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Estonian-Latvian case study is the only one cross-border economic modelling of CO, capture- % ,g@ﬂ’;;;i: - _ . _
transport=sink scenario in the EU GeoCapacity project [1, 2]. This study was triggered by zero CO: .. Data for the economic modelling were collected into the |
storage capacity in Estonia and favourable for CO, storage geological conditions in Latvia [3, 4]. The Geographic Information System (GIS) in the frame of the EU |
possibility of such a scenario is proved by about 40-years—Estonia with natural gas when necessary. " Ra Sl N GeoCapacity project [1, 2, 6]. The GIS database includes
Estonia does not have CO, storage options on its own territory because of location in the shallow part aatanii TR0 !EQQt}.;‘ *5' "‘}L o/ locations of large CO. sources, potential aquifer storage | s \E
of the Baltic sedimentary basin including valuable potable water. Among neighbours of Estonia only e AR ._:55‘0”'8 fratuly \ (NS sites and injection points, hydrocarbon fields and injection (£ ; T @ 2 0 [ ceocapaciy maps of sources & sinks
Latvia, EU GeoCapacity project country, as a possible partner could be considered for the CO, < S0 v A .,_‘f-_-‘ﬁ'" E%gltii’e?:llwgep:ﬁﬁ)seﬁﬁg tgfr)rtr?i.ﬂha?sl grﬁzc;'g?urg?'gméges i);l%tgg 'I'Jm:;r'" ".-‘:‘. S
onshore storage with transport by pipelines. " s ‘ : 2- | -,,_,,,J_.,jg-;. PN, 00 s S Ll o i
Estonia is? the largest 802 e):nFi)ttperin the Baltic Region. Nine large (emiting more than 0.1 million All data were mapped by the project partners from 26 ;3:,: T, Ay :‘;‘;j;;_‘;f‘;ja:jj,:fi‘;m
tonnes (Mt) of CO,) industrial sources of CO,, registered in 2005 in the EU Emission Trading Scheme, countries and integrated Into the GIS In the same format to s E SESSE o
produced 11.5 Mt of CO, [3, 4]. In 2009 Estonia had already 13 large sources with the total CO, ensure data consistency. The objective of the GeoCapacity | sz 2% o AVE 2L
production of 22.7 Mt. The two largest Estonian power plants, Eesti and Balti produced respectively GIS was data visualization and access and input for the I SR S g -héz’
7.7 and 2.25 Mt of CO, in 2005. Large emissions are explained by the use of local Estonian oil shale economic Decision Support System (DSS). —

for energy supply. CO, emissions produced during combustion of oil shale are higher than those from The DSS was developed in the EU GeoCapacity project to evaluate the technical and economic

other fossil fuels. The owner of the power plants, the national company Eesti Energia also exports LR, iy NI g . Latvia s 2O feasibility of CO, storage in the subsurface [2, 7]. The economic tool developed in the EU GESTCO
energy to the Baltic region and Finland. Energy production grew notably in 2009 due to the closure of Llepaja‘g‘% Luku-Duzu N Sheare® o 98 ' e W project was updated and improved to extend its functionality. The new economic tool can be used to
the Ignalina Nuclear Power Plant in Lithuania in 2009 and significant increase in the Estonian h.’ y Y _. it o R define CO- capture, fransport and storage systems, consisting of a selection of CO. sources and sinks
electricity export to Latvia and Lithuania. For these reasons Estonian CO, emissions per capita are Pt ,‘;* a‘ oy o b s O Vel AN RN and the connecting pipeline network. The DSS uses the database of _Coz_ emission points and storage
among the highest in Europe and in the world. The power company Eesti Energia is searching for CO, 4 *"g % 43 JStaullan '-f B NG 1o NIl locations in Europe (GeoCapacity GIS) [4, 5] The systemis a combination of an internet application,
storage options in the neighbouring regions. The construction of the new power plant units at the Kaipéda u ".:‘ *:." ’“}{'. N KR T RO which visualises the data and allows the user to select sources and sinks and create a pipeline
premises of the largest Eesti Power Plant is to be ready in 2016. According to EU directives, the new BRI T i S T M e TR XS network, and an application to be run on a local computer, which performs a stochastic analysis of the
units have to be “capture ready”. This has forced Eesti Energia Company to find technological and | _ _ _ _ costs ofa CO, capture, ransport and storage system.

geological solutions to the CCS (CO, capture and storage) problem. According to the EU CCS g:%::]e _;1ueESS;ﬂ;i?:;gf:gec;f:;;‘;drg'f:ysrﬂsc;‘lg_Eﬁ']'g Eﬁ}“;z;zéagtgza;%zﬂzgs“ by

directive [5], the Ministry of Environment of Estonia has to create Estonian regulations for CO, storage (along with natural gas pipelines) are shown by a red line.

in the nearest time.

