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«3eneHbie» WHHOBALUM
B NMPOM3BOJACTBE LEMEHTQ

PEQEPAT. OnucaHbl nyTu cokpawyeHnst BbIopocos CO,, CBA3aHHbIX

C Npoun3BOACTBOM, TPAHCMOPTUPOBKOM Y MPUMEHEHUEM LeMeHTa

n MatepuasioB Ha ero ocHoBe. [laHbl npuMepPbl OPUEHTUPOBAHHbIX
Ha 3TO MHHOBaLWNI Y MPUMEPbI UX MPaKTU4€CKOro BOMJIOLYEeHNs!.
Yka3aHbl npeunmyLyecTBa TEXHOJIOrn, COOTBETCTBYIOLUNX NPUHLN-
nam ycToii4YuBOro pa3BuTusl, B YACJI€ KOTOPbIX MPON3BOLACTBO CMe-
LIAHHBIX LEMEHTOB; NPUMEHEeHUe aslbTePHATUBHbIX BUAOB TOMJINBA;
ncnosib3oBaHne BO30OHOBJISIeMbIX UICTOYHUKOB 3HEPruun; yi1asanBa-
Hue, yrununsauuvs n xpaHeHne CO, u ap.

KnioyeBbie cnoBa: npon3BoACTBO LieMeHTa; Bbibpockl CO,; cMeLlaHHbIe
LeMeHTbl; aJlbTepHaTtBHbIe BUAbI TOMNJiNBa, yJiaBJ/inBaHve, yTunin3aumns

n xpaHeHne CO..
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Beepenue

YcTon4vBOe passuTue noapasymesaet 00a-
3aTenbcTBO (POPMUPOBATL MpouBeTatLlee 06-
LecTBO ByayLuero, yaoBneTsopss noTpebHOCTH
yenosevecTsa ceronHs 6e3 yuiepba BOIMOM-
HOCTV YAOBNETBOPSATb WX AN MOCNEAYHLMNX
nokonennn. OxpaHa oKpysatoLLein cpeasbl, Co-
uvanbHoe 6narononyyme 1 3KOHOMUYECK I Npo-
rpecc — COCTaBHble YacTU YCTOAYMBOrO pa3su-
TUS, TAPMOHIYHOE COYETaHME KOTOPbIX onpese-
N9eT NepecnekTUBy AONTOCPOYHbBIX MO3UTUBHbIX
M3MEHeHWI. B 3TOM cTaTbe OMUcaHbl yeuams,
KOTOPbIe MPeanpUHIMAlTCS NPON3BOANTENAMY
LleMeHTa B pamkax yCTONYMBOro pasBuTASg B Ha-
CTOSILLEE BpEMS v MNaHUpyoTCes Ha OyayLiee.

/13BECTHSK, OCHOBHOM UHIPEAVEHT ANs Npo-
3BOACTBA LEMEHTHOIO KNWHKEpa, — AeuuUmuT-
HbIM pecypc, KOTopblid ¢ rofgamu ByaeT ucTo-
waTbes no Mepe notpebnerns Bce 60/bLIero Ko-
NMYecTBa LiemeHTa. BmecTe ¢ Tem TepMmyeckoe
pas3NoMeHne N3BECTHIKA — OAHA U3 OCHOBHbIX
npvyuH Bbibpocos CO, npy Npor3BoACTBe Lie-
MEHTA, HEraTVBHO BAUSIOLLMX HA OKPYMaloLLyto
cpeny. I3meHeHre knMata 1 CoKpalleHue pe-
cypcoB noby¥AanT NPOMbILLAEHHOCTb UCKaTb
anbTepHaTVBHbIE BSKYLLME MaTepuas.l.

LleMeHT — oCHOBa COBPEMEHHON MH(ppPa-
CTPYKTYpbl U CTPOUTENbCTBA. JTO OCHOBHOW
KOMMOHEHT 6eToHa — BTOPOro no obbemy no-
TpebneHrs mateprana Ha nnaxHeTe nocne BOLAbI,
CMpOC Ha KOTOPbIA NO-NPEXHEMY OFPOMEH, 0CO-
6eHHO B pa3BMBAIOLLMXCS CTpaHax C OGbICTPbIM
Pa3BUTUEM UH(DPACTPYKTYPbI U pacTyLlen ypba-

Hu3auven. Mo oueHkam, B 2024 rogy cyMmapHsle
00LLEMVPOBbIE MOLLHOCTU MO MPOM3BOACTBY Lie-
MEHTa NPeBbICUAN 7 MAPA T B FOA, @ ero notpeb-
NeHve cocTaBnno okono 4 mapa 1. Oxupaetcs,
4TO B TeYeHUe cneaytowmnx 5—7 net rnobancHbin
CMPOC Ha LEeMEHT yBenuunTca Ha 3—5 %. Bax-
HOCTb 3TOTO MaTepuana ans GeiICTPOro pPasBUTUS
MH(PPACTPYKTYpbl 1 CTPOUTENLCTBA, 0COBEHHO
B PA3BMBAILLMXCA CTPaHAX, M HETaTMBHOE BO3-
LEVCTBMe NMPON3BOACTBA LIEMEHTA Ha OKpYKaro-
LYt Cpeay OMpeaensoT NprucTanbHoe BHUMaHMe
YHaCTHKOB OTPAC/N K MOBbILLEHWIO 3KONOrnye-
CKOW YWCTOTbI 3TOrO MpotLiecca.

OcHOBHbIE CNOXHOCTH

B YCTOHYMBOM PO3BHTMM
[locTnyb 3KONOMMYHOCTY NPOM3BOACTBA B Ta-

KX 0Tpacnax, Kak LeMeHTHad NpoMbineH-

HOCTb, — HEMpoCTas 3ajava. I naBHble (akTo-

Pbl, OCNIOKHSIOLLME €€ peLleHye:

* BbICOKW ypOBeHb BbIOpocoB CO, npu npons-
BOACTBE KnvHkepa. B xoae obxura CaCo,,
COCTaBNAOLLIA OCHOBY M3BECTHAKA, pasna-
raetcsa ¢ BbiaeneHnem CO,, fons KOTOPOro
B obwem obbeme BbibpocoB CO, B xone
NPOV3BOACTBA LIEMEHTA COCTaBNAeT 55—
60 % (ecnn Npon3BOAMTCS NOPTNAHALEMEHT
LIEM 1). 3ameHa KnnHKepa nimvnu CHUMeHe
ero 071 B COCTaBe LieMeHTa — BaxHas 3a-
fada otpacnw;

* BbICOKAS 3HEPTrOEMKOCTb BCEro MpOU3BOA-
CTBEHHOrO npoLecca 0T A00bINM N3BECTHAKA
[0 OTrPy3KK LiemeHTa notpebutento:

Bbibpockl CO, Npy NMpor3BOACTBE LEMEHTA,
00yCNoBNEHHbIE CHWraHWeM TOMAMBa, CO-
cTaBnAoT npumepHo 30—35 % obLuero konu-
vectea CO,, Bblaensemoro npy Npon3BoaCTBE
LeMeHTa. Vicnonb3oBaHne anbTepHaTUBHBIX
BuaoB Tonnvea (ABT), Takux kak 6ruomacca,
MAACcTMACChl, WHbI, TONAMBO 13 TBEpAbIX Obl-
ToBbIX 0TX0A0B (Refuse Derived Fuel, RDF),
(hapmMaLeBTUHECKIE U UHbIE ONACHbIE OTXOAbI
v ap., Bce 6onee nonynsgpHo B otpacau. Op-
HaKO eCTb 1 TPYAHOCTM, C KOTOPbIMU CTaNKW-
BaeTcH npumeHeHne ABT, B OCHOBHOM OTHO-
CALLMECS K HAAEHHOCTU LIENOYKM NOCTABOK,
TEXHUYECKON COBMECTUMOCTU Cumranns ABT
C 0GMroM B CYLLECTBYIOLLMX Nevax 1 Hopma-
TVIBHOW NOLAEPIKE;

okono 9—10 % obulero obvema BbIOGPO-
coe CO, B xome Mpou3BOACTBa LieMeHTa
obycnoBneHo noTpebneHveM 31eKTpo-
3Heprun. Y1obbl cokpaTuTh 3T BbIOPOCHI,
npeanpuaTis 0Tpacnu NepexoasdT Ha npu-
MEHEHVE 3NeKTPOSHeprum, BbipabaTbiBae-
MO C MCMONb30BaHNEM BO30OHOBASEMbIX
VCTOYHMKOB 3Heprum (BU3) Ha conHeuHbIx,
BETPOBBIX, MMAPO3NEKTPOCTAHLMAX, & TaKHe
Ha rnbpuaHble BapuaHTbl (Takne Kak cove-
TaHWe CeTEeBON 3neKTposHeprum un BUI).
Vicnonb3osanve BWO 3aBucuT OT reonoru-
YEeCKMX 1 KAMMATUYEeCKMX YCNOBWA, AOCTYM-
HOCTU MH(PPACTPYKTYPbI 1 HANMYUSA BOZMOM-
HOCTU aKKyMynuMpoBaTb 3NeKTPO3HEPruio
ang ee noTpebneHns B HOYHOE Bpems:;
HEenoCTaTOYHO akTVBHAS rocyaapCTBEHHAY
noadepxka. focynapcTBeHHble yupexae-
HMS HAYMHAIT CNOCOBCTBOBATL peanm3aumm
MUNOTHBIX MPOEKTOB LIEMEHTHbIX KOMMaHWIA,
NpefocTaBngs UM BOSMOMHOCTW AN CO-
TpyAHWYECTBa, CTUMynbl, cybecuann v ap.
Onnako Heobxoanmbl 6onee pelwnTenbHble
MEPbl NOAAEPHKKN UHWLMATUB LEMEHTHOM
MPOMBILLNEHHOCTU, TaKMX Kak NpOU3BOACTBO
LUEMEHTA C HU3KUM YrNepoaHbIM CNeaoM;
npumeHenne ABT v ansTepHaTUBHbIX BIAOB
Cbipbs; MPOABVXEHNE VCCNEL0BAHNNA U Pa3-
paboTok B 00MacTU TEXHONOMWIA yNaB1Ba-
Hug, yTunn3aumm 1 xpaHeHus CO, (Carbon
Capture, Utilisation and Storage, CCUS). Ta-
K1e Mepbl MPYHAMAITCS, HO NMOKa HE BO BCEX
peruoHax Mypa;

