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Concept of carbon cycle based on co—gasification of carbon containing waste and

coal and analysis of carbon emission reduction potential

LIU Zhen'?, CI Donghui®, FANG Xinhui®, LI Wenhua®
(1. Department of Energy and Power Engineering , Tsinghua University ,Beijing 100084, China ;
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Abstract ; China has the largest coal production and consumption in the world. A large amount of CO, is discharged due to the development
and utilization of coal. In order to help realize the clean transformation and utilization of coal ,the CO, emissions of coal—fired power gener-
ation and coal gasification to methanol process was analyzed. The CO, emissions from coal —fired power generation process and coal
to methanol production process with coal gasification as the core were calculated. Through the analysis and calculation, in the coal gasifica-
tion to methanol process,about 37% of carbon from the raw coal enters the product, which can achieve a certain proportion of " chemi-
cal carbon fixation". The CO, concentration in the syngas produced in the coal gasification process is high. Coal gasification to methanol
process is easier to achieve large—scale and low—cost carbon capture and storage than coal-fired power generation. Based on the co—gasifi-
cation of carbon containing waste and coal , the concept of carbon cycle is put forward. It is a very potential carbon emission reduction tech-
nology to use gasifiers to deal with all kinds of carbon containing waste in a coordinated manner,so as to realize cross system carbon recy-
cling and save the use of raw coal. Take 1 million t/a coal direct liquefaction project for example,the reduction of CO, emission is about
1.23 million tons every year by the gasification of carbonaceous wastes. CO, emission reduction consists of three parts. Part I is about
0.58 million tons,due to about 50% of carbon from the coal liquefaction residues are entered the asphalt product. Part II is about 0.30 mil-
lion tons, due to 10% raw coal for hydrogen production is placed by coal direct liquefaction residues raffinate. Part III is about 0.35 million
tons by avoiding the direct combustion of coal direct liquefaction residues raffinate. If this method extends to the coal chemical industry,
it can save about 23.91 million tons of raw coal in China and reduce 37.10 million tons CO, emission potentially in 2019.

Key words: coal gasification; CO, emission;carbon cycle;carbon containing waste

K BHE.2021-07-21; FEHmEE: 5 7% DOI:10.13226/j.issn.1006-6772.21072104

TEHEBN . % #%(1982—) ,%,W%E@;&)\,%é&IEUﬁ,%tﬁH%IO E-mail ; zhen.liu.v@ chnenergy.com.cn

SRR XUER  WOARNE , Jr $i% | 55 JE T 3 B 32 5 IS AR R B 408 P ABE 8 B W HE VS 1 20 A [ ] i BB R, 2022, 28
(2):130-136.

LIU Zhen, CI Donghui, FANG Xinhui,et al. Concept of carbon cycle based on co—gasification of carbon containing waste E
and coal and analysis of carbon emission reduction potential [ J].Clean Coal Technology,2022,28(2) :130-136. Eililee
130



X BRAE T SR I S I A R BRIE SIS S s HE T 1 50

2022 4F55 2 W

0 35

2020 4F 9 H, R E &L E co, HEOI 4+ T
2030 AFRTIAFIIEAE , 85 14 B 2060 4F Hij 52 8L Bk
U EBR, Bk I e A ok 3% 1 e IR A7l BE
SRR RIS TR E BRI IA R T B RE 1T
AR IR 2 7

FRIEE A T R A A= 7 R #E [, 2019
AESEAAE— IR BB R 2 P A LL R PR = 57.7% , (HIE
B K 1%, 2020 4F 12 A, R B E
2030 4FF% [ HE 1 A BE IR T 2% 5 HOoKE Ik 25% 22 A,
2030—2035 4FE4x E AR CH R A B B TR E
REIR S5 AR I 10 244K LA Re IR 20 3
SN B [ DU A RE TR AR Sk As AR
FPFEEL T | 7E 2025 4F 2 R, BEAT o5 TR g VR
MIHPRA 50% L 1, 3T K AL R, 3R
AL TR & e, Haidk B2 L g T
B R A 7 [ TR) s B R B AR Ak Tt A b
JR L BEE RE R A 0 AN I 1 SR (L (IR 42 T 5
AT , P2 2540 IR AE B AL A TR RN TH %, I,
IR AT BETR AR AR5 Ry 32 A R TR 465 g s 750 J— T3
WETME RS TR, 4563 E MR IR SRt
SOV R BT A VRS T b BE TR % 7 ) 3
Tlt, $82 i MRV it e A ) FH B8 0 X S B e ik 0 ik
ORI A AT R s S

