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https://petrobras.com.br/en/our-activities/performance-areas/oil-and-gas-
exploration-and-production/pre-salt/
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Fuel Cells and Hydrogen
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Climate Change Geological 

Today’s climate change

Comparable
Faster
How does it impact us
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CnH2n                             CH4                          H2

(80% Carbono)                                        

wood coal oil natural gas

C/H ratio in fuels

H2



July 2023
+0.99 C

Since 2020

Instead of
decrease 6 - 7%, we
increased 4 - 5%



Energy Transition
Energy Revolution



n

Energy Transition
Energy Revolution



N
ew

 E
n

er
gi

es







H2 on Earth

H2O



H2 Production



CO2 Emissions

H2 Production
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H2 in colors



H2 on Earth

H2O



Water Electrolysis

1.3 V



Water Electrolysis

1.3 V

Fuel Cell

1.2 V



Transport

Industry

Electricity

Agriculture



Sustainable H2



H2

renewable



Sustainable H2



World

Brazilian Energy Mix

RENEWABLES



2020

Brazilian Energy Mix

RENEWABLES NON RENEWABLES

wood

hydro

sugar 
cane



Electricity in Brazil

2021 
180 GW
84% Renewable



Total potential for renewable energy should not be an issue in 2040, as by then the main potential sources, wind 
and solar, should be able to supply 100% of the demand for green hydrogen.

Renewables in Brazil

Wind Photovoltaic



DNV



Wind
Solar PV 

Solar PV and Wind



Fonte: http://atlas.adece.ce.gov.br

Wind

Solar



Pecém - CE
Hidrogênio



Africa

Europe

North 
America

CEARÁ

Mercosul

Central America & 
Caribbean

Privileged Geographic 
Localization: 

Best location in Brazils North and 
Northeast. Close to the most important 
world markets.

FONTE: SEDET / CE
www.sedet.ce.gov.br

http://www.sedet.ce.gov.br/


Price H2



Up to 2030, € 430 billion invested in H2 in Europe

USD 15 – 20 billion opportunity
by 2040 





Net Zero
by 2050
A Roadmap for the
Global Energy Sector
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Global hydrogen use expands from less than 
90 Mt in 2020 to more than 200 Mt in 2030





Ethanol and Hydrogen



Ethanol in Brazil

- Efficient and available biofuel

- No composition variation

- No sulphur contamination

- Non -toxic



- Renewable

- No competition with food crops

- Much more eficiente than other feedstocks
- Productivity/area
- Cost
- Energetic balance (7 J / 1 J)

Ethanol in Brazil



SIGNIFICANT REDUCTION IN EMISSIONS

- 90% of new cars are fuel-flex

Ethanol in Brazil



A. Kowal, et al (2009) 

“Ethanol, with its high energy density, likely production from 

renewable sources and ease of storage and transportation, is 

almost the ideal combustible for fuel cells…”



Fuel Cell and Hydrogen Center
2007



Células a Combustível

Fuel Cells

Conversão direta da energia química 
de um combustível em eletricidade

80°C

800°C

CALOR E ÁGUA

HIDROGÊNIO OXIGÊNIO

ELETRICIDADE



Células a Combustível

Fuel Cells



FACILITIES

12 Laboratórios



Ethanol to Electricity

Ethanol

Reforming

60% H2
Purification

(ppm CO)