HeobX0ANMOCTb TEXHUKO-3KOHOMUYECKON
uenecoobpasHocTu paspabaTbiBaEMbIX Ha-

1



n ero NnpuMeHeHune

YYHO-MCCNEA0BATENbCKUMU UHCTUTYTAMU
M UEMEHTHBIMI KOMMAHUSIMU TEXHONOTUNA,
NO3BONAKLWIMX CHU3NUTb MPOMbILIAEHHbIE
BbiGpockl CO,. Becbma TpyaHo obecnewnTs
KOMMEPYECKYI KUM3HecnoCOOHOCTb Takown
TEXHONOTVN 1 €€ LUINPOKOE pacrpocTpaHe-
Hue.

Mepoi pns cHuxenus Boi6pocos CO,
Npu NpPOM3BOACTBE LEMEHT

LleMeHTHbIE KOMMaHWK MpeanpuHUMAlT
yCUNVS, HanpaBneHHble Ha COKpalleHue yrne-
pOAHOro cneaa otpacan. B Tabn. 1 ykaszaHbl
B CPaBHeHWM C TPAAULMOHHbIMY MPaKTUKaMu
OPUEHTMPOBAHHbIE HA 3TO COBPEMEHHbIE MOA-
X0fbl K MPON3BOACTBY LEMEHTA, BbIAENEHbI 11X
MPEVMYLLECTBA W OFPaHNYEHUs, a Takke AaHbl
MpYMEPbI X peann3auny. Hekotopble 13 NHHO-
BaLWM, NO3BONAOLLNX NEPenT OT TpaauLMOH-
HOr0 PECYPCOEMKOr0 MPOW3BOACTBA K ero bonee
BbICOKOTEXHOMOMMYHBIM 11 9KONMOTVYECKH YMCTbIM
BapvaHTam, NprBeeHbl B Tabn. 2.

MpaBMTENbCTBA PA3NMNYHbIX CTPaH pa3paba-
TbIBAIOT CTpaTeruu v peanu3ylT WHALMATMBSI,
HanpaBNeHHble Ha TO, Y4TOBGbI CHU3WTL BbIOPO-
cbl CO, B LLEMEHTHOW NPOMBILLINEHHOCTM W B ApY-
rvx oTpacngx. [lanee ykasaHbl HEKOTOpbIE K/H0-
4eBble CXEMbI U MHULMATYIBbI, CNOCOBCTBYIOLLME
TakoMy nepexoay.

B WHann nnaHupyeTcd LOCTWUYb HYNEBbIX
HeTT0-BbIGPOCOB CO, Kk 2070 roay; B TaunaH-
ae — k 2065 roay; B Benukobputanuu, cTpaHax
EC, KaHage, Hopserumn, CLWA — k 2050 roay.
[lanee yKasaHbl HEKOTOPbIE K/O4EBble MEPbI
I MHULMATVIBbI HA NPABUTENbCTBEHHOM YPOBHE,
CnocoBCTBYHOLLME BbINOAHEHMIO 3TWX MAAHOB.

BenukoOputanusa. PoH/ VHHOBALMIA, Cro-
COOCTBYIOLLMX COKPALLEHMIO 0 HYNS HETTO-Bbl-
opoco CO,, (puHaHCKpyeT NpOEKTbl NPOV3BOA-
CTBa LEMEHTA C HU3KUM YrNepoaHbIM CreoM,
a (POH NPOMbILLNEHHOR TpaHC(OPMaLMK SHep-
reTVK — MPOEKTBI, peani3yemble C Lenblo Mno-
BbICUTb 3HEProaqeKkTNBHOCTb 060pyaoBaHUS
npeanpuaThin oTpacau. PaspaboTana nporpam-
Ma [eNCTBUA, CTUMYNNPYIOLWNX NPUMEHEHNE
9KOMOTMYECKN YMCTOrO BOAOPOAA B MPOMbILL-
NEHHOCTW.

EC. ®oHa nHHoBauun EC yyacTteyeT B goni-
HAHCVPOBAHUM NPOEKTOB MPOM3BOACTBA LIEMEH-
Ta C HW3KMM YrNepoaHbIM CAEAOM ¥ MPOEKTOB
CCS. B nakeTe HopmatumeHbix aktoB EC, npu-
HATBIX C LeNblo COKpPaTWUTb BbIGPOCHI MApPHMKO-
BbIX ra30B He MeHee 4yeM Ha 55 % (Fit for 55
Package), onpeaeneHbl NOPSAOK YCTAHOBNEHNS
CTOMMOCTW KBOT Ha Bbibpockl CO,, a Takxe
MEPbI CTUMYAMPOBAHNS 1CMONb30BaHNs BID,
BOAOPOAA, IKOMOTMYECKM YUCTOrO TpaHcnopTa
 ap.

UHaua. PeannsylTcs HaunoHanbHasg npo-
rpamma npeobpa3oBaHnii B Cpepe TpaHenopT-
HbIX CPEACTB M aKKyMynsaTOPOB, WHULWMPO-
BaHHag MUHMCTEPCTBOM Hayku W TEXHONOTWA
VHavn, B pamkax KOTOpOM (PUHAHCHPYTCS M-
noTHble npoekTsl CCU, u nporpamma Perform,
Achieve and Trade (PAT), npeaycmatpriBaioLLas
MOBbILLIEHME 3HEPro3(I(PEKTUBHOCTY Ha LEMEHT-

HbIX 3aBOAAx CTPaHbl. [ 0CYAapCTBO NOAAEPHM-
BaeT McCneaoBaHusg u paspaboTku B obnactu
TEXHONOT NPOU3BOACTBA LEMEHTA C HU3KUM
yrnepoaHbiM cneaom LC3, BbinonHaemble B K-
OVIACKOM TEXHONOTMYECKOM MHCTUTYTE B Jenu
(Indian Institute of Technology Delhi, IIT Delhi),
M CTUMYUPYeT MPUMEHEHWe «3eNeHOro BOLO-
poaa» Ha NPeanpUATHSX TSHENON NPOMbILLIEH-
HOCTW.

Kanapa. lpuHaTa nporpamma, npeaycMoT-
PEHHbIE B KOTOPO/ Mepbl CTUMYAMPYIOT UCMONb-
30BaHvie TONAMBA C HU3KUM YriepoaHbiM cne-
OOM. YupexaeH (hoHa, (PUHAHCHPYIOLLMA NnoT-
Hble npoekTbl CCUS v nprMeHeHns BoAopoAa.
MpUHMMAOTCT Mepbl NOAAEPHKKM KOMNaHWM,
BbIpAbATLIBAIOLLIVX 3KONOTUYECKN YUCTYI0 3MeK-
TPOSHEPTMIO.

Hopserus. [1paBnTensCcTBo CTpaHbl (PUHAH-
cvpyeT ponrocpoyHbii npoekT CCS. PaspaboTa-
Ha CTpaTervs NPUMeHeHUs SKOMOrUYEeCKN Yinc-
TOr0 BOAOPOAA B TSMENOW NPOMbBILLNEHHOCTY.
CTumynupyeTcs NpYMEHEHUEe 3NeKTPOSHEPT K,
BbipabaTbiBaeMOow ¢ ucnonb3oBaHuem BUS.

Tannanpa. B cTpaHe npuHgaTa nporpamma
MOBbILUEHNS SHEPTO3((PEKTMBHOCTU 1 0becne-
JeHus 6onbLUein YCToTbl Npou3BoacTea (Energy
Efficiency Improvement and Cleaner Production,
EEP). lTocynapcTBO 4acTUYHO (prHaHCUpyeT
NWOTHbIE MPOEKTbI MO MPOW3BOACTBY LiEMEHTA
1 GETOHA C HU3KVM YrnepoaHbiM cneaom. Toa-
roTaBMBaeTCa HauMoHaNbHas AOPOXHas kapTa
NPUMEHEHMS «3eNeHOr0» BOAOPOAA.

