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Ana M. Ferreira, Anna S. Vikulina, Dmitry Volodkin:
CaCO; crystals as versatile carriers for controlled delivery
of antimicrobials, Journal of Controlled Release, Vol.328,
pp-470-489, 2020

Enthalpy Relative to Calcite (kJ/mol)
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Elisabeth Van Roijen et al.: Building materials could store more than 16 billion tonnes
of CO, annually, Science, Vol.387, pp.176-182, DOI:10.1126/science.adq8594, 2025
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GETTING TO NET ZERO

______________________

Contributions to
achieve net zero

Srtorstrietion & Qe (i) ARt O RBIL. FAMHDORE
. IXRL4EE. REEEOHE

Efficiency in concrete
production

@ENFEDOM L. BEEYMRE KB RHED(C
FHEHI. BRRERDOER, Bl T
DIKZEDER

®a>9)—k~DCo,MEA. HEiLaV I —
FOREIEESE . REVHODREIEEM

-
DEE
De-carbonisation of electricity 5%

7 CO:2 sink: recarbonation : -\
Total reduction 100%
2020 2030 2050 .
@ar9)—HMZ&BCo,M B RWKIR (L)

s v v -
Global Cement and Concrete Association: Actions to a net zero

Net zero pathway CO2 emissions from electricity Direct net CO2 emissions (Direct CO2 future, https://gccassociation.org/concretefuture/actions-to-a-net-
emissions minus recarbonation) zero-future/

Savings in clinker production

CO2 emissions (Gt CO2)

% Contribuflion to nat zer

Carbon capture and
utilisation/ storage (CCUS)
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e 1000
g B Indirect emissions (fossil fuel and raw material supply)
8 3 Indirect emissions (electricity)
3, == Direct emissions
8 -« Near zero emissions production
2 500
0
-500
2020 2030 2050 | 2020 2030 2050 | 2020 2030 2050 | 2020 2030 2050
Dry kiln Dry Kiln with CCUS Electric kiln with CCUS | Dry kiln bioenergy with
CCUS

https://iea.blob.core.windows.net/assets/c4d96342-f626-4aea-8dac-df1d1e567135/AchievingNetZeroHeavylndustrySectorsinG7Members.pdf
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Zeroc - 2023 Fellow. - Science & Technology Pioneer Award Pre-process

https://www.concretecentre.com
/Specification/Innovative-
concrete/Biozeroc.aspx

Smmar to how coralsigrow.in the ocean

L e o

Bound aggregate

https://youtu.be/1G8LE_RJOx4 https://www.linkedin.com/posts/biozeroc_climatetech-

builtenvironment-construction-activity-7133046403961901057-f)c)

https://www.fraunhofer.de/en/press/research-news/2024/july-2024/bio-concrete-and-
biogenic-construction-materials-with-cyanobacteria.html
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https://www.enecho.meti.go.jp/about/special/johoteikyo/concrete_cement.html
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ferro link | I sialate link
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| | |

https://www.nbmcw.com/product-solutions/concrete-chemicals-waterproofing-
repairs/concrete-articles/ferro-sialate-geopolymer-using-red-mud.html

"anhmge

aseq

W Alkali solulmnspﬁk—uw g'iy https://www.civilengineeringforum.me/geopolymer-concrete/
w Dissolution M‘Q‘\uclealmn
54%

Fly ash Silica and alumina species Aluminosilicate oligomers
(Si/Al=1)

Oligomerization

Y e

 Polymerization

Fly ash-based
geopolymer cement/
concrete @si @a @00 cuH N

Zhuang, X.Y., Chen, L., Komarneni, S., Zhou, C.H., Tong, D.S., Yang, H.M., Yu, W.H., Wang, H.: Fly ash-based geopolymer,
Clean production, properties and applications, Journal of Cleaner Production, Vol.125, pp.253-267, 2016

Coal powe

A Geopolymer paste Poly(Sialate) framework
station N

https://theconstructor.org/concrete/geopolymer-concrete-ecofriendly-construction-material/9430/
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University of Stuttgart. “SimBioze”Z7AY T k)

