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• El Ins$tuto Geológico y Minero 
de España es un OPI adscrito a 
la Secretaría de Inves5gación. 

El estudio, inves,gación, análisis y 

reconocimientos en el campo de las Ciencias 

y Tecnologías de la Tierra.

La creación de infraestructura de 

conocimiento (servidores FAIR).

Asistencia cien=fico- técnica y el 

asesoramiento a las Administraciones 

públicas, agentes económicos y a la sociedad 

en general, en geología, hidrogeología, 

ciencias geoambientales, riesgos y recursos 

geológicos y minerales.
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Aragón: Oficina de Proyectos desde 1979

(actualmente Unidad de Zaragoza) ≈ 20 personas
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• Qué es el CCS/CCUS?

• Estado supercrí.co

• Trampas geológicas
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• Mi?gación más allá del CO2

Torp & Gale, 2004- Energy
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Qué es?
Almacenar en
el subsuelo el
CO2 capturado
en las plantas
de emisión
estacionarias
a profundidad
suficiente
para 
garan?zar las 
condiciones
supercrí,cas

hYps://www.ipcc.ch/site/assets/uploads/2018/03/srccs_wholereport-1.pdf
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https://www.ipcc.ch/site/assets/uploads/2018/03/srccs_wholereport-1.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/srccs_wholereport-1.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/srccs_wholereport-1.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/srccs_wholereport-1.pdf
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Paradoja
de la captura

Ponferrada

-Emisión de 120-350 kg 

CO2/ton CO2 capturado

-Coste energé$co ≈ 2000 

kWh/ton (15-35%)

-Coste económico  entre 

$15-$25/ton
IPCC,2027

CCS-IPCC, 2005
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Estado supercrí4co

Temperatura ≈ 31 °C 

Presión ≈ 74 bares

Alta densidad (liquido)

Baja viscosidad (gas)

Alta difusividad
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Cómo alcanzar estas condiciones
en el subsuelo?

• Temperatura > 31.1 °C 
1. Gradiente geotérmico normal

El gradiente geotérmico promedio es de aproximadamente 25-

30 °C/km. La temperatura en la superficie se asume 

=picamente en unos 15 °C.

Para alcanzar una temperatura superior a 31.1 °C:

Diferencia de temperatura requerida: 31.1°% − 15°%

= 16.1°%.

Con un gradiente geotérmico de 25 °C/km (valor conservador): 

Profundidad =
16.1°%

25°%/,-
= 0.644 km = 644 m.

Con un gradiente de 30 °C/km: 

Profundidad =
16.1°%

30°%/,-
= 0.537 km = 537 m.

Por lo tanto, la temperatura de 31.1 °C se alcanza a 

profundidades de aproximadamente 537-644 metros, 

dependiendo del gradiente geotérmico local.
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La presión se calcula con la fórmula:

1 = 2 ⋅ 4 ⋅ ℎ,

Usaremos el gradiente hidrostático para fluidos y no el 

litostático (asumiendo agua en los poros, ya que es 

común en formaciones geológicas con CO2):

Gradiente hidrostático: Con una densidad de agua de 

1000 kg/m³: 

Gradiente de presio
ˊ

n = 2 ⋅ 4 = 1000 kg/m³ ⋅ 9.81 m/s²

= 9810 Pa/m = 9.81 kPa/m = 0.00981 MPa/m.

Profundidad para alcanzar 7.38 MPa: 

ℎ =
7.38 MPa

0.00981 MPa/m
≈ 752 m.

Santos et al., 2022 Scienific Data

• Presión > 73.8 bares

Cómo alcanzar estas condiciones
en el subsuelo?
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Roca almacén y sello

Roca impermeable

No porosa

Roca permeable

porosa

Roca impermeable

porosa
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Regional seal

Local seal

Main reservoir

Primary seal

Secondary reservoir

Secondary reservoir

• Channel fill
• Floodplain

• Channel fill
• 
• 
• Floodplain

•

•
•

•
•
•
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Trampas geológicas
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Mecanismos de 
almacenamiento y 
seguridad

Físico

CO2

+ ligero

CO2

+ pesado

Mayor profundidad -> mayor coste

(exponencial)

Parisio&Vilarrasa, 2020-GRL

Riesgo de 

fugas (sello…)

Químico

La densidad de CO2

en el punto supercríico

es de 164 kg/m3

(menos denso que la salmuera)

C
C

S
-IP

C
C
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0

0
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Tipos de almacenamiento geológico de CO2

