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1 - Biomass and bioenergy concepts

Energy Sources Biomass is a renewable energy source (if extraction is not
higher than production) available everywhere in contrast to
Fossil Fuels Nuclear Renewables
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 CO, of air, water and sunlight
(photosynthesis reaction) to produce carbohydrates that

/ 1 \' \ are the basis of organic matter in the biological chain.

aié o

Energy Uses 6 CO,+6 H,0+Energy>CiH,,0,+60,
i, ,ﬁﬂl £ &8 iis Examples of biomass (raw biological material):
Homes Industry Transport Commercial * Plants (WOOd, crops, grass)

* Agricultural residues (straw, husks)
* Animalwaste (manure)
* Organic waste (food scraps, paper)

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

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




2 - Classification of Biomass

Biomass is usually classified based on origin and composition:

Types of Biomass

Lignocellulosic Sugar & Starch Crops

0 o A 7 % e
20 = AN
Wood, Crop Residues\ / Corn, Sugarcane

Oil Crops .BIOMASS —— Algae

N) o
G2,
Soy, Canola, Palm / \ Microalgae, Seaweed

e

Organic Waste Energy Crops
Manure, Food Waste Switchgrass, Miscanthus

Therefore, Biomass could be classified into three big families:
* Structural (lignocellulosic) > wood, straw

* Biochemical (sugars, starch, oils) > crops

* Waste & advanced (residues, algae) - circular sources

According to the processing:

* Raw (forestry produts, crops, animal manure, etc)
* Secondary (that undergone significant
transformation, such as paper, oils, organic

waste, etc).

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)

|
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BiorLels

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



3 - Biomass conversion technologies (2/3)

Biomass-to-Liquids (BtL) — Biojet (SAF, Sustainable Aviation Fuels)
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3 - Biomass conversion technologies (3/3)

Thermochemical Conversion processes (other than combustion)

Torrefaction!?!

Pyrolysis!'! Gasification!'! LiquefactionP!
T (°C) 250-700 700-1.300 200-300 250-374
P (bara) 1 1-45 >1 20-220
Reoon AT ONE S gy Vol rgni
ER (-) 0 0,2-0,6 >0,2 0
Men - Doymg  OYCRE s DOREE oy

reduction dehydration

Gas prod. Syngas Syngas
Liquid prod. Bio-oil Bio-crude oil
Solid prod. Char Char Torrefied biomass Char

' Data from (Recari Ansa, 2017). ¥ Data from (Mamvura & Danha, 2020). *! Data from (Fan et al., 2023;

Lachos-Perez et al., 2022).

Tesis Final de Master, Manel Martin Doménech, URV, 2024.

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 wupgrades
biomass into a more energy-dense,
coal-like material, often used as a
pre-treatment for further
conversion.



4 - Pyrolysis technology (1/3)

Pyrolysis: Biomass undergoes conversion at elevated temperatures (>300°C) whith

Conversion

Process heat

Gases

L

Process

Separation

Upgradation/
Reforming

complete absence of an oxidant.

Products

Chemicals

Pyvrolysis

-

Bio-oil

Turbine

Biochar

Pyrolysis heat

Engine

Co-firing

Boiler

Transport
fuels'Blends
eic

Electricity

Heat

Pvrolysis heat

Charcoal
application

* Bio-oil isthe main target in

many cases

* Butgas and biochar are

definitely used and important

* Modern systems aim to utilize

all three fractions efficiently

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).



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

Mode Conditions Liquid Solid Gas
Reactor temperature 500°C,
i Fast very high heating rates > 250 12% 130 :
i 1000°C/sec, ? char ?

short hot vapour residence ~1 s
' Reactor temperature 400-500°C, 250 '
Intermediate heating rate range 1 - 1000°C/sec, 50% ° 25% |

) char

hot vapour residence ~10-30 s

Reactor temperature ~290°C, '
Slow - _ 77% .

