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Biomass consists of any organic matter of vegetable or animal origin. It is available
in many forms and from many different sources e.g. forestry products (biomass
from logging and silvicultural treatments, process residues such as sawdust and
black liquor, etc.); agricultural products (crops, harvest residues, food processing
waste, animal dung, etc.); and municipal and other waste (waste wood, sewage
sludge, organic components of municipal solid waste, etc.).

Qué es la biomasa??

Bioenergy – a sustainable and reliable energy source. A review of status and prospects. IEA, 2009
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Criterios de sostenibilidad

‐ Adhere to the waste hierarchy
The overall waste hierarchy, as set out in the Waste Framework Directive, which is to prefer
prevention, re‐use, recycling (and composting of materials) over recovery (for example for energy)
and, eventually, over disposal (ie landfill or incineration without energy recovery) should be
followed in all cases.

‐ Consider the complete lifecycle GHG emissions that arise from wastes and residues
While the GHG methodology accounts for transport and processing emissions other, potentially
significant, emission sources are neglected. In particular, the methodology considers wastes and
agricultural residues to be ‘zero emission’ up to the point of their collection. This ignores the
impacts on soil carbon stocks that can be as the extraction of residues increases.

‐Mitigate the environmental impacts of certain advanced conversion pathways
The processing of biomass into biofuels via advanced biochemical or thermochemical conversion
pathways can require relatively high energy inputs, which are addressed in the GHG methodology.
However, other environmental impacts resulting from the processing of biomass through advanced
conversion technologies such as water consumption in processing should be investigated and if
necessary be addressed by safeguards.

The sustainability of advanced biofuels in the EU. Institute for European Environmental Policy, 2013
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The sustainability of advanced biofuels in the EU. Institute for European Environmental Policy, 2013
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Tecnologías de conversión

• Thermochemical conversion, by which biomass undergoes chemical
degradation induced by high temperature.

• Physicochemical conversion is used to produce liquid fuels (biodiesel or
vegetable oil) from oil crop (rapeseed, soybean, etc.) by oil extraction possibly
followed by a transesterification process.

• Biological routes use living micro‐organisms (enzymes, bacteria) to degrade
the feedstock and produce liquid and gaseous fuels. Biological routes are
numerous, key mechanisms being fermentation from sugar (sugar‐cane,
sugar‐beet, etc.), starch (corn/maize, wheat, etc.) and lignocellulosic (grass,
wood, etc.) feedstock, anaerobic digestion (mostly from wet biomass), and
the more recent bio‐photochemical routes (e.g. hydrogen production using
algae), which require the action of sunlight.
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Procesos de conversión termoquímica

Combustion Slow/Fast Pyrolysis

HTC/HTL/HTGTorrefaction

Biomass Feedstock

Char

Torr. biomass Biocrude

Gas

Heat and Power Liquid biofuels and 
chemicals

Wet biomass

Biochar and C 
materials

Pyrolysis gas Bio‐oil

H2 o syngas

Hydrochar

Gasification

F‐T
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Torrefacción

Raw biomass as a fuel features some drawbacks such as low calorific value due to its high
moisture and oxygen contents, high grinding energy requirement due to its rigidity and
mechanical strength, and low fluidization properties leading to difficulties in feeding it into
boilers (Sarvaramini and Larachi. Fuel 2014, 116, 158‐167).

During the torrefaction process, solid biomass is heated in the absence of or drastically
reduced oxygen to a temperature of approx. 225‐300 °C, leading to a loss of moisture and
partial loss of the volatile matter in the biomass. With the partial removal of the volatile
matter (about 20%), the characteristics of the original biomass are drastically changed.

Torrefaction increases the energy density of biomass and reduces the fibers length and
mechanical stability resulting in improved grinding properties (Medic et al., Fuel 2014, 91, 147‐
154).
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Biomasa torrefactada: un combustible a tener en cuenta

By pelletizing torrefied biomass, a number of advantages can be achieved in transport, 
handling and storage. The compression step increases the volumetric energy density by a 

factor of 4‐8 leading to significant cost savings in shipping and storage.
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Tecnologías para torrefacción

Status overview of torrefaction technologies. IEA, 2012
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Ejemplo: horno rotatorio

The torrefaction process can be controlled by varying the torrefaction temperature,
rotational velocity, length and angle of the drum

From Umea University, Sweden
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Combustión para generación de calor

INDUSTRIAL SYSTEMS

An increasing number of boilers in the 0.5‐10 MWth range are found in industries that
consume large amounts of heat and have large volumes of biomass residues at their
disposal.

