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• WP7 on CO2 transport, use and storage
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CLEANKER - Overview

• Starting date: October 1st 2017

• Duration: 4 years + 6 months

• Total budget: € 9.237.851,25

• UE co-financing: € 8.972.201,25

• Chinese governement founding: 265.650 €

• Partner: 13 from 5 EU member states + 
Switzerland and China

WP3 – Demonstration of CaL
process

WP4 – Comparative 
characterization of raw meals 

for CaL

WP2 – Demonstration system
design

WP5 – Process integration and 
modelling

WP6 – Scale up, economics, LCA

WP8 – Exploitation

WP1 - Management

WP9 - Dissemination

WP7 – Transport and storage

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

The ultimate objective of CLEANKER is advancing the integrated Calcium-looping process for CO2 capture in 
cement plants.

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 CO2 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.

VERNASCA 
PLANT

Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 
September 2021
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Calcium looping for CO2 capture: history and process fundamentals

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

CARBONATION

CaO+CO2→CaCO3

~ 650ºC

Heat

Flue gas (CO2) 
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CO2-rich gas to 
sequestration
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make-up
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purge

CALCINATION

CaCO3→CaO+CO2

~ 900ºC

Heat

• Originally proposed by Shimizu et al., 1999. A twin fluid-bed reactor for removal of CO2. Chem. Eng. 
Res. Des., 77.

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

• Several fluidized bed pilot facilities - demonstrated up to 1.7 MW (La Pereda, Oviedo – Spain)
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Calcium looping in cement industry – integrated configuration

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

• CaL calciner coincides with the 
cement kiln pre-calciner

• Calcined raw meal as CO2 sorbent 
in the carbonator

• Sorbent has small particle size 
(d50=10-20 μm) -> entrained flow 
reactors
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Calcium Looping – Integrated

CaL cement plant
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Indicative configuration of the CLEANKER pilot
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CLEANKER TIMESCALE

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

Preheater tower

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



Technology for a better society 11

The demo plant in place

Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 
September 2021
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Opening event: 9th October. 

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

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:

1. Oxydant for the calcination process: Air/Oxygen;

2. Calciner outlet temperature;

3. Type of CO2 sorbent;

4. Gas flow rate at carbonator inlet;

5. Solid to gas ratio in the carbonator;

6. Solids temperature at carbonator inlet. 

Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 
September 2021
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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 CO2 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 CO2 captured from the demo system in Vernasca BUZZI plant.

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

WP7 on CO2 transport, use and storage

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

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

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

Task 7.2. Techno-economic modelling of CO2 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 CO2 from the demo system (M1-M48) - ongoing

Task 7.6. Testing the  carbonated materials for reuse in concrete (M44-54) – 2022
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Education activities within CLEANKER in TalTech

Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 September 2021
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Education activities within CLEANKER in TalTech: Master thesis is defended in 2020 in 
cooperation with ENOS project

Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 September 2021
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Shogenov & Shogenova, 2021Scenario It is proposed to capture CO2 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).

 After CO2 will arrive at the offshore platform or drilling rig of the E6

storage site, it will be injected into the CO2 storage reservoir for CGS

and GCS and to the oil-bearing reservoir to enhance oil recovery (Fig.

3). We are planning to drill 6 wells: 3 wells for injection (one for CO2-

EOR in the Saldus oil reservoir, two for GCS and CGS in the Deimena

Formation), 2 for liquids recovery (one for oil recovery from the Saldus

Formation and one for warm water recovery form the Deimena

Formation) and 1 for monitoring.

 Small wind offshore floating plant is planned to be installed around the

rig (Fig. 3).

 Solar panels will be installed at all available free surfaces of the rig and

gained solar energy will be added to the project electricity net for

covering energy needs of the project or for selling energy.

Fig. 2. Transport model of the proposed innovative synergy CCUS and
renewable energy project offshore Baltic using CO2 emissions from the
cement industry and energy production from Estonia, Latvia and Lithuania

Table 1. Technical parameters of the Baltic offshore scenario for 2019

Table 2. CO2 pipelines distance and diameter of the Baltic offshore scenario

Fig. 3. Conceptual techno–ecological schematic
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 formations in
the same storage site and (4) solar energy and (5)
wind energy recovery

Innovative synergy CCUS and renewable energy project offshore Baltic 

using CO2 emissions from the cement industry

Low carbon cement (CLeanker) -
CO2GeoNet Webinar - 21 September 2021
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• Proposed  scenario: 

 6 CO2 emission sources

 CO2 use: Mineral 
Carbonation Plant (CO2 

+ Oil Shale Ash)

