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Introduction
In the EU GeoCapacity project, regional assessment of geological storage capacity is being done for almost all European countries. Countries were grouped geographically, hoping that there would be enough geological similarities in the neighbouring geotectonic units to allow meaningful comparisons of results. Group South encompassed two small countries (Croatia and Slovenia) that have already made preliminary estimates, and two large countries where the work was started (Italy and Spain). Emission inventory was done at first, to define the needs for geological storage capacity (Table 1), and the work included integration of the knowledge on the subsurface with a unified way of estimating the storage capacity to produce maps for different types of geological storage objects – HC fields, regional saline aquifers and coal beds. As expected, large differences in estimated capacity came out (Table 1) but generally the largest capacities were estimated in the regional aquifers – porous and permeable basin-wide sedimentary bodies saturated with brine.
Table 1. Large industrial CO2 sources and potential geological storage objects
	
	Emissions inventory
	Storage capacity estimates

	
	No. of sources (≥ 0.100 Mt/yr)
	Their total emissions (Mt/yr)
	Depleted HC fields (Mt)
	Regional aquifers
(Mt/)
	Coal beds
(Mt/)

	Spain
	227
	151.5
	35
	14300
	~200

	Italy
	247
	212.1
	n/a
	?
	?

	Slovenia
	7
	7.4
	2-6
	50-200
	?

	Croatia
	8
	6.2
	189
	4800
	?


Estimation of storage capacity has been done based on the formula proposed in the framework of the EU GeoCapacity project, i.e.:

MCO2e = A × h × (  × (CO2(r.c.) × Seff

where:

MCO2e – effective storage capacity (t)
A – area covered by regional aquifer (m2)
h – average height of aquifer × average net to gross ratio (m)
( – average reservoir porosity (%)
(CO2(r.c.) – density of carbon dioxide at reservoir conditions
Seff – storage efficiency (% of pores expected to be filled with carbon dioxide).
This way to calculate the effective storage capacity based on a limited data set was agreed upon on the level of the project, as an attempt to accommodate for highly differentiated geological conditions and different assumptions that have to be taken. This allowed a certain level of unified approach which was presented as a part of EU GeoCapacity results at the occasion of CO2Net Seminar in Lisbon in November 2007 (lecture “Storage capacity calculations in saline aquifers” by T. Vangkilde Pedersen and F. Dalhoff from GEUS).
Spain

One of the case studies developed in Spain corresponds to the Tielmes structure, some 70 km SE of Madrid (1 in Fig. 1). This is a structurally defined saline aquifer for which subsurface data were acquired in the initial phase of oil exploration (Zapatero et al. 2008). The structure is double-domed with an E-W strike. Two units with reservoir properties were defined for possible storage:

· Utrillas Formation – Lower Cretaceous sand deposited in a fluvial environment, interlayered with some narrow clay seams. It covers the entire structure and is sealed by Upper Cretaceous marls. Porosity is 15-20% and maximal thickness is 160 m;
· Buntsandstein Formation – Lower Triassic red sandstone. Basal part consists of a 10 m thick conglomerate overlain by more than 50 m of uniformly thick sandstone. Top of the unit is a 30 m thick seam of pure clay. This formation is only present in the Eastern dome and its range of porosity is 11-18%

Tielmes structure covers an area of 1,175 km2, so with average depth of 1,485 m in the Utrillas Fm. and 1,700 m in the Buntsandstein Fm., and with estimated storage efficiency of 10% (as for a structurally defined aquifer in contact with a large regional aquifer), the storage capacity is estimated at around 800 Mt.
Italy

Detailed analysis has been conducted in order to evaluate the country-wide CO2 storage capacity. Very extensive data set has been made available (4000 seismic lines and more than 1640 boreholes). Definition of stratigraphic units, lithologic composition and estimation of reservoir properties based on well logs allowed identification of several potential sites, mainly located in Pliocene foredeep and foreland basins. A map of the deep saline aquifers prospective for CO2 storage has also been compiled. 
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Fig. 1. Main sedimentary basins with locations of case studies (1 – Tielmes, 2 – Bradano, 3 – Pecarovci-Dankovci, 4 – Ivanic).

