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El cambio climatico se define como las variaciones
del clima atribuibles directa o indirectamente a las
actividades humanas que modifican la composicion
de la atmoésfera, y que se suman a la variabilidad
natural del clima.

Las causas principales se derivan de las emisiones
de GEI generadas en la quema de combustibles
fosiles, la destruccion de bosques y emisiones de
origen natural.

Tras la Revolucion Industrial, las emisiones de GEI a
la atmoésfera han aumentado significativamente
debido fundamentalmente a la utilizacién intensiva
de combustibles fosiles para satisfacer una demanda
de energia cada vez mayor.



El primer paso pararesolver un problema es formularlo adecuadamente
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La Transicion Energética: un desafio sistémico

Desacoplar crecimiento econdmico y demografico del aumento de emisiones

Reducir emisiones: avanzar urgentemente hacia una economia — forma de vida de baja intensidad energética y
descarbonizada

@ Desarrollar e implementar a gran escala sumideros de CO2
(NBS-NCS, CCS, CCUS, BECCS, DACS...)



Perturbacion antropogénica del ciclo global del carbono

Perturbation of the global carbon cycle caused by anthropogenic activities,
global annual average for the decade 2013-2022 (GtCO,/yr)
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Budget imbalance -2

CDR here refers to Carbon Dioxide Removal besides those associated with land-use that are accounted for in the Land-use change estimate.
The budget imbalance is the difference between the estimated emissions and sinks.

't carbon Source: NOAA-GML; Friedlingstein et al 2023; Canadell et al 2021 (IPCC AR6 WG1 Chapter 5); Global Carbon Project 2023




“Global Carbon Budget” 1850-2022

Carbon emissions are partitioned among the atmosphere and carbon sinks on land and in the ocean

The “imbalance” between total emissions and total sinks is an active area of research
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iiiY en 2023 ya con datos por
encima de 420 ppm, eso si, solo en
el observatorio de Mauna Loal!!!



Pero la concentracion de CO, en la atmosfera se traduce en grados...

Acuerdo de Paris
Mantener el aumento de la temperatura media mundial muy por debajo de 2 °C con respecto a los niveles preindustriales, y
proseguir los esfuerzos para limitar ese aumento de la temperatura a 1,5 °C con respecto a los niveles preindustriales,
reconociendo que ello reduciria considerablemente los riesgos y los efectos del cambio climatico

Global CO, emissions must reach zero to limit global warming

ipoo
Global Warming of 1.5°C

Global CO, pathways using IPCC AR6 Remaining Carbon Budgets
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1.5°C (2°C), se preve que las emisiones de CO2 disminuyan 2000 2020 2040 2060 2080 2100
en aproximadamente un 45% (20%) en 2030 en la mayoria de
las rutas y alcancen el cero neto alrededor de 2050 (2075).

Source: Friedlingstein et al 2023; Global Carbon Project 2023




Posibles futuros segun el IPCC

¢ b) Net global CO, emissions
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Y aunque no estamos en la primera transicion energeética...

Change in global primary energy consumption
Share of global energy consumed
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20N « El cambio de la biomasa al carbon (finales del siglo X1X) seguido de
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Source: BP, Our World in Data, Schroders, 2019.



... ,estamos en una transicidén o una disrupcion?

Transicion
Energética

¢,La sabremos gobernar?

« Impactos sobre la estabilidad social, econdmica, financiera y geopolitica
« ¢ Multiples velocidades?

« ¢Habra perdedores y ganadores?
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Necesitamos todas las soluciones tecnologicas...

i Cuanto gas de efecto invernaderc emitimos con cada cosa que hacemos?

Fakbricar (cemento, acero, plastica)
Consumir energia (electricidad)

Cultivar y eriar (plantas, animales)
Deaplazarnc:s [aviones, camiones, cargueros)

Calentar o enfriar (calefaccion, aire acondicionado, refrigeracion)

Fuente: Como evitar un desastre climatico, Bill Gates (2021); IPCC (2014)
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... porque descarbonizacion no es solo electrificacion

Electrones Moleculas Captura CO,

(Renovables) (Renovables)

&
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Liquidos Gases

Grandes desafios cientificos y tecnoldgicos:

« Eficiencia

» Descarbonizacion (H2, nuclear fision y fusion, bioenergia, e-combustibles,...)