FUEL CELLS

SOFC
600-800 °C

PEMFC
80-180 °C

EFFICIENCY



Ethanol Steam Reforming



Direct Ethanol Fuel Cell Vehicule

ON BOARD ELECTRICITY GENERATION FROM A LIQUID RENEWABLE FUEL

ETHANOL + ½ O2 → ELECTRICITY + H2O

- HIGH PURITY H2

- Distributed H2

- Fast recharge

- CO2 neutral

- High efficiency  



ON BOARD ELECTRICITY GENERATION FROM A LIQUID RENEWABLE FUEL

ETHANOL + ½ O2 → ELECTRICITY + H2O

Direct Ethanol Fuel Cell Vehicule



Obrigado!Fabio Coral Fonseca

fabiocf@usp.br

www.ipen.br

ENJOY SÃO PAULO



nov-22 64

Instituto de Pesquisas Energéticas e Nucleares
Fuel Cell and Hydrogen Center

years R&D in 

H2 and fuel cells23

300
520

+ publications

patents
Laboratories -

PEMFC, SOFC, and H2

USP graduate 
students
Completed PhD 
and MSc

Team
Researchers

Technical and 
administrative staff, 

Post-docs and students25+

Since 1998 IPEN
stablished a 
structured program 
for advancing
knowledge and
developing
technologies for fuel 
cells and renewable 
hydrogen. 

A multidisciplinary team, lead by internationally connected scientists,
relies on modern facilities to carry cutting-edge research on materials
for advanced electrochemical technologies focused on sustainable
power and chemicals generation .

Collaborators and Sponsors

+3009
4

Fuel Cell and Hydrogen Center

https://www.google.com.br/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwikhuyUgYvbAhVJDpAKHVhFBnoQjRx6BAgBEAU&url=http://www.kdfuelcell.net/KDFuelCell/Participants/DTU_Energy_Conversion&psig=AOvVaw2bgE7ZzA13fiX67DfWDcjj&ust=1526586805448258


H2 e Ethanol 

- Biomass + etanol = H2 Sustainable

- Biogas / bio CO2 = e-fuels

- Sustainable Aviation Fuel (SAF)
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As Emissões Brasileiras



Células a Combustível

Fuel Cells - Electrolysers



DNV



Brazilian 
Wind Offshore

~130 GW?



CO2 Emissions



People
- 4 Principal investigators
- 6 Staff
- 35 students and post-docs

Research
- Polymer-based fuel cells
- Ceramic-based fuel cells
- H2 purification/production



2018 -





Electrolyser

NEA GROUP 76

Emerging Industry



Mensagem Final

• A transição energética é um grande desafio
• há esperança

• O Brasil tem um enorme potencial para ser um protagonista na economia 
do H2

• Eletricidade renovável e etanol 

• Pesquisas terão papel fundamental na viabilização das novas tecnologias
• materiais, componentes, pessoal, etc

Há pesquisa de ponta no país para continuar os avanços em curso!



2018 -



Advantages of Using Ethanol for H2 Production

• Renewable fuel

• Easy storage and transportation (usual for the Brazilian case)

• value chain established

• It is not a toxic fuel

• Peak shaving production of Green H2 (without itermitence)

• Enables local production of H2 close to consumption

• Non toxic

Ethanol as a Hydrogen Carrier



Some Numbers from Ethanol Industry

NEA GROUP80

INPUT QUANTITY UNITS

Ethanol 1G 80 L / t (sugar cane)

Ethanol 2G 32 L / t (sugar cane)

Biogas 8,9 Nm³ CH4/ t (sugar cane)

E. Energy 49 kW / t (sugar cane)

Ethanol 1G + 2G 15 kg H2 / t (sugar cane)

Biogas 1,84 kg H2 / t (sugar cane)

E. Energy 0,92 kg H2 / t (sugar cane)

Total 17,76 kg H2 / t (sugar cane)

198,91 Nm³ H2 / t (sugar cane)

Ethanol as a Hydrogen Carrier



CHARACTERISTICS WITH THE USE OF ETHANOL

NEA GROUP 81

✓ 7.6 liters of ethanol produces 1 kg of H2 (Hytron Reformer)

✓ H2 storage in the car ranges from 5 kg to 7.5 kg H2

✓ Autonomy: 1,360 km with 5,65 kg H2 (Toyota Mirai Record)

✓ ETHANOL Consumption: ~43 liters

✓ 43 liters of Ethanol → 1,360 km (~31,6 km/L)

✓ Refueling time: 6 min

THIS IS JUST THE BEGINNING!
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