 Pipeline transport

 North-Blidene Storage 
site in Latvia 

 Cambrian saline 
aquifer: Deimena
Formation sandstones

 CO2 emissions: 2019

Techno-economic modelling of the Baltic CCUS onshore scenario 
Mineral Carbonation Plant
• 110 kg of CO2 /t OSA 
• 250 kg of PCC (precipitated 

CaCO3) from one t OSA
• 0.42 Mt CO2+3.8 Mt OSA= 0.95 

Mt PCC/year 
Revenues 
• avoided EEAP 40 Euro/t CO2

• 3 €/t OSA for OSA disposal
• 50 €/t PCC

Heidelberg Cement Group 
Kunda Nordic Cement [7]

0.55 Mt CO2 0.68 Mt CO2

VKG Energia North 
Thermal Power Plant 
(Põhja SEJ) [9]

3.43 Mt CO2

Eesti Power Plant [8]

0.9 Mt CO2

Latvenergo TEC-2 
Power Plant [10]

0.92 Mt CO2

Balti Power Plant [8]

0.65 Mt CO2

Auvere Power Plant 
[8]

Fig 2. Baltic CCUS scenario.CO2 emissions produced in 2019 are shown in yellow colour 

(Shogenova et al, 2021)

Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 September 2021
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 Annually 6.8 Mt CO2 could be captured, transported and injected, including 6 Mt CO2 avoided using

transport and storage and 0.42 Mt avoided using MC of Estonian OSA.

 During 30 years nearly 204 Mt CO2 will be captured, used and stored, while 193 Mt CO2 could be

avoided.

 CCUS scenario includes CO2 use of 0.47 Mt CO2 produced at Eesti PP and using 3.8 Mt of fresh OSA

produced during combustion of OS at three Eesti Energia PP.

 6.4 Mt of captured and compressed CO2 will be transported annually for onshore CO2 storage site in

Latvia (North Blidene) via pipelines. CO2 will be injected into the 50 m thick Cambrian Series 3 Deimena

Formation reservoir sandstones at the depth of 1035-1150 m.

 6. The total average transport and storage cost of the scenario is 18.4 €/tCO2 injected. This cost depends

on the transport distance, according to the applied methodology, and it is the most expensive for the Eesti

Energia PPs.

 The lowest T&S cost of 5.54 €/tCO2 injected will have Latvenergo TEC2 PP located at the smaller distance

from storage site.

 At the price of EEAP of 40 €/t CO2 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 CO2 use options, the

higher EEAP of about 50 €/t CO2 is needed to cover all CCUS costs including capture, compression, T&S

and monitoring.

•

Techno-economic modelling of the Baltic CCUS onshore scenario 

(Shogenova et al, 2021)
Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 September 2021
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 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.

 CO₂ transport distance from the CP to the CO₂ storage site and maturity of the projects
permitted to propose priority for the possible CPs integration (recommendations sent
to HeidelbergCement in 2020).

 The HCG Norcem Brevik CP is the first worldwide CP already included into the
Longship project with Northern Lights infrastructure.

 The second world candidate CP for integration into the cluster project is HCG
Edmonton CP located at the 170 km from the Clive DOF of the ACTL project in Alberta
State in Canada. The CO₂ capture pilot is developing now at the Edmonton CP.

 Among three operating CO2-EOR cluster projects in USA the first candidate for
integration is BU Maryneal CP, located at 81 km from Sacroc depleted oil field in the
Denver City operating cluster project in Texas.

 All CPs proposed for integration into the European cluster projects has close, or
relatively close location in the limits of 50-300 km to the storage sites.

 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
North West consortium with Padeswood cement plant.

 All the proposed CPs are producing clinker and cement and suitable for exploitation
study of the CLEANKER project Ca-looping capture technology.

Integration of Buzzi and Heidelberg cement plants into the first operating and planned CCUS cluster 
projects worldwide

Northern Lights 

CL + HCG 

Norcem Brevik

CP

Alberta Carbon 

Trunk Line CL 

(ACTL) + 

Edmonton CP 

Denver City CL 

+ BU Maryneal

CP

Gulf Coast CL 

+ BU Alamo 

San Antonio

CP

Marseille CL 

(VASCO) + 

HCG Ciments

Calcia CP

CarbonNet CL+ 

Railton CP, 

HCG & Holcim

Porthos CL in 

Rotterdam + 

HCG Lixhe CP 

in Belgium

Skagerrak CL+ 

HCG Skövde

CP

HyNet CL + HCG 

Padeswood & 

Ribblesdale CPs 

Net Zero Teesside CL and 

Zero Carbon Humber CL + 

HCG Ketton CP 

Rocky Mountain 

CL + Mason 

City Lehigh CP

Fig.1. 12 CCUS Cluster Projects (CL) with Cement 
Plants (CP) proposed

Results and recommendations from this 
study was sent to HeidelbergCement Group 
in December 2020