Takxe B pasnuyHbix cTpaHax paspabartbi-
BATCA CTaHAAPTbl HA BAXYLUMe maTtepuans
C HW3KWMM YrnepoAHbIM CNefoM, B TOM 4ucne
He COAEPHaLLVe KAMHKEP, YTO AOMKHO cnocob-
CTBOBATb POCTY X NMPOU3BOACTBA.

flopoxHas kapra nepexopa
K «3eIeHbIM» TEXHOJNOrMSM

MHorue KpynHble TEXHONOrMYeCKMe ycoBep-
LIEHCTBOBAHWS B LEMEHTHOM oTpacnu Tpebylot
0ONbWUX KanuTanbHbIX BAOMEHWA, NOITOMY
HeoOX0AMMO XOpOLIO NpoaymMaTh pasbreky co-
OTBETCTBYIOLWWMX paboT Ha cTaamn. 3a CYeT no-
3TanHoro BbiNONHeHUd paboT obecneuynBaeTcs
NNaBHOE BHEAPEHUE TakUX HOBbIX TEXHOMOTUN,
kak WHR, ko-npoueccudr ABT unu ynasnmsa-
Hne CO,, 6e3 HexenaTenbHbIX NOMeX ANg Hop-
MansHom paboTbl NpeanpugTrs. 3T0 cnocob-
CTBYET YNyYLIEHUI0 (PUHAHCOBOTO MAaHNpoBa-
HVS, MPUOOPETEHIKD MePCOHANOM HeOBX0ANMBIX
HaBbIKOB 1 3((EKTUBHOMY YNPABNEHUIO PUC-
Kamn Ha KaxaoM 3Tane BHeApeHud, a TaKkme
no3BONSeT NPOU3BOANTENSM LIEMEHTA OLEHUTb
OXuaaemble Nokasatenn paboTbl NpeanpusTUs
1 9KONOTVYECKME BbIrOAbI, NPEXAE YeM MHBEC-
TMPOBAaTb 3HAuMTENbHbIE CpeacTBa. Takom noa-
X0f 0COOEHHO BaeH, KOraa BHEAPSTCS UHHO-
BaLMOHHbIE TexHonoruu, Hanpumep, CCUS umm
TeXHOMorun NpuMeHeHus Bogopoaa u BNS.

B pasBuTbix cTpaHax, Kak npasuno, 6onbLue
BO3MOMHOCTEN NS «3€NEHbIX» WHBECTULMI
V1 334aCTy0 NPeanaralnTCs Ux rocyaapcTBeHHas
noaaepxka umnu CTUMyNpoBaHve, a Takxe
XOPOLLO Pa3BWTbl CXeMbl YrIEPOAHOTO Kpeau-

ToBaHNg. Bce 310 cnocobeTByeT peanusaunn
B LLEMEHTHOM MPOMbILIAEHHOCTU KpynHOMAC-
WTabHbIX «3€MeHbIX» NPOEKTOB C BHELPEHVEM
VIHHOBALIMOHHbIX TEXHOMOTW. B pasBmBatoLLmXcs

CTpaHax TOXe 0CBaVBAKOTCA TaKUEe TEXHOMOTUN,

Y X MPaBUTENbCTBA MOOLLPSIOT 3TO, BBOAA CO-

OTBETCTBYIOLLME MEPbI MOAAEPHKKMN.

[lanee npuBefeHa BO3MOMHAsA NocnenoBa-
TeNbHOCTb [IEVICTBUN NPW OCBOEHWN «3eeHbIX»
TeXHONOrM. ATa NosTanHas AOpPOXHas kapTa
paspaboTaHa Ans AENCTBYIOLUMX LLEMEHTHbIX
3aB0/0B. [1py CTPOMTENBCTBE HOBbIX 3aBOAOB
MOXHO 0ObeAuHUTb 1-i1 1 2-1 3Tanbl, cpasy
NPeayCcMOTPEB MCMONb30BAHNE COBPEMEHHbIX
TEXHOMOTWI, YTO YBEANYMT NepBOHAYANbHbIE Ka-
nuTanbHble 3aTpatbl, HO MO3BOANT MUHUMUZNPO-
BaTb nocneaytLLye.

1-i1 9Tan — GbICTPbIN BLIMIPbIL 32 CYET
MOAEepPHU3aLMK. B KpaTKoCpOYHOM NepcnexkTy-
BE MOXHO 6bl10 Obl COCPEAOTOUUTLCS Ha MOAEP-
HM3ALNV CYLLECTBYIOLLMX MOLLHOCTEV LieMeHT-
HbIX 32BOJI0B C MCMO/Mb30BAHVEM MPOBEPEHHbIX
TEXHOMOTUM, NO3BONSIOLLMX MOBLICUTL IPPEK-
TWBHOCTb, CHI3UTb MPOV3BOACTBEHHbIE 3aTpaTh
v cokpatuTb BbIbpockl CO,:

* WCMONb30BaTb AN TPAHCTIOPTUPOBKM Chipbs
C Kapbepa Ha NpOoV3BOACTBEHHYIO NOLLAAKY
rpy30Bble anekTpomobunu (ecau ang 3Toro
He WCTONb3yeTCa KOHBENED);

*  3aMEHWTb LUAPOBbIE CbIPbEBLIE W LEEMEHT-
Hble MeNbHULbI BEPTVIKANbHbIMY BAAKOBbIMY
MENbHULaMW UMK ponnep-npeccamu,

* YBEAMYUTH [0 LECTW YUCNO CTyneHen Ten-
No0OMEeHHMKa, 4TOObl CHU3UTb Harpysky
Ha neyb;

* YCOBEPLUEHCTBOBATb CUCTEMbI YNpaBneHns
paboTon neyu U aBTOMATU3aLMUK, YTOOLI
YMeHbWNTb Konebanusg aHepronoTpebneHus
1 BpeMS MpocTos 000PyAOBaHMS, a TakMe
CMOMb30BATb AN 3KOHOMUM TOMAMBA YCO-
BEpLLEHCTBOBAHHbIE CUCTEMbI €0 CHUTAHNS;

* MNepenTn Ha [Buratenn KNaccos 3HepreTu-
yeckom agppekTBHocTH IE3 nan 1E4, vac-
TOTHO-PErynupyemMble mMpUBOAbl 1 ONTUMU-
31IPOBAHHbIE BEHTUNATOPbI, Y4TOObI CHU3UTD
notpebnexvie aNeKTPOIHEPT M,

+ npumeraTe ABT — Guomaccy, nnacTvikoBble
otxoabl, RDF;

+ycTaHoBuTb cuctemy WHR, 4106bl CHU3UTD
3aTpaThl Ha ANEKTPOIHEPTIO;

* WCMOMb30BAaThb COMHEYHYI/BETPOBYI/TAPO-
SHEprui;

* MPOM3BOAWTbL LEMEHT C BO3MOXHO Gonee
HU3KIM YTIEPOAHBIM CNeSOM B 3aBUCHMOCTH
0T HaNN4YMsg MECTHbIX MUHEPanbHbIX 406aBOK
11 3aMPOCOB PbIHKA.

BHeapeHne Kommaekca 3TWX TEXHOMOrW
Y MEpONPUATWM Ha LLIeMEHTHbIX 3aBOAaX, Kak
npasuno, no3eongeTt cHU3NTb Bbibpockl CO,
npuMepHo Ha 15—30 %.

2-1i aTan — undppoBM3auusa U NoBbiLLe-
Hue 3¢ eKTUBHOCTM paboTbl NPOM3BOA-
CTBa NPeAnonaraeT cneayoLve Mepb!:

* VHTerpupoBaTh B NPOW3BOACTBO UHCTPYMEH-
Tbl Al, KOTOpbIE @HANV3NPYIOT AaHHbIE B pe-
KVIME PeanbHoro BpeMeHu, YTobbl ONTUMU-
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Tabnuua 1
TpaayuvoHHble NPakTUKK MPOW3BOACTBA LIEMEHTA 11 COBPEMEHHbIE MOAX0AbI, CMOCOOCTBYIOLLME YCTONYMBOMY PA3BUTMIO
_ CoBpeMeHHbI NOAXOA, [MpenmyLiecTsa cos- OrpaHnyvBaio-

TP VR MO (npmpHmmaeMble Mepbl) ngeHzoro noaxona Ll.lmpe (haKTOopbI NErTCTEES
[Mpon3BOACTBO Mpoun3BoacTBO 06bN-  YacTnuHag 3ameHa knvHkepa CHukatwoTca Ha 30—40 % [locTynHocTb MUHepanbHbix  MponasoacTso LC3 B cTpa-
CMeLLIaHHbIX HOTO NOpTAaHALEMEH-  MVHepanbHbiMu gobaskamy, — Bbibpockl CO, Ha 1 T Le- n06aBok Hax Adopuku, flaTuHckon
LLleMeHTOB 1a (Ordinary Portland ~ nossonsoLLas Npon3BoaMTb  MeHTa, CHUKaeTcs cebe- Amepviku, EBponbi

