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Summary CLEAI‘I KER
* CLEANKER overview
* Project objectives
* Calcium looping capture in the cement industry
* Configuration of CLEANKER pilot
* CLEANKER timeline
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*  WP7 on CO2 transport, use and storage
* Dissemination and communication
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CLEANKER - Overview CLEAI\I KER

» Starting date: October 15t 2017
e Duration: 4 years + 6 months

* Total budget: € 9.237.851,25

* UE co-financing: € 8.972.201,25

LuT
Lappeenranta
- University of Technology

* Chinese governement founding: 265.650 €

e Partner: 13 from 5 EU member states +

Switzerland and China ‘“ HKM

WP1 - Management
lvdz.
[WPZ — Demonstration system WP3 — Demonstration of Cal ‘ )

design process

N

WP4 — Comparative WP5 — Process integration and
characterization of raw meals

for CaL modelling Y C S l :
< > CONSEIO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

‘ WP7 - Transport and storage m WP6 — Scale up, economics, LCA

TALLINN UNIVERSITY OF

i
lni TECHNOLOGY

|ENCJNE[|'?INC THE FUTURE]

£ 7) POLITECNICO
MILANGC 1863

@ Italcementi
@ HEIDELBERGCEMENT Group

% Universitit Stuttgart

‘ WP8 — Epr0|tat|on

\ WP - Dissemination
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Primary project objectives CLEAI\I KER

The ultimate objective of CLEANKER is advancing the integrated Calcium-looping process for CO, capture in
cement plants.
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This fundamental objective include the following primary targets:

Demonstrate the integrated Cal process at TRL 7, in a new demo system connected to the operating cement burning
line of the Vernasca 1.300.000 ton/y cement plant, operated by BUZZI in Italy.

Demonstrate the technical-economic feasibility of the integrated Cal process in retrofitted large scale cement plants
through process modelling and scale-up study.

Demonstrate the storage of the CO, captured from the CaL demo system, through mineralization of inorganic material
in a pilot reactor of 100 litres to be built in Vernasca, next to the CaL demo system.

- Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21
September 2021
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CLEAN KER

* Originally proposed by Shimizu et al., 1999. A twin fluid-bed reactor for removal of CO,. Chem. Eng.
Res. Des., 77.

* Continuously developed since 1998, mainly for application in power plants

Calcium looping for CO2 capture: history and process fundamentals

* Several fluidized bed pilot facilities - demonstrated up to 1.7 MW (La Pereda, Oviedo — Spain)

CO,-rich gas to
CO,-lean flue gas sequestration

CARBONATION CALCINATION

Ca0+C0O,->CaCo, CaCO,;->Ca0+CoO, m

~ 6502C ~9002C

Flue gas (CO,) CaCo, a0
make-up purge
(FCOZ)

(Fo)
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Calcium looping in cement industry — integrated configuration CLEAMIQKER
o’
CO, rich flue gas Raw meal CO, poor flue gas
CPU
- . CARBONATION CALCINATION
CO, to utilization Heat Ca0+C0,->CaCo, CaC0,->Ca0+Co,
or storage ~ 650°C ~900°C
02 .
Air Flue gas from kiln
ASU G Fuel General information:
Rotary kiln Ai ] T ]
‘ N, Ir * Cal calciner coincides with the
Clinker cement kiln pre-calciner
e Calcined raw meal as CO2 sorbent
in the carbonator
Calcination: e Sorbent has small particle size
CaCoO, + O, + fuel (CH)-> CaO + CO, + CO, + H,0 (920°C) (d50=10-20 um) -> entrained flow
t + CO, (650°C) I reactors
- Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 September 2021
Co-fundad by the Horkzon 2020

Frarnawork Programme of the Eurcpean Union



1 =AM elinkFR by calcium
looping for low-CO, cement

Calcium Looping — Integrated CLEAI‘I KER

-
Cal cement plant
Flue gas (with CO,) to environment» Calciner:
CaCO; (fresh + from carbonator) + heat ->
Raw meal Ca0 + CO, (to storage)
CaCo g
3 . ﬁ CO, to storage or F'“Ceg‘",st‘pg‘f””
— — 2 o the
utilization envizronment
Existing pre-heating tower -ﬁ:@ A
5 Raw meal
i = reheater
€O, from: ra(\i\flncql;]:;jto § P
carbonator ',%
calciner fuel L (CaO-rich) &
O /
co, Cﬁ N !
o o~
fresh raw meal 5 S
S n
Pre-calciner: i Sl
CaCO; + heat -> CaO \iln e onaFed sorbent
| +CO Il ! NTT (CaCo3 -rich) + fresh I Air
2 . \ / ) N preheated raw meal
Fuel 11 Air / to calciner
— /
_U Q n | Clinker cooler Calcined raw meal Rotary kiln:
[[:I} i Fuel link to rotary Ei)ln (Cao CaOo (from calciner) + heat -> clinker + flue gas
ue Cli ric
Ailrn > OZH Clink I
| Rotary kiln: CaO + heat -> clinker | ~ inker cooler
Ztl'lnkerﬁL
I~
%

- Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 September 2021

Co-fundad by the Hortzon 2020
Frarnawork Programme of the Eurcpean Union




1 =AM elinkFR by calcium
looping for low-CO, cement

CLEAI\I KER
Indicative configuration of the CLEANKER pilot

@
Cleanker Fluegas \ernasca
pilot plant cement kiln
Flue gas— _ Carbonator
ﬁater COZ lean Raw Meal
from CO,-rich gas % Inlet
cgefich flue gas CO, poor 2 flue gas
tgftorage/utilization flue gas ~ | ' w meal J
Input
. . . i 1]
| Existing pre-heating tower Cooling
Carbonator " Raw Meal
o (Vernasca) rbonated Preheater
. 650-700°C rbentto §
Calciner alciner g —
920°C :
Flue gas ] f
from _
cgment kiln !
CaO : !
\ | .
CaCoO; “JIntemal
nealto sorbent
bnator recycle
—Fuel Raw
o : meal Tertiary air Flue gas Pre-calciner
2
/ to carbonator
Solids— Prefcalciner Tertiary air
_ Dilution
Air
Demonstrator Rotary kiln L& N[ | Rotary kiln
Co-Aundad by the Ho
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CLEAN KER

CLEANKER TIMESCALE

17-18 Qctober 2017
\ May 2021
March 2021 ::':,,:2 tests and cata
Inspection
March 2015
Main Bems fabdartion
3 2
[ ]
(]
T
: E
o
& Hovember 2021 %"
=l Measuring poftits Casting concrate results
and full aconomic analysls
instrumentation of cement plank with Cal
. . p—
. March 2022
Final conclusions
Septamber 2020
CEE—— _ o ' = i’
h Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21
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CLEANKER demo system CLEAI\]KER

@

Preheater tower

Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21
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The demo plant in place CLEAI\IKER
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Opening event: 9th October. CLEAﬁKER
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Calcium-Looping }

process for CO, capture

in cement plants
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CARBONATOR |

' »};\ Cyclone at calciner outlet
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Experimental campaigns C._EAI\I KER

Nine experimental campaigns have been scheduled, five short tests of three days each one and 4 long tests of
one week each one.

The aim of the short tests is to identify the most attractive operating conditions for the longer test runs.
Therefore, particular attention will be given to the analysis of the governing parameters of the Cal process,

namely:

Oxydant for the calcination process: Air/Oxygen;
Calciner outlet temperature;

Type of CO2 sorbent;

Gas flow rate at carbonator inlet;

Solid to gas ratio in the carbonator;

Solids temperature at carbonator inlet.

- Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21
September 2021
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WP7 on CO2 transport, use and storage CLEAI\] KER

Coordinated by TalTech (2 departments, Estonia), participants TalTech, ITC-HCG, BUZZI

Objectives:
* Developing common methodology for modelling of local and regional CCUS scenarios in Europe using international
expertise;

* Modelling local and regional CCUS scenarios, relevant for cement plants owned by the end-users, in particular: a Baltic
regional scenario including Kunda Cement Plant in Estonia and Slantsy Cement Plant in Russia (both of ITC-HCG); a local
Italian scenario including BUZZI Vernasca Cement Plant in Italy;

* Assessing regulatory issues for transport, utilization and storage in the selected scenarios;

* Defining of suitable BUZZI and ITC-HCG cement plants for CO, capture in Europe, North America and Asia-Pacific region
based on transport and storage opportunities of CCS clusters already well documented in the literature;

* Demonstrating mineral carbonation of CaO-rich waste ash from Estonia, and concrete demolition waste (CDW) from
cement plants with CO, captured from the demo system in Vernasca BUZZI plant.

Co-fundad by the Hortzon 2020
Frarnawork Programme of the Eurcpean Union
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WP7 on CO2 transport, use and storage - Results CLEAI\] KER

Task 7.1. Development of common methodology for techno-economic modelling of
CCUS scenarios (M1-M12) - ready

Task 7.2. Techno-economic modelling of CO, transport, storage, utilization scenarios
including database collection (M1-M40) - ready

Task 7.3. Regulatory issues for transport, utilization and storage (M1-M10) - ready

Task 7.4. Definition of BUZZI and ITC-HCG cement plants suitable for first-of-a-kind CCS
plant based on transport and storage opportunities (M13-M34; ITC-HCG, BUZZI, TUT) -

ready
Task 7.5. Mineral trapping of CO, from the demo system (M1-M48) - ongoing

Task 7.6. Testing the carbonated materials for reuse in concrete (M44-54) — 2022

Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 September 2021 15

Co-fundad by the Hortzon 2020
Frarnawork Programme of the Eurcpean Union



Education activities within CLEANKER in TalTech
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Hl TALLINNA TEHNIKAULIKOOL
IIII TALLINN UNIVERSITY OF TECHNOLOGY

School of Science
Department of Geology

Estonian-Latvian Transboundary Carbon Dioxide Capture,
Transport and Storage (CCS) Scenario for the Cement Industry

