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HYDROGEN ENERGY IN BRAZIL "\~ FGV EUROPE
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HYDROGEN ENERGY: WORLD HYDROGEN STRATEGIES o ‘o0

NATIONAL HYDROGEN STRATEGIES

* Long-term commitment to the
development of the hydrogen economy

* Strategiesto leverage the economy
+ Local development of value chains

*  Decarbonization ::::m:"p’i:;;:f“.

Adopted after GHR 2021 @

Brazil launched its first hydrogen strategy in
2005

MME - Ministério de Minas e Energia (2005). Roteiro para Estruturacdo da Economia do
Hidrogénio no Brasil. (Coordenacao geral MME - Ministério de Minas e Energia;
Integracao Tecnica: MCT - Ministério de Ciéncia e Tecnologis; Operacao: LACTEC/UFPR;
Sub-coordenagdes: UNICAMP, CENPES, COPPE/UFRJ e INMETRO).

ASSOCIACAO
BRASILEIRA DO
HIDROGENIO

FOR ALL OPTIONS OF PRODUCTION AND USE

Adopted before GHR 2021 @

International Energy Agency; Global Hydrogen Review 2027, 2021
International Energy Agency; Global Hydrogen Review 2022; 2022 (Julho)
2023 avalable from October

Available Strategies
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THE ABH?2 N FGV EUROPE

PROMOTING THE HYDROGEN VALUE CHAIN IN BRAZIL

* Development of the hydrogen

network
e Contribution to hydrogen-related
safety, codes and standards

* Advocacy and market regulation ASSOC] A(; AO
« Research and professional training “ z BRASILEIRA DO
* Industrial and scientific events HI DROG EN |O

FOR ALL OPTIONS OF PRODUCTION AND USE
 Production and dissemination of

information 6




COMPANY MEMBERS OF ABH2
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IPOTENTIAL FOR H2 PRODUCTION IN BRAZIL N7 FGV EUROPE

©
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LEVELIZED COST OF HYDROGEN FROM CHEAPEST PGV EUROPE

AVAILABLE RENEWABLE POWER IN 28 MARKETS, 2022

ﬂ‘_‘g (real 2021) $’M'}"'0'34t_“2 - Brazil operates onshore
120 89.3 wind projects with some of
= the highest capacity
10.0 Powered by onshore wind e 744
PEM electrolyzer (top of range) factors in the world
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6.0 electrolyzer (line) 44 6
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4.0 I lIIIII 29.8 potential levelized cost for
2.0 Chinese alkaline electrolyzer 14.9 zero-carbon hydrogen at
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Source: BloombergNEF. Values at the bottom show cheapest hydrogen using a Chinese alkaline electrolyzer, values atop the range show cheapest values
using a proton exchange membrane electrolyzer, and black lines show cheapest values using a Western alkaline electrolyzer. Electricity source is either
or wind, whichever is cheaper. MMBtu is million British thermal units.
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BRAZIL HAS RESOURCES TO DELIVER LOWEST COST o' o nors

AMMONIA TO EUROPE AND JAPAN

* Projects in Latin America are likely to
compete with projects in Australia, Canada,
the Middle East and possibly the US for the

mantle of lowest-cost provider;

Green ammonia unsubsidized Green ammonia unsubsidized ] ]

delivery cost to Europe delivery cost to Japan (Tokyo), - For delivery to key ports in Europe

(Rotterdam), 2030 2030 (Rotterdam) and Japan (Tokyo),
kg +H2 ShgH2 BloombergNEF estimates projects in Brazil
) ] 408 4.1 :

4.0

_ 4.0 35 3.60 370 3.74 >0 could by 2030 deliver the most competitive
zz 2.88 I 2§ green ammonia in the world — without
) . ' 1.41
25 I L 25 I = subsidies taken into account;
2.0 2.0

e e - Brazil ammonia delivered to Tokyo is also the

243

< 2.43 H
10 186 1o 181 213 21 1.0 186 1g5 181 2.13 most competitive globally, at $3.27/kg NH3,
1.23 - - -
05 05 even with a considerably greater distance
0.0 0.0
6‘2& LA SR S Q},z;b A N AR between the two ports;
[y R O o‘b \{9 O .
v v « Much attention to date has focused on the
u Transport by ship = Caonversion to ammonia Hydrogen Production

port of Pecem in Brazil's Ceara state.

