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OUR OBJECTIVES:
* The promotion of scientific research related to diverse fields of engineering.
- Contribute to economic development by technology transfer to the industrial sector.

- Support of high qualification education, at postgraduate and doctoral level.
 The dissemination of science and technology in society.
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esearch divisions

Research structured into 4 strategic research divisions

ICT Division Processes & Recycling Division
Technologies for the knowledge society Engineering to improve the environment

Industrial Technologies Division Biomedical Engineering Division

Engineering techniques for the improvement of
Technologies for the factories of the future health




)eSISARecycling research areas

Processes & Recycling Division
Engineering to improve the environment

Energy and environment
Hydrogen technologies

Recycling and waste valorization
Packaging, food quality and safety
Agro-food technologies
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(0?\08 Circular Economy Lab

 Energy and Environment ! ﬂ
— Sustainable Thermal Systems %

PAW MATERTALS

— Thermal Energy Efficiency

Hydrogen Technologies
— Hydrogen as energy vector

— e-Fuels: Power to Gas & Power to Liquids

Recycling and waste valorization
— Biogas upgrading/explotation
— Biofuels from wastes (liquid, solid and gas)...

Packaging, food quality and safety

— Active packaging from renewable sources ] ]
, + Key enabling technologies (KETs)
Agro & food technologies - Internet of things (IoT)

— Green chemistry from agro - Geospatial infraestructures, Agro-logistics
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GITSE ~

Thermal Engineering t:y
and Energy Systems

Fossﬂ Fuel
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Electric part

CM/GE
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Biomass Fuel
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Electricity

inable Thermal Systems

Thermal part
Heat

Thermal part
Cooling

TSQ

Heating

Cooling

Technologies

POLYGENERATION

SOLAR
(THERMAL, PV)

THERMOCHEMICAL
STORAGE (PCM)




e Rsin Bhermal Energy Efficiency
and Energy Systems

Technologies

DESIGN
MODELING

ASSESSMENT
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Biofuels from wastes (l)

G PT Instituto Universitario de Investigacion
Thermo-Chemical N en Ingenieria de Aragén

Processes Group - Universidad Zaragoza
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C ] Biofuels from wastes (ll)

Thermochemical
ProcessesGroup

THERMO-CHEMICAL CONVERSION

Raw materials —

AQUEOUS PHASE
? PYROLISIS GASIFICATION REFORMING COMBUSTION
D
L)
o
c
£=
o
= * Fuel
- Fast pyroly8is -~ * Value-added product recovery
. Catalytic pyrolysis ' ) * Aqueous phase = use as fertilizer

(phytotoxicity tests)
* HDO of bio-oil = BioJet fuel

Fluidized bed

v
v
v
v
v

Fixed bed

Meat and bone meal
Sewage sludge
Manure / Digestate

yf o

Wood chips
Tetrapack
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] Biofuels from wastes (lll)

Thermochemical
ProcessesGroup

PYROLISIS GASIFICATION ASIAEAL PATE COMBUSTION

REFORMING

Technologies

High specific surface
Retains moisture

Carbon fixation

Improves soil performance

(carbonization)

[- Slow pyrolisis J mmm) ( BIO-CHAR

FIuidized bed

—-_
, T

Fixed bed
Raw materials g

THERMO-CHEMICAL CONVERSION

v" Meat and bone meal

v' Sewage sludge

v' Manure / Digestate

v’ Agricultural residues:
banana rachis, cocoa,

. A ——) @i s e
cashew _nutshell, olive mill e g, ES‘E"E{%SN Slrasag
waste, vine shoots

OO0 CEEywel mill

)
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] Biofuels from wastes (1V)

Thermochemical
ProcessesGroup

PYROLISIS GASIFICATION AQUEOUS PHASE

REFORMING COMBUSTION

Raw materials

Wood chips \
Meat and bone meal
Sewage sludge
Manure / Digestate
Black liquor

RDF / MSW

Demonstration plant (BFB)

Technologies
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» Gas-to-energy or syngas (FT)
» Gas cleaning
* NH; production

THERMO-CHEMICAL CONVERSION

POPER | NATUR | PACK
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Thermochemical
ProcessesGroup

TRANS-
PYROLISIS GASIFICATION ESTERIEICATION COMBUSTION

Technologies

The Biodiesel Cycle

- Waste oils m) (BIO-DIESEL

lm _ll.'lndﬂ Vegetable Oil
L ==

) _'.__ \l?eh.wd Wegetable il
)
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Raw materials

v" Frying processes wastes
v' Animal fats

v" Non edible crops...

Alcohed

« Glycerol (byproduct) )

THERMO-CHEMICAL CONVERSION

Technologies

AQUEOUS PHASE
REFORMING



) Aeseiecavalue products from wastes

Thermochemical
ProcessesGroup
TRANS-
GASIFICATION

@ PYROLISIS ESTERIFICATION COMBUSTION

D

L)

o

c

<
> é . Li_gnir_1e
o + Bio-oils
2 acetic acid, phenol,
5 phen_ols, cresols, substituted phenols, CO,
S \ substituted phenols methane
Z
O .
< Raw materials w\
< v' Black |iqu0r phenol, substituted fast
o v Pul d - phenols thermolysis acetylene, ethylene
E uip and paper inaustry __—
= wastes
c') Vanill alkali fusion

anillin, g

E dimethylsulfide, mmlat'} phenolic acids,
% methyl mercaptan catechol
l—

dimethyl sulfoxide -
. . enzymatic
mlcrob_lal l \)xidation
conversions

lignin with increased oxidized lignin for

level of ; ;
coumaric and other
acids




Flydrogen as energy vector

Cably sisand Reactor CH, + CO,

EI'IQII'IEEFII'I;I GFUUIJ (sweetened biogas)

or
H,+ CO <
(syngas)