C
C

S
-IP

C
C

, 2
0

0
5



Emilio Pueyo

IGME/CSIC

A
lm

a
ce

n
e

s

G
e

o
ló

g
ico

s
C

O
2

22 Oct 2025

Sleipner 28 M Ton

inyectadas

Torp & Gale, 2004- Energy
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Furre et al., 2024, Geoenergy
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hYps://www.sccs.org.uk/resources/global-ccs-map

https://www.sccs.org.uk/resources/global-ccs-map
https://www.sccs.org.uk/resources/global-ccs-map
https://www.sccs.org.uk/resources/global-ccs-map
https://www.sccs.org.uk/resources/global-ccs-map
https://www.sccs.org.uk/resources/global-ccs-map
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hYps://www.sccs.org.uk/resources/global-ccs-map

A nivel global se han almacenado:

≈ 250 M Ton en 2024  (+44% 2023)

Que representa un 0.625% 

de la emisión total, esGmada en 

≈ 40.000 Mton en 2024

https://www.sccs.org.uk/resources/global-ccs-map
https://www.sccs.org.uk/resources/global-ccs-map
https://www.sccs.org.uk/resources/global-ccs-map
https://www.sccs.org.uk/resources/global-ccs-map
https://www.sccs.org.uk/resources/global-ccs-map
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España emiGó 287,7 Mton CO2 en 2023

Sólo en fuentes estacionarias (1/3 del total)

Que es un 0.76% de la emisión global, 

esGmada en 37800 Mton)
No hay almacenamiento

en Hontomín
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Evaluación almacenes
de CO2 en España/Aragón

Etapas en la evaluación

(preselección) de reservorios de CO2

• Fase 0: Proyectos EU

• Fase 1: ALGECO2 (v1)

• Fase 2: ALGECO2 (v2)
• Lopín (Z)

• Fase 3: Hontomin (BU) 
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International Journal of Greenhouse Gas Control 135 (2024) 104169

2

deformation models with real-time underground deformation data, 
along with updating reservoir and seal behavior predictions to prevent 
hazardous conditions. There is very limited information published on 
seismicity induced by CO2 geological storage. Thus, it is a challenge to 
identify its characteristics. However, GCS projects at different locations 
show mostly low rates of very low magnitude (micro) seismic activity, 
such as in Decatur, Illinois (Bauer et al., 2016; Kaven et al., 2015); 
Otway, Australia (Myer and Daley, 2011) and In Salah, Algeria (Stork 
et al., 2015; Verdon et al., 2015); or even non-detectable seismicity 
during plant operations, as occurred in Ketzin, Germany (Henninges 
et al., 2011). Moreover, micro-seismicity related to CO2 injection tends 
to locate at the bottom or below reservoirs, generally in the basement, 
with little exceptions showing shallower seismicity in the caprock that 
may derive from deformation in the reservoir (e.g. Weyburn, Canada; 
Verdon et al., 2011). 

Very diverse seismic monitoring networks have been used for GCS 
projects around the world. From a single 3-component geophone at In 
Salah (Stork et al., 2015) to a group of 13 stations combining buried and 
surface sensors as used for the Decatur site (Kaven et al., 2015). In all 
cases, the data detected were used to locate the source of 

micro-seismicity, determine their magnitude, and attempt to identify the 
source fault geometries and the rupture mechanisms. Ultimately, such 
information was used in some projects to produce pore pressure change 
simulations and fracture models based on geomechanical models, to 
determine the correlation of <uid injections and the associated 
micro-seismicity (Babarinde et al., 2021; Bauer et al., 2016; Verdon 
et al., 2015). 

When the spatial coverage of seismic monitoring networks and data 
quality allow so, the moment tensor of earthquakes can be determined. 
These provide valuable information on the local stress -eld. Unfortu-
nately, this has not been the case for most of the GCS projects for which 
the results of monitored seismicity are published. The signal-to-noise 
ratio (SNR) is very low for micro-seismicity, which hinders the identi-
-cation of the polarity of seismic wave motions used to estimate focal 
mechanisms. Furthermore, at least 10 stations should be available 
covering the focal sphere of an event for its moment tensor to be 
reasonably determined (Cronin, 2010), which is rare in the bulk of GCS 
sites. It has only been possible for the Decatur demonstration site, where 
the focal mechanism of 6 events was estimated and these appear to 
correlate with the reactivation of pre-existing faults favorably oriented 

Fig. 1. (a) Location map for the Hontomín pilot plant in the context of the Iberian Peninsula. (b) Geological map of the area surrounding the plant facilities. The blue 
circle shows the location of the injection facilities inside the area covered by the seismicity monitoring network marked with a blue dotted contour. (c) SW-NE and 
SSW-NNE geological cross-sections of the Hontomín salt dome. The location of the cross-section is marked by a red line in the map on Fig. 1b. Hi: Hontomín in-
jection well. 

