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Executive Summary:

China’s cement industry is both a pillar of the national economy and one of the most significant sources of its
industrial CO, emissions. Decarbonizing the most energy-intensive stage of cement production—the thermal
systems in clinker calcination—is essential if China is to meet its "dual carbon" targets (peak emissions before
2030 and carbon neutrality by 2060). This report provides a systematic analysis of core technological pathways,
benchmark practices, and future trajectories of clinker calcination thermal systems, offering a clear decision-

making framework for industry stakeholders.
The report identifies three primary technical pillars driving their decarbonization:

* Waste Heat Recovery (WHR) and Cascading Utilization: Moving beyond conventional internal power
generation, the focus is shifting toward the comprehensive use of low-grade waste heat through cross-

sectoral synergies, such as district heating and agricultural energy integration.

e Scaling Alternative Fuels: This remains the primary lever for deep decarbonization in the near term.
While the industry average Thermal Substitution Rate (TSR) stands at a modest 5%, leading enterprises
have demonstrated the feasibility of TSRs above 60% through supply chain innovation and systemic kiln

retrofits.

e Frontier Technological Exploration: The report examines game-changing "zero-carbon" solutions,
including hydrogen-based calcination, oxy-fuel combustion coupled with CCUS, and industrial electric
heating. Though currently at pilot or demonstration stages, these technologies represent the ultimate

hope for a net-zero industrial future.

The transition has entered an initial phase: technological pathways are clear, and experimentation is

diversifying. Nevertheless, significant headwinds persist:

e Financial Barriers: High upfront capital expenditures (CAPEX) for equipment retrofits and long-distance

thermal networks.

e Immature Supply Chains: High costs and a lack of standardized systems for the collection, storage, and

transport of alternative fuels.
* Technical Complexity: Integration challenges, such as maintaining kiln stability under high TSR conditions.
* Policy Gaps: Insufficient institutional alignment and market-based incentives.

To navigate these challenges, the report proposes a phased and differentiated transition strategy tailored
to regional resource endowments. Governments must refine top-level designs, establish standards for
alternative fuels, and expand the Emissions Trading System (ETS) to incentivize low-carbon investment.
Enterprises should adopt internal carbon pricing, enhance carbon asset management, and utilize innovative

business models to mitigate investment risks.

Together, these coordinated efforts can facilitate the cement industry’s transition toward a more secure,

affordable, and sustainable low-carbon future.
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gam, EMRCNANEIENATERE. —SEFEHS5EE, ERANEEHEREEY, FRENT
AEMEETETHNSERRL., _BREETFRERDE, AUNUSEFRERSTERR, TREKEFS
BREFKET, ZRIREMAM. FEFHRNELTTAMBORBAMIREZEERNEAER., NES
SBHRERAR, TV REBFRERBENAMBRIBEBNRIEREEK,

1.4 4518, BEEEREIN

1.4.1 FEEIC——HARBLE AR B

KBTI HARRACENE “BEREEFE, MBE—KZAR, MEBLSERAMEERHR, BRR
REFE=TOTE: BRERAFNBERBTWDEFLR, BEAMBERNZOMNTF, LRI BSIGRE
MR, S8, CCUS FRIEMKRARBHAPRTE, MRERKEEEM (K 4) .

B, ERARARIBOAREBRBRE, SEFTEEPHEKBETLABRALKE, HEERTUEERES
RFE—FWHRR, ME~UHEANA (WRHAME. TUMS) ISFRAODK (NELEERS.
HNMAREZSTRER) BB, HoEVeSSMMELNA,

£, BREEARRANBRATRERRENZONTE, SRTULEFRECRDLEM, BXBEVER
EHEACIFEVSRIE. fIa0, EMRBHFERITEME (SRF/RDF) MARSH#M, tRFEWSLISE
BB, PTIRETEFINEN,

$£=, SHEH CCUS FEWMBBARBHADHNTEMR, SREVEMBEERRBERAREL,
HHMELTMERAENTEME, FIY, [EEBRRFAERMR, ESRIWRREBMARERZR, TR
BRI E,

2= 4 KRAT WA . MR B SOB5

BABE ERERRER iR R
RIERRI BFm AR / 5. STRRABREIR BRI R
IR RLBIEYRIRE,. ERITEME (SRFRDF) RIFF  fFligs, iRiTseey
THIRKS CCUS SRR, SRR i / TR

FHEVIERER, TUYRIRFEREEREZEW WA ——O——E" IROREE, REF
BEARZZAR, EMNTAKBY REIBTUVEREE, ERERBRFMARI, ZEARRES, 2%
MERE, REOREERNER, H80REMEMN LLARBRIEIR,

¢ BN BLERREIRS
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BERAMBELSINRELMAERANXRESR, THEVETRAMERLAMHNELNSLLHIENR
K, WIETHRARTTEFEDIRCBLMNE ., ZEARNDLEFREZIMNER, EVBIESLERIEPAR
BIIRREZW, R_BANE, BEAAR, S—XRINNAELNREHEINEX—IE,

SHERR. EMRR CCUS AT M EHR BRIV IEMEE ., BAXERARNDL T RAHTTHM
B, BHBEENNE. SpHEIESHNREMEEMAE, BEEERIG. RARCIMMMRWIBEHEE, K
ATRE#EBRE, KRRESHWHEND,

1.4.2 ZiO Bk —— R AR R H 7S5

RERZBEW, EKBTUHABREZAZNEIGSEN S, XEREEERARER. EiliRiE.
RS THiniEISF.

