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Our expertise
European countries

4D time-lapse rock physics and numerical seismic modelling
Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ hosting rocks 

measured in the laboratory with time-lapse numerical seismic modelling

Modelling of the possible shape of CO2 plume migration in the storage site
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Geological storage

Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations

Rock sampling

3D geological static modelling

Measurement of geochemical and 
petrophysical properties

Selection of CO2 geological storage sites 

Reservoir characterisation and risk assessment

Estimation of CO2 storage capacity
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1. 2023 (01.01)-2028. Horizon Europe HERCCULES (29 mln €). SHOGenergy is a partner 
2. 2022 (1.09)-2025. Horizon Europe CCUS ZEN (CCUS Zero Emission Network). TalTech 

is WP3 leader 
3. 2020-2023- Strategic partnership for fostering circular economy approach in extractive 

industry-related study programmes (VERT20047) 
4. 2021-2022- Hydrogen Storage In European Subsurface (VFP20055) 
5. 2020-2022- Routing Deployment of Carbon Capture, Use and Storage CCUS in the Baltic 

Sea Region (BSR) 
6. 2018-2023- The Website of the ENeRG Network 
7. 2017-2023- CLEANKER - CLEAN clinKER production by Calcium looping process (CCUS 

Work package, Leader of techno-economic modelling task), Horizon 2020, (еxtended for 
1.5 year) 

8. 2016-2020- ENOS (ENabling Onshore CO2 Storage in Europe), Horizon 2020 
9. 2016-2017- CO2 Geological Storage in the Baltic Sea Region/CGS Baltic (Seed money 

project, V16022) 
10. 2015-2016- ESTMAP, Horizon 2020 
11. 2014-2019- Estonian Ministry of Education & Research programme (SF0320080s07, 

IUT19-22) 
12. 2012-2017- The Newsletter of the ENeRG Network (LEPGI 299) 
13. 2012-2013- CO2STOP, EC FP7 sub-contract 
14. 2011-2013- CGS EUROPE, (http://www.cgseurope.net), EC FP7  
15. 2006-2009- CO2NET EAST (http://co2neteast.energnet.com), EC FP6  
16. 2006-2008- EU GEOCAPACITY (http://nts1.cgu.cz/geocapacity), EC FP6 

SCIENTIFIC PROJECTS [2006-2028]

INDUSTRIAL 
PROJECTS 

2009 - CO2 geological storage in Estonia and neighbouring 
regions: analysis and options and storage recommendations (in 
English and Estonian, confidential)- Eesti Energia AS

Intro  
Of 

Est-CCUS 
Team 



1. BASRECCS (Board Member) 
2. CO2GeoNet (TalTechDG representative) 
3. ENeRG – TalTech and SHOGenergy 
4. COST Action Geothermal-DHC (We are coordinating the Ad-HOC WG 

– Unconventional Geothermal (CO2 for Geothermal, Enhanced 
Geothermal Systems (EGS-Geothermal)). 

5. COST Action CA21127 – TrANsMIT. Techno-economic analysis of 
carbon mitigation technologies. Managing Committee Members
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co2 & H2 & Geothermal -  
Estonian Unconventional 
Global Warming Fighting 

Special Forces
Scientists know how to save 
Estonian oil shales energy 

production without 
harming the environment, 

but they are not heard 

Special forces of CO2 
sequestration

Scientist: It is possible to 
store CO2 and recover 
geothermal energy in 
Estonian underground 

Dissemination ACTIVITIES:   
Climate change and CCUS in 

Estonian media (2019)



co2 & H2 & Geothermal -  
Estonian Unconventional 
Global Warming Fighting 

Special Forces

Dissemination ACTIVITIES

Presentation at the Estonian 
Ministry of Economic Affairs 

and Communications, Timo 
Tatar - Deputy Secretary 

General



co2 & H2 & Geothermal -  
Estonian Unconventional 
Global Warming Fighting 

Special Forces

Dissemination ACTIVITIES

Presentations of CCUS to Estonian 
Parliament members–Viktoria 

Ladõnskaja & future minister of 
environment (2021-2022)  

Erki Savisaar 



co2 & H2 & Geothermal -  
Estonian Unconventional 
Global Warming Fighting 

Special Forces

Dissemination ACTIVITIES

MEETING WITH THE 
AMBASSADOR OF NORWAY

New Norwegian Ambassador to Estonia, Else 
Berit Eikeland, and Counsellor of the 
Norwegian Embassy in Tallinn, Ole Øveraas, 
invited researchers Dr Alla Shogenova and 
Dr Kazbulat Shogenov to the Norwegian 
Embassy on 15.10.19 to discuss Estonia's 
prospects for implementing CCS technology 
and cooperation with Norway.



co2 & H2 & Geothermal -  
Estonian Unconventional 
Global Warming Fighting 

Special Forces

Defended Master and phd thesis’s 
under supervision of our team

Dissemination ACTIVITIES



co2 & H2 & Geothermal -  
Estonian Unconventional 
Global Warming Fighting 

Special Forces

Dissemination ACTIVITIES

Defended Master and phd thesis’s 
under supervision of our team
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2021

👑ShogEnergy👑
 - t

he future 

King in
 the CO2 &

 H2 

Geological Storage 

consulting!

new, established in 2021, 

Consulting & Research 

company

ShogEnergy is here  

to take You to a new green,  

carbon-free world!
We Wish You a brilliant 

carbon-free journey!

Dr Kazbulat Shogenov, The founder and the CEO of the company, is a 
research scientist at Tallinn University of Technology (TalTech), 
Department of Geology, with experience in the university of more than 
20 years, has defended his PhD thesis in TalTech in 2015. 
His PhD is in the field of CCS (CO2 capture, transport, and geological 
storage and seismic numerical modelling of CO2 plume in the most 
prospective storage site in the Batic sedimentary basin)

Dr Alla Shogenova - research director in ShogEnergy. She is a world-famous CCUS 
expert. She has a PhD in Geophysics. She led for many years a group of only experts 
in CCS Estonia at TalTech. She was a leader of work packages of more than 15 
European projects within the CCUS. 
She is an author of the unique CCUS educational program for students, and 
successfully supervised a number of Master's and PhD Estonian and international 
students.
She has unique expertise in the world of the full chain of CCUS technology.
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SHOGenergy.eu

http://SHOGenergy.eu


We offer:
Advisory support in policies 
and regulations development 
(for policymakers)

Development of strategical management to make the prospective storage 
site more attractive for the publicity, stakeholders and policymakers

Management service of the geological storage site

Short courses organised in Tallinn, at the place 
of the client, online or hybrid

Full study modulus (very detailed course, 
containing more precocious knowledge)

Seminars and workshops for a small and big 
enterprises
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Consulting

Development and supporting, review, analysis and 
improvement of research and dissemination of projects 

proposals writing, policies drafts development, scientific 
papers, reports, research thesis, etc., improvement.