DN TI)TEETMREBMERRIZKE >
QAN LFxEHiELE=REEH#MEIZEK(GEM) '
QINITITIZLBREDH 2 (+EIEY : BEH)
DREBHIVODLDERBE
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(15cm. 5MPa->50MPa: TERRZRFMA) [0 &

0
JM b o3H,0 T, oNHY 4+ 20H- + €O,
H.N o ™~ NH, AInmoninm
© urea

Coy + HeO = HCO; + HY

bicarbonate
HCO; + 20H- + Ht = = C03 + 2H20
carbonate
Ca?to + 002 .. » CaCOy | = -
Laag +  {ag) - . —~ o i
calcium carbonate /i ‘

Smirnova, M., Nething, C., Stolz, A. et al. High strength bio-concrete for the production of building components. npj s ¥ S
Mater. Sustain. 1, 4 (2023). https://doi.org/10.1038/s44296-023-00004-6 https://www.uni-stuttgart.de/en/university/news/all/Bio-concrete-from-urine/
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Ammonia

i Makeup
Ammonium E-\,

Chloride > | Baghouse
Absorber
3 Leaf Filter
Carbide I jl
Lime <o !-*
Dissolution Absorber |~ | beed jlter Swirl CaCo,
Clarifier
Reactor Feed Press Fluidizer Cement
Insolu.blle e Gas Flow
Impurities Liquid Flow
Kallse i Slurry Flow
Simulator et lewe

2NH,OH 3 +CaCly(50+CO5) = (NH4),C03 1 +CaCly 0 +H,0
(NH,),CO35+CaCly > 2NH,Cl 5 +CaCOy

Emissions

Capture

(kg CO, / metric ton of cement)

==

CaCO; Cement Portland Cement

Direct
Capture

Emissions Emissions Net
Emission

Craig W. Hargis, et.al: Calcium Carbonate Cement: A Carbon
Capture, Utilization, and Storage (CCUS) Technique, Materials,
Vol.14, 2709, https://doi.org/10.3390/mal14112709, 2021
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https://www.mu-cc.com/information/20240128 01.html
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CO, Depleted
Air and/or Flue Gas

Metal Carbonate
Coated Aggregate

7 Ammonium
Carbonated

| Gas Absorption |

50,000 ppm €O,

| Direct Air g ["Untreated
Capture B Flue Gas
410 ppm CO,

Aggregate
Substrate

Geomass
(Remediated Solid)

Capture Liquid |
Reformation

Geomass
(Spent Solid Waste)

0% Coating 50% Cnanng

https://www.blueplanetsystems.com/products
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¢

Conveyor Conveyors

Wasts Carbon capture
l and chemical
>
5 CO, water

stabilisation
Pelletising —_
Material l l l caco
flow 5
Storage/ = N
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—

Curing/
:P

] Sto

Electricity

N 1 1 é 1 é i g T 1 é
Uy o
Heat output Reagents M-LS
(exothermic) Agg regate

https://www.carbon8.co.uk/products
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https://data.jci-net.or.jp/data_pdf/45/045-01-1002.pdf
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+14%

1 Day
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B4V D) —MZCo,%EA (BF 4 - CarbonCure Technologies, KFFEEAR)

+16%

3 Day

+13%

7 Day

28 Day

Hil3
GaZ Garbonare

~ Calcium
L ~

saved per
cubic yard

saved per
cubic yard

25-

2
S
=]
Compressive strength (psi)

CarbonCure for Ready Mix CarbonCure for Precast
15kg-CO,/m3-concrete 15~ 23kg-CO,/m3-concrete

https://www.carboncure.com/
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3(3Ca0-Sio,) + (3-x)CO, + yH,0 - xCa0-Si0,-yH,0 + (3-x)CaCO,
2(2Ca0-Si0,) + (2-x)CO, + yH,0 - xCa0-Si0,-yH,0 + (2-x)CaCO,

Sample
pre-curing

Si0,

Not found in published studies 100

I

I
I
I
I
I
I
: Phase I: Pre-curing
I
1
1
1
1
1

|
' l
! 1
! 1
) | "
| 1 Reaction controlled in 1
- :
! 1
! 1
! 1

B Reactive to CO. = Sample formation & demolding; Further hydration of
ini -i s = Removal of free pore water if in ! temperature, RH, partial | ! the noncarbonated
¥ Minimal reactivity or inert to CO, excessive quantity. | Ppressure, duration, etc. phases.