) heating rate up to 1°C/sec, 0-5% ) 23% |

Torrefaction ) ) ) ) solid ;

solids residence time ~30 min

' Reactor temperature 400-500°C, ' [

el heatin ratepu to 1°C/sec 30% = 35%
Carbonisation 9 P ' - char .

long solid residence hrs - days

Torrefaction > very mild Lotz Gy sl Al s

N e
Slow pyrolysis > char-oriented Conventional pyrolysis Advanced pyrolysis

Intermediate > mixed products

: ; ; ; * Slow * Fast * Catalytic * Hydropyrolysis
> -
Fast perlySIS quUId oriented ¢ Intermediate * Flash * Co-pyrolysis * Microwave




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 m® 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

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

Prof. Paul Palmay Paredes

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

PhD Thesis in progress:
ESCUELA Estudio de la produccion de hidrogeno mediante pirdlisis a baja temperatura de
u POLITECNICA biomasay residuos plasticos empleando catalizadores de Ni-Al203.
W NACIONAL Co-pyrolysis improves yield (less char), fuel quality (closer composition to
conventional fuels), and overall process efficiency thanks to chemical

Prof. Caterine Donoso Quimbita 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
BIOMASS (CO,, H,0, CO, H,, CH,, CXHy), small quantities of
Lot d e e w : ) L char, ash and condensable compounds (tar and
o omvmowss S The e s neL e e e

2. PYROLYSIS ! 200~
S S e e o = s place at high temperature (700°C-1300°C) and
needs a supply of oxidant lower than required for a
& e B o) N combustion process. The product of the gasification
H0+CO, ENSETaIl: process is a mixture of CO, H, and other gases called
CRACKED TAR [IEHICIGOIY “‘Producer gas” (low-energy gas for burning) or
500-C “Synthesis gas” or “syngas” (high-quality, versatile

chemical feedstock).

1“)5110" 4. CRACKING

5. REDUCTION
converting charcoa to Rammable gas

Some amount of biomass is converted to tar and char. Tar is a

"ROEL:S&GAS CHAR-ASH complex mixture of condensable organic substances, and is
Mmmm‘v | ‘, Jmipe=o | 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

Source: ALL Power Labs, 2024 with the ashes.




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

Investigation
beglns

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

Winkler Small scale As oll prices decrease,
fluidized wastes gasification interest
bed gasifier and wood Rayner declined
gasifiers dual
Slemens built fluidized Develop first ‘
gasifier Koppers-Totzek bed Commercial |
gasification plant
| 2010 Present

Town gas industry
decay after light

bulb invention

Oil embargo people rely on
renews interest in Blomass
gasification due
to energy supply | 10.2% of all
security concerns | energy used in
blomass
=
Interest develop as



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

Gasification technologies

Reactor design Pressure Gasification agent

* Fixed bed * Autothermal * Atmospheric * Air
* Fluidized bed * Allothermal * Pressurized * Oxygen
* Entrained flow * Steam
* Rotary kiln » CO,
* Plasma
Air/fluidised O /fixed  Steam/fluidised

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

H, (% vol) 11-17 9-141 32 342 -52
CO (% vol.) 21-24 14-187 48 23-27.2
CO, (% vol)) 9-13 135-20 15 18 - 22.7
CH, (% vol.) 1-3 45-7 2 7-111

J. Barco-Burgos, J.C. Bruno, U. Eicker, A.L. Saldana-Robles, V. Alcantar-
Camarena, Hydrogen-rich syngas production from palm kernel shells N, (% vol.) 48 - 53 45-50 3 0-48
(PKS) biomass on a downdraft gasifier using steam as a gasifying
agent, Energy Conversion and Management, 245, 114592, 2021.

HCV (MJ/Nm") 5.5-57 43-6.7* 104 136 - 144~

*Values estimated based on composition.