Cement, OPC), NOPTNAHALEMEHT C MyLLo- CTOMMOCTb NMPON3BOACTBA 1 B NHavn komnanvammn CBI
coaepatlero NaHOM, LEMEHT CO LUNAKOM NpOAYKLMM Ghana, Cementos Argos, JK
90—95 % KknuHKepa 1 MyLLONaHoM 1 LeMeHT Cement, Holcim, Vicat v ap.
C U3BECTHAKOM W NpOKa- Komnanwn UltraTech, CIMAF
NeHHoN ravHom (Limestone 1 Lafarge Malawi nepexoast
Calcined Clay Cement, LC3) OT OMbITHOTO K NMPOMbILLNEH-
Homy npoussoacTsy LC3
[pou3BOACTBO Mponasoactso OPC LllenoyHas akTmBauus 30abl-  CHikatwTes 40 70 % Bbl-  TpyAHOCTY Npu MacLiTa- BetoH Vertua Ultra Ha ocHo-
reornonvMepos Ha OCHOBE KNVHKepa  yHoCa/lnaka opocbl CO, Ha 1 T uemeHTa  6UpOBaHWM NPOV3BOACTBA  BE re0nonvMmepa, Bbimyckae-
1 BbIBOZE MPOLAYKLMN Mblin komnaHven CEMEX
Ha PbIHOK
MpumeHeHre ABT — Cxuranue yrns nan Cruranne 6romaccel, RDF,  CHuatotca 3aBucumocts  TpebyioTcs HoBble cicTemsl  Komnanuu Holcim,
HETAHOr0 KoKCa NNAacTUKOBbIX OTXOAOB, N3HO-  OT MCKOMAEMOro TONAVBa, — XpaHeHns, TpaHcnoptupos-  Heidelberg, Ultratech,
LUEHHbIX aBTOMOKPbILeK 1 Ap. Bbibpockl CO, v cebecTon- Kk Tonavea v ero nojay  Dangote, JSW, Adani,
MOCTb NPOW3BOACTBA MPO-  HA CKUraHue JK Cement v ap.
AyKUnn
cnonb3osaxme MoTpebnsgetcs anek-  [MoTpebnsieTcs anekTpo- CHwatoTcs 3aTpatbl BonbLuoi 06beM nepBoHa-  MesayHapoaHble KoMnaHum
BMO TPO3HEpPrvg 13 ceTu 3Heprus, BblpabatbiBaemas  Ha 91eKTPOIHEPTU0 V1 Bbl-  YanbHbIX MHBECTULIAN oTpacav
n/vnv BoipabaTbiBae-  COMHEYHbIMY, BETPOBLIMM, 6pocsbl CO,
Mag aBTOHOMHOV TUAPO- V1 TMOPUAHBIMM 3NeK-
SNEeKTPOCTaHLMEN TpOCTAHLMAMY
Lingpposusauns Py4HOn MOHUTOPUHT  MOHWTOPVH C MpUMEHeHeM — S((EKTUBHDbI MOHUTOPUHT - TpebytTcs kBanupuupo-  BHeapeHue B macluTabax

1 aBTomMatmsaung npoteccos

Tennota 0TX0AALLMX
ra3oB MOMHOCTbIO
Tepsercs

YTunnzauys
Tenna OTXOAALLWIX
rasos (Waste Heat
Recovery, WHR)

3KonornyHas noru-
cTuKa

'py30BVIKM C An3enb-
HbIM ABUraTenem

OtyeTHocTb No ESG  OrpaHuyeHHas npo-
3payHOCTb AEATENb-

HOCTHN

OKoHOMMKaA
3aMKHYTOrO LMKAa

PaamelLieHre 0TX0L0B
Ha cBankax
Landfill waste disposal

YnpasneHve BonbLuoin 0bbem
BOAHbIMM noTpe6nerns Bofbl
pecypcamu

YnasnveaHve CO, He ynasnveaeTcy

1 xpaHeHvie CO,
(Carbon Capture
and Storage, CCS)

VHTepHeTa BeLlen (Internet of
Things, l0T), nHTennekTyanb-
HbIX IATYMKOB, MHCTPYMEHTOB
MPOrHO3MPOBaHNS 11 Ap.

TennoTa 0TX0AALLMX ra30B
4acTnyHo npeobpasyeTcs
B 971EKTPOIHEPT I

OnexkTpomobunm, xe-
NEe3HOAOPOMHbIA/BOLAHBIV
TPAHCMOPT, 1CMOMb30BaHNE
TEXHONOrUM LMPOBOro as-
Tonapka

DopMUpoBaHMe OTHETHOCTH
Ha ocHoBe ESG-noaxoaa,
BK/IOYAKOLLIEN B CeOS AaHHble
00 yaenbHbix Bbibpocax CO,,
npuMeHeHnn ABT 1 nenonb-
30BaHuM B3

KO-I'IpOLI,eCCMHI' 0TX040B
B LIEMEHTHbIX neyax

[pon3BOACTBO LieMeHTa
CYX1M CMOCOOOM C HyNEeBbIM
cbpocom Boabl (Zero Liquid
Discharge, ZLD), nosgonsito-
LLiee 1Cnonb30BaTh

6onee 90 % BOAbI NOBTOPHO

MunoTHble npoekTbl CCS

B peXMe peanbHoro Bpe-
MEHW, COKpaLLieHne Bpeme-
HW NpocToeB 000pyA0BaHUS

CHkatotes 3atparbl
Ha 3NeKTPOIHEPr I

CHinkeHve Bbibpocos CO,
Ha 1 T uemeHTa Ha 2—3 %,
BO3MOMHOCTb NPUMEHATL
UNCPPOBbIE TEXHOMOTMW ANS
ONTUMU3ALMN MapLLUPYTOB
TpaHcnopTa

BoamoxHoCTb npueneYb
(p1HAHCMpOBaHWe OT 3ene-
HbIX (POH/AI0B

CokpatLieHvie pasMepoB
CBANOK

CokpatuarwTes notpebne-
HuWe MpecHov Bofbl 1 3a-
rpA3HEH1e BOAOEMOB

KpynHomactutabHoe
COKpaLLieHue BbI6poCoB

BaHHbIV NEPCOHan v 1HTer-
pauus B CTPYKTYpY Cylue-
CTBYIOLLMX NPEANpPUATUN

Bbicokue kanuTtansHbie
3arparbl

TpebyeTcs foctaTouHoe
4MCno CTaHUMI 3apsiakm
3neKkTpoMobunei Ha Map-
wpyTe

TpebyeTcs aeTansHo
npopaboTaHHas crcTema
MOHWTOPUHTa

Needs robust monitoring

Heobxoauma MoaepHu3a-
LIS TEXHONOTN NPOV3BOA-
CTBA KMHKepa

TpebytoTcs foporocTosLLe
TexHonoruu, obecneyrsat-
e ZLD

Bbicokvie UHBECTMLNN
11 3HEProeMKoCTb

BCen oTpacnun

Lupoko npumeHsieTcs

Ultratech, JK Lakshmi

11 Aipyriie KOMNaHMn 1cnonb-
3yH0T 3neKTpOMObUAN Ans
TPaAHCMOPTVPOBKU KAMHKEPa
1 LileMeHTa

PasnuyHble y4acTHUKM
oTpacnu
Various players

PaannyHble y4acTHIKM
oTpaciu

PasznuyHble YHaCTHUKN
oTpacnu

Heidelberg, Holcim v apyrve
KOMMaHum

31poBaTb CTPYKTYPY CbIpbeBOM CMECH, pac-
X0f TOMAMBA U MPOU3BOAUTENBHOCTb Neyu;

YCTaHOBWTb AATYUKK |OT B CbIpbEBYH MENb-
HULY, NeYb, XONOAUbHYK, CUCTEMY CHMra-
Hns ABT v ap. 970 no3BongeT KOHTPOAW-
pOBaTb KMOYEBbIE MapaMeTpbl TEXHONOM-
YEeCKMX NPOLIECCOB, BbIABNATb HEAOCTATKM
Ha paHHel CTaauy 1 CBOEBPEMEHHO NMPUHI-

MaTb Mepbl AN4 VX YCTPaHEHWS, B pesynsTa-
Te Yero CoKpaLLlaeTcs Bpems npocTos 1 no-
BbILLIAETCA 3PPEKTUBHOCTb paboThl 060py-
LOBaHNS;

NPUMEHATb TEXHONOTWI0 LIMPOBbIX ABOW-
HVKOB. LIM(PpoBON ABOWHWK HA LIEMEHTHOM
3aB0Je — 9TO BMPTYyanbHasg MOAeNb BCew
NPOV3BOACTBEHHON CUCTEMbI, CO3aBaeMas

C WCMOMb30BAHNEM [i@HHbIX B PexuMe pe-
anbHOro BPEMEHU, AaTymnkos 10T 1 pacLum-
PEHHOM aHanuTUKW. Takas MOAEeNb Mo3BO-
NI9IET onepartopam CNeanTb 3a BbINOAHEHNEM
omepauuni, BbIABAAT OTKAOHEHNS TEXHONO-
rMYecKMx napameTpoB OT Tpebyembix 3Ha-
YEHW 1 TECTUPOBATH Pas3NiyHble CLEeHapuy
NPOTEKAHNS MPOLIeCCOB, He npepbiBas pe-
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n ero NnpuMeHeHune

VIHHOBALWMM B LLEMEHTHOM NPOMBILLIAEHHOCTY, CMOCOBCTBYIOLLME COKPALLIEHM0 BbIOpocoB CO,

Tabnvua 2

IHHOBaLWS/ TEXHONOrNS/NPOEKT

[pumep

OcHOBHble 0COBEHHOCTM W npenmyulecTea npoekTa

TexHonorys pekap6oHM3aLmm

[Mpon3BOACTBO LiEeMEHTA C UCMONb30BaHMEM
KpacHoro wnama

[poV3BOACTBO LiEMEHTa 3NeKTPOXMIYECKIIM
cnocobom (TexHonorus Sublime Cement)

HpOMSBOﬂ,CTBO 6eCKﬂI/IHKepHOI'O LleMeHTa

[ipyrvie anbTepHaTVBHbIE TEXHONOMW (MPOM3BOA-
CTBO r€0NoMMEPOB, CXIraHue Groyras, npons-
BOACTBO 6eTOHa ¢ nornoLleHriem CO,)

