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CQ ¢ Carbon Dioxide
CPc Cement Plant
DEA¢ Danish Energy Agency
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5{¢5SqILI Aly&A FSNJ
EU¢ European Union
EU ETE& European Union Emission Trading System
EPRT, European Pollutant Release and Transfer Register
GHG¢ Greenhouse Gas
GISg Geographic Information System
GWHP¢ Global Warming Potential
ISQ¢ International Standard Organisation
LCQc¢ liquid CQ
MRV¢ Monitoring, Reporting and Verification
N - Number
NCT¢ National Carbon Tax
NECR, National Energy and Climate Plans
OSA; OIL Shale As
PCQ; Precipitated Calcium Carbonate
PCIc Project of Common Interest
PPc Power Plant
QGIg; is an opersource geographic information system
SPA¢ Special Protection Area
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TEAC TechneEconomic Analysis
WLE ¢ Wasteto-Energy
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%¢ Percentage
°Cc¢ Degrees Celsius
g/l ¢ gram per litre
kg ¢ kilogram
kg/m? ¢ kilograms per cubic metre
kg/sc kilograms per second
km ¢ kilometre
km? ¢ square kilometre
kt ¢ kiloton
ktly ¢ kiloton per year
kW ¢ kilowatt
kW/h ¢ kilowatt per hour
I ¢ litre
m ¢ metre
m/s ¢ metres per second
mD¢ milli Darci
MPa¢ mega Pascal
Mt ¢ million tonnes
Mt/y ¢ million tonnes per year
MW ¢ megawatt
MWh ¢ megawatt hours
t ¢ tonne
¢ X ¢tenperature by Celsius
t/hr ¢ tonne per hour
tly ¢ tonnesper year
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Figurel5. Locations of Latvian onshore structures and the E7 structure offshore Lithuania (brown) prospective site for CGS
(CQ storage potential exceeding 2 Mt) in the Cambrian aquifer and the studied E6 structure offshore Latvia (yellow), with
the location of the well andompletelithological crossection. The Cambrian Deimena Formation of sandstones prospective

for CGS and limestone oil reservoir of the Ordovician Saldus Formation prospectiveH@RC&and EOR+ of the E6 structure

are shown on the lithological cresection.Large regional structures complicating the Baltic Syneclise in the study area are
displayedon the ma according té.
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The fwlt system within the structure has led to the migration of hydrocarbons from the Cambrian
reservoir to the upper Ordovician reseniSirThe owner of the license for oil exploitation in the E6
structure isthe Danish oil company Odin Energi AT&e al reserves of the E6 structurestimated by

the license ownerare 362 MMBO illion barrels of oil)equivalentto the maximum closure of 585
km?. Oil flow was very low during exploration: 2.?/day from 700 m deep Saldusservoir due to

low pressure within the reservoir and relatively heavy oil. No water flow from Porkuni beds was
determined. Therefore, hydrahemical data, as exploration critey@e not availablef.
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Table11. Parameters ofDeimena Formation sandstone reservoir irCO: storage site E6-Aselected for the Baltic
scenario.

Parameters 9d
5SLIGK 2F NBESINGARIA NY (2 L) 6 YA Y |848901
wSaSNI2AN 6KAOlySaasx Y po
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CQ density, kg/ni cpy

Net to gross ratio, % dn
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Romanian scenariC A IdyMBudes basicallihe capture of CQF N2 Y / Nf NN} UA F yR

transport of CQviathe Danube and Danube. £  O1 { St [/ KFIyySfts AYGSNYAUGC

Medgidia and Midia ports, maritime transport from Mida to offshore storage sites in deep saline
aquifers and depleted or soon to be depleted hydrocarbon fi€ltisee options for transportin@Q

from Midia to the offshore storage sites are considered: offshore pipeline, conventional ship transport
and direct ship injection. For the scenarios resulting from these options in transport, a techno
economic analysis will be madedgether with a comparison that will conclude on the feasibility of
using the direct ship injection technology in the Romanian scenario.

