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INTRODUCTION

Scmumhepgap The inventory and mapping of large industrial CO, sources and geological storage SURFIGIAL [/ | Vi [ T S The countries targeted in this research are situated on the East European Craton
ALSTG)M CO2NetEast projects supported by EU FP6 [1]. The industrial CO2 emissions of fsufpﬁom kML 9 N b Within the EEC, the Precambrian crystalline crust is exposed in the Baltic (also
Estonia are the largest in the Baltic Region and among the largest per capita in LEGE"D N - T"' o F':" mm \ @ R Fennoscandian) and Ukrainian shields and in minor areas of Belarus and the
VATTENFALL Egrope and in the worId._The high CQ2 emissions and the lowest in I_Europe energy = T Al e e Voronezh Massif of SW Russia. Elsewhere, the craton is covered by the Late
price in Estonia are explained by the highest in the world use of local oil shale (13=15 = - 5 . ey Proterozoic and Phanerozoic sedimentary deposits of the Russian Platform (Fig. 1)
\\V/ million tonnes (Mt) per year) for energy and shale oil production. As Estonia is | G g, o e o Kl R [4]. The Ural Mountains of central Russia form the eastern margin of the EEC and
b .'..Enel located in the northern, shallow part of the Baltic sedimentary basin, including ‘ccoin §/ _.T_'Mf:‘;;;m@ : mark the Late Palaeozoic orogenic collision of the EEC with the Siberian cratons.
) k potable water,. its CO, ggologlcal sto_rage capacity has been estlmatgd as zero [2, 3]. m . - ”J The southern margin of the craton is where Sarmatia is buried beneath thick
SO0 A1t the same tm;ﬂe, .thezhlgh CO, en;]lss:ons cl’\]; the tvpo Iar%est EStﬁ”'an pow<-|:~r plants = — I Phanerozoic sediments and the Alpine orogens. The south-western boundary of the
( Er’f anndEB '2ﬁ Etnmr -00t9 )’Inef';tr ecg)wnt rarva, t aveian ?r:cei ti ibnat:ﬂpnnarenie;gy £ casn I, s N EEC is known as the Trans—European Suture Zone (Fennoscandian Border-
compatiys sEsIRENEIga IOP0OIIOE IS ssloleg € raite ST IE MEFNOOUITIH tediofts. iy D el VN Danish—-Polish Margin Province in Fig.1) and separates the EEC from the
This article is based on the research "CO, geological storage in Estonia and J S Rl Phanerozoic orogens of western Europe. The north— western margin of the craton is
TECHNOLOGY neighbouring regions: analysis of options and storage recommendations” compiled _\ o, Sk e, ovestain b the foHeand-thmst Bty Palionze e Coledanisn ometn
s by the Institute of Geology at Tallinn University of Technology for the Eesti Energia 1 m)m The th)i/ckness of the cover of th)é Russian Platform mostly ragngés between some
company in 2009. £ owr LE L D P \MAR& / VERA : . .
£ e / = ) PN tens of metres and 2 km, locally reaching up to 3-5 km and even exceeding 15 km in
= S P -\ p the Ukraine and south-western Russia. The covered part of the EEC comprises
DATA AN D METHODS __ "'°5°°"““5'" = 7 several large basins of sedimentation, e.g. Moscow, Baltic and Peri-Caspian basins.
This research is based on the results of the GESTCO (EU FP5) and EU GeoCapacity (EU FP6) B ; : K e P Maxima of b_asm formation : and f“.“ng QccuiTed durlng_ the Rlph_e_a 4 (M.e SO0
projects [1, 6], a report on CO, storage capacity in Sweden and Denmark [7], and also includes an omsngeaiv BTt e b SGE I P Neoproterozoic), Early Vendian (Ediacaran), late Cambrian—Ordovician, Middle to
overview of storage options in the adjacent to Estonia regions of Russia. The research covers the WA SN N Dﬁpﬂfistt{ el e late Devonian, Carboniferous—Permian transition and Triassic. Large rifts and
Baltic Region and Poland, the Nordic Region (Finland, Sweden, Denmark and Norway), and north- e o N S I SIERCNE QY aulacogens divide the EEC into three parts: Fennoscandia, Sarmatia and Volgo-
western and central Russia, including the Kaliningrad Region. The CO, geological storage capacity of ERMMI:':J POL,:‘:*% B R NNV Uralia [4]
Russia has not been studied earlier. The capacity of enhanced oil recovery (EOR) and enhanced gas R N\ €l N 1 | '
recovery (EGR) in Russia has been roughly estimated using known volumes of recovered oil and gas : N
and potential reserves of the oil and gas deposits [8, 9]. In order to estimate real prospects for CO; B r ) REGIONAL C02 STO RAGE CA PACITY

storage, the capacity of large prospective structures should be compared with large CO, emissions of
the country. Only structures suitable for the storage of emissions of at least 20-30 years from the
industrial source (its life period) could be a subject of the storage permit [10]. The storage potential of
the above mentioned countries in saline aquifers, hydrocarbon and coal fields were considered in our
study. Only conservative estimates calculated by common formulas and presented in the public EU
GeoCapacity report on storage capacity were used [1]. The value of national storage capacity divided

