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CO, z primyslové produkce a CCS/CCU

CCU/CCU nebudou jen preklenovaci I
technologie pro redukci emisi CO, ale R
umozni uzavrené uhlikové cykly. u%.,

PRODUCT
STORAGE

Vyroba produktu na bazi uhliku z CO, pomoci OZE

Existuje cca 10 milionu uhlikovych sloucenin z fosilnich zdroju
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Oblasti vyuziti termodynamicky stabilni molekuly CO, .... 0=C=0
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CO2 - vstupni surovina pro chemicky prumysl, proto

SVAZ CHEMICKEHO

" PRUMYSLU CR

15. cervena 2021 zaklada spolek

CO2 Czech Solution Group, z.s.
Zkracené CO2CZ

Crech Soluticn Groug ——

CiL : KOMERCIONALIZACE DEKARBONIZACE

Systémovy pristup dekarbonizacnich procest 2050
Zac¢lenéni CR do international cooperation low-carbon and circular economy

STRUKTURA

2. PODPURNE AKTIVITY PROCESU DEKARBONIZACE SPOLKU

1. VYZKUM — akéni expertni vyzkumné skupiny CCS/CCU
projekty, legislativa, vzdélavani, PR... |I

3. PRUMYSL - PRODUCENTI CO2 + VYZKUM CCS/CCU = RESENI CCU
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CO, Czech Solution Group structure
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Védecka rada - transformaci CO2
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Socio-economic factors

Czech Republic

Government Council for
Sustainable Development -~ -~
Rada viady pro udrfitelny rozvoj Commission
Projects e

) . - groups
Coordinator Ministry of Industry and Trade

Ministry of the Environment
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Strategic Agenda

Commercionalization

CO, Producers
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ZEMNI PLVN

UHLI.............. ‘

BIOMASA

COZ + Hz (zeleny napt. z vody)
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CO2 jako vstupni surovina po uhlovodikové komodity

CO2 VALUE CHAIN

CCS CCU

Carbon Capture Storage Carbon Capture Utilization




Komplexni retezec
od produkce CO2 po uhlovodikové komodity

CO2 VALUE CHAIN

Czech CO, sources CO, capture
Preccure ambient ABSORPTIDN (chemical/physical)
Temperature ambient 'Am_mc_'n'?
COZ2 concentration 100% Fermentation - Pnlc |Iq-UIdS
Main inpurities nfa - Plper_azm )
Minir impurities n/a - Alkaline solutions
- Amine solutions, AA-acides
Pressure 1bar  coal base energy ADSORPTION
en:perature ) EC'SC;C Cement - MOF , POP (porous polymers)
Eﬂof C_Dncenf_at en N S;E: o Metallurgical - Zeolits
ain inpurities 2,02, Hz _ i
BN INRUTILEE 2 B P TTETes Metal oxides
Minir impurities NOx, 50 - 50lid sorbents (base amines)
Pressure 15-40 har MEMBRANES
i Matural gas - FrmEnTe
Temperature 40-450°C Gasification g )
COZ2 concentration 15-40% Hydrogen - Anorganic
L - Composite b 'I' H
Main inpurities CHa, CO, H; }
Maiminpurities G €O o ction e - Carbon Capture Utilization
nir impurities NOx, 50, H,5
BIOLOGICAL CAPTURE
Pressure 1bar _BECCS
Temperature 50-75°C - Mikrobiological transfer
CO2 concentration 75-80% QXY - Combustion - Synthetic biology
Main inpurities H0 - MES (microbial electrosynthesis)
Minor impurities MNOx, S50
OTHER WAYS
Pressure 1bar —C?rbonatg IDOFTS
Temperature ambient DAC - High-gravity (H'Gee_] Arc_
CO2 concentration  cca 420 ppm Direct Air Canture - FLP {frusltrated Lewis pairs)
Main inpurities N3, O3 P - Cryogenic
Minor impurities nfa -




HUTNICTVI

C137H9709N5' RAFINERIE

C.h,0,

o 7
CO, +“zeleny” H,

STAVEBNICTVI

2050

PRODUKTY
ENERGIE

zelené zdroje pro vyrobu end produktt




Uhlovodiky — vstupni surovina - 2023 .......2050
CHEMICKY PRUMYSL

Obnovitelna uhlovodikova chemie

Plasty
Pryskyfice
Vldkna
Etylen Textilie
Propylen Elastomery
BUt‘,"'EI'I Gumy-Pryie

