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CnocoObl CHHXEHNS NPOM3BOACTBEHHbIX
30TPAT HA LEMEHTHbIX 3aBOJAX

PEQDEPAT. B cTaTbe onucaHbl Mepbl, KOTOPbIE MOXHO NPUHSATH Ha Lje-
MEeHTHOM 3aBoge, YTOObl CHU3UTb NPON3BOACTBEHHbIe 3aTparThl.
Ynenas npuopureTHoe BHUMaHue MHNULNaTUBaM, HanpaBeHHbIM

Ha Ux CHMXeHune, LeMeHTHbIe 3aBoAbl MOryT Jly4LUe afaanTupoBaThCs
K AMHaMuKe PbIHKa U CNPaBAsiTbCs C BO3HUKAOLWMMN npobsema-
MU, YTO B KOHEYHOM CYeTe yKpernuT ux no3uuuu B orpacsau. lepssie
13 Takmx Mmep O06bIYHO MPUHNMAIOTCSI NPU MPOEKTUPOBAHUN NPea-
npusTua. BaxxkHeriwyio posib nrpaloT BHe4peHue rnepesoBbixX Tex-
HoJ10rMii N ONTUMU3aLns TEXHOJIOrMYeCKUx npoueccoB. bonbwune
BO3MOXHOCTU OTKPbIBAIOT 3¢pPeKTUBHOE UCNOJIb30BaAHUNE CbIPbS,
npumMeHeHue asibTepHaTUBHbIX BULOB TOMJINBA, YCTaHOBKAa CUCTEM
yTUAN3aLunumn Ternaa oTxo4sLmnx ra3oB, COBepLUeHCTBOBaHNE TEXHU-
4eckoro o6cayxusaHus o6opynoBaHns, aBTOMaTu3aunsi NPon3BoL-

CcTBa.

KnioueBble csioBa: cokpalleHne 3aTpart, KOHKYPEeHTOCNOCOOHOCTb,
MpubbIILHOCTb, SHEPro3¢OEKTUBHOCTb, a/lbTePHaTUBHbLIE BULbI TOM/IN-
Ba, yTuau3aums Teria OTXOAALLMX ra308, TEXHUYEckoe 0OCayXnBaHue,

aBrTomMarndauus.
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1. Beegenne

|/|HI/IL|,I/IaTI/IBbI, HanpaBneHHble Ha CHUXe-
H/e 3aTpaTt LUeMeHTHbIX 3aBOA0B, obecneuna-
0T KOHKYPEHTOCMOCOOHOCTb, PeHTabeNbHOCTL
1 YCTOMYMBOE Pas3BUTWe MPeANnpUATAA B CNOX-
HbIX PbIHOYHbIX YCNOBUAX. [MoBbiWeHME SCp-
CpeKTI/IBHOCTI/I npon3soacTea 1N MUHNMN3ALNA
pacxoAoB NO3BONAKT 3aBOAAM MOBbLICUTL MPU-
ObINbHOCTb ¥ (DMHAHCOBYIO YCTONYMBOCTD. Kpo-
M€ TOro, Npv CHXEeHNN 3aTtpat MOXHO HonbLue
VIHBECTVPOBATb B OCBOEHME HOBbIX TEXHOMOTnNn
1 3alMTy OKpYyHKawLlen cpeabl, yem obecne-
4YMBAETCH MHMN3HECNOCOOHOCTb npeanpnaTng
B ONTOCPOYHON NepcnekTyBe. MoBbieHne 3¢p-
CpeKTI/IBHOCTVI pa@OTbI npeanpuaTng nprueBoanT
K CHV/XEHWN0 NPON3BOACTBEHHbIX 3aTpaT 1 CNo-
CO6CTByeT MUHVMW3aLUM PUCKOB, CBA3AHHbIX
¢ KonebaHuamu PbIHOYHbIX LUeH, N3MEeHEeHUIMN
HOPMATVBOB 1 9KOHOMWYECKO HEonpeaeneH-
HOCTbH0.

[anee onucaHbl pasnuyHble Mepbl, KOTOpble
MOXHO peann3oBaTtb Ha LLeMeHTHOM 3aBo/e, Ha-
npaB/ieHHble Ha CHVMKEeHEe NPOnN3BOACTBEHHbIX
3atpar.

2, Mpoektuporaxue
3((EeKTHBHOTO NPOM3BOACTBA
[NepBble MepbI MO CHUMEHWIIO NMPOVN3BOACTBEH-

HbIX 3aTpaT 00bIYHO MPUHMMAIOTCS Ha paHHen

cTaamm — npw paspaboTke KOHLENUV NpoekTa

npeanpusaTys. YTobbl CNpoeKTMPOBaTh 3(ek-

TVBHOE MPEANpPUATIE, HA 3TOM 3Tarne Heobxo-

AVMO YHUTbIBATb PAL KNHOYEBBIX (PAKTOPOB. [Mpw

NPUVHATUN peLLIEHI/IVI OCHOBHO€ BHUMaHue yae-

NAeTcs MHBECTULIMOHHBIM 3aTpatam, pacxodam

Ha aKcnayatauno n TexHn4eckoe o6cny>+<|/|Ba-

Hie o6opyuoaaH|/|q, onTUMMN3auUnnN YNCNEHHOCTN

nepcoHana, AOCTYNHOCTN SHEPreTu4eckux pe-

CYPCOB (3NEKTPO3HEPTMN 1 TONAMBA) 1 pacno-

NOXEeHNo 3aBoJa C y4eTOM NepcneKTuB PbIHKA.

HekoTopble 13 KMO4eBbIX KPUTEPHIEB:

* OKcnnyataulOHHAa rOTOBHOCTb U HadeX-
HOCTb 000PYAOBAHNS, KOTOPbIM OCHALLAETCH
npeanpuaTtue,

* NPOCTOTa 3KcnnyaTaunn 1 TEXHNYECKOro 06-
CNYXVBaHMS 3TOro 060pyaoBaHus,

* Hanuuune B LITATE BbICOKOKBANNPULMPOBAH=-
HbIX paﬁOTHI/IKOB 1 BO3SMOXHOCTb Haanexa-
LLEN TEXHUYECKOM NOALEPIHKKM,

*  MpOW3BOACTBEHHbIE 3aTpaThl,

* VHBECTUUMOHHbIE 3aTpaTbl.

Kpome Toro, Ha obuiee sHepronoTpebneHve
npeanpugTVs CyLLIECTBEHHO BAMSIET MNAHUPOBKA
pasmellieHns 060pyaoBaHMs. N103TOMYy KOPPeKT-
HbIl TEXHUYECKIA NOAXOA MMEeT MepBOCTeneH-
HOe 3HayeHue npu pa3paboTke NpoeKTa 3aBoaa.
B 3TOM KOHTEKCTe K KNKYeBbIM MPUHUMNAM OT-
HOCWUTCS, B YaCTHOCTW, CneayioLlee:

* y4eT 0COBEHHOCTEN MECTHOCTM Npu onpeae-
NEHWN rpaHuL, 3aBOAa;

* YMEHbLUEHVE Yrcna neperpy3oyHbIX y3nos
Ha NEHTOYHbIX KOHBE/epax;

* N0 BO3MOMHOCTM MCMNONb30BAHNE MeXaHu-
YECKOW TPAHCMOPTMPOBKM BMECTO MHEBMA-
THYecKon;

* YMEHbLUEHWE ANVHbI ra30X0A0B AN MUHU-
MU3aUMY NOTePb AABNEHUS;

+ 6/130CTb YrONbHOM MENBHULbI K 3TaMepke
TennoobMeHHKa,;

* 1CMONb30BaHWEe pacnpefeneHHbIX KOMMIpec-
COpPHbIX CTaHLUMIA BMECTO OfHOW LeHTpanu-
30BaHHOW,

* pacrnonoXeHne LEHTPOB 3Hepronotpebne-
HUS, MO3BONSIOLLEE MUHMMW3MPOBATL MO-
Tepy B Kabensax, U UCNONb30BaHNe AELEH-
TPanM30BaHHOM CUCTEMbI pacnpeaeneHus
3NEKTPOIHEPT .