1
I

I

1

I

I

Phase III: Post-curing :
1

I

1

1

1

1

________________________ ¢ S DS R R
90
= 50 45
3 B Carbonation curing-<3d
E 70 4 =0 & Steam curing-<3d
o - =
=2 % F E 35 @ Carbonation curing-28d
g £ S @ Steam curing-25d
w70 = E
x = & 25
:E'.J:l 40 :" =
‘= i ) 20
E 30 ﬁ
g 2 15
20
= E 10
10 o
5
1] = 0
a - D i} r 4 & 8 10 12 14 16 18
49] 1591 [43] [88] [87]
Ca0 CA CpA, CA CA, CA, ALO, g . L
A 1237 2 Pre-curing duration (hours) Rfretics No.

Duo Zhang, Zaid Ghouleh, Yixin Shao: Review on carbonation curing of cement-based
materials, Journal of CO, Utilization, Vol.21, pp.119-131, 2017
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SRA R Materials: Formation: Curing:
- 60-80% less OPC No Change Steam + CO2 §
2CaO SiO (V C S) + 2CO https://www.carbonbuilt.com
ezca Co + SIO Al AR SOLIDIA CONCRETE SOLIDIA CEMENT
E” . e . oy
= 2 L] Mk
&3 @ 3 DCO,HEH KB
/ . o
. 197 SrozsEmryovs § DB TDCOB
. https://www.kajima.co.jp/news/digest/ 8
E 10 jun_2012/searching/index-j.html
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B == iz #7123
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-50 5
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60 B oo | i i A
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COBHE (%)
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0 Il
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= 100 Fl = o OUWik E)
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5 # 6.0 =
Engelsen, C. J., Mehus, J., Pade, C. and Saether, D. H., (2005): % “y 2.000 - 4.000 mm
Carbon dioxide uptake in demolished and crushed Concrete, = 40 & M 5]
Nordic Innovation Centre Project No.03018, Norwegian 0 = 10 ——0——4.000 - 16 mm
Building Research Institute 28d-0d 0d 28d 20 i
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Johannes, Braune Lisa, Bauer Christian, Sacchi Romain, Mazzotti Marco: Technological
FREER CO,REICLIBEEFHMBELIVY)—bAD Demonstration and Life Cycle Assessment of a Negative Emission Value Chain in the Swiss
A, 3V —kI %, Vol.59. No.9, 807-812, 2021 Concrete Sector, Frontiers in Climate, Vol.3, 2021
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. .oy . . XB2:
EN 16757: Sustainabil Ity of construction works - Environmental P roduct CO, - Emission level by decarbonation of raw materials and buming of fuel (=100%)
declarations - Product category rules for concrete and concrete
elements co.00
. . . . 2 (%
Annex G (informative): CO, uptake by carbonation - Guidance on ooy
carbonation
calculation
€0, uptake =k x(\t /1000)xU, . xCx(D,) f
2 tce ¢ Concrete strength 16 to 25to Degree o
— ——hrss— <16 MPa S e >35MPa | carbonation XB4: XBS5:
> (D) end of life Beyond the system
b dule D
Parameters ————| Value of k-factor, in mm/year®> Percentage oundary, module
Civil engineering 1 !
structures 50 :
Exposed to rain 2.7 1,6 11 85 '
Sheltered from rain 6,6 44 2,7 75 | e S
° -, LS -~ carbonation rate . o
71N 0. - In ground 3 11 0,8 0,5 85 ) i
-I_ )b I\7/ I~ t}/ I~ O 49 kg/kg Cement - depgnds on: ’ CO, bound depends on:
Buildings - time i - time
Outdoor - exposition / humidity Tl - surface of granules
) - porosity ] - humidity
Exposed to rain 55 2,7 1,6 11 85 - cement type i
Sheltered from rain 11 6,6 44 2,7 75 - wic - ratio _.'
Indoor in dry climate © k1 ;.'. __,_.--"""“':_"_ e
With cover b 116 69 46 2,7 40 |
Without 16,5 9,9 6,6 38 40 k2 | :
€0, co, In ground 2 11 0.8 05 85 : '
COZ a  Under groundwater level k= 0,2. — |
b Paint or wall paper. (Under tiles, parquet and laminate k is considered to be 0.) XB3: use stage Demolition / Substitution of
¢ Indoor in dry climate means that the RH is normally between 45 % and 65 %. Waste processing aggregates
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B E A& E& 1t (Direct Air Capture, DAC)
®XRR[PDCO,ICKLHEAEFDEHRPTHO I RERIE Ca(OH),(s)->Ca?*(aq)+20H:(aq)
Ca?*(aq)+C0O;*(aq)—->CaCO4(s)

