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cQuées lo primero que usted piensa al oir sobre Hidrogeno?
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S.E Presidente Sebastian Pifiera
usando una bicicleta con
funcionamiento a base de
hidrogeno.
(Pais Vasco, Cumbre 6.&2019)



‘Governo planeia construgao de central gigante de
hidrogénio verde em Sines com ajuda da Holanda

Trata-se de um projeto de 600 milhdes de euros, feito com ajuda de fundos europeus para criar energia suficiente
para que uma frota de autocarros consiga fazer 800 milhoes de qug
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Air Liquide and Sinopec to accelerate deployment of hydrogen mobility solutions
Commentary: The clex: ¥ J - yarog y

in China
alrea dy begu n In the presence of French President Emmanuel Macron and China President Xi Jinping, the two
companies signed a Memorandum of Understanding (MoU) in which they will study the development
By Noé van Hulst of the hydrogen mobility network.
-

= Hydrogen Envoy for the Ministry of Economic Affairs & Climate Policy, The

‘1‘- MNetherlands
23 April 2019
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; National Hydrogen
Hydrogen and Fuel Cells: Outlines of a Roadmap EERE&%ETEFESWER
Opportunities for Growth Hydrogen Roadmap ‘
i abe TECHNOLOGY OUTLOOK

A Roadmap for the UK FOR THE ENERGY TRANSITION

E4tech and Element Energy
Published November 2016

An independent report commissioned by Innovate UK, Department of Business,
) § Energy and Industrial Strategy (formerly known as Department of Energy and
%,,,mw e Climate Change), Transport Scotland, Scottish Government, Scottish Enterprise,
KTN, UKHFCA and SHFCA
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TRACTEBEL __ “ The Future of
Hydrogen

Tecnologias del .
Oportunidades para el desarrollo de The Strategic Road Map

P
H I D R O G EN 0 una industria de hidrégeno solar en las
regiones de Antofagasta y Atacama: for Hydrogen and Fuel Cells
y perspectivas para Chile Innovacién para un sistema energético 100% HYD R 0 G E N
renovable - Industry-academia-government action plan

Seizing today’s opportunities

Executive summary and
recommendations

Report prepared by the IEA
for the G20, Japan

to realize a “Hydrogen Society™ -
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Hydrogen and Fuel Cell Strategy Council

Informe Final

i ASUSTAINABLE PATHWAY FOR THE
—— EUROPEAN ENERGY TRANSITION @ B




¢, Por qué Chile® World Energy Council (WEC
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INTERNATIONAL ASPECTS OF A
POWER-TO-X ROADMAP

A report prepared for the
World Energy Council Germany

Selected

= PIX already on countries (energy) political radar

—/ * Export potential and PtX readiness evident
« Uncomplicated international trade partner DI
» Especially favourable in early stages of market penetration

= Fundamentally unexplored RES potential

= Largely mature, but often underestimated, (energy) political Chile
framework with sufficiently strong institutions

» PtX could readily become a serious topic if facilitated appropriately

L Hidden
{  Champions

= Abundant resource availability: massive land areas paired with
often extensive RES power

= PtX readiness not necessarily precondition, may require facilitation

~ Provide order of PtX magnitudes demanded in mature market

Australia

Chile — the hidden champion: Largely unexplored RES
potential paired with strong (energy) political environment

Countries categorised as hidden champions, like Chile, typically demonstrate
fundamentally unexplored RES potential with strong climate change targets.
Paired with a largely mature (energy) political framework and sufficiently strong
institutions — that are often underestimated in the general perception of Latin
American countries — PtX could immediately become a serious topic if facilitated
appropriately. These countries may well be in the lead in the market penetration
phase, fostering the development of PiX technology.




Entre un 60 a /0%
del costo de
producirHidrogenc
proviene de la
energia que se us
parasuobtencion

H. es el
elemento mas
abundante en el

universo
3/4 del sol El norte de
es H: Chile debido a

los bajos costos
de produccion
de energia en
dicha zona.
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Gran potenual para energlas ren vables
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Atacama Desert:

>3.500 KWh/m2/Year (DIN)
>3.000 Sun hours/Year
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Costos del Hidrogenf_ COHestimados
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condiciones para produgir
(y exportar) hidrogeno ja
todo el mundo
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0il, salmon and .... liguid hydrogen - Norway’s ‘ 7 *
*

next big export article?

NORWAY EUROPE JAPAN

Hydropower

*
OUR NEXT GREAT EXPORT?