OCHOBHas naes KoHUEeNnuMu spgeKT1BHOrO
NPOEKTUPOBAHUS 3aKNKYaeTCa B BbIGOpe Hanbo-
nee NOAX0AALLEro BapuaHTa naaHUpoBKM, KOTO-
pbii GyaeT COOTBETCTBOBATH BbILLEYNOMAHYTbIM
TpeboBaHMIM, YTO MPUBEAET K ONTUMU3ALMN
MPOV3BOACTBEHHbIX 3aTpar.

3. BHeppenne nepegoBbiX TEXHONOTHIA
BHenpeHne nepenoBbix TEXHONOTUI HA Lie-
MEHTHbIX 33BOAAX MMEET peLlatLlee 3HayeHne
ANS MOBbILLEHNS 3PPEKTUBHOCTI UX paboThl,
YMEHbLIEHNS BO3AEVCTBUA HA OKPYMatwLLy
CpeLy 1 NOAAEPIKAaHUS KOHKYPEHTOCMOCOBHO-
cTu. pu 3TOM BbIOOP TEXHONOMUN AOMKEH COOT-
BETCTBOBATb KOHKPETHOM CUTYaLMU.
MoMonbHbIE cucTemsl. Mpu BbIGOpPE Tex-
HOMOTWV MOMONA HY}KHO YYWUTBIBATb CRELyHoLLIMe
(hakTopbl, BAMAKLLME HA nokasaTenu pabdoTbl
NPOW3BOACTBA:
* (PU3MYECKME CBOWCTBA V3MenbYaemMoro Ma-
Tepuana;
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* €ero BNA¥HOCTb;

*  pasManbiBaemMocCTb;

+ 00beM NPOM3BOACTBEHHBIX 3aTpaT, CBA3AH-
HbIX C TEXHYECKUM 06CNyKmBaHVEM 000py-
[OBAHVS 1 €70 PEMOHTOM,;

* HeobXxoamMble LieneBble MHBECTULNN.

Ha nomMonbHble onepauu NpUXoanTCcs npu-
MepHO 65—70 % BCen 3NeKTPo3Hepruu, 3a-
TpayvBaemMon Npy Npou3BOACTBE LeMeHTa. IT0
3HAQYUT, YTO MPaBUAbHbIA BbIGOP TEXHONOMWN
nomMona no3BOMUT CHU3UTb MPOWU3BOACTBEHHbIE
3arparbl.

BepTukanbHble BankoBble MenbHULbI (vertical
roller mill, VRM) cuutatotcst 6onee aHeprocbepe-
rawoLlen cMCTeMOon no CPaBHeHW C TpaauLm-
OHHbIMW LIAPOBbIMW MEeMbHULAMY, TaK Kak 3¢-
(PEKTVBHOCTb M3MenbyeHns y Hux Ha 30—40 %
BbilLE, YEM Y mocnefHux. B yucne apyrvx go-
CTOVHCTB 3TON MOMO/MbHOW CUCTEMbI — OTCYT-
CTBVE KECTKMX OrpaHVYeHnin No COAEPMHaHnio
BAarv B MocTynawLieMm matepuane (OHO MOXeT
pocturatb npubnuantensHo 20 %) 1 Hanuyme
BHELLIHE CUCTEMbI PeLMpKyngLmum.

Bankosbi npecc BbICOKOTO AasneHud (high
pressure grinding roller, HPGR) — agpekTvie-
Hag cvcTema namenbyeHns, kak u VRM. HPGR
MOXHO VCMOMb30BATb ANG MPEABAPUTENbHOTO,
NONY(PUHALLHOTO U (PUHWULLIHOTO nomona. Bknto-
yeHve HPGR B CyLLECTBYHOLLYK CUCTEMY MOMO-
Na LeMeHTa C LLApOoBO MENbHULIEN CHUXAET ee
9HepronoTpebneHve 1 NoBbILLAeT NPOU3BOAM-
TenbHocTb. Mpw ncnonb3oBaHun crctem HPGR
LOCTUTAeTCs BbICOKOE KA4eCTBO BbIMyCKAEMOro
LIEMEHTA, KOTOPbIN UMEET YYHLLIEHHbI TPaHy-
NIOMETPUYECKII COCTAB ¥ MUHMMANbHYIO BOAO-
notpebHocTb. Crictembl HPGR moryT ObiTb 60-
nee 3HeproameKTUBHbIMY, YeM VRM, ocobeH-
HO MPW NOMONE CbIPbY.

BbICOKO3(I(PEKTVIBHbIE CenapaTopbl B KOHTY-
pax U3MenbyeHns no3BONAOT BeCbMa 3PPEK-
TWBHO PErynMpoBaThb TOHWHY NMOMONA, MOBbICUTH
MPON3BOAUTENBHOCTL MOMO/BHOM CUCTEMbI
1 CHU3NTb NpubAn3nTenbHo Ha 15 % noTpeb-
NEHVE et0 3NeKTPO3Heprun. BreapeHue Takux
cenaparopoB MUHUMW3MPYET BEPOSTHOCTb ne-
PEeV3MENbYEHNS KIIMHKepa 1 ONTUMIU3MPYET 3a-
TPY3KY LLAPOBON MENbHULIbI.

COBepLUEHCTBOBAHYIE BHYTPEHHEN OCHACTKM
LIAPOBbIX MEMbHNUL, NO3BOAYET AOMNONHUTENb-
HO MOBBLICUTb 3PPEKTUBHOCTL U3MENbYEHUS,
4TO NMPUBOAUT K YBENWNYEHUMIO VX MPOU3BOAU-
TENbHOCTY 11 CHUMEHUIO 3HEPronoTpebnerns.
Mentowve Tena 13 BbICOKOXPOMUCTbIX CMAaBOB
C MOHUMEHHON CKOPOCTbI0 M3HOCA U Y/yYLLIEeH-
HbIMU 9KCMyaTaLUVOHHbIMIA XapakTepucTukamu,
Avagparmbl € peryimpyembiM pacxofaoM npo-
XOASALLEro Yepes Hux martepuana u 3N1eMeHTb
(yTepoBky ¢ 6e3601TOBbIM KPEMNEHNEM — BCE
3TO CNOCOBCTBYET 3HAYNUTENBHOMY CHUMEHNIO
3aTpar Ha N3MENbYEHe KNMHKepa.