» Electrificacion y almacenamiento a gran escala

« Economia circular

» Metales criticos y nuevos materiales

« NBS/NCS, CCS, CCU, BECCS, DACCS... Tecnologias de emisiones negativas

QQ
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Papel del CCUS en la transicion energética

Reduccidon de emisiones por palanca de mitigacion para cero emisiones netas
en 2050 (Gt CO, equivalente) Rol ampliamente aceptado del CCUS

............................................................ PY "CCS has the potential to reduce
. overall mitigation costs and
Ipcc increase flexibility in achieving
greenhouse gas emission
reductions”
"Carbon capture, use and

storage can provide a key
{5} wopean  CONtribution to tackling industries

Enviranment

s |ike cement, iron and steel,
aluminum, pulp and paper, and
e refineries emissions”
"Carbon capture, utilization and
storage, or CCUS, is an

qu important emissions reduction

5-7 technology that can be applied
across the energy system"

"CCUS is often viewed in the
context of power production.

CCUS E

S 2& 5 E® 3T 3% & 5 T
Q = % = S g S 9 < > o 2 ‘S 6 However, capture and storage of
25 kS 3 5 E £ = S g7 ClQA’ co: fromindustrial sources is
5 <o S £ 2 -n%’ 5 also vitally importan? to reducing
Q ] greenhouse gas emissions "
L

Source: IEA Net Zero Scenario (2021) 13



El CCUS es necesario en la transicion energética...

CO, capture

Escenario NZE 2050 IEA 18-5-2021
Otros Escenarios IPCC (1,52 C, 2018)

Source: IEA Net Zero Scenario (2021); en la revision de 2023, la IEA reduce su estimacién a 6 Gt CO2 en 2050.
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2050

Other
M Direct air capture

Fuel supply
Hydrogen production
= Biofuels production
M Other
Industry
" Industry combustion
Industry processes
Electricity sector
M Bioenergy
W Gas
M Coal

Segun la AlE, el 95% del CO, capturado en 2050 se almacenara permanentemente y solo
el 5% se usara en la produccion de combustibles sintéticos.
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iPero no parece haber un despliegue de proyectos suficiente!

Figure 2.21 = Global CO: capture by source in the NZE

8 o gk o gl e g e o e ol ol ool o ol ol ol bl kol bk bk bk ek ek bk bk gk ok ok ol bl kol okl b ool bk ok bkl bk okl bk ke bk bk b bbb bbb G'th_Er
- M Direct air capture
- Fuel supply
..... Hydrogen production

- Biofuels production
M Other

4 . corcer ... ... Industry
R Industry combustion
Industry processes

- ... Electricity sector
B Bioenergy

B N o G

e I
— =_-J_-_l u Coal

2020 2025 2030 2035 2040 2045 2050

Gt CO,

Source: IEA Net Zero Scenario (2021); en la revision de 2023, la IEA reduce su estimacion a 1 y 6 Gt CO2 en 2030 y 2050, respectivamente.

En 2020 las instalaciones de captura en operacion tienen una capacidad de 40 Mt CO2 por afio.
Muy lejos de las necesidades a futuro de un escenario como en NZE



El ecosistema CCUS

Source: IPCC

Ocean storage
(Sh

D Or pipatine)
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Las etapas del CCUS

(= (o) @/}

Emisores CO, Captura CO, Transporte Almacenamiento
» Corrientes por naturaleza: « Mas dificil en corrientes « Transporte desde el punto Almacenamiento en reservorios
- Procesos (reacciones diluidas de captura hasta el punto agotados, acuiferos salinos,
quimicas) « Tratamiento de gas para de uso o almacenamiento formaciones basdlticas, etc.
- Combustién para Su posterior transporte: « Combinacion de:
generacion de energia - Compresion - Tuberia @
« Corrientes por concentracion: - Licuefaccion - Barco —
- Diluidas - Camion > e
- Concentradas u

Uso

éApIicacic')n en industrias: EOR?,
§productos guimicos (metanol), etc.

