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BioElectrification: A vector of sustainable 

development for Brazil and the world



Rationale



Energies
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CO2 on the Planet



What would be the problem then?
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Atmospheric Battery

https://www.youtube.com/watch?v=-skE4jCuf-w



And then it's as simple as that....



Weather Gears

https://cdn.zmescience.com/wp-content/uploads/2020/02/Animated-GIF-downsized_large.gif


Global Circulation



Simply put…



And the Renewables with that????



Climatic zoning



Migration and Geopolitical Tension



Message

CO2 Is a Global Problem



However, CO2 IS NOT A LOCAL PROBLEM

NON TOXIC        SO2, NOX, 03, PM

Fertilizer for Plants

High Efficiency Natural Battery



How to charge a CO2 Battery
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Phase Change

CO2 + H2O
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Or gassy



This is Circular Economy



Fallacy

CO2 CO,SO2, 

NOX, 03,PM



CO2, SO2, NOX, 

03,  PM

Battery Recharging



Local X Global

Local Emission

Global Emission



Life Cycle 

Analysis



All cats are gray in the dark.....



Weird Wedding
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Combustion is no Problem

FUEL can be a problem



Engine Efficiency

35% 90%
Jobs



Electric Car is NOT Synonymous with Metallic Battery



Hydrogen Battery

CátodoÂnodo
PEM



Gamble



Hydrogen, Alright….



But, Green (????)



The Hydrogen

150 MJ/kg
30 MJ/kg

~1,8 MJ/kg



The Other Side of Excess Energy



Taming Hydrogen - Backbone



Hydrogen Storage



eFuel (I've seen this somewhere…..)

Etanol = eFuel



Energy Transition?Energy Makeup !!!



500 a 840

30.000

CO2 Battery: Ethanol

~50X



How to Discharge a CO2 Battery



But Full Electric is Sexy…



Electricity



Electric Current



Green “Electricity”
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SOFC Fuel Cell
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The new Engines



Solid Oxide Fuel Cell

26 km/l



Decrease and 

Board....



Desenvolvimento de células a combustível de óxido sólido 

para eletrificação dos transportesBrazilian Development in Partnership

Coordenadores: Gustavo Doubek & Hudson Zanin – UNICAMP

doubek@unicamp.br ; hzanin@unicamp.br ; https://www.brenergies.org/

Equipe: Fábio Antunes; Rubens M. Filho; André Jardini; Tarcio dos Santos Barros (UNICAMP); 

Leonardo Morais da Silva (UFVJM); Renato Freitas Sobrinho (UFMT)

mailto:doubek@unicamp.br
mailto:hzanin@unicamp.br
https://www.brenergies.org/


Prototyping of metallic supports and Micro Reformers

Ni/CeO2



Prototyping of metallic supports and Micro Reformers

Ni/CeO2



3rd Generation SOFC construction

(a) (b)
Interconetor

Catodo

Eletrólito

Anodo

Interconetor

8YSZ

212 ± 20 nm



The Goal



DOI: 10.1126/science.aba6118

Convert Sugarcane Mills to Chemical Industries

Syngas

Electricity

CO2

CO2

On the other hand: Solid Oxide Electrolysis Cell (SOEC)



Still in mobility, no less than that....



Arguments



Think Globally and Act Locally



Jaboticaba Effect....



Freeing up

Genetics

Zé UNIT



Energy-cane Sugarcane Energy-cane

Planting Hydrogen 471 t/ha



Age: 7.5 months

Rainfall: 350 mm

Sugarcane
Energy-cane

Endurance, Productivity and Natural Fertility



Root System

Sugarcane Energy Cane



Sugarcane Energy Cane



Sugar Cane – Typical Composition

1 Ton Sugar Cane

>> 140 kg Sugar

>> 140 kg Bagasse (FIBER)

>> 140 kg Straw and Tip (FIBER)

1 ha Sugar Cane 80

1 ha Energy Cane 240

Per Year

2th Generation



Put Price in Value



CO2

Financialisation
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Brazil just starts Agriculture….

198 MM ha



Smooth Energy Transition

50% dos Pastos = Consumo Mundial de Gasolina (Combustão)



Most Populated Countries in 2100



Africa

550 MM ha



This tragedy must be avoided



Food X Fuel?



bioFuel for Food (and development)

Petroleum
69,000 Employees

$300 billion in Revenue

= U$ 4,350 MM/Employee

Ethanol
4500 Employees

$400 million in revenue

= U$ 89,000/Employee

50X mais Empregos



UNICAMP

R$ 3,20 Bi



Startups founded by Students



Laboratório de Genômica e bioEnergia



On the other hand: Solid Oxide Electrolysis Cell (SOEC)

CO2 H2 + CO



Stack Module



The Progress