Participation in the research and dissemination 
projects in the field of CCUS, H2 storage, renewable 
energy recovery and storage, the synergy of these 

technologies 

Establishing of CCUS strategy for the company, 
region or the country 

Development of E-learning and regular courses

Master and PhD studies supervising, analysis 
and improvement

Support in the organisation, full management or chairing 
of the particular sessions, etc., of big events 

(conferences, workshops, exhibitions)
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CCUS  
basics 

THE ROLE OF CCUS  
IN CLEAN ENERGY TRANSITIOn

Carbon Capture, Utilisation and Storage 
(CCUS) is one of the key technology 
areas: 
to put energy systems in the world on a 
sustainable way  
to meet international climate goals  
and to reach “net” zero carbon targets 

CCUS is the only one group of 
technologies that can both:  
reduce emissions in key sectors directly 
and  
remove CO2 emissions that cannot be 
avoided

In total, CCUS contributes nearly 15% of the 
cumulative reduction in CO₂ emissions 
worldwide compared with the Stated Policies 
Scenario, which takes into account current 
national energy- and climate-related policy 
commitments. 

The contribution of CCUS to the 
transition to net-zero emissions grows 
over time, accounting for nearly one-

sixth of cumulative emissions 
reductions to 2070

Source: IEA 2020



CO2 emissions per capita 
(2020)  

Denmark: 4.4 t 
Sweden: 4.2 t 
Latvia: 3.9 t 

Motivation for CCUS

Reduction of industrial CO2 
emissions in the atmosphere 

Mitigate global climate change  
induced by greenhouse gases 

CO2 emissions per capita (2020)  
Russia: 11.6 t 
Estonia: 11.1 t 

Norway, Germany, Poland: 7.7 t 
Finland: 7.3 t  
Belarus: 6.3 t 

Lithuania: 4.8 t

Models of Earth's temperature 
since 1860 (IPCC, Summary for 
Policy Makers)

Energy efficiency use 

Renewable energy 

CO2 Capture and 
Geological Storage

(1) deep saline aquifers 

(2) depleted oil and gas fields 

(3) geothermal energy recovery

♻

CO2 emissions per capita (2020)  
WORLD: 4.6 t     EUROPE: 5.9 t
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carbon capture, utilisation and 
storage (CCUS) TECHNOLOGY
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CCUS  
basics 

CO2 USE FOR EOR and CO2 Storage in 
DEPLETED OIL and GAS FIELDS

When CO2 injected underground 20%-80% CO2 is stayed underground. 
However, to prove CO2 storage, the storage site should be 
monitored before and after CO2 injection



CCUS  
basics 

CO2 Plume Geothermal (CPG) Process

www.terracoh-age.com



CCUS  
basics 

CCUS TECHNOLOGY

Courtesy of Statoil

The CCS concept in short:  
the production of electricity 
and hydrogen while capturing 
and storing the CO2

F o s s i l f u e l wi t h C C S , 
biomass with CCS (Bio-CCS) – 
o p t i o n f o r n e g a t i v e 
emissions.  
(Courtesy CO2CRC), IPCC 2005



CCUS  
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Negative emission technologies 
(NETs)

BECCS typically refers to  
the integration of trees and crops that extract CO2 

from the atmosphere as they grow  
the use of this biomass in power and/or industrial 
plants   
and the application of carbon capture and storage via 
CO2  injection into geological formations 

Today, there are 19 large-scale facilities in operation, five 
under construction and 20 in various stages of development.  
BECCS can be applied to diverse industrial sectors such as  
combustion biomass power plants, combined heat and power 
plants, pulp industry, biomass gasification and ethanol 
fermentation, waste to energy plants, cement plants, etc.

BECCS - Bio-CCS Direct Air Capture (DAC)

DAC is a technology that captures CO2 directly from the 
air.  
DAC technology pulls in atmospheric air, then through a 
series of chemical reactions, extracts CO2  from air, while 
returning the rest of the air to the environment.  
This is what plants and trees do every day as they 
photosynthesise.  
DAC technology does it much faster, with a smaller land 
footprint, and delivers the CO2 in a pure, compressed form 
that can then be stored underground or reused. 
The energy requirements for concentrating CO2  from such 
low levels are considerably higher than those from more 
concentrated sources (GCCSI, 2020).

https://carbonengineering.com/our-technology/
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Hydrogen (H2) energy idea H2 energy 
storage 



Hydrogen (H2) energy storage H2 energy 
storage 

Energy  
          storage

“Geological power-bank” (k.Shogenov)

H2 storage options

On the ground facilities Underground storage (UHS)

gas cylinders 
cryogenic tanks 
adsorbed hydrogen on materials 
with a large specific surface area 
absorbed on interstitial sites in a 
host metal 
chemically bonded in covalent and 
ionic compounds 
through oxidation of reactive 
metals 

Geological formations with good 
petrophysical properties 
aquifer traps 
depleted oil or gas reservoirs 
caverns (excavated or solution mined 
rocks such as salt, coal, igneous and 
metamorphic rocks)



H2 energy 
storage 

Requirements for  
Underground Hydrogen 

Storage

Hydrogen (H2) energy storage 
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E6. story of success 

E6 - Latvian offshore not 
prospective oil bearing structure 

(in the beginning of study-2010)

E6 story 

Source: Kuwait Energy Latvian Environment, Geology and Meteorology Centre



E6. story of success 
E6 story 

STAGE I



To compose petrophysical models of the CO2 plume during possible CO2 
geological storage (CGS) in prospective on- and offshore deep subsurface 
structures in the Baltic sedimentary basin. The modelling results will 
support the implementation of CO2 Capture and Geological Storage (CCS) 
technology in the Baltic States as one of the effective measures to mitigate 
climate change.

Selection of CO2 geological storage sites 
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Rock sampling

Measurement of geochemical and petrophysical properties

Reservoir characterization and risk assessment

3D geological static modelling

Estimation of CO2 storage capacity

Laboratory CO2 injection-like alteration experiment

Estimation of petrophysical alterations

4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ hosting 
rocks measured in the laboratory with time-lapse numerical seismic modelling

Modelling of the possible shape of CO2 plume migration in the storage site



Structure map of the Baltic Basin

Baltic sedimentary basin-  
700x500 km synclinal 
structure 

Selection of CO2 geological storage sites 

Fig. Geological map (modified after Eric Gaba, 
Wikimedia Commons (2010)

Fig. Depths of top of Cambrian aquifer 
(modified after Šliaupa et. al, 2008)

A

B

Fig. Geological cross-section 
across Estonia, Latvia, and 
L i t h u a n i a ( m o d i f i e d a f t e r 
Shogenov et. al, 2013b)

Geological background
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Estimation of CO2 storage capacity

Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations

4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling
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3D geological static modelling

Reservoir characterization and risk assessment

Measurement of geochemical and petrophysical properties

Modelling of the possible shape of CO2 plume migration in the storage site

Rock sampling

T >31oC 
P >73 atm

Gaseous CO2

Supercritical CO2



Modelling of the possible shape of CO2 plume migration in the storage site

Fig. Prospective 
structures for CO2 
geological storage in 
Baltic Region 
(modified after 
Šliaupienė & 
Šliaupa, 2011)