Master thes’s

Student: Karl Simmer, 162972YAEM
Supervisar: Alla Shogenova, Department of Geology, senior researcher
Study program: Farth Sciences and Geotechnology

Tallinn 2018

TALLINNA TEHNIKAULIKOOL
TALLINN UNIVERSITY OF TECHNOLOGY

Department of Materials and Environmental
Technology

WET ROUTE CARBONATION OF INDUSTRIAL WASTES
FOR CEMENT INDUSTRY DECARBONIZATION

TOOSTUSIAATMETE POOLKUIV KARBONISEERIMINE CO;
EMISSIOONIDE VAHENDAMISEKS TSEMENDITOOSTUSES

Student: Anastassia Zuravljova
Student code: 178127KAYM

Supervisor: Mai Uibu, Kadriann Tamm

Tallinn, 2019

TALLINN UNIVERSITY OF TECHNOLOGY
SCHOOL OF ENGINEERING

CLEAN KER

Department of Civil Engineering and Architecture

EXPERIMENTAL STUDY OF CO: MINERALIZATION IN
BURNT OIL SHALE AND CEMENT BYPASS DUST BASED
SYSTEMS

STUSINIKDIOKSIIDI MINERALISEERIMISPROTSESSI UURIMINE POLEVKIVIE- NING
TSEMENDITOOSTUSE JAATMETEL POHINEVATES SUSTEEMIDES

MASTER THHESIS

Student Mustaln Cem Usia
Student code 177351
Supervisor Dr. Can Rigrd Ydrilk

Co-supervisor  Dr. Mai Uibu

Lallinn, 2019

Integration of cement plants into CCUS hubs
and clusters in Europe: case study from United
Kingdom

Master thesis

Student: Glea Habicht, 192230LARM

Supervisor: Alla Sogencva, Department of Geolagy, senior researcher

Study program: Georesources

2021

Co-fundad by the Hortzon 2020
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Education activities within CLEANKER in TalTech: Master thesis is defended in 2020 in
cooperation with ENOS project CLEAI‘I KER

LN ) L]
University of Zagreb @

H TALLINN UNIVERSITY OF o FACULTY OF MG,

Il TECHNOLOGY ENGINEERING

WA TAL | INN UNIVERSITY OF
mEn o )
i TECHMOLOGY

1 , | CLE'APIKER North Italian CCS
SAPITNZA Y B ol Scenario for the
LIWIVERSITA T Roka R 9§ n y 3 | -

Cement Industry
& SAPIENZA

UNIVERSITA DI ROMA

Student: Martina Mariani

Supervisors:
North Italian CCS scenano for the T Tty
cement industry —

Roma, 2 November 2020

LEGEND
- Cement plants
‘| [ Malossastructure
» Geological storage site

Smdent: Martiza Meriani
Separvisars:

Crr. Kazbulat Shogsnew, ressarchar
Cr. Alla Seogenova, senior ressarchas
{Talkmm Ussvscsity of Technolegy)

m— CO2 pipelines along
natural gas pipelines

€Oz pipelines along roads

Boma, 2020

CLEANKER WP7 GIS
0

North Italian CCS scenario for cement industry 11/2/2020 Pages 18
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Innovative synergy CCUS and renewable energy project offshore Baltic
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using CO, emissions from the cement industry

= [t is proposed to capture CO, from the Kunda Nordic Cement and
from the Eesti PP in Estonia, from the Lithuanian Acmene CP and
Latvian TEC-2 (Fig. 2, Table 1).