Figure 1  Geological map of the studied area with borders of oil and gas geological provinces
according to [5]. Modified after Eric Gaba, Wikimedia Commons (2010).
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Cambrian reservoir rocks (sandstones of Tiskre Formation) more than
800 m is shown by green. White area shows the sedimentary cover with
depth of the top of Tiskre Formation less than 800 m. Area of
supercritical state of CO for the Middle Cambrian reservoir is green
(location of possible structures for CO, storage). AB and CD show the
cross-sections lines (Figs. 6—7). Eesti Power Plant is marked by blue
star. Possible storage directions are shown by dashed lines.
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Figure 3. Geological cross-section across Estonia, Latvia, and Lithuania (modified 21°0E  22°0E  2°E  24°0E  25°0E  26°0E  27°0E  28%0E

after Sliaupa et al. 2008). Major aquifers are indicated by dots. Np3 — Ediacaran
(Vendian), Ca - Cambrian, O — Ordovician, S1 — Lower Silurian (Llandovery and
Wenlock series), S2 — Upper Silurian (Ludlow and Pridoli series) D1, D2 and D3 —
Lower, Middle and Upper Devonian, P2 — Middle Permian, T1 — Lower Triassic, J —
Jurassic, K — Cretaceous, Q- Quatemary.

is shown by yellow (between green Lower Cambrian and blue Lower-
Middle Ordovician Formations). Riphean (Rph, Ediacaran (Vendian, V),
Early and Middle Cambrian (Cm, and Cm;), Ordovician (O), Middle and
Upper Devonian (D, and D3), Carboniferous (C), Permian (P).

Figure 2. Structure map of the Baltic basin (modified after Sliaupa et al.
2008). The contour lines indicate the depth of the top of Cambrian. The
dotted lines show major faults. The P-T fields of gaseous (white) and
supercritical (green state of CO, are indicated. The line of the
geological cross-section shown in Fig.3 is indicated.

Figure 4. Big industrial CO, emissions produced in 2007 in Estonia,
Latvia and Lithuania registered by European Union Emissions Trading
Scheme. Solid lines show natural gas pipeline network. Rectangle
shows In?ukalns underground gas storage (UGS). Location of
prospective for CO, storage structures in Latvia is shown by black

Crosses.
— — ¥ Table 1. Distance from Eesti Power Plant to saline aquifers and hydrocarbon fields )
< Country Direct Direct Distance Distance Distance to Oil and gas regions
{ distance to distance to to deep to deep hydrocarbon I Timan-Pechora
- deep saline hydrocarbon | saline saline fields by sea 5
2 aquifers (km) | fields (km) aquifers aquifers (km) 11 \é0||§_1::].a Ural
by by y  ballc .
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= w2 Legend Table 2. Summary of conservative CO, storage capacity in all reported countries updated after [1].
= R _ [ Hydrocarbon Fields
3 _ J Hydrocarbon Fields Annual CO; emissions CO; storage capacity (Mt) Years
NW Russia (Mt)
Basemap Country Total Large point Deep saline | Oil and gas | Coal Total Total
sources aquifers fields fields
Estonia 21 12 0 0 0 0 0
RUSSIA Latvia 4 2 404 0 0 404 202 T Vimiaus
Lithuania 18 6 30 7 0 37 0 6/0
_ Poland 325 188 1761 764 415 2 940 15.6 Figure 8 Oil and gas regions of NW (l), central (Il) and W (V) Russia with contours
A Legend Denmark 52 28 2553 203 0 2 756 98 showing depth of the crystalline basement (modified after [16]). Eesti Power Plant is
o I Aauifer Injection S 5 ~ _ Norway No data 28 25 %7 3157 0 29188 1042 marked by blue star. Possible storage directions are shown by dashed lines.
b Peints N Sweden No data 15 1500-3000 0 0 1500— | 100-200
Lq Basemap $ 3000
*._‘\ 3 Finland 69.3 287 0 0 0 0 0
P \ }"\W‘ NW Russia No data No data No data 5675 No 5 675 No data
‘ o CONCLUSIONS
: S : : Total for the 106
Figure 9 Aquifer injection points (boreholes penetrated prospective iaai
; : ; gion 307.7 32515 4131 415 36 788
structures) in the region (Latvia, Poland, Norway, Denmark and
Eg;?grgwggcéam izﬂrggrtkr;% Eyuai?ﬁgzgcngospsr%éc;gggi g:gctgni . ? = - _ - _ = + Among reviewed countries Estonia, Finland and Lithuania have zero, or negligible CO,
are shown by dashed lines. ' Figirs 10 iydrocarbonield s nqthe I ofcic Region and NV Fussia, updated afier B4 storage potential at the present state of technological, economical and legislative
GeoCapacity project WEB GIS [1]. The Eesti Power Plant is marked by a blue star. d (opment. Alll the e h tertiall for CO e Rk il an
Possible storage directions are shown by dashed lines. _eve opment. €e countries have potential 10 o Carbonation, which IS Stil a
immature technology.
MlNERAL CARBONATION 4+ The possible CO, storage sites closest to the largest Estonian power plants are saline
MINERAL CARBO NATION aquifers located in Latvia (300—500 km direct and 600—900 km real distance by pipelines)
o £ COn i ¢ - _ _ NORTH_ EAST ESTON|A and in Russia (>200 km direct and >400 km distance by pipelines). The potential of
Fixation o 2 In the form of inorganic carbonates, also known as mineral =t BF Latvian saline aquifers is enough for about 150 years of storage of Latvian CO,
fharbon?tlonl, IS akpotenttlﬁl option fodr CO ;storagt(;;] . Carbonatlont of tal kaline n;mg(r)als m|mt|r(1:s " Oilshale open cast  Oil shale ash transportation emissions.
€ natural rock weatnering ana Invoives e permanent storage o 2 as e water, Eesti Power Pla[1t 4+ Only the largest of the 16 prospective Latvian structures (2—74 Mt CO,) could be