Selection of CO2 geological storage sites 

Fig. Prospective structures in the Cambrian aquifer and 
Inčukalns underground natural gas storage (UGS) in Latvia 
(Shogenov et. al, 2013a)

Dobele onshore structure

Fig. Structural map of the Dobele onshore local structure (modified after 
Shogenov et. al, 2013a)

Fig.12. Geological cross-section 
of the Dobele onshore structure 
(LEGMC, 2007)

Storage sites selection
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Estimation of CO2 storage capacity

Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations

4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling

I 

II 

III 

IV 

3D geological static modelling

Reservoir characterization and risk assessment

Measurement of geochemical and petrophysical properties

Rock sampling



South Kandava 
Silurian: 225m 
Ordovician: 224 m

Dobele 
Silurian: 100 m  
Ordovician: 233 m



Rock sampling Rock sampling

- 5 cores were described 
-24 samples selected 
(LEGMC – Latvian 
Environmental, Geological 
and Meteorological Center)

Fig. Location of Latvian 
o n s h o r e s t r u c t u r e s 
prospective for CGS in the 
Cambrian aquifer and the 
studied structures (Shogenov 
et. al, 2015)
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Estimation of CO2 storage capacity

Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations

4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling
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3D geological static modelling

Selection of CO2 geological storage sites 

Modelling of the possible shape of CO2 plume migration in the storage site

Reservoir characterization and risk assessment

Measurement of geochemical and petrophysical properties

Fig. Cross section of the studied wells showing 
the correlation of the Deimena Formation 
reservoir and Zebre Formation primary cap 
rock

Selection of CO2 geological 
storage sites 



Institution Analyses type 

Institute of Geology at Tallinn University of Technology -  Geochemical analyses:  
Titration method: CaO, MgO; Gravimetric method: Insoluble residue  
- Thin-section study (TEM, SEM) 

IFPEN (French Institute of Petroleum), France Rock physical analyses:  
Grain and bulk density, porosity, permeability, VP and VS  

Acme Analytical Laboratories Ltd. (Vancouver, http://acmelab.com), XRD, XRF (SiO2, Al2O3, Fe2O3total, K2O, Na2O, MnO, TiO2, P2O5, Ba) 

Laboratory research 

Estimation of petrophysical parameters
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Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations

4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling
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Rock sampling

3D geological static modelling

Measurement of geochemical and petrophysical properties

Selection of CO2 geological storage sites 

Modelling of the possible shape of CO2 plume migration in the storage site

1. Solid volume (Vs): gas displacement 
helium pycnometer AccuPyc 1330 

2. Grain or matrix density: ρg = m / Vs  
3. Total volume (Vtotal): powder pycnometer 

GeoPyc 1360 
4. Density of dry samples: ρdry = m / Vtotal 

5. Volume of pores: Vpore = Vtotal – Vs  
6. Effective porosity (%): φef = (Vpore / Vtotal ) x 

100 
7. Permeability (mD), Darcy law:  
Kgas = Q x (1/S) x µgas x ((2 x Patm)/(P12 
−P22))   

Reservoir characterization and risk assessment



b

50x zoom B

Quartz 
grains 

Brownish traces of oil impregnation 
in matrix 

Fig. (a, b) Composition of the 
studied rock samples before the 
alteration experiment

Fig. Petrophysical properties of 
the reported and measured 
sandstones before the alteration 
experiment (Shogenov et. al, 
2015). Data are based on 115 
sandstone samples from the 
Deimena Formation of 2 offshore 
and 3 onshore structures from 7 
boreholes

Fig. Example of SEM microphoto-graphs of the thin 
section of Deimena sandstone sample in well E7/1-82 
(1390.5 m) E7 structure (Shogenov et. al, 2013b)

Laboratory research 

Fig. Example of thin-section photos (10x (A) and 50x (B) 
zoom, in Epi-illumination polarized light) sample E6 
876.7 (made at TUT GI  lab) (A: not published; B: 
Shogenov et. al, 2013a)

a

Reservoir characterization and risk assessment

O
bj

ec
tiv

es

Estimation of CO2 storage capacity

Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations

4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling
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Rock sampling

3D geological static modelling

Measurement of geochemical and petrophysical properties

Selection of CO2 geological storage sites 

a

10x zoom A

porous media  
filled by silty cement, 
sometimes carbonate 
 

Quartz grains 



Kn27 998.8 
Quartz - SiO2 

(70 % - by XRF) Calcite -  
Ca(CO3). 
(CaO - 15,6% by XRF) 

Kn24 1157.3 
Quartz - SiO2 

(81 % - by XRF) 

Ankerite -  
Ca(Fe,Mg)(CO3)2 

Hemimorphite -  
Zn4[Si2O7] (OH)2xH2O 

Quartz - SiO2 
(97,16% - by XRF) 

E7 1390.5 

Laboratory research 

Fig. XRD analyses 
showing high content 
of SiO2, interpreted as  
essentially pure quartz 
sandstone (sample 
860.4, well E6-1/84) 

Fig. XRD analyses 
showing high content 
of SiO2, interpreted as 
nearly pure quartz 
sandstone (sample 
1390.5, well E7-1/82) 

Fig. XRD analyses 
s h o w i n g h i g h 
content of SiO2, 
i n t e r p r e t e d a s 
almost pure quartz 
s a n d s t o n e . O n e 
small  peak reflects 
m i n o r a n k e r i t e 
c o n t e n t i n t h e 
s a m p l e ( s a m p l e 
1157.3, well Kn24) 

Fig. XRD analyses 
s h o w i n g h i g h 
content of S iO2 , 
i n t e r p r e t e d a s 
a b u n d a n t q u a r t z 
content in sandstone. 
One small  peak 
reflects minor calcite 
content (cement) in 
the sample (sample 
998.8, well Kn27 

Reservoir characterization and risk assessment
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Estimation of CO2 storage capacity

Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations

4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling
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Rock sampling

Modelling of the possible shape of CO2 plume migration in the storage site

3D geological static modelling

Quartz - SiO2 
(97,8% - by XRF) 

due to sample 
preparation 

E6 860.4 

Measurement of geochemical and petrophysical properties

X-ray diffraction (XRD) 
analysis

Selection of CO2 geological storage sites 



Reservoir characterization 

*CO2 storage standards modified after Van Der Meer (1993), Chadwick et al. (2006), Vangkilde-Pedersen & Kirk (2009), Tiab & 
Donaldson (2012), Halland et al. (2013): group 1, acceptable for CGS; group 2, cautionary.  
** New classification based on the studied data (reported and measured in laboratory before the alteration experiment)

New classification
139 samples 
7 boreholes (offshore E6-1/84 and E7-1/82 
and onshore Kn24 and Kn27, Db91 and 
Db92, and Liepaja-San) 
———
k - 127 samples
φef - 128 samples
grain density - 102 samples
bulk density - 129 dry samples
VPdry - 60 samples 
VSdry - 10 samples

Reservoir characterization and risk assessment

Table. Classification of the reservoir rocks by permeability and porosity
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Estimation of CO2 storage capacity

Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations

4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling
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Measurement of geochemical and petrophysical properties

