NEPA best practices. .
Develop education resources to support
hub community outreach and
engagement strategies.

Improve data collection on regional .
priorities (e.g., criteria pollution) and
identify applications to inform clean
hydrogen deployments.

Refine and continuously
improve community
engagement and inclusion
and apply lessons learned.
Foster public-private
partnerships to enable
inclusion and accelerate
progress.

Develop and implement
community benefit
agreements with
disadvantaged communities
in Hub regions.

Launch deployments of
hydrogen technologies that
reduce criteria pollution in
nonattainment areas and
provide resilience, jobs, and
other key benefits for local
and disadvantaged
communities.

Conduct impact assessments
of hydrogen technologies on
regional water supply and
other regional resources.
Identify and apply lessons
learned for environmental
and risk assessments,
including through global and
regional collaborations.
Work with unions to develop
and expand registered
apprenticeship programs for
hydrogen technologies.
Establish education and
engagement pathways for
first responders and code
officials.

Utilize H2Tools and other
platforms to share best
practices and lessons leamed.

Quantify benefits from
deployments and identify
additional policy or program
priorities to accelerate
progress in targeted, no-
regrets areas.

Deploy manufacturing
facilities for clean hydrogen
technologies in
disadvantaged communities
for local and regional
benefits.

Evaluate the techno-socio-
economic impact of
Regional Clean Hydrogen
Hubs.

Develop and refine market
structures to distribute costs
and benefits of new
technologies equitably.
Ensure adaptation, cyber,
resilience, and other
mitigation approaches are
included in strategic plans
for scale up.

Update and refine
sustainability frameworks
and best practices to inform
future deployments of
hydrogen.

Leverage global
collaborations and initiatives
10 maximize SuCcess across
the RDD&:D pipeline and
ensuring an equitable clean
energy transition.
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Phases of Clean Hydrogen Development

Today Estimated breakeven period for clean hydrogen Long Term

attractiveness of Farkifls Sustaniaine Ndaliar Fuets

Steed produciion

* Lack of low-
carbon
abecnabves

+ Slute & fedens
policy mamantum

* Inoustry
motmenium
Incudng pevty
secior investmant

Figure 41: Clean hydrogen will be developed in waves, based on the relative attractiveness in each end-use
application. Arrows depict the timeframe when hydrogen is expected to be competitive with incumbent
technologies at scale throughout the U.S.
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Table 4: Emerging priorities for strengthened global collaboration.

Demand Creation

Finance &

Research &

Regulation,

Standards &

& Management

Demand signals along
with matching supply to
avoid stranded assets are
an important driver of
investment in clean
hydrogen infrastructure
and will build investor
confidence.

Some activity exists but
coordination should be
strengthened at
sufficient scale,
visibility, and breadth.

Scope to explore how
public and private sector

Investment

Access to appropriate
finance is critical.
Investments are
starting to be made but
scale is still small
relative to needs.
Developed countries face
challenges but
particularly acute for
developing world.

Some activity exists but
not widely coordinated,
visible or with sufficient
scale and breadth.

Innovation

Research & Innovation
underpins progress across
hydrogen systems —
helping reduce costs,
improve performance,
address supply chains,
and broaden applicability.

Significant activity
exists driving action in
multiple countries. Scope
exists to accelerate
innovation to reduce
cost and increase
scale— particularly for
pilot and demo projects

Certification

Regulatory framewarks
including internationally
accepted and
implemented standards
& certification

schemes across the
hydrogen value chain are
essential enablers of
production, trade, and
use.

Significant work is
underway by a wide range
of actors on key elements.
Activities are not yet
closely coordinated,
and gaps are unclear.

actors can strengthen
demand signals to ensure
offtakers and supply
chains to reduce risk.

Scope exists to increase
public and private sector
investment, particularly
enabling investment and
coordination with
developing countries.

and to include more
countries.

Scope exists to build on
existing initiatives to
increase diversity and
scalability of demo
projects, involve more
countries and share
learnings more widely to
guide RDD&D.

Ensuring rapid and wide
adoption remains
challenging.

Scope exists to connect
existing work across
entities, identify and
address gaps and elevate
and broaden political
support.
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Figure C: Hydrogen uptake scenarios considered in the Pathways Report with market attribution.

Figure C: Hydrogen uptake scenarios considered in the Pathways Report with market attribution.
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Figure D: Supply chain vuinerabilities assessment for production (upstream), transmission & distribution
(midstream), and select end uses (downstream).
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Significant number of key electrolyser manufacturers are located in Europe ®
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Is North Sea
hydrogen
competitive?

