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Fig.l1 Simplified flow diagram for light olefin production process from agricultural and forestry residues via
gasification and methanol synthesis
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Table 1 Proximate and ultimate analysis of biomass (Dry basis)

_ . _ BT
Tk A TEEIMT HlL A
Proximate analysis/% Ultimate analysis/% 1gher
heating
I & Bk PN X value
Fixed \fi 17%115] /ﬁég C H N S o  HHV/
carbon oratries S MJkg™)
15.3 83.8 09 509 6.04 017 0.09 42 20.15

R2 RHEEMEESH
Table 2 Main parameters of process simulation
TjiH Items

24 Parameters

HEWRA T R HERHE 600 td”! (Fr7KER 50%) ;
Biomass feedstock of wood chips TIRJEEKE: 12%
oy UIFE
Work consumption for air 0.325 kWhkg' (02:95%fAFH 53 %0
separation
e WEE: 725 °Cs FEJy: 0.16 MPa; ®HRAMIE
Gasifier SEEWFRERL: 0B, 0.12; S/B, 0.26
% B2 Reformer JEJJ: 0.15MPa ; Ji%: 850 C
PR A SRR

E/3: 0.3,1.0,2.0,4.0 MPa
43 C (LO-CAT), 375 ‘C (ZnO); }5/J: 2.0 MPa

4-stage compressor
JiBisE S absorber

JEE = A oy -
O E: 350 °C; JEH: 2.0 MPa
WGS reactor
R S L 7% o .
Methanol synthesis reactor L 240 Cs JEJ): 4 MPa
IR I S SL 2% HEE: 400 C: JEJ: 0.4 MPa; HEEFE AR
Light olefin synthesis reactor W RIR: 90%
AR I L 2% HEE: 1050 C; JEJJ: 0.11 MPa;

Burner SRR 1.2
EIEH SHETANEN: 5.8,2.0,0.4 MPa;
Steam turbine IR 85%;
- A HKIREE: 322 C; BHIESHEKIRE: 47.8
ofhers Cs B 25 C: VNRBEA A MR
60 C; WIRAHEA KA HEIREE: 43 C

2.3 1FMiERR
TR R PERE ) FE PR T2 I Hy/COfyel gas
b, A IS A IR Fogngssr Nmi/kg WA BRI 42
HIERNHFER Re, tt, MURBMIEHIFEKE Ry, tts
WA IR R FE B Rueer MWh/t, [IRHR NG R RE B R
Noles FRGUAREEINEE nro HAPNIRIG R RE ERE € XA
Hole=Eoie/Ebiomass < 100% (D
K Egle M Epiomass 731 8 MRAL BB R FE Al (R B b
A AR R R BE R, MI, HCEHE T IR AR R A
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Fig.3 Effects of S/B on process performance
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Fig.4 Effects of O/B on process performance

H— b REEAHE, 4 0/B W 0.21~0.42 JEfH
WA CO Bk — bk, N CO,, TiAAK
AL Hy BB RAC, B S H,
XS BT, B Em R E RS . mARK Co,
TEJE 4L PSA FLITHLI . HERL & A IR B
4 O/BH 0421, Fypngs FEIEH 1.27 Nm'/kg, X AT
TIRIGE IR R E MR L ARG S RENE, KK
WIN T RGUHAE: Recer Re M1 Ruyo 735104 6.00 MWh/z,
10.0t/t A1 22.1t/te H1 &R Hy Fl CO 25 1l H R 1)
FEORYE, R AR B A AR R T A R
FREFR IR I . AR GES: O/B 4 0.14.



