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ABSTRACT KEYWORD

Purpose: Due to the intensification of climate change, greenhouse gas reduction has become a global issue. In ~ Et4 Z 3

particular, the construction industry is one of the major industries responsible for 37% of global carbon dioxide i?r élgiu

emissions. Therefore, a technological approach to develop sustainable building materials by utilizing carbon from 80 24285 2R

the cement production process is required. This study aims to analyze the feasibility of developing

high-performance cement composite insulation panels utilizing supercritical CO,. Method: This study defined  Carbon Capture

Green Cement

Composite Insulated Panels
Utilizing Mineralized CO,

green cement and composite insulation panels, and analyzed the feasibility of developing high-performance cement
composite insulation panels using supercritical CO, by analyzing the current status of Carbon Capture Utilization
and Storage (CCUS) technology in the building field and previous studies. Based on the review, considerations for
insulation panel development and suggestions for future research were presented. Result: The study found that the
addition of nano-carbon dioxide to cement composites resulted in a denser pore structure, which improved A CCEPTANCE INFO
compressive strength and durability, while increasing CO, capture efficiency. The considerations are divided into  Received Feb. 4, 2025

composite panel composition and composite panel structure. Composite panel composition includes compressive  Final revision received Feb. 13, 2025
strength, durability, insulation type, and jointing method, while composite panel construction covers panel ~ Accepted Feb. 19,2025

finishing joints and emphasizes the need for future research. This study is expected to provide basic data for the

development of CCUS-based building materials and contribute to the development of carbon building technology.

© 2025. KIEAE all rights reserved.
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Emission sources

Burning fossil fuels

Electricity and heat production

Industries(cement, steel, agriculture)
Transportation (car, ship, air)

Buildings
Capture
Capture method Capture stage
Wet Processes Pre-combustion CO, capture
Dry Process Oxy-fuel combustion
Membrane process Post-combustion CO, capture
Transport
Pipelines
Vessel

Tank lorries

(_utilization (ccu) ) (_ storage (ccs) )
I

( Switching fuel ) (
I
( Chemical conversion ) (

|
Underground j
I

Submarine strata J

I
( Bioconversion )
I

( Mineral carbonation )—V[ Utilizing construction materials ]

Fig. 1. Steps for applying CCUS (Adapted from [6])
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Fig. 2. Carbon dioxide mineralization processes for carbon dioxide
utilization (Adapted from [9])
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Table 1. CCU technologies for buildings
. CO; capture Capture
t t Ref.
Projec Country Use cases STy Gt Contents e
Buildin Utilizing the CO,LOC process, which selectively captures
. & 50,000kt Mineral CO,, NO,, and SOy from industrial emissions and
CO,LOC materials . . . . [11]
. . COy/year carbonation converts them into a commercially useful magnesium
United in general .
. carbonate mineral
—— 1 Kingdom
Accelerated Mineral Producing lightweight, carbon-negative aggregates provides
carbonation Aggregates 500MtCO,/year . ae . 8 S P [12]
carbonation an alternative to natural aggregates
technology
Ready mix 3 Mineral . L . .
CarbonCure Canada 7-11kgCO»/m . Direct injection of CO, during concrete production [13]
concrete carbonation
toring 1t of
Building Storing . ,0 . Convert CO, to COs by adding water and silicate rock to
Paebbl on . carbon dioxide Mineral . . .
. EU materials . produce a solid carbonate-based material, which can [14]
site . can produce 2.5t carbonation R .
in general . reduce concrete’s CO, footprint by 70%
of material
One h i . .
Plantd Pla:en douassellg s1§)gr Captures three times more carbon than a typical OBS
K USA Panel p Biomass panel (27%), with twice the moisture resistance and 1.4 [15]
materials wall & roofs: times the strenath
8tCO,/house €
Nano bubble Concrete . Manufacturing technology that utilizes CO, nano-bubbled
. .. 3 Mineral L .
formulation mixing 1.0-1.8kgCO»/m carbonation water along with industrial by-products to produce
water Republic water concrete instead of conventional mixing water [16]
Eco-friendly of Korea Direct Air Superior strength and long-lasting durability compared to
sidewalk Block 9.6kg/m’ Capture, Mineral p. . . & & g . v P
. traditional sidewalk blocks, reducing maintenance costs
blocks carbonation
Capture (CCOSIA e CO,LOC /14€ BB SASIE o8, T4 oJulatth. o] 7142 F8] Im*9] 2= oF 1.0~18kg
COE ZA sk QM Al 1A Pe = Highs EH2E S, & O] COE A1 4= kL EAshATH16]). E5F 74%X}ZH§94 g
5 ATNE S0 B A5AS RAFATILL CarbonSe 48 95 2] 71917 Aelele] olsieka 47 A2 14 o4