Source: BloomberghNEF. Note: Costs are in § per kilogram of hydrogen. Ammonia contains 17 6% hydrogen by weight. Brazil exports from Pecem. Canada exports from Quebec to Rotterdam and from Vancouver to Tokyo. Chife
exports from Antofagasta. US exports from Houston. UAE exports from Ruwais. Australia exports from Dampier. Colombia exports from Cartagena. Hydrogen production assumes levelized cost of hydrogen (LCOH) using western
lalkaline electrolyzer for each country.
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ANNOUNCED HYDROGEN INVESTMENT IN BRAZIL

de hidrogénio

i Eolica offshore

350,4 Mt/ano

Biomassa

50,5 Mt/ano

Grau de maturidade (2023):

" FGV EUROPE

US$ 30 bilhdes

em projetos de hidrogénio
anunciados para o Brasil

O Brasil possui potencial
técnico para produzir

1,8 gigatonelada

por ano

Fontes fosseis

60,2 Mt/ano

Nuclear

6,9 Mt/ano

@0 Edlica onshore + Solar + Hidrelétrica
@ Mol / Pré-contrato 18,1 Mt/ano

Source: Plano de Trabalho Trienal 2023-2025, PNH2 — Ministério de Minas e Energia
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COMPANIES AND INSTITUTIONS THAT HAVE \7FGV EUROPE

ANNOUNCED HYDROGEN PROJECTS IN BRAZIL

CEARA
Pecém RIO GRANDE DO NORTE
EDP Neoenergia/lberdrola
Qair Enterprize Energy
Fortescue Nordex Acciona/Vieira
; i f Enerfin
*Not an exhaustive list Linde/White Martins :
TransHydrogen Alliance »WVoltalia
AES Brasil
«  Total potencial for hydrogen production from Casa dos Ventos/Comerc Sua ZERNAMBUCO
renewables estimated in 19 Mton/H2 per year ENGIE Qaif
(EPE, 2023), increasing as new processes, Total Eren "Neoenergia
routes and studies are developed. l Casa dos Ventos
PIAUI Comerc
AMAZONAS Casa dos Ventos BAHIA
SENAI < Comerc UNIGEL
Eletronorte ThyssenKrupp
_[Nucera
MINAS GERAIS “|Acker
Universidade Federal de Itajuba(UNIFEI) B Statkraft
GIZ Research Center Project Sowitec
Atlas Agro ESPIRITO SANTO Casa dos Ventos
Fortescue Future Industries
. |—’5he” . RIO DE JANEIRO
SAO PAULO Votu Winds
R ISi Bl Porto Central P £
Epsol SINOpec brazl Fortescue Future Industries
Gas. Innova.tlon Research Center USP LINDE/White Martins
Cetig Senai
Shell
Hytron / NEA - — ] _[SPIC Brasil
Fraunhofer - " (Casa dos Ventos
EMTU/SP PARANA Neoenergia
) SA.E Brasil & Ballard Student H2 Challenge PTI EDF Renewables
ASSOCIAGAO Raizen \_'L UFPR CSN
H2 socreeo  fiama O GRANDE DOSL Copperur ;
FOR ALL OPTIONS OF PRODUCTION AND USE L|NDE/W|’1IT€ Mal’tln Hydroqénlo MarICé




PORTO DE PECEM - HUB H2V &
EDP HYDROGEN INVESTMENT

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

* February 2021: launch of the Hydrogen Hub in the

State of Ceara, Northeast of Brazil. A pioneer

initiative that gathers Ceara Government, Industry
Federation of Ceara (FIEC), Federal University of

Ceara (UFC) and Pecém Port Complex (CIPP S/A).