Scenario

TAL
TECH _CLEAI‘I KER

Shogenov & Shogenova, 2021

= After CO, will arrive at the offshore platform or drilling rig of the E6 [ B TR e Ty
storage site, it will be injected into the CO, storage reservoir for CGS 5 e {'*.,5'\/ -
and GCS and to the oil-bearing reservoir to enhance oil recovery (Fig. ?’ : smatnaéf' e
3). We are planning to drill 6 wells: 3 wells for injection (one for CO,- }‘ﬂ s & wr
EOR in the Saldus oil reservoir, two for GCS and CGS in the Deimena | i
Formation), 2 for liquids recovery (one for oil recovery from the Saldus Pk
Formation and one for warm water recovery form the Deimena g = B
Formation) and 1 for monitoring. “'Tfu:,,',;__ oA
= Small wind offshore floating plant is planned to be installed around the P Ay g
rig (Fig. 3). , :
= Solar panels will be installed at all available free surfaces of the rig and | |* e CREEE = e
gained solar energy will be added to the project electricity net for \ e A - son
. : . wierald VY el R s e / i e ;e
covering energy needs of the project or for selling energy. S i, S T AN S GO 102
Table 1. Technical parameters of the Baltic offshore scenario for 2019 ": \ ol . —uann /M/ME’
- : 2 Legend ~— .
Country Estonia Total : stonian Latvia Lithuania Total Baltic e Py - =
share ccus | e B Power Plant Saldus '
Emissions sources KNC | EPP 2 plants TEC-2 LACP 4 plants E6 ‘ ""I':?"‘"“‘g R '-uzg;\g;?; A Cement plant |
mzem'“"’"s"n::;d“wdpe""e“" 0.55 | 3.43 3.98 0.90 0.97 5.84 {_J‘f u 4 I Geological structures _""//:"f/er
e i 5 At — Schematic CO2 transport routes galine aqu
€O, emissions captured (95%), Mt | 0.52 | 3.26 3.78 0.85 0.92 5.55 - — P = jmena - |
b3 — ey . DE\m ),/|
i . . : i [ o St e Ty S
€0, emissions avoided peryear, Mt| 0.49 | 3.09 3.58 0.81 0.87 5.26 “‘@9[ Cleanker GIS Baltic Offshore CCUS scenario 0 50 mgm . '/// \\‘_\ /{’_J,,-«'
Total CO, emissions captured for 30 15.59(97.76 113.34 75 59 27.50 166.44 5 T e i
years, Mt ’ ’ i ) ) i . . . . _ o o
Total CO, emissions captared for 30 Fig. 2. Transport model of the proposed innovative synergy CCUS and Fig- 3. Conceptual techno-ecological schematic
years, % 9.37158.73| 6810 15.38 16.52 100.00 p ; : feci model of CCUS project with different green
Total O, emissions avoided for 30 renewable energy project offshore Baltic using CO, emissions from the . .
years, Mt 14.77)92.61] 10738 | 2425 2606 | 15788 | cement industry and energy production from Estonia, Latvia and Lithuania ~ "enewable . enelr -‘3’ recovery techngg;glezs C:"Z'S tI;e
tructure E6 in ing syner 1
CLEAN cinkER by cakeum Table 2. CO, pipelines distance and diameter of the Baltic offshore scenario structure C_u ,g synergy of ( )  (2) L ()
loopingfr kow-CO, cement CO,-EOR/EOR+ in different geological formations in
CLEAINKER Counlry Estonia Total Estonian share Latwia Lithuania Toll Balic CUS | the same storage site and (4) solar energy and (5)
EmniSSE0ns SUNTes KNC EPP 2 plants TEC-2 LACP 4 plants Wind energu recovery
o
- o® """’:’;“"’“i cetothe | 4.5/100| 307300 345 230/250 145/220 1095
Lainkid —T TS =0 = e = Low carbon cement (CLeanker) -
Co-fundad by the Horkzon 2020 €0, by shép.

Frarnawork Programme of the Eurcpean Union
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TECH creaNker
~ei_._. ______ation Plant
* 110 kg of CO, /t OSA
* 250 kg of PCC (precipitated
CaCO;) from one t OSA
* 0.42 Mt CO2+3.8 Mt OSA=0.95
Mt PCC/year

Techno-economic modelling of the Baltic CCUS onshore scenario

Proposed scenario:
v/ 6 CO2 emission sources

v" CO2 use: Mineral
Carbonation Plant (CO2 - Revenues
o sl

+ Oil Shale Ash) sl pf 1| i DX 8 - ‘. | cocoe -+ avoided EEAP 40 Euro/t €O,

v Pipeline transport s Ay 2 .= Eh - R - ' LUTENIRER™ . 3 ¢/t OSA for OSA disposal
v North-Blidene Storage " ; 57 | i e = ° 50€/tPCC
site in Latvia P e = o ol e

v Cambrian saline fﬁgtn PP

aquifer: Deimena
Formation sandstones

v CO2 emissions: 2019

s iy
Latvenergo TEC-2
Power Plant [10]

. Il Power Plant
.. A Cement Plant
2, @ saline Aquifer . . b5 g
| © Mineral Carbonation site [ Aﬂ ‘Ere POWG,_. |
¥ — cO02 Pipeline " [8]
;w — Natural Gas Pipeline

@ I <
\i+ E

Baltic CCUS scenario 0 50 100 150 CLEAM clinkER by caleium
. . . s . . . . looping for low-CO, cement
Fig 2. Baltic CCUS scenario.CO2 emissions produced in 2019 are shown in yellow colour
(Shogenova et al, 2021) CLEAJNKER .
- Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 September 2021 ° o’
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Techno-economic modelling of the Baltic CCUS onshore scenario PE‘(L:H CLEAI‘IKER

Ll Annually 6.8 Mt CO, could be captured, transported and injected, including 6 Mt CO, avoided using
transport and storage and 0.42 Mt avoided using MC of Estonian OSA.

da-No icCement q B G E

Ll During 30 years nearly 204 Mt CO, will be captured, used and stored, while 193 Mt CO, could be
avoided.

Ll CCUS scenario includes CO2 use of 0.47 Mt CO, produced at Eesti PP and using 3.8 Mt of fresh OSA
produced during combustion of OS at three Eesti Energia PP.

Ll 6.4 Mt of captured and compressed CO, will be transported annually for onshore CO, storage site in
Latvia (North Blidene) via pipelines. CO, will be injected into the 50 m thick Cambrian Series 3 Deimena
Formation reservoir sandstones at the depth of 1035-1150 m.