RegardingsHG emissions reducti@t the country level, Romania submitted its final National Energy
and Climate Plan (NECP) for 2030 in October Z#dng an 85% reduction target of GHG emissions
compared tathe 1989reference year. CCS is touched briefly in the refovtl no concrete targets for
capture are described. Although no CCS project exists in Romania today, the regulatory framework
exists The CCS Directive was transposed through Law 114/2013 and amended in December 2024. At
the present time C@storage offshore Romania is permitted according to national CCS law and its
recent amendments.
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The Romanian scenario wasitially derived from the scenario built famplementingCCUS ithe

DIFf I 0A NBESTRATEGYACEESHpKbject. Due tethien's industrial decline aralsignificant

CQ emitter from Tulcea closing, new emitters with active businesses have beesideredCQ

sources in theCTS scenario presented hefEhe main scenario involvése capture of C@from

/ Nt NN UAX aSR3IARALF yR /2yaidlyidl FNBFra FyR aidz2NI
fields and deep saline aquifers) in the Black Sea.

For the Romanian scenario, COYA G G SNA FNRY / Nf NN} UA FyR /2yaidly
considered.

/ Nf Ns\alcduity irsouth-easternRomania, in the region of Muntenia, located on the Danube River

close to the Bulgarian border. It covers an area of 5088 tepresenting 2.1% of Romanian territbty

/ Nt NN} UA KI R | LJ Lz I (G A% yrhean®st impomant pngustiie@alle D7 G I y (0 &
are metallurgical, food and beverage, nonferrous metallurgy, chemarad, glass and clothes
manufacturing®.
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and steeproducerand a glass manufacturing facilifyapleT 18). These two accounted for 14910 t
CQeq. in 20237

N¢ ATUHIMEHAN R apdDidlgpc FOn Y1 K09 @i €1 ¢ ORIOHTG 2 1 q 1J|
L5 g/ 2YLI|ClF OAf JLYRdzAGN+SNWNS|+SNR US|+ SNRA US
9¢{ |yFYS [yIYS |a8002NI|SYAAAASYAAAA|SYAAAR
HNnBme |HAHHI |HoE Gk
ny / {®/ ® |t N2PRdzOsnyno n& oo n¥no
{L[/h{L[/h{LAI ANZ
O {®! @ tadsSSt
RS f dz
/ Nf NNJ

7K g LIA Y K K O £ I MO 23yAlidEAYYUakEdS M NRIKRGELE H n My K NN K DS2 ANF Ul gp2dzRS G dzf
BKYLIBAYKK G666 PNEOSY & ORIV VI BT X Idar X 12 & NaEdwd ripimbbdo ndpvid & kb & 8 8
OKFLIAYKKS G 6D RN /it S yNiIF FadANRak( 3 daRO& (mdatn p

KHLIBYKKGSGGDI \/LJY¢NEKRQOdZYS\/uaKMHHHT[KOTyO(be(bI‘IK9Y7\a7\7\bD
HnonbCLb! [ ymc ®n mdQanOmpR E 8 MBRPpYy mOmO

/¢{ /9¢t LINRB2SO0l 5StAD8MNIoOfS OvM n @ N1 H P
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https://www.adrmuntenia.ro/judetul-calarasi/static/1445
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https://www.anpm.ro/documents/12220/37839994/Emisii+GES+verificate+2021-2030+FINAL_16.04.24.xlsx/107587b1-2cbc-4c9f-90e7-c7bfedba4c1c
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| 2 y & li¢ a/county in the region of Dobrogea, located between the Danube and the Black Sea,
covering an area of 7071 Kmrepresenting 2.97% of Romanian territory" (Bargest county}.

/| 2yadlydl KIFR 503Lihaddahtsonithe 21%/0f Jartiaryr2024. It is an important
transportation hub, hosting an international airport and several ports on the Danube, Black Sea and
the DanubeBlack Sea Canal. Its industries are mainly oil and gas, electricity generation, agriculture,
cement, transportation and beacourisn’® 74,

CNRY (KS |/ 2fifeemiteysivere delétdorsCTSa cement plant from Medgidia, a heat
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Tabley 20). Thesdive emitters accounted for 32535 t CQegq. in 2023.
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https://www.cjc.ro/sectiune.php?s=55
https://constanta.insse.ro/
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m depth.