B xo4e uccnenosaHns skcnayarauum pas-
JINYHBIX CUCTEM W3MENbYeHWs KAUHKepa mpw
OAVHAKOBbIX MPON3BOAUTENBHOCTI 1 TOHVIHE MO-
mona matepuana 6ol nonyyYeHsl cneayoLie
AaHHble 06 1X yaenbHoM noTpebneHun 3neKTpo-
3Hepruu, KBT - Y/T uemeHTa:

Meun ¢ AexapOOH3ATOPOM, LUECTUCTYMEHYATbIM
TENN00OMEHHIKOM, KONOCHVKOBBIM XONOANMbHIA-
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Puc. 1. I'Iporpecc B TEXHONOMMM NPON3BOACTBA KNMHKepa 3a NocneHne aecatuneTina

*  Lwaposag menbHuua — 38,2;

+ cuctema ¢ HPGR, ncnonbayembiM 4ns npea-
BapuTenbHoro nomona — 29,7,

« VRM —218;

+ cuctema ¢ HPGR, ncnonb3yembim ang nony-
(PUHULLIHOTO 13MenbyeHus — 20,8.
Cuctema oGxwura. [1aBHble TeXHONOM-

Jeckne pa3paboTku nocneaHero AecaTuneTus

ObinN B OCHOBHOM HaLeneHbl Ha 3KOHOMWIO Ten-

NOBOV 3HEPruK, 3PEKTUBHOE 1CNONb30BaHME

anbTepHaTuBHbIX BKAoB Tonmea (ABT) 1 cbipbs

ANs CHUMeHns Bbibpocos CO, 1 onTUMK3aLMo

9NEMEHTOB TEMN00OMEHHUKOB C OHOBPEMEH-

HbIM MOBbILLIEHNEM 3PAPEKTUBHOCTY paboThl

CUCTEM pekymnepauuy Tenna OTXOASLLUVX ra3oB

(waste heat recovery, WHR) 13 1ennoo6meHHu-

Ka v xonoannbHuKa. [anee nepeyncneHbl Heko-

TOpble Hanpae/neHns pa3paboTKy, HaueneHHble

Ha CHKEHUE NPOV3BOACTBEHHbIX 3aTpaT:

* YCOBEPLUEHCTBOBAHWE KOHCTPYKLMW feKap-
60HM3aTOPOB,

* MPUMEHEHNE BHELHUX CUCTEM CHUraHus
Ang pasnnyHbix ABT (ang matepranos c Kyc-
Kamu BeCbMa KpYMHbIX Pa3MEPOB),

* MHOrOKaHanbHble TOpenku ¢ HI3KMM Pacxo-
[0M MEpPBKYHOTO BO3ayXa,

© YNyYLWEHNS TEXHONOTUA OXNaXAEHNS KAUH-
Kepa C MpYMEHEHNEM PeLVpKyngLmumn rops-
4ero BO3Ayxa,

* MOBbILEHNE IPPEKTUBHOCTY MPUMEHEHUS
OTHeyrnopoB B nevax,

* 1ICMONb30BAHNE BbICOKOIPPEKTNBHBIX TEX-
HONOTNYECKMX BEHTUNATOPOB.

OCHOBHbIE N3MEHEHVIS B OCHALLEHUN LIEMEHT-

HbIX NPeanpPUS TR, OTHOCSLLMECS K MPOU3BOACTBY

KNVHKepa, nprBeaeHsl Ha puc. 1.

4, CHuxeHHe NPOM3BOACTBEHHbIX 3ATpaT
nyTemM ONTHMM3ALHH NPOLECCOB
OI'ITI/IMI/ISaLLI/IFI npon3BOACTBa LieMeHTa npej-

nonaraeT MakcihmasnbHoe MNoBbILLEHNE SCD(DGK-

TNBHOCTU M NPON3BOAUTENBHOCTY NPEANPUATUS,

1, KPOMe TOro, CHMXeHe HeratnBHoOro BO3aen-

CTBIS HA OKPYHAIOLLIYI0 CPeay 3a CYET NOCTOAH-

HOr0 COBEPLLEHCTBOBAHMA MPOLIECCOB MOATOTOB-

KW Cblpbd, NPOU3BOACTBA KNNHKepa U LeMeHTa.

Cpeum KMHOYeBbIX Mep, NO3BONANLLMX ONTUMN-

31poBaTh NPOU3BOACTBO LIEMEHTA, MOXHO OT-

MeTUTb cneayLire:

© Ang 3 ekTBHOM paboTbl 060pyaOBaAHMA
HeobxoanMO NOAAEPHKMBATE TeMMepaTypy,
OaBNEHVEe N ApYyrue BaxHble TEXHONOrnYe-
CKWe nokasaTenu B 3afaHHblx npeaenax;

* VH(UABTPALMUS HAPYHHOro BO3ayXa B CUCTE-
My AOMKHA ObITb MUUHUManNbHOW. K npuMepy,
IPPEKTNBHON pabdOThl cucTeEMbl 00Xura
MOXHO 4OCTVYb NPV NMOACOCE BO3AyXa B Ter-
noobMeHHVKe He 6onee 7 %. YMeHbLUeHNe
3TOr0 nokasarvens Ha Kaabi 1 % CHuKa-
€T yAenbHble 3aTpartbl TENA0Thl NPUMEPHO
Ha 2—3 KKan/Kr KNMHKepa;

+ ONTUMU3aumMs paboTbl NEYHON ropenku (3g-
(PEKTVBHOE COOTHOLLIEHME Mexay pacxoaa-
MW OCEBOr0 1 paananbHoro BOo3ayxa) 1 ee
MO3WLWNOHMPOBAHWUSA BHYTPU MEYN MOXeT
obecneunTb HeobXxoaVMbIE (DOPMY U1 UHTEH-
CVBHOCTb (pakena v MUHUMU3MPOBATL KO-
4eCTBO NEPBUYHOTO BO3LYXa;

+ paboTy KNMHKEPHOTO XONOAWIBHIKA CNeay-
€T ONTUMM3UPOBAThb Tak, YToObI AocTuUra-
Nacb MakcvmanbHasg cteneHb pekynepauum
Tenna, 4T0 NO3BONWUT CHU3WTb YAENbHbIE 3a-
TpaTbl TennoBov 3Heprum. MepBocTeneHHoe
3HaveHne nMeeT BanaHc Mexay CKOpOCTbio
X04a KONOCHWKOBOW PELLETKY XON0AMNbHIKA
1 Temneparypammt BTOPUYHOTO 1 TPETUYHOTO
Bosayxa. Ecnu yctanosnena cuctema WHR,
TO 6anaHc Mexay 3 PeKTUBHON yTnuan3a-
Lvel Tenna v reHepauven anekTposHeprun
370N CUCTEMON TOXE UrpaeT BaMHYyK ponb
B onpeaeneHnm 06LLen SHepro3EKTUBHO-
CTW NPOW3BOACTBA,;

© noAdepdaHue TOHWHbI NMOMONa LEeMeHTa
Ha ONTUMAanbHOM YPOBHE TaKMe NpuBOAWT
K CHUXKEHWIO SHepronoTpebaeHns v nosbli-
LWEHMI0 NPOW3BOAUTENbHOCTY 000pyaOBa-
Hg. ONTUMANbHYK TOHUHY MOMOMA MOXHO
onpeaennTb NyTeM aHanmsa rnokasartenen
TEeKYLLEero Ka4ecTea LeMeHTa 1 NporHosu-
POBAHWA ero MPOYHOCTW C MOMOLLBI0 MOAE-
Ne Ha OCHOBE UCKYCCTBEHHOMO MHTeNNeKTa
/ MaLMHHOTO 0ByYeHus;

+ cneayeT n3beraTb X0n0CTOro xoaa o0bopy-
[0BaHWs, 0CO6EHHO B NepuoAbl 3amnycka
1 OCTaHOBKM paboTbl 3aBOAA, NYyTEM BHEA-
peHus nocneaoBatenbHbIX 610KMPOBOK;

© MOBbIWEHNe KBanugpmkaumm nponssosa-
CTBEHHOTO MepcoHana NpeanpuaTus Takxe
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NO3BOANT CHWU3UTb MPOV3BOACTBEHHbIE 3a-

Tpatbl.

