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! Neutralidad climatica

Global surface temperature has increased by
1.1°C by 2011-2020 compared to 1850-1900

§c 20
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—0.5 period in more
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o P e : . Going
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by 2050

= Limit warmi%}to 2°C (=67%)

or 1.5 (=509%) after high
overshoot with NDCs until 2030

40
: Limit warming
: to 2°C (=67%)
30 :
5 (o50%) wt Compromiso de cero
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2000 2015 2020 2025 2030 2035 2040 2045 2050 UE en el afio 2050
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Usos de energia

Por primera vez, el 100% de la energia de
Espana se ha cubierto con renovables.
La cuestion es si podemos repetirlo

Cinco nucleares estaban paradas, lo que elevo el protagonismo
renovable a mas del 77% de la generacion

World Energy
Outlook

Usos energéticos
totales: 642 EJ

Traditional biomass Nuclear
3% 5% Natural
gas
Renewables 29%

12%

31%

445 EJ

12 % Energia Renovable moderna
(14 % Espaia)

International Energy Agency | World Energy Outlook 2024

TRACKING

THE ENERGY

% Energia renovable PROGRES REPORT

2023

en el consumo final

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Traditional use of biomass ~ m Modem bioenergy ~ m Hydropower Wind
Solar PV w Otherrenewables ~ —4p= %of renewables  e=Qm=% of moderm renewables

13 % Energia Renovable moderna
(19 % Espaia)

Tracking SDG 7: The Energy Progress Report 2023
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n Usos de energia

% consumo energia total por sector

Mundial UE-27 Espaﬁa

® Industria = Transporte = Residencial y Servicios m Industria = Transporte ® Residencial y Servicios m Industria = Transporte m Residencial y Servicios

International Energy Agency | World Energy Outlook 2024

Sector Fuente
Industria Calor
Residencial y Servicios Electricidad

Transporte Transporte
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- Usos de energia: electricidad y calor

Electricidad Calor
Consumo de electricidad procedente de energia renovable Consumo de calor procedente de energia renovable
15 0% 3
0%
8% g
25% 16% [ ]
25
14%
- 0% 8 , 12% P 20 —
15% £ 20 . 10% £ 15 B B
10% B e i B
v - — — —
% 5. || || || | — 9
0 0 2000 2010 2020 2000 2010 2020
0% u =1 w = g
= iy - - = = = Indust Buildi
SEEEEE8E588838c88858c¢c¢8¢8 § 8 8 & & o v
m Hydropower Wind Solar PV ® Modern bicenergy Traditional uses of biomass m Modern bicenergy
m (ther renewables —o— Share of renewables (right axis) m Solarthermal m Geothermal

¢ Share of traditional use of biomass in heat (right axis) @ Share of direct use of modern renewables in heat (right axis)

28 % Energia Renovable
(Espafia: 43 % 2020, 56% 2024)

Tracking SDG 7: The Energy Progress Report 2023
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- Usos de energia: transporte

[ Transporte ]

Consumo de energia renovable en el transporte % Consumo de energia por sector de transporte

3
s

Terrestre

Exajoules

11%
3
\ pasajeros pesados y

§ 2282282888
B Terrestre Aéreo m Maritimo

Vehiculos de Vehiculos Otros
Renewable electllclly w Biofuels ~ —@— Share of renewable energy [nghtﬁms}

2010
20M
2012
203
2014
2015
2014
2017
2018
2019

. International Energy Agency | World Energy Outlook 2024
Tracking SDG 7: The Energy Progress Report 2023

3,6 % Energia Renovable
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Escenarios futuros

~—
- STEPS: Stated Policies Scenario
Escenarios a 2050 (Usos energéticos totales) < - APS: Announced Pledges Scenario
STEPS 2050 - NZE: Net Zero Emissions
- 11010 800 -
glotrlld Eknergy e pren R e &00
utioo e
2024 I ]
5 400
Going \
2DD CI.IHA'I';VIZI;;IOAI. |
LB
1950 1975 2000 2023 2050 STEPS APS NZE
Clean energy ==(Qj| ==—(Coal Natural gas Other