A. Sanchez de la Muela et al.                                                                                                                                                                                                                

Sánchez de la Muela et al., 2024. Inter. J. Greenhouse Gas Control

2006

Ministerio de 

Industria, 

Turismo y 

ComercioActualmente MITECO

Hontomín (Burgos) es la planta de Almacenamiento

emparejada La central de Captura de Composilla (Ponferrada)
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Exploración en Hontomín

…

Gravimetría

3D 

model

(2007-2012)

Sísmica 3D

Rubio et al., 2014-IGME

A
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 , 2
0
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hYps://diposit.ub.edu/dspace/handle/2445/61043

https://diposit.ub.edu/dspace/handle/2445/61043
https://diposit.ub.edu/dspace/handle/2445/61043
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Stress Map ranking) in the -nal stress tensor for the 3 cases via rotational 
optimization, in the 1st inversion round for E8 and E16 and in the 2nd 
round for E6. In all cases, the -nal stress tensor exhibits a hybrid regime, 
mostly strike-slip with a minor compressional component. The result for 
E16 has the smallest compressional component (R 1.5), the biggest 
compressional component is found on E8 (R 2) and the result for E6 is 
R 1.89. For E6, the -nal orientation of the principal stress axes, 1, 2 
and 3, are 22/096, 63/240 and 14/360, respectively. For E8 these are 
10/084, 54/188, 34/347 and 19/049, 59/284 and 24/147 for E16 
(Fig. 7, Table S4). Consequently, the orientation of the maximum hori-
zontal stress axis (SHmax) is 094 23.3 in the case of E6, it is 080
17.6 for event E8 and 051 18.2 for E16. 

5. Discussion 

5.1. Relationship between injection tests and seismicity 

There is a strong temporal and spatial correlation between injection 
tests performed during the period studied and the hypocenters obtained 
for local seismicity detected by the HO network (Figs. 3 and 4). Micro- 
seismic activity is limited and sparse when it is associated with short 
and relatively low BHP experiments (July 2014), but it exhibits its 
highest intensity when test duration and BHP are also the largest 
(September 2014). Such correlation suggests that the detected micro- 
seismicity is in<uenced by the effect of injecting brine into the 

Fig. 4. Hontomín hypocenters map (a) and W-E cross-section, shown as a red line in map (b). Hypocenters are projected on a W-E vertical plane. The geological 
pro-les in the background are interpreted from re<ection seismic data and modi-ed from Ramos et al. (2022b). Transparency is applied to the WNW-ESE pro-le to 
highlight that it does not have the same orientation as the plane on which hypocenters are projected. Hi: Hontomín injection well. 

A. Sanchez de la Muela et al.                                                                                                                                                                                                                

Sánchez de la Muela et al., 2024. Inter. J. Greenhouse Gas Control

Modelo 3D predice menor volumen del 

esimado incialmente (fallas decapitan el

dómo)

Pruebas piloto de inyeccción 2014

20.000 toneladas de CO₂ y salmuera

µ-sismicidad inducida (-1 a 0.4 Richter)

(impercepible)

Actualmente plan de monitorización

fugas, sismicidad, etc..

Laboratorio de invesigación, Proyectos

EU
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Figure 7: Map of CO2 emissions, infrastructure and storage capacity in Southwest 

Europe. 
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hYp://www.cgseurope.net/Secions.aspx?secion=491.492.494

http://www.cgseurope.net/Sections.aspx?section=491.492.494
http://www.cgseurope.net/Sections.aspx?section=491.492.494
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Geología del subsuelo para la Evaluación de Áreas y 
Estructuras favorables para el almacenamiento 
geológico en España (ALGECO2) 

José Luis 

Gª Lobón

Plan ALGECO2

Vicente 

Gabaldón

Ins$tuto de Reestructuración de la Minería del Carbón y 

Desarrollo Alterna$vo de las Regiones Mineras (MITT) 

2014

Dos Fases: 

2009-2010 (Regional y Estructuras)

2013-2014 (Estructuras Selectas 2ª)

13 M€
Subproyectos y Productos

hYps://info.igme.es/almacenesco2/

hYps://info.igme.es/algeco2/

https://info.igme.es/almacenesco2/
https://info.igme.es/algeco2/
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Mapas regionales: profundidad del basamento

Mapas de Isobatas 

Isobatas Límite Basamento Varisco/Cobertera  

Isobatas Techo Triásico  

Isobatas Techo del Lias  
Isobatas Límite Terciario/Infrayacente  

Mapa de Isopacas

Isopacas Buntsandstein  

Isopacas M1  
Isopacas M3  

Isopacas Muschelkalk (MI+II+III)  
Isopacas Keuper  

Isopacas Triásico  

Isopacas Lias  
Isopacas Dogger-Malm  

Isopacas Cretácico Inferior  
Isopacas Cenomaniense sup-Santoniense Inf-Isolíneas

Isopacas Santoniense Sup-MaastrichIense  

Mapa del Yacente del Cenozoico 

Proyectos Hidrogeología

Sondeos

etc.

2009-2010





https://info.igme.es/almacenesco2/
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