Heobx0aMMo Neproanyeck NpoBOAUTbL ay-
AWT, NO3BONSIWMIA OLEHNUTb SMPEKTNBHOCTD
paboTbl TEXHONOTMYECKOM NMHWUA 1 BbIABAATH
hakTopsbl, CHKatowwe ee. CTOUT yAENNTb 0CO-
60e BH/MaHVe CneayLLMM BONpoCaMm:

+ ONTUMM3ALMM NPON3BOAUTENBHOCTY CUCTEMDI;

+ ONTUMM3AUMN YAENEHOMO SHEPronoTpedeHNs;

© OMepaTWBHOMY PELUEHWI0 BO3HUKAKLINX
npo6nem, CBA3aHHbIX C MEXaHWYeCKO V1w
3NEKTPOTEXHNYECKON YaCTb 000PYA0BAHNS,

1 C XO10M TEXHONOrMYECKUX NPOLLECCOB;

+ ONTMMM3ALMW Ka4eCTBa KOHEYHOrO MPOAYKTa;
PeLEHN0 3KONOTNYECKIX BOMPOCOB.
OnTuMu3auus NocpeacTBOM aHanu3a

AaHHbIX. CeroaHsg onTummaauns paboTsl Npea-

NpVATYS NyTeM BHeAPEHUS NepeaoBOil CUCTEMbI

aHannsa AaHHbIX CTaHOBWTCA Bce Oonee akTy-

anbHbIM MOAX0AOM. [N MPOrHO3MPOBaHNS KNko-

YeBbIX MApameTpoB, CYLLECTBEHHO BAWSHOLLMX

Ha MPOM3BOACTBEHHbIE MoKasaTenu 3aBoaa,

BHEAPSIHOTCA C VCMONBb30BAHVEM KOMMbBIOTEPHON

TEXHUKW Pa3NUYHbIe CUCTEMbI UCKYCCTBEHHOTO

VHTENNEeKTa 1 MawuHHOro obyyeHns. 310 no-

MOraeT MpOW3BOACTBEHHOMY MepCoHany 3aBoda

NPYHUMATb MPEBEHTVIBHbIE MEPbI, YTO obecne-

YMBAET CTAOUNbHOCTb TEXHOMOTUYECKMX MPO-

LIeCCOB.

5. Ontnmusayus 3arpar

Ha CbipbeBbie MATEPHANDI

Oh(PeKTUBHOE MCMONb30BAHUE Chbipbs Ha Lie-
MEHTHbIX 33aBOAAX BK/KYaeT B cebs onTummsa-
LUMI0 BbIGOPA €ro NCTOYHMKOB, a TaKKe MeToa0B
TPaHCMOPTVPOBKK 1 nepepaboTku, obecneyu-
BatwLwwmx 6ecnepeborHbIn BbIMyCK MPOAYKLMN
NPy MUHUMW3ALMM NPOM3BOACTBEHHBIX 3aTpaTt
1 BO3LENCTBMA HA OKpyxatwLLlyto cpedy. [Angd
CHVKEHNS CTOMMOCTM CbIPbEBbIX MaTepranos
MONE3HO NMPVHATDL CELYIOLLVE MepbI:

1) 1CNonb30BaTh 3KOHOMUYECKN Lieneco-
obpasHble KoppekTupytklmne AobaBkw, npu
3TOM He0BX0AMMO BHUMATENBHO CeaNTb 3a KX
KayeCTBOM 1 pa3paboTaTb COCTaB CbipbeBOW
CMECW C HWU3KOM ce0eCcTOMMOCTbI0, NO3BONSI0-
Lei BbiNyCKaTb KOHKYPEHTOCMOCOOHYK Mpo-
AYKLMIO;

2) VCNONb30BaHME U3BECTHSAKA C BbICOKMM
coaepxannem MgO npu 13roToBNEHNN KAUH-
Kepa MOMeT HeraTuMBHO MOBNWSTb HA KAYeCTBO
npoAayKTa, NpoBoLMpPYS NpobnemMbl ¢ paBHOMEP-
HOCTbIO M3MeHeHNs obbema LiemeHTa. 103ToMy
TaKkoM N3BECTHSK NyyLlE NPUMEHSTb Kak 406aB-
Ky NMpu NoMone KAvHKepa, perynupys nokasa-
Tenn KayecTBa LieMeHTa NyTeM U3MEHeHVs ee
[03VIPOBKY C YYETOM OrpaHUYeHni, mpesycmoT-
PEHHbIX CTaHaapTamu;

3) M3y4nTb BO3MOKHOCTb MPUMEHATL U3-
BECTHSAK C MOBbILIEHHbIM COAEPMAaHNEM Lie-
noven, 6anaHcupys nx AMbo myTem CHuraHus
[ELIeBOr0 BbICOKOCEPHMCTOr0 Tonnvea, nmbo
1006aBNS9 HEMHOTO TMNca NP NOMONE CbIPbEBON
cMmecy;

4) 1Ccnonb30BaTh anbTepHaTUBHbIE BUAbI
cbipbs (ABC), Hanpumep, #enesHbit 1 KpacHbI

linam, remMatuT, Wnaky Npou3BOACTBA CTan
1 UMHKA 1 Ap. Takoe Cbipbe YCMEeLHO NpuMeHs-
€TCH Ha HEKOTOPbIX 3aBOAAX, YTO ABAFETCH 3KO-
HOMUWYECKI 3PPEKTHBHbIM peLleHrem. Vcnonb-
3oBaHve ABC no3songeT CHU3WTL 00Uy CTO-
MMOCTb Cbipbst A0 0,05—0,07 USS$/T knuHkepa.

BaxHO MpoBOAUTL peryngpHble ucnbiTa-
HUS 1N aHann3 CbiPpbEBbIX MaTepuanos, YTobbI
rapaHTupoBaTb UX COOTBETCTBME CTaHAapTam
KayecTBa, YTo NO3BOAWT OMTVMM3MPOBATbL Na-
pameTpbl TEXHONOTMYECKMX MPOLECCOB, a, 3Ha-
4WT, ¥ MOBBICUTbL MOKa3aTeNn ka4ecTsa npoayk-
UMW 1 KOHKYPEHTOCMOCOBHOCTb NpeanpuaTug
Ha pblIHKe.

6. OnTHmMn3auMa noTpe6nenns TonAuBa

OTa Mepa UMeeT peluaillee 3HadYeHve ang
CHVKEHVS HEraTUBHOTO BO3AENCTBIS Ha OKpY-
KAIOLLYI0 Cpeay Npu COXPaHEHUU BbICOKOM 3(-
(PEKTMBHOCTY paboTbl NPOW3BOACTBA. [1epeyuc-
MM HEKOTOPbIE 113 K/IOYEBbIX BOMPOCOB, Ha KO-
TOpbIX HEOOXOAMMO aKLEHTMPOBAThb BHUMaHWe
npwv onTUMK3aumy noTpebaeHns Tonavea.

1. CNULWKOM BbICOKOE COLEpHaHue 30Mbl
B TBEPAOM TOMAMBE MOXET CTaTb MPUYMHON
MOBbILUEHHOrO LENEBOro nokasarens Koapmu-
LMeHTa HaCbIWEHNS U3BECTb0, BBUAY 4YEro
BbIpacTyT noTpebneHve Tenna u Npou3BoA-
CTBEHHbIe 3aTpatbl. ONTMM3aLMa cocTasa Ton-
NVIBHOW CMECY NMOMOXET NOAAEPHKATb CoAepa-
HVie 3071bl B MPYEMAEMBIX Npeaenax.

2. Heobxoaumo nnbo nsberatb ucnonb3osa-
HVS BbICOKOCEPHMCTOrO TOMAMBa, NMMbo npume-
HATb €ro B CMeCK C ManoCepHNCTbIM TOMAMBOM,
4T06bI 00ECNEYNTb ONTUMANbHbIE YCA0BUS pabo-
Tbl MEYHON cUCTeMbI. Ecnn cxuraeTcs Tonmeo
C BbICOKUM COLLepPMaHreM cepbl, T0, 4T0Bbl Npe-
[0TBPaTVTL 00pa3oBaHNe HapoCcToB U 3aKyno-
priBaHve ra3oxofoB TennoobMeHHVKa, cneayeT
BBOAWTb B CHICTEMY OOKMra LEeNoYHble OKCHABI.
YcTaHOBKa cucTeMbl bannaca rasos MOXeT npu-
BECTY K YBENMYEHVIO YAENBHOrO pacxoaa Tenno-
Tbl, 4TO, B CBOK O4epesb, MOBbICUT 3KCnayaTa-
LMOHHbIE 3aTpaThl.