1. Enhanced Oil Recovery
17



Captura CO,

Raw
materials

Fuel

e.q. Coal/
Coke/NG/
Heavy OIil/
Bitumen/
Syngas

Industrial Processes

Métodos de separacion

Source: Natural Resources Canada

Process
Value added products,
Process carbon | stream Co: s amuonll:.NG.
telease 20-95% €O |_removal transport fuels, * Separacion con absorbentes
cement, steel, .,
CO: i ° Separauon con membranas
» Destilacion criogénica
Post-combustion capture e Otros
Power Flue gas CO: CO:
— Air-combustion }—p»
andheat | s 150co. | _removal
Y
—
Pre-combustion capture
Transpartation
R CO:
Gasification/ Syngas : H; eg.Pipeline,
| Reforming e, ret(t:\(:val —»| Combustion —M 'a:dowl':at Compression =9 chip, Truck,
y ¥ R etc.
o
Q./Steam *
Oxy-fuel combustion
Y Storage
’I Power Flue gas CO: CO;
Oxy-combustion ' ‘ e.q. EOR,
oL ) P and heat = B0% CO. removal ECBM,
Saline,
Aquifier
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Captura — DAC

~ 400 ppm

Concentration of CO.
inthe atmosphere
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Source: Carbon Engineering
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Captura—- BECCS

How BECCS removes carbon from the atmosphere

A P
D

S T Tl A T S & ¥, S T
¥ LA T YT LN

KEY E Sustainably managed working forasts absorb carbon dioxide (CO)) from the atmos-
phere as they grow
» co, 2 Wood Is used in Industries such as construction

3 Low-grade, waste wood and residues from saw mills and forests are turned into bio-
mass pellets

4 Biomass is used to generate carbon newtral electricity

5 CO, produced is captured, transported and stored permanently = removing it from the
carbon cycle

Source: Drax
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Transporte de CO,

IBIT 13: US existing CO2 pipeline infrastructure
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Uso de CO,

CO2 can be used directly (i.e. in fertilisers or Enhanced 0il Recovery (EOR)) or indirectly after it has
been transformed into a useful product (i.e. fuels, chemicals and cement)

(o]

[2] Fuels
* methane
= methanol

= gasoline/diesel/aviation

fuel
=
4 Chemicals
= chemical intermediates
(methane, methanal)
= polymers (plastic)

£ Building materials
= aggregates
{filling matenal)
= cement
* concrete

Source: |EA

|
-r-*'ﬁ- Fossil fuel | Industrial process
+' Biomass ~# Underground
i deposits
E5L Air
- =
7 )
Conversion - ‘ i.'::l‘,'_",lI - Non-conversion
'\ y (direct use)
g

] Yield boosting
* greenhouses
= algae
» Urea/fertiliser

= Solvent
» enhanced oil recovery
* decaffeination
= dry cleaning

" Heat transfer fluid
» refrigeration
» supercritical
power system

coo Other
» food and beverages
= welding
« medical uses
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Uso — EOR (Recuperacion mejorada del petroleo)

i

Purchased CO,
Anthropogenic andlor
Natural Sources

in the Immobile
0Oil and Gas Phases

Injected
CO.

-
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Uso — Combustibles sintéticos

Con electricidad renovable se
T alimenta todo el proceso

SNy

Mediante electrolisis se separan
el oxigeno y el hidrogeno que
forman el agua

0
g H,0

la refineria

cnzl Se captura CO,de
de Petronor

Hidrégeno verde

Utilizando solo el hidrogeno y
el CO, capturado, se producen

combustibles sintéticos Planta de combustibles sintéticos

Se obtienen combustibles

sintéticos neutros en carbono, Combustibles sintéticos
que pueden usarse en los e ———————
actuales motores de coches, Cero emisiones netas
camiones o aviones

Fuente: Planta de combustibles sintéticos de Bilbao (Repsol) 24



Uso — Mineralizacion ex-situ

carbon dioxide
(CO,)