The potential deep saline aquifers were selected fromrthe-productive structuresiuringthe 1980s

exploration campaign in the Black Sa&omanian exclusive economic zone.

Venugxtructure FigureT 18) presents a good storage reservoir in Eocene carbonaiés the top

at 1000 m depth anthe marls' primary seadt the top of the Eocene formation.

Thelris structure, bordered by Venus Lotus and Tomis North falig(eT d9), has two potential
storage reservoirs ithe Albian and Eocene. The Albiggservoir seerato be the best reservoir for

CQ storage It is represented by quarzitic sandstones with calcareous cement, with a porosity of up
to 30% and a permeability of 200 ftDTheSenonian marly formations represent the seal of the Albian
reservoit The Eocene reservoir, consisting of fine, compact limestones with a thickness of about 700
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Depression, Black Sea, are feasible options. All the potential storage sites are shallow water, most of
which hae deep reservoirs (1800 to 2700 m), except Venus, which has a shallower reservoir at 1000
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m (the entiresequence being characterized by a remarkable homogeneity), is protected by a seal
represented by Oligocene clays. For capacity calculatiody the Albian reservoir has been
considered.
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The Lotus structure enanticline bounded by Ventlsotus South and Vendotus faultsigurey 20).

The most suitable storage reservoir is the Albian, considered solely for capacity estimation,
represented by calcareous sandstones (with a porosity of up to 30% and a permeability of up to 200
mD) with thin intercalations of silty clays, protected bhager of compact blackish clays. The Eocene,
the second potential storage reservoir, is very homogeneous, with an alternation of comggct
marls and fine limestone®ligocene compact grey clays represent the .seal
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Tomis structure Figurey 21) has a potential good storage reservoir in the Albian formation, which
can reach up to 300 m thickness in this area. The potential reservoir has been encounsrZa0(g
2844 m depth on 10 Tomis weél, comprised of grey sandstones with calcareous cement, with a
porosity of up to 30% and a permeability of 200 mdDthin layer of compact blackish Cenomanian
marl represents the séa

The calculation of storage capacity for the deep saline aquifers has been made according to the
methodology used in EUGeoCapa€igfter the formula:

) 0 Q 00 % ” Y
Where:

0 is the storage capacity is the area of the aquifei€lis the average thickness of the reservoir;
NGis an average net to gross ratio of the aquifer in the trap, where net is the thickness of the
permeable reservoir layerand gross is the total thickness of the reservéfisis average reservoir
porosity;” the density of C@at reservoir conditions anti¥  is the storage efficiency factor.

The parameters used for storage capacity calculations for the deep saline aquifers are presented in
Tabley 21. This is a conservative capacity estimation, choosing an average porosity of 20% for all
structures, an NG ratio of 0.5 and a storage efficiency of 20%.

From the potential storage sites in deep saline aquifers, Tomis could be the more feasible option,
considering it has a larger storage capacity, able to store more than 70% of tfea@@red under
the scenario.
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The hydrocarbon fields selected for the Romanian scenario are fields that have been exploited for
more than 30 years and discovered during the 1980s within the exploration campaign of the Black Sea,
a Romanian exclusive economic zone. The three selected fields are currently operated by OMV
Petrom. The published data are scarce.

[ S0 NR Figu@ag2¢23pis an oil and gas deposit discovered in 1980. The field has 3 productive
reservoirs in Albian (oil), Upper Cretaceous (oil) and Eocene (gas). All three reservoirs are of interest
for storage, but the Albian formation could be considered as most suited. The structureshea

shape of an asymmetric dome with a dip o£32°in the South and East and&M®° inthe North and
North-East. The Albian reservoir, assumed the most suited for storegmprisessilicious and
calcareous sandstones, micrmonglomerates and conglomerates with a porosity of 17% and
permeability of 82 mf¥. The Upper Cretaceous (Turoni@enonian) reservoir, represented by
fissured limestones, with low permeability, is sealed by compact Campanian limestones. The Eocene
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reservoir, with a thickness of up to 300 m represented by an alternation of clayegtones and

compact marls, has Oligocene shales as a protective formation.
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[ S0 NR I Fiekl(Biguiey 23) was discovered in 1984 with oil in the Albian and Upper Cretaceous
formations and gas in the Eocene formation. The most suitable reservoir for storagiésAtbian
formation, divided into four porous units with good porosity and permeability. The resematinly
comprisedine quarzitic sandstones, gravelly limestones and microconglomeéfates