SPLITTER

STEAM IRON -

CHEMICAL LOOPING

. £ GH,+co,—>200+2H,  M%

*
5 yH, +M,0, —> xM+yH,0 .
= yCO+M,0,—> xM+yCO, )
L]
> REDUCTION stage
.
L
*

Technologies

H,0

Raw materials

Blogas Corriente de CO,
Bioil EVAPORATOR e A L

Corriente de CH,
Corriente de H,0

Corriente de mezcla
J4 Corriente de energia

~
[xM+yH,0 —»M,0, +yH,|

Syngas streams OXIDATION stage
Natural gas cracking exhaust
. reducing streams

bivvy
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+ High purity H, (>99.99 %) ./
 CO, sequestration Naturgg Inter-Connected Fluidized
* Auto-thermal Bed Reactor (ICFBR)
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o d Blogastupgrading/exploitation
Cably i2and Reactor “Mad Max beyond Thunderdome”
Engineering Group
s : i * Action movie of 1985 o
o D * Australian post-apocalyptic film
] * Directed by George Miller and George
Ogilvie,

e Starring Mel Gibson and Tina Turner

After an apocalyptic war, traditional
energy sources have run out. (post peak-
oil premonition?)

“..In Bartertown, electricity, vehicles,
functioning technology are made
possible by a crude methane refinery,
fueled by pig feces... “
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Cably sisand Reactor ‘

Engineering Group
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- Power to Gas

Power-to-Gas SNG

Cably sisand Reactor

Batiinn (as Power-to-Gas (P2G or P1G) is an alternative tecpaefogy ~ (Synthetic Natural Gas)
that converts electrical power to a gas fuel

Methanation
catalytic reactor

B TAV AVA AT ' T 0,
Y ; _ Electrolyzer

Natural gas
distribution system

Technologies
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Adapted from www.enbrigegas.com
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METHANATION

Wind or solar
farm produces
more energy
than needed
due to low
demand

Excess electricity
generated is
funnelled into
electrolysers that
split water into H,
and O,

H, produced is
combined with
CO, (biogas) and
converted to CH,
(Sabatier reaction)

CH, is injected directly into the existing

gas network (controlling its composition)

and mixed with natural gas as a form of
indirect energy storage

CO, + 4H, = CH, + 2H,0
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Cably sisand Reactor
Engineering Group

Raw materials

v" Renewable energy

v Sequestered CO,

v Gasification gases

v' Syngas
v Biogas
Vo

Fixed Bed + Membrane
Reactors (FBR-MR)

H,0

A’OII\R

m olefins Gasoline

Fischer-Tropsch process

CO,+ 3 H, © CH,OH + H,0
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position, Z (¢
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Vertical bed

Fluidized Bed + Membrane
Reactors (FLBR-MR)




Prospection &
Bioprospeccién

Processes

Biopesticides
Medicines (drugs), active

Supercritical
Extractions/Formulations

¥

principles
Environmental “Green” cosmetics
Impacts Social involvement

Technologies

SUPERCRITIC . s
PN Bloactl\{lty
Evaluation

/

Biomethanization
Optimization

BIO- Pre-development
METHANIZATION Pilot Plant Assays & Scale-up

Products
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GUA BgLosiooa sust. active Packaging

Grupo Universitario de
Investigacion Analitica

Raw materials
v" Wood

v Non edible crops ha o
v" Agricultural residues Wood

Annual w
e Agricultural

Natural cellulose nanofibers . e residues
High tensile strength q dabl 1d
Antimicrobial coatings egradable an

Antioxidant properties sustainables

Antimicrobial compound
(e.g. Listeria)

ACTIVE
PACKAGING PROD.

ACTIVE
PACKAGING

Polyoxometalates
(POMSs)
(trans. Mo,W,V,Nb,Ta)

Semi-soft cow’s raw
milk cheese
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@ Open Data o .
—— Seiciode 2 GeoSpatial

Plataforma +  emergencias

Infraestructures

Sistema de
gestion de

agricolas

Servicio de
localizacién de
ia

j @DSL ;

Agricultores
Infraestructura local de w Coop i L Teleasi i -
monitorizacién agrarios -

h2i

ANALYTICS

eData

 Slurry and manure trazability (via GPS)
+ Electric vehicle fleet management and

-’

optimization
» Optimization of fertilizers in open field
(via GPS)
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& HOW

Universidad Zaragoza
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W8 Universidad Zaragoza
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GITSE

Thermal Engineering

e

Instituto Universitario de Investigacion

en Ingenieria de Aragén

and Energy Systems Sy oot

GUIA

Grupo Universitario de
Investigacion Analitica

Grv

Thermochemical
ProcessesGroup

Advanced Information
Systems Laboratory
Universidad Zaragoza

José Angel Pefia
(Jjap@unizar.es)

I3A - Edificio |+D+i
C/ Mariano Esquillor s/n
50018 Zaragoza, Spain

i3a@unizar.es
@I3Aunizar
i3aunizar

http://i3a.unizar.es
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