International Energy Agency | World Energy Outlook 2024
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Escenarios futuros

Residencial y servicios

S

W Other renewables
B Modern solid biomass

[ M Traditional use of biomass
- W District heat
Electricity
W Matural gas
W il
M Coal

2023 STEPS APS NZE

2030

STEPS APS NZE
2050

Industria

Other
M Hydrogen

Electricity
. m Bioenergy

Fossil fuels with CCUS
- Matural Gas NEU
W Matural Gas: Unabated
Oil NEU
W Oil: Unabated
Coal NEU
W Coal: Unabated

EJ

STEPS APS NZE
2050

2023 STEPS APS NZE

2030

/

\_

2010

Transporte \
""" Hydrogen-based fuels
| M Hydrogen
Electricity
M Bioenergy
W Natural gas
m Qil
2023 STEPS APS NIE STEPS APS NIE
2030 2050
Combustibles renovables
STEPS APS
e e e e prr e e 0%
2023 2050 2023 2050

= Low-emissions fuel share (right axis)

Bioenergy: W Road W Non-road Hydrogen and hydrogen-based fuels: M Road Nnnvmy

International Energy Agency | World Energy Outlook 2024
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Combustibles renovables

o

~

Combustibles renovables en el transporte

2010 2023 2050 2023 2050
Bioenergy: M Road M Non-road  Hydrogen and hydrogen-based fuels: M Road ™ Non-road

= Low-emissions fuel share (right axis)

Biocombustibles

0.
—

Combustibles
sintéticos

(e-fuels): & o,
v

. Residuos i ;
Residuos Aceite de
de poda % ganicos cocina

usado

H, / H,-based fuels
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n Combustibles renovables

Diesel

b B A B A A A B Ventajas de los
E/B'DiESEl > o - <9 9 9 ] 9 .
combustibles renovables:
Biodiesel Y A A A
Gasoline ey v' Alta densidad energética
E/B-Gasoline - v Uso de infraestructura actual
Liquefied Petroleum Gas M’ .
> (almacenamiento, transporte,
Bioethanol 2

sistemas de potencia)

Liquefied Natural Gal

J‘: v" Uso de todas las fuentes

f“.‘: renovables

Liquefied E/B-Methane

E/B-Methanol

Ammonia (lig. 25°C) I
—

. 9 Bl Fossil origin .
Hydrogen (liq.) ° Imprescindibles para la
Hydrogen (gas, 350 bar) 9 Bl Synthetic/Biologic origin
| / mm  Carbon free neutralidad climatica en
Li-Battery W ;
el transporte
0 2 4 6 8 10

Energy density [kWh/[]



ucdm trde @\

n Tipos de biomasa

Carbohidratos,

Lignoceluldsica Carbohidratos Lipidos . .
lipidos, proteinas
Madera / Residuos agricolas Cultivos de Cultivos de Aceites Residuos Aloas
lefosa y herbaceos azucar y almidén aceites usados, grasas organicos 8

\

Celulosa \

Carbohidrato Lipido Proteina
(glucosa) (acido oleico) (acido glutdmico)
VN _/ \ /
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n Sustituir combustibles liguidos con biomasa
I e o
e , S O B
E, * 3 3 >{ Keroseno ] ,WM P
: < - o>J >
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Usos actuales de la biomasa

Lignoceluldsica

Carbo- Linid
hidratos ipraos

Carbohidratos,
lipidos,

roteinas

Tipo biomasa Ruta conversion Productos finales
Madera /
lefosa Termoquimica Calor SSS Caldera, horno
Residuos /\/{ Combustién ]/ ,
agricolasy Electricidad /’ ss Ciclo potencia
herbaceos '
Cultivos de . ., / 1 \
. | Transesterificacion ) » Biodiesel : >
aceites 1 J y
Cultivos de Biocombustibles
azlcary { Fermentacién } Bioetanol 12 generacion
almidon \ /
Bioguimica
Residuos _ » — J“ Motor y
o Digestion J—» Biogds » @ — K SSS
organicos PR T | J AN
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n Fermentacion - bioetanol