The Sinoe fieldHigurey 24) was discovered in 1988. The structural configuration is of an asymmetrical
anticline-oriented WNW¢ ESE. The target reservoir is in the Eocene formation, divided into three

porous and permeable sedimentary complexes. All these three complexes are sedngioquarzitic
sandstones with clay cement and clay intercalations.
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For thesehydrocarbon fieldsstorage capacity estimationas been made only for the oil reservairs,
the data for the gas reservoirs being considevedkliable. Because of poor data availability, a simple
formula was use@ndimplemented also in the EUGeoCapaC|ty project:
0 K Y'Y 6
Where:
0 is the storage capacity of the hydrocarbon field;
” is the CQ@density at reservoir conditions;
Y'Y is the proven ultimate recoverable oil or gas, the sum of cumulative production and the proven
reserves;
0 is oil or gas formation volume factor.
The parameters used fohe estimation of capacity are presented Tiabley 22.
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Figure 2.3
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in terms of capacity and status of depletion (being the oldest field brought into ixjtm), so we

can select this for further techreconomic analysis. This field can store more than half of 20 years of

CQi2 06S Ol LJWidzNBR FNBY / Nf NN} UA FyR /2yadlydalr Ofd

chmn ¢ N y & LJ2 NI

The transport of captured G@& designedsa multimodal involving onshore rail transport, fluvial ship
transport and maritime transport for the finalegment using pipeline, conventional ship and direct
ship injection Figurey 25). Depending on the option chosen for the last transport segment, the
Romanian main scenario can be divided into three scenarios. All these scenarios have a common
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design for the transport of GF NB Y / Nf NN} UAX aSRIARALI X
port, from where the C@will be sent using different options to the offshore storage sites.
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CQOI LJi dzZNB R TeiiReXs can Beftrihsidorted by rail (10.4 km distance) up to an intermittent

da02N) 3S Kdzo G2 0o
can be transported directly throug
channel to a hub designed in Midia

S LY I OBdrrevA2g). Ffoi thill paintkiie capRiredYGONI A |
h the Danube and the upper brancthefDanubeBlack Sea
poRigurey 27).

The CQcaptured fromthe Medgidia cement plant can be shipped directly frime Medgidia port to

the Midia hub. The cement plant is
FNRY ¢SN¥Y2O0Sy i Nis

located at approximately 1.5 km distance from the port. The CO
ot b&trahspoytetdyi raily(36.6 kmQlistghce) the Midia huband

the CQ from the Celco lime factorgt a 4 km distanceHigurey 28). The other two emitters, the
refinery and the energy planare, in fact, within Midia port, and short pipelines can be designed to

connect them to the actual hub.
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Fromthe Midia hub, as mentioned before, three options are designed and widiriaysedin the CTS
project as scenarios for the Romanian case.
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Scenario 1: Frorthe Midia hub, C@will be transported through an offshore pipeline to a central

platform, where the C@will be distributed to the storage sites. The pipeline is designed to follow the

corridor of the existing one that connects the Midia refinery and Gloria platformimedr S6 NRI 9 & (i
field (Figurey 29). Fromthe Midia hub, the pipeline will go to an offshore platform from where the
CQoAatt 0S RAAUNAROGAZASR (2 (KS aStSOGSR airiasSa oSo3
Scenario 2: Fronthe Midia hub, CQwill be loaded on conventional ships and transported to an

offshore platform where the C@will be distributed to the storage sites (..2 YA a4 YR [ SO NRI
Scenario 3: Frorthe Midia hub, C@will be loaded on a ship specific for direct ship injection and

injected directly into the selected storage reservoirs offshore.
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Three ports are involvedhithe Romanian main scenario, eaabcommodatingan intermediate

storage hub from witchthe CQ can be loaded on fluvial ships or sent via maritime vessels or through

Fy 2FFAK2NB LIALIStAYS (2 GKS aid2N)r3IS &aAid,%%0e / Nf NI
Midia is a maritime port.

