ERIE:TRY o R Vol.31 No.4

20254E 4 H Clean Coal Technology Apr. 2025

5000 t/d ZhERABKEEEREBZITMURE
Z5TES T

%‘/%‘i@l’?&ifugﬁl’;&%i’ﬁlvg %Ezvf%éj—%zzvf% ﬁ?3

(LRI R REIRS RIS 2 e REIR I e SO R P2 2 R S0 28, V195 Mt 2100965 2. LRt BUBR AT TR FRA T, dbat 1000245

3AERE TRBHE A RITEA R, BEVE V% 710065)

W EAMARERE, RBARRATLBEHATEGRT, BLeENBBRMET R, G R A —FF
B AT B, B B G AR, R RRIFF R, A ARRAT A B A EEE S 2B AT e )
A RAR R R A R R A 0 R, AE B2 5000 t/d 69T kKR E R A A E L, KA
Aspen Plus 83 5. T AEHUAAEA SFI0IE TR A a9 e A bE . Rl b 347 T KRB 'S Ak s
RARZGT, B TR RAERRT TR, AREIRT 2ARBRAK, 15HTEIFBATH
CO, Ry H ., BHKREGEIRFEHEMEBA ARAES BIRBE LI THRRERHBELRS 4
o, B RARBAT LU, FHir A R A . R A EAR T TIRA 69 CO, BAKRRY A
79.7%, % )R 45 A )G 09 CO, AR 4 H 99.5%, A % CO, B FE A 97.3%., M &R waE & &
GALALN HrR, I B BEERRG I 97%, IR FZ A 0.03, B AAEIRL A 0.46, Bb R AR5 3K
) 30% B, Bl S AR AL RAR . AR, MRS T 695 O, RS HH B T % 693505, 4R 4% A %K
WA A, R ITILT, #6000 h/a EA78 A+ 5, & CO, £ 98.7 7 t/a, 7-4F B &% 4 45 P #7 3%
It P2y 1.85 1070, I h- CO, BRAH SE A A 187.4 7U/t, ABEL T 1% %o b MR RS 36 45 R R BRT AR '3 A
WK o8 B A S A K K
K KRR E; 7 BIRE; AN ; AL ; ZF AT
FESES:TK-9 XEIREH: A XEHS: 1006-6772(2025)04-0052-10

Optimization and economic analysis of whole process design of a 5000 TPD

oxy-fuel combustion cement kiln
GAO Siyuan', DUAN Yuangiang', DUAN Lunbo', MA Lei’, YANG Hongcai’, YANG Yu’

(1. Key Laboratory of Energy Thermal Conversion and Control, Ministry of Education, School of Energy and Environment, Southeast University, Nanjing

210096, China; 2. Beijing Triumph International Engineering Co., Ltd., Beijing 100024, China; 3. Hualu Engineering &
Technology Co., Ltd., Xi’an 710065, China)

Abstract: As a major country of infrastructure, Chinese cement industry has high carbon emissions and it needs a suitable carbon

emission reduction plan. As a carbon emission reduction scheme, oxy-fuel combustion has the advantages of low carbon capture cost and

good capture effect, which is of great significance to the carbon emission reduction of the cement industry. However, the scheme design of

the whole process and the system optimization corresponding to the actual production are still lacking.A process simulation model was

established using Aspen Plus software with a dry cement production line with an approximately daily output of 5 000 tons as the reference

object, and the accuracy of the model was verified. On this basis, the whole-process design of oxy-fuel combustion in cement kilns was

carried out. Through process optimization and overall system heat matching, the air leakage coefficient was effectively reduced, and the

CO, concentration in the flue gas was increased. A carbon capture model for oxy-fuel combustion in cement kilns was built to study the
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carbon capture effect and energy consumption of cement kilns under oxy-fuel combustion conditions, determine the optimal operating

conditions, and calculate the carbon capture cost. The results show that under basic operating conditions, the concentration of CO, in wet

basis of the flue gas is 79.7%), and the purity of CO, after compression purification is 99.5%. The CO, recovery rate of the system can reach

97.3%. Analyzing the impact of various influencing factors on system energy consumption, it was found that when the oxygen supply

concentration is 97%;, the air leakage coefficient is 0.03, the flue gas circulation ratio is 0.46, and the mixed oxygen concentration is 30%,

the carbon capture energy consumption is the lowest. In addition, the high concentration of O, in the combustion atmosphere can

facilitate the co-firing of inferior coal and effectively reduce fuel costs. Under optimal operating conditions, calculated based on an annual

operating time of 6 000 hours, the annual capture of CO, is about 98 7 000 tons, and the additional cost of carbon capture is about 185

million yuan per year, equivalent to a unit carbon capture cost of 187.4 yuan/t, which is at a leading level.

Key words: cement kiln; oxy-fuel; carbon capture; energy consumption optimization; economic analysis
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Table1 Main parameters of reference cement kiln system
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Table 2 Proximate and ultimate analysis of coal
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Table 3 Comparison of simulation data with on-site

operation data of reference production line
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Fig. 1 Flow chart of oxy-fuel cement kiln system
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Table 4 Simulation results of the oxy-fuel cement kiln system
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Fig.2 Flow chart of the flue gas compression and purification unit
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Table 6 Effect of O, concentration on kiln head temperature
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