A Cement Plant
C?s @ saline Aquifer
o © Mineral Carbonation site

. 6. The total average transport and storage cost of the scenario is 18.4 €/tCO, injected. This cost depends «ﬁj' — CO2 Pipeline

N ‘m- >
on the transport distance, according to the applied methodology, and it is the most expensive for the Eesti Sy — Natural Gas Pipeline
. T —
Energia PPs. “'@* Baltic CCUS scenario o 0 00 50

] The lowest T&S cost of 5.54 €/tCO, injected will have Latvenergo TEC2 PP located at the smaller distance
from storage site. . Scale, m

= At the price of EEAP of 40 €/t CO, and 50 €/t PCC the CCUS scenario could be beneficial for three Eesti
Energia and Latvenergo TEC-2 PPs. For the KNC and VKG Energia plants without CO, use options, the
higher EEAP of about 50 €/t CO, is needed to cover all CCUS costs including capture, compression, T&S
and monitoring.

CLEAN clinkER by calzium
looping for low-CO, cement

CLEA]NKER

Low carbon cement (CLeanker).- @2GeoNet Webinar - 21 September 2021

- (Shogenova et al, 2021)
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Integration of Buzzi and Heidelberg cement plants into the first operating and planned CCUS cluster &#ia
projects worldwide CLEAI\I KER

e Technical and geological parameters of the 12 large CCUS cluster projects worldwide
were included into the CLEANKER ArcGIS Database and integrated with 12 HCG and BU

CPs prospective for CLEANKER Ca-looping technology exploitation. HyNet CL + HCG || Net Zero Teesside CL and
Padeswood & Zero Carbon Humber CL +
e (O, transport distance from the CP to the CO, storage site and maturity of the projects Ribblesdale CPs HCG Ketton CP
permitted to propose priority for the possible CPs integration (recommendations sent [ ————— [ Norther Lights
to HeidelbergCement in 2020). Trunk Line CL iy C.-co
(ACTL) + e orcem Brevik
e The HCG Norcem Brevik CP is the first worldwide CP already included into the [ Edmenton©P [ LGP
Longship project with Northern Lights infrastructure. o mason [ Hea Skvde
i : CP
e The second world candidate CP for integration into the cluster project is HCG | ©!ehish CP
Edmonton CP located at the 170 km from the Clive DOF of the ACTL project in Alberta | pemerciycL | ponnos CLIn
. . . . + n 4 .
State in Canada. The CO; capture pilot is developing now at the Edmonton CP. e . m%cglg;ﬁzf e
e Among three operating CO,-EOR cluster projects in USA the first candidate for Gulf Coast CL Marseille CL CarbonNet CL+
integration is BU Maryneal CP, located at 81 km from Sacroc depleted oil field in the o e ﬂ’@cf_%?n)]gms R i
Denver City operating cluster project in Texas. cP Calcia CP

e All CPs proposed for integration into the European cluster projects has close, or Fig.1. 12 CCUS Cluster Projects (CL) with Cement
relatively close location in the limits of 50-300 km to the storage sites. Plants (CP) proposed

e Among three CPs proposed for UK clusters, the Padeswood CP has the closest location
to offshore storage site (about 60 km onshore and offshore). In 2021
HeidelbergCement’s British subsidiary Hanson UK has became a partner in the HyNet  Results and recommendations from this
North West consortium with Padeswood cement plant. study was sent to HeidelbergCement Group

o All the proposed CPs are producing clinker and cement and suitable for exploitation N December 2020
study of the CLEANKER project Ca-Iooping capture technology.

Co-fundad by the Hortzon 2020
Frarnawork Programme of the Eurcpean Union
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TAL
NORTH ITALIAN CCUS SCENARIO FOR THE CEMENT INDUSTRY TECH CLEAI\I KER

CO, emission sources

Heidelber Cement Italcementi plant Cementeria di
Calusco d’Adda

3D Model of Malossa Structure

Kiln 2 at Robilante Cement plant

Buzzi Unicem CLEANKER WP75% ’ CO, capture pilot cement

. . (P S Ry Ty plant opened in October

is the second largest industry : 2020 at Vernasca Cement
plant

player Buzzi Unicem Vernasca Cement plant
in the country

Co-fundad by the Hortzon 2020
Frarnawork Programme of the Eurcpean Union
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GEQLOGY

Techno-economic modelling of 2-plants scenario for the Northern Italy

B erg Total
Compan .