PRACHRE T A 455 5 o e (L R R i) 2
b)) R R IRA A | P B B 2 —
P | L TH e R OO ) R A ) (4 A
e IR R e 3k AL T AR = R A il
LTI RS T B AL I A T IA
SIS A T Sk B T AR = R, BRI
B R AR OEAR  JEgT, #E 2019 4
S, ARl SRR AL JRORHE 2 2.5 42, A R IE
WEBH BRI 6% 224710 IS A B n] SE B
UL B BE CO, 43 B, W LR 2 Hh B ) S 3
TRRA IR S R EL A7, BEAh ISR A T -
B2 AR N AR SR Ak, o n] SE
JITA 5w A IR 3 AN G ML R 4k, R L, 3
ISR EORAL T PR A SRR S, SR
5 RGN IRAG IR , o/ S AR HE AR, & — TR 5 A T

0O, H,O

100% C l l

T

FIEBRHE AR T 2 % LUE K AR IR A T
LRSS s ke E RUNE RIS E SapeRiINeg i Ex7
AR B, S BB A B AR el 77, LAY
N BRI BTN T MU e 1 e LR
AR RIES %

1 BESUERBBRBHAE

1 JRE 20 R T AR, RS S vl O FE I B 24
FE B 2 E i 1) —2F L E 2019 483K 55.2%,
215424 0 BRI R T R v BRI 1R TR AR
BeIE R IC R iR AL A O, HER B A, il 1 fr
e Ho 1 e BRAERR PR HERL 2.54 £ CO,M Uk
SR AT TR IRBE R CO, HE R 54.61 14t
PRI R A v S T Tl T 19 T2 R UL, AR A
SRR CO,HEBON BEHAT Il T RRSE 4 e K 3% [ 52 30
R HE H bR BAT FE R

CO(H 73 %1 15%)

100% C

100% C

JEURH

F 1 AT COHE M AT
Fig.1 Distribution of CO, emission in coal power industry

MEAE R, P IR ¢ I Vit v A AR R B AR s
— RINBE 2R, LU AR R e Sk iy AR R AL T2
P TR [ RE L BB VR 110 ] R 52 e, S v flk B DRIG
B AR A8 B 05 )7 DU A Y e R R
], JERHE R 2 379 [ ik E A FF ISP i, 63% [ B e
& CO,,CO, AT ATEMEAS S Ab S R 1 DL 4 1K
R B 88% 247, I 2 i, AR HLE e B30 e,
IR SN FP B R T DA 379% 1) Ak
e, R D> T B m RAHEUW €O, .
P FHAEARRHT (2 7 2 MR B9 20% ) 235 A0 RE
Ji CO, , ANFELAT BRI FH Dy R 5 7 FIAE JEOREAE 7= R i
ST S (2 5 A B A 80% ) |, ik 4k
SEFIH 60 AN 2 AL B CO, , AT i () ik )
FHTIRE AR ATl PR F B SF T e, Al
1t FPERZAINHE 1.5 o bRAE 1 o bRIEAERE AL F R R it
FEPZYHERL CO, 1.57 t MBS T 1 e bR R 72
Hr CO, HER R (1 62% , BRISHERC R AR 3 W ag 0

CO (153 %188%)

63% C
37% C

B2 MH B CO,H KM

Fig.2 Distribution of CO, emissions from the process of coal-to—methanol
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Fig.3 Life cycle and CO, emission accounting boundary of modern coal chemical industry
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Table 1 CO,emission reduction contribution of carbon containing waste gasification in modern coal chemical industry
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