Rozpoustédla

Natérové hmoty
Benzen Barviva a pigmenty
Toulen Lepidla
Chemikalie
Xylen Dal3i produkty...
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POWER to X

Power to Liquids (PtL) and Power to Chemicals

Vyroba vodiku

Vstupni
suroviny -
7
- END dukt
Elektrolyza CO2 produkty
SLUNCE .
VODA
VZDUCH CO, / CO z pramyslu KONVERZE

CO, ze vzduchu
(420 ppmC0O2)

ASU

https://www.ise.fraunhofer.de/en/press-media/news/2022/workshop-perspectives-on-power-to-liquids-and-power-to-chemicals-2022-international-community-highlights-research-and-business-opportunities.html


https://www.ise.fraunhofer.de/en/press-media/news/2022/workshop-perspectives-on-power-to-liquids-and-power-to-chemicals-2022-international-community-highlights-research-and-business-opportunities.html
https://www.hydrogen.energy.gov/pdfs/07-Schmidt-Liquid%20Organic%20Hydrogen%20Carriers.pdf

Uhlovodiky — vstupni surovina - 2023 .......2050
ENERGETICKY PRUMYSL

SABATIER REACTION

CHEMICAL
TRANSFORMATION

>

>

CO,+4H, > CH,; +2 H,0 + energy

Power

1%
—
—/ 1

Power Generation - Gas |

Electricity Storage ' \

co,

P2G - vSestranna, meziodvétvova technologie
podporuje prechod na OZE a integraci OZE do rGznych oblasti spotreby energie




Hypoteticky potencial syntetického metanu

Transformace CO, na METAN CO, + 4H, |— 2H,0 + CH, ( 12+4) = 16 g/mol
cena EU ETS Uhlik-C  Kyslik O, Vodik H, Vodik H; Kyslik Hmotnost Hustota Objem
Nejvétsi producenti CO, EMISE CO, EU ETS cenav CZK c=12 0,=32 4H,=8 H,=4 20=32 B
proce200 (t) £/t kurz K&/€ g/mol g/mol g/mol g/mol g/mol CH.=16 g/mol LS

23,50 K& &) i i ] it ] [kg/m3) (mil m3]
Poéerady (uheln4 elektrarna) 4554 400 85 9097414000 | 1242109 3312291 + 828073 |—| 414036 3312291 + 1656145 0,676 2450
Tugimce 2 (uhelna elektrarna) 3729131 85 7448939173 | 1017036 2712095 + 678024 |—| 339012 2712095 + 1356048 0,676 2 006
Viesové (elektrdrma na SYNGAS) 3 264 758 85 6521354105 | 890383 2374369 + 593592 |—| 296796 2374363 + 1187185 0,676 1756
Prunéfov 2 (uhelnd elektrdrma) 2 849 359 85 5691594603 | 777098 2072261 + 518065 |—| 259033 2072261 + 1036131 0,676 1533
Tiinecké zelezdmy 2843 953 85 5680796118 | 775624 2068329 + 517082 |—| 258541 2068329 + 1034165 0,676 1530
CHVALETICE (uheln4 elektrdrna) 2 242 402 85 4479197995 | 611564 1630838 + 407709 |—| 203855 1630838 + 815 419 0,676 1206
Unipetrol (rafinerie, chemie) 2230 173 85 4454770568 | 608229 1621944 + 405486 |—| 202743 1621944 + 810 972 0,676 1200
Ledvice (uheln4 elekiréma) 2209 071 85 4412619323 | 602474 1606597 + 401649 |—| 200825 1606597 + 803 299 0,676 1188

Kladno (uheln4 elektrérna) 1749 714 85 3495053715 | 477195 1272519 + 318130 |—| 159065 1272519 + 636 260 0,676 941
Soutet (Top9) 25672961 | 85 |51281739598 | 7001717 18671244 + 4667811 |—»| 2333906 18671244 +| 9335622 0676 | 13810
Emise CR 120000000 85 10200000000 (32727273 87272727 21 818 182 10909 091 87 272 727 43 636 364 0,676 64 551
Spotieba NG v CR 2021 6377 384 0,6760 9434

Cca 1/5 zdroj CO2 miZe hypoteticky generovat 14 mld m3 metanu cof je cca 150% roéni spotieby CR

Principidlné — z objemového hlediska - ANO — hy

OVSEM — zasadni a kli¢ové faktory - otazniky:
1. MuzZou letni excesy OZE generovat dostatecné kvantum dostatecné levného vodik(?