Oil shale heap
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thermodynamically stable form of calcium and magnesium carbonates. Unlike other CO,
sequestration routes, it provides a leakage-free long-term sequestration option, without a
need for post-storage surveillance and monitoring once CO2 has been fixed. In Estonia,
the oil shale ashes formed in the industrial-scale pulverized firing and circulating fluidized
bed combustion boilers have been studied as sorbents for binding CO, from flue gases in
mineral carbonation processes. As a result, the concept of CO, mineral sequestration in oil
shale wastes from Estonian power production has been worked out and the main
parameters of direct or indirect agueous carbonation of ash with flue gases and of natural

weathering have been elaborated [17, 18, 19]. An additional advantage of this approach is oi
the neutralisation of the alkalinity of ash offering a possibility for environmentally sound , e
landfilling of waste residue. It has been estimated that 10?12% of large CO, emissions nglflri,l;é%oaggip;;fvre?gfoz'ﬂg'iga |
produced by Estonian power sector (>2 Mt of CO2in 2009) can be bound by oil shale ash '

and waste water including 0.1-0.3 Mt in natural conditions [17, 19, 3].
SOUTH LITHUANIA

FlNLAND As the saline aquifers of Lithuania have been found unsuitable for CO, storage,

alternatives to in situ CO2 trapping are being sought [20, 21]. Several natural minerals
serpentinite, uconite, opoka) have been studied as potential sorbents for 2 miner Storage Capacity, D42, GeoCapacity Final Report 2009; p. 1-63, hitp://www geology.cz/geocapacity/publications.
erpentinite, gla te, opoka) h b tudied as potential sorbents for CO al
The Hitura ultramafic Complex in Finland consist |ng of - [2] Shaupa S, Shogenova A, Shogenov K, Sliaupiene R, Zabele A, Vaher R. Industrial carbon dioxide emissions and potential geological sinks in the Baltic States. Oil Shale 2008:25:465? 84.
three separate serpentinite massifs. The areal size of

S€ queS.tration. A large € rpentlr_"te pr_OVInce WaS_ discovered in the Palae.OPrOterOZO Ic - [3] Shogenova A, Sliaupa S, Shogenov K. Sliaupiene R, Pomeranceva R, Uibu M, Kuusik R. Possibilities for geological storage and mineral trapping of industrial CO2 emissions in the Baltic
crystalline basement of south Lithuania. The estimated volume of serpentinites of the region. Energy Procedia 2009; 1:2753-60.

the complex is 0.3 x 1.3 km, the depth of the top is 500 m

(Ni, Cu, Co, Pd and Pt deposit, © GTK, Finland).

considered for storage, while the potential of Russian saline aquifers has not yet been
estimated.
Norway has the highest potential in the Nordic Region with a direct distance to the

storage sites (including saline aquifers and hydrocarbon fields) of about 1200—1900 km

and real distance by ship about 2300—3000 km.

The direct distance to the Russian hydrocarbon fields is more than 1500 km and by ship
about 5000 km.

The distance to potential storage sites in Denmark is compatible with that to Norwegian
sites, but conservative potential for storage of the national industrial CO, emissions is
about ten times lower than in Norway.

The most part of the reported storage potential of Sweden is in the open aquifers in the
southern Baltic Sea, while it is much lower in the structures which should be studied

additionally.
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Baltic/Fennoscandian Shield. Altogether 168 major metallogenic areas, including
1300 mines and deposits, occur in Finland, Norway, Sweden and Russia (according

to Fennoscandian Ore Deposits Database). Part of these resources is prospective for
CO, mineral carbonation.