~ ™ eo» . N
1. Milling 3. Fermentation co, 4. Distillation
Carbohidratos

CUHEVOS de k qub 01— Bioetanol 9
azucary %% o
Gasolina @

Limitacion

almidén oD

2. Sacc~hariﬁcatiop

]
3

7. Pelletization

= o | . sge . .
. Stillage solution g’/ _ Hidrolisis previa para uso
L e B | el ‘ de biomasa lignoceluldsica
' fermentando la

K (hemi)celulosa. /

_ Stillage




ucdm trde @\

H Transesterificacion - biodiesel

Lipidos

Cultivos de
aceites

~

Biodiesel production

Feedstocks
Vegetable Yellow Used Animal
oil grease cooking oil fats

000

Methanol
+

Catalyst

| Oil/Lipid extraction Vegetable oil

Transesterification
rocess

’ Biodiesel Filtratlon‘ | Biodiesel drying

I Biodiesel washing ‘ | Crude Biodiesel Separation

‘ | Crude Glycerin |

‘ Feedstocks ] [ Process l ‘

Product ‘

/ Biodiesel \

Diesel

Limitacion

So6lo valido para lipidos:
- Cultivos de aceites

- Aceites usados

\\—Grasas animales /
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n Generaciones de biocombustibles

Primera
generacion
(cultivos)

Segunda
generacion/
avanzados
(residuos /
lignocelulésica)

ur

-

-

Cultivos de
aceites

Cultivos de
azucary
almidon

i

| Transesterificacion ]

European |
Commission

Directiva 2015/1513 (ILUC)

S

Tipo biomasa

cementacon |
| Fermentacion Directiva 2018/2001 (RED II)

Ruta conversion

Termoquimica

Hidrotratamiento o
transesterificacion

Fermentacion o digestidn
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Usos futuros de la biomasa

Tipo biomasa

Lignoceluldsica

Madera /
lefiosa

Ruta conversion

Gasificacion ]—>

Residuos
agricolasy
herbaceos

Termoquimica

Lipidos

Aceites
usados,
grasas

Pirdlisis

Licuef. hidrotermal (HTL)

Carbohidratos,

lipidos, proteinas

Residuos
organicos

Bioquimica

Producto Producto final
intermedio /
Calor / electricidad SSS 7
Syngas *  Gas natural - CH, J()
) L9
Hidrégeno - H, =D
x p
Metanol
) )
Bioaceite \{ Fischer-Tropsch v

Fermentacion

X ¥
BIOFUEL

Bioetanol

Digestidn

A

-» Bioaceite mejorado :
\ J ¢ Biocomb.
( ) liquidos
> HVO/HEFA R 2 gener.
> Alcohol-to-Jet (AT)) \

( )

Biogas

A 4

Gas natural - CH,

- J
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n Aceites usados y grasas

Biodiesel
N [ Transesterificacion ] |
Lipidos L R
Aceites
usados,
grasas Planta de produccidon
HYDROTREATMENT en Cartagena
PRETREATMENT )
~ ++ HYDROTREATING
o
—
) DEOXYGENA’
NDUSTRIAL FATS & DEGUMMING | il
OILS WASTES &
RESIDUES ~
- ISOMERIZATION
(HYDROGEN) ' . ‘ P e
9 0,8 o Diesel / Keroseno / Diesel
28T 100%
Upgrading of waste and residues to Hydrotreated NEXA f encg/gble

Vegetable Oils (HVO) Gasolina renovable
\ «IoD (HEFA / HVO) /

LS
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Residuos organicos y biomasa lignocelulosica

Residuos o N ™\ . N Madera / Residuos agricolas
organicos Bloga)s Biometano Lignocelulosica lefiosa y herbaceos
Residuos * 9 »' ‘X / Etanol celulésico: \
agrlc?las Y [ =W 9 Hidrdlisis + fermentacidon
herbaceos - /L Y Geluosic

e § He v @
= i ] =

— JVUIIION0 | ==
. Seqasaions

‘ =) LUgnln o o

Cellulosic Ethanol

Alcohol to

L jet(a): A R ASAAAA )