By 2025, North Sea
hydrogen may be cost-
competitive with regions
where renewable
electricity is inexpensive
[EUR/kg H,].

HE =B
Autractiveness of regron for
green hydrogen production

Indicative technical cost range \ &
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electrobysis plant by 2025 (RE R

e e Be5é | b

ENDIRRSE 2030, Mision: Transicion Energética
Anexo E: Hidrégeno Verde
57 de 65



v Region Sur Sureste

\\* ESTRATEGIA DE DESARROLLO
NN s

\ CAMPECHE - CHIAPAS - GUERWERO - OAXACA - PUEBLA
L3y QUINTANA ROD - TABASCO - VERACRUZ - YUCATAN

“Snapshot of Hydrogen and Fuel Cells in the U.S.

* 10 million metric tons produced annually + More than 1,600 miles of H, pipeline * World’s largest H, storage cavern

Use of Hydrogen Examples of Hydrogen Production Locations Examples of Deployments
in the U.S. Today J
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uExampIes of International Collaborations

Collaborating through multiple global and bilateral partnerships—key priority is creating coordinated

framework to leverage activities, identify gaps, and avoid duplication to accelerate progress
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The Clean Hydrogen Ladder [Now
updated to V4.1]

Fabdsraa on Auguse 15, 2L

Unavoidable

_ [ Medium-haut aviation® || Long distance trucks and coaches || High-temperature indusirial neat |
) (Ston-haud aviation (Loca feries ) (Commercial heating ) istand grics ) (Clean power imports | (UPs]
‘ [ Light aviation || Rural trains | [ Reglonal trucks | | MidiLow-temperature industrial heat | [ Domestic heating |

H N (et trains and buses ) (H2FC cars ) (Urbian delivery ) (2 nd -wheeters ) (Bulk o-fueis ) (Power system baiancing)

Uncompetitive
* Via ammonia or e-fuel rather than HZ2 gas or liquid Sowrce: Lisbreich Associates (concept credit Adrian HielEnergy Cities)
“ng “lean wad o Ladder Vo Lae » Listtre 5 o e T A e T
. Michael Liebreich e
R oot anafyst wiiter 3cuisar, invenar in tha futue sccasimy. Hagt of 36 arucies v\+Fo!low )
leaning Lip podces wadersiag 1t ah w9y of turmate CTgrge .
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Hydrogen

Hydrogen strategic challenges

Cost of clean hydrogen production relative to existing methods:

ﬁ‘v;’ Although costs are likely o reduce signficantly as innovation and dapioyment accalerade, clean hydrogen is currently more cosdly to produce

Technological uncertainty:
While soma technology is already in use, many applications nead 1o b devaloped and provin at scEe bafora they can b widely deployed

Policy and regulatory uncertainty:
Hydrogen is a nascent area of energy policy; industry & looking 1o governmaent to provide capital and revenue support, reguladory lovers and
YRt incentivos (0.9. lax broaks or contracts for difiorence), assurance on quakty and safety, directon on supply chaine and sidlis, and broador
(AN strofogic decisions. Many govermmonts are ot varying stages of dovelopmont.

= Need for enabling infrastructure:
The use of hydrogon will requito new notwarks and storage, as well as intogration with carbon caplute, gas and eloctricity networks.
Hydrogen by virtue of its moleculor makeup cannot necessarlly use the cument infrastructuse,

Need for supply and demand coordination:
Daveloping a hydtogen economy wil requifo overcoming the ‘chicken and ogg’ problem of needing 1o develop new production and use casas
n tandam and balancing supply and demand

Need for ‘first-of-a-kind' and ‘next-of-a-kind’ investment and deployment:

Scaling up a clean hydrogan aconomy will require addressing ‘first mover disadvantage’ (it will cost mors now in comparison 10 5 yaars' time)

whito establishing a sustainable onvironment for incraasing investmant and deploymant in the longer term. @ |
México

09 MarshMcLennan

Hydrogen

Hydrogen financing challenges

&} A need for off taker agreements:
Financiers wit be reluctant to commit capital unless projects are underpnnad by long-term offtake agreements. Agreements of 20 years or
{ longer are kkely to be neaded for projects In the eardy stages of the sector's development in arder 1o sacure revenue streams from hydrogen
production,

Certifying the source of renewable power:

Proaf of ranewable power usage wil be crucsal whon assessing the bankabilty of green hydrogen progcts. Seme projects include
wind and solar generation assets, but in other cases developens may source power from outsice 1o benefit from lower tarills, If sourcels
outside then a certification such as guarantee of origin will be required.