> 1:26/2:17

Source: Carbonbuilt

R
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ASHES
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CARBON

g 8]
3 DIOXIDE

CALCIUM
CARBONATE

Source: OCO Technology
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Almacenamiento de CO,

Tradicional Mineralizacion in-situ

CO, injection into deep saline formations
& depleted oil & gas reservoirs

EXHIBIT 21: Rock core from the Carbfix project in Iceland shows carbonates created from injected CO2

Source: CarbFix

Dissolution reactions: Calc ite, sxde-ul.-, magnesite
Basaltic rock + wed MB?* + Ca?* + Fe?' + Al ¥4S5i0,,0
Mg,Si0, + - 2Mg?* + 2H,0 + Si0,, )

| Fe,Si0, + -> 2Fe?' + 2H,0 + Si0,,,
 Precipitation reactions:
(Ca,Mg,Fe)** +CO > (Ca,Mg,Fe)CO,

(calcite, siderite, magnesite

Before and after: porous basalt (left) and basalt with mineralised CO2 within its pores

Source: IEA Source: Gislason et al., 2018.



https://doi.org/10.1016/j.egypro.2018.07.014

Almacenamiento de CO,

Most suitable areas for CO2 storage

®» SUITABLE m POSSIBLE = UNLIKELY

# HIGHLY SUITABLE
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Almacenamiento de CO,

Conservative C02 storage capacity estimates .. for context, the EU+UK generated 3GT of
total 115CT CO02 emissions in 2021
European CO2 Storage Capacity - GT European CO2 Emissions from Large Point
Sources - MT
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| =
m
=25 E 350
= =
%. 20 % 300
2 1 2 250
g o & 200
o
% 10 o § 150
85 N“”Mﬁtghﬂ!w-nq 100
D — D = 0 ur o
?*:‘*I_E_Wﬂi*lﬁfﬂ_ﬂm_ﬂ £~ m E m @
= Py = iy
IR HINIEHY so5ESBEREE ST EEEsEs
ES SL OFIRER 7 O3S E EW_EEEGEE?EEEEEEEE
@ E 5 g % COE22Gnn=
= Saline Aquifers Hydrocarbon Fields -

Source: EU GeoCapacity project Source; EU GeoCapacity project



Madurez del CCUS

Technology Readiness Levels (TRL) and Commercial Readiness Index (CRI) of CCUS technologies

Basic
Technology
Research

Systern and
Research to Technology Technology subsystem
prave feasability development demaonstration development

TRL3 TRL& TRLS TRLS

Hypothetical commercial proposition

TRLE

System test,
launch and
operations

J.

TRLY

Commercial trial
small scale

Supported Campetitive
Commercial Commercial
Market competition
Commercial driving widaspread
scale up development
Multiple
commercial Bankeable
applications Asset Class

CRI3 ‘ CRI4

CAPTURE

Oy~
combustion

Chamcal

RANSPORT

-
’

STORAGE

Source: CCS Norway
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Coste del CCUS

CCS: Cost Overview (5fton)

180 -
180 Charts show typical estimated HIGH
140 - cost ranges on levelized basis, 4
per ton of captured CO2.
219 HIGH
Low 02 A
100 - Concantration
m -
m -
a0 - Longer Oftshare,
Eg Distance Smalier- 4 !
20 - Shortar Scale LOW H
LOwW
9 Conc. - Distance TR
Capture | Transport | Storage Total (20:20) Total (20320, Mid)
CCS Elements (2020) CCS Total

Source: Energy Intelligence Analysis.

DAC: Cost Overview (5/ton)

&00 -

500 -

400 -

300 -

200 -

100 -

0

HIGH

« A pesar del papel relevante del CCUS en la transicion, persisten los desafios
Desglose de costes: de multiples componentes, aunque la captura de CO2 es clave

Se necesita apoyo regulatorio para que el CCUS alcance su potencial

Estimates
DAC (2020)

Forecast | Tarpets
DAC (2030)
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Coste del CCUS