Rock sampling

Modelling of the possible shape of CO2 plume migration in the storage site

3D geological static modelling

Selection of CO2 geological storage sites 



3D geological modelling 

Reservoir quality: ‘cautionary-2’  
Application for CGS: ’cautionary’ 
(average porosity 12%;  
permeability 40 mD)

Selection of CO2 geological storage sites 
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Estimation of CO2 storage capacity

Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations

4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling
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Measurement of geochemical and petrophysical properties

Rock sampling

Modelling of the possible shape of CO2 plume migration in the storage site

Reservoir characterization and risk assessment

3D geological static modelling

Reservoir quality: ‘good’  
Application for CGS: ’appropriate’ 
(average porosity 21%;  
permeability 300 mD)

Reservoir quality: ‘high-2’  
Application for CGS: ’very appropriate’ 
(average porosity 19%;  
permeability 360 mD)

3D geological models of the top of the 
Deimena Formation in the studied 
structures (Paper I, Paper II)

Surfer® software:     
digitizing structural maps 
             Golden Software

E7

E6

South
Kandava

Dobele
Reservoir quality: ‘good’  
Application for CGS: ’appropriate’ 
(average porosity 21%;  
permeability 150 mD)



Salinity – 114 g/l  
Thickness – 52 m 
Density of CO2 in situ – 900 (kg/m3) 
Net Gross ratio of aquifer – 0.85 
Reservoir temperature in situ – 18oC  
Reservoir pressure in situ – 13 mPa 
Area – 70 (km2) 
Porosity – 19% 
Permeability – 360 mD

Fig. Prospective structures in the Cambrian aquifer (CO2 storage potential exceeding 
2 Mt) and Inčukalns underground natural gas storage (UGS) in Latvia. The dashed 
line shows gas pipelines. Red circles shows locations of the studied offshore and 
onshore structures (Shogenov et al., 2013)
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4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ hosting 
rocks measured in the laboratory with time-lapse numerical seismic modelling
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Measurement of geochemical and petrophysical properties

Rock sampling

Modelling of the possible shape of CO2 plume migration in the storage site

3D geological modelling 
Reservoir characterization and risk assessment

3D geological static modelling
Surfer® software:     
digitizing structural maps 
             Golden Software

Salinity – 113 g/l  
Thickness – 42 m 
Density of CO2 in situ – 820 (kg/m3) 
Net Gross ratio of aquifer – 0.90 
Reservoir temperature in situ – 24.5 oC  
Reservoir pressure in situ – 10.5 mPa 
Area – 97 (km2) 
Porosity – 21% 
Permeability – 300 mDSalinity – 99 g/l  

Thickness – 53 m  
Density of CO2 in situ – 658 (kg/m3)  
Net Gross ratio of aquifer – 0.90 
Reservoir temperature in situ – 36oC  
Reservoir pressure in situ – 9.3 mPa  
Area – E6: 600 (km2) 
E6-A: 553 km2 
E6-B: 47 km2 
Porosity– 21%  
Permeability– 150 mD 

 Salinity – 125 g/l  
 Thickness – 58 m 
 Density of CO2 in situ – 727 (kg/m3) 
 Net Gross ratio of aquifer – 0.80 
 Reservoir temperature in situ – 46oC  
 Reservoir pressure in situ – 14.7 mPa 
 Area – 43 (km2) 
 Porosity – 12% 
 Permeability – 40 mD

Reservoir quality: ‘good’  
Application for CGS: 
’appropriate’ 
(average porosity 21%;  
permeability 300 mD)

Reservoir quality: ‘high-2’  
Application for CGS: ’very 
appropriate’ 
(average porosity 19%;  
permeability 360 mD)

Reservoir quality: ‘good’  
Application for CGS: 
’appropriate’ 
(average porosity 21%;  
permeability 150 mD)

Reservoir quality: 
‘cautionary-2’  
Application for CGS: 
’cautionary’ 
(average porosity 12%;  
permeability 40 mD)

3D geological models of the top of the Deimena 
Formation in the studied structures with the 
estimated closing contour of the structures. 
Faults bordering the structure are shown by a 
red wall. Location of the well is shown by a 
black circles with the depth of the top of the 
formation (Shogenov et al., 2013 a, b)



Fig. Geological cross section of the E6 structure corresponding to seismic line 
78420, interpreted using reported seismic data, local structure map and 
lithological cross section in the well E6-1/84 (Shogenov et. al, 2013b)

Fig. 3D geological models of the top of the 
Deimena Formation in the E6 structure. Two 
split by faults compartments of the E6 
structure (B) were considered as separate 
substructures defined as E6-A and E6-B

A

B

E6 offshore structure 
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b

a

Fig. (a) 3D geological static facies model of the E6-A compartment of the E6 offshore structure with 
location of the well E6-1/84. All layers of the 3D model are shown. The white line A−B represents 
the geological cross section shown in Fig. 4b-d. Cross sections of (b) facies, (c) porosity and (d) 
permeability distribution along the line A−B

Petrel® software:     
geological, lithological and 
petrophysical modelling   
               

Porosity

Permeability

Facies

E6-A

Fig. (a) 3D geological static 
facies model of the E6-A 
compartment, showing the 
lowermost layer 10 of the 
Cambrian Deimena. (b) 3D 
geological static porosity 
model with the lowermost 
layer 10 of the Deimena 
Formation

3D geological modelling 

Volumetric grid 
parameters 
implemented in 
the 3D 
geological 
modelling

Truncated Gaussian Simulation 
Sequential Indicator Simulation 
Gaussian Random Function

To populate the model with facies and petrophysical 
properties, three modelling algorithms of Geostatistical 
Software Library were applied (Deutsch & Journel, 1998):Size:  

- 29371.5 m (X-axis) 
- 26534 m (Y-axis) 
- 826 m (Z-axis) 
Depth range:  
693 – 1519 m 
Area: 541 km2 

Cells dimension: 
500 x 500m  
Cells: 67 x 59 x 10  
Total number of 3D 
cells: 39530  
Number of faults: 8 



CO2 storage capacity
MCO2t = A × h × NG × φ × ρCO2r × Sef

F i g . I l l u s t r a t i o n o f t h e „ C a r t o o n 
approach“ for storage efficiency factor 
(Bachu, S. et al. 2007. International Journal 
of Greenhouse Gas Control, 1)

Optimistic approach Conservative approach

B a s e d o n M o n t e C a r l o 
simulations (US Department 
o f E n e r g y ( D O E ) 2 0 0 8 . 
Methodology for development 
of geological storage estimates 
for carbon dioxide)

Structure
Optimistic Conservative

Efficiency factor
S.Kandava 15 4

Dobele 20 4
E6-A 10 4
E6-B 4 2
E7 20 4

Fig. Estimation of in situ CO2 density 
in reservoir conditions (Bachu, 2003)

Table. Storage efficiency factors for 
trap volume (%) estimated for the 
studied structures according to 
O p t i m i s t i c a n d C o n s e r v a t i v e 
approaches
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Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations

4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling
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Measurement of geochemical and petrophysical properties