11]

Accelerated Carbonation Technology (ACT) 7]&-2 Bl A4+
AE 2R COE Adstel BF &4 &4 =A(Carbon
Negative Aggregates)& A4totelom, o]& Faf A7F 500Mt2)
CO, Aol 7Fart A =4 diekS AAIsHtH12]. ZHuehe]
CarbonCure= 322 E A4 pA o4 COE AH FUT <,
2 E 9] 3}5t k35§ FE iteE Fel COE 22
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ghoplet 23 ES Fk
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Table 2. General composition and construction method of insulating composite panels
Category Description Ref.
. . - The commonly composite panel(concrete panel + cement board) specifications are 75mm in thickness,
Insulation composite . ..
anel standard 2,400mm mm in length, and 600mm in width [18]
P - When insulation is included, it varies depending on the type and performance of insulation
- Insulation that keeps the inside of the panel in a vacuum state after sealing the core material with a sealed
Vacuum metal sheath material with low moisture permeability and permeability
. . - Due to the high of production, efficient manufacturing process and cost reduction measures for mass
insulation . . [19]
ancl production should be considered
P - Its low thermal conductivity(below 0.003) allows it to combine with CCUS-based green cement, minimizing
Types of energy consumption
insulati - . -
tsu atl(.m - Insulation using cellulose extracted from vegetable raw materials
composite . . . .
- In general, it has high compressive strength and tensile strength
panel Cellulose . . . . . [20]
insulation - Changes due to moisture or temperature variations must be considered, and natural cellulose, being highly
flammable, requires fire resistance
- An insulating material made by melting and liquefying silicate-based minerals at high temperatures
Mineral - It has an operating temperature of 650°C and is highly fire-resistant 21]
wool - A moisture barrier or waterproof treatment must be applied to prevent water infiltration and protect against
exposure to humidity
- A method of assembling directly without using materials that require hardening, such as concrete
B - It has the characteristics of simplifying field work by mass production and mechanized construction by
Insulated method industrialization
composite - When designing a panel, the problem of low rigidity of the joint should be solved compared the wet
panel method [22]
installation - Method of covering mesh and mortar over insulation and finishing with paint
methods Wet - The joints relatively high rigidity and allow for diverse aesthetic expressions
method - When designing panels, it is difficult to work during the rainy season and winter due to the long
construction period
3.2. BaRgRde A
Gypsum Board - ~
gaEgude N oR A% YRS BYH O AEoH o)
Cement _ =1 =
< dlolo] Bz 7] Bt d din] 92 o i 5o &
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Table 3. Carbon dioxide emissions per ton of green cement _ _
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Table 4. Physical properties of building materials with CO, capture and utilization