MpoekT CCS B Bpesuke

Mpoekt OLYMPUS

MpoekT Peak Cluster

MpoekT Seabound Onboard CCS

I'IpomsBoacmo LleMeHTa C HU3KIM yrnepoHbiM cneaom

3ason 8 Peaannre (wrat Kanndgoprusg, CLUA) roaoson
NPOW3BOANTENBHOCTBIO 15 ThiC. T

CoBMeCTHOE NpeanpusTie ABYX aBCTPaNUICKMX
KOMMaHum

Mpeanpusatus 8 CLUA

MpeanpuaTVS (paHLy3CcKor 1 OPUTAHCKON KOMNaHW

Holcim, NnpoeKTHO-1CCNenoBaTeNbCKIE KOMNAHNN
8 Kanage, AnoHuv 1 LWeenuapum

CCS
Heidelberg Materials (3aBoa Norcem, Hopeerus)

Holcim (3asoga Milaki, peuus)

KOHCOPLIMYM LIEMEHTHbIX 11 I3BECTKOBbIX 32BO0B
8 BenukobputaHim

Heidelberg Materials coBMeCTHO ¢ apyrumm
KOMNaHuamm

YnasnuBaemblin B NPOMbILUNEHHbIX MactuTabax CO, cBA3bI-
BaeTcs ¢ obpasoBaHuem (pateputa CaCO,. Temnepatypa
B NeYM Hixe, yem npu obxumre 06bI4HOro KAuHKepa. Mpo-
Liecc cepTudpnumpoBaH Ha cootsetcTare 1ISO 9001:2015

YTUANZMPYITCH OTXOAbI aNOMVHEBON NPOMbILLAEHHOCTY,
[0N9 KNHKepa B LieMeHTe cokpatlaetcs Ha 30 %

MouTu Hynesble BbIGPoCkl CO,. TeXHON0rMYecKin npoLece
NPOBOAVTCS NpY KOMHATHOM Temnepatype 6e3 aekapbo-
HM3aLWN N3BECTHAKA

LleMeHT LLienoyHoi akTvBaLmm, He COAEPaLLMA KNMHKEe-
pa, cepTuuumMposaH no ctaHaaptam ATEx, ASTM, BSI
Flex 350

CokpalLaeTcs KonnyecTBo 0txoaos, CO, akkymynmpyeTcs
B 6eTOHe. OTU TEXHONOTMM CNOCOBCTBYHT 3KONOTUYHOMY
CTPOMTENLCTBY

[NepBas B Mupe kpynHomaclTabHas yctasoska CCS
B LIEMEHTHO NpoMblwneHHocTu (400 Toic. T CO, B roa);
yacTb uHMumaTusbl Longship

Mpon3BoACTBO LiemeHTa nouTu 6e3 Bbibpocos CO,
(ronoBoi 06beM NPOM3BOACTBA, 3anNaHNPOBaHHbIN
Ha 2029 rog, — 2 MAH T)

CO, ynasnusaeTcs 1 TpaHCnopTMpyeTcs no Tpybonposo-
AaM B XpaHunuia, Haxoasuiwecs B MipnaHackom mope

CO, ynaBnvBaeTcs Ha Cyfax, NepeBo3gLUMX LEMEHT,
1 npeobpasyetcs B CaCO4 Ha 6opTy cyaHa

Ynasnvisanue n ytnnusauns CO, (Carbon Capture and Utilisation, CCU)

l'wapoTepmanbHas nepepabotka CO,

Beoa ynosnerHoro CO, B 6eTOH

Mpou3BoacTBO 6M0KOB M3 BecLieMeHTHOro 6eToHa

HpOI/ISBOD.CTBO LleMeHTa ¢ oTpuuaTenbHbIM
yrnepofHbiM cneaom

Mna3MeHHas TeXHONOrVis NPOU3BOACTBA
KNUHKepa

Vicnonb3oBanue WA ans npoekTnpoBaHng
V1 ONTAMU3ALIWN CMecen

Cxwranune BOAOpOAa B LEMEHTHbIX Nevax

MepepaboTka nnacTvka B TONANBO Ang neyen
obxura

TennoakkyMyn1pyioLLe YCTaHOBKI 11 rGpUaHble
CICTEMbI reHepaLui C 1CTONb30BAHIEM CONMHEY-
HOW 1 BETPOBOM 3HEPru

MpyMeHeHe 31eKTpoMobIIen

[NepeBo3kn MaTepnanos Ha cynax, pa60Tammmx
Ha «3eneHoM» MeTaHone

/HHoBauww, paspaboTaHHble komnanuami CLUA
1 Benankobputanum

TexHonoruu, paspaboTaHHble 1 NPUMEHSEMbIE
Komnaxvammn CLUA 1 Kaxagpl

KaHaackas komnaHms

I'Iepe/:LOBble TeXHONOrnmn Npon3BOACTBa LieMeHTa

Bpuranckas komnaHms

Holcim B cOTpyAHMYeCcTBe C LBEACKOW KOMNaHMen

LInppoBmsaua v aBToMaTm3aumg

BpVITaHCKI/Ie KOMnaHun

HpMMeHeHMe «3€/eHoro» Bogopoaa

Cementos Molins (McnaHug), TKIL (MHawvg), Holcim,
CEMEX, OMV (AscTpusl)

Mpumerenne ABT

Shree Cement + Rajasthan PCB; Holcim (yuacT-
HVK MpOeKTa yTUAM3aLMy NNacTUKOBbIX OTX0A0B
Plastics20lefins)

Cuctembl XpaHeHWsa SHeprun

CucTEMbI XpaHEHS TENNOBOV SHEPTUM 1 FEHEPUPYIO-
LLye YCTaHOBKM OT (hupM 13 ABCTpaniv, VHamm n es-
POMENCKIMX CTPaH, NPUMEHAEMbIE Ha NPEANPUATUIX
LIEMEHTHbIX KoMMaHui, B Tom yncne Adani, Ultratech
1 Taiwan Cement

OKONOrMYHbIE NOrUCTUKA W Lienoyka NocTaBok
WHAUCKME LeMEHTHbIe KOMMaHNK
KaHaackas gpupma

CO, yTUn13NpyeTcs B NPON3BOACTBE TEMNON3ONALMOHHBIX
MaTepuanos

CHiaeTcs yrnepoaHbii cnef 6eToHa, obecneyrsanTcs
€ro MPOYHOCTb W MOHUM¥EHHAs CeBeCTOUMOCTb,
CO, ocTaeTcs B CBI3aHHOM BMAE B cocTaBe 6eToHa

Beton nornowaet CO, B xoae TBepAEHNS, T. €. MPeAcTaB-
NsieT coBOI CTPOUTENbHBIA MaTepUan ¢ OTpULATENbHbIM
YIAEPOAHBIM CNIELOM

Meyb 0bxwra B 3amkHyTOM Umkne; CO, pasnaraetcs
Ha yrnepoa 1 Kucnopoa

TexHonorus, no3sontOLAs NOAHOCTbIO ANeKTpUPULMPO-
BaTb NPOM3BOACTBO KANHKEPA 1 0TKA3aTbCA OT CHUraHNa
McKonaemoro Tonnvea

TexHonorng, no3songAIoLIas ONTUMA3MPOBATL COCTAB Cbi-
PbEeBOII CMECU U CHU3NTb BbiGpockl CO,

3amelLaeTcs Mckonaemoe TONAMBO, COKpaLLaKTCs
BbiOpockl CO,

YTunuaauys 0TX0L0B NnacTvika 1 COKpaLLieHne
BbIOpocos CO,

CoKpalLieHvie yrnepoaHoro cneaa NPOMbILLNEHHbIX Npef-
MPUSTIA, UHTErPYPOBAHIE CUCTEM FeHepaLyn ¢ NCnob3o-
BaHvem BUO B npon3eoacTeo

Cokpatuatotes bibpockl CO,, cBI3aHHble ¢ N0rMCTUKOM
To xe
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1 ero rnNpMeHeHue

anbHOro Npon3BoacTBa. |_|pI/IMeH6HI/Ie Lnp-
POBbIX [IBONHNKOB MO3BONYET NPUHUMATb
bonee 3(PPeKTVBHbIE PELLIEHNS, COKPATUTb
Bpems NpoCcToeB 060pyA0BaHMS 11 MOBLICUTb
0e30MacHOCTb ero aKcnayataumm, YTo B Ko-
HeYyHoM cyeTe obecneymsaeT yny4dueHne
n CTa6I/I/'II/13aLLI/IPO npOV3BOACTBEHHbIX MOKa-
3aTenelt Ha NpeanpuaTnK;

* NMPUMEHHATb TEeXHONMOrnt pacnpefeneHHbix
PeecTpoB™ ¥ OUM(POBLIBATL LENOYKM no-
cTaBok. 3a cyeT aToro obecneyvBaetcs
6e30nacHoe, MPO3payHOe OTCAEKUBAHME
nepemeLleHns NCXOoAHbIX Matepranos 1 Npo-
OYKUAN B PEKVME PEanbHOro BpemeHu, Y1o
NO3BONAET NOBbLICUTH IPPEKTUBHOCTb (PYHK-
LIMOHMpPOBaHUS BCEW LenoYKM NOCTaBOK;

* 0praHmn3oBatb MOHUTOPWHT N KOHTPO/b Bbl-
6pocos CO, € Ux OTCNEHMBAHUEM 1 KONNYE-
CTBEHHOW OLIEHKOW UX Ha BCex 3Tanax pabo-
Tbl MPEANPUATMS 0T NoAbopa NOCTABLLMKOB
[0 OTTPY3KM MPOAYKLMX 1N ee NOCTaBKW No-
Tpeﬁl/lTe/'I;IM, 4YTO AaeT BOSMOXHOCTb NPUNHN-
MaTb 000CHOBaHHbIE peleHnd, HanpabneH-
Hble Ha COKpalleHne Takux Bbl6pOCOB4
COBOKYMHOCTb MEPEYNCNEHHBIX MEP MO3BO-

NnaeT nyydule KOHTPOAMPOBaATb CHUraHne Ton-

NnBa, COKPATUTb NOTEPW 3HEepPrun, NoBbICUTb

KOI(PPUUMNEHT 3aMeLLeHa nckonaembliX B1AOB

Tonnnea Ha ABT n CHU3UTbL [OMK KNMHKEpa

B LileMeHTe, B pesynbTate 4ero CyLleCTBeHHO

cokpauiatotcs Bbibpochl CO, Ha LEMEHTHOM

3aBoae. MOHUTOPUHT 1 KOHTPO/b TakMX BbIOPO-

* TexHonorns pacnpeaeneHHbX peecTpos obecneyvsaet
XpaHeHne WH(opMauny, ee 0AHOBPEMERHY 06paboTky 1 06-
HOBNEHME Ha Pa3HblX HOCUTENSX Y BCEX YYaCTHUKOB rpynmbl
nonb3osarened (Mpum. pea.).