EEECOZ%#-F'GGL BB (100°CLL L) DR IR TICH ITHEHRECO,TREDE R
RS

BRECOFHTTHD,  EEREGBENDRETEFLEIEZEERELRETICE TS5
AOEED (EERENKD -REKDP) TORKE

BRECO,KXUTTO. IAMIMICL OB LAEDBREPTO RS

CONTN VT IEEITEDIKBTO, AL LBFH L T-CaliBfELT=CO,ED K Ii:
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100 - Aragonite
L Vaterite

Fractional amount (%)
J
o
T
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7 8 9 10 11 12 13

SEEOE (DL

100
Vatorita Aragonite
)
3
S 50
k=
£
2
<<
) =R >
Rl JF &R H IREEAILD L Calcite
0 1 1 1 1 ]
10 30 50 70 90
Ana M. Ferreira, Anna S. Vikulina, Dmitry Volodkin: CaCO; crystals as versatile carriers for controlled delivery of antimicrobials, Temperature (C)

Journal of Controlled Release, V01328, pp470-489, 2020 ?LH-I*QZ . ;};Eaﬁr . 1E{E| IE.F?E S ]\ g*ﬁ*}@ﬁ){ﬁg'ft}im%*ﬁ

ayv s Y— RTE, 61495, pp.760-768 . 2023 4F
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Global Warming Potential (kg CO; e/m3)
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400 IEA: Achieving Net Zero Heavy Industry Sectors in G7 Members, 2022
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Near Zero Emission Product Threshold

20 5w m W 15 50 OV —HkIBARREEEIZKY —EEDCO,ZRINETFE
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Environmental Performance

Table 59 - Cradle-to-gate (A1-A3) per tonne

REPRESENTATIVE PRODUCT HPA-80091055

GROUP DESCRIPTION RISER/ SUMP?{}?&

GROUP # GROUP1
INDICATORS, ABBR.

HHY-80091096 HNN-80091065 HHY-80091053
RISER - ONE PIECE RISER/SUMP BASE

GROUP 2 GROUP3 GROUP 4

EN15804+A2 CORE ENVIRONMENTAL IMPACT INDICATORS, MODULES A1-A3, PER TONNE OF PRECAST

149
148

GWP-TOTAL kg CO,-eq.
GWP-FOSSIL kg CO.-eq.

GWP-BIOGENIC kg CO,-eq. 0.263
GWP-LULUC kg CO,-eq. 0.0302

kg CFC11-eq. 2.16E-10

Mole of H* eq. 0.288
kg NMVOC eq. 0.271
m® world equiv. 28.7

178
177

0.613 2.62 0.620
0.0381 0.0417 0.0426
2.71ME-10 3.18E-10 2.70E-10
0.329 0.436 0.404
2.38E-04 4.55E-04 2.45E-04
0.120 0.155 0.132
1.28 1.66 1.41
0.327 0.425 0.368
8.34E-05 2.50E-05 1.24E-04
1,060 1,340 1,320
25.6 39.8 40.7

https://www.humes.co.nz/assets/Humes-Precast-EPD-Version-1-v2.1.pdf
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* [nternational EPD Number of registered EPD by categories
700
v" All registered EPD : 1,256
v' Building and construction products : 880 e korBEPD

Registered International EPD
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Intern al EPO Intern, al EPD
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Source: Chang-U Chae, Sunghee Kim, IEA EBC Annex72, 2021
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@ NASA's Goddard- Space F‘Lught Center
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