Results
CaCO;
Category Topics Author Chloride ion | optimal Ref.
Compressive strength Micro-structure diffusion i
amount
Effect of . .
e 9 nano NC 2% incorporation resulted .
calcium . . . . NC fills pores in cement
carbonate on Liv et al. | in a 28-day peak intensity of articles to reduce porosity and N/A 1% [24]
. (2012) 108.6% of the reference P P Y ?
the properties form a dense structure
sample
of cement paste
Effect of - Higher amount of hydration
nano-calcium . products in 3% and 7%
- 28-day compressive strength . .
carbonate on . Lo . alternative specimens after 7
hydration Cosentino is highest at 2% admixture davs of curin
e et al. (55MPa) i g NA 2% | [25]
reaction and L - Highest amorphous CSH
. (2020) - 7-day strength is highest at Lo
mechanical . production in 2% replacement
. 7% entrainment (44.61MPa) .
properties of specimen after 28 days of
cement mortar curing
Plain
CaCO;
- CaCOs-added concrete shows
Effect of . .
. . higher early compressive - CaCO;s acts as a filler between
calcium Ali, .
carbonate Abdullah strength than OPC concrete cement particles
. . - After 28 days, OPC concrete | - The charging effect of CaCO; N/A N/A [26]
incorporation on & Saad . . . .
shows slightly higher promotes the hydration reaction
concrete (2015) . .
ropertics compressive strength than and forms carboaluminate
prop CaCOs concrete
Developing new . .
. Scanning electron microscopy
calcium . .
carbonate Maruyama | The average compressive (SEM) shows acicular crystals
concrete usin et al. strength of the CCC specimen | (aragonite) 1-3um in diameter N/A N/A [27]
8 (2021) was measured to be 8.6 MPa | and less than 10um long fill the
waste concrete voids
and CO,
I A614R0) .
146 148/? increase in early 60% and
compressive strength when 39
Characterization nano CaCOs; is added 0
. reduction
of high volume compared to normal concrete when addin.
fly ash (HVFA) | Shaikh & | - For long-term compressive Nano CaCO; reduces CH and CS 2
. . . . 1% CaCOs
concrete with Supit strength, plain concrete in HVFA paste and forms nano-particles 1% [28]
calcium (2014) improved by 40%, 39% fly additional CSH gel P
to 40% and
carbonate ash HVFA concrete 60% flv ash
admixture improved by 57%, and 59% :IV]Z A
fly ash HVFA concrete
. concrete
improved by 8%
Admixture
& CaC0s Effect of the - Improved initial strength and
addition of maintenance of good
nano-calcium performance in long-term
carbonate strength observed in concrete Both HVS
(nano-CaCOs) containing 9% blast furnace Interfacial transition zone (ITZ)
Hosan & . . and HVS-FA
on the Shaikh slag and 1% nano CaCO; densification for both HVS and with CaCO N/A [29]
properties of 021) - 48.5% blast furnace slag, HVS-FA upon addition of 1% show ?
concrete with 20.5% fly ash, 1% nano nano CaCOs
. excellent
large amounts CaCO; concrete improved .
resistance

of blast furnace
slag and fly
ash

3-day strength by 28% and
exceeded the strength of
OPC concrete at 28-day age

(©2025. Korea Institute of Ecological Architecture and Environment all rights reserved.

69



= v
Aufjdy} g2 ASAAR ALA shehikgE
% A FER AgAA Z2YE Y
A FEol 2R E nA2A o] UEg ST
et 2R EHG Fret Aol 4 A E Azt 7t

Ao 2™, Liu et al.(2012)2 Y CaCOs; (Nano
Calcium Carbonate, NC)7} AW E H|o]| AE 9] EAof n]2| = o
TF& FAR A5 APk W/Ce 0452 FLoHA AAe

T, NCO| ke AW E Z2F 8] 0%, 1%, 2%, 3% = B A 1
of W2 {547 A st AIHE o] AE S Bk, 11X 450 v] X
£ 9T B4 O A NCe] Fefo] S7Hd4E 540 ¢
Ache A4S HAom FPEE NC 1% EY Al 28Y &7t 7]
Z A =9 108.3% Z71et91 EHF T O] A2 NC 2% &Y A 28
o A7t 71%E A& 108.6%E At Z=rt ide AL gelst
qth. ABH 0 2 NCOJ 292 AIHE 4315 Z3IA718 247
o] T71EE F5g0] AL FAA ] BEEE ZoR 1
EPt et TS AJHE F5F tiH] 1%9] NC Ego] A/HE Fo]~AE
o] Bk SR 9 27] 5 Fraol 7P 9A AS WA TH24]
Cosentino et al.(2020)2 Ui CaCO37F A/ E R ZEFZ2 0] 1]3]
£ 9FS 2AS. 289 FE 7w, QRS 4EAE BE
CaCO3 2% 2¢) Al 7.6MPa, 55MPa& 7} =90t XRD £A4]
< ZA3P5f e CaCO39] &)o] £3hh-g-& ZXA7| 1 2717
gFAfo] 7]0fsl= AL ShelFTH25]. Ali 9] 291(2015)2 AHIE 9]
10%2 CaCOs2 thA] A, ZEAHT AHE 23T ES EHJS B
Aot om CaCOs EYo] AT E Q] 2HQAd 7 i ol 7]0]
Ste AL Selstlnt. B8 CaCO7} 22 E YR 228 7
AA7)2 $3HHg-S F415kH o] P % THEGF a0 EVL 2

71 = F7tel 7101l EEFTH26].

g ATET 2], CaCOsE 8 Jefj= &g
etal.2021)& HZAES} tf7] 59 COE 4 & S &
LS A%, o]lE T-got ez Z3 8 E(Calcium Carbonate
Concrete, CCC) 7Hrol] gt A4E 135ttt Lyt LEME A|
HWEE AF35E A%} AHE S CO, TAZHFL 25.6 mass%, CCC2
CO, ZAZE 39.0 mass% CO,& Yeh} CCC7l H =& CO, X
A Bolrh B9 CCCO Bt F=574=+ 8.6£0.65MPa, 3