COB MO3BONAIT LEMEHTHbIM 3aBOAAM NOMyvaTh
9KONOrnyeckne aeknapaumy Ha npoaykLuio
(Environmental Product Declarations, EPD)
1 CepTUpUKaTLl YTNEPOAHON HEATPanbHOCTW,
a TaKkXe HaHOCUTb Ha CBOK MPOAYKLMI0 MapKu-
POBKY C YKa3aHVeM ee 3K0N0rMYECKOM YUCTOTbI,
3a CYeT Yero noBbILLAITCS MPO3PaYHOCTb pabo-

Tbl NPEANPUATYS 1 fOBEepUe NOTpebuTeNnen K ero

MPOAYKLIMN, PaCLLMPSIOTCS BO3MOMHOCTU AOCTY-

na Ha PbIHKM 1 AOCTUraeTCs KOHKYPEHTHOE Mpe-

VMYLLECTBO B «HU3KOYTNEPOAHOM>» 3KOHOMUKE.
3-# aTan — NpUMeHeHue TEeXHOMNOruiA,

no3BoJNIAIOWMX B Hambonblueli Mmepe co-

KpaTUTb YINEePOoAHbIA cnef nNpeanpuaTus,

B U/CNO KOTOPbIX BXOAAT:

+ 0DMUI KNuHKepa B 3nekTponevax. Ecan
9NEKTPO3Heprusg Takxe 6yaeT Bbipabathbi-
BaTbCd C Mcnonb3oBaHnem BUS, npouecc
o0MMra MOXeT CTaTb 9KONOrMYecKy Yuc-
TbiM. Hampumep, komnanua Holcim cTana
BEAYLUWM YHaCTHMKOM MpOeKTa CTPOnTENb-
CTBa NepBOro B MUPE LEMEHTHOro 3aBoAa,
paboTatLLero ¢ 1Cnob30BaHWEM WCKOYN-
TENbHO 3NEKTPOSHEPTUN NPy ee BbipaboTke
TOMbKO 3a cyeT BUD;

© CHUraHve «3eneHoro» Bogopoaa (npu ero
NPON3BOACTBE NOTPebngeTcd AuWb Jnek-
TPO3HEprua, reHeprpyemas 3a cyet BND).
OT0 TONAMBO, B NPOAYKTAX FOPEHNs KOTO-
poro ecTb T0/bKO BoAdHOM nap u Het CO,.
X0TS MpUMEHeHVe 3KONOTNYeCKM YUCTOro
BOOPOAA NpU NPOU3BOACTBE KNMHKEpa Tpe-
OyeT 3HauMTenbHbIX NepBOHAYANbHbIX Kamnu-
TaNnOBNOMEHUA U COMPSIHEHO C HEOOX0AM-
MOCTbI0 MOAV(MLMPOBATb UH(PACTPYKTYPY,
OHO MO3BONSET CYLECTBEHHO COKpaTWTb
BbiGpockl CO,;

+ ynanaueaHue u ytuamzaumg CO, (ero mc-
nonb30BaHNe B NPOW3BOACTBE TOMAMBA MO0
MUHEPanbHbIX A00ABOK U/MNK CBA3bIBAHVE
B cocTaBe OeTOHa). ATV TEXHONOTWN KanuTa-
NOEMKIE, HO SPPEKTUBHBIE;

+ynaenvBaxve v xpaneHue CO, B BOAOHOCHbIX
FOPU30HTAX WU FEONOTUYECKMX (hOPMALIMSX.
HekoTopble LIeMEeHTHbIe KOMMaHWK yxe pea-
NM3YIT COOTBETCTBYIOLLME NONHOMACLLTAO-
Hble MPOeKThI (MpuMep — npoekT Heidelberg
Materials B8 bpesuke (Hopservs)), a apyrve
NPOBOAAT MUAOTHble WCMbITaHWs. Takume
TEXHONOTMU WMMEIOT BbICOKMIA MOTeHuwman,
HO B HacTosLLlEe BPEMS UX BHEAPEHNe COo-
MPSKEHO C BLICOKMMY KAnMTaNbHbIMI 1 3KC-
nayaTauMoHHbIMY 3aTpaTamu, a Takme Tpe-
OyeT HanM4Ms OBLIMPHON UHIPACTPYKTYPbI.
HekoTopble 13 TexHonorun 3-ro 3tana Bce

elle HaxoaaTCs Ha CTaamy CTAHOBNEHUS, N WX

KOMMepunanmsaung 6yaeT 3aBuCeTb OT KO-

HOMUYECKOM 3(PEKTVBHOCTY, OHAKO B AONMO-

CPOYHO NEPCMEKTNBE OHU, BEPOSTHO, ChIrpaioT

peLuaoLLyto ponb ANg LEMEHTHOM OTPAcn B TOM,

4TO6bI AOCTMNYb HyNEBbIX HETTO-BbIOPOCOB CO,.

3akniovenue

[1yTb LEMEHTHOV MPOMBbILLNIEHHOCTU K YCTOM-
Y/IBOMY PA3BUTVIIO CNIOMEH W AZIUTENEH, HO BU-
HEHVIe MO HeMy yxe Hayanocb. lMpuHumaemble
Mepbl MHOTOTPaHHbl — OT 1Cnonb3oBaHug ABT
v BUS [0 BHEApPEHUS WHTENNEeKTyanbHbIX Tex-
HONMOr WA 1 NPOU3BOACTBA MATEPUANOB C HUSKUM
YrAEPOAHbIM CnedoM. g AanbHenwmnx ycnexos
B 9TOM 00N1aCTU HyMHbl OObeAVHEHVE YCUANIA
YYaCTHVKOB OTPACAN W APYrvX 3aMHTepecoBaH-
HbIX CTOPOH, HBECTULMW 11 TOTOBHOCTb anpobu-
poBaTh HOBbIE MOAXOAbI.

Please visit https://jcement.ru/magazine/ to view the ‘Cement and Its Applications’ Magazine
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English Translation

| Greener Foundations: Innovations Driving
Change in Cement Manufacturing

Introduction

Sustainability is more than a goal—it's a powerful commitment to shaping a future where both people and
the planet thrive. At its heart, it means meeting our current needs without compromising the ability of future
generations to meet theirs. By harmonizing environmental care, social well-being and economic progress,
sustainability offers a hopeful path forward - one where innovation, responsibility and compassion drive lasting
positive change.

In context to creating a better world for us and our future generation, this article focuses on sustainability related
efforts currently being made by the cement industry and those envisaged in the future. Limestone is the main
ingredient for producing clinker, that is the key input to produce cement along with other cementitious materials.
Limestone is a scarce resource, which over the years will continue to deplete as more and more cement is
consumed. During the same moment of time, the process of limestone calcination is one of the key causes of CO,
emission in the entire production process, which is detrimental to the environment. Increasing climate effect and
scarcity of resources are motivating the industry to seek alternative cementitious materials.

Cement is the backbone of modern infrastructure and construction. Being the fundamental component in
concrete, the second largest material consumed on the planet after water. It remains in huge demand, especially
in developing nations with rapid infrastructure development and urbanization taking place. In 2024 the world
production capacity of cement was estimated to be over 7 billion t/yr (tonnes/year) and consumption was about 4
billion t (tonnes). Globally, cement demand is envisaged to increase by 3%-5% over the next 5 to 7 years.

The importance of cement in rapid infrastructure development and construction, particularly in developing
countries and considering its detrimental environmental impact, compels the industry to give higher emphasis on
attaining sustainable practices in its production process.

Key Sustainability Challenges

Adopting sustainable practices in the hard-to-abate sectors like the cement industry is not easy due to its key
challenges which are given below:

1. High carbon emission from clinker production: Clinker is the main ingredient in cement manufacturing.
For producing 1 tonne of clinker, limestone required is around 1.5 tonne, which emits roughly 500 kg (0.5
tonne) of CO,. The chemical process of calcination, where limestone (CaCOs) is heated at around 1400°C
temperature to produce clinker, emits CO, which is 55-60% of the total CO, emission from the cement
manufacturing process (assuming Portland Cement CEM-I as per EN 197-1 is produced). Reducing
dependency on clinker and/or replacing clinker from the process is a major challenge for the industry.