3. Tepen CxuraHmem Tonavea Heobxoanmo
OMpeaennTb COAEpHaHue B HeM NeTyyux Be-
LLECTB, TaK KaK VX HU3KWIA BbIXOL KOMNEHCHPY-
€7TCS 3a CYET MOBbILLEHUS TOHWHBI MOMONA YIAd,
11, CNeAOBaTENbHO, ONPeAenseT pacxon 3nek-
TPOSHEPrMM Ha MOMON YrONbHOrO TONAVBA.

4. Tpn Bbibope ABT cneayet usberatb ma-
TEepUanoB C BbICOKOV BNaHOCTbI0, AAXE eCu
MX CTOVMOCTb OKa3blBaeTCs HUMe. oBbilLeH-
HOe BNaroCOAEPIKaHne MPYBOAUT K CHUMEHMIO
TENNOTBOPHOM CNOCOOHOCTM TOMAMBA W, Kak
CNEeLCTBYe, K YBENMYEHMIO €ro pacxoaa u cebe-
CTOMMOCTY MPOAYKLMU.

5. CxuraTtb TOnNvBo BCEraa Heobxoanmo
B OKUCNWUTENBHON CpeLe, MOCKONbKY B Takom
cnyyae Bbigensercd 60nblue TeNNOThl, YEM
NPy HEMNONHOM CropaHun TOmaMBa B BOCCTa-
HOBWTENbHOW aTmocpepe. Kpome Toro, ang
CHVMEHUS pacxofa TennoBon SHEpPrum MOXHO
NPVUMEHATL MUHepanu3aTopsl, Hanpuvep, CaF,,
AlF5, ZnO 1 ap. 3T0 NO3BOANT CHU3NTL NMPOU3-
BOACTBEHHbIE 3aTpaThl. MlccnenoBanms nokasbl-
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CTOMMOCTb TONAMBA,
US$/T knnHkepa
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3ason 1 3asoa 2 3asoa 3
(TSR=10%) (TSR=15%) (TSR =20 %)

B Yronb + ABT 100 %-Hblit yronb

Puc. 2. CHieHme 3aTpat 3a cyeT 1enonbaosarns ABT (TSR, Ther-
mal Substitution Rate — TennoBoM KOS(ULMEHT 3aMeLLEHNS
MPYPOAHbIX BIAOB TONAMBA aNbTEPHATUBHbIMM)

BAKOT, YTO MPU WCMONBb30BAHUM MUHEPANM3aTo-
POB YAENbHbIA PACXOA TENOTbI MOMXHO CHU3UTD
npnbananTenbHo Ha 30 Kkan/kr KnuHkepa.

MpuMeHeHUe anbTepHATUBHLIX BUAOB
Tonnuea. CHiKeHve NoTpebnerns NprpoaHo-
ro Tonauea v cokpatlieHue Bbibpocos CO, —
KMKYeBble 3aaayy LUEMeHTHOro 3asoda. Ang
peleHns aTux 3adady Heobxoaumo obecneynTsb
MakCUManbHyto 3ameHy TPaaWLUMOHHbIX BUAOB
TONAMBA Ha BO30OHOBASEMbBIE VAW NONYYEHHbIE
n3 otxonoB ABT, Takue kak Omomacca, Tex-
HUYeCKUIA yrepos, pucoBas Wwenyxa, Tonameo
13 LWWH, TBepabix ObITOBbIX OTX0A0B U Ap. Ko-
npoueccuHr ABT B LiIeMEHTHbIX Nevax He TONbKO
CHVKAET NOTPeBHOCTb B OFpaHMYEHHbIX Mpu-
POAHBIX pecypcax, HoO U yMeHbllaeT BbibPOCHI
MapHUKOBBIX ra30B 3a CYET BbIBOAA OTXOAOB
C MONWrOHOB.

TwatenbHbll Noa6op, NOATOTOBKA W KOHTP-
0Nb TOMAVBA KpaiHe BaHbl Ang obecneyeHus
cob/M0AEHNS 9KOMOTMYECKMX HOPM, noaaepxa-
HVS Ka4ecTBa NPOAYKLMM 1 ONTUMU3ALMM SHEp-
ro3(h(heKTVBHOCTY NMPOM3BOACTBA. JTO CNOCO6-
cTByeT paboTe NpeanpuSTAn B COOTBETCTBUM
C MPVHUMNAMKN YCTOMYMBOrO PasBuUTUS U LMp-
KYNAPHOM 3KOHOMUKU, U CHKAET HEraTuBHOE
BO3/[EVCTBIME HA OKPYXKatoLLyto cpedy.

1. YcranoBka cuctem pexynepauun Tenna

OTXOASLYMX rasoB

[pnumeneHne cuctem WHR nossonser co-
KpaTuTb MPOM3BOLACTBEHHbIE 3aTpaThl bnaroaa-
ps yTUAN3aUMM 136bITOYHON TENNOTbl OTXOAS-
LWMX ra3oB, 06bIYHO Tepsgemon B xoae obxura,
ANns BbIpabOTKM 3NeKTPOSHepruu. 3a cHeT 3Toro
MOXHO CHW3WTb MOTPEBHOCTb B CETEBOM 3NeK-
TPOSHEPrUM UAN CMONb30BaHWe NPUPOAHbIX
BWOB TOMAMBA HA 3aBOACKON 3N1EKTPOCTAH-
unn.

B 3aBucvMMOCTY OT Yncna CTyneHen Tennoob-
MeHHUKa 1 BbibpaHHon TexHonornn WHR Mox-
HO 3aKpbITb A0 25—30 % NOTPEBHOCTEN NEYHOM
CUCTEMbI B 3N1EKTPOSHEPTUN.

Ha LieMeHTHbIX 3aBoaax MHauM cpeaHas cTo-
VIMOCTb 3NEKTPO3HEepriv, BbipabaTbiBaeMon cu-
ctemamyt WHR, 3HauMTENbHO HIBKe, YeM mpu ee
reHepaumn Ha 00blYHbIX ABTOHOMHbIX 3NEeKTPO-
cTaHumsx (pric. 3). ObLuas ycTaHoBneHHas MoLL-
HocTb cuctem WHR B MHaumn 6amnska k 400 MBT
M, KaK MOKasblBaloT pe3ynbTaTbl NCCNea0BaHuUn,
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Puc. 3. CpeaHsst CTOMMOCTb 3N1EKTPOIHEPrIAM N3 pasnnyHbIX
MCTOYHIKOB, NOTPEBASEMON B HACTOSILLEE BPEMS HA LIEMEHTHbIX
3aBoaax MHanm

B Oyayllem MOXeT A0CTUYb NPUBAU3NUTENBHO
1200 MBT.

Takum obpasom, ¢ ycTaHoBkor cuctem WHR
CBSA3@H 3HAYUTENbHbIA NOTEHUMAN 3KOHOMMK,
a TakXe BO3MOMHOCTb CHU3WTbL NoTpebneHue
NPYPOAHBIX BUAOB TOnAmBa W Bbibpockl CO,.
Kpome Toro, BHeaApeHue Takux CMCTEM NO3BO-
nseT noBbICUTL 0BLLYD 3HEProd(MEKTUBHOCTL
LleMEHTHBIX 3aBO/0B, ONTUMI3NPOBATL MCMONb-
30BaHNE UMV PECYPCOB 11 MOBLICUTH VX KOHKY-
PEHTOCMOCOBHOCTb.