Rock sampling

Modelling of the possible shape of CO2 plume migration in the storage site

Reservoir characterization and risk assessment

Estimation of CO2 storage capacity
3D geological static modelling

MCO2t  - storage capacity (kg)  
A - area of an aquifer in the trap (m2) 

h - average thickness of the aquifer in the trap (m)  
NG - average net to gross ratio of the aquifer in the trap 

(%)  
φ - average porosity of the aquifer in trap (%)  

ρCO2r - in situ CO2 density in reservoir conditions (kg/m3)  
Sef - storage efficiency factor (for trap volume, %)



Physical parameters of the studied Latvian offshore and onshore structural traps. The Sef Opt./Cons. is a storage efficiency factor 
used for optimistic (Opt.) and conservative (Cons.) capacity calculation (Shogenov et. al, 2013a, b)

Table. 
Properties of 
Latvian 
onshore 
structures 
most 
prospective 
for CO2 
storage 
(Shogenova 
et al., 2009)

CO2 storage capacity
MCO2t = A × h × NG × φ × ρCO2r × Sef
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Rock sampling

Modelling of the possible shape of CO2 plume migration in the storage site

Reservoir characterization and risk assessment

Estimation of CO2 storage capacity
3D geological static modelling

Structure Depth 
m 

Thickness 
m 

Area, 
km2 

CO2 storage capacity, 
Mt 

Aizpute 1096 65 51 14 
Blidene 1050 66 43 58 
Degole 1015 52 41 21 
Dobele 950 52 67 56 
Edole 945 71 19 7 
Kalvene 1063 45 19 14 
Liepaja 1072 62 40 6 

Luku-Duku 937 45 50 40 

N. Kuldiga 925 69 18 13 

N. Ligatne 750 50 30 23 

N.Blidene 920 40 95 74 

S.Kandava 983 25-30 69 44 

Snepele 970 30 26 17 



Alteration experiment

Homogenous alteration method
The “alteration” experiment or retarded acid treatment (RAT) with placement of samples into 
the acid solution, simulating CO2-rich brine in aquifer was conducted at IFPen: 
- flushing of the sample with fresh retarded acid at ambient temperature (amount equivalent 
to about 3 times the sample porous volume); 
- activation of the acid under temperature (60oC for at least 1 day); 

- flashing of the sample with NaCl brine at ambient temperature (= 3 times the sample 
porous volume) 

- drying samples in an oven for 3 days 
- Procedure was repeated 3 times 

Device and process: (Egermann et al. 2006, Bemer and Lombard, 2010) 

Total 15 reservoir rock and transitional cap rock samples from 5 wells (offshore E6-1/84 
and E7-1/82, and onshore Dobele and South Kandava 24 and 27) 

Bulk and grain helium density, helium porosity, gas permeability and acoustic P- and S-
wave velocities in dry samples, the chemical and mineralogical composition and surface 
morphology were studied in the samples both before and after the alteration experiment 

Laboratory CO2 injection-like alteration experiment
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Fig. Trans-cap limestone sample Kn24-3 
before (left) and after (right) the alteration 
experiment

Fig. Bulk density measured on dry samples vs porosity of the 
sandstones of the Deimena Formation from two offshore and 
three onshore structures for 115 samples reported and measured 
before alteration (empty symbols) and 12 samples measured 
after alteration (black symbols) (Shogenov et. al, 2015)

Fig. P-wave velocity versus porosity in dry sandstones reported 
(52 samples) and measured before (8 samples) and after the 
alteration experiment (9 samples)
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F i g . S E M 
microphotographs of 
t h i n s e c t i o n s o f 
reservoir fine-grained 
poorly sorted Deimena 
Formation sandstone 
sample E6-3 before 
(left) and after (right) 
t h e a l t e r a t i o n 
experiment. The sample 
is of ‘high-1’ (class I) 
r e s e r v o i r q u a l i t y 
s a n d s t o n e , v e r y 
appropriate for CGS 
with no changes in the 
reservoir quality after 
the experiment

Fig. SEM microphotograph of 
the thin section of reservoir 
sandstone sample E7-4 after the 
alteration experiment

Fig. SEM microphotographs of thin 
sections of fine-grained Deimena 
reservoir sandstone sample E7-3 
before (left) and after (right) the 
alteration experiment

THIN SECTION STUDY

Alteration experiment

Scanning electron microscope - SEM

Fig. SEM microphotograph of 
the thin section of fine-
grained Deimena reservoir 
sandstone sample E6-3 after 
alteration
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Fig. SEM microphotographs of thin sections of trans-reservoir 
carbonate-cemented fine-grained Deimena sandstone sample 
Kn24-4 before (left) and after (right) the alteration experiment

Fig. SEM microphotographs of thin sections of trans-reservoir 
carbonate-cemented sample Kn27-4 from medium- to very 
fine-grained (fine-grained in general) unsorted Deimena 
sandstone from the South Kandava structure before (left) and 
after (right) the alteration experiment

THIN SECTION STUDY

Alteration experiment
Selection of CO2 geological storage sites 

O
bj

ec
tiv

es

4D time-lapse rock physics and numerical seismic modelling

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
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PETROPHYSICAL 
ALTERATIONS

Alteration experiment

Table. Reservoir quality classes and petrophysical properties of sandstones of the Deimena 
Formation studied in the alteration experiment
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I - Homogeneous CO2 reservoir saturation of the reservoir (uniform model)  
II - CO2 plume accumulation (plume model)  

+ 
ALTERATION EFFECT 

Scenarios:  
(I) Uniform model without the alteration effect 
(II) Uniform model with the alteration effect 
(III) Plume model without the alteration effect  
(IV) Plume model with the alteration effect

4D time-lapse rock physics and numerical seismic modelling
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- Reservoir, Series 3 
Cambrian Deimena 
 - Series 3 Cambrian 

2D GEOLOGICAL MODEL

Fig. Geological cross section of the E6 structure 
(modified after Shogenov et. al, 2013)

Fig. 2D geological model, applied in the seismic modelling. Extrapolated 
from the E6 seismic section with well E6-1/84 in the centre (Shogenov & 
Gei, 2013, Shogenov et. al, 2016)

Meshing: 
Numerical mesh: 240000 (800 X 300) grid points 
Layers: 10 
Grid spacing: 5 m 
Absorbing boundaries: 40 grid-point lengths 
(bottom, left and right sides)

4D time-lapse rock physics and numerical seismic modelling
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After alteration 

Table. Characteristics and physical properties of the main rock formations 
shown in the seismic model 

Table. Estimated seismic (poro-viscoelastic) properties of the reservoir rock 
formations after the alteration experiment shown in the seismic model

4D time-lapse rock physics and numerical seismic modelling
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PHYSICAL PROPERTIES  
OF THE LAYERS

Numerical seismic modelling



PETROPHYSICAL 
MODELLING

RESERVOIR OTHER FORMATIONS
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Fig. Example of (a) reservoir and (b) non-reservoir petrophysical, petro-acoustical and seismic properties 
estimation (Shogenov & Gei, 2013)