Ly G KS 2 NBaZ an/industNaNpotl ineant to serve the steel plant, but this gas been
AY2LISNIrotS F2NJ I f£2y3 GAYSP 2 Saptendd hulddngesitSssy / Nf N
active,hasspace to accommodate new installatigrsdhas good rail connectivity with the emitters

considered in the scenario.

Medgidia port is located neahe Romcim cement plant and is usaaltransport products from the
plant. It is logical that, due to the high level of emissions, a hub should be placed in the port or near
the port.

Midia port is an important industrial poih the Black Sea with a direct connection to the offshore
hydrocarbon fields that could be used asorridor for CQtransport to offshore storage sites. Midia
Port alsohasgood rail connectivity.

hyaK2NB (N} yaLlk NI

Onshore transport from emitters tthe central hub Midia, will be done via rail, short pipelines and
river. The onshore transport options are presented @bley 23.
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The Romanian scenario wasitially derived from the scenario built famplementingCCUS ithe

DFfF0A NB®ERSZRATEGX GEUS Yroject. Due tonthestrial decline of the region and

because an important GQmitter from Tulcea is closing, under CTS, new emitters with active
businesses have been taken into consideration asc@@ure sources. The main scenario invohines
capture of COFNBY (g2 Of dzZAGSNBRZ / NfNNIXUA FyR /2yaidlyl
(depleted hydrocarbon fields and deep saline aquifers) in the Black Sgaill3®@ transported by rail

and by river to the main hub in Midia pdifable 24)
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The total storage capacity available, estimatethattheoretical level (based solely on public data), is

167 Mt and the total C@to be captured from clusters for 20 years is 41.4 Mt 0f.QWo sites that

could be selected for further tech”8 02y 2 YA O Fyl f@aAras ¢2YA& I yR [ S
storage capacity of 58 Mt, more than enough to store 20 years of 2.07 Mtlyear, 41.4 Mt.
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Figure30. Map with target regions, potential G@ubs and storage facilities in Ukraine tbe CTS project.
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https://www.worldometers.info/world-population/ukraine-population/

Ne AVigPIO]EIORt + R Y U b i~ q 109 §

Current year
Gas 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | compared to
base year, %
i?ﬂf‘g;‘d‘“g 7062 | 390.1 | 285.7 | 313.5 | 294.4 | 223.8 | 234.0 | 223.1 | 231.7 | 221.9 | 2068 | 2102 -70.2
CH: 182.9 | 139.1 | 118.3 | 1028 | 849 | 61.6 | 664 | 642 | 679 | 701 | 72.0 | 7L5 ~60.9
N:0 53.6 | 331 | 241 | 259 | 276 | 332 | 365 | 351 | 390 | 40.6 | 38.1 | 438 -18.4
HFCs~ NO | NO | 157 | 285.1 | 743.9 | 801.6 | 921.4 | 1049.3 | 1395.8 | 1685.0 | 1751.5 | 1901.0 100.0
PFCs™** 2358 | 178.1 | 1157 | 1423 | 267 | NO | NO | NO | NO | NO | NO | NO -100.0
SFe* 00 | 01 | 04 | 45 | 97 | 196 | 244 | 286 | 334 | 388 | 434 | 489 641194.7
NFs* NO | NO | NO | NO | NO | NO | NO | NO | NO | NO | NO | NO 5
NECOFmomIU- | mig | Goa 933 | 93 | 43 | s | 283 | BE | 9Er | B0 | 4l | e -144.4
LUCF 2000 | ey | Reme a -~ il R ! B £ : : g
CO: (nclnding 674.6 | 357.6 | 262.5 | 3043 | 2851 | 2433 | 2582 | 2364 | 2564 | 2451 | 2058 | 2242 -66.8
LULUCF) D) || B | =2D2) | SRR || Rt || JERd | ZDCv || ol JEa | R | ZUiop|| Meiine :
ngi‘l.((";‘;‘)l“d‘“g 942.8 | 562.1 | 4279 | 442.4 | 407.3 | 319.2 | 337.6 | 323.3 | 339.8 | 334.1 | 318.0 | 3273 65.3
E:f;‘é?g““‘“g 911.4 | 530.0 | 405.0 | 433.5 | 398.3 | 338.9 | 362.0 | 336.7 | 364.7 | 3574 | 317.6 | 3415 -62.5
Total (excluding
LULUCF), includ- | 942.8 | 562.1 | 427.9 | 4424 | 4073 | 319.2 | 337.6 | 323.3 | 339.8 | 334.1 | 318.0 | 3273 -65.3
ing indirect CO2
Total (including
LULUCEF), includ- | 911.4 | 530.0 | 405.0 | 433.5 | 398.3 | 338.9 | 362.0 | 336.7 | 364.7 | 3574 | 317.6 | 3415 -62.5
ing indirect CO2