8. CoBepweHcTBOBAHNE

TEXHMYECKOTO 0OCHYXHBAHMS

TexHuyeckoe obcnyxusanne obopynoea-
HUS Heobxoaumo ans obecneveHus ero bec-
nepeboiHoi paboTbl, MUHMU3ALWN BPEMEHU
MPOCTEB U MOBbILLEHNS 06LLEN 3PPEKTUBHOCTY
npoussoacTea. OHO BKAwYaeT B cebd npogu-
nakTU4eckoe 06CNYXMBaHWE MO rpaguky, pe-
TYNAPHbIE OCMOTPbI U NMPUMEHEHWE TEXHONOT I
NPEAVKTUBHOrO CEpBUCa, NO3BOASIOLLMX MPO-
THO3MPOBATb M YCTPAHATb BO3MOXHbIE HEWC-
MPaBHOCTW.

MpakTuka MPeanKTMBHOTO 06CAYXMBaHNS
nocTeneHHo npuobpeTtaeT Bce 6OMbLWYI NO-
NYyASPHOCTb, Tak Kak MO3BOASET 3HAYUTENbHO
COKpaTWTb Pacxofbl Ha XpaHeHWe 3anaca 3an-
yacTel U PecypcoB U CHWU3WUTb PUCK MOAOMOK
060pyaoBaHNg 3a CYET paHHEN ANArHOCTUKK
HEUCNpaBHOCTeN. YCpeaHeHHble OTHOCUTENb-
Hble 3aTpaTbl Ha TeXHMYeckoe 00CayKMBaHME
060pyA0BaHNS, BbINOMHIEMbIE HA LIEMEHTHOM
3aBOAE Pa3/MYHbIMK MeTOoAaMu, MpYBEAEHbI
Ha puc. 4.

BHeapeHve cucTeEM MOHWUTOPWHIa COCTOS-
HUg 060pynOBaHNS, Haanexallee naaHu-
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Onepatvatoe MpodunakTieckoe  MpeavKTBHOE

MeToabl TeXHIYeCKoro oécnymmsaqu

Puc. 4. Ontummnsauns pacxoaos npw MCNONb30BaHNN PA3NNYHbIX
METO10B TEXHN4ECKOro oécnymmsaHm.

pOBaHWe U BbiNONHEHME paboT no cMaske, a
TaK¥e onNTUMM3aUMs 3anaca U accopTUMEHTa
3anyacTen Ha cknage Takxe cnocobCTByT
MOBBILLIEHNIO NPOVN3BOAUTENBHOCTY 060PYAO0-
BaHNS.

BHeapeHe KOMMAEKCHOM CUCTEMbI yrpaB-
NEeHNst TeXHUYECKUM 0BCNYKMBAHMEM MO3BO-
N9eT 3PPEeKTUBHO OTCNEKMBATL BbINONHEHUE
paboT, onpefenaTb NPUOPUTETHOCTb 3adad
1 ONTVYMW3VPOBATEL pacnpeaeneHne pecypcos.

9. MNMepepoBoe anexTpoTexHuyeckoe
000pyAOBAHME W ABTOMATH3ALMS
BHeapeHvie nepeaoBoro 31eKTPOTEXHUYE-

cKoro 06opyf0BaHMA 1 TEXHONOTWA aBTOMaTH-

3auum nomoraeT CHU3UTb 3KChnnyaTallOHHble
3aTparthl Npv NPOM3BOACTBE LiemeHTa. epe-

YNCNM HEKOTOPbIE 13 KNOYEBbLIX Mep:

*  1CNONb30BaAHNE BbICOKOIPPEKTNBHbIX INEK-
Tpoaswuratenew,

+ ycTaHOoBKa bOaTaper KOHAEHCATOPOB AN4
NnoAAEpKaHNA BbICOKOr0 KO puruneHTa
MoLLHocTu (Gonee 0,99),

*  aBTOMATW3NPOBAHHOE YNpas/eHne cucTema-
M OCBELLIeHVS 3aBOAa,

*  YyCTaHOBKa 4acCTOTHO-peryaupyembix npu-
BOAOB Ha BCEX OCHOBHbIX TEXHONOrNMYECKUX
BEHTUNATOPAX,

* NPUMEHEHNE YCOBEPLLIEHCTBOBAHHOIO CKa-
Hepa AN OTCNeXMBaHNG TeMnepaTypbl Kop-
ryca neuu ¢ (PyHKLMEN KOHTPONS COCTOAHNS
OTHeymnopos,

*  BHegpeHue CNCTeMbl SHepProMeHeAXMeHTa,

*  BHeapeHne LleHTpal'II/ISOBaHHOVI aBToMaTn3n-
POBAHHOM CUCTEMbI YNpaBneHnd npon3Bos-
CTBEHHbIM MpoLeccomMm,

+ BHeApeHWe CKUCTeMbl ynpasneHus paboTon
nabopaTopum 1 OTrPy3KOM NPOAYKLMN.

10. 3aknioyenne

BHenpeHve a(peKTUBHbIX MEP, HanpaeneH-
HbIX Ha CHVXEHVe 3KCnayaTauMOHHbIX 3aTpar,
KpaHe BaXHO Ang cTabunbHon paboTbl npea-
npuatug. OnTuMmM3auns 3HepronoTpebnenns,
MNOBbILIEHNE IPPEKTUBHOCTU UCMONb3OBAHNS
CbIpb$ 1 pauyoHanu3auns npovn3BOACTBEH-
HbIX MPOLECCOB MO3BONGIT AOCTWYL Cylle-
CTBEHHOM SKOHOMWW. VIHBECTULMM B HOBEMLLME
TEXHONOMWN, TaKne Kak CUCTeMbl ynpaBneHus
TEXHONOTMYECKMM NPOLEccamMn Ha OCHOBE
VICKYCCTBEHHOTO MHTENNEeKTa v NPeaKTUBHOE
TexHN4eckoe 06CNyHKMBaHWe, Takxe MOryT
CBECTV K MUHVIMYMY BPEMS NPOCTOS U 3aTpaTthl
Ha TexHnyeckoe obcnyxveaHue. Kpome Toro,
(hOpPMMpOBAHUE Y COTPYAHUKOB NPeAnpUaTUs
CTPEMNEHNS K MUHUMU3ALMA NPOV3BOACTBEH-
HbIX MOTEPb 1 NOCTOSIHHOMY COBEpPLUEHCTBOBA-
HVI0 MOXET MPUBECTM K BbIpaboTKe VHHOBALW-
OHHbIX PELUEHWA 1 AONONHUTENbHOMY CHUMXE-
HWIO 3aTpaT. B KoHeYHOM cyeTe BCe 3TV Mepbl
NO3BONSOT HE TOMbKO NOBBICUTL NPUOLINBHOCTD
LEMEHTHOrO 3aBOAa, HO TakXe YKpenuTb ero
KOHKYPEHTOCMOCOBHOCTL 1 0becnewnTb peHTa-
0enbHOCTb ero paboTbl B AOATOCPOYHON Mep-
CMEeKTVBE B YCNOBUSAX AMHAMUYHO pa3BMBaloLLe-
rocs pbiHKa.
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English Translation

i!i? Cost Reduction Measures in a Cement Plant

HOLTEC

Cost reduction initiatives in cement plants are essential for maintaining competitiveness, profitability,
and sustainability in a challenging market. By optimizing operational efficiency and minimizing
expenses, cement plants can enhance profitability and financial resilience. Cost reduction measures
also enable investments in technology, and environmental compliance, thereby ensure long-term
viability. The improvement in operation efficiency results into reducing operation costs and helps
mitigate risks associated with fluctuating market prices, regulatory changes, and economic
uncertainties. By prioritizing cost reduction initiatives, cement plants can improve their ability to adapt
to market dynamics and remain resilient in the face of evolving challenges, ultimately securing their
position in the industry.