%18 3 WA RMIE T SRR RGO LS R B AL T i 215

3.4 SHASPLTREEMS He/COuyne. HIF MM

AR R LU, 72 RS sk B R N3
RIS A P17 e g, DARR skt . B F78 Bk
BAOKERAMFME T, RAHR ST F RS 2K
(<4%) , VAR E B S N S A0 B SRR M RE TR = 5
WA K o [RIEAE A A, 38t = B AR KRS R 2% 1
A HESANITHLE A CO EEIR EL(S/COwgs» 0.1~0.5),
VAT KSR e s PR, A8 BS Hy/COgyngas LA
1.6~2.6 G, HRHEXT KRG, SRILE S,

KBRS AR R & S D, S/COw6s<0.24,
PAFE AN Hy/COuyngas LR T HIEBE A BT M B LL, B4
I T R R BRI U e, IR M I B B MR R R G
RERMCRRC. BEEARSHEN M, R T KESAZH
SONE YR AEFIP AT S5 A Hy A2 B 455 BT Hy/COgyngas
FUBfi 2z 3 i, (HA ISR R K o 24 Ho/COgyngs EEH
3.0 B, G RV Fyngs N 1.57 Nm/kg, HARSHA
A i m, T CO P ALy I, S PR T
B MBI ISR . HR R A A R 48 A4 20, 48
TRGHBE, SRR R AR RS S AR
A PTG

50.+’7ulc_._’7'r_‘_Rr_’_Rn:o
7+7Rcl\x7xil gas A*Hz/comclgm

syny

£ s
g‘ ol 405 fjé
N + e Z &
% 1.50 é .
'::: 207 o3 i% h
= X X—X—X—X—X
o ) 4120
1 1 1 1

1.5 1.8 2.1 24 2.7 3.0
HZ/COsyngas

B 5 A MRA HY/COyg o3t 2 Gtk A 69770
Fig.5 Effects of syngas Hy/COygypgqs 0N process performance

4 Hy/COyyngas LN 2.0 B, A BASUCHR 1,55 Nm'/kg,
VRIS R & R B A& BT S R EE R, R AR A
FESL A e o LI GBI 2 AR IR AIGS Retee 9 4.12 MWL,
WAL T RGN R G R E, DRIARHR I K ae B R
ARG RE R BCRIE TR e A e 2758 40.7% A1
43.0%. FREUKIEFERAML, v 159 vt ik, ASCEFEA
SRR JE A R Ho/COgyngas HEA 2.0, THFESEFR Tolk A,
HI AL Hy Al CO W AIARIR IR AR, AR
Hy/COgypnges LU T 2.0, LMZHE CO Fefk, $idim HIEEA
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3.5 o T8 SRR FE RIS AT
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NEAK. EGIER F A& RSR[5 RARBEA
RESRAL L8 B UG A B, T M A AE N T,
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Fig.6 Effects of Tyon equilibrium reaction temperature on
system performance

BEE T ATIRE A 225 CH=E 285 °C, FHEERIA R
RIS, BRAR T R RE S AR RIS R A LR
BARAMRG LSRR, FlRERE R T 245 Cla,
SRR THRCHA 1) HR T SR G B2 FE AR S AR K, iR
285 C, noe M nr 23 BN 15.6%A1 26.3%. SRS K ATH,
) B AT Y A IR i FR T BB B T AT ] 35 Y
ArEr, 7R 225 CHRIRR BT, CO B ARIL
B4l TR R R AR i AL, BRK CO InEdmfb
e, JRRHCIE P EEA O B4, 052 B A HEE Tk &
FHRAT A FE B O o 25 FE SEBRR I F A R B ik
FUTE 240~270 ‘CHAR EEME, 46 AT R X &
GUE ) E R ER, A SO B G RO S S
245 C.

3.6 ARGHIYIRINGEEFI AN

DL EOR S S B AR AE N 25 A, CLAED) I
A - FR T () 0 B AR R 6 e 2 0 ) A SR e AR UL &5
R, X R GE R N B B R R ER AT T AT
HApmsmAN Fhas Rk 3,

JR RN 25 368 kg/h, AAEESHE N 223
. FERBHTZEMRBIGRRGEL T SRS,
RS BEIR  AREESR AR P BB I o 25 S
&, RIESAEHKHER, AHEARK, Fik@EA
REBERER RBGE % 1614 kg/h, 5T
SRR B 13.8%, WHD 7.86 t THEFRIAT 7 1 t (KBRS
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Ko, DIAEIF TR 70%1t, RBRIGKEHEN 1 77 tha, M
FERMIE TR KL 7.86 77 t/a. 153 [E ] A RRUR S50 2
AW TR A TN A ) TR A - PR SRR 5 SR A
b, W R SRR X AT R S AR, A
P& B A SRR & 5 00 Tk s brokK A 2, B AUIC
CO #ALHA K,