Procesos - Pirdlisis
termoquimicos - @Gasificacion
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H Pirdlisis de biomasa

4 Biochar A
Biomasa lignoceluldsica
(madera, lefiosa, residuos
agricolas y herbaceos) y

Celulosa Alcoholes y Agua

carbonilos

Hidrotratamiento

2
2 9 $)
J Hydrotreated
pyrolysis oil
2 9

Pyrolytic Sugar Aqueous ’
\Iignin syrup phase Fenoles Azucares

—{ Pirdlisis

\ Lignina /

Gases

co

H, co, CH4J
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n Planta de pirolisis

e Pirolizador de lecho fluido circulante
(Joensuu, Finlandia)

Metso DNA automation system High pressure steam Turbine

.

I

H,

lg{Hdrotratamento
4

Condenser | Crusher

. Hydrotreated
Pyrolysis oil pyrolysis oil

Fluidized bed boiler Pyrolyzer Bio-oil
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H Gasificacion de biomasa

a9 | Ppirclisis ]

L

oo /\

y
[ Biochar ] [Bioaceites] [ Gases ] / Syngas \ Calor / electricidad SSS y

> o = Gas natural - CH, Jd)
(r i Q H2 CO ) J
. enin ) [ Gasificacién } ‘ﬁ) (= =] Hidrogeno - A o

Biomasa lignoceluldsica
(madera, lefiosa, residuos

agricolas y herbaceos) [ = ‘J m \ v / Fischer-Tropsch (FT) | v

-

Metanol

0
I
C
®)
O
1

0, H,O CO,
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Gasificacion de biomasa: sintetizacion de biocombustibles

e

Ethanol Isobuthane
x z —»  Waxes .
Co ThO ) Presion Temperatura
Rh 7;(): 6 Sintesis Ratio H,/CO Reacciones po
Alkali-doped P FischerTropsch | | Olefins | (bar) (°C)
Cw/ZnO I 2 DI Over Fe, Coor Ru : : CO + 2H, > CH,OH
] Diesel ¢ Metanol 2 3
i oz 2.05-2.15 50-100  250-380
a & (CH,0H) 9 CO, + 3H, > CH.OH + H,0
— = —»  Gasoline |
J-_) | Hydrogen Methanol n Mezcla de \ nCO + 2nH, > C H,,.,0H + (n-1)H,0
M 15 100 350
N; » Fe/FeO alcoholes o 9 nCO + (2n+1)H, = CH,,,, + nH,0
A 4
Ammonia _ Isobutylene [ yorpp ey 2CH,OH > CH,OCH, + H,0
IE -4 DME (CH,OCH,) W - 5-15  250-300
2 J i
“) Carbenvistion Fap— (via methanol)
Co, Rh,Ni J ¢
9 ) 5 Metanacion CO +3H, > CH, +H,0
+ ~ MTO . Olefins 2 (CH,, SNG) 3 1-10 200 -400
[ i ’ @ ) 9
Alicolvele Zeolites v 4 CO +H,0>CO, +H,
H tio
~ —— Homologation Ethanol A{J Fischer-Tropsch NCO + (2n+1)H, > € H, ., + nH,0
(CH ) 2.15 20-40 220-300
9 ; N &
- o —— ~ n2n+2i n=10,20) W W W nCO + 2nH, > C H,, +nH,0
AIZOJ DME W
L o Formaldehyde | B~ @
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H Planta de gasificacion — Fischer Tropsch (F-T)

Gas cleaning & ‘ Synthesis & product]

Biomass gasification ]‘
4 Syngas ) [

conditioning

>0 &
H, Cco
;(i [ = =)
CH, Co, ; vy
N ¢, "o Y,
4 R

Y

charco
P

Activated
al

[——
biomass

¥ bed ash B ' fly ash

Zn0 reactor

Diaphragm  Compressor
pump

upgrading

FT slurry reactor

CuO reactors Off-gas
| I
J
Liquid
separators
v

FT raw product

chimney W

N Dual fluidized bed gasifier with steam

(TU Vienna / BEST, Austria) ficfb.at

O

MO
2 @00
Bia <0,

H,o @&ED
NZ
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H Combustibles sintéticos (e-fuels)