An elaboration of various cost reduction measures that can be implemented in a cement plant are
mentioned as below:

1. Efficient System Design:

Cost reduction measures usually starts from the early stage, while conceiving the concept of system
design. An efficient system design involves some key decisive factors which need to be incorporated
while developing the technical concept. The decisions mostly focused on the investment cost, cost of
operation and maintenance, optimised manpower, accessibility of energy resources (power and fuel)
and Plant location from the prospective market. Some of the key criterions for selection, can be
described as follows;

System availability and reliability

Ease of operation and maintenance

Skilled manpower availability and subsequent support services
Operating cost

Investment cost

Further, Plant layout has significant impact on overall energy consumption of the plant. Hence, proper
technical approach is of utmost importance while finalising plant concept. Some of the key areas can
be mentioned, as below;

Use of natural contours of the plant

Less no. of transfer towers for belt conveyors

Using mechanical conveying instead of pneumatic conveying

Minimising ducting length to reduce pressure loss

Proximity of coal mill to Preheater building

Distributed compressor house instead of centralised compressor room

Positioning of the Load Centres to minimise the Cable Loss & having decentralised distribution
system

NoorwN -~

The overall idea for an efficient system design is to select the most suitable option which justifies the
afore-mentioned points and leads towards optimization of cost of operation.

2. Adaptation of Advanced Technologies:

Adapting the most advanced technologies in cement plants is essential for enhancing efficiency,
reducing environmental impact, and maintaining competitiveness. Hence, selection of technologies is
of prime importance and should be relevant to the particular situation.

Grinding Systems:

Selection of grinding technology should pertain to the following factors which influences the systems
performance;

Physical characteristics of the materials
Moisture content

Grindability of material

Operational Cost related to maintenance
Specific investments required



Grinding systems are energy intensive and consumed approximately 65-70% of the total power
demand of cement manufacturing process. Hence, selection of proper technologies could be
beneficial, to reduce the operation cost.

1.

Vertical Roller Mills (VRM) are considered to be the most energy efficient system over the
traditional Ball Mill, as its grinding efficiency is almost 30-40% higher than Ball Mill. No limitation in
moisture content of the incoming material (can handle ~20%) and inclusion of an external
recirculation system makes it more effective w.r.t. Ball Mill system.

High Pressure Grinding Rolls (HPGR) is also an efficient grinding system, similar to the VRM. This
system can be used for pre-grinding, semi-finish and finish grinding, as well. Induction of HPGR
with existing Ball Mill system in Clinker grinding, further reduces energy consumption and enhance
productivity for cement mill application. Product quality is the key factor for HPGR systems as it
ensures better PSD and minimum water demand for cement products. Present generation of
HPGR systems are more energy efficient as compared to VRM, especially for Raw grinding.

High Efficiency Separators in grinding circuits are very effective towards particle size regulation,
productivity enhancement and reduction in grinding power consumption, to the extent of ~15%.
Introducing these Separators, reduce the chances of overgrinding and helps optimizing the Ball
Mill charge, as well, in case of Clinker grinding.

In an operating Cement Ball Mill, introducing Improved Ball Mill Internals shall further improve the
grinding efficiency, resulting into improved productivity and reduced power consumption. Improved
high-chrome grinding media resulting into lower wear rate, controlled flow diaphragms and boltless
liners are some of the key features, contributing towards significant cost reduction in the Clinker
grinding section.

Studies comprising of various Grinding System'’s for Clinker grinding, comparison of specific power
consumption at equal Throughput & Product Fineness, reveals the following as below.

Mill System BM HPGR as Pregrinder VRM HPGR in Semi-Finish Mode

SPC (kWh/t Cem) 38.2 29.7 21.8 20.8

Pyro-processing System:

Major technological developments over the past decade were focused more into thermal energy
savings, effective AFR usage to reduce carbon footprint, and optimizing components of the Preheater
system while making it more efficient for the WHR Boilers at Preheater and Cooler end. Below are some
of the technological developments, aimed at reducing the cost of operation.

SOAWON =

Advanced Precalcinator system
External combustor system for various AFR burning (for higher size materials)
Low primary air multi-channel burners
Improved Clinker Cooler technology with hot air recirculation
Improved refractory application in Kiln
Application of high efficiency process fans
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3. Cost Reduction Thru’ Process Optimization:

Optimizing the cement manufacturing processes involves maximizing efficiency, and productivity.
Further, optimization leads towards reducing environmental impact through continuous improvement of
raw material preparation, clinker production, and clinker grinding. Some examples of key optimisation
measures are mentioned as below;

e The important tracking parameters like temperature, pressure, etc need to be maintained within
the prescribe limit, for efficient system performance.

e System false air infiltration should be maintained as minimum as possible. For e.g., Pyro system
efficient operation can be achieved if false air across the Preheater can be restricted below 7%.
Every 1% reduction in False Air shall reduce the SHC by around 2-3 kcal/kg CIk.

e Optimization of the Kiln burner operation (effective ratio between axial and radial air) and its
position inside the Kiln can result into desired flame shape and intensity, while maintaining the
primary air quantity at minimum level

e Clinker Cooler operation should be optimized to achieve maximum heat recuperation, so as to
lower the Sp. Heat Consumption. An effective balancing between Cooler grate speed and resulting
Secondary Air and Tertiary Air temperature, is of prime importance. Further, with WHR installed,
the balancing between effective heat utilization vs WHR generation also plays a major role, in
defining the systems overall efficiency

¢ Maintaining optimum fineness of Cement leads to lower power consumption and enhanced
production, as well. This can be determined by analysing the ongoing Cement quality and
predicting the Cement Strength, through implementation of Prediction models (Al/ML based),
where target for optimized Cement Fineness can be prescribed.

e Idle running of the equipment should be avoided, especially during Plant startup and stopping
period, through implementation of sequential interlocking. Further, creating awareness among the
operation team members shall have direct influence on reducing the cost of operating.

Periodic Audits need to be conducted to assess the System performance and its inefficiencies. The
exercise should focus on the following;

Optimizing the system throughput

Optimizing specific energy consumption

Prompt addressing of issues related mechanical, electrical and process
Optimizing quality of final product

Addressing issues related to environment

Optimization Thru’ Data Analytics:

Optimizing Plant operation through implementation of Advanced Data Analytics, is showing an
increasing trend, now a day. Various AlI/ML models are being used to Predict / Forecast the key
variables, which have significant impact on the Plant operational performance. These machine guided
solutions help the Plant operation team to take proactive measures, which ensures sustainability of the
ongoing processes.

To optimize the operation based on data analytics, Al/ML based Analytics models, developed by Holtec,
gives additional advantage towards fulfilment of cost reduction initiatives.



Online Heat Balance

HEAT OUTPUT (KCAL/ KG CLINKER)
Heat of Reaction

Clinker heat loss

PH exit loss

Cooler exit loss

Total Radiation loss

PH return dust loss

Moisture evaporation loss

HEAT INPUT (KCAL/ KG CLINKER)
Sensible heat input

Cooling air input

PRODUCTION KPis
Specific heat consumption(kcal\kgcl)
Clinker production rate (TPH)

WHRS Generation(MW)

Gain/ loss WRT effective heat utilization (Today till
now in INR):

Gain/ loss WRT ref WHRS generation (Today till now
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System heat utilization Vs WHRS generation (Today
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Holtec proprietary Cement Fineness Prediction model and 28D Compressive Strength Prediction
model helps in eliminating under or over quality product, before being sent to the market. An estimated
savings of 2-3 % reduction in cost of production is envisaged.

4. Optimization of Raw Materials Cost:

Effective use of raw materials in cement plants involves optimizing the sourcing, handling, and
processing to ensure uninterrupted production while minimizing the operation costs and environmental
impact, as well. The following can be useful while considering the target to reduce the raw materials
cost.

