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Abstract: China ranks first in methanol production around the
world, occupying approximately 50% of the global
production. But the dominant coal-to-methanol technology in i
China suffers from serious CO, emission, which aggravates =

CO, emission

the global climate change. On the other hand, the development

of biomass-to-methanol technology provides a method to 0z absorption

reduce the CO, emission of methanol production from sources, = Ll

Organic
I l B chemicals
-

CO> sequestration

as the biomass feedstock is carbon neutral. And the application
of CO, capture and storage technology to biomass-to-
methanol can further propose a low-cost way to capture, utilize

and partially sequestrate CO; from the atmosphere indirectly. FRotosynthesis

In this work, the CO, capture process in biomass-to-methanol

production was conceptually designed and simulated by using
ASPEN PLUS software. A Rectisol process integrated with a CO, capture unit was provided. A techno-economic
analysis was carried out to reveal the cost of different CO, capture ratio and the effect on the biomass-to-methanol
production. The results showed that moderately increased CO; capture ratio could reduce the average cost per unit of
CO; capture, but excessive CO, capture could also lead to a sharp increase in consumption and cost. 85% of CO»
capture was the most cost-effective choice for biomass-to-methanol. It indicated energy consumption of 453 MJ/t COa,
water consumption of 193 kg/t CO,, and cost of 135 CNY/t CO,, which were much lower than that of directly collecting
CO; from the atmosphere. The total production cost of methanol would also increase by 154 CNY/t, because of the
CO; capture and storage, and had a greater effect on the economic benefits of the biomass-to-methanol system.
Therefore, policy-related subsidies were urgently needed. The cost of CO, capture and storage in biomass-to-methanol
could be offset when the subsidy of carbon abatement was around 40~50 CNY/t CO,. And once the subsidy was higher
than 100 CNY/t CO,, the total production cost of biomass-to-methanol could be reduced to the same level as
conventional coal-to-methanol.
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Fig.2 Flow diagram of biomass-to-methanol process without CO: capturel!3]
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Parameters of the biomass-to-methanol process without
CO» capturel3]

Table 1

Parameter Value
Biomass consumption/(t/t) 1.99
Methanol yield/(mol/kg) (dry) 18.5
Electricity consumption/(kW-h/t) 170
Water consumption/(t/t) 5.88
Carbon utilization efficiency/% 47.4
CO; emission/(t/t) 1.46
Operation cost/(CNY/t) 1028
Production cost/(CNY/t) 2056~2284

2.2 Rectisol TEZH CO, IEERIRANIL T K IEIR
U A Yo | FR I B Rectisol B LLFR A £
COz. J5l Rectisol T BLUREAE R K Ky DL SCRREST,  Ar ik
AP BIRE SRR 9943 kmol/h, AL 2.
AT Z LB CO, 73 B SEAR R, SR A8
W TR AE ASPEN PLUS V8.4RUEA, HEATH
o, BGAE LB WE 3 kX 3. W ECR A
PSRK(Predictive Soave-Redlich-Kwong) /5 F£3,

® 2 FAEEMERIRES R SHIERK

Table 2 Composition of the syngas sent to Rectisol

Composition N, Ar CcO

CO,

H, CHy H,S H,O

Content/mol% 0.011 0.003 0.201

0.336

0.443 0.005 350x10-° 340x107°
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Ix10-S)IEAE & il T B o 24 Y BV R JR I B A 6 il
R 0.8~1.0 £ . CO, USIE T3 & CO, B 40%
IEFE HoS WRISIETH, HARTE 0.8 MPa FINZE RN H, Al
CO Ji, WHZE-21CENE _HINZE R  CO,
ST BN, HNAFKE CO, HIFERE A2
—55C, AN CO, RIS TIR A X (B, K 3 RELHEF).

.

HoS WUSES iR E HoS HIRVEIAEI 2 -34°C, 1£ 0.7
MPa FINZE R Hy AT CO I 4% E] HoS Wity ,
RIAETHAB)G, EN CO, R IEB3)+H .

B CO, FEAHEN CO, R TR A X (B1), 5
K E FNEB)MAMIATRS . IR 2 R
(B4R, AR HI(BS)fFIEM R COL IRHEEE T,
HARAEN CO, R B3) AR RN (B 3 R HEH).
B JRIE I R AR E 0.3 MPa | IR FH VAR 9 CO,,
AR 24 H1(B6) Ja tHIE A R CO RIS .

AR Z CO, AW S B3 HXE IR R H &A1 T B4



6 W]

Pt B - AW o) I AR 5t CO2 AR I AR I BT S BOR G 5 3

1253

MR B, TR COL M SE R . FlAEN CON(CO, EIRE
BEART 99.5%H HoS FE/RER/NT 20x107%) pHEE T HE
H, KL HIEHBTE 15MPa J5, AESRILBS)IH%E
FF - ARAL TR (B2)FI VA 4 3%(BS/B6) I FEE 7] P AR AH
it R () BEAE o

N COL PRIRISTE 0.2 MPa FIE I No VR FEHLRR H
BRI R COys 28 Ny HY CO JEAHEA R 85
JE R B WA AE HoS s, FRBIREBLRR HaS, 15
0 HoS BRI AE v 55 Wit [l e T BL, T e 24 P i 0
FEBLK, PR EI 2] CO, it -

methanol Clean syngas CO, to gasifier
. —>Q—¢> CO, to sequestration
el (BY)
absorber Py H,S to claus
|m| T CO,
2] I emission
Compressor|g
Tail gas
from claus
—a
H,S —
absorber Make-up
methanol
e HoS
desorber

CO, capture unit N,

>4
Distillation
column

Wastewater

stripper

K3 JET ASPEN PLUS ¥ f58i COo i it P2 Ml Y i i LB s
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Table 3 Models for the COz capture unit

Label Description Model in the ASPEN PLUS
B1 Overhead mixer Flash 2 (heat duty=0)
B2 Pre-heater Heater
B3 CO, desorption column RadFrac (condenser=none, stages=16)
B4 Overhead splitter FSplit
B5/B6 Chiller Heater
B7 Multistage compressor Mcompr (stages=3)
B8 Condenser Heater

2.3 CO, HEEIRAAEFE . /KFENBRAITTEIZT
CO, AR H(B1~B8) N T JR A=W i | FF I R 4¢
HIREFE, EEATEEAEMITHFE . R HIA S # fh
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BN B R RECIAE EcTHE T
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K, Osteam WKL ZLIRAIAT(KW), 7=0.314 N-RHERK
K, Qeool A HIKIATTKW), ¢=8.5x1073 N4 HI KA
WEFIDIFERE, Qowin NHIA T (KW), (=2.4 N4
RE Ecompr NIELEHLIIFEKW).
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Jo | FR i R GEAH LL I 5 EL /DS, RTE, COL filiAR SRR

K CUIF:
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RH, Viean=150 To/, Vetee=0.75 TL/KW-h, Vearer=1.0 TT/t,
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