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

o ge l.FuH fa) Fuel (b)
Types of Gasifiers o {lli Fuol | PrIEEns
Modelling Syngas Combustion from Biomass Gasification and e
Engine Applications: A Comprehensive Review R
Copa etal, 2025, Energies 18(19):5112 ._
DOI: 10.3390/en18195112 casiting || o
ent
. — Syngas
Application range of some i A ™
gasification technologies 1 G'{:;?I:tﬂs = et
(from Kaur et al., 2019) GG SRR e

[d)

BUBELING FLUIDIZED BED  CIRCULATING FLUIDIZED BED PLASMA REACTOR

10KW 100 KW IMW TOMW 100 MW 1000 MW



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

Main reactions

during the process of Combustion

gaS|f|Cat|0n. Complete C+0 CO 1 Exothermic
e al C + %0, - CO 2 Exothermic

Gasification C+CO, - 2CO Endothermi
C+HO=-=CO+H <! Endothermic

C+2H_=-CH 5 Exothermic

Shift” Reaction CO+HO=-CO,+H Exot mic

Methanisatio CO+3H. - CH +H.O 7 Exot mic

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.

Oxidant Agent H, (of0] CO; CH, N> C, Use
Air 16 20 12 2 50 - Fuel
Oxygen 32 48 15 2 3 - Fuel / Chemicals

Steam 50 20 22 6 - 2 Fuel / Chemicals




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.

Model Characteristics Limitations

Thermo- Solve a series of thermodynamuc equilibnum  Assume the state of equilibrrum.

dynanuc equations, which may or may not involve It does not consider the effects of

equilibrmam  mass and energy conservation equations. hydrodynamics and geometry.
It studies the progress of the reactions along It constrains the geometry by
the reactor, giving the composition of the assuming sumple reactor

Kinetic syngas at different points in the gasifier, hydrodynamics.
taking into account both the geometry and Results very sensitive to selected
the hydrodynamics of the reactor. empirical kinetic parameters.

It solves a mathematical regression to It requures a large amount of data
correlate the input and output parameters of  from expenments.

ANN expenimental data, without taking into Accurate results only for conditions
account the thermodynamic equilibrium or similar to the experimental data used
the kinetics involved in the process. for training.

It 1s based on models (Euler type) that . . g
wmvolve flurd mecham(i to sc;l;?'i)a senes of i g G i
: ; great computing power.

CFD equations of conservation of mass, energy E sod i ol $i

and momentum. in a given region of the b, .pred.lc R S
» - - reactor hydrodynamics are required.

gasifier.

It uses a sequence of approximations dividing It requires specialized software.

Process the process into sub-processes to solve a Depending on the equations used, the

simulation  senes of equations based on thermodynamuc  results are simular to thermodynamic
or knetic equilibrium models. or kinetic equulibrium models.

Note: ANN: Artificial neural network. CFD: Computational fluid dynamics.



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

Thermodynamic Biomass Gasification Model Biomass preheater

Biomass data Syngas flowrates & composition ~ Biomass input
Proximate analysis Ultimate analysis m (kgh) | V(m’h) | y(molar) Moio,a0 ={10.0] [kg/h)
Ash% =[1,36] m%¢ pio = Total | 27,3 119 Mpiows = 11,6 [ka/h]
FC% =[14,26 Mm%k 0 =[5.6] Ho 0,307 16,1 0,136
VM% =| 84,38 m%'o.bio - 38,36 (010 7,19 27,1 0,230 St A lnput[ |
mOoist%us =[14,85 mIon0 <024] COz | 416 9,98 0,085 Msteamiin = 0,00 [kag/h]
—_ o CHs | 0,687 452 0,038 Vsteamin = 0,00 [m*h]
1,24 70,53 0,004 0,003 03, bio f N, 124 46.7 0.396
HHV g, =[0] [kJkg] HHVyio = 18977 [kJkg] Ho | 223 34 0411 i yTTT
e oy H,S | 0,0468 0,145 1,23E-03 P
ar s - .
IC2H6 | s 6% 2 NH3 1,26E-03 | 7,84E-03 | 6,64E-05 Vair = 125 [Nm3 h)
Tar | 0276 0,970 3,04E-03
[ Keyparametes | o .
e : char = 0,0427 :
R 5 char S Total H, CO CO; CHy N Meyn= 27,3 [ka/h]
Air%gs =[21 Yiar = 2,33 [g/m g
ko2 =21 ol 222 341 575 212 0960 992 Veynwo = 119 [m7/h]
AFR = 1614 Ratiogc = 1,031 Solid output -
SBR =[0] LHVeynyol = 6,514 [MJ/Nm] fhaen = 0,136 [ka/h]
loss% = Ker = 56,6 [%] Menar = 0,421 [kg/h]