As a nation, we've long shipped coal to the world. But could renewable energy be our
next great export industry? ARENA has set exporting renewable energy as one of its

‘@@@ | four priorities. Here's how it might work.

HIEE

Water is purified Water is split into Electrolyser is Hydrogen used as fuel Ammonia or SNG is
hydrogen and oxygen powered by solar, wind locally or converted shipped to places like
using an electrolyser or tidal energy into ammonia or Japan or Korea, then

and electric current synthetic natural gas  reconverted to hydrogen
for transport and used as fuel.




La ruta energética Chilena

El gas comienza a usar Las ERNC alcanzan u
como combustible participacion de 18%
iIndustrial y eléctrico en la matriz energétice

1889 1897 1910 2001 2018

| SYUNt Ssf A0
primer parque eolico conectadc

Primera importacion

de petroleo a Chile

Primera central
hidroeléctrica de

Chile Chivilingo Lota) al Sistema Eléctrico de Aysé

(Fuente5+ 128 SEGNY NR2&a RSt LINZAN ®
RevistaS y S NERNC ya @stan a punto de cumplir metardglH p € = C S ¢




Ministra de Energia llama a inversionistas a participar
en licitaciones de transmision -

«La energia solar no sdlo permite generar electricidad, sino también calor y, en el futuro, incluso
combustibles limpios, como el hidrogeno verde. Chile tiene condiciones excepcionales para producir este
tipo de combustibles a bajo costo y con energia renovable», planted la ministra.
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18 de julio de 2019

Chile mira al Hidrogeno Verde como una

= —a— 4 2 > oportunidad de desarrollo
BloombergNgF —Bloomberc
5 BNEF Summit i Subsecretario de Energia: «Chile

puede ser un pais productor de
hidréogeno y ayudar a otros
paises exportando este

combustible verde»
Franciscd.opez guiachileenergia.cl, 26/11/19)

Negocios e industria



Mercado actual del Hidrogeno

Global China

Electrolysis Electrolysis
4% 6%

Milliontonnes of hydrogen
2

Natural gas
17% a0
64 MMT Natural gas 17 MMT 30
peryear  48% per year 20
; LL |.
. l_ -
1975 1985 1990 2005 2015  2018e
B Refining Ammonia Other pure B Methanal DRI Other mixed
Hydrogen Production (Source: IEA y BNEF, 2019) Crecimientade lademandade Hidrégeno entre 1975 y 2018 (Source: IEA, 2019)

A Gran concentracion de la demanda dietdgeno(~64Mton/afio) entre las industrias de refineria y amoniaco, mientras qt
usos en la industria del metanol y el proceso DiReCtReducedron steelproductior) van en aumento debido a su uso
como gas de sintesis o combustidieproceso.

A Porcentajes menores se destinan a industrias de alimentos (hidrogenacion de gratasjentos térmicos (vidrioy
transporte. o
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Incentivos gubernamentales para Desarrollo de industria a base hidrogeno y pilas
de combustible

A Actualmente, el numero de objetivos, incentivos y politicas globales para empujar el uso del Hidrégeno bordea las 5C
iniciativas, siendo enfocadas en los ambitos de transporte, calefaccion y generacion de energia

Metodologias estatales para el desarrollo del mercado a base de
hidrogeno

A Arabia saudita, Australia, Austria, Bélgica, Brasil, China, Francia, Alemania, India, Italia, Kapéa, Holanda, Nueva
Zelanda, Noruega, Sudafrigaotros han enfocado incentivos para disminuir las emisiones de GHG en sectores donde ¢
dificil la transicion energéticaj( aeronautica o maritima), pero aun existen desafios como las regulaciones,

infraestructura y recepcion de la comunidad n.
(Fuente IEAy RD&Dstatistics,201€



Hidrogeno Verde




POWER TO HYDROGEN
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Renewable Energy Power Gnd Electrolysis




POWER TO HYDROGEN
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Renewable Energy Power Gnd EFeCerl‘,’SIS

Alkaline Electrolyzer Proton Exchange
Membrane (PEM)
Electrolyzer




POWER TO HYDROGEN
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Renewable Energy Power Gnd Electrolysis

Storage caverns




Hydrogen Blending
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POWER TO HYDROGEN
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Renewable Energy Power Gnd Electrolysis

Canada

Italy )
Switzerland
Sweden Austria E Spain

Storage caverns

Czech GermanyE
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Methanation POWER-TO-GAS
(Sabatier Reaction)