" FGV EUROPE

@edp

 R&D investment: R$ 42 M (EUR
7,7M)

 First hydrogen molecule produced
in 2022

« 3 MW solar plant
« 250 Nm3/h hydrogen capacity
- Electrolyser 1,25 MW

- Partners:
v Economic and market  “Ggsio
feasibility studies B

v Technical feasibility studies <|ATI
v" Electrolyser supplier (3)Hutron

Source: https://brasil.edp.com/pt-br/pd-pecem-h2v
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https://www.complexodopecem.com.br/institucional/

CEARA HYDROGEN HUB’' COMPANIES

The Ceara State signed 33 MoU with companies investing in the Pécem Hydrogen Hub

totaling about US$30 bi of investments
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Source: OPORTUNIDADE DE TRANSFORMAGAO DA ECONOMIA DO CEARA ATRAVES DO HUB DE HIDROGENIO VERDE NO PECEM, Estado de Ceard;
https://www.ceara.gov.br/2023/10/06/governo-do-ceara-e-goverde-assinam-memorando-visando-producao-de-energia-e-amonia-verde-no-porto-do-pecem/
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Hutron

15


https://www.ceara.gov.br/2023/10/06/governo-do-ceara-e-goverde-assinam-memorando-visando-producao-de-energia-e-amonia-verde-no-porto-do-pecem/

CEARA HYDROGEN HUB KEY COMPANIES

N FGV EUROPE

« Key firms that announced investments in the Ceara hydrogen hub:

Enegix — US$ 5,4 billion investment, with an expected production of 600 million kg of green
hydrogen per year;

GoVerde — US$ 3bi;

Linde/White Martins company;

EDF Renewables;

Casa dos Ventos;

Fortescue Future Industries Pty Ltd (FFI) — investment of US$ 6 billion;

Qair Brasil — investment of US$ 6.95 billion;

Transhydrogen Alliance Consortium — investment of US$ 2 billion;

AES Brasil — feasibility studies for green hydrogen production facilities, with an estimated
investment of US$ 2 billion.

= CIPP has already signed three pre-rental contracts for the installation of Green Hydrogen

industrial plants in the Export Processing Zone (ZPE). Together, the agreements will total US$8

billion by 2030. The companies are: Casa dos Ventos, Fortescue Future Industries and AES Brasil.

Source: OPORTUNIDADE DE TRANSFORMAGAO DA ECONOMIA DO CEARA ATRAVES DO HUB DE HIDROGENIO VERDE NO PECEM, Estado de Ceard;

https://epbr.com.br/edf-renewables-analisa-construcao-de-planta-de-hidrogenio-verde-no-ceara/ ; FGV 2022; https://www.ceara.gov.br/2023/10/06/governo-do-ceara-e-
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https://epbr.com.br/edf-renewables-analisa-construcao-de-planta-de-hidrogenio-verde-no-ceara/
https://www.ceara.gov.br/2023/10/06/governo-do-ceara-e-goverde-assinam-memorando-visando-producao-de-energia-e-amonia-verde-no-porto-do-pecem/
https://www.ceara.gov.br/2023/10/06/governo-do-ceara-e-goverde-assinam-memorando-visando-producao-de-energia-e-amonia-verde-no-porto-do-pecem/

PORTO DO ACU

Source: https://portodoacu.com.br/en/about-port-acu/

" FGV EUROPE

PORTO ‘

DO ACU

The largest private industrial port

complex in Latin America;

The only totally private port in
Brazil, it is the result of
investments totaling BRL 20
billion (EUR 3,67b), with planned
investments of another BRL 22
billion (EUR 4b) over the next ten

years.
17


https://portodoacu.com.br/en/about-port-acu/

KEY PLAYERS HAVE ALREADY JOINED ACU PORT IN
ANALYZING RENEWABLE PROJECTS

|
& 9
renewables

Base edlica offshore Planta de hidrogénio

iShe. e &spPicC

TotalEnergies

Planta de hidrogénio Base edlica offshore Base edlica offshore

NCO merc
eficiéncia

.-
casadosventos NEOENERGIA
Planta de hidrogénio de Base edlica offshore &
larga escala (2GW) planta de hidrogénio

Source: https://portodoacu.com.br/projetos-renovaveis/

" FGV EUROPE
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HYDROGEN AND LOW CARBON DERIVATIVES ACU HUB o' ROPE

- Port of Acu is under environmental licensing process of a 100ha hydrogen hub up to 4GW of electrolysis
- Total investment of EUR 7,4bi (BRL 40bi)
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Source: Relatério de Impacto Ambiental Hub de Hidrogénio e Derivados de Baixo Carbono do Porto do Acu