CO, Sources and Capture System Storage Sites Storage Sites
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Plants by rail each year. A power plant produces electricity in energy production units. Each energy
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L OCATIONS OF LOCAL HIGHS Only local structures in the Cambrian reserwvoir sandstone are prospective for CO, storage in the

The two largest producers of energy and CO, emissions in Estonia and in the Baltic region, Eesti . . FROSPECTIVEFOR CARRONDIOWIDESTORAGE . . Baltic Region [3]. Faults and folds are widespread within the Caledonian complex in western and
and Balti Power Plants, were selected for this scenario (Fig.1). The Eesti Energia Narva Power Plants - 77 A ‘ — 16 central Latvia. The depth of the Cambrian reservoir varies from 700 m in central Latvia to 1700 m in
Company (including Eesti and Balti Power Plants) is the largest producer of electrical energy in X T SW Latvia. All anficline structures prospective for CO, storage are situated in these regions (Fig. 2).
Estonia and one of the most important power producers in the Baltic Region. The company supplies S Sandstone of the Cambrian aquifer prospective for CO, storage, the thickest reservoir in the Cambrian
: : : ' iy —amy T - section in the western and central Latvia, belongs to the Deimena Regional Stage. (Deimena
elecﬂtncal energy to Estonian consfumers and heat to the city of Ngwa, and exports electricity to the N & Formation and Cirma strata). The section is represented by sandstone, siltstone and claystone with
Baltic States _and alsc_J to the Nordic power market through_the Estlink undersea_ cable. An average of T o) sandstone, comprising up to 75-90%. Siltstone and claystone make up 10-30% of the section; their
9-13 Mt of oil shale is delivered from two underground mines and one open pit to the Narva Power | usm3 \ ¢ thickness varies from 0.2 to 3—4 m, somewhere reaching 10 m. The sandstone is light grey and white,

quartzose, fine-grained. The siliciclastic part of the sandstone is well sorted and comprises more than

production unit consists of two boilers, a turbine and 7 km of pipes. :::,fwy 90% of the deposits. Among clastic material, quartz prevails (95-99%); the rest of the minerals is
The Eesti Power Plant is the largest energy enterprise in Estonia and in the Baltic Region. It has Lgpaj represented by pelitised potassium feldspar, muscovite and biotite. Cement of the sandstone is clayey

Kalvene ™

Lk D':,:, Blidene Dobele’”"™ and quartzose. Inits top part, the cementis frequently kaolinite, secondary carbonate, locally gypsum-

eight energy production units with a total electric capacity of 1610 MW. The Balti Power Plant has o
four energy production units with a total electric capacity of 765 MW and a gas-fuelled reserve and P e
peak load boiler unit with three boilers with an installed heat capacity of 400 MW. Each power plant :
has one new energy production unit that uses the circulating fluidised bed technology, while the rest of

bearing. The Cambrian sandstone is loosely or medium cemented characterised by good filtering and

3 volume properties. On most of the Latvian territory, the average effective porosity of sandstone is 20—

= 25%, permeability reaches hundreds and thousands of mD, mineralization of groundwater 85-123 g/l
and water temperature is 11-25°C. Thickness of the reservoir sandstones is 20-70 m.

Legend
& Prospective local highs for carbon dioxide storage
@8 Local high where Incukalns gas storage is located
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ihe anis Rl Gides an_d BYMpHIVETIEC ol Shal : : : : : : e e The InCukalns underground natural gas storage was established in the largest Cambrian structure

The Eesti and Balti Power Plants are the largest CO, emitters in Estonia and in the Baltic Region. In ) © Crbon doxde sources (over 100 000 tyear) (L0 | in 1968. The main criteria used for identification of the prospective structures are: a local high
2005 they produced, respectively, 7.7 and 2.25 Mt of CO,, butthese amounts increased up to 9.4 and - - b - o o b - determined by seismic data, the size and depth of the trap, reservoir properties and reliable cap rock.
2.7 Mt of CO; in 2007 and up to 15.3 and 3.2 Mt of CO; in 2009. Large emissions are explained by Figiie 2 Najon Cambranladteer e ictne s (G0N Sbmo s Foonta lekccdihg 2N On the basis of these criteria, 16 prospective structures were revealed: Dobele, North Blidene,
composition of the oil shale commercial seams, which are interlayers in the Estonian Ordovician of Latvia and Inéukalns underground gas storage [8, 9]. Blidene, Snepele, South Kandava, Degole, Luku-Duku, Kalvene, Vergale, Edole, North Kuldiga,
carbonate rocks. CO, emissions produced during combustion of oil shale are higher than those from Viesatu, Aizpute, Usma, Liepaja and North Ligatne (Fig. 2).
other fossil fuels. The CO, content in the flue gas produced during combustion of Estonian oil shale : :