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)

6.1 - Power generation

Mass flows
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Anhl G045 kgl

Chume: (48] %o pyrotesis char
.

£ lgih

& of biommns Fpul

thl'l'ul:lwnﬂpf.u

B0 _I.IJ..lElJ Hﬂ._l._'l.l,_L.. .@L@iﬂ@l.@!ﬂ_@“ml_l,ﬂl
Roecem Tmigs {121

Balequrs

Agh 4N

Feomass |dx | Gdd -‘|:|'I1

a7
Results

Eglh Produies Gas |drgy  1-43F kel | 1080 Ml
Producer Gas fwell  LGST Kph | 1530 Mmdn
LHY Producer Gas 6538 KANmMS

Cold Gas EMciency 5304w

Gasihcagon Corbon Corversion TE23 %

Remoeed wwler 0kgh

Eleckical Eneagy TIT.E WNT
= E' ey Gasifior Exit Tamp. (C) | | Evone Elaciical £, 5704 %
Hol Weder [ JEA4TE Eglh

7 T gani= T exit

Parfoies {mgibed) u

o iwbierd Whaier: SEEFE Wgdh

Ty Cas 1AM RGN M. 060
Tar BT93 ugih oo

: . A
El %ol pyrokiais i '."-? TJ'IH'GI

11,261 E %G} ¢ HE W

# Tewi =% Chibed Wiater (G} 52425 ok Y A aon
Praheased fir (T} [#01]
air e [25]
Wima i |'C)
simem £ 28] l@ | 1

i e

Wainr: 130 bgih

Waten 1581 koh

% |0 Warier 35 1% kgih

[ e

o Exhmped Gapnes S5 [T

T T3 kg'h
Fhjbreg asfic 0 kgth

T
37,84




6 — Gasification applications (2/4)

6.2 — Synthetic fuels

Trigeneration

—_—

Biomass
Municipal — BeEETTEG) SynGas
Solid (CO+H,
Waste
- Methanol, Urea, ...
Methanation _ _
SNG Water Gas Shift Fisher-Tropsch
Hydrogen Alkanes
CO +3H; & CH,+H;0
CO +H:O & COx+H:
CO,+4H, © CH,+2H,0
Steam

Biogas — Reforming

CH,+H,0—CO+3H, (methane steam reformer)

CH,+CO,—2CO+2H, (methane dry reformer)



6 — Gasification applications (3/4)

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

InternationalJournal of Hydrogen Energy

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

Hydrogen
Production

Processes

Thermo-
chemical

H,/C H,/CO;

l
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PURE H;
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6 — Gasification applications (4/4)

6.3 - Hydrogen generation (2/2)

Heat
Reforming  coaler Baghanger

Biomass

(30 vol. % CO,)

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

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

* (Gasification agent

* Steamreforming

* Water-gas shift
4) Desulfurization is placed before catalytic
steps (like WGS) to prevent catalyst poisoning.

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.

CH,+H,0~>CO+ 3H,
Tars > CO + H, (simplified)

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

CO+H,0~>CO,+H,
*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).