Securing institutional financing:

There is a lot of investmant capital that wants 1o come into the hydrogen space however instiutional investors “got bumed” by thelr exposure
to renewable power projecis, which intially enjoyed large state subsidies bul subsegquantly strugglod when that support was withdrawn. This,
coupled with a 5 to 10 year investmant harizon, cotdd make investors mora cautious about hydrogen projects

Environmental, Sustainable and Governance (ESG) :
Ensunng thal the optimum cost of financing is delivered in line with the ESG objectives of the project, Lenders can be concerned with
‘greenwashing” where business undertakes high profile but superficidl ESG projects,

9 MarshMcLennan @&x_lc_g
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Hydrogen

Risk and insurance - covering the bases

Business Strategy.

Enable chents and prospects address strategic and cperational challenges in hydregen, while managing ther exisling business and
e assets efficiantly and effectivaly. (Oliver Wyman)

/ 3) Workforce
k/ Provide strategic advm» and axocution suppart on disrupling forces transforming the workforce of 1he fulure. (Mercer)

n Risk Strategy.
= Faglitate capital and anhance bankabiity by quantifying and profiling the physical risks to the project whilst advising on steps to mitigale tha
/ exposiure 1o the balance sheel (Marsh)

Contractual Strategy:
Review complax contractual srrangements across tha value chain 10 ensire apprapriate slakeholder risk and indemnity sllocations. (Marsh)

000 Finance Strategy:
Drive extensive finance negotiations with lenders fegal (LLA), technical (LTA) and Insurance advisors (LIA) In order to rationalise insurance
requirements for {he bennf@ of the proect (Marsh)
n ? ; Placement Strateqy
i )| Ensure the most appropriate and cost effective risk transfer machanism is procured using global markets and access points. (Marsh)
9 MarshMcLennan @Mé_x_l_@

- Hydrogen

Risk:and insurance — project risk 111;1:113(}011; ent
. Audltable pro,ect nsk govemance fool. . .
e lntroduces dlsaplme and process around prqect nsks
.+ Improved safety in desngn from a long term insurance standpomt
fie Market buy-ir to your H2 risks. : : : : _
e .AChteVGS an appropna.t.e.ly balanced risk profile which is aooeptab!e io all project parties, ... ...
: + Ensures most optimised insurance program is procured.
.- -Des;gnedto éatisfy Im;estor and/or-Lender risk»trénsfef strétegy.- ----- LRSSy e e i i

: « Insurance risk engineering input right from the start typically reduces life cycle insurance costs by 10-15%.

" @® MarshMcLonnan : i i ' @Mgglgo
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Project Risk Management Framework
Feasibiliry . : : o [ P Mapping
Sudy : : : : " | Desigh Phase Risk Services
n. PO, e IR Contractunl Risk Redew
C Design < : : : : . KB inssrince Spacifications :
B Insurance Marketing and Placement
Engineenng Procurement ! . . 3 3 y
n = Gontractor . > C 7 ﬂ Ongoing Advivory
LR : . Gt [l site Ao

Detalled 3

Detign .
BN orocuremont

s Construction
n . 7 Comntissioning
: Operation
v v by ey Y - ) y . ¥
WG {Typic ) I < 10 18 - 20 . 0 © . 49 %0
9 MarshMcLennan » jMﬁXICO

Hydrogen

3K mapping Technical projec
Desig aw Y with lenders
VCE modelling and risk profiling
Contractual allocation of risks ssist w rer negots
Insurance mitigation and risk transfer 3 surveys during build per

Reducing cost © .r0ss class Insurance practiioners
Maximum coverage ! mindmum reten derstanding contingent rsks

Bespoke broadform project policy Knowle shanng

Coverage protecting lendess inten Understand our project
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Hydrogen
Pro]ect Specific Owniers Controlled Insurance F‘rogram :

Arrival on : : :Proj.ﬂ
Project Site(s) Completion

Prolonged coverage of CAR
IS dNGE only duing detects
labilty poriod,

——
o Thl'd Party lhblﬂlv Insurance. 5 2+ 4 - Puiiness WHpRon: - - 155 e s Picien
l  Terrorism insurance — :’"" Party Liatity
- aronam
; Emigsions Tvadna Bl

\
-
=
>

%
o
o

8 Marsh#cLennan

Hydrogen B

. Insuranoe is an nmportant oomponent of Ienders seounty package

. Lenders expect hlgh standard of insurance prolectlon

. Sausfacuon of lenders insurance requnremenls wull be a condution precedenl to fi nance close orfi rst draw-
- down.