HYDROGEN AND LOW CARBON DERIVATIVES ACU HUB o' ROPE

The HUB's modular development model will allow the implementation of industrial units in a sequential
manner as commercial demands are confirmed, ensuring uniformity of controls and safety measures

mitigation aiming for better environmental performance. The HUB development is divided into four macro
phases:

Installed Hydrogen from Low carbon
Description capacity of electrolysis hydrogen Ammonia — Methanol —
P electrolyzers - (renewable) - (UGHSs) - kton/year kton/year
MW kton/year kton/year
Phase 1 100 15,1 - - -
Phase 2 480 72,5 21,4 194 60
Phase 3 2.000 302,2 42,8 600 210

Phase 4 3.700 561,8 - 1.900 313,6

Source: Relatério de Impacto Ambiental Hub de Hidrogénio e Derivados de Baixo Carbono do Porto do Acu 20



ESTADO DE PIAUI - ZPE PARNAIBA (PI)

L0

PARNAIBA-PI

ATPE TEM 313 HECTARES E FICA A:

- TKNDABR3&

o
-wummmmmmmmsmaﬁ};

* 22KM D LUIS CORAEIA

+ 471 KM DO PORTO DE PECEM FORTALEZA (£}
+ 434 KM D0 PORTD DO ITADUI SAD LUIS (A

+ 339 XM DE TERESIN

)

Export Processing Zones are
industrial districts where firms
operates with fiscal benefit,
exchange and

administrative

freedom of
simplified
procedures;
Located on the coast of Piaui, ZPE
Parnaiba occupies an area of
313.5 hectares.

" FGV EUROPE
GOVERNO DO

=
—
PIAUI
%—- AQUI TEM TRABALHO.
AQUI TEM FUTURO.

=
Announced low carbon hydrogen: R$ 50 b (EUR
9,1b).

Key Firms:

J

« Solatio Energia (Spanish solar developer)

combined investment of about BRL 30 billion
(EUR 5.6bn) for electrolyser capacity of nearly
2.4GW.

« Solar Outdoor Media (Germany) billion
investment. Plant with an installed capacity of
940 MW, potentially reaching 3 GW.

Source: https://investepiaui.com/hidrogenio-verde/ ; https://antigo.pi.gov.br/noticias/investimento-em-hidrogenio-verde-no-piaui-sera-cinco-vezes-o-

valor-que-uniao-europeia-anunciou-para-o-brasil/ ; https://canalsolar.com.br/piaui-produzira-hidrogenio-verde-com-usina-de-energia-solar/ ;
https://epbr.com.br/piaui-mira-exportacao-de-amonia-verde/



https://www.solatio.com.br/
https://www.solaroutdoormedia.com/
https://investepiaui.com/hidrogenio-verde/
https://antigo.pi.gov.br/noticias/investimento-em-hidrogenio-verde-no-piaui-sera-cinco-vezes-o-valor-que-uniao-europeia-anunciou-para-o-brasil/
https://antigo.pi.gov.br/noticias/investimento-em-hidrogenio-verde-no-piaui-sera-cinco-vezes-o-valor-que-uniao-europeia-anunciou-para-o-brasil/
https://canalsolar.com.br/piaui-produzira-hidrogenio-verde-com-usina-de-energia-solar/
https://epbr.com.br/piaui-mira-exportacao-de-amonia-verde/

YARA

Announced in 2021, biomethane supply contract with Raizen is the first step towards producing renewable

ammonia, from 2024 (20k m3/d - 3% of demand from Cubatao, delivered by the network)

«

YARA

Knowledge grows L

Planta Industrial

Usina de Acudcar amCubatso

e Etanol

""""

Residuo Sélido
(Torta de Filtro)

“Residuo Liquido
(Vinhaca)

Producdo do SPE =icmetare
Biometano e S v A
Amonia Verde  &nin |

Economia circular

de CO, >

Source: Yara Brasil Produgdo de fertilizantes e o hidrogénio 05/09/2023

Produtos Quimicos

" FGV EUROPE
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Susf'altnablllty and Urban Development
E-mail: marco.contardi@eu.fgv.br
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