2. Muze byt transformacni proces Power to Metan dostatecné feasible
- z hlediska narodniho
- v lokalnich autonomnich industrialnich procesech ?

vV eV

3. Existuje efektivnéjsi transfer CO2 na metan nez je Sabatierova reakce ? Schmackd®

by Hitachi Zosen INOVA
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Bézné mineraly a jejich reaktivita s CO2

Zasadni je dostupnost zdroju nesoucich Ca- a Mg

Mineral Formula Reaction pathway Potential CO,

uptake (% w/w

CO2 + H20 - H2CO03 total weight)
Olivine (Fosterite) Mg»SiO4 Mg, SiO4 + 2H,CO5 — 2MgCO4 + HySiO4 63
Serpentine polytype Mg3Siz O5(OH)4 Mg3Si2O5(0OH)s + 3H2COz — 3MgCO3 + 2H;SiO4 + H2O 48
Portlandite Ca(OH), Ca(OH), + H,CO3 — CaCO4 + 2H,0 59
Brucite Mg(OH), Mg(OH)2 + HoCO3 — MgCOs3 + 2H20 76
Larnite CaySi0y CapSi0O, + 2H,CO4 — 2CaCOg3 + HySiO, 67
Anorthite CaAl SinOg CaAl>SisOg + HoCO3 + HaO — CaCOg + AleSinO5(0OH)4 16
Jennite CagSigO16(0OH)2 .H20 Ca1.67Si01.57(0OH)s.2 + 1.67H2CO3 — 1.67CaCO3 + HaSiO4 + 1.77H20 47
Rankinite CazSinO7 CagSiz07 + 8H2CO3 + HO — 3CaCOgz + 2H4SiO4 38
Akermanite CazMgSi» O7 CazMgSizO7 + 3H2CO3 + HoO — 2CaC03 + MgCO3 + 2H:SiO4 48
Wollastonite CaSiO3 CaSiO3 + HoCO3 + HoO — CaCO43 + HySiO4 38
Tobermorite CasSigO16(OH)2.4H20 Cap.g3Si0O1.53(0OH).6 + 0.83H2CO3 — 0.83CaCO3 + HsSiO4 + 0.13H, O 39
Pyroxene (Diopside) CaMgSi, Og CaMgSi» Og + 2H,CO43 + 2H,0 — CaCOs + MgCO3 + 2H,SiO, a1
Tremolite CaoMgs SigO22(0OH)2 CaxMgsSigO22(OH)2 + 7H2CO3 + 8H2O — 2CaCO3 + 5MgCO3 + 8H4Si04 38
Enstatite MgSiOg MgSiO3 + HyCO3 + HoO — MgCOg3 + H;Si0O4 44
CaAlSiy012.4H20 CaAl»Si4012.4H20 + HoCO3 + HoO — CaCOs + AlaSinO5(0OH)4 + 2H4SiO4 9

Laumonite

CARBON 8 —ACT - Accelerated Carbonation Technology
Technologie zrychlené karbonizace

Mineralizace CO2 ze spalin - kontejner
Finalni produkty - CircaBuild (prirodni kamenivo)
- CircaGrow (hnojivo)




CO, - Mineralizace B CORe

Zrychlené vytvrzovani betonovych prvkt rozptylem CO2
- fizeny tlak a teplota - vysledek je termodynamicky stabilni produkt CaCO,

Vlastnosti betonu vytvrzeného rozptylem CO2
- zadny Skodlivy ucinek ve srovnani s konvencné vytvrzenym betonem
- tvorba pevného a stabilniho CaCO; ktery zvysuje pevnost, ale také uzamkne dalsi emise CO,

N
e

Cement - @ = gg 2+ —\L

. Calcium Carbonate

 co. 5 +@:9932' —

CarbonCure vyrabi technologie odstrannovani CO2 pro vyrobce betonu.