7 - Integrated Gasification

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

0,

El. Poweru

H,0 T

Electrolysis unit

1

Raw bio-syngas

Gasification unit

Clean bio-syngas

H,

/ Hot gas

cleaning

Fine
cleaning

Integration of H.0(g)
bio-syngas and electrolizer to Bl
produce SNG ==
Slurry bubble ., CH,
column (SNG)
H0
Steam
Gas Cooling
bubbles™ pipe
Liguid +
catalyst Bailer
feedwater
H;
CO;

R. Anghilante, C. Mdller, M. Schmid, D. Colomar,
F. Ortloff, R. Spérl, 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,

Wt Alr

Gasification unit

Waste water

H,0

SNG/CNG

Catalytic
methanation unit

Drying

LNG

H2O), 298 K

Catalytic methanation unit

Feod water conditioning unit T

23K

1

Hal g,
saturled sleam @485 K

i
e

M. J. Santos, Integration of a Solid Oxide Electrolyser System in a

gasification plant for green hydrogen production, Master Thesis, URV,

February 2024.
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7 - Integrated Gasification

7.1 - with Power to X (2/2) ©har

l>|py,~ﬂ|},515 b— Biomass hydrogasification IS a

= thermochemical process where biomass
- Pre- , e e el Fuel iz =1 : .
-Bltlm.iﬁh __...ll'EHllllEl'll - Gasification ..5_',’!ll'.]'ll:"5i5+ Upgrading —» i reacts with h){drogen (Hz) at hlgh
B ol o L ] |, SRR SRV b = temperature (typically 700-1000 °C) and
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Sabatier| . g.. gl

reactor
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 300°C, 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: CO+ 3H3 < CHa + H0

In fact, the Sabatier reaction can be seen as the sum of the CO-methanation with the reverse WGS (Water Gas Shift reaction):
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7.2 - with Anaerobic Digestion (1/2)

Integrating anaerobic i it S

digestion (AD) with oo T o e S
gasification creates a el B e g
hybrid waste-to-energy e : a
system that maximizes ! .‘ i - S
resource recovery. AD P TR e — | T
converts wet organic waste : .l digester  Wosdy
into biogas, while E i == : .
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remaining dry digestate into : - _ — _::
syngas, significantly D e 3 =l ! E——
boosting total energy S L th
efficiency and producing
valuable synthetic natural A ehe - o G~ S i J—
gas (SNG). g T fy ) i sl i sl Gargieton | the system
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YaoZ., LiW., 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.
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7.2 —with Anaerobic Digestion (2/2)
Integrated anaerobic digestion, thermal gasification, and electrolysis cells for bio-SNG generation

Manure Ringas
- plant Biogas
Digestate
¥
Liguid effluent
Decanter ] .
0y
Dewatered digestate SOEC |
l O, electrode !
Steam dryer digestat . " Poel dlectrods - | Bio-SNG
with MVE oy ‘ Gasifier  [Syngas - !
i i i
| i v : Reactor :
: Binchaz Electricity :
| Steam g :
! Heat |

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.



8 — Current projects (1/2)

SOURCE REDUCTION AND REUSE

Ecoplanta (El Morell, Tarragona)

~
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WASTE-TO-ENERGY
Heat, electricity

x>
2z Feedstock Gasification Cleaning and Catalytic synthesis
LANDFILL preparation conditioning process and product purification
Sorting, shredding, Conversion of Primary syngas Conversion of chemical-grade syngas
drying (if required) carbon-rich purification into final renewable products
and feeding residues into
@ synthetic gas

SCECUN PROJECT PIPELINE WORLDWIDE
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waste converted inte new circular and of circular methanol to produce €O, greenhouse gas (GHG) emissions of start up
bio-products circular materials and advanced reductions over the first 10 years

biofuels

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



8 — Current projects (2/2)

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

https:// hyield.eu/first-hyield-webinar/
WtEnergy Cleantech Gasification (patented) R1
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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.
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POLYGENERATION SYSTEMS SECTOR COUPLING

AND CONVERSION TECHNOLOGIES
E L Fuels
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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.
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