R3 HEYRSAL-BPEIELISHIRBRERRAZYRTEER

Table 3 Mass balance of light olefin production process via
biomass gasification and methanol synthesis
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Fig.7 Energy flow of light olefin production process from agricultural and forestry residues via gasification and methanol synthesis
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Optimization of light olefin production system from agricultural and
forestry residues and analysis of its mass and energy conversion

Li Xi%*>*, Li Yuping"***, Zhang Xinghua*?, Chen Lungang“*?, Wang Chenguang*3, Ma Longlong**>
(1. CAS Key Laboratory of Renewable Energy, Guangzhou 510640, China; 2. Guangzhou Institute of Energy Conversion, Chinese
Academy of Sciences, Guangzhou 510640, China; 3. Guangdong Provincial Key Laboratory of New and Renewable Energy Research and
Development, Guangzhou 510640, China; 4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Light olefins, represented by ethylene and propylene, are important platform compounds. At present, naphtha
and natural gas are the main raw materials for the production of light olefins. The use of agricultural and forestry waste
from lignocellulosic biomass can be an alternative supplement to produce renewable light olefins, considering the
limited fossil resources and restricted environmental legislation. In this paper, the process simulation of light olefin
production by gasification of agricultural and forestry waste biomass, methanol synthesis and the following step of
methanol to olefins was modeling. And the material and energy consumption of the process was analyzed and optimized
in this context. Aspen Plus software was applied for process modeling. The integrated process included several main
sections, of which were O,-steam gasification of wood chips, reforming of raw fuel gas, adjustment of fuel gas
composition (sulfur removal, water-gas shift reaction, pressure-swing CO, adsorption), methanol synthesis and
separation, light olefin production from methanol, waste heat utilization, boiler and steam turbine, cooling tower. The
effect of main operation parameters on process performance was investigated, including the weight ratios of steam to
biomass and O»-rich gas to biomass (S/B and O/B), H, to CO ratio of syngas (H,/COgyngs), and reaction temperature of
methanol synthesis. The evaluation index were feedstock usage (Rg), water usage(Ru.0), electricity usage(Re.), light
olefin efficiency (,.) and total energy efficiency(#r), et al. Potential energy method, based on low heating values of the
streams, was adapted for the analysis and evaluation of energy conversion of the process under different operation
conditions. The results show that Rg of 7.86 t/t, Ryy0 of 15.9 t/t, Rejec 0f 4.12 MWh/t, 51 0f 40.7% and 71 of 43.0% were
obtained under the optimized process parameters, which was at S/B=0.26, O/B=0.14, Ho/COgyngs and methanol synthesis
temperature of 245 °C. Self-supply of electricity was realized in this integrated process. Fresh water was supplied
mainly to compensate the water loss in the cooling tower, due to water evaporation into air via cooling fan to decrease
the temperature of recycling water. The energy loss of the system was mainly made up of air-cooling heat, evaporation
heat from cooling tower and exhaust gas, accounting for 24.1% of the energy of biomass feedstocks. It can be concluded
that the integrated process for bio-light olefin production from biomass was proved to be theoretically feasible in this
context. High S/B ratio, proper O, amount, syngas with H,/CO ratio of 2.0 and low temperature of methanol synthesis is
favorable for the yield of syngas and energy efficiency of light olefin. However, the total energy efficiency of the process
was rarely affected due to the co-effect of electricity consumption and light olefin synthesis, which was in a compensated
pattern for the system. The consumption ratios of biomass, water and electricity for per tonne of light olefin production
were relatively higher than the results in some reference, due to the conservative conversion parameters designed in this
context. Still the process performance of this simulation was still higher than the actual industrial results. And there are
still techniques to be solved in future, such as the development of highly active catalysts for methanol synthesis at low
temperature and heat integration to enhance energy efficiency.

Keywords: residues; methane; light olefin production; mass and energy analysis; process simulation and optimization