*emissions quoted in kt CO2-eq.
** there are no PFC emissions. as cooling agents containing the gas were not imported in 2011-2021
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CQ will be transported to offshore storage sites in the Black Sea, where geological formations are
suitable for longerm sequestration. The reservoirs have been identified in depleted gas and gas
condensate fields (Holitsyna, Arkhangelsk, Shtormove) confinethaoKarkiniteNorth Crimean
depression. Gas and gas condensate reservoirs, which are considered as potentsabr&ges,
primarilyreferredto asOligoceneLower Miocene (Maykop series) and Lowalaeocendéormations
consist of clayich, carbonate (limestones, marls) and terrigenous (sandstones) sediments with
porosity ranges from 20 to 30% at depth from 900 m and up to 2559QTable288).

Brd al | KIAf20Y {d 81 KGZI3X b %l AYyAG12T 2 h3IALNE ho YN
b! yO2y@Syes2ylt &2dz2NDOSa 2F KEeRNRBOIFINb2ya 2F | {NFXAYySY Y
0SFNAY3I NBEIAZY DAYERAD NIVMNAINEADHE Gt2dzadt Va KAy 3 | yR t NAya

/¢{ /9¢t LINRB2SO0l 5StAD8MNIoOfS OvM n @ N1 H P



I 2 A {iR2aNITHS
| 2t A@a&ylO2yRSyalisS USftR Aa (GKS UNmG USEtR 2y (K
I LILINREA YA Al SY &6 loinSNJ RSSLIE tn 1Y FNRY / K2NYy2Y2NA]

ONPe ¢KS IS2f23A0Ff auNHzOUdzZNBE O2YLINAaSa aSRAYSyYdUa
6alel2L0ad8xSa0wre traSNE asStf (&S tlt8208yS asc
11412
Ao 500 1000 1500 2000 2500 feoo 3500 B Legend
1 1 1 1 L 1
N,

84 MT-M- éé Stratigraphy and lithology:
N1, N2 - Neogene (limestones, clays, sandstones)

g_ P,mk, §

P.mk, P3mkz - Oligocene (upper maykop): clays, limestones, sandstones
2 3
o s & P2 - Eocene, P3mki1 - Oligocene (lower maykop)
P.
8 ; o Paleogene (clays, limestones, marls, sandstones)
F P &
x| Cretaceous (limestones, marls, Cenomanian volcanic formations)
% Az X g Kam - maastrichian
: Kzkm - campanian

Kast - santonian

% § Kat-k - turonian - coniacian

b Kas- senomanian

@ g I Proterozoic (sandstones, siltstones, mudstones, highly
metamorphosed shales)

3 :

% g M-XI | reservoir (potential CO2 storage)

0 500 1000 1500 2000 2500 3000 3500

C A JaaEBological crossectiof” through line AB of Holitsyna fieldThe locatioris shown inC A alaNJ5

DF&d O2y RSy alit S0KMBEKS NiIZE2 A3 yoa A RS NS yIGAARBISYy a A Sy X @
RSUNRGEE F VRYXFNMNIIONOGINBERYSH G2y Sa 2F (GKS [26SNI t
FyoaOf AyLIEy RBE R2 B"HAGHBNGSD] Y