Low carbon cement (CLeanker) - CO2GeoNet Webinar - 21 September 2021
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CO2 emission sources

CO2 capture pilot cement

plant opened in October

2020 at Vernasca Cement

plant
Buzzi Unicem Vernasca Cement plant 

Heidelber Cement Italcementi plant Cementeria di 

Calusco d’Adda

Kiln 2 at Robilante Cement plant

Buzzi Unicem

is the second largest industry 

player 

in the country

NORTH ITALIAN CCUS SCENARIO FOR THE CEMENT INDUSTRY

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

3D Model of Malossa Structure
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• Economic modelling of CCS scenario for the Nortern Italy includes Buzzi Unicem Vernasca
and HCG Italcementi Calusco D'adda CPs with total 1.2 Mt CO2 emissions produced in 2020 

• It is possible to capture, transport and store 1.1 Mt CO2 annually and 23 Mt during 20 years 
of the project into Malossa structure, considering the limited CO2 storage capacity of the 
Sergano Gravel Reservoir Formation with the estimated average optimistic capacity of 24 Mt 
CO2. 

• Considering 5% of additional emissions produced during CCS operations, only 21.8 Mt of 
CO2 could be avoided during 20 years of the project.

• CO2 transport, storage and monitoring cost for this scenario is the most economic for 
Italcementi Calusco D'adda CP, estimated as 4 €/t CO2 avoided, explained by close location 
to Malossa storage site. About 34 km of pipelines along available natural gas pipelines will 
be constructed. 

• CO2 transport, storage and monitoring cost is 15.1 €/t CO2 (about 4 times more expensive) 
for Vernasca CP explained by 4 times longer pipeline distance and needed CO2

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 CO2 use for enhanced gas recovery.

• The total costs for the CCS scenario will depend on the final costs of Ca-looping CO2 capture 
at the Vernasca at the end of the CLEANKER project. At the present time, the cost at the 
reference Ca-looping capture cost is 58 €/t CO2 avoided, (De Lena et al., 2019), but could be 
cheaper for CLEANKER pilot at Vernasca (D5.11 of the CLEANKER project).

• The maximum total CCS cost for Vernasca with the transport and storage in Malossa site 
could be 73 €/t CO2 avoided and will be feasible for CO2 price in EU ETS of about 75 €.

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

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

Company
Buzzi 

Unicem

Heidelberg 

Cement

Total 

costs/(averag

e per t CO2) 

for 2 Italian 

cement 

plants

Plant

Vernasca
Italcementi

Calusco D'addaParameters

CO2 injected per year, Mt 0.50 0.65 1.15

TPC (Total Plant Cost), M€ 57.23 16.34 73.56

COSTtotal, €/t CO2 injected 14.32 3.75 8.31

COSTtotal, €/t CO2 avoided 15.1 3.95 8.74

CO2 transport scenario from Buzzi Unicem Vernasca and Italcementi Calusco D'adda

cement plants to Malossa storage site in Sergano Gravel Formation reservoir.
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Mineral trapping of CO2 from the demo system

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

Figure 2: Preliminary experimental design (Usta et al, 2021).

Figure 1: Process scheme.

• 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.
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Mineral trapping of CO2 from the demo system

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

Figure 1: Process scheme.

Figure 3:Testing equipment (flowmeters, mixing chambers, RH/T probes, by-pass 
connections, CO2 analyzer) shown from the side (left) and from the top (right) (Usta et 
al, 2021).

• The results showed that selected types of burnt oil shale and 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.

• Preliminary testing confirmed that CO2 could be mineralized from gas 
mixture by burnt oil shale in proposed wet conditions. 

• 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.

•
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Dissemination and communication ACTIVITIES: Climate 
change and CCUS in Estonian media

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

c) Presentations to Estonian Parliament member – Erki 
Savisaari juures

Dissemination and communication ACTIVITIES: CCUS prospect presented for some Estonian 
Parliament members and Policy makers (2019)

A                                         B                                       C

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

https://www.facebook.com/Kazbulat


Technology for a better society 28

Dissemination and communication

www.cleanker.eu
https://www.youtube.com/wa
tch?v=7X8YJeR65cM&t=33s

CLEANKER community in 
Zenodo: 
https://zenodo.org/communiti
es/cleanker?page=1&size=20

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

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

https://www.youtube.com/watch?v=7X8YJeR65cM&t=33s
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