o : ; ; Two geological structures of Latvia have been proposed for CO, storage — Luku-

can rgach 15-25%. Thg CO; emissions pr.oduced. by the Eestl apd Balti Power Plants are higher than Duku and South Kandava. These structures were determined by seismic SOUTH KAN DAVA
emissions of all large industrial sources in Latvia and Lithuania taken together [3, 4]. The oxyfuel investigations and studied by four (Luku-Duku) and five (South Kandava) boreholes.
technology was applied in the modelled CCS scenario. This involves the combustion of the fuel with However these are not among the most prospective structures studied in Latvia, and
pure oxygen, resulting in a gas flow with a high concentration of CO,. they are not the closest to Estonia. Three most prospective in Latvia structures (best
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studied, with the largest capacity) have already been planned for natural gas storage
and for storage of Latvian CO2 emissions.

The Luku-Duku structure (Fig. 3) is situated within the tectonically dislocated
zone of the Saldus-Sloka-Incukalns high. The Luku-Duku local high is a near-fault
brachyanticlinal fold about 50 km? in area. The thickness of reservoir rocks is 45 m,
their top lies at a depth of 1024 m. Reservoir rocks are represented by sandstones of
the Middle Cambrian Deimena Formation (Cma2dm), underlain by sandstones with

BB s inter-layers of siltstones and claystones of the Lower Cambrian Ventava and Lower-

BB an S pr 1 Middle Cambrian Tebre Formations (Cm;vn-Cm.tb). Middle Cambrian reservoir
E Y & > “‘ | l s, sandstones are covered by argillaceous rocks of the Lower Ordovician Tremadocian
B ..._." - Zebre Formation (O4zb). The Zebre Fomation consists of the Lutrini (O4zb4), Kumbri

: _IEEHEM (O1zb2), Zirni (O1zb3), Kalvene (O1zbs) and Zante members (O4zbs). The Ordovician,

e o Silurian and Devonian carbonate and siliciclastic rocks represented with total

S

= thickness of about 1 km overlie the cap rocks of the Zebre Formation. Reservoir
sandstones of the Middle Cambrian Deimena Formation in the Luku-Duku structure