4D time-lapse rock physics and numerical seismic modelling

Numerical seismic modelling

a b
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4D time-lapse rock physics and numerical seismic modelling

Selection of CO2 geological storage sites 

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling

Measurement of geochemical and petrophysical properties

Rock sampling

Modelling of the possible shape of CO2 plume migration in the storage site

Reservoir characterization and risk assessment

3D geological static modelling
Estimation of CO2 storage capacity

Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations

Fig. Estimated petrophysical and seismic properties of the Deimena 
sandstones versus CO2 saturation for different reservoir sub-layers 
(Reservoir-1, -2 and -3) without (a-1, b-1, c-1, d-1 and e-1, respectively) and 
with petrophysical alteration effect (a-2, b-2, c-2, d-2 and e-2, respectively). 
Brine and CO2 are the saturating fluids (NOT PUBLISHED DATA)
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0.1 sec0.2 sec0.3 sec0.4 sec0.5 sec0.7 sec

PRINCIPLES

Fig.42. Example of snapshots 
at 0.1, 0.2, 0.3, 0.4, 0.5 and 0.7 
seconds of the plane-wave 
simulation of the 1st scenario 
(Uniform model without the 
alteration effect) before CO2 
injection. Seismic reflections 
of geological layers are shownI.

PLANE-WAVE 
SIMULATION

Numerical seismic modelling

SOURCE 

INTERFACE WAVE FRONT 

RAYS 

V1 

V2 

V2> V1 

A wave is a disturbance that is 
propagated through the body or on 
a surface of a medium without 
i n v o l v i n g n e t m o v e m e n t o f 
material. 
                                          Sheriff, 1984

Wave front is a surface of points 
having the same phase. In a 
uniform medium with a point 
source, wave fronts are spheres of 
progressively increasing radii.

Seismic data acquisition 



Fig. (a ,b, c, d, e, f). Synthetic plane-
wave sections of Scenario-1 (Uniform 
model without the alteration effect) 
with 0% (a), 1% (b), 5% (c), 15% (d), 
50% (e), 90% (f) of CO2 saturation

a b

Fig. Difference between the synthetic baseline 
and the synthetic seismic lines of Scenario-1 
with 1% (I-A), 5% (I-B), 15% (I-C), 50% (I-D) and 
90% (I-E) of CO2 in the porous space presented 
on the left part of the figure (I). The 
corresponding NRMS sections are shown on the 
right part in panels (II-A), (II-B), (II-C), (II-D) 
and (II-E), respectively. Panels are focusing on 
reservoir level of the section

Fig.(a, b). Difference between the synthetic 
baseline (0% of CO2) and the synthetic seismic 
line of Scenario-1 with 1% of CO2 in the 
saturating fluid (a) and corresponding NRMS 
section (b)

Scenarios:  
(1)Uniform model without alteration effect 
(2)Uniform model with alteration effect 
(3)Plume model without alteration effect  
(4)Plume model with alteration effect

Selection of CO2 geological storage sites 

Coupling of the chemically induced petrophysical alteration effect of CO2  ̶ 
hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling

Measurement of geochemical and petrophysical properties
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Modelling of the possible shape of CO2 plume migration in the storage site
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3D geological static modelling
Estimation of CO2 storage capacity

Laboratory CO2 injection-like alteration experiment
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PLANE-WAVE 
SIMULATION

Numerical seismic modelling

SCENARIO-1

a b



Fig. (a, b, c, d, e, f). Synthetic plane-
wave sections of Scenario 2 
(Uniform model with the alteration 
effect) with 0% (a), 1% (b), 5% (c), 
15% (d), 50% (e), 90% (f) of CO2 
saturation

Fig. (a, b). Difference between the synthetic 
baseline (0% of CO2) and the synthetic seismic 
line of Scenario-2 (Uniform model with the 
alteration effect) with 1% of CO2 in the 
saturating fluid (a) and corresponding NRMS 
section (b)

PLANE-WAVE 
SIMULATION

a b

SCENARIO-2

Selection of CO2 geological storage sites 

Measurement of geochemical and petrophysical properties

Rock sampling

Reservoir characterization and risk assessment

3D geological static modelling
Estimation of CO2 storage capacity

Laboratory CO2 injection-like alteration experiment
Estimation of petrophysical alterations
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Coupling of the chemically induced petrophysical 
alteration effect of CO2   ̶hosting rocks measured in the 
laboratory with time-lapse numerical seismic modelling
Modelling of the possible shape of CO2 plume migration in the storage site

Numerical seismic modelling

Scenarios:  
(1)Uniform model without alteration effect 
(2)Uniform model with alteration effect 
(3)Plume model without alteration effect  
(4)Plume model with alteration effect

Fig. Difference between the synthetic baseline 
and the synthetic seismic lines of Scenario-2 
with 1% (I-A), 5% (I-B), 15% (I-C), 50% (I-D) 
and 90% (I-E) of CO2 in the porous space 
presented on the left part of the figure (I). The 
corresponding NRMS sections are shown on 
the right part in panels (II-A), (II-B), (II-C), (II-
D) and (II-E), respectively. Panels are focusing 
on reservoir level of the section

a b



Fig. (I-A, I-B, I-C, I-D, I-E, II-A, II-B, II-C, II-D, II-E). 
Difference between the synthetic seismic lines of Scenario-1 
and Scenario-2 with 1% (I-A), 5% (I-B), 15% (I-C), 50% (I-D) 
and 90% (I-E) of CO2 in the porous space presented on the 
left part of the figure (I). The corresponding NRMS sections 
are shown on the right part of the figure (II) in panels (II-A), 
(II-B), (II-C), (II-D) and (II-E), respectively. Panels are 
focusing on reservoir level of the section

SCENARIO-1

SCENARIO-2

0% and 1% 
of CO2 saturation 

PLANE-WAVE 
SIMULATION
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Coupling of the chemically induced petrophysical 
alteration effect of CO2   ̶hosting rocks measured in the 
laboratory with time-lapse numerical seismic modelling
Modelling of the possible shape of CO2 plume migration in the storage site

Numerical seismic modelling

SCENARIO-1  
VS  

SCENARIO-2

Scenarios:  
(1)Uniform model without alteration effect 
(2)Uniform model with alteration effect 
(3)Plume model without alteration effect  
(4)Plume model with alteration effect
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Fig. Plume saturation model of CO2 injected into the reservoir formation in the E6 
structure. Different CO2 saturation of reservoir formation fluids is indicated. Black 
lines within the structure are formations borders (Shogenov et. al, 2016)

Fig. Synthetic plane-wave section of 
Scenario-3 (Shogenov et. al, 2016)
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Fig. (a, b). Difference 
between the synthetic 
baseline and the synthetic 
seismic line of Scenario-4 
(a) and corresponding 
NRMS section (b)
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hosting rocks measured in the laboratory with time-lapse numerical seismic 
modelling
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SCENARIO-4 PLANE-WAVE 
SIMULATION

Numerical seismic modelling

Scenarios:  
(1)Uniform model without alteration effect 
(2)Uniform model with alteration effect 
(3)Plume model without alteration effect  
(4)Plume model with alteration effect

