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CREVER is a multidisciplinary research 
group at URV that carries out research 
and postgraduate training activities in 
Energy Polygeneration Systems applied to 
industrial processes, buildings, and 
mobility, with the aim of achieving high 
energy efficiency and use of renewable 
energies. 
Developing technological solutions 
from basic thermophysical properties 
measurement to final real 
implementation and monitoring. 
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1 - Biomass and bioenergy concepts

Biomass is a renewable energy source (if extraction is not
higher than production) available everywhere in contrast to
many other energy resources.

What is Biomass?
Biomass is organic material that comes from living or
recently living organisms. This material is generated from
the reaction between the CO2 of air, water and sunlight
(photosynthesis reaction) to produce carbohydrates that
are the basis of organic matter in the biological chain.

6 CO2 + 6 H2O + Energy → C6H12O6 + 6 O2

Examples of biomass (raw biological material):
• Plants (wood, crops, grass)
• Agricultural residues (straw, husks)
• Animal waste (manure)
• Organic waste (food scraps, paper)

What is bioenergy? Bioenergy is the energy obtained from biomass.

Biomass (resource) → conversion → Bioenergy (usable energy)



According to the processing:

• Raw (forestry produts, crops, animal manure, etc)

• Secondary (that undergone significant

transformation, such as paper, oils, organic

waste, etc).

Biomass is usually classified based on origin and composition:

Therefore, Biomass could be classified into three big families:
• Structural (lignocellulosic) → wood, straw
• Biochemical (sugars, starch, oils) → crops
• Waste & advanced (residues, algae) → circular sources

2 – Classification of Biomass

Why this types of biomass matters for bioenergy ?

Different types of biomass → 

different conversion processes:

• Sugars/starch → fermentation → ethanol

• Oils → transesterification → biodiesel

• Lignocellulosic → thermochemical conversion → 

advanced biofuels

• Waste → anaerobic digestion → biogas



3 - Biomass conversion technologies (1/3)

https://www.eubia.org/cms/wiki-biomass/biomass-processing-technologies/

Thermochemical
Conversion



3 - Biomass conversion technologies (2/3)

https://www.irena.org/publications/2021/Jul/Reaching-Zero-with-Renewables-Biojet-Fuels

Biomass-to-Liquids (BtL) – Biojet (SAF, Sustainable Aviation Fuels) 



3 - Biomass conversion technologies (3/3)

Thermochemical Conversion processes (other than combustion)

Thermochemical conversion refers
to processes that use heat, often in
combination with chemical
reactions, to convert solid biomass
into useful fuels or chemicals.
When biomass materials are
exposed to heat (normally above
300°C), an irreversible chemical
change occurs and the biomass is
transformed into various solid,
liquid, or gaseous components.

Torrefaction is a mild, oxygen-free
heating process that upgrades
biomass into a more energy-dense,
coal-like material, often used as a
pre-treatment for further
conversion.Tesis Final de Master, Manel Martín Doménech, URV, 2024.



4 - Pyrolysis technology (1/3)

Biomass pyrolysis technologies for value-
added products: a state-of-the-art review
A. N. Amenaghawon, C. L. Anyalewechi, C. O. 
Okieimen & H. Septya Kusuma
Environment, Development and
Sustainability, 23, 14324–14378 (2021).

Pyrolysis: Biomass undergoes conversion at elevated temperatures (>300ºC) whith
complete absence of an oxidant.

• Bio-oil is the main target in 
many cases

• But gas and biochar are 
definitely used and important

• Modern systems aim to utilize 
all three fractions efficiently



4 - Pyrolysis technology (2/3): Classsification of Pyrolysis methods

Torrefaction → very mild
Slow pyrolysis → char-oriented
Intermediate → mixed products
Fast pyrolysis → liquid-oriented



4 - Pyrolysis technology (3/3) – Current implementation

There are some commercial pyrolysis plants operating worldwide that process various types of waste at an
industrial scale converting biomass, plastics, and tires into bio-oil, biochar, and combustible gases.