MR SREME, ERAINERENAKARBLCZAFEEERE, ZOEMELS TR
BEN. USHHIBARE A, RERDNERNORREEEZN, EMHERANEEREMNONGE; .
REBETERTRENARRAEE, SHERSEE, MENIIRERT, RHABUEZERERESHNIRE
ZHIKTE, EREBMENNRERIELLEN, BIMRFRTBHEER,

RS HNENEMMERO, KARMEWKBINPEM IRES AN ENZE, BIHNREREREE
RO B RAFBEINSEFHKBHIKIEBHAERN, REFKA, BEREI . F&. KUFEIHE,
AR, SERES, MM R, BN, # §. 5. BP2RREARE, MREM
RIERARS, REA—NREDRSETRENEMTE, BNSHRERFYHEIRETVRES, AR
RUCE BRI XHIBIR

HNuESHIHERkE., BAME (RDF. £¥R) HREERFALERTRAEKR, SHEEZFNE
MBEDBOMEXHARBPE, TUABRELAE-NBEARNRERENETRENEERR, HATHED
HICRE, o, BERREWTINE, SREERFMZREFEARME,

ZFMEEREERMREK. EFEEANFHELEFHEWVRERE, 8%, KEBHAENSSLAE
KRIIBNEPRRANETERARRAIL, STWAETBONIE PR, HX, 2EHRHIZOERSE
5MRVAERNERE, RNRZBENKIBES, CUELUSKRE= RS ERAA IRRVE, ATREME,
Ra, BAE FAEXRNEED, SREHTHEAITELK. FE5 CCUS FaARARTITAR SELRRK
ARRFNNABRAHE, ERERENICEE,

1.4.3 SRERMEEW: R INEEERA BB R HBIARIE

Rrxg Eidpkdl, AiRITUHRBHRAEENRE SR —RAZIFEM EMEBSIERME . HialE
MW EDRNESRARIR, RAMMEENE, RAWE, ETHEAMEER,

REiRIt: SMER. ENSIERNRAE BEE

WA BTN H EEW . SENRLE, RURBEFBSEMKES:

P (22030 F) NERREEE BEFWRAFA, HNBCRBIMELNE, ExR5E RDF
FEYD BRIAR Y XM R 5%

$HA (2030-2040 F) REIVEXREHEAEMIVRA NARE", HaBAMBERERE
EBAaiE, FRRARSESRN I WREHIGIESR M.




KHI (2040-2050 &) REMEIMAKBHANERREIRZ—, LI CCUS ZARNWLRA,
ERZIXBAT IR E B B B AR

BEEFERMGHE, FEISMTREHERGE, BR“—D7, EK=A. R=BFITUSHHE
SatX, TMARRIVSHZEKRN RDF, WZEFMRFEUIBAME, £FRIL. ARFRIVER
FEBX: ESETEMERRS, WEBEHKE + RPLETHHNEER, ERE. HRFXARIERE
MK, BIEAR RNARS - KiEEBR —KHINE,

BUERIBE: PARE. RS ERMEREN
IERRFRRITESBEIIRE. BERARN N HHEEFRHESSIS,

B, BRSTUMSNZAEFERAFEAETEARBNTnRESRITE. NMELERAME
URETFHRENQATEERR,

EEY, BIZEEIMMEANG, REMARARRETVAR, SANKMENESENL . Bit. 2RSS
MTIER, BEANEW. AFNRENERTE, REHKBIRE,

t4h, RARTHNKBIERRREZ, ERTRBORNES, HNEWBRMHIIMBARALAEK
BRERRNZOEE, NMENHTHEMNRAGTRESNE. KEEESH, BETREEES. 5
HASREENTHEERASRZEEREIR, SENORASTEMBENIRRENIR, Bl st
CZa7,

T BERENNSLIFHIEN

A MFHARBRCENRARKBRSHORBMERE, RUHBEEXIZANNE, EEENE, £
WA RN TR EXAARBRERZOIZBE, EIFERBN, RTEANEFEBVNE, EFEARE
FREBAOBR BB P W s AR HE IR AR T AREL, WMEMZE, EHMTARBNASKRESR (IRR) , MHE
FFE KT SR T I,

BRI eI, RIRAEEERERE (EMC) FEH R, SIAZWE=SRSENRIRE. B8
SEEXKE, KEEWERHESHNMBEARAAZINEANL, IMEFENTES BN (WP
AR, SRENRETREE) ARSHE, ERKEEVHRERES,

B LTWASREEEEN, BEERMIZORE R, PREURBHEARERE R RTMWAIEH
B, IANERAAR, ER—TMENEXNFE, AL, BVHAEHRET-EEBRAZKESE, BX—
ETVHRETEEFRR, BETVARNIER, BRECEITRS. JRENTRETHECEE,
BEMENEUNBIERREZORF .
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