TableB.2 = CO: prices for electricity, industry and energy production

CCS vs. Selected Carbon Prices and Abatement Costs” in selected regions by scenario
($iton CO2e) $550fon USD (2021) per tonne of CO; 2040
00 - Stated Policies Scenario
Carbon Prices: Abatement Options: Canada sa 62 77
220 4 EUETS i ccsoac Chile, Colombia 13 21 29
—————— China ETS Other Technologies China 28 a3 53
200 - CBL Offset} . Mature-Based European Union 90 98 113
Korea 42 67 29
150 - Announced Pledges Scenario
Advanced economies with net zero emissions pledges? 135 175 200
1080 - Em!arg_ing market aznd developing economies with net zero 20 110 160
T T T T s e - R~ i emissions pledges
Other emerging market and developing economies - 17 47
= MNet Zero Emissions by 2050 Scenario
0 .:::::::::::::::::::::::::::::::::::::::::::::::::::: Advanced economies with net zero emissions pledges 140 205 250
Tree  Remew.  EVs  Nucear HeawH2 CCS  DAC Emerging marker and developing economies it o w0 0
Planting Power Power FC\'s ] ) )
Other emerging market and developing economies 25 85 180

) MNote: Values are rounded.
Source: Energy Intelligence ) i
1includes all OECD countries except Mexico.

? Includes china, India, Indonesia, Brazil and South Africa.

Source: IEA
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Potencial de

capturay costes por tonelada de CO, retirado

DACCS
Industrial CCUS |

Varying costs that are inversely related to the
carbon concentration of the stream {

400 - [ | Direct Air Capture
. DACCS)y
Natural sinks Iron & Bloenergy CCS
E‘ 350 A A Steel (BECCS)*
[ | I
5 00 Fertilizer & -
2 chemicals
= ction CCS
B Matural gas production aee gggr:
a 280 - processing coal PC ors
CCs Hisghs coat ces

E forestry (A/R,
a8 20 1 Medium cost aaro)
(&) forestry (AR,
@
E Low mmagrﬂ-]-

150 1 refnrestalmn.‘
E_ afforestation

& agro-forestn

g 100+
w
b

o{ | O

01 2 3 45 6 7T 8 010111213 141516 17 18 19 20 21 22 23 24 25 26 2T 28 20 30 31 32 33 34 35 35
CO2 capture potential (GEOO2)

Source: Carbonomics, The future of Energy in the age of Climate Change, 2019
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Coste del CCUS y detalle de los sectores dificiles de descarbonizar

Levelised cost of CCS across industries vs 10-year capture potential and capex investment (2024-2034) US$30 bn
180 | LNG and Natural Gas processing cost is i
| driven by both the lower cost NG pre- | . Us$10 bn
160 | combustion and the cost of capture from ! Power generation
- Waste-to-energy or i burning NG to generate power for NG !
o) . ! liquefaction i
O 140 biomass power U !
> A TSSO T ST T T T T 1
Eg 120 LNG and NG i Power generation holds the highest capture | Bubble size indicates 10-year
=) processing 1 potential, but CCS cost is also the highest. This capture capex investment
0 Chemicals Steel | means that CCS for power generation can only !
O 100 production | be adopted in countries with sufficiently high !
E : i Cement 1 and structured incentives within the 10-year ,
> 80 Oil refining productio | period :
(0]
: o @
b 60
2 Ammonia production .
@ 40 . Hydrogen production
0]
- 20 Pre-combustion capture in ethanol
Eth | eyelie production lowers the cost of

0 10 20 30 40 50 60 70 80 90 100
Capture potential in 10-year horizon (Mtpa)

—
=
o

-
N
o

-
o
o

Average EU ETS in 2023

Q) tax credit’*

>
o

S
o

Welghted average global

carbon price in 2023

Levelised Cost of CCS (US$/t)
N (a5}
o o

0 -»
Capture Capacity (Mtpa) 360 Mtpa
H Ethanol Production B Ammonia Production ® Hydrogen Production
m Fertilizer Production B Cement Production m QOil refining
m Steel Production B LNG and Natural Gas processing B Chemicals
m \Waste-to-Energy or biomass power = Power Generation

Source: WoodMac, CCUS ten-year market forecast 2024-2034, 2024



Ejemplos de proyectos de CCUS

Exhibit & - Norway’'s Northern Lights CCS storage will commence operation in 2024