Examples of operating commercial plants

• Empyro (Netherlands): It was the world’s first commercial fast pyrolysis bio-oil plant at full scale, operational
since 2015. It produces approximately 20 million liters of bio-oil per year from forestry residues.
• Green Fuel Nordic (Finland): A commercial bio-oil refinery in Lieksa that processes about 90,000 m³ of biomass
annually to produce 24,000 tons of bio-oil.
• Pyrocell (Sweden): A joint facility by Setra and Preem that began production in September 2021 to produce
sustainable biofuels for the automotive sector.
• Plants in China and the USA: Manufacturers such as Beston Group and Splainex Ecosystems have deployed
dozens of commercial systems in countries like China, the USA, Germany, and Spain for recycling plastics and
tires.

Capacity and profitability: Commercial plants are generally classified according to their daily processing capacity:
•Batch plants: Process between 5 and 15 tons per day, ideal for small local operations.
•Continuous plants: Designed for large volumes (20 to over 100 tons/day), operating with a material conversion
efficiency above 85%.

Currently, it is estimated that more than 62% of these plants are designed to handle plastic and rubber waste, as
they offer a competitive return on investment (ROI).



4 - Pyrolysis technology – Research experience at CREVER - URV

Catalytic pyrolysis of recycled polypropylene using a regenerated FCC catalyst
Palmay, P., Medina, C., Donoso, C., Barzallo, D., Bruno, J.C.
Clean Technologies and Environmental PolicyOpen source preview, 2023, 25(5), 
pp. 1539–1549

Bio Oil as Cutter Stock in Fuel Oil Blends for Industrial Applications
Palmay, P., Puente, C., Haro, C., Bruno, J.C., Coronas, A.
Energies, 2023, 16(3), 1485

Production and Analysis of the Physicochemical Properties of the Pyrolytic 
Oil Obtained from Pyrolysis of Different Thermoplastics and Plastic Mixtures
Palmay, P., Haro, C., Huacho, I., Barzallo, D., Bruno, J.C.
Molecules, 2022, 27(10), 3287

Prof. Paul Palmay Paredes

Prof. Caterine Donoso Quimbita

PhD Thesis in progress:
Estudio de la producción de hidrógeno mediante pirólisis a baja temperatura de 
biomasa y residuos plásticos empleando catalizadores de Ni-Al2O3. 
Co-pyrolysis improves yield (less char), fuel quality (closer composition to 
conventional fuels), and overall process efficiency thanks to chemical 
interactions between biomass and plastics (higher hydrogen content in plastics).



5 – Gasification: Description, gasifying agents and technologies (1/7)

Gasification is a partial thermal oxidation which
results in a high proportion of gaseous products
(CO2, H2O, CO, H2, CH4, CxHy), small quantities of
char, ash and condensable compounds (tar and
oils). The oxidising agents that can be used are air,
steam and oxygen. The gasification process takes
place at high temperature (700ºC-1300ºC) and
needs a supply of oxidant lower than required for a
combustion process. The product of the gasification
process is a mixture of CO, H2 and other gases called
“Producer gas” (low-energy gas for burning) or
“Synthesis gas” or “syngas” (high-quality, versatile
chemical feedstock).

Some amount of biomass is converted to tar and char. Tar is a
complex mixture of condensable organic substances, and is
formed in each zone of gasifier, forming the greatest part in
pyrolysis zone.
Char is typically produced at the pyrolysis stage and often is
the final solid residue left over from gasification process along
with the ashes.Source: ALL Power Labs, 2024



5 – Gasification: Description, gasifying agents and technologies (2/7)

History of gasification technology (from Faizan & Song, 2023)



5 – Gasification: Description, gasifying agents and technologies (3/7)

Renewable gases, Naturgy Foundation, 
A. Feliu and X. Flotats, 2020.

J. Barco-Burgos, J.C. Bruno, U. Eicker, A.L. Saldana-Robles, V. Alcántar-
Camarena, Hydrogen-rich syngas production from palm kernel shells
(PKS) biomass on a downdraft gasifier using steam as a gasifying
agent, Energy Conversion and Management, 245, 114592, 2021.



