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Abstract

This article presents the Carbon-Egg Cycle framework, aiming to establish a circular carbon
system by integrating local waste management with the utilization of surplus energy from industries,
thereby advancing environmental engineering and circular economy approaches. The process converts
eggshells, primarily composed of calcium carbonate (CaCOs3), through calcination using surplus industrial
heat, producing calcium oxide (CaO) for further applications while capturing and storing the released
carbon dioxide (CO,) for subsequent use. The resulting CaO is formed into CO2 capture materials for
community-scale activities, and through carbonation, it reverts to CaCO3, which can re-enter the
calcination process, forming a continuous carbon cycle that reduces both waste and greenhouse gas
emissions. Simultaneously, captured CO, can be utilized in various sectors, and CaCO3 obtained from
carbonation can serve as a soil amendment to reduce acidity and enhance productivity. The value of
the Carbon-Egg Cycle lies in its integration of biowaste with energy reuse, minimizing resource loss and
providing community- and small-industry-scale CO, management solutions. This framework

demonstrates a pathway toward carbon neutrality and offers scalability for broader applications.

Keywords: Carbon-Egg Cycle, Eggshell Valorization, Waste Heat Utilization, Carbon Dioxide
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6-8 s ilelidaudusiuasndonldon ns
V91UV UANT VR BUATE1A5 DL UTY
(Ca0 + CO, — CaCOs) lagilmuganiugsan
WWangufUszuias 0.785 n3u CO, onsu Cao
[14] wiusananiearunsadrludsse nalely
Aanssudifinsdaesfwaifuouluseduguuy
AU ieutu uagdsanusoldeuglduany
seunouNUsEAVS N WazAnas
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I CARBUONCEGE GYCLE I
wWasnldanaaiseu ‘

UAZRAEINNTTUDINT
il CaO Uszanai 95%
ualazidun virauareiauazanui
‘ weanariu Wiloundn 5% Tassna
21duAusaudIwiY

ooy { S . . -
A uRefiavinld o

Waenluiansyuiuns
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uAagiutu (Calcination)
|
£ “
@
5.3 vid g .
andunazdanuarsusulaeanlan
\‘ fivdesananufisenluguuuud

WlUszlomilufanssusing 9 la

Wy mMsiaedudu o, lu
TsaSouinunsiiedasy

msduniiasosiis |

- ./4 AN

nandandnduarivaulasanles

16 Ca0 0.53 kg : wWaanla 1 kg

1h Ca0 vhduwiudndu o,
Tan1snauIBILRUingy
wafeufisenasueiuty
Tasanusadndudszanu
0.785 n3u CO, BN Cal

e

co. cO: CO:
co,

co: co:

~=?

16 caco, anansathlulfifuen pH vesiu anrnuliunsa
a v ' - - a &
wndymauies dwafidemsinzdgnituasusialuiui

gﬂﬁ 1 lassa1958UU Carbon-Egg Cycle

4) wiren1slduselevinygudsu (Circular
Utilization Unit) CaCO5 AbAa1nnsia Ui u@n
FULADILUINIINITIANITUAN UINILTA AD
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msinduiingnszurunisuaadiuty (ilendn
Ca0 wagdmufiu CO, totluldUsslonisnads
Feaenadasiunuifn Calcium Looping wawaae
anmsflsmingAudenlian uumeiiasafie
maih Ul dutaguiuuseiu Ing CaCos awnse
Wfinen pH ve9Ay anaudunsa wazUiulse
AaNdANINIEN NYRIAY danalvilinzause
nswgUgniimasugialuiuil Seisaosiuamis
ausasndunisaugiuld laeiiarsuiniy
AUALZANYDIANILNITHANRAL AU DINT
Tuslonilufiug

na13laeasy lasaaseseuu Carbon-Egg
Cycle & uansliiiudanis YIUINIINTEUIUNS
Mﬁﬂﬁsﬂ%ﬂiimﬁﬂiaUﬂqué’jﬂLLGfﬂ’]’iﬁ']Jﬂﬂ’liij(?lan
NSNS 191U N1senIunazAniiuiieg U
auﬁqmia%ﬁqyjaﬁ%ﬁu syuUiasasToudnenn
YaInsiIkIAAATegiavyuguinlgluseiu
yuru valusunsaanisUdesfnsdeunszan
LaENITAS NAMAIMINATEEAALAHIALDE
By annsoaguld Fanmselud