Hydrogen Blending
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POWER TO HYDROGEN

® @

Renewable Energy Power Gnd Electrolysis

Storage caverns




Renewable Energy

Power Gnd

POWER TO HYDROGEN
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Methanation POWER-TO-GAS
(Sabatier Reaction)

Hydrogen Blendin =
ks >

POWER-TO-FUEL
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Storage caverns
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Renewable Energy

Power Gnd

POWER TO HYDROGEN
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Methanation POWER-TO-GAS
(Sabatier Reaction)
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Methanation POWER-TO-GAS
(Sabatier Reaction)

Hydrogen Blendin =
Ak ‘a0

POWER TO HYDROGEN POWER-TO-FUEL
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Renewable Energy Power Gnd Electrolysis

Synthesis POWER -TO-CHEMICALS
(Haber-Bosch Reaction)

Storage caverns




Renewable Energy

Power Gnd
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POWER TO HYDROGEN
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Methanation POWER-TO-GAS
(Sabatier Reaction)

Hydrogen Blendin =
ks >

POWER-TO-FUEL

Electrolysis

POWER TO POWER

Storage caverns

Synthesis POWER -TO-CHEMICALS
(Haber-Bosch Reaction)
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Fuel Cell

Gas Turbine

Synthesis

(Fischer-Tropsch Reaction) POWER-TO-LIQUIDS




Fuel Cell: ;, como funciona?

Electric Current
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¢s,Donde apuntar?

COLLECTION TRANSMISSION DISTRIBUTION DEMAND
LNG SHIP
PIPELINE PIPELINE DUSTRY
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CONVERSION & STORAGE
RECONVERSION
e s TRANSPORT
LIQUEFACTION/ STORAGE

@® Hydrogen gas REGASIFICATION TANKS

© Liquid hydrogen @

¢ Ammonia
CHEMICAL CONVERION/ GEOLOGICAL
@ LOHC RECONVERSION STORAGE
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Lacompetitividadde las diferentesopcionesdependerade cuanto, cuandoy
como se quiera usar Esto permitira desarrollar industrias a gran escala
(plantascentralizadasgomoestacionesle producciondistribuida,queincluso
producirian hidrogeno in-situ, por ejemplo para recargar estanques de

vehiculodigeroso de alto tonelajerapidamente(2 min. paraautos)

POWER
GENERATION




Conventional Storage Hydrogen

Vacamuerta
Argentina

Renewables

Muclear Hydrogen
Generation

Electric Grid
Infrastructure

Available Storage Technologies

Heating

4
Release
Gas Time
Infrastructure
1 year

Hydrogen

1 month
1 week
Pumped Hydro
1 day /
Redox-Flow Q /
Batteries : -t

1 hour Lead-Acid

\_ Lithium-lon

. Capacitor > . Compressed Air
M alnz 1 min / (CAES) ~ Storage technologies
AI . Flywheel Energy @ mechanical
emanioc Storage (FES) @ electro-chemical

1sec 4 @ electrical

Superconducting @ chemical

100 ms Coil
1 kWh 1 MWh 1GWh 1TWh Storage

Capacity



oyiu2yOoSax AvdzS Tl
comencemos un Mercado del
Hidrégeno en Chile?
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Informar a la socieda
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Resultados operacionales: Cerro Pabellon
Fuente energética: @eps C\f\(\l

Mix entre Diesel y 11
energias renovables.

Diesel Genset ~ 2§
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I"TIBESS Power IDiesel Genset IIP2P Power PV Power —Load + Aux Power =—SOC ——=H2 Level

Tangues de almacenamiento de H2 al 100% apoyan al Sistema total dandq al
campamento una cobertura energetica durante 3 dias.
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Consorcios Tecnoldgicos, iniciativas Corfo en Curso

Combustion Dual Hidrégeno-Diésel Fuel Cells para flotas mineras,
para camiones de Extraccion Mineros énfasis en Mineria Subterranea
8 e ® |
aL\S)ET cAe BHP Lo e DT PLLARD
o~ /-'\ A e Z2 Fraunhofer ‘
— e S § O - HYEW!-GEN
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Presupuesto a 5 afios: MMUSD 20 (MMUSD 5,8 aporte Corfo) Presupuesto a 5 ahos: MMUSD 2,2 (MMUSD 1,1 aporte Corfo)



2) Es la hora de otra transicion, conjunta.
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