*  Economic modelling of CCS scenario for the Nortern Italy includes Buzzi Unicem Vernasca pany Unicem Cement costs/(averag

and HCG Italcementi Calusco D'adda CPs with total 1.2 Mt CO, emissions produced in 2020 S0k o ; :o‘:ezrltt;zzz
alcementi

* Itis possible to capture, transport and store 1.1 Mt CO, annually and 23 Mt during 20 years DTS WEESEE || el cement
of the project into Malossa structure, considering the limited CO, storage capacity of the plants
Sergano Gravel Reservoir Formation with the estimated average optimistic capacity of 24 Mt CO, injected per year, Mt 0.50 0.65 1.15
CO.. TPC (Total Plant Cost), M€ 57.23 16.34 73.56

¢ Considering 5% of additional emissions produced during CCS operations, only 21.8 Mt of COSTtotal, €/t CO, injected 14.32 375 831
CO, could be avoided during 20 years of the project. COSTtotal, €/t CO, avoided G . >

¢ CO, transport, storage and monitoring cost for this scenario is the most economic for
Italcementi Calusco D'adda CP, estimated as 4 €/t CO, avoided, explained by close location " Ceme:gfa:f

to Malossa storage site. About 34 km of pipelines along available natural gas pipelines will — Pipelines to Malossa

be constructed. @ Geological Storage Site |
[ Malossa structure :
=

/= 4

. CO, transport, storage and monitoring cost is 15.1 €/t CO, (about 4 times more expensive)
for Vernasca CP explained by 4 times longer pipeline distance and needed CO,
recompression.

*  For a more economic scenario for Vernasca CP, it is highly recommended to use the depleted
gas field of ENI located in Cortemaggiore field (Piacenza) located only 30 km from the
Vernasca CP and with good options for CO, use for enhanced gas recovery.

¢ The total costs for the CCS scenario will depend on the final costs of Ca-looping CO, capture
at the Vernasca at the end of the CLEANKER project. At the present time, the cost at the e e
reference Ca-looping capture cost is 58 €/t CO, avoided, (De Lena et al., 2019), but could be At ffj@%jﬁ& /

cheaper for CLEANKER pilot at Vernasca (D5.11 of the CLEANKER project). @ T AR Wi GVI L —-—

° H H . . 2
The maximum total CCS cost for Vernasca with the transport and storage in Malossa site €0, transport scenario from Buzzi Unicem Vernasca and Italcementi Calusco D'adda

could be 73 €/t CO, avoided and will be feasible for CO, price in EU ETS of about 75 €. cement plants to Malossa storage site in Sergano Gravel Formation reservoir.
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Mineral trapping of COz_from the demo system

1 =AM elinkFR by calcium
looping for low-CO, cement

CLEAN KER

One of the objectives of the Horizon 2020 project CLEANKER is the construction of a CO2 mineralization reactor for the Ca-
looping demonstration system that will capture CO2 in the cement plant operated by Buzzi Unicem sited in Vernasca.

In the case of CO2 mineralization, captured carbon dioxide gas is stored in the form of thermodynamically stable carbonate
minerals, which, by eliminating the greenhouse effect of CO2 allows environmentally safe disposal or recycling of CO2.

The pilot testing (in 200 L reactor) was preceded by lab-experiments (in 46 L reactor), the aim of which was to select the best

potential CO2 binders and to find the optimal carbonation conditions.
* Laboratory tests were performed using wet and dry carbonation routes.

CO,rich flue gas Raw meal CO; poor flue gas
Wastes: S = é,&’a
BOC, CBD, CDW __ L - 7 N,
5 o : | &
water —
ff g P C&C03 g 9
\ Fuel E § - S
©
o
Fer_ [ © Ca0 3
Carbonated waste 0
to concrete casting 2 v Flue gas from kKiln
Air ASU :
Rotary kiln

p—— Fuel

AIr

;"-;_ §
- Clinker

Figure 1: Process scheme.

Premixing chamber
Flowmeters \

L
L

Mixing chamber 1

/

Air

L]

PC CO, analyzer \
Mixing chamber 2

Figure 2: Preliminary experimental design (Usta et al, 2021).
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Mineral trapping of COZ_from the demo system

* The results showed that selected types of burnt oil shale arft cement
wastes could be used as efficient binders in both dry and wet CO2
mineralization systems with binding capacities up to 0.18 kg of CO2
per kg of BOS and up to 0.24 kg of CO2 per kg of CBD.

The activating effect of hydration as a pre-treatment method showed
that at lower operating temperatures, the same level of CO2 capture
can be achieved, thereby rendering the carbonization processes of
similar industrial wastes more energy efficient.

. Finally, the wet carbonation route (L/S=0.2 — 0.3) was chosen for pilot
testing.

* The pilot (200 L) was designed based on a commercially available
concrete mixer integrated into CLEANKER Calooping demo system
and equipped with CO2 inlets and outlets, as well as CO2,
temperature, and moisture sensors to detect the reaction progress.

Figure 3:Testing equipment (flowmeters, mixing chambers, RH/T probes, by-pass *  Preliminary testing confirmed that CO2 could be mineralized from gas
connections, CO2 analyzer) shown from the side (left) and from the top (right) (Usta et mixture by burnt oil shale in proposed wet conditions.
al, 2021).

* The testing will continue using CO2 directly from Ca-looping calciner
to produce re-carbonated wastes for concrete casting to demonstrate
the quality of the commercial product in the following stages of the
project.

Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 September 2021 25

Co-fundad by the Hortzon 2020
Frarnawork Programme of the Eurcpean Union



Dissemination and communication ACTIVITIES: Climate

= POSTIMEES MHEHWME CNOPT BWMAEQ KYNbTYPA KPACOTKA LUMOMN KWMHO3AM 3A0POBLE BAPEOC |

AUs Postimess 82 -+ Sx0HOMMES © YUBHLIE SHEKOT, KSX CNACTW CRAHUBEYI0 SHEPTETMY JCTOHUM HE B YLUERE SKONOMMM, HO WX HE CRLILE

change and CCUS in Estonian media

1 =AM elinkFR by calcium
looping for low-CO, cement

Ao @M E WS @ &

YueHble 3HalT, KaK CNacTu C/IaHLEeBYHO
3HepreTuKy CTOHMU He B yLLiep6
3KOMIOTUK, HO UX He cbiwaT

fo6GaeneH KommeHTapwii Eesti Energia -

é Onecs MarawwHa

UUDISED ARVAMUS VALISMAA ARILEHT KASULIK KULTUUR SPORT LP

= @00 EcstiPievaleht

. KLIIMA  31. OKTOOBER 2015

Teadlane: ka Eesti maapoues saaks C02
ladustada ja siis naiteks maasooja toota =

Maasooja tootmine CO; abiga on Alla Sogenova sinul thiesti vimalik. ,Seda pole ma veel kellelegi Eesti raakinud. Olen
juba raakinud teile ronkem, kui peaks!”

RAIMO POOM

QP rsimo.poom@eples < MG s ) kuuLa

Kas6ynat LLloreHoB co CBOEA JOKTOPCKOI AUccepTaLuel, NOCBSLLEHHOM XpaHeHWo
YrNEKACNOro rasa.

®OTO: Oneca NarawwvHa

B TTY yTBepXAatT, UTo 3HAKT, KaK pelluTb npo6nemy
HEe3KONOrMUHO cnaHUeBol 3HePreTUkW, He 3akpbiBasi
npov3BoacTBo. OAHAKO MOKa YYEHBLIM HE BHEMJ/IKOT HW MOJNTUMKA, HWA

3HepreTuku. O ToM, NoYyemy Tak MPONCXoANT N Kak paGOTae'r

Kui siisihappegaas Eestis kinni puitida, siis on Alla Sogenova sénul olemas véga head arivéimalused, kuhu ja kellele seda muaa.

FOTO: RAUNO VOLMAR
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42 Tonbko ANA NOAMHCHUKOE

fipocnae TaBreHs + 7 HOAGPR 2019

HOBOCTH

pynna 3axeaTta CO2

B CIIIA pazpaboTaHBl TEXHOIOITIH, TO3BOIARIINE yeTpaunTs 90% BEIOpocoB

CO3 B atmochepy. 1Ix MoxHO TpMeHATh 1 B JcTorm. Ho ecTs mpobmema:

OHII HEBEPOATHO IOPOTTIE.



Dissemination and communication ACTIVITIES: CCUS prospect presented for some Estonian

https://www.facebook.com/Kazbulat):

a) Presenation at the Estonian Ministry of Economic
Affairs and Communications, Timo Tatar - Deputy
Secretary General for Energy at Ministry of
Economic Affairs and Communications for Estonia

b) Presentations to Estonian Parliament member -
Viktoria Ladonskaja,

c) Presentations to Estonian Parliament member — Erki
Savisaari juures

#& Kasbynat WoreHos HaxoauTca ¢ Alla Shogenova B Majandus-  ***
-, / ja Kommunikatsiooniministeerium.
11 HoaGpa 20191 - Tannuu - G »

4> CCUS in Ministry of Economic Affairs and Communications <
B ENG/myRUS/™SEST (3

BRENG
In Estonian Ministry of Economic Affairs and Communications

Visited today Deputy Secretary General for Energy Timo Tatar in the
Estonian Ministry of Economic Affairs and Communications. We informed
the ministry with latest updates of the CO2 Capture, Utilization(Use) and
Geological Storage technology (CCUS) and latest prospects for Estonia
based on our economical models and research needs. Nice to see the
interest of this technology from our ministryl With hope for the future
cooperation

mwRUS
B MUHUCTEPCTBE 3KOHOMUKM M KOMMYHUKaLMIA SCTOHAN

CerogHA NoCeTUNM 3aMecTUTeNA reHepanLHoro CekpeTapa No aHepreTUke
Tvmo Tatapa B MWHMCTEPCTBE 3KOHOMUKM U KOMMYHHUKaUWA SCTOHWA. Mbl
npouHopMUpoBani MMHUCTEPCTBO O MOCMNEAHNX OOHOBMNEHNAX
TeXHOMOMM YNaBMMBAHNA, UCMIONE30BAHNA 1 FeONOTMUYECKOro XpaHeHNA
CO2, a TaKke 0 NOCNENHUX NepCneKTHBax AnA CTOHMU HA OCHOBE HaLLMX
BKOHOMWUECKIX MOJIENei 1 NoTpebHoCTen B UccneaoBaHnAX. [pUATHO
BMOeTL MHTEPEC K 3TOM TEXHOMOMMM OT Hawero MukucTepcTeal C Hagewaon
Ha JanbHedllee CoTpyIHU4ECTBO.