Fig. Synthetic plane-wave section of 
Scenario-4 (Shogenov et. al, 2016)
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Fig. (a, b). Difference between the synthetic seismic line of Scenario-3 and Scenario-4 
(a) and corresponding NRMS section (b) (Shogenov et. al, 2016)
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I. The reservoir rocks in the studied structures onshore Latvia (South Kandava and Dobele) and in 

the Baltic Sea (E6 in Latvia and E7 in Lithuania) were estimated as prospective for gas storage

PROSPECTIVE

E7

E6

South
Kandava

Dobele
I
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II.Based on the recently and earlier measured gas permeability and porosity, a new classification 

of the reservoir quality for CGS was proposed for sandstones of the Deimena Formation of 
Cambrian Series 3 in the middle part of the Baltic Basin

new 

classification

II
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III.The reservoir sandstones of the Deimena Formation in the Dobele onshore structure was 

characterized by ‘high-2’ estimated average reservoir quality, assessed as ‘very 
appropriate’ for CGS (average porosity 19% and permeability 360 mD). The reservoir 
sandstones in the South Kandava and E6 structures had an identical average porosity of 
21%, but their average permeability differed twofold, being 300 and 150 mD, respectively. 
The good reservoir quality of sandstones in these structures was assessed as ‘appropriate’ 
for CGS. The reservoir quality of the sandstones of the E7 offshore structure, estimated as 
‘cautionary-2’ (average porosity 12% and permeability 40 mD), was the lowest in the 
studied structures and was assessed as ‘cautionary’ for CGS

characterize
d

III
Reservoir quality: ‘cautionary-2’  
Application for CGS: ’cautionary’ 
(average porosity 12%;  
permeability 40 mD)

Reservoir quality: ‘good’  
Application for CGS: ’appropriate’ 
(average porosity 21%;  
permeability 150 mD)

Reservoir quality: ‘good’  
Application for CGS: ’appropriate’ 
(average porosity 21%;  
permeability 300 mD)

Reservoir quality: ‘high-2’  
Application for CGS: ’very appropriate’ 
(average porosity 19%;  
permeability 360 mD)

E7

E6

South 
Kandava

Dobele
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Optimistic approach: 14–66 (mean 34) Mt 
Conservative approach: 3–13 (mean 7) Mt

Optimistic approach: 251–602 (mean 377) Mt 
Conservative approach: 101–243 (mean 152) Mt

Optimistic approach: 5–122 (mean 95) Mt 
Conservative approach: 1–32 (mean 25) Mt

Optimistic approach: 56–145 (mean 106) Mt 
Conservative approach: 11–29 (mean 21) Mt

E7

E6

South 
Kandava

Dobele

IV.The CO2 storage capacities of the structures were estimated with different levels of reliability

storage capacity 

estim
ated

IV

Optimistic approach: 243–582 (mean 365) Mt 
Conservative approach: 97–233 (mean 146) MtE6-A

Optimistic approach: 8–20 (mean 12) Mt 
Conservative approach: 4–10 (mean 6) MtE6-B

V

IV.The optimistic maximum and average storage potentials of the E6 structure (602 and 377 Mt) 
and its larger compartment E6-A (582 and 365 Mt) are higher and nearly the same as the 
previously reported total potential of all 16 onshore Latvian structures (400 Mt). Even the 
average conservative capacities of E6 (152 Mt) and E6-A (146 Mt) are the largest among all 
Latvian onshore and offshore structures studied until now.

Total potential of 
all 16 onshore 

Latvian structures 
(400 Mt)

≥
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Optimistic approach: 251–602 (mean 377) Mt 
Conservative approach: 101–243 (mean 152) MtE6

V.The E6 structure offshore Latvia was estimated as the most prospective for CGS in the Baltic 
Cambrian Basin according to the reservoir thickness, area, quality and storage capacity

V

Optimistic approach: 243–582 (mean 365) Mt 
Conservative approach: 97–233 (mean 146) MtE6-A

Area – E6: 600 (km2) 
E6-A: 553 km2 
E6-B: 47 km2 

Thickness – 53 m 
Porosity– 21%  
Permeability– 150 mD 

Salinity – 99 g/l  
Reservoir temperature in situ – 36oC 

Density of CO2 in situ – 658 (kg/m3)  
Net Gross ratio of aquifer – 0.90 
Reservoir pressure in situ – 9.3 mPa 

The most 

prospective

Reservoir quality: ‘good’  
Application for CGS: ’appropriate’ 
(average porosity 21%;  
permeability 150 mD)



VI.The novelty of the applied seismic numerical modelling approach was the coupling of the 
chemically induced petrophysical alteration effect of CO2 hosting rocks measured in 
laboratory with time-lapse numerical seismic modelling

VI

petrophys. 

Alteration 

+ 

seismic modelling
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VII.Alteration of the petrophysical properties of the reservoir had a strong influence on the 
reflected signals in the seismic sections, showing the highest difference on seismic sections 
with 1% CO2 saturation, increasing the detectability of the stored CO2. The difference 
decreased with increase in CO2 content. Up to 5% CO2 saturation could be qualitatively 
estimated from the synthetic seismic data. For CO2 saturation higher than 5% qualitative 
estimations of the saturation level are uncertain
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SCENARIO-1 VS SCENARIO-2 PROPERTIES CHANGE



VIII.The obtained results, as the first of this type in the central part of the Baltic Basin, 
have also importance for the southern and western parts of the Baltic sedimentary 
basin, which have CO2 storage capacity in the Cambrian aquifer (Lithuania, Sweden, 
Kaliningrad Region and offshore Poland). However, they should be supported by 
additional laboratory experiments and fluid-flow modelling of the CO2 storage in the 
Cambrian sandstones both in structures and basin-scale for better assessment of the 
possible storage scenarios and their safety

VIII
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The obtained results and their novelty have a practical value for the 
demonstration of CGS and its monitoring in the Baltic Sea Region. 
The monitoring, verification and accounting for CO2 is critical for the 
widespread application of CGS. The methods applied in this research 
to single structures and results of the CO2 injection-like experiment 
can be useful for the basin-scale modelling of CGS in the Baltic Basin 
and in sandstone reservoirs in other basins



E6. story of success 
E6 story 

STAGE II

Th
e 

ai
m To develop a new cost-competitive concept of the pilot project for the 

common use of the underground and synergy of CGS, CO2-EOR/EOR+ 
and CPG in the E6 structure in different geol. formations. Adopt the 
storage site with several “Win-Win” situations to make it more attractive.



Synergy of CO2 storage, oil and geothermal energy 
recovery in different geological formations:  

case study in the Baltic Sea 

CO2 + Enhanced oil 
recovery (EOR) CO2-EOR=

CO2-EOR + CO2 geological 
storage (CGS) EOR+=

geothermal energy 
recovery + CGS =

CO2 plume 
geothermal 

(CPG)



The Liepaja depression is a distinctly asymmetrical depression (length 200 km, width up to 70 km, trough amplitude 800 m) 
with a gentle northern and a steep near-fault southern edge. The Liepaja–Saldus zone of highs crosses the Baltic syneclise, 
stretching from the Swedish offshore towards the northeast for about 400 km.