2 oF 46% =2 YT CCCe 7|&9 23 E H|F| &=

S F2 FEE 7HA AR wE 3447 CO, 23 2

L
R
4
fu
<)
=

@

3 2 X oo Ui R

IEF EetoloA(HVFA) ZAEQ EA A4E 119
.CaCOsE 1% €4 Al BE APl 7HE &2 454 =8 B
o 27] 452 E7F A9t 222 E o] 146~148% /g5 AU

70  KIEAE Journal, Vol. 25, No. 1, Feb. 2025

ISt CaCOsE 1% & 2wt
EHTH uA|§ 7|5 FE2E B0t E4 o] Fipdo] Aad
oha g 28]

FH Hosan 9] 191(2021)2 Y4 -CaCO; NC)7F L 8HF &
JHVS) 2 1§ e 1-Fol A (HVS-FA) £F 23 E
9] & A= 9 g EA A= JFE EA6H g 2
FE(OPC), 12 £ 1(BFS) ¥ 12 S 19t Zato]ofA|(FA)
3ol 69%31 HVS-FA 232 Eof 1% NCE 2<)ste] A et
CaCOzE €913 232 EZ}F OPCo| Hlof| 574 =7} =9row A
14 0 = BFS9}F 1% CaCOs £ A2 EZ} 7Y =34t § vot
7b d4 o] BT AxSFo] FastH AU AR E §

A5= AL sHolsk T 29].

CCUSE 7|Hre & CO, itas E-8e I8 AME /A =
24 SA4E FactAY, Heh G aud o 94 A Ed ¢ T8
gt gaolrt, mEtA Td Bt d /EA 45 HE 2 24U
EES e gAY VeSS ASAA Y 24 T 24l

ot AsYA+E &It

Pope et al.(2024) B4 27
s o] i d rtet we
Sttt Hiol @ A 8- s A A o] et A&l
Material Carbon Emissions Estimator (MCE2) =8
15t on 52 PUHS AHSo gt o &
tad o] REE2 =&0FATH30]. Kim et al.

A 715k e] vpo] o 2HE A8t EHE
A5H7HE A5t 2™ TPS (Transien
System)-1500 & Z4 FHlE g8 dAxg 54
StATH31]. Xiong et al.(2024)2 A 57| &9 sEdot= B3
I (Desulfurization Gypsum, DG)¢t 7Hito]= &2 1(Carbide
Slag, CS)E &8l CO, & ZATIY oj2fgt ga Z3 FA A
S A, A B (PCO) Alztol| E85H= =4
Was AxT S, B digt €4 EA4Z Astith 54 €
2 7] (STA 449F3, Netzsch)E AHEste] CaCO52] EE4 7+
EA51aL ARFAIEFA (DSOSt @FHEA7I(TGAE A+

o
it

a
g A=
-
i

ol Y ox

o o% off

1B X ox JNT

B

1_

oo e
=)
B

2

].

n
~
o

L
Lo oo
e 2L

I

[¢]

N
£

202

Mo or oX

il O to o
S ool o
L ox % ot

o ol
By o

I

i

ne

Lo
2,

P

2
ol
-

-

an

O:
9}

o, M
g
o

odh
1% o



2ol - Yzd - 2

Table 5. Considerations for the development of CO;-based concrete high-performance composite panels