" = H~
LOHGSHIP HORTHERHN LKBHTS SCOPE
CO, capture Transport Receiving terminal Permanant storage
Caprars From inchusrrial pleaes. L gt G0y mgrrraiss o bors gheags. G b e e e o mlires @ ga Fe
L T @R 173l 8 Ll FTde] Py SR Fpsire: rarE poit o ol dhors
L™ vl W nlnie, bl sl LLL e

Sounce: Northern Lights IV
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Ejemplos de proyectos de CCUS

EXHIBIT 82: The East Coast Cluster consists of two projects: Net Zero Teesside (NZT) and Zero Carbon Humber
(ZCH)

EAST CO,AST CLUSTER

TEESSIDE

Northerm
Enduronce
Fortmershp

/ HUMBER

KEY

MIDDLESBROUGH

Sefected for Treck 1 Project Negotiation List

At b raemeeil DARLINGTON
PROJECTS IN TEESSIDE o ORK
BIDENERGY WITH CCS HYDROGEMN
WEGT Teesside H2 Teesside
Lynemnouth Power 2NarthEast ° PROJECTS IN THE HUMBER
LEEDS
INDUSTRIAL CARBON CAPTURE POWER
CF Fertilisers Billngham Ammonia CCS Net Zero Teesside Power BIOENERGY WITH CCS HYDROGEN
Norsea Carbon Caplure Whitetall Ciean Energy ® DRAX Bicerergy with Carbon Capiure and Storage  Hydvrogen 1o Humber (H2H) Saltend
Redcar Energy Praject Alfarar CCGT Teessde SHEFFIELD Uripar Humber Mub Blue Project
Tees Valley Energy Recavery Facility [TV ERF) HDUSTIZHALE‘M C"Wﬂi 5
Teesside Hydrogea CO2 Capture Humber Zeso - Phillps 66 Limited Humber Refnery  POWER
Lighthouse Groen Fusds Prax Lindséy O Refinery Carbon Capiuwe Keadby 3 Carbon Capture Power Station
STV 142 Energy from Waste Caon Caplure ZeaCal 250 C.GEN Killinghalme
Altaha Immengham waste 1o jet fus VPI Mumber Zera
North Lincolnshire Green Energy Park
Saint-Goban Glass Carbon Capture

Source: East Coast Cluster

35



Se requiere CCUS para lograr emisiones netas cero, mas aun para limitar el calentamiento global a 1,5°C
Mas de un 20% de la reduccion acumulada de emisiones de CO, 2018-2050 procedera de CCS bajo IEA NZE (1,5°C, NZE 2050).

CCUS es unatecnologia clave para sectores dificiles de descarbonizar y sendas de emision negativa

Para la industria, el CCUS ayuda a reducir las emisiones de CO,, de procesos a alta temperatura y de procesos con reacciones quimicas; para
la generacion eléctrica, el gas natural con CCUS es un backup descarbonizado de las energias renovables; CCUS es un componente clave de
las futuras sendas de emision negativa.

CCUS es unatecnologia comprobada y viable
Cerca de 40 instalaciones comerciales en funcionamiento, muchos proyectos en curso, tecnologias disponibles en etapa avanzada de desarrollo

El coste de captura difiere entre las aplicaciones. Hay oportunidades a dia de hoy con costes de abatimiento por
debajo de 100 $/t

Un reto tecnoldgico es reducir los altos costes de captura a 30-60 $/t. El despliegue a corto plazo se concentrara donde existan corrientes de alto
volumen y alta concentracion de CO,

El desafio de implementacion para CCS es ampliar los proyectos hasta la escala Gt

Los proyectos pueden estar dedicados a un solo emisor de gran escala o a centros con multiples emisores que comparten infraestructuras de
transporte y almacenamiento

Un desafio clave es el apoyo de los stakeholders

Reconocer un "precio de CO," de aplicacion a CCUS (como para otras vias de descarbonizacion), eliminar barreras regulatorias (certificacion,

permisos) y, en ultima instancia, obtener una amplia aceptacién social
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