1. Usage of cost-effective correctives and additives, while keeping a close watch on their quality
aspects and formulating a competitive, low cost raw mix design.

2. Using high MgO limestone in the clinkering process can impact the clinker quality, leading to
expansion of cement. Hence, the same can be used in the clinker grinding process, as
performance improver, limiting to max allowable as per standards.

3. Exploring usage of limestone with higher Alkali content, by balancing with high Sulphur, low-cost
fuels results into decrease in raw materials cost or by adding small amount of Gypsum during the
Milling stage.

4. Usage of alternate raw materials like Iron sludge, Red mud, Red ochre, LD Slag, Zinc Slag, etc
are being used successfully in several plants, which proves to be cost effective, as well. Use of
ARM’s can reduce the raw materials cost to the tune of 0.05-0.07 USD/t of Clk.

Regular testing and analysis of raw materials is of high importance, to ensure compliance with the
quality standards and subsequent optimization of the process parameters, shall lead to improved
performance and competitiveness in the cement industry.

5. Usage of Alternative fuel :

Dispensing with fossil fuel & reduction of CO2 emission is key concern of a cement manufacturing
plant. Hence, optimization of fuels is crucial for environmental impact while maintaining the efficiency
of the operation. Maximum utilisation of alternate fuels like Biomass, Carbon Black, Rice husk TDF,
RDF, etc need to be proportioned effectively, to dispense with conventional fuels

Holtec developed a Fuel mix Optimization model to optimize the fuel and securing the maximum
possible TSR.

MOST OPTIMIZED OUTPUT MT (Dry Basis) HEAT (%) MT (Wet Basis)
HEAT?% OF VARIOUS FUELS

Petcoke 174 730 187

Carbon black 34 120 34

Agro waste 02 04 03 \
Solid waste 15 21 21
RDF 35 28 49 ‘
Liquid fuel 18 15 18

Liquid solvent 18 23 13

TSR without carbon black 88 150
TSR with carbon black 122 27.0
Petcoke @ Carbon black
Total 296 100.0 Agro waste Solid waste
® RDF @ Liquid fuel
Liquid solvent

OPTIMIZED FUEL COST: 1,373.7 RS/T CLK
LIKELY MINOR OXIDES IN CLINKER

503 Na20 K20 d Excess_sulphur ash absorption

141 0.22 0.53 004 816.86 0.89

Fuel Mix Optimisation Model for Optimizing Specific Fuel Cost & Maximizing TSR



The following are some of the key areas which need to be focused while doing the fuel optimization
exercise:

1.

Too high Ash in solid fuels may lead to higher LSF target, thereby increasing heat consumption
and cost of production, as well. Hence, optimization of fuel mix is essential to keep the Ash content,
within an acceptable limit.

Fuels having high Sulphur content should either be avoided or need to be mixed with low Sulphur
content fuels to maintain an optimized limit for the system to operate. In case of high Sulphur input,
Alaklies need to be introduced to avoid unwanted jamming, buildups in Preheater system.
Installation of gas Bypass system will further increase the Specific Heat Consumption, thereby
increasing the cost of operation as well.

Volatile matter in the fuel is also to be checked before using, as it impacts the grinding energy
consumption of the Coal Mill due to higher fineness of fine coal

While considering alternate fuels, higher moisture content materials should be avoided, even if
their unit cost remains at lower end. Higher moisture leads to lower Net calorific value, thus
resulting into higher fuel consumption and subsequently higher cost of production, as well.

Fuel burning should always be in an oxidising environment. Heat liberation from the fuel will be
doubled as compared to incomplete combustion, in a reducing environment. Further, few
mineralisers can be used like CaF2, AlFs3, ZnO, etc., to reduce the overall thermal energy demand,
thus saving the overall production cost. Studies suggest that by using mineralisers, specific heat
consumption can be reduced to the tune of ~30 kcal/kg clk.

Installation of Waste Heat Recovery System:

Waste Heat Recovery (WHR) System in cement plants is instrumental in cost reduction by
harnessing the excess heat liberated from the Pyro-process system, and used for power
generation. This further helps in reducing the need for purchasing power from the Grid or reduction
in usage of fossil fuels in own Captive Power Plant, as well.

Based on Preheater Stages like 5 Stage or 6 Stage, and chosen technology of WHR System,
power generation to the extent of 25-30% of the total System’s demand, can be envisaged. This
waste power generation can eventually drive the Pyro-process operation, thereby, reducing the
Specific Power Consumption of the operation.

In India, Power generation cost of WHR system is around USD 0.01807 /kWh as compared to USD
0.06025 /kWh for a captive power plant. The total WHR installed capacity in India is around 400
MW (up to PAT cycle Il) against potential capacity of around 1200 MW, as obtained from recent
studies.

Cost of Power Generation from Various Sources
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Hence, it can be concluded that, enormous savings potential exists with each WHR plant
installation, which will directly reduce the fossil fuel consumption and also reduce carbon footprint,
as well. Further, implementation of waste heat recovery systems will improve overall energy
efficiency, maximizes resource utilization, and enhances the competitiveness of cement plants
while contributing to a more sustainable and economically viable operation, which could be one of
the key factors towards cost reduction measures.



7.

Usage of Alternate Fuels (AFR):

The usage of alternate fuels in cement manufacturing involves supplanting conventional fuels
with renewable or waste-derived alternatives. This includes biomass, municipal solid waste,
tires, industrial by-products, etc.

Co-processing these materials in cement kilns not only reduces reliance on finite resources but
also mitigates greenhouse gas emissions by diverting waste from landfills.

Careful selection, processing, and monitoring are crucial to ensure compliance with
environmental regulations, maintain product quality, and optimize energy efficiency, contributing
to a sustainable and circular approach to cement production while reducing overall
environmental impact.

Cost Reduction due to Alternate Fuel usage
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Improvement in Maintenance Practices:

Maintenance practices in cement plants are vital for ensuring equipment reliability, minimizing
downtime, and maximizing production efficiency. This includes preventive maintenance
scheduling, regular inspections, and predictive maintenance techniques to anticipate and
address potential failures.

Predictive maintenance practices are slowly picking up momentum for managing assets which
will significantly reduce the cost of piling up of inventory and reduced breakdowns by early
detection of abnormality in the equipment.

Implementing condition monitoring systems, lubrication management, and spare parts inventory
optimization enhances equipment performance, as well.

Additionally, establishing a comprehensive maintenance management system facilitates tracking
maintenance activities, prioritizing tasks, and optimizing resource allocation.

By maintaining equipment in optimal condition, cement plants can achieve higher productivity,
extend equipment lifespan, and minimize operational costs while ensuring safety and
environmental compliance.



Cost Savings in Various Maintenance Practices
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9. Advanced Electrical and Automation Systems:

Implementation of advanced electrical and automation techniques further helps in reducing the
Plant operation cost. Some of the key measures are mentioned as below;

Use of higher efficiency motors

Installation of capacitor banks to maintain higher Power Factor (above 0.99)
Automatic control of Plant lllumination systems

Incorporation of VFD'’s for all major Process Fans

Advanced Kiln Scanner with Refractory condition monitoring

Energy Management system

Centralised DCS control system

Lab & dispatch Control system

Conclusion:

Implementing effective cost reduction measures is vital for sustainable operations. By optimizing energy
usage, enhancing raw material efficiency, and streamlining production processes, significant savings
can be achieved. Investing in modern technology like Al-driven process controls and predictive
maintenance systems can also minimize downtime and maintenance costs. Additionally, fostering a
culture of waste reduction and continuous improvement among employees can lead to innovative
solutions and further cost savings. Ultimately, these measures not only enhance profitability but also
contribute to the overall competitiveness and long-term viability of the cement plant in a dynamic market
environment.
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