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Beton, ktory pouziva CO, pri vyrobe
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Terminologie a otazky

Obehové hospodarstvo verzus linearne
hospodarstvo
uhlikova neutralita a uhlikové

hospodarstvo

CCU a CCS
Kde najdeme CO, keby sme ho chceli?
Je CO, nepriatel alebo surovina?



Co je to obehové hospodarstvor

Obehové hospodarstvo je model vyroby a spotreby, ktory zahrna
zdielanie, opatovné pouzivanie, opravy, renovaciu a recyklaciu
existujucich produktov a materialov v (takmer) uzavretom okruhu,
ktorého cielom je zachovat najvyssiu uzitkovd hodnotu tak dlho, ako
je to mozné. Tymto sposobom sa predlzuje zivotny cyklus vyrobkoy,
aby sa znizila spotreba surovin a produkcia odpadu.

Ked produkt dosiahne koniec svojej zivotnosti, zdroje, ktoré ho tvoria,

sa udrZia v ekonomickom cykle. M6Zu sa teda znova a znova pouzit na
obnovenie hodnoty.

Priklad obehového hospodarstva v stavebnictve



Transportbeton Demolacia

Vyroba agregatov

Zlozka surovinovej zmesi na
vypal cementu
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Uhlikové hospodarstvo
(Zachytavanie, opatovné pouzitie a
skladovanie uhlika)

 Carbon Capture and Use (CSU)
e (Carbon Capture and Storage (CSS)

Cielom je dosiahnut uhlikovu neutralitu



Co je uhlikova neutralita?
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Vyvoj emisie CO, od 1900 v megatonach
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www.iea.org/articles/global-energy-review-CO,-emissions-in-2020




Vyvoj emisie CO, od 1990 v megatonach
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Uhlikova neutralita

Nerovnovaha v sucasnosti

19,0 Gt CO, 36,3 Gt CO,

www.iea.org/articles/globaI—energy—review—COz-emissions—in%‘%%’d—g

Kol'ko sme produkovali, tolko
sme absorbovali
2050
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http://www.iea.org/

Uhlikova neutralita
Cestna mapa v cementarenskom a stavebnom
priemysle
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* Materialova spotreba
* Energeticka spotreba

CaCO; (limestone) og o
Eiigz-(/i\rli?zfdaz), shale) 4 mllléll'dy fon cementu
= 20 miliird tén beténu

- o - = 2,5 miliard ton CO, v

3Ca0-Si0,

Ca0+505+2H,0 - k 2?02?0

Gypsum + Clinker e ro u o
3COO'A|203

Finished interground | 4Ca0O-Al,05+Fe,O4




CEMBUREAU 2050 roadmap
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1990: 783 kg CO,/t cementu

Planna 5 C

1. Clinker: slinok -160 kg CO,/t cementu

2. Cement: cement - 117 kg CO,/t cementu

3. Concrete: beton - 59 kg CO,/t cementu

4. Construction Carbonation: karbonatacie budov- 51
kg CO,/t cementu

5. CCS/CCU -280 kg CO,/t cementu

V roku 2017 plan znizovania uhlika bol prekroceny o 116 kg CO,/t
cementu

160 + 117 + 59 + 51 + 280 + 116 = 783 kg CO,/t cementu
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Roadmap for Energy-Efficient Cement Industry, Buildings and Construction

1. C —Clinker: slinok -160 kg CO,/t cementu

Cement = slinok + sadrovec

CaCO; (limestone)
2Si0,+Al,03 (clay, shale)
Fe,O5 (iron oxide)

SiO, (silica sand)

b ~ 14500
Kiln 5

3Ca0-Sio,
Ca0-505-2H,0 2Ca0-Sio.
Gypsum + Clinker
3CGO°A'203
Finished interground T 4Ca0O-Al,05*Fe,O4

cement -

~-

1. Vyuzitie alternativnych surovin
2. Vyuzitie alternativnych paliv
3. Modernizacia zariadenia
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2. C-Cement: cement - 117 kg CO,/t cementu

Vyvoj novych druhov kompozitnych cementov a spojiv
vyuzitym sekundarnych surovin

1typ 27 typov 39 typov
cementu cementu cementu
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3. Concrete: betdn - 59 kg CO,/t cementu

Beton sa vyraba z

* cementu,

* vody,

* hrubych a jemnych kameniy,
* primesi a prisad.