Category Previous studies Considerations Ref.
- For the compressive strength test, specimens were manufactured
and tested according to the ASTM C109 standard, with high
temperatures (40°C, 60°C, 80°C) used as variables. Cement . . . .
. . ; - - Since there is a difference in the
specimens measuring 50x50x50 mm* were utilized expression of strenath depending on
. X] i
Compressive |- At 40°C, the CaCOs cement paste showed no strength P . gth dep . &
. temperature, it should be designed to meet
strength development on the first day and required 14 days to reach . .. s
full strength, while at 60°C and 80°C, it reached full the necessary climate conditions or initial
o . strength during construction
CaCo; strength in 7 days and 3 days, respectively = J
cement - Regardless of temperature, it was the same at 40 MPA after
. 33
characteris 14 days [33]
tics . . . . - Freeze-thaw resistance: Use a waterproof
- CaCOs cement is not alkaline like Portland cement and is Rk . . rp
close to neutral coating to minimize water seeping into
. S voids or use an air-repellent agent to
- Due to porosity, water permeates the voids in a freeze-thaw | . . P . g.
. . Lo increase resistance when designing panels
Durability | environment and is likely to be damaged Since the porous structure mav have
. . . S us structus Vi
- Its porous structure makes it suitable for lightweight building lower compress' e streneth tha}lln Portland
. . . W iv
materials such as fiber cement boards and lightweight p gt
concrete cement, reinforcement should be used
together
- Conventionally used insulation materials are vulnerable to
fire, and there is a problem that durability and insulation
decrease over time. though this, an experiment was
conducted to develop an insulation material that is resistant . .
. . - By analyzing the effect of different
to fire and cracks and has excellent insulation performance Y anayzns .. .
by using insulation materials adiabatic curing conditions on their
i . . . roperties, the practicality of the mortar
Composite - The physical properties were analyzed according to the prop P . vy S
panel replacement ratios when insulating materials such as V replacement rate in the adiabatic
i Insulation material P & production process should be examined
configuration . (vermiculite), PL (perlite), CB (ceramic bead), and EPS were . .
combination incorporated info the mortar - The properties of each material (heat
P . . . conductivity, strength, etc.) should be
- As the insulation replacement rate of the mortar increases, balanced at the mixing ratio by laving the
the flow rate decreases, the air content increases, the unit foundation for the migin desiyn (zlf e
. .. . X
weight and thermal conductivity decrease, and the bending . . . & &
strength decreases insulating materials
- The insulating material V+CB+PL combination can be
confirmed as an excellent combination because the pores are
reduced due to continuous particle size [34]
- By developing a prototype that changes the shape of fixing
pins and ribs to the heat bridge and insulation fixing
problem pointed out by the existing method, we would like
to present an alternative with construction performance and
cconomic feasibility The fixed pin placement interval and
- When bonding insulation and concrete, one-way rib-shaped installation pmetio 4 should be desiened fo
. bonding is a realistic alternative in terms of construction S &
Insulation to concrete . . minimize heat flow
. performance and weight reduction, and performance can be . .
bonding . . . . - The shape and material of the joints shall
expected to be improved by increasing the adhesion between . s
members and reducing the volume be designed to distribute the load
. . Lo . effectivel
- In order to implement a system in which insulation and Y
concrete are integrated, fixing pins are effective, and in
particular, PVC fixing pins play a very effective role in
preventing heat bridges by reducing heat bridges by more
than 90%
. L .. - Material selection or additional protective
- In order to increase the stability and durability of the coating is required o minimize Ztren h
. . . i u V4
external insulation fixing method and prevent problems ) % dh q » d anch €
.o . . oss of adhesive mortar and anchors
occurring in the external environment, an analysis was . .
Composite conducted - Although semi-dry construction methods
P External insulation . offer superior performance, dry and wet
panel . - Wet, dry, and semi-dry methods are used for the external . . [35]
. install method . . . . construction methods are also considered
construction insulation fixing method, and among these, the semi-dry for cost and construction efficienc
method showed a high bonding strength (1,083.4 N) and was Beacuse deterioration can occur oye.:r time
. UL i v X
confirmed to have little strength loss even under weather it is important fo ensure lone-term
resistance and freeze-thaw conditions P &
performance
. Korea Institute o ogical Archi e and Environment all rights reserved.
(©2025. Korea Institute of Ecological Architecture and E; t all right: d 71



[35]
(36]

Ref.

Considerations
penetration, the sealing and waterproofing
of the joints must be additionally

strengthened during construction

- The difficulty of construction varies
the shape of the joingt must be selected

- Since the purpose of absorption
performance is to prevent moisture
depending on the shape of the joint, so

Previous studies

- In the wind pressure performance test, the method of using
resistance, and was effective in preventing detachment due to

strong winds
existing composite panels, T-type, H-type +EPDM composite,

and I-type joints were proposed
- As a result of comparing the absorption performance, fatigue

20~40%, and the tensile strength was the highest for the

I-shaped joint. All joint types showed excellent fatigue
resistance without any fatigue-related damage (cracking,

strength of about 40% due to deterioration. However, this
fracture, etc.)

reduction of about 40~45% under weather and freeze-thaw
method showed high bond strength and deterioration

adhesive mortar and anchors together showed a strength
conditions, and the anchor showed a decrease in bond

- To improve the problems occurring in the straight joints of
resistance, and tensile performance was improved by

External insulation
install method
Panel, Finish joints

Category

panel

Composite
construction

Table 5. Considerations for the development of CO;-based concrete high-performance composite panels (Continued)
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