EST

Eesti Majandus- ja Kommunikatsiooniministeeriumis

Kalastasime tana Eesti majandus- ja kommunikatsiooniministeeriumis
energeetika asekantsler Timo Tatarit. Andsime ministeeriumile teada
viimaseid varskendusi susinikdioksiidi kogumise, kasutamise ja geoloogilise
sailitamise tehnoloogia kohta ning uusimaid valjavaateid Eesti jaoks,
tuginedes meie majandusmudelitele ja teadusuuringute vajadustele. Tore
naha ministeeriumi huvi selle tehnoloogia vastul Lootuses tulevaseks
koostooks.

o llona Uzlova, Savtsenko Maria n ewg 24 KommenTapuu: 1

") Hpaeuren () KommenTuposare 2> MopennTeca
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% Kasbynar LLloreHos HaxoauTcA ¢ Vladimir Libman. b
¥ 290kmopaz019r G v

Riigikogu
BEENG/myRUS/SEST (J
BRENG

For the first time in the Estonian Parliament - Riigikogu ™= At last our
politicians started interesting the CO2 Capture and Geological Storage
technology. With hope to save Estonian energy security and independence
giving a last chance to stabilize Estonian economy and social sector. With
ambitions to save the WORLD! A, Historical moment

mRUS

Bnepesie B 3CTOHCKOM nNapnamexTe - Puiirukory ™. Hakowel Halwn
NOAUTUKA HAYaNN MHTEPECOBATECA TEXHOMOTMeN YNaBNMBaHMA 1
reonoru4eckoro xpaHeHna CO2. C HaaeKnon Ha coxpaHeHne
3HEpIeTAHECKOi BE30NACHOCTH U HE3ABCUMOCTU SCTOHMM, YTO AaeT
NOCTB[HWI LWAHC 1A CTAGUMM3ALMA SKOHOMKIA 1 COLIMANEHOTD CeKTopa
3cTonmu. C ambuumami cnactu MUP! A cTopuieckuii MOMEHT

SWEST

Esmakordselt Eesti Vabariigi parlamendis - Riigikogus ™| puks hakkasid
ka meie poliitikud tundma huvi CO2 kogumise ja geoloogilise ladustamise
tehnoloogiatest. Lootuses paasta Eesti energiajulgeolek ja iseseisvus, mis
annab meile vimase vBimaluse stabiliseerida Eesti majandus- ja
sotsiaalsektor. Paasta maailma ambitsioonikalt! A Ajalooline moment

Qo llona Uzlova, Inga Tukk v ewe 104

KommerTapuu: 23

) Hpasuren (D Kommentnposars /4> TMogenuTics

ﬁ? Kasbynar LLoreHoB Haxoautes ¢ Alla Shogenova.
- 13 HoABpA 20191 - G »

< Riigikogu 2
BENG/muRUS/™SEST (J
=ENG

< My second visit of the Estonian Parliament - Riigikogu ™. Informed
Environment Committee of the Estonian Parliament- Erki Savisaar with
latest developments in CO2 Capture and Geological Storage technology
and possible solutions for Estonia to avoid Estonian energy security and
independence and financial collapse.

Doing what we can!

mwRUS

s Moit BTOpO## BU3UT B 3CTOHCKMIA NapnameHT - Puiirnkory =,
WHcbopmrpoBani KOMITET Mo OXpaHe OKPYXKaioLLe Cpeabl ICTOHCKOTO
napnameHTa- 3pku Caencaap, ¢ nocneaHnmn paspabortkamu B obnactu
TEXHOMOrMM ynaenueanus 1 xparenns CO2 1 BO3MOXHbIMI PeLUSHUAMM
N5 3CTOHMM, 4TOBbI M3BEXaTL KPaxa ICTOHCKON IHEPreTUYecKomn
6e30NacHOCTH, HE3aBNCHNMOCTH 1 (DMHAHCOBOTO Konnanca.

Lenaem, 4to Moxem!

SSEST

 Minu teine visiit Eesti parlamenti - Riigikogu ™. Eesti parlamendi
keskkonnakomisjon - Erki Savisaar - informeeritud sisinikdioksiidi
kinniptidmise ja geoloogilise sailitamise tehnoloogia uusimate arengutega
ning véimalike lahendustega Eesti jaoks Eesti energiajulgeoleku ja
iseseisvuse ning finantskrahhi valtimiseks.

Teeme, mida suudame!

Pt
o llona Uzlova, Inga Tukk 1 ewé 85

KommenTtapuu: 2 Mogenunuce: 1

o Hpasures () KommenTuposats > MogenuTucs
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Dissemination and communication
CLEANKER community in
https://www.youtube.com/wa Zenodo:
tch?v=7X8YJeR65cM&t=33s https://zenodo.org/communiti

es/cleanker?page=18&size=20

26° August 2020, RAI1, SUperQuark, Piero Angela - https://www.youtube.com/watch?v=0QcrWfRbFJg
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