Principal 
types of 

combustion 
reactors

The Handbook of Biomass Combustion and Co‐firing. Earthscan: London, 2008)
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Combustión para generación de electricidad

Ciclo de Rankine
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Fiorese et al. Energy Policy 2014, 65, 94‐114
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Pirólisis

Biomass pyrolysis includes thermal degradation of its polymer constituents cellulose, hemi‐
cellulose, lignin, peptides and lipids. The biomass polymer fragments (volatiles) formed are
driven out of the biomass particle due to the pressure that is being built up inside the
particle.
They are widely distributed in molecular weight, and partly still in the liquid phase
(aerosols). The intrinsic pyrolysis reactions are very fast, but in practice heating of the
biomass particles and mass transfer limitation delays the pyrolysis process significantly.

P. Basu. Biomass Gasification and Pyrolysis 
(Practical Design and Theory). Academic 

Press: Burlington, MA, 2010

Pyrolysis in a biomass particle
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Pirólisis lenta (carbonización)

Biomass Slow Pyrolysis

Pyrolysis gas

Liquid fraction 
(high water 

content) 

Charcoal 
(30-50% yield)

velocidad de calentamiento 1‐100 °C min‐1

El carbón vegetal (charcoal) es un producto de 
valor añadido que puede tener las 
aplicaciones siguientes:
1) Combustible
2) Agente reductor en altos hornos
3) Material adsorbente y soporte de 
catalizadores metálicos
4) BIOCHAR
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Biochar

Emerging during the last decade is the use of charcoal,
derived from wood and many other biomass types, as a
soil amendment and carbon sequestration material. It is
then called biochar.

Biochar added to the soil
‐ stores atmospheric carbon permanently
‐ reduces the N2O greenhouse gas emissions from N‐
fertilizers
‐ increases the soil organic matter
‐ improves soil aeration and water retention
‐ increases cation exchange (nutrient retention)
‐ improves soil microbial activity
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Pirólisis lenta (efectos de la composición de la biomasa)

F. X. Collard, J. Blin. Renew. Sustain. Energy Rev. 
2014, 38, 594–608

Hemicellulose + 
Extractives

Cellulose

Lignin
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Pirólisis lenta (parámetros de operación)

Peak Temperature?
Pressure?
Particle size?
Residence time?
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Caracterización del biochar

E. N. Yargicoglu, et al. Waste Manage. 2015, 36, 256–68

Aromaticity

Pore size distribution
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Pirólisis lenta (proceso continuo)

Screw pyrolyzer from Pyreg
(Germany)
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Pirólisis rápida (bio‐oil)
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Bio‐oil Upgrading

D. A. Ruddy, et al. Green Chem. 2014, 16, 454

Pyrolysis oil cannot be directly used as a transportation fuel and it cannot be “dropped‐
in” to existing petroleum refinery processes. Of particular note, raw bio‐oil has
properties of (i) low heating value, (ii) incompatibility with conventional fuels due to
high oxygen content, (iii) high solids content, (iv) high viscosity, and (v) chemical
instability.
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Algunos posibles métodos

A. V. Bridgwater. In: Thermochemical Processing of Biomass; Ed. Robert C. Brown; Wiley, 2011.
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Gasificación

R. L. Bain, K. Broer. In: Thermochemical Processing of Biomass; Ed. Robert C. Brown; Wiley, 2011.
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+ Más eficiencia que un combustor PFB con ciclo combinado
+ Menor volumen de emisiones de CO2

‐Mayor coste de instalación
‐ Problemas: alquitranes, H2S y NH3.

P ≈ 4.0 MPa

Gasificador:
BFB
CFB

Lecho de 
arrastre

Gasificación integrada en ciclo combinado (IGCC)
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Procesado Hidrotermal (HTC/HTL/HTG)

A. Kruse. J. Supercritical Fluids 2009, 47: 391
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HTC
HTC is an exothermic process that lowers both the oxygen and hydrogen content of the
feed (described by the molar O:C and H:C ratio) by 5 main reaction mechanisms which
include hydrolysis, dehydration, decarboxylation, polymerization and aromatization (Funke
and Ziegler. Biofuels Bioprod. Biorefin. 2010, 4, 4160‐4177).

Solid biomass + H2O

Wet biomass (animal 
manure, sewage 

sludge, 

Pressure 
vessel 

(10‐25 bar)
Process water

Hydrochar

Gas (mainly CO2)

Higher energy density


