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Rationale and present state

3,0 Gt of CO, from cement production
- 8 % of global emissions

Increasing emission allowance price in the EU ETS
Unstable fuel prices
Demand from customers

CaCQO;+ heat + CaO + CO,

Shifting from fossil fuels to

electricity Almost 100% concentration!
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Electrically-heated calciner with CO, capture
and utilisation
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Specific CO, emissions of power
production in Finland
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EUA price [€ / tonne CO2]
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CO, as a product
Average price in Finland 95 €/t (2020)
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CO, utilisation

| CARBON DIOXIDE, CO,

Mineralisation Biological

-Concrete curing Chemical conversion
| el . -Algae cultivation
-Mineral carbonation conversion -Greenhouses

-Precipitated calcium -Gas fermentation (e.g.
carbonate (PCC) biological methanation

Direct use

-Food/beverages
-Industrial gas
-Refrigerant
-Working fluid
-Solvent
-pH control
-Enhanced oil
recovery (EOR)
-Enhanced coal bed
methane (ECBM)

Polymers Fuels & chemical

_Polycarbonat : :
ool intermediates

_ . Fischer-
Methanol Formic acid Tropsch

(FT)

Gasoline,
diesel,
olefins..

Form-
aldehyde

gl@bal NOTE: The diagram presents only the most important options for the near-term . There are other D E CAR B 0 NATE
mm’ routes such electrochemical and photochemical routes and hundreds of other possible products.



VTT’s carbon negative CO2crete

Carbon footprint of

concretes (30 MPa) °|° :
250 é\?fo &
200 \d e\
o GO’L
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g 50 ® Compressive strength: 30 MPa
S 0 = Carbon footprint:
%0 -60 kg CO,e/m?3 concrete » A
- e e
" CO, uptake: 80 kg/m?® concrete - ; TT ‘* - . C02 t
-100 L igure 2. s carbon negative crete.
CEM-I VTT's " CO; mass fraction: 3.8 wt-% A 5-storey apartment building made of 1 500 m3
® Composition: Blast Furnace Slag of VTT’s CO2crete would save 440 tons of CO,
CO2crete (BFS), Green Liquor Dregs (GLD) emissions* compared to the use of conventional
concrete. *carbon footprint of VTT's CO2crete -60 kg CO2e/n®
Figure 1. Carbon footprint of and.Bark Fly ASh (B FA)’ Water! (based on rmte_rial made in a Iaboralpry, efficiency of the operational
conventional cement (CEM-I) based additives, CO, (bottle) ol o ek
concrete and VTT’s COZcrete. ] DenSity: 2100 kg/m3 concrete is considered corresponding to LCA stages A1-3.
gl@bal Contact: tapio.vehmas (at) vtt.fi, sampo.makikouri (at) vtt.fi DE CARBO NATE
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https://www.vttresearch.com/en/about-us/invest-innovation/vtt-launchpad/carbonaide

DE CARBONATE Objective

Totestand develop
selected industrial CO,
capture and utilisation

solutions towards

Co_funding BF-SUppOI’ted Inkind- commercial scale
partners projects partners
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power Link to webpage: Decarbonate project - Decarbonate



https://www.decarbonate.fi/

CCU - Effective tool for climate change

mitigation
Now: With CCU:
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VTT’s electrical kiln
o _ o CaCO, + heat =CaO + CO, [§ d
® Using indirect heating by electricity roughly — —
50 % of CO, emissions can be directly :
avoided (by substituting fossil fuels)

" Pure CO, stream can be used for utilization
(CCU) or permanently stored (CCS)

" The Decarbonate project will prove the
concept using electrically heated rotary kiln
integrated by CO, capture and upgrading

Carbonneutral
fuels

VTT’s budget: 1.2 MEUR
Schedule: Oct/2019 — Mar/2021

lebal BUSINESS
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Equillibrium of the calcination/carbonation m
reaction

Temperature
1.4
CaCO, < CaO + CO,

= 1.2
J CO, atmosphere
o 1
o)
O
G 08
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© 0.6
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= 04 — -
£ Tradiotional kiln _ _ _
& Raw material: particle size and

0.2 shape, microstructure

0 : :
650 700 750 800 850 900 950 Other reactions: recarbonation,

Temperature (°C) hydration of lime, sintering

Adapted from Garcia-Labiani et al. 2002, accroding to Barin 1989
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Laboratory scale experiments

M.Sc. Thesis: Calcination of Calcium carbonate-based materials in
electric heated rotary kiln

Gas supply and

pressure Temperature \WEVEIELS
* Air, + 30 mbar «875°C * Ground limestone
relative to «925°C « Cement raw meal
atmospheric pressure « 975°C « Lime mud
* CO,, + 30 mbar
relative to
atmospheric pressure
* Vacuum
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Main results of the laboratory scale

experiments

Ground

Cement

Tl limestone raw meal SHNEIEE

Air 875 29 % 48 % 97 %
925 95 % 99 % 99 %

CO, 875 4 % 10 % 0%
925 18 % 40 % 61 %

975 55 % 72 % 56 %

Vacuum 875 73 % 59 % 82 %
925 81 % 81 % 69 %

25/05/2022 VTT - beyond the obvious

DE CARBONATE



Pilot scale rotary kiln at VTT

‘ Drum length: 9 m
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First observations from start-up of the pilot
scale rotary kiln

High CO, content in kiln-off
gases

Sufficient degree of calcination

Continuous three day operation
at~1000 °C

No shutdowns or major
disturbances
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Next steps

Scale 4

~100 kg/h | Laboratory scale

9m

Decarbonatetestruns —3 materials,

week/material

* Focus: degree of calcination, reactivity,
COs, level inkiln-off gases

* Ring formation, formation of granules
(especially lime mud)

+ Performance and operability

Scale-up

More operationin future projects
* Public funded projects (e.g. EU)
» Customer projects (confidential)

A 4

2021 2022 2023 2024
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Thank you for your attention!

Contact information:

& Oona Katajisto
Research Scientist

DA oona.katajisto@vtt.fi
\. +358 50 476 1720

ede Linkedin:
www.linkedin.com/in/oonakatajisto
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