One site seems to be the most promising and has been chosen for more detailed studies. It is located in Southern Italy, within the foredeep basin known as “Fossa Bradanica” (2 in Fig. 1). This is a NW-SE oriented basin lying above the Mesozoic carbonate platform, which is subducting towards SW. The potential reservoir consists of Upper Pliocene sand with some thin clay layers. It is a confined aquifer, since it pinches out toward East against the carbonate platform, whereas toward West it deepens below the allochtonous unit of the Appeninic front (Parotto and Praturlon, 2004). The effective thickness is 60-900 m, and the cap rock, up to 1000 m thick in places, is represented by clay and silty clays with some marly layers. 
The porosity of the potential reservoir in the Bradano foredeep was not available, and the mean value 25% was estimated from sonic logs. Carbon dioxide density at the reservoir depth was calculated by using specific software developed in OGS (by D. Gei). The mean value of the density is 550 kg/m3. Due to numerous factors acting (effective porosity, permeability, cap rock integrity, aquifer type, potential traps) it was very difficult to assess the storage efficiency in this phase of exploration. In the end, the two values were used (1 and 2%), giving the estimated effective storage capacity of this regional aquifer values of 180 and 360 Mt respectively. Small storage efficiency chosen should accommodate for numerous uncertainties, giving still a realistic number.
Slovenia 
Due to the availability of the subsurface data, the Pecarovci-Dankovci structure (3 in Fig. 1) was singled out as one of the potential storage locations in Slovenia. Antiform structures with the extent of 2-5 km2 were identified with geophysical investigations in the 1977-1990 period (Skaberne et al. 1987) and few boreholes were drilled and tested. It can be estimated that CO2 could be stored within several layers in the depth range of 1000-2000 m. The most important reservoir rocks are Miocene sandstones and conglomerates and Mesozoic dolomites and breccias. Thickness of individual sandstone layers is 12-70 m and they are interbedded with Miocene clayey marls that also prevail in the uppermost 1000 m of the sedimentary sequence and are expected to act as adequate cap rock for geological storage CO2. Reservoir data (porosity, permeability, pressure and temperature) were available from boreholes or have been extrapolated from the old depleted gas fields in the area. Using the formula explained above, the storage capacity of the Pecarovci-Dankovci structure is estimated to be in the range of 4-5 Mt of CO2. To define the geological storage capacity of this location with a higher degree of certainty, one would need to examine geological structure into details, to accomplish additional hydrodynamic and geophysical tests and to run numerical reservoir simulation with newly acquired data. 
Croatia

In over 55 years of intensive exploration, over 60 hydrocarbon accumulations were discovered, mostly in the SW part of the Pannonian basin, but also in the Northern Adriatic off-shore. These were all small or medium-sized fields, and oil refervoirs are presently near depletion. The knowledge acquired in this work is now an important asset for the studies of potential geological storage of carbon dioxide. By far the largest capacity is estimated in regional saline aquifers (Table 1) while capacity in HC fields is at the second place. Aquifers were assessed based on the regional geological subsurface maps (Saftic et al. 2003) and by extrapolating reservoir properties from oil and gas fields. Effective geological storage capacity in these objects was then calculated using the formula above with a storage efficiency of 3% having in mind that several structural closures were drilled therein finding only saline water. It still remains to be proven is that the properties of these sandstones are favourable for CO2 injection of necessary scale which can be done during EOR operations. 
The Ivanic oil field (4 in Fig. 1) was discovered in 1963, when oil was found in multiple thin-layered Upper Miocene sandstones with porosity of 21.5-23.6% and permeability of 14.6-79.6 mD. Original oil in place was estimated at 21.62×106 Sm3. Cumulative oil production with water injection until the end of 2003 was 8.68×106 Sm3. Approaching EOR phase, plans were made to use CO2 separated from natural gas produced elsewhere and inject it into the reservoir in a water-alternating-gas scheme. Details of data acquisition, laboratory measurements and subsequent modelling were published by Domitrovic et al. in 2005. Calculations revealed that approximately 2.5×106 m3 could be additionally recovered. The most interesting is that authors made two phases of modelling, once to optimise for greater oil recovery, and secondly to obtain the largest possible CO2 retention underground even if actually less oil is to be produced. Results of this study definitely confirmed feasibility of additional CO2 storage in EOR operations in Croatia. Though capacity is limited in the oil production phase, this is an early opportunity to start injection of large masses and to test the reservoirs “close to the full scale”. 
Conclusions

The first regional capacity estimates reveal that national teams will have to vary their approach to future studies in respect to their specific geological conditions and data available:
· Spain has had very little development of subsurface exploration at depths interesting for CO2 storage. It took place in the 70s and 80s and it is now the only base of knowledge for the assessments of potential storage sites. Although exploration for oil was not successful in most of the cases, there is now enough information to assume that main sedimentary basins (Duero, Ebro, Guadalquivir and Madrid-Tajo) may have a high potential for CO2 storage (Vera, 2004). Another possibility is ECBM development in coal basins located in the NW. They are in many cases very rich in methane content, but geological complexity requires very detailed exploration to determine if this is a viable option.
· Italian territory includes several large sedimentary basins with different geological composition (Campidano graben, Sicilian foredeep, Bradano foredeep, Appeninic foredeep and Padano-Adriatic foreland). The large available dataset however does not allow country-wide estimates to be made in this phase. It is noteworthy that some basins lie close to major CO2 industrial sources. Moreover, together with further investigations of the estimation of the saline aquifers capacity, depleted oil fields, especially within the Padano-Adriatic foreland basins, represent a real opportunity to plan pilot injections. 
· In Slovenia, potential storage locations in aquifers have been found in NE as well as in other parts – some with significant estimated storage potential (grouped in the Ljubljana basin, Celje basin, in the Slovenian part of the Pannonian basin and in the SW Flysch basin). Unfortunately, very few reliable data exist. Sedimentary rocks in the appropriate depth range for CO2 storage are abundant in the country, yet geological structure is complex. Extensive targeted exploration will be necessary to better evaluate the storage potential in aquifers. Furthermore, potential storage in unmineable coal layers would deserve additional attention
· Having a history of O&G industry and resulting subsurface data, Croatia also has a relatively favourable natural conditions for geological storage of CO2. Preliminary estimates reveal significant capacity in the SW part of the Pannonian basin, but this is far from the half of large industrial sources and additional capacity will have to be sought for in the Northern Adriatic off-shore.
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