« Compliance with lenders requirements throughout term of loan;
-+ w- Comprehensive insurance protection mechanisms, -
+ Financial:security of risk transfer partners.

. Endorsements non cancellation, notice provnsuons no claims offset pnmacy of ooverage non
vmalion cut through and loss payee: clauses :

. Assngnment of insurances / reinsurances.
« Brokers Letter of Undertaking.

9 MarsnMcLennan
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: Hydrogen

. Risk fransfeér — what effects ;)'l(,,nq

. Project complexmes technology scale up and change (Novel / Prototyplcal)

_*» Wind, Hydro, Geothermal and solar in comblnalion i.e technology mrxes

. Contractors eXpenence in s:mllar projects

.+ Construction focation = natural catastrophe

. = Construction location - pre fabrication Iocatlons

.+ Nature of execution of construction. : : : : :
Yie Penod lnpar&oularthatofTestmgandoommlssmng XS SNA NN AN AN S SNE NN e 24
.+ Value / Loss limit. '

© « Extent of design coverage.

54 bt e R T WAL TN S SO

£ P 1 Got b s ph i s " e i s
'RiskK Arai \"‘:“4 — ';.(rl) 1 insurance placement

» Decentralised global market
- » Onshore market capacity USD 2.5 - 3. OBn
s Market Laverage and negotiatxons

. S:gmﬁcam capacity in-across alf marketmg oemres
Ve Fully prepared to underirite on broker wordmgs

* International and domestlc carriers combined can offer. greater capacity and product flaxiblllty -
ﬂMusth.elnan : : ! : : : : @MOX‘CO
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‘Hydrogen

Production risks an

Yesterday Gaseous hydrogen Ammia siarmge 5 3 known echnciogy
Hydroc.mons + Gaseous releases, vaylo«aaamomn ~ | Towd mBGaHes WORSNOd, Water Sprsys Am
Large = Unibsty Yo VCES lo ot guldoons uwmmmm
Il)miﬂ';.‘if::E-:::t:w“Il"m9 : 1 - Retiivdly sasy 1o igrite - 'l‘lr)‘l!ﬂh\lluiyllumbmuaulm # foora
.« Pooifios 1 +  Embntement of kg steergth siesls m‘mdmsummvmwmmm
o dat toes cob e ANtgaton aed = TR SRR BN e o o RPRRPRR
. mrdawu,hlgmd«wum o+ Keyisstes for nazands i ocouplod tukdngs (oell
unconaood al acoepiod 3 2 rooma) undoniood |
«  Loms Frequarcy retafively constan ~ Defection of hydinges betoe igniton of Lege doucs us
over many yess W'Mnrmq—nmdwwm ' HWWMMmebmm
A R 3 VIO b e X cav e POINIGY CORIDRORLY (oW e peratres g relihely L

. bod o rate) urtisly ¥ be
@ Carbon dioxide ”"g‘“ ) urtisty 10 be mainstrean” in aear

razards wdersivod and FEnageatio: v Lafge VOE EMLS possitic
«  Expiosive doecumpressin of astomess o Hazeeds inown
..... +, Cartronpwenl con reach ol dctity and ol | ceree o LU IyUIgEn productico prisn hewe boan
+ Sl naks could form ruieg Ioctures in Iouk : Opersing fof opcacss
poeines
= Foons carvomkc ookd In water
« Tosic 50 riathoty high [ >10%) 0
8 MarshMcLennan _ @MQ?‘-!Q?

\_\,ﬁ ..... P Hel s voltitic ’1 .......................................................
i fol qv IsKevoiutio ‘ Today
Existund technologdy le-up Existinig techinoldgy — new applicatiot Existing rastructure — te-purpos#d
Renewable power éourms, PEM Convefsion from natural gasto hydmgeﬁ Natural gas pipélines to handle mix and
electiolysers, very large scale alkaline combustion, growth of hydrogenasa potential full coriversion to hydrogen
electrolysers, fuel cells, CCUS fuel source for fuel cell vehicles (FCVs) . . .

“Yesterday ' L Gl e S : : Tomorrow
Existing technology : New technology
SMRs. gasifiers, alkaline New types of electrolysers

. slectralysers, renewable. . | . .. and fuel cells, efficiency
power-generation: Improvements in renewable

: power generation, hydrogen
Hydrogen production is storage and transportation
primarnly grey i & s . €.g. ammonia

...... L e nalve Ridher Tiaks © BEAHE 0 5 L e e
©® MarshMcLennan " " - México

BUT these risks are known and manageable
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