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1. Context



GOALS:

1. Reduction of carbon emissions
2. Waste valorization
3. Energy storage

1. Overview





Climate neutrality by 2050

Increase the EU’s greenhouse gas emission reductions target for 
2030 to at least 50% and towards 55% compared with 1990.

Achieving a climate neutral and circular economy requires the full 
mobilization of industry.

Ramp-up the production and deployment of sustainable
alternative transport fuels



Solar radiation



POWER-TO-GAS (P2G) POWER-TO-POWER (P2P)



Circular economy - Wastes

Bio resource Potential GWh/year

Animal manure 1,088

Forest residues 11,578

Agriculture residues 4,528

Wastewater treatment plants 207

Municipal solid wastes 1,600

Energy crops 8,378

Total 27,379



2. Biomass-to-Renewable Gases





Biochemical Process
Technology Benefits Limitations Products Applications

Technological 
Readiness 
Level

Anaerobic Digestion

Solid waste reduction, high moisture 
content feedstock, methane and 
carbon dioxide rich biogas, low cost 
organic fertilizer as by-product 

Need to treat and clean the 
biogas, unstable system, large 
facilities are unattractive

Biogas, bio 
digestate

Heating, Electricity, 
transportation, fuels and high 
value chemicals

TRL-9

Fermentation
Does not contribute to increase of 
greenhouse gas emissions 

Limited to sugar, starch or 
cellulose rich feedstocks

Liquids and CO2

Additives, high value chemicals, 
transportation, heating and 
electricty

TRL-9

Photo-Fermentation 
the photosynthetic bacteria are 
capable of using a range of the 
electromagnetic spectrum

Low-efficiency, inhibited in the 
presence of oxigen

Hydrogen, 
Carbon Dioxide, 
organic acids 

Additives, high value chemicals, 
transportation, heating and 
electricty

TRL-4

Dark Fermentation
capable of converting a wide range of 
wastes, scalable technology , 
independent of light

Low theorical limit, imature 
technology 

Hydrogen, 
Acetic Acid 

Additives, high value chemicals, 
transportation, heating and 
electricty

TRl-3 

Enzyme Treatment

Low power consumption, low by 
products production, does not require 
toxic catalysts, can result in a reduced 
solvent

High cost of the enzimes, slow 
reactions, necessity of high 
purity, limited in temperature 
and ph range

Ethanol, amino 
acids 

high value chemicals, 
transportation, heating and 
electricty

TRL-8 

Microbial electrolysis Hydrogen Production, low energy 
consumption, effluent degradation 

High internal resistance, high 
capital cost, production greatly 
affected by substrate 
composition

Hydrogen, 
Methane, 
Acetate, formic 
acid

Wastewater treatment, high 
value chemicals, transportation, 
heating and electricty

TRL-4  





Thermochemical processes
Technology Benefits Limitations Products Applications Technological 

Readiness Level

Combustion/ 
Incineration 

Reduction of mass (70%) and volume 
(80%),
Fast and simple process, energy recovery 
of waste with good LHV

high capital cost, public opinion objection, 
produces toxic slag, air pollution, dioxin 
emission

Combustion in 
boilers and 
furnaces

Heating, Electricity and 
transportation 

TRL-9 

Gasification 
Wide range of applications and feedstocks, 
High conversion efficiency

High capital cost, high sensibility 
processes, low flexibility, risk of 
mechanical failure, condensate 
production

Syngas rich in 
hydrogen and 
carbon 
monoxide

Heating, Electricity, 
transportation, fuels 
and high value 
chemicals

TRL-7

Explosive 
decompression

Transformation of lignite, solubilization of 
hemicellulose 

Production of toxic compounds, partial 
degradation

Sugars, 
digestible 
products

Heating, Electricity, 
transportation, fuels 
and high value 
chemicals

TRL-4  

Pyrolysis 
High yield,
reduced syngas treatment, reduction of 
waste volume (90%)

High capital costs, high maintenance and 
operation costs, high viscosity of the 
produced oils

Bio-Oils, 
BioChar, Syngas 

Additives, high value 
chemicals, 
transportation, heating 
and electricty

TRL-6  

Hydrothermal 
Liquefaction

Higher LHV Bio-Oil and low moisture 
content

Low conversion efficiency (20-60%), 
higher pressure equipment and higher 
capital cost

Heavy oil, 
intermediate 
value chemicals 

Additives, high value 
chemicals, 
transportation, heating 
and electricty

TRL-4  

Torrefaction 
Homegeneous and stable products, easy 
pelletizing, high LHV, hydrophobic

Low energy Density, high ash quantity
Torrefied 
biomass 

Heating, electricity TRL- 8



Thermal gasification







Gasification Unit – Downdraft





BIOCHAR FROM LIGNOCELLULOSIC AND LIPID WASTE MIXTURES



Economic perspective - Wastewater treatment sludge through thermal gasification

6 m³/day sludge



H2



Methane production from Biomass

Secagem e 
trituração

Gasificação 
térmica Ciclones

Eletrólise
2H2O->O2+2H2

Sistema de 
Limpeza OLGA

Reator de 
Metanação

CO2+4H2->CH4+2H2O
CO+3H2->CH4+H2O

Remoção de 
H2O

Sistema 
fotovoltaico e

eólico

O2

Gás

Biomassa residual 
florestal e

CDR’s

CH4

H2

Compressão e/ou 
liquefação para

Transporte 
rodoviário

H2O

Tar

Armazenamento e 
utilização em solos

Cinzas



4. Conclusions



The gasification of waste based on thermochemical, 
biochemical and electrochemical routes allows the 
valorization of low value products with widespread 

applications at industrial, domestic and mobility level.
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