2. Energy intensive manufacturing process: From limestone extraction to cement transportation to market,
the entire process is energy intensive. Energy can be divided into two parts, thermal energy and electrical
energy.

a. Thermal energy (fuel) is used to heat the kiln during clinker production. Commonly used fuel
includes coal and pet coke — assuming a judicial mix, CO, emission from fuel is roughly 30-35%
of the total CO, emitted during the cement manufacturing process. Use of alternative fuels (AF)
such as biomass, plastics, tyres, RDF (Refuse Derived fuel) from municipal solid waste,
pharmaceutical/other hazardous waste materials etc., are beginning to gain higher acceptance
in the industry. However, the key challenges in AF gaining a much higher traction include reliable
supply chain, technical compatibility with existing kilns and regulatory support.

b. Electrical energy refers to power/electricity used in the entire process to produce cement.
Around 9%-10% of total CO, being emitted in the cement production process is from power
consumption. To reduce this emission, industry is moving towards renewable energy (RE) such
as solar, wind, hydro and hybrid (Grid & CPP and renewable sources). The use of RE is dependent
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on geological and climatic conditions, storage facilities for nighttime and infrastructure
availability.

3. Government support: Government institutes/associations/organizations are starting to support cement
companies in their pilot projects by providing collaboration opportunities, incentives, subsidies, etc.
However, strong policies are still needed to support cement industry’s initiatives such as producing low-
carbon cement, adopting alternative fuels and raw materials and advancing R&D in CCUS (Carbon
Capture, Utilisation and Storage) technologies. While such policies exist in certain parts of the world, they
need to be globalized.

4. Technological vs economic viability: Research institutes and cement companies are working towards
developing technologies for reducing CO, emission in the industry. However, the key challenge is in
making the technology commercially viable and ensuring its widespread adoption across the globe.

Current Industry efforts

Continual efforts of the cement industry towards adapting sustainable practices to reduce CO, emission and
achieve net zero emissions are mitigating the traditional challenges. The table below compares traditional and
modern approaches across key cement industry attributes, highlighting benefits, challenges and providing some
real-world efforts.

... Some Examples
Attributes Traditional Modern Approach Benefits Challenges (Companies /
Approach (Current Efforts) .
Projects)
Partial clinker LC3 |s'alreac_ly
. established in
replacement with . .
Supbplementar Africa, Latin
PP .. y America, India,
Cementitious and Europe - CBI
Materials (SCMs) P
such as fly ash Reduction of Ghana,
OPC (Ordinary slag and c){a ’ CO. per tonne of Cementos Argos,
Blended Portland g v 2P SCM JK Cement,
. thereby producing | cement by 30%- A . .
Cement Cement) with availability Holcim, Vicat,
. Pozzolana Portland | 40%, lower .
90-95% clinker . etc., are leading
Cement, production cost
Pozzolana Slag the way.
UltraTech, CIMAF
Cement and
. and Lafarge
Limestone .
. Malawi are
Calcined Clay scaling up LC3
Cement (LC3) gup
production.
Reduces up to Scaling &
Geopolymer Clinker-based Fly ash/slag + P market CEMEX (Vertua
. L 70% CO, per .
Cement OPC alkaline activation adoption Ultra)
tonne of cement
hurdles
Reduces . Ho.lmm,
. . .| Requires new | Heidelberg,
. Biomass, RDF, reliance on fossil .
Alternative Fuel . handling & Ultratech,
Coal, Pet Coke plastic waste, fuels, lowers CO, .
(AF) . feeding Dangote, JSW,
tyres, etc emission and .
. system Adani, JK
production cost
Cement, etc
Grid & CPP Solar, er.]d’ Hydro Lowers energy .
Renewable and Hybrid High initial
based L cost, reduces . Global players
Energy (RE) .. (traditional and RE investment
electricity CO;
both)
loT (Internet of System Skilled staff
Digitisation & Manual Things), smart efficiency, real and Industry-wide
Automation monitoring sensors, predictive | time monitoring, | integrationin | adoption
tools, etc lower downtime existing




Traditional Modern Approach SCLIDLE TS

Attributes " (Current Efforts) Benefits Challenges (Com!aanles /
Projects)
plants
Waste Heat . .
Recovery Heat wasted Capture _&'convert Lowers power High capital Widely deployed
(WHR) to electricity cost cost

Reduction of Ultratech, JK

. CO, by 2-3%/ Adequate .
EVs, rail/water 2Dy q Lakshmi, etc are
tonne of cement, | number of EV .
- . transport, use of L. . using EVs for
Green Logistics | Diesel trucks . digital fleet charging .
digital fleet . . . clinker transport
technology is stations in
technology and cement
useful for route the route

L transshipment
optimization P

ESG frameworks,

ESG Reportin Limited reporting Attracts green Needs robust Various plavers
P g transparency CO,/tonne, AF and | funds monitoring pray
RE use
Circular Lgndflll waste Waste 09- o Reduces landfill Technology Various players
Economy disposal processing in kilns upgrade
Dry-process with Reduces
ZLD (Zero Liquid freshwater Expensive
Water . . . .
High water use | Discharge), consumption ZLD Various players
Management .
enabling >90% and water technology
reuse pollution
. High
Carbon No CO, CCS pilots to Large-scale investment & | Heidelberg,
Capture and capture capture & store emission cuts ener; Holcim, etc
Storage (CCS) | °@P co, energy ’
intensive

Innovations Driving Change

The cement industry is moving from traditional resource-heavy practices to smarter and cleaner innovations.
From digital tools to carbon capture projects, companies are proving cement can be both durable and
sustainable.

The table given below highlights this transformation.

. Innovations/ Some Examples .
Attributes Technologies (Company/ Project) Key Benefits

Captures industrial CO,- forms

ReAct (ReCarb Fortera — ReCarb Plant, vaterite; lower kiln temperatures;

Technology) Redding (California) ISO 9001:2015 certified; 15,000 t/yr

capacity

Red Mud-based Green360 Technologies :Jezscieusc?elssz:Tilrr:II(L:rnblyr]gg;r);::jaer,

Cement (Australia) with PERMAcast JV ’

economy solution

Sublime Cement Sublime Systems (Somerville, | Near-zero emissions; avoids
Low-Carbon

(Electrochemical USA) & Commercial Plant limestone calcination; room-
Cement .
process) (Holyoke, USA) temperature operation
Hoffmann Green Cement Eliminates clinker; alkali-activated;

Clinker-Free

(France — H-UKR), Material certified under ATEx, ASTM, BSI Flex
Cement

Evolution (UK - MevoCem) 350 standards

Other alternatives

(geopolymers, Holcim, CarbiCrete, Japan &
biochar, CO,-storing Switzerland R&D

concrete)

Reduces waste; stores CO, in
concrete; supports greener
construction




Innovations/

Some Examples

Technological

cement

Attributes Technologies (Company/ Project) Key Benefits
Brevik CCS Project | Heidelberg Materials (Norcem | World’s first large-scale CCS in
(400,000 t CO,/yr) Plant, Norway) cement; part of Longship initiative
Near-zero cement (2 Mt/yr cement
OLYMPUS Project Holcim (Milaki Plant, Greece) | production by 2029); supported by
EU Innovation Fund
Carbon . Captures & pipes CO, to Irish Sea
Capture and Peak Cluster UK conlsir(?qr;czlu?;r(](;:)ment & storage; backed by UK’s National
storage P Wealth Fund
From cement carriers CO,
Seabound Onboard Seabound + Heidelberg emissions are captured by carbon
. capture technology that converts
CCs Materials + partners . .
the CO, into limestone onboard the
carrier
Hydrotherm.al CO, U.S. & UK innovators Convgrts CO, into insulation
processing materials
Carbon Injecting captured CarbonCure Technologies Lower carbon footprl.nt, maintains
Capture and . L > strength, cost-effective, permanent
. CO, into concrete and Solidia technologies
Utilisation CO, storage
Cement-free CarbiCrete Absorbs CO, fjurlng_ctjlrlng proc.ess;
concrete blocks carbon-negative building materials
Carbon-negative Closed-loop kiln; converts CO, into
RockFuel

solid carbon & oxygen

Advancements

Electric arc calciner

SaltX + Holcim + Fuelredm

Electrifies clinker production; avoids
fossil fuels

Digitalisation &
Automation

Al for mix design &
optimization

Converge (UK), Carbon Re,
Meta (Al tool)

Optimizes input materials; lowers
emissions; faster curing

Cementos Molins (Spain),

BSS - Cummins India

ydrog g OMV (Austria) g
+ Rai
AF & Circular Plastic-to-fuel for Shree Cement Bajasthan Waste-to-fuel; reduces CO, &
Econom kilns PCB; Holcim lastic pollution
y (Plastics20lefins) P P
RE and BSS SiBox (Aust_ralla), Adani,
(Batter Thermal storage, Ultratech, Taiwan Cement, Decarbonizes industrial heat:
y hybrid solar-wind, NTPC, SAEL, HyperStrong & . . ’
Storage renewable integration
green loans Repono (EU)
System)

Green Logistics
& Supply Chain

EV fleets, green
methanol ships

Indian cement players (EVs),
Climeon (Canada)

Reduces logistics related CO,
emissions

Government Support

Globally, various governments are formulating strategies and providing initiatives aimed at achieving their
country's net zero target in the cement industry. Some key schemes and initiatives supporting this transition are
highlighted in below:

