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Goals

1. Reduction of carbon emissions

2. Wastes valorization

3. Energy storage
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New fuels

• Non-food biomass

• Cellulose and vegetable fibers

• Microalgae

• Waste
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• Municipal Solid Wastes

• Demolition and Construction wastes

• Forest residues

• Industrial and Agro industrial effluents and residues

• Wastewater treatment plants and Sewage Sludge

• (…)

Types of wastes/effluents

Municipal waste Agricultural Waste Forest Waste Animal Waste Agroindustry waste

food waste,

waste oil,

sewage,

plastics,

paper and cardboard,

textiles and leather,

Construction and Demolition Waste.

crop residues,

green waste,

straws,

leaves,

stalks

stovers, 

prunings,

wood chips.

Nut shells,

sawdust,

splinter,

fibers,

dead trees,

leaves, 

branches,

etc.

fat,

tallow,

lard,

intestines,

blood,

processing waste,

manure.

wastewaters and waste 

from:

cork,

wineries,

olive oil mill,

coffee torrefaction,

paper pulp industry.
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Biomass - Waste
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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

10% of the energy demand  
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Hydrogen production
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Biorefinery
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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

1. Overview 2. Waste-to-gas 3. Power-to-gas 4. Conclusions



Hydrogen and Strategic Energy Reserve

Torrefaction
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Cleaned 
syngas

Organic 
waste

Feedstock drying
/syngas cooling

Gas cleaning
(cyclone + filter)

Air
Dried 
waste

Gasification

Product 
gas

Ash & 
condensates

H2 membrane 
separation

Cleaned
syngas

Purified 
H2

Adjusted syngas
(controlled 

H2/CO ratio)
Alcohols

Liquid biofuels

Energy production

Possible uses

Hydrogen production from biomass
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H2
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Hydrogen production from Biomass

1. Overview 2. Waste-to-gas 3. Power-to-gas 4. Conclusions



Hydrogen and Strategic Energy Reserve

Methane production from Biomass
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Costs
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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 
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Biological step

Biological step
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Electrochemical step
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Thermal gasification
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Pilot gasification plant
Bubble fluidized rector
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Two-dimensional Computational Fluid Dynamics (CFD) model - MSW
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Economical Evaluation – CDW + Forest residues 
Parameter Test 90% pine + 10% PCEC

PCI (MJ/m³) 5,2

Volume produced (m³/h) 21,93

Biomass consumption (kg/h) 6

Energy contained in biomass (kWth/ kg) 5,28

Energy produced in one year (kWe.month) 179606,7

Current costs

Deposition in landfill (€ton/year) 2245,32

Energy spent per month (kWh) 39884,5

Expenses with the installation of a gasification plant

Investiment 2565810

Maintenance costs (€/year) 25658,1

Costs with forest biomass (€/year) 51030

Income

Non-referral to landfill (€/year) 2245,32

Electric power saved (€/year) 138791,1

Sale of residual energy (€/year) 35921,34

Time of return (year) 8

System Parameters

Type of gasifier Fixed bed

Operating yield (%) 16 - 18

Operating time (h) 12

Days of the month 21

Days of the year 252

Feedstock

PCEC

Amount (ton/year) 226,8

Price for landfill (€/ton) 9,9

Annual readjustment of landfill 1,12

Forestry material

Amount (ton/year) 2041,2

Price of the chip (€/ton) 25

Economic parameters

Investment (€/kW) 2000

Price of electricity produced (€/kWh) 0,2

Price of electricity consumed (€/kWh) 0,29

Operating costs (% investment) 1%

Life time (year) 30
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Waste-to-gas (P2G)
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Hydrogen in Energy transformation
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Armazenamento de energia
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Avaliação 
económica
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Conclusion

The Waste Biorefinary with Thermal Gasification rout is a good 

alternative for descarbonization and waste valorization by permitting:

- Production of alternative sustainable fuels and hydrogen;

- The promotion of waste recovery technologies;

- Alternative technologies for waste combustion/Incineration that are 

more Green.

Waste and Renewables are an National Energy Strategic Reserve!
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Technology-based incubator 
Pilot units
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Thank you for your attention

pbrito@ipportalegre.pt