5 – Gasification: Description, gasifying agents and technologies (4/7)

Application range of some
gasification technologies

(from Kaur et al., 2019)

Types of Gasifiers

Modelling Syngas Combustion from Biomass Gasification and 
Engine Applications: A Comprehensive Review

Copa et al, 2025, Energies 18(19):5112
DOI: 10.3390/en18195112



5 – Gasification: Description, gasifying agents and technologies (5/7)

The composition of the gas obtained from a gasifier depends on a number of parameters, such as fuel
composition, gasifying medium, operating pressure, temperature, moisture content of the fuels, gasifier
design, etc. LHV: 4 MJ/Nm3 and 7 MJ/Nm3 , with air as oxidizing agent.

Main reactions 
during the process of 

gasification.



5 – Gasification: Description, gasifying agents and technologies (6/7)

Characteristics of 
gasification process models 
(adapted from Silva et al., 2019). 
TFM Manel Martin, URV, 2024.



5 – Gasification: Description, gasifying agents and technologies (7/7)

Manel Martin Domenech, Modeling and simulation of the gasification process for the valorization 
of organic waste using a thermodynamic equilibrium approach, Master Thesis, February 2024.



6 – Gasification applications (1/4)

GASIFICATION 
PROCESS IN A 

POLYGENERATION 
SYSTEM

6.1 – Power generation

M. Puig-Arnavat, Maria; J.C. Bruno, A. 
Coronas, Modeling of trigeneration
configurations based on biomass

gasification and comparison of 
performance. Applied Energy. 114, 

845 – 856, 2014. DOI: 
10.1016/j.apenergy.2013.09.013



6.2 – Synthetic fuels

Biomass

Municipal 
Solid 
Waste

Gasification
SynGas

(CO + H2)

Trigeneration

Methanol, Urea, …

Fisher-Tropsch
Alkanes

Water Gas Shift
Hydrogen

Methanation
SNG

Biogas
Steam
Reforming

6 – Gasification applications (2/4)



6.3 – Hydrogen generation (1/2)

M. Shahbaz, T. Al-Ansari, M. Aslam, Z. Khan, A. Inayat, M. Athar, S. R. Naqvi, 
M. A. Ahmed, G. McKay

A state of the art review on biomass processing and conversion 
technologies to produce hydrogen and its recovery via membrane 

separation
International Journal of Hydrogen Energy

Volume 45, Issue 30, 29 May 2020, Pages 15166-15195

6 – Gasification applications (3/4)



6.3 – Hydrogen generation (2/2)

6 – Gasification applications (4/4)

1) High-temperature filter (hot gas cleanup): Remove 
particulates, char, ash, bed material fines, dust. Operates at 
high temperature to avoid cooling the gas (which would 
condense tars).

2) Tar reforming / Steam reformer: Convert hydrocarbons
into syngas. Typically uses Ni-based catalysts. Favoured by
high temperatures.

CH₄ + H₂O → CO + 3H₂ 
Tars → CO + H₂ (simplified) 

3) Heat recovery to generate steam.
• Usually a heat exchanger / waste heat boiler. 
• Steam is reused for: 

• Gasification agent 
• Steam reforming 
• Water-gas shift

4) Desulfurization is placed before catalytic 
steps (like WGS) to prevent catalyst poisoning.

5) Water-Gas Shift (WGS) reactor: Increase hydrogen yield.

CO + H₂O → CO₂ + H₂ 
•Often done in two stages: 

• High-temperature shift (fast bulk conversion of CO)
• Low-temperature shift (polish remaining CO to low 

levels)
6) Separation of CO2 (ex. amine scrubber) and H2 (PSA for 
higher purity).

Hsuanyu Chu, et al 2015, https://doi.org/10.1016/j.ijhydene.2015.01.170



7 – Integrated Gasification

Integration of 
bio-syngas and electrolizer to 

produce SNG

R. Anghilante, C. Müller, M. Schmid, D. Colomar, 
F. Ortloff, R. Spörl, A. Brisse, F. Graf,
Innovative power-to-gas plant concepts for upgrading of gasification bio-
syngas through steam electrolysis and catalytic methanation, Energy
Conversion and Management, 183, 462-473, 2019,

7.1 – with Power to X technologies (1/2)

M. J. Santos, Integration of a Solid Oxide Electrolyser System in a 
gasification plant for green hydrogen production, Master Thesis, URV, 
February 2024.