Technologie vstfikuje presné davkovani CO2 do betonu béhem michani, kde mineralizuje. To
zlepSuje pevnost betonu v tlaku, coz umozniuje optimalizaci smési a vyznamné snizeni uhlikové
stopy, jakoZ i Usporu ndklad

Pouziva se pouze pro prefabrikované jednotky, ne pro kovové vyztuze, snizuje pH = koroze

Udrzitelny beton pro vyrobce betonu | Technologie CarbonCure



https://www.carboncure.com/concrete-producers/

CO, - Mineralizace B

Saudi Aramco - KAIST CO, Management Center

/DW= EN

Estimated duration L

Zkraceni doby k odstranéni betonu z forem - pfiblizné ze 16 hodin na cca 8 hodin.
Beton je odolnéjsi, ma nizsi propustnost vody a vétsi odolnost vici chléru a sirantim,

https://kis.kaist.ac.kr/?mid=C0O2 Highlight&highlight item srl=43224&catelevel 1 sel=733&catelevel 2 sel=734&catelevel 3 sel=743&page=

www.aramco.com/en/sustainability/climate-change/managing-our-footprint/carbon-curing



https://kis.kaist.ac.kr/?mid=CO2_Highlight&highlight_item_srl=43224&catelevel_1_sel=733&catelevel_2_sel=734&catelevel_3_sel=743&page=
http://www.aramco.com/en/sustainability/climate-change/managing-our-footprint/carbon-curing

CO,

ORDINARY
PORTLAND
CEMENT

Mineralizace I~ soLipia

PORTLAND
> CEMENT
CONCRETE

EXISTING
EQUIPMENT

’ SAME RAW ’ LESS ’ ENV?:G?\IL;TE?ITAL ’ IMPROVED
MATERIALS TIME FOOTPRINT PERFORMAMNCE

https://www.youtube.com/watch?v=tGgPXBQDLs8



https://www.youtube.com/watch?v=tGgPXBQDLs8

CARBONAIDE - FINLAND

ACorbonoide

Carbonaide - spin-out z VTT Finland - syceni CO2 do prefabrikovaného betonu pomoci
automatizovaného systému za atmosférického tlaku.

Carbonaide plan — 10 jednotek ve skandinavskych zemich do roku 2026
vazat cca 500 Mt CO2/rok do roku 2050.

Carbonaide - technologie plné kompatibilni s portlandskymi cementovymi smésmi

Carbonaide — 1,8 mil € na integraci technologie vytvrzovani CO2 do automatizované
vyrobni linky tovarny na prefabrikovany beton ve finské Hollole.

Pilotni jednotka - mineralizace pét tun CO2/den + nasobné zvyseni produkce

https://carbonaide.com/



https://carbonaide.com/

CO, - CCS/U aktivni subjekty

“ A|Coa® Blue P|anetw Permanent Carbon Capture

@arsocave  foletgeteigtol  CarbiCrete



https://www.carbon8.co.uk/industries
https://carbicrete.com/technology/
https://www.alcoa.com/sustainability/en/improving-our-footprint/climate-protection
https://vito.be/en
https://www.blueplanetsystems.com/
https://bramptonbrick.com/sites/default/files/resource_file/Resource_03_CARBOCLAVE.pdf

Solvay (1870) - NaCl + NH,HCO; - NaHCO; + NH,CI

Na,CO; +CO, + H,0 - 2 NaHCO,

COZ - Soda bikarbona - Hydrogenuhli¢itan sodny

Step 1:
Memgrane Clean
gas absorption gas
Step 2:
%) Membrane
crystallization
o °° oo TR
NaHCO, :I:I:I:
Na,CO; (aq) 8% O
+
Enzyme/

aminoacids

NaHCO,
Pure crystals

www.openaccessgovernment.org/closing-the-carbon-cycle/100044/

https://www.openaccessgovernment.org/continuous-process-produce-sodium-bicarbonate-crystals/149931/



https://www.openaccessgovernment.org/continuous-process-produce-sodium-bicarbonate-crystals/149931/
http://www.openaccessgovernment.org/closing-the-carbon-cycle/100044/