Prisady



4. Construction Carbonation: karbonatacie budov
- 51 kg CO,/t cementu

Ca(OH), 3
|
CaCO,; + H,0

CaCO; pevna faza a nerozklada sa pri izbovej teplote. =
Permanentna sekvestracia



Fenolftaleinova skuska — odhad pH a hibky karbonatacie

Farba vodnych roztokov - pH

bezf “ fialova

pH > 10

pH < 8.2

pH =9

wl ¢ k Fenoftalein

pH indikator

{ Nanasa sa na
cerstvu lomovu
plochu betonu

Povrchova skarbonatizovana
vrstva betdonu

Ca(OH)2+ CO, - CaCO, + H,0

\'}“ N ‘o'-i-tt— pH <9

pH > 12.5

Vnutorna nekarbonatizovana
cast




5. CCS/CCU -280 kg CO,/t cementu

Zachytavanie CO, v cementarenskom priemysle
Sucasna technoldgia vyroby cementu neumoznuje efektivne zachytat” CO,
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/mena technoloégia vypalu slinku

Technoldgia zachytavania CO, v cementarni Heilderberg

Pre-ground
minerals =% ©

Calciner

Particle
Breakup
CO, Released

Calciner .,
Combustor

CO, + Steam
(for Carbon Capture)

t

Calciner
Separator
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Technologia zachytavania, oCistenia, skvapalnenia , doprava a
skladovania

Air Liquide - A key Player in the CCUS value chain

Purification / e

e e e e e e e s L —
/ . - N
[ [@) CO2Emitter Plant (@) CO2 Capture and @) Rail, barges or pipeline  [g) Harbor Export @) Shipping \
= (e.g. SMR) arimase  Liquefaction Unit AirLiquide logistics Airiguide Terminal Airtiquide

(Cryocap) {or CCU application)

Liquefaction Unitincl.  Loaaing Un-loading L-Coz
\ Intermediate storage facility facility Terminal /
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Air Liquide expertise along the value chain:
e \Various CO2 capture technologies (Cryocap FG/Oxy, Amine wash, Rectisol)
e (CO2 compression, liquefaction and storage expertise
e Pipeline network operations

THIS DODCUMENT IS FUBLIC 1 AIR LIQUIDE, & WORLD LEADER IN GASES, TECHNDLOGIES AND SERVICES FOR INDUSTRY AND HEALTH

| February 2021 From capture to storage, CO2 cryogenic technologies & logistic l.' H ir Liq u ide
S.Ruban +  AirLiquide Engineering & Construction chain ERGINEERING & CONSTALCTION
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www.airliquide.com



Revolucia v boji proti globalnemu oteplovaniu: vyvoj a vyroby vysavacov CO,

Toto rieSenie, ktoré nie je prilis jednoduché, navrhli Christoph Gebald a Jan Wurzbacher,
dvaja inZinieri zo Svaj¢iarskeho federalneho technologického institutu v Ziirichu (ETHZ).
Ecole polytechnigue fédérale de Zurich (EPFZ)
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Osemnast vysavacov CO, na streche spalovne Hinwil (ZH). Od ich inStaldcie v roku 2017
zachytavali 900 ton CO,, €o je ekvivalent emisii priblizne 30 domacnosti.


https://ethz.ch/en.html

Carbon Capture
Vysavac CO,

V roku 2020 spolocnost Climeworks posunula zachytavanie oxidu uhli¢itého na dalsiu 22
uroven na Islande, kde spolocnost stavila nové, ovela vacsie zariadenie. S nazvom , Orca“
ktoré natrvalo a bezpecne odstrani 4 000 ton atmosférického oxidu uhlicitého za rok.



Beton, ktory pouziva CO, pri vyrobe

25



Chémia reakcie cementu s vodou
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Chémia reakcie cementu s vodou

Ca(OH), + SO

CaCO, + H,0

I

CaCO, pevna faza a nerozklada sa pri izbovej
teplote. )
Permanentna sekvestracia



CO, Beton sa vyriba z

cementu,

vody,

hrubych a jemnych kameniy,
primesi a prisad.

CO, vo forme plynov alebo kvapaliny

Prisady



- Solidia
Technologies

CO, komora pre vytvrdnutie
betonovych vyrobkov
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Betdonové tvarnice

Betdonové tvarnice

Plotové tvarnice

Zatravnovacia tvarnica
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CO, v kvapalnej forme

Patents apply to this product.
For details visit:
carboncure.com/patents

P9y CARBON
hbdd CURE.

Innovative CO, Technology



https://www.carboncure.com/

CO, stanica na betonarke




Letisko Calg
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Beton

Na pode Ustavu stavebnictva a
architektury, SAV
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704 T=20°C,P=8b
Hf Solution

Calcite
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Added CO, (9/1009gcement)

https://www.nature.com/
Figure 2 | Scientific Reports (nhature.com)
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https://www.nature.com/articles/s41598-020-62503-z/figures/2
https://www.nature.com/articles/s41598-020-62503-z/figures/2

CO, Beton sa vyraba z cementu, vody, hrubych a jemnych kameniy,
primesi a prisad.
* CO, vo forme plynov

VID 20210428 106829.mp4 l

Prisady
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Osetrenie v CO, komore




Test mechanickych vlastnosti



Vytvrdnutie vyrobkov v CO2 komore zvysuje mechanické pevnosti

Priprava vzoriek bez CO,
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Priprava vzoriek s CO,
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Sledovanie dlhodobej trvanlivosti vyrobkov v laboratériu

beton
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Sledovanie dlhodobej trvanlivosti vyrobkov v prirode







Dakujem za pozornost
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