Methanation is a chemical reaction that converts carbon monoxide and/or carbon dioxide to methane. The 
production of methane across the “Sabatier” reaction (1) was proposed by Paul Sabatier and J.B. Sendersens
in 1902. This reaction takes place at a high temperature, around 300ºC, and at a pressure of 8-10 bar, in the 
presence of a catalyst. So far it is not usual because of the good availability and economy of natural gas.

For the case of CO :

In fact, the Sabatier reaction can be seen as the sum of the CO-methanation with the reverse WGS (Water Gas Shift reaction):

Biomass hydrogasification is a
thermochemical process where biomass
reacts with hydrogen (H₂) at high
temperature (typically 700–1000 °C) and
moderate–high pressure to produce a
methane-rich gas.

7.1 – with Power to X (2/2)

7 – Integrated Gasification



Integrating anaerobic
digestion (AD) with

gasification creates a 
hybrid waste-to-energy
system that maximizes

resource recovery. AD 
converts wet organic waste

into biogas, while
gasification processes the

remaining dry digestate into
syngas, significantly

boosting total energy
efficiency and producing

valuable synthetic natural 
gas (SNG).

Yao Z., Li W., Kan X., Dai Y., Tong Y. W., and Wang C.-H., Anaerobic Digestion and Gasification Hybrid System for Potential Energy Recovery From Yard
Waste and Woody Biomass, Energy. (2017) 124, 133–145, https://doi.org/10.1016/j.energy.2017.02.035, 2-s2.0-85013131058.

7.2 – with Anaerobic Digestion (1/2)

7 – Integrated Gasification



Integrated anaerobic digestion, thermal gasification, and electrolysis cells for bio-SNG generation

Clausen L. R., Butera G., and Jensen S. H., Integration of Anaerobic Digestion With Thermal Gasification and Pressurized Solid Oxide Electrolysis 
Cells for High Efficiency Bio-SNG Production, Energy. (2019) 188, https://doi.org/10.1016/j.energy.2019.116018, 2-s2.0-85071642248, 116018.

7.2 – with Anaerobic Digestion (2/2)

7 – Integrated Gasification



8 – Current projects (1/2)

Ecoplanta (El Morell, Tarragona)

https://enerkem.com/

https://www.repsol.com/es/sostenibilidad/economia-circular/nuestros-proyectos/valorizacion-residuos-quimica-derivada/index.cshtml



8 – Current projects (2/2)

• Conversion of biogenic waste streams
into high purity green hydrogen.

• The solution is based on a multi-stage
gasification and gas cleaning process
based on the WtEnergy Cleantech

• Water-gas-shift membrane reactor from
H2Site to upgrade syngas and separate
hydrogen (H2) to achieve >99.97% purity
hydrogen.

• Hydrogen storage using Metal Hydrides.
• The demonstration plant will be

implemented at CEMEX’s cement factory
in Alcanar (Tarragona), Spain, where the
green hydrogen will improve the
renewable share of fuel mix in clinker
production.

A novel multi-stage steam gasification and syngas purification demonstration plant for waste to 
hydrogen conversión (“HYIELD” EU Project)

https:// hyield.eu/first-hyield-webinar/



9 – Perspectives

POLYGENERATION SYSTEMS SECTOR COUPLING 
AND CONVERSION TECHNOLOGIES

Techno-economic analysis of integrated biomass gasification and alkaline
electrolysis for 5th generation district energy networks in Quebec, Canada
Barco Burgos, J., Bruno, J.C., Ganesan, A., ... Colombo, J., Ortiz Valdez, C.I., 
Energy, 2025, 335, 138236



10 – Conclusions

Lignocellulosic biomass is considered one of the most promising renewable energy
resources:

1. Abundant, widely available and dispatchable energy source.
2. Low net carbon emissions
3. Utilizes waste or low value subproducts reducing environmental burden
4. Versatile conversion pathways
5. Supports rural economies

Thermochemical conversion technologies provide not only energy services such as
electricity and heat but also renewable fuels for decarbonizing sectors difficult to electrify
and an alternative to electricity for mobility applications.

Integration of thermochemical technologies with other renewable energies in
polygeneration systems increase energy efficiency by synergy effect between technologies
and increase economic viability increasing the potential presence of renewable energies in
the market.



Acknowledgements

Proyecto: PID2024-160300OB-100



Thank you very much

for your attention