Inovacni fond EU 2022 — 4 projekty

1.Devnya Cement ANRAYV - ccus v Bulharsku

2. GO4ECOPIlanet - Holcim Kujawy Polsko. Lafarge Cement spolupracuje s Air Liquide
(adsorpcni a kryogenni technologie Cryocap FG )

3. Carbon2Business - zachyt 1 Mt/rok CO, pomoci procesu kyslikového paliva druhé generace v cementérné
Lagerdorf spolec¢nosti Holcim Deutschland. Projekt je soucasti vétsiho regionalniho klastru vyuziti vodiku,

zachyceny CO, bude pouZit k vyrobé metanolu.

4. Lhoist ve vapence ve Francii je dalSim spojenim se spole€nosti Air Liquide (technologie Cryocap)

Zajimavé projekty

ClLeilac (ycalix

https://www.holcim.com/media/media-releases/eu-innovation-fund  https://www.heidelbergmaterials.com/en/pr-12-07-2022 https://carbicrete.com/

https://www.lhoist.com/news/lhoist-and-air-liquide-join-forces-launch-first-its-kind-decarbonization-project-lime



https://www.holcim.com/media/media-releases/eu-innovation-fund
https://www.heidelbergmaterials.com/en/pr-12-07-2022
https://www.lhoist.com/news/lhoist-and-air-liquide-join-forces-launch-first-its-kind-decarbonization-project-lime
https://carbicrete.com/
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Identifikace aktivit k provéreni

RV — VVR - élenska zakladna spolku



Aker Carbon Capture + Man Energy
(CCWHR® Carbon Capture Heat Recovery)

Heidelberg Norcem CCS — cementarna v Brevik. Kapacita zachytu : cca 50% emisi CO, /rok
ze spalin cementarské pece pomoci odpadniho tepla ziskaného z cementarny a stlaCcovaného
CO2 prostrednictvim patentované technologie tepelné integrace CCWHR®

Rok: kapacita zachycovani CO;:
2020 - 2024 (probihajici) 400 000 TPA

o™ &

Foto: Hbéidé)bergCement

https://akercarboncapture-com.translate.goog/about-us/key-projects/? x tr sl=en& x tr tl=cs& x tr hl=cs& x tr pto=sc



https://akercarboncapture-com.translate.goog/about-us/key-projects/?_x_tr_sl=en&_x_tr_tl=cs&_x_tr_hl=cs&_x_tr_pto=sc

Vapenny prumysl - Projekt Columbus

Belgie - vyrobce vapna Carmeuse , Engie, John Cockerill —technologie Electrochaea
Power to Metan (2022-2025)

Renewable
T Gas Grid T

Hydrogen
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Carbon
Dioxide
Supply Any CO, Source:

« Landfill

+Biogas

+ Dairies

+« Cement Plants

« Fermentation off-gas
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Renewable
Heat Grid

Groptec sdegrted from Sterrer, Specht 2008

Skalovatelna technologie CO, do metanu — biologicky recyklace cca 90 000 tun CO2/rok
Investice 150 Mio € Inovacni fond + IPCEI Important Project of Common European Interest



Heidelberg — oxyfuel + aminova vypirka

Heidelberg )
u Materials Q Search = Menu

Home > Media > Press Releases

Heidelberg Materials to build one-of-a-
kind hybrid carbon capture unit at its
Belgian Antoing cement plant

10 January 2023

« The hybrid carbon capture unit will combine the Oxyfuel and Amine capture
technologies in a second-generation set-up

« Once operational, it will capture around 800,000 tonnes of CO: from the
cement production process annually

« To support this capture project called Anthemis, Heidelberg Materials will seek
national, regional, and EU funding

Heidelberg Materials intends fo equip the Antoing plant of its Belgian subsidiary
CBR with an innovative hybrid carbon capture unit. Antoing is a state-of-the-art
cement plant with one of the world’s best-performing kilns in terms of specific CO-

emissions, which was recently modernised and is ready to be used for the project Christonph Beumelbura



Obsah : CO,

Vznik Spolku CO2 Czech Solution Group z.s.