_ . have an average porosity of 22%, permeability more than 200-300 mD, reservoir ( )
Eesti Power Plant Oil shale heaps Balti Power Plant water temperature 19° C and reservoir water salinity 103-105 g/l. | A |
LU KU-DU KU T 25 24 B Kandava-26
. . S - i n 200 1 t 0 Q 200 METRES O  GR, pkR/h 20
Table 3. Large industrial emissions in Estonia in 2005-2009 —-975 — Contour line, m 0 — b = ==
_ —_— Fault -100 4 e [Dppl-aml - 100 R [F-1150 -
Share of EPP | Section line 20 1 ol | T
Large CO, sources (>100000 Eesti Power Balti Power and BPP in Borehole | :;:m ' {100 | £ |[-1175
tonnes) registered in ETS Plant (EPP) Plant (BPP) large CO, -500 :gg 5 |1
emissions o0 S B o [5 |[7
: -800 I -800 5 N ————
Year Number of | \riion tonnes | Million tonnes | Million tonnes % e : - | s = —
sources il o 0 |6
1100 i . - *- [ [ .
- 0O, Ar-Pr| [ ~1250 [
ST ; i s - s ("B”“) 1258.1 m Basement ﬂms = :igg (6) —— _ -
2007 9 14.5 9.4 2.7 83.4 B 26 33 A Figure 4 (A) Structural map of the top of the Cambrian reservoir sandstones in the
100 Q A A__Q Paky 4, SKRUNDA= P26 South Kandava structural trap. (B) Geological section along the line A-B. (C)
P F— - GR, pkR/h Geological section of the Cambrian reservoir and Ordovician cap rocks in the
2009 13 227 153 3.2 81.5 5 DT ™Dtk | 1, e e Cavia ve-26 beraholo (26 1niparts A ahd B), i
200 Dpl-aml | 238 ﬁi’ - :3_—- The South Kandava structure (Fig.4) is a brachyanticlinal fold stretching from NE to SW located in
B e L9 S the centre of Latvia. The south-eastern and north-westem flanks of the fold are bounded by faults. Its
RESU LTS 'A,'gg 500 P22 [-1025 = area is about 69 km’, the thickness of the reservoir is 25-36 m. The top of the reservoir rocks is
:?00 600 | E f FAEE TR T represented by sandstones of the Middle Cambrian Deimena Formation located at a depth of 1053 m.
. - : ; . ; ; ) 3 [ - : y N ; =
The summary of the input parameters of the Estonian—Latvian scenario is given in 700 a0 | £ F-oso| AN | “amenan Bemmens Eormation'in-souliv Kensava sinichie s an gveroe parceily of 29, average
e L e _200 T _800 ; : — permeability 300 mD, reservoir water temperature 11° C and reservoir water salinity 109-115 g/l.
: s P P _ _ y i 2900 i T [ 900 (8 | [-1075 e |
given in Table 2. Preparatory works for this scenario could be started in 2012-2013 L1000 T 1000 | & | | 5
together with the construction of new power plant units. Estonian and Latvian CCS -1100 S 1144 m 1100 | Q | Eago0| & CONCLUSIONS
: ‘ : : . -1200 -1200 | > | ¢ =
regulations could be ready by that time. Development/construction period of the site Basement 0, 4800 | E | Foiiss —
: . . . . - i ., - _& . -
in Latvia could take up to three years, including geophysical exploration and drilling e ACEL —— 4+ Two planned new blocks of power plants with the expected capacity of 400 and 300 MW
of boreholes at two sites. Taking into account the well injection rate of about 1.5 Mt/yr o and annual CO2 emissions 8 and 2.7 Mt were selected for economic modelling by DSS.
and total injected emissions of about 10.5 Mt/yr, at least seven boreholes with a (B) e a0 (C) * I:nv? ﬂ‘;’ﬂg‘;'hsgf”fﬁg 'f;,fﬁﬁg'@ﬁbkﬁa??gemrsoiu$82%62%as\68r\ﬁv n{;“tahﬁ]ii:;s;s; 2?12
mlnlmu_m dePth of ,1070 m should be drllle_d_. The total estlmat_ed POSt of St‘?“’_"ge LasEmEt Cambrian sandstones of 2845 m, average porosity 20-22%, permeability of about 300
works including maintenance costs (€0.2 million per year per site) is €250 million. mD and conservative CO. storage capacity of 40 and 44 Mt of CO>, which will be enough
The possibility of reconstructing the conserved boreholes can reduce drilling costs. Figure 3 (A) Structural map of the top of the Cambrian reservoir sandstones in the for 8 years, were selected for the scenario.
The estimated pipeline length required for CO. transportation is about 800 km. The Luku-Duku structural trap. (B) Geological section along the line A-B. (C) Geological 4 = Total costs of the project estimated by DSS as 2836 € million for 30 years of payment
; : . : section of the Cambrian reservoir and Ordovician cap rocks in the Skrunda-P26 period
storage sites could be ready to 2016 year, when new blocks will be built. With a borehole (26 in parts A, B). e b o e s BT €. oF hich G8% 1 sl Eant :
conservative storage capacity for 8 years of emissions in two storage sites the total (€295 ‘53‘)33 CHRIHRANG SRaiORSe B el OINHEIRREY ISISIEeePIE L0y
cost of the project is €2.8 billion fpr 30 years of pay out time. The most expensive in 4 The total cost of transport (800 km) is €447 million.
the scenario are capture (€1.9 billion) and transport costs (€0.45 billion). Capture cost Table 1 Summary of the input parameters for storage in the GeoCapacity Model. 4+ The transport cost of one tonne CO, transported is € 5.3. N |
makes 68% and transport cost is 16% of the total cost of the scenario. The total cost _ + The storage cost for two sites together is €250 million, of one tonne CO: injected is €3.
for one tonne of CO2 avoided (75.8 Mt) is €37.4, including €25.5 for capture, €3 for Sk Namg Huu-Duky SouthiKandava
compression, and €5.3 for transport and €3 for storage of one tonne of CO, injected ElRitee Sl gl | ist of References
(8 4.2 Mt) Depth (m) (from the earth surface) 1024 1053
) ’ Current reservoir pressure (bar) 93.7 98 3 - [1] Vangkilde-P_ede rsenT, L_yng Anthonsen K, Smith N', Kirk K, Neele F, van dgr Mee_r B, et al. Assessing
. . European capacity for geological storage of carbon dioxide — the EU GeoCapacity project. Energy Procedia
Table 2 Economic parameters of the Estonian-Latvian case study (NPV is a net present value, Maximum reservoir pressure (bar) 107.8 113 2‘[320]9\}1 3255,%70'5 5 e e e e T
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