I NJ K I yiSNgRA S

' NJ KFy3asStal 3Fa UStRI RAaO2JSNBR MWa ul@dgE 2% O &S
.t FO1 {SFZ cc 1Y FTNPYW AAK2NVHEORFEUESRY (2 NEKSI NBAS
RSLABVMp YIGR2AGIKR Aly BF YR A& O2Y@EAXSR 2 SalHyRSNE 6 A
AUNIGF 2F G(RSharITXTAGWASHNABSEE LINRPRdzOa2y 06S3tLyYy AY

B85 9d al {INByl12s bl2tAadaegyl 3Jra O2yRSyal S upSitoR=Z b
w! 00SaasSR wmn ééSYGSNJ HNHNB ®

¥hotod tSi NEQa‘[ A . d.d I 0ft208&a18A% bd{d DIyIKSy12z ¢o
FYyR 3Fa&a LINP&LISOsa@S 2062S0iGa Ay GKS O2yRAsz2yad 2F (KS vy
aSAaY23INI FA i K YIRS Sty IANED VindaynIpids R dzddzl k 0 A G AGNBF Yk mMHonpecT
B5d 9d al 1 FINBy12Z b! N KBYAETt ST S YIKG LA MiaR D dadIth? dOOER &1 45 W

550SY0SN) HAHNB D

Bwd Y2ZYRNIGZ ad® YKIENAG2Y20TZ hd Y2YRNI G |y
I N KFy3asStals$ 3ra UStER yR gleéa 2F AyONBI a
YR RS@St2LIVSyl( yw2HO 2HE dBbly®R ncAt @ USt Rax

/¢{ /9¢t LINRB2SO0l 5StAD8MNIoOfS OMM @B B N1 H P


http://elar.nung.edu.ua/bitstream/123456789/2006/1/658p.pdf

0 500 1000 m
C [ R

Legend
N,-Q

2 gas reservoir
-500 - ,_Niszs
m gas condensate
N .
N12 reservoir

T
%\

_,_j;ngmmmﬁﬂﬂ
-1000 -;—’_”___ Pzmk, =
4 [~ Psmkz A logical b dari
© ] geological boundaries
I F - R
-3000 4 p— :.’ WWWN E tectonic zones
L Py 1
sz

-3500 - I

A J dzaNBologicakrosssectiof® it K NB dza® & KB K USRS  AGQF SAXKyE A A dzNIY ¢
NBiGFOS2dza LISNA 2iRat lafl 3 2AGOWAISR 8 D §o15818XY &4,6NASAIES Nd,d 0 b
tA208nyudi SINY I NB O P

{Ki2 NWM2REHS

{KG2NXY2¢0S 3AFa O2yRSyaliS USftR Aa yH 1Y &az2dzikKgS:
wSaSNBPR ANILR ( S/ RUINKIH SYG SR YAONRONRAGEFEtEAYS FNI OI
t £ S20SyS gA%MPK ¢K/B: GIDANKE & MR S LAERY ¢ CAKES [HEn dMPp G 2OSYy
YI NI & [6yeR o@SI &1dy 0

Ne AviEIe) DY a YNRAEC GO OT loqUHE URHEGIOGE ! ¢ gqlll t toYntos! T 1 YRe!l AY U031
CAStR 138 ¢k NH| ! NB| wSaSN ! GSNI! OSN] t SMIvoAfl wSaSNK/ I LINJ
NEasSN 1Y RSLII| NBaSN L2 N Y5 tAGK2T
Y GKAOY 2
Y
1 2tAG| [26S LT no®| HMpP y n M p Mdp /' I Nb2y| [t
tfS2 NB&aSN 0f AYSa
YI N ao
i SNNR 3
0al yRA&
ASRAYS
I' Nl KFylhtA32 alé&ld Hy® dcwmp oc HC pTtoy | {FyRad| /i
1268 oa FyR aAf
ar2094 NBaSN
{KG2N)N [268S LT HNo® dy c yp M T H®o [AYSad| /€1 i
tfS2 NBaSN

cOHdo, {/ h2 NF 3S /| LI OA @

Gas production has been taking place since the 1889 The preliminarjheoretical CQ storage
capacities were estimatedsing the following approaéh(Table299):
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MCQ="CQONJ P wj x OGIRBg\T

where:MCQ ¢ estimated C@storage capacity (masfitb YA f f A 2 y & -h2 GQ drity st edervoir
conditions (kg/m3)Rf¢ Recovery factor (percentage of pore space usable fersage,OGIP- Original Gas
in Place at surface conditions (volume, typically in standard cubic meters orBgGF§;as formation volume
factor (dimensionless), representing the ratio of reservoir volume to surface volume of Fgas,
fraction of injectedgas (proportion of gas already in place that remains {iasiction).