athalsAn Tnssadraszuuinauslusitord
WJuuuudiaeaBwuiAn (Conceptual System
Architecture) 1t auansnalnuazdnenInnis
Feulgaminenssenitaniadausing q Tuguwy
é’ﬂﬁlﬁasﬂu%wmaaamﬂau’]w‘%aa%’wiswﬁa
Jeonaidodiianaraunfgiuuiasznisifes
asvdeuininluATeszezdaly

3.3 ANSANUIATIIANTTUUBIAUY

nstudunnudululsvesiundn Carbon-Egg
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Al Y @ I o a vall ¥ a 4
Wowansliiuitasnsa U odlaaseniels
Woulvauuiauaswasenu lnen1sussidudl
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1) aunaui)isen (Reaction Balance) 484113
WwAaTLUTU (Calcination) @u1snesulalanae
aun13 CaCOs (5 —> Ca0 () + CO, (g Tnefinane
ildlavemaademIUBim (CaCOy) fif 100 g/mol
uwpatdeneeanles (CaO) A1 56 ¢/mol Lag
Asuaulneanles (CO,) fiAn 44 ¢/mol Lisuain
grudeyaninsgiu daiu wienly 1 Alandy
FelneiaasUsynaudie CaCos Usvanal 95% lag
178 zausalinanan CaO lausyauu 0.53
Alansy waznelminnisuanlasy CO, Usyuna
0.42 Alansu

2) nFsruanudeudideldlunssuiuns
(Energy Requirement) UATEMAETUS B9
AauSouiigodlddmiunisaans CaCos agjﬁ
Uszanas 178 Alagasielua [6] 3 sfedusuny
WU AR eInsEUIunITE fedu el
syuuliandululaludaasugamans naasu
A5IWE991UTIN (Waste Heat Utilization) 34
anudniu ausfdngnamnssuesiinuianiad
nslfmuR1vuIa 5 anuianiuns Ingdnisly
NAINUTINUTZUI 50 LNZIAABTOU Wazdinis
gadeanusouiuiedeUseanaiesar 15-20
yEowhfundsnuiisUssnn 10 wnggareseu
Aadeudiudmnldfunszuiunisunadiudiu
ALAIUITOTRISUNITARIUA VDY CaCOs5 bAS?
5-6 Alansusieseu Fadleuwintunisliudents
smnunnlaglidesiiondomameadadiudy

3) @us50ULNIIANI U CO, (CO, Capture
Capacity of CaO) lols CaO udm anunsaululy
lugnugdananduaisvoulaeenledlngende

aaa s

Ujn381A15uBlutY (Carbonation) AUENN1T
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Ca0 (g + CO, (p — CaCOs g %*'qmnmijudﬁ
ANANINTOFNERYEY CaO Tunsdindu CO, ogil
0.785 n¥usiansu Cao [14] FsnuraauImn
167 Ca0 0.53 Alansudildandents 1 Alansuy
EIANTU CO, nUszanu 416 n5u
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N3 AUITEUU Carbon-Egg Cycle A2
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Uanldlunszuiunisueadiutuvesdienly
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Woduaiunsdaanziuasesiiviasugia 3o
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AU ANE e vauziAeaty wiudnduindnain
Ca0 anansairlldlufianssunisdniu CO,
TEAUYLYY LU LANDUTUL 13 DUNEINTINAT
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(CaCOs) Faanansaindugnszuiunisunadiudy
g vFodonihlUlfidutanuuussAuiiean
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slatinnsidenuuamnenislduselosidutuay
FoansuazuIunnITNanTe s