- CAP-ROCK: 
Ordovician & Silurian Formations 
Silurian Formations: 
Thickness:  
100-125 m (122 m in the well E6-1/84) 
- Composition: 
mudstones 
Ordovician Formations: 
- Thickness:  
130-230 m (146  m in the well E6-1/84) 
- Composition: 
limestones, clayey limestones, shales, marlstones 
Open porosity: average 3%  
Gas permeability: average <0.01 mD 
Oil reservs (IV class reservoir) - Upper Ordovician 
limestones.  
Open porosity: 10-24% (av. 18%)  
Gas permeability: 39 mD (average 6 mD)

- RESERVOIR: Cambrium Deimena Formation 
- Depth interval:  
848-901 m (in the well E6-1/84) 
- Thickness:  
25-80 m (53  m in the well E6-1/84) 
- Composition: 
light-grey and beige-grey fine-grained, oil-
impregnated quartz sandstones 
Open porosity: 14-33% (av. 21%)  
Gas permeability: 10-440 mD (average 170 mD)

Oil reserves: 362 MMBO  
Oil flow: 2.7 m3/day

Geological background



CO2 storage capacity, Mt
Salinity: 99 g/l  
Thickness: 53 m  

Density of CO2 in situ: 658 (kg/m3)  
Net Gross ratio of aquifer: 0.90 

Reservoir temperature in situ: 36oC  
Reservoir pressure in situ: 9.3 mPa  

Area E6: 600 (km2) 
E6-A: 553 km2 
E6-B: 47 km2 
Porosity: 21%  

Permeability: 170 mD 

E6
 p
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65–144 (mean 110)E6

60–133 (mean 100)E6-A

5-11 (mean 10)E6-B
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Optimistic: 251–602 (mean 377) 
Conservative: 101–243 (mean 152)E6

Optimistic: 243–582 (mean 365) 
Conservative: 97–233 (mean 146)E6-A

Optimistic: 8–20 (mean 12) 
Conservative: 4–10 (mean 6)E6-B
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Optimistic: 320–745 (mean 490) 
Conservative: 170–385 (mean 265)E6

Optimistic: 305–715 (mean 470) 
Conservative: 160–365 (mean 250)E6-A

Optimistic: 15–30 (mean 20) 
Conservative: 10–20 (mean 15)E6-BD
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Storage ScenarioS New cost-competitive 
concept of the pilot project 
for the common use of the 

underground and synergy of 
CGS, CO2-EOR/EOR+ and 
CPG in the E6 structure in 
different geol. formations

Surpluses

✦ Testing of integrity of the Deimena formation 
✦ Coverage of operational cost of the rig 
✦ Single injection well reducing overall costs 
✦ Increased CO2 storage capacity   
✦ Increased oil production (in contrast with conventional CO2-EOR) 
✦ Geothermal Energy Recovery
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Storage ScenarioS

Fig. Transport model of the proposed innova5ve synergy 
CCUS and renewable energy project offshore Bal5c using CO2 

emissions from the cement industry and energy produc5on 
from Estonia, Latvia and Lithuania (CLEANKER project, 
Heidelberg cement)

Fig. Conceptual techno–ecological schema5c model of CCUS 
project with different green renewable energy recovery 
technologies in the structure E6 including synergy of (1) CGS, (2) 
GCS, (3) CO2-EOR/EOR+ in different geological forma5ons in the 
same storage site and (4) solar energy and (5) wind energy recovery

Win-win-win-win-win 

Or 

Win5 situation



E6. story of success 
E6 story 

STAGE III

Th
e 

ai
m To update the cost-competitive concept and to add an additional, 6th 

“win”- situation in the E6 structure - Hydrogen storage  
E6 with WIN6



E6 with WIN6

H2 storage

CO2 storage + 
Geothermal energy 
recovery + 
CO2-EOR+ 
Solar energy+ 
Wind energy



E6 with WIN6

Hydrogen Storage 
Capacity estimation

MH2= A × h × NG × φ × ρH2 × Sef

MH2 - storage capacity (kg)
A – an area of an aquifer in the trap (m2)
h - average thickness of the aquifer in the trap (m)
NG - average net to gross ra5o of the aquifer in the trap (%)
φ - average porosity of the aquifer in the trap (%)
ρH2 - in situ H2 density in reservoir condi5ons (kg/m3)
Sef - storage efficiency factor (for trap volume, %)
Conserva)ve storage efficiency equal to 1% was used for calcula)ons

Optimistic  

approach



E6 with WIN6

H2 storage

H2 storage  
capacity

CO2 storage + 
Geothermal energy 
recovery + 
CO2-EOR+ 
Solar energy+ 
Wind energy

Conservative
30 000 t



E6. story of success 
E6 story 

STAGE IV

Th
e 

ai
m To update the cost-competitive concept and to add an additional, 7th 

“win”- situation in the E6 structure - CO2 hydrogenation to fuels  
E6 with WIN7

Under 

consideration 

2022-…



For the first time the concept of techno–ecological synergy of 
the CCUS project with different green renewable energy 
recovery technologies - modules, which support circular 
economy targets, was proposed:  

(1) CGS, (2) GCS, (3) CO2-EOR/EOR+, (4) solar energy, (5) wind 
energy production, (6) Hydrogen storage, (7) CO2 hydrogenation 
to fuels 

Maximize efficiency 
Minimize the carbon footprint of the full-chain process 
Demonstrated winx situation (where x is a number of additional 
conceptual technological benefits of the project or MODULES) 
with x=7 
Win5 global situation: greenhouse gas emissions (GHGE) reduction, (2) 
economic profitability, (3) increased CO2 storage capacity, (4) public 
acceptance, and (5) retargeting of oil and gas businesses
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Compact mobile modules of small wind offshore floating plant installed 
around the rig and solar panels covering the free surfaces of the rig and a 
mobile geothermal plant using CO2 (20 times smaller than a conventional 
plant) will produce renewable energy added to the project electricity net 
to cover the energy needs of the project. The excess energy will be used by 
the compact mobile module of a hydrogen production plant established 
directly on the rig. The produced hydrogen could be stored underground 
and when needed, transported by ship to the port. For the first time, we 
estimated hydrogen storage capacity in the E6-B, the smaller 
compartment of the E6 offshore structure as 30 Kt.  
Our Baltic offshore scenario is ambitious and innovative, considering 
proposed new technologies, synergy with renewable energy, techno–
ecological synergy, large storage capacity and included cluster of emission 
sources from the cement industry and energy production from Estonia, 
Latvia, and Lithuania. These all-listed facts make this concept unique and 
a pioneer in the region and in the CCUS and GHGE fields of study. 
This scenario is a basis for the new concept of CO2 and hydrogen storage 
site marketing: how to retarget fossil fuel business (the depleted oil and 
gas fields) into the storage-targeted and renewable energy business, 
permitted to achieve the carbon-free energy transition using principles of 
circular economy and sustainable use of resources and environment. 
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