Fuente Constituyentes e-Fuels Uso final
(" N Industria
ﬂ'ng Lia i J Electrolisis I Industria acero
| : A Industria quimica
| 14 Haber __,(E-arnunia[:ﬂ) .) \_ Refinerias
d) ' _=_ / N [ Transporte )
1
: ,( ﬂitl‘ﬁgﬂm )# Ehanﬁc'lll‘:‘ﬂ_‘( E"mﬂtﬂﬁl} ) x '-u";_'”"'_in'".':.
| H,f” _,iiﬂff;ﬂﬂmn 9 Agren
( » «cLP Hid’”gTDGZ.( e-metanol ) \___Terestre
Atmosfera || pac w Deshidratacion
T detmetanol (" Calor
q ) Q&-DMEJDME . i
| ] , util
| / Sintesis de
1 ! ‘( a-digsel )‘ oleafinas / - “
Industr }/ ces Fischer- | Gligomerizacion | Generacion
ndustria

Tropsch |/ otencia
*( e-gasolina )« P

A
tmuemnu) CHP

Electricidad Verde
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n E-Hidrogeno

GREY
HYDROGEN
Generated
through SMR*
using natural gas

or fossil fuels

#

Tipos de hidrégeno

YELLOW
HYDROGEN

Generated
through
electrolysis using
solar power,
specifically

HYDROGEN

Generated
through
electrolysis using
renewable
electricity

HYDROGEN

Generated through
SMR with carbon
capture using
natural gas or
fossil fuels

E-Hidrégeno

Power
supply

Electro- Electrolyzer Hydrogen
chemical System Storage
Storage

—— Electricity

—— Hydrogen

PINK
HYDROGEN

Generated
through
electrolysis using
nuclear energy

Industry

Mobility

Power
generation

Chemicals

Exajoules
=

Mix eléctrico

28 % Energia

Renovable

o (Espafa:
43 % 2020,

2Ssg33388588sEo2zes2c2eg 56(y2024)
ooooooooooooooooooooo
NNNNNNNNNNNNNNNNNNNNN O
W Hydropower o Wind 1 Solar PV B Modem bicenergy
m Other renewables —0— Share of renewables (right axis)

Desventajas para uso final en transporte:
Dificil almacenaje

Problemas de seguridad
Nuevos sistemas de potencia:
Pilas de combustible, motores de H,

El e-hidrogeno es la base del resto
de combustibles sintéticos
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Fuentes de CO, Captura directa del aire (DAC):

FANS DRAW RELEASED RELEASED
CO,-FREE AIR

Captura de la industria:
Sorbent refreshment 1 o @

Flue gas

L W
S

Solid sorbent

FILTER IS HEATED
TO RELEASE THE
CAPTURED CO,

Rotating

Calciner (3)
CaCOsyq)

CaO() + COyq)
178.3 kJ/mol

Air Contactor (1)
COyg) + 2KOH 5,

K5CO3(5q) + Ca(OH)y(s

H20(y + K;CO3(5q) St
= mo

-95.8 kJ/mol

Pellet Reactor (2)
2KOH4q) + CaCOs()
)

Slaker (4)
CaO(, + H,0(,
o

Ca(OH),(
-63.9 kJ/mol
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n E-Amoniaco (NH;): Haber-Bosch

I
H,. N,. and ammonia S H‘:))

Cooling coil —
R \ y
—

Sustainabl . = . ‘ h/
: . ustainable 1 | g
. — = 1t e (&=

Heat exchanger ———e

.
I

Uncombined N; and Hy —

Sustainable
electricity

Recirculating ({
pump N

150 — 300 bar

B s B

350 -500°C

Heating coil

I

Liquid ammonia ‘.’)

J
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H E-Metano (CH,)

CO, + 4H, = CH, + 2H,0

I @ Electrolyzer
@) Pre-Processing
R I € BioCat Reactor
H - . @) Post-Processing
Outlet Gas
Electrolysis i Methanation
J_\) Hydrogen
Renewable /f
EIectncuty D_ a Synthetic
0 o Methane
Water /_'

/—’ Inlet Gas /" &
m Biogas, landfill gas, Water V
industrial CO, source
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n E-Metanol (CH;0H)

st .