WININTUNTINUN FDe1NFLNOUFNININ
28458 UV Carbon-Egg Cycle laagatautnfe
Jarinmesyiniesrusenauasuiiuluysannis
seuvludnuaeil nd1fe N1ARRAINNTIUDINNT
YDITINIALT BLELIATUNITYNVUNAITUN D9 U
VU UL BN NBINTU NoINYn hazkaunos
Falglaluusunaunn Fearusadnddenlaivie
P9TUULNTULA AL TU VeuzLAgIN Wl UN U9l
gaamnIsuleslinandunisuegeseii e
LALALAA 11 A0S0 UM IWA991UT U
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wagld CaCos; udanusuusafuiioiunanan
NNNTNYAT

fathy nsdlveadaviamysyiuandiifiuds
pudululigsssdnduasnsussyndldssuy
Carbon-Egg Cycle Tusgauguyu lnaidunsd
feeefitlmifiuin sesvnuisuremingns
31NQAAINNTTURIMITIUE anaIMNTTUNITHER
LAaENFUAUG NIALNYATNTTUANTUNITIARTY
wardidnenmlunsadieianmanisdundes
WATLATYIND “UmgLaﬁlﬁﬁugﬂLLUUﬁgﬁﬁ’WﬁWUEI’]EI
wadsi ufl 3 ui dlassairaasugiauazdeay
adeedaity ileenszdunsianisvends nsan
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4. mMsuszfiuanudulula

nsuseiiuanudululavessyuy Carbon-
Fog Cycle sndudosfiansanluauiiandn Wil
defuduinszuvaunsasniunisiaasduuium
oy wazddnuninlunisvengnalusyau
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4.1 a2 dululan193aanssy (Technical
Feasibility)

o dy % dy Y & | = 1

NN TR U AL Wasnluan
1 Alansu F9Usznaume CaCOs Useanasaeay
95 lpeuia @1u1saNan CaO bauszunes 0.53
Alansy wazlassy CO, 577 0.42 Alansy wWasau
neasldlunsaangdiegiuszanu 178 flagase
lua CaCOs 3oUszuna 1.8 wngyananlaniy
S A | a A ~ ) P P =
Fafodldguiuluidaifivuiuauieuiiayde
TUlunszurunsE@sIan
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5 gNUIANLIAT Tnefindsaufiaads 10 WNg3a
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Alansurodunsf wieUszana 1 dusel el
Uanassisnamanunsasiisduldmniinnslainm
summimﬁw’%aﬁmﬂﬁuﬁwmuiaUmiLm

AUTIAULAIIANTU CO, 183 Ca0 Tinanliann
L‘Uﬁaﬂim'é’qaq'iuizﬁ’uﬁ'mwaiﬁl 1agannIs
Aurndangud Ca0 053 Alansu Aldain
Waenla 1 Alansy ddneainlunisandu CO,
Ifseann 416 n3u Jaileanesronsuszgndld
TUAANTIUNSHIVUIALEN LYY LAIDUIUN 1150
mswnlupfadeu vilvsvuudansasesiunis
Tgulaassluusunseiuyavy

4.2 anrudululdnnaasegia (Economic
Feasibility)

Y o a Y - = 18
Wi TngAunanvesssuy fe wWaenlygad
51193 U lU TYAAINIUATEFAD UENTT
Uszgnaldszuu Carbon-Egg Cycle ndudoq
91AgNITAImUSUA LaglanensAnkUadtnmT
wsiln Waiuisasessuaaldidenlynaznng
wondaandenisiiilaglinsenusenunInng
HAANEN MABAIUNITANAITEUUTANITAY B9
Usznaunigaunsalibendu LAT0IRATUAIINTY
A3 098AANY wazdausadugedmsudaiy Co,
! S I ! Y1 o A
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YUIUNIBRUTENBUNTABITURAYBU
! [ (Y ! S
agalsinu Tusserenissuudinaniday

¥ ' & Yy o '
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Heat) 911n156K L5180 nlaenss TagluAoaly
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Hondanoadaifufiy Tsvasandununisude
warann1sUaeei19liounszan Yl elIny
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spuu msinanfasinansmadenitaeifuai
AuAuaznITINANIEBYNAATYERY

FenSouifluseninadununsasmuisunsn
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4.3 arrusdululantedenunazd aina oy

(Socio-Environmental Feasibility)

Tufifdawindsy szuutiaiunsaannisuany
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[} [ = Qy 1 = |8 a <3
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5. unasy
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