Countries COP28 Net Zero Goal Key Government Schemes/ Initiatives
DST’s (Department of Science and Technology) National Mission
on Transformative Mobility & Battery Storage (funding CCU
pilots)
India Net zero by 2070 Perform, Achieve and Trade (PAT) Scheme for energy efficiency

in cement plants

Support for LC3 low carbon cement tech at lIT Delhi

Green Hydrogen Policy promoting green hydrogen in heavy




Countries COP28 Net Zero Goal Key Government Schemes/ Initiatives

industries

DOE (Department of Energy) Industrial Decarbonisation
Programs funding CCS and low carbon cement pilot projects

United States Net zero by 2050 Infrastructure Investment and Jobs Act supporting clean energy
and hydrogen hubs

Investment Tax Credit (ITC) and Clean Energy Incentives

Innovate UK Net Zero Innovation Portfolio funding low carbon
cement projects

United Net zero by 2050 (68%

Kingdom cut by 2030) Industrial Energy Transformation Fund (IETF) for energy

efficiency

Hydrogen Strategy encouraging green hydrogen in industry

Longship CCS Project government funded CCS demonstration

Net zero by 2050 (55%

Norway cut by 2030)

Norwegian Hydrogen Strategy for green hydrogen in heavy
industries

Incentives for renewable energy adoption

Energy Efficiency Improvement and Cleaner Production (EEP)
Programme

Carbon neutrality by - - -
2050; net zero by 2065 Partial funding for low carbon cement and concrete pilot

projects

Thailand

National Green Hydrogen Roadmap (under development)

Enterprise Ireland Climate Action Fund for sustainable cement
material pilots

Ireland Net zero by 2050 Climate Action Plan incentives for electrification and renewable
energy

Early-stage support for green hydrogen pilot projects

Clean Fuel Standard promoting low carbon fuel use

Net Zero Accelerator Fund grants for CCUS and hydrogen pilot

Canada Net zero by 2050 .
projects

Support for clean electricity grid and energy integration

EU Innovation Fund co-funding low carbon cement and CCS
projects

Fit for 55 Package - objective to reduce GHG emission by at
least 55% by 2030.

Package includes carbon pricing, clean energy & hydrogen
scaling incentives, promote cleaner transportation, etc

Climate neutrality by

France / EU 2050; 55% cut by 2030

French EcoCem ACT subsidy for low carbon cement scaling

In addition to the above efforts, governments in various countries are working to develop clear standards and
framework for low-carbon and non-clinker cementitious material. These endeavours are likely to provide
regulatory clarity & compliance, enhance industry efforts and support the broader adoption of sustainable
alternatives.

Road Ahead (particularly for developing countries)

Some major technological improvements in the cement sector require high CAPEX (capital expenditure), hence,
developments should be carried out in well-thought-out phases. A phase-by-phase execution ensures a smooth
fit of new technologies, like waste heat recovery plants, alternative fuel co-processing, or carbon capture units,
without unnecessarily hampering regular plant operations. This facilitates improved financial planning, skill



acquisition and risk handling in each stage of implementation. Also, it gives cement businesses the ability to
evaluate the expected plant performance and environmental gains prior to making significant investment. This is
particularly vital when adopting innovative sustainability technologies such as Carbon Capture, Utilization and
Storage (CCUS) or going to green hydrogen and renewables.

Developed nations including the United States, United Kingdom and Germany are technologically advanced with
high GDP growth underpinned by them and better placed to enable such capital-driven shifts. Their governments
tend to offer financial support/incentives, carbon credit schemes and policy assistance to drive green innovation
in the cement industry. Besides, well-developed financial systems and ESG-linked investment streams also make
cement manufacturers in these countries more adept in embracing sustainable operations on a large scale.
Meanwhile, developing nations are gradually marching towards the integration of such technologies with support
of their respective governments.

The following phased roadmap is designed for existing plants that can upgrade or modify their operations through
technological upgradation. For new cement plants, companies could combine phase 1 and 2 (enumerated below)
to minimize subsequent additional CAPEX. Plants built with modern technology may initially find an increase in
their CAPEX outlay, but this approach ensures that all upcoming new cement plants are future ready to meet the
challenges of going-green. Incorporating modern technologies and digitization during plant construction phase
minimizes the need for later upgradation and reduces future capital expenses.

Phase 1: Quick Wins Through Technological Upgradation

In the short term, cement plants could focus on retrofitting existing facilities with proven technologies that
enhance efficiency, cut production cost and reduce CO, emissions. These are low-hanging fruits aimed at
reducing OPEX (operational expenditure) and emissions at the same time.

1) Use of electric vehicles (trucks, etc) to transport limestone from mines to cement plants, if a conveyor
belt is not installed.

2) Replacing ball mills with vertical raw mills (VRMs) or Roller Press for both raw material and clinker
grinding.

3) Upgrade to 6-stage preheater to reduce the burden on the kiln.

4) Improve kiln control systems and automation to reduce energy fluctuations and downtime. Also, use
advanced combustion systems for better fuel efficiency.

5) Upgrade to IE3/IE4 motors, variable frequency drives (VFDs) and optimized fans to improve energy
efficiency.

6) Process biomass, plastic waste and RDF to use as alternative fuel.

7) Integrate WHRs into the plant to reduce electricity cost.

8) Source solar/wind/hydro power to reduce dependency on fossil fuel to meet energy requirement.

9) Produce low-carbon cement to the extend possible, depending upon availability of local SCMs and
shifting market demand/construction practices.

The combined implementation of the technologies & measures in cement plants can typically reduce CO,
emission by approximately 15% to 30%. The exact percentage will depend on plant condition and the scale of
implementation.

Phase 2: Digitalization & System Efficiency

1) Artificial Intelligence: Integrate Al tools that analyses real time data to optimize raw mix design, fuel
usage and kiln performance.

2) loT sensors: Install loT sensors in raw mill, kiln, cooler, AF system, etc. They continuously monitor key
emission parameters across the plant, allowing early detection of inefficiencies and enabling timely
corrective actions that reduce downtime and improves process efficiency.

3) Digital twins: A digital twin in a cement plant is a virtual model of the complete production system
created with real-time data, loT sensors and advanced analytics. It enables operators to monitor
operations, identify inefficiencies and test various scenarios without interrupting actual production. This
technology improves decision-making, reduces downtime and enhances safety, making it essential for
operational excellence and sustainable performance.



4)

5)

Blockchain and Supply Chain Digitization: It provides secure, transparent and real-time tracking of
input and output materials, enhancing traceability, reducing inefficient practices and improving efficiency
throughout the supply chain.

Sustainability monitoring and controlling: Carbon accounting tools help track and quantify greenhouse
gas emissions across all operations from raw material sourcing to product dispatch & delivery, enabling
data-driven decision-making for emission reduction.

These technologies collectively enhance combustion control, reduce energy waste, promote higher AF usage and
lowers clinker factor - leading to significantly cutting a cement plant’s carbon footprint. Monitoring and controlling
CO,emission enables cement plants for third-party certifications like Environmental Product Declarations (EPDs),
Green Labels and Carbon-Neutral certifications which enable transparency, stakeholder trust and market access
- offering both environmental responsibility and a competitive advantage in the low-carbon economy.

Phase 3: Deep Decarbonization Pathways

1)

Electric Kilns: Instead of calcining limestone using fossil fuel, cement plants will start using electric arc
calciner. In case electricity is also generated by renewable energy sources, the calcination process can
become emission-free. For e.g. Holcim invested in SaltX Technology and became a strategic shareholder
to develop the world’s first all-electric cement plant using renewable energy.

Green Hydrogen: Hydrogen produced from renewables is a clean fuel, emitting only water vapour;
thereby can be used as fuel for energy-intensive clinker production. Although it requires high initial capital
investment and faces infrastructure challenges - integrating green hydrogen supports deep
decarbonization, aligns with net-zero targets and marks a significant technological advancement toward
a low-carbon cement industry.

Carbon Capture and Utilisation (CCU): This technology is used to capture CO, and transform it into fu-
el, additives and/or concrete. Examples include CarbonCure (Canada) and Solidia (USA). Though this
technology is capital intensive, CCU adds value by reducing CO, emission in industries like the cement
sector.

Carbon Capture and Storage (CCS): CCS captures and securely stores CO, in aquifers or geological
formations. Leading cement companies like Heidelberg Materials are already implementing full-scale
CCS projects, such as the one in Brevik (Norway), while others are conducting pilot trials globally. Despite
its high potential, CCS adoption currently faces CAPEX & OPEX challenges, apart from requiring extensive
infrastructure.

Some of above technologies are still in their nascent stage and are yet to be commercialized — which will depend
on their economic and financing viability - however, in the long run, they are likely to play a crucial role for the
industry in achieving its net-zero goal.
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Ongoing CCS/CCUS pilot projects in major countries are illustrated in the map.



Conclusion

The journey to a sustainable cement industry is both challenging and inspiring. Cement is at the heart of our
infrastructure, yet its environmental impact must be minimised. As this article explores, the good news is that
change is already underway. From using alternative fuels and renewable energy to adopting smart technologies
and low-carbon materials, the industry is actively rethinking how cement is made - this transition won’t happen
overnight. It requires collaboration, investment and a willingness to try new approaches even when the path isn’t
fully clear. We need to scale up promising technologies, retrofit existing plants and create policies that support
long-term sustainability.

At the end of the day, it’s about building not just structures, but a future we can all be proud of, where growth and
responsibility go hand-in-hand. As we stay committed, the cement industry can likely become a cornerstone of
the low-carbon world we all aspire to live in.
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