Né¢ AVIEoMDNS YSGSNE | yRALZNISYS IO B2MA d& Ay aid Ay (GKS &adGddZRASR 3l
{SI Ay '1{N}XAySo®

Field and reservoir |~ / zh Rf OGIP, Mm Bg Ry MCQ, Mt
name 13K Yuw
| 2f AGae 700 0.2 11,896 0.004 0.5 3.33
(7t NB&aSNY
Arkhangelske 600 0.2 5413 0.006 0.5 1.95
(@m™NB & SNI
Shtormove 620 0.2 16,574 0.004 0.5 411
(7t NB&aSNY
Total MCQ, Mt 9.39

The total theoretical estimated G&torage capacity in 3 studied fields is about 9.39 Mt. Incomplete
subsurface dataleadtbzy OSNIi F Ay de 2F / hi &dG2Nr3S Ol LthOAGE D /
oil and gas production facilities on the Black Sea shelf hhate been temporarily undeRussian
controP®since 2014. Operational scenarios and development plans can proceed once the geopolitical
situation is resolved.
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Scenariel. Combined onshore and offshopgpeline construction model

This scenario explores the construction of.Gfnsportation combined onshore and offshore
pipelines extending from Pivdenngnd Mykolaiv seaports to potential offshore storage sites in the

Mykolav.seaport

@ " @ CO:Storage

Robpocnas

@ Offshore Platform

X ’\i) Pl\:/ennws_eaporl y -
JdessalsBaportyls ) ST 0 © CO:Hub (sea port)

we . (%)
+ Opeca 1 i e = Pipeline
OPHOMODCHK i

iyionone

Arkhangelske
_®

®V

\/ P

Platiorm Holitsyna

®
®

)
v

B I aCk Se Smor;movc

CAJadmB LISt AyS O2yaidNtzOe2y Y2RSt FTNRBY t AQRSYYeA [yR adl2tlAQ
{SI o

BKILIAYKKYYHLDPO2 Y ddz Kk

/¢{ /9¢t LINRB2SO0l 5StAD8MNIoOfS OMM @B B N1 H P



hRS&lF wS3Azy

For the Odesa region, the proposed pipeline would extend from Pivdessaydort to a simulated
offshore platform (here and after Platform) in the Black Sea. The Platform would be strategically
positioned midway between identified gas and gas condensate fields, considered potential CO
storage sites.
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For the Odesa region, the proposed pipeline would extend from Pivdesgagort to a simulated
offshore platform (here and after Platform) in the Black Sea. The Platform would be strategically
positioned midway between identified gas and gas condensate fields, considered potential CO
storage sites.

ag12ftFrAQg wS3arzy

The Mykolaiv seaport, located on the left bank of the Southern Bug River, presents additional logistical
challenges. To connect directly to the Black Sea, the pipelirsttraverse the Buzk®nipro-Limansky

Canal, which passes through the Dnipro Estuary and the Southern Bug River. This route would
significantly increase construction costs due to the complexity of building through aquatic and
estuarine environments.

The mshore part of pipelines optimised for realistic routesHoweverjand ug would be one of the
main risks in the scenariolt@rnatively, an offshore or combined onshore/offshore pipeline between
Pivdennyi and Mykolaiv seaport can be considered.

To optimse costefficiency and technical feasibility, a hybrid approach is recommended:
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This combined approach leverages the existing infrastructure and -deggr capabilities of
Pivdennyi, minindng the higher costs associated with direct offshore construction from Mykolaiv.
Additionally, it could simplify the permitting and construction process while ensuring efficient
transport of CQto the designated offshore storage site. By censiadj the offshore connection at
Pivdennyi, the model achieves greater economic and logistical efficiency, reducing redundant
infrastructure and maxinsing resource utilgation. The total proposed pipeline length is 294.6 km
(Table 30.
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