’/ ’/
y AA
Clean energy Water | L
Industrial green
/®-® chemical
\
) >0 — A2 ~
cuu — | | | -+ l/l-\l\l J = @, N — |
Electro'yzers Green Hydrogen E‘methan0| E-methanol Fuel in fetrOfit
production CH30OH gas power
plant
Power plants P
Industry UlJ_Jl.
Direct Air Capture (DAC) - CO, transport Distributed power
pipeline generation

(replacing diesel)

CO, capture m
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Caracteristicas de uso de los diferentes combustibles

Desarrollo Infraestructura Reduccion
sist. potencia adicional emisiones

Almacenamiento

Combustibles Fosiles

Electricidad

e/b-hidrégeno

Gases +

e/b -metano

e/b -amoniaco

e/b -metanol

e/b-DME

Liquidos <

/b-gasolina

/b-diésel

ID

Comb. Sintéticos / Biocomb.
ld

/b -queroseno

D
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Densidad energética de diferentes combustibles

Diesel \
E/B-Diesel ’M
Biodiesel J’W{"
Gasoline
E/B-Gasoline JM“

Liquefied Petroleum Gas

Bioethanol

Liquefied Natural Gal
Liquefied E/B-Methane

E/B-Methanol

Ammonia (lig. 25°C) G Bl Fossil origin
Hydrogen (liq.) I ’ Bl Synthetic/Biologic origin
Hydrogen (gas, 350 bar) 1N o B Carbon free
Li-Battery W ;’7
0 2 4 6 8 10

Energy density [kKWh/l]
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= Caracteristicas de uso de |los diferentes combustibles

Usos en el transporte . Desarrollo Infraestructura | Reduccién
Almacenamiento : : . .

Proximidad | Largadist. | Maritimo Aéreo sist. potencia adicional emisiones
Combustibles Fésiles X X X X Facil No No Baja
Electricidad XX X Dificil No Si Alta
4 e/b-hidrégeno XX XX X X Dificil Si Si Alta
% e/b-metano X XX XX Medio Si No Alta
g e/b -amoniaco X X XX Facil Si Si Alta
E e/b -metanol XX X XX Facil Si No Alta
1% e/b-DME X XX XX Facil Si Si Alta
't%] e/b-gasolina XX X Facil No No Alta
E e/b-diésel X XX XX Facil No No Alta
© e/b -queroseno XX Facil No No Alta

1 idil

ol

T\
ou Mo\
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n Conclusiones: Biocombustibles

Tipo biomasa

Lignoceluldsica

Madera /
lefiosa

Ruta conversion

Gasificacion ]—>

Residuos
agricolasy
herbaceos

Termoquimica

Lipidos

Aceites
usados,
grasas

Pirdlisis

Licuef. hidrotermal (HTL)

Carbohidratos,

lipidos, proteinas

Residuos
organicos

Bioquimica

Producto Producto final
intermedio /
Calor / electricidad SSS 7
Syngas *  Gas natural - CH, J()
) L9
Hidrégeno - H, =D
x p
Metanol
) )
Bioaceite \{ Fischer-Tropsch v

Fermentacion

N
BIOFUEL

Bioetanol

Digestidn

A

-» Bioaceite mejorado :
\ J ¢ Biocomb.
( ) liquidos
> HVO/HEFA R 2 gener.
> Alcohol-to-Jet (AT)) \

( )

Biogas

A 4

Gas natural - CH,

- J
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Conclusiones: Combustibles sintéticos (e

Fuente Constituyentes

-fuels)

I

|
|
i P ,( nitrégeno )#
P

. L :
e
[ Industria }/

monoxido de

Hﬂbar v(ﬂ‘ﬂl'l'lﬂﬂlﬂﬂﬂ) ‘.)

ﬁ“ ( e-metano ) J‘)

aﬂ'

rd __.'ﬂ- ng
) H.dr GCJ e-metanol r-‘
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