Odchod od fosilnich zdroju - CO2 jako vstupni surovina
Power to metan = zemni plyn

Nejjednodussi CCU = mineralizace — uhlicitany - CO,>
Realizace — provéreni (analyzy)

VYZVA ke spolupraci
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CO, Czech Solution Group structure

CO,

Czech Solution Group =

Chairman
Predseda Rv

Vice-President
Mistopredseda Rv

Chief executive officier
Vykonny reditel

Secretary
Tajemnik

Scientific Council CO2 transformation
Védecka rada - transformaci CO2

Board of trustees Dozoréi rada

Support activities for CO2 transformations
Podplrné aktivity transformaci CO2

CO, Capture

Pre/Post combustion
Oxyfuels, DAC

CO, - H,0
TRANSFORMATION

Transport
Cco,

Storage
CO,

BECCS
Biosequestration
C3, C4, ZPF,LPF

Synthesis
chemical products
CO,-H,

MeOH
EtOH
Methan
Etylen
others...

Mineralization

Education - Dissertation/Diploma Theses

Projects
Coordinator

National
International
level

- Identification
- Generation
- EU partners

4.
Socio-economic factors

Czech Republic

Government Council for
Sustainable Development
Rada vlady pro udriitelny rozvoj

Ministry of Industry and Trade

Ministry of the Environment

& CO0: VALUE

Elf ErnsT & YOUNG 854 EUR

Legislation - National commitments
Legislativa - Narodni zavazky

Blance modules
ROAD MAP of DEKARBONIZATION

Publicity, enlightenment, PR
Publicita, Osvéta, PR

5.
Strategic Agenda

Mapping of national
potential for CCS/CCU

Analysis of relevant

technological trends,
Horizon scanning

Strategic research agenda
and implementation plan

Roadmaps CCU/ P2X

TRAIDING
Komercni cile (BUSINESS)

6.
Commercionalization

CO, Producers

- TAXONOMY
- CBAM carbon Border
Adjustment Mechanizm

- CSRD  corporate Sustainability
Reporting Directive

energy sector, cement, steel,
aluminium, petroleum refining,
paper, glass, chemicals and
fertilizers...

VYTV

Vyzva Ceskym subjektim:

V pfipadé zajmu o spolupraci, kontaktujte nas

ARIME SPOLECNE CESKY NARODNI CLUSTER CCU




CO2 Czech Solution Group. z.s.

CO,

Czech Solution Group

1ICO 11641592

ADRESA: Rubeska 393/7, Praha 9 — Vysocany, 190 00 Praha

KONTAKTY:

Ing. Leos Gal Ing. Petr Brenek Ing. Jaroslav Suchy
leos.gal@seznam.cz petr.brenek@pgpt.cz jaroslav.suchy@pschp.cz

mobil 00420-736 505012 mobil 00420-775 113349 00420-724 809 545


mailto:leos.gal@seznam.cz
mailto:Petr.brenek@pgpt.cz
mailto:Jaroslav.suchy@pschp.cz

Planované fazovani konkrétnich projektu

1. Phase - DEMO

=

2. Phase - INDUSTRY




Planované fazovani konkrétnich projektu

FERMENTATION

1. Phase - DEMO

CSH‘IZOG —> 2C2H5OH +2002

ethanol

DEMO PROJECT

pure CO2 from fermentation

food quality - ideal for CCSU

VERIFICATION CENTRE

=

2. Phase - INDUSTRY




Planované fazovani konkrétnich projektu

1. Phase - DEMO 2. Phase - INDUSTRY

FERMENTATION
T CH,

CGH1206 — 2C2H50H + 2002 |

ethanol

i e

Fossil Fuel Cement Industrial
Power Plants Factories Factories

DEMO PROJECT CO, Production in average

European Union — 8,7 t CO, eq./person

pure CO2 from fermentation .
Czech Republic —12,4 t CO, eq./person

food quality - ideal for CCSU

VERIFICATION CENTRE 100 MILION TONS CO, - YEARLY AVAILABLE




Planované fazovani konkrétnich projektu

1. Phase - DEMO

FERMENTATION

2. Phase - INDUSTRY

CGH‘IZOG — 202H50H + 2002

ethanol

DEMO PROJECT

pure CO2 from fermentation

food quality - ideal for CCSU

VERIFICATION CENTRE 100 MILION TONS CO, - YEARLY AVAILABLE
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