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Flowsheet Simulation of Industrial Scale Biorefining
Processes of Lignocellulose

QIAO Qing-an, ZHANG Jian, BAO Jie
(State Key Laboratory of Bioreactor Engineering » East China University of Science and Technology ,
Shanghai 200237, China)

Abstract: Lignocellulose biorefining has great potentials of feedstock supply and product market in the
major agricultural countries. The flowsheet simulation model for the industrial scale biorefining process of
cellulosic ethanol production using lignocellulosic feedstocks was established. The physical property
database was established based on the materials analysis and parameter estimation methods for the biomass
components involved in the lignocellulose processing. The biorefining plant with the processing capacity of
300 000 t corn stover annual for production of fuel ethanol was simulated using the established Aspen plus
model and the water and energy consumption of the processes was analyzed. The whole flowsheet balance
of the mass and enthalpy data were calculated and used for the design of the processes. The model can be
used in the future industrial plants for the process design, operation optimization and economic evaluation.
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Table 1 Corn stover feedstock composition

Component Wary/ Y
Cellulose 35.81
Xylan 19.53
Lignin 15.76
Arabinan 2.38
Galactan 1.43
Manan 0. 60
Ash (Inorganics) 4.93
Acetate 1.81
Protein 3. 10
Extract 14.65
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Table 2 Lists of the components in process simulation

Number Component 1D Type Formula ID
1 Ethanol C C:HsO-2
2 Water C H,O
3 Glucose C Cs Hi2Os
4 Xylose C CsH100s
5 Cellulos C CsHi100Os
6 Xylan C Cs Hg Oy
7 Lignin C C.H,0,
8 Arabinan C C; Hs Oy
9 Galactan C Cs; Hg Oy
10 Mannan C Ce HipOs5
11 Protein C NaCl
12 Gypsum C CaSO, * 2H,0
13 Extractil C CisHs6 O2
14 uUss C NaCl
15 Arabiose C CsH1pOs
16 Galactos C CsHi0Os
17 Mannose C CsHi2 05
18 Acetate C C;H,0O;-1
19 Cellulas C CH,.N.,O,S,-2
20 Yeast C CH,O,N,
21 H, SO, C H2 SO,
22 NaOH C NaOH
23 NaAc C NaAc
24 Na, SO, C Na, SO,
25 (NH,) 2SO0, C (NH;);SO,
26 MgSO, C MgS0O,
27 KH;PO, C K, SO,
28 CSL C NaCl
29 CO2 C CO2
30 0, C 0O,
31 N; C N2
32 Soil C CaCOs
33 Succinic C C,HsO4-2
34 Tryptone C (NH,);S0,
35 NaCl C NaCl
36 Na, HPO, C Na, HPO, * 12H,0O
37 NaHCO; C NaHCO4
38 NH, Cl C NH, Cl
39 Ca(OH)» C Ca(OH)»
40 Suc-Ca C CaCO;
41 CaS0y C CaSO,
42 CS NC
43 Ecola. C CH.O.N,
44 CaCl, C CaCl,
45 Furfural C Cs Hi Oy
46 Glycerol C CsHsO5
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Fig. 1 Process simulation model of lignocellulose biorefinery based on Aspen plus
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Table 3 Water balance per ton of fuel ethanol product

Items m/t
Fresh water? 3.696 3
Fresh steam 1.771 1
Water in CS 0.753 3
Water-in Water in H; SO, 0.002 9
Water in NaOH 0.462 0
Water in ENZ? 0.232 6
Water in salt 0.2310
Water in yeast 0.001 0
Total water-in 7.150 2
Water in waste water 4.848 9
Water-out Water in waste residue® 2.078 1
Water in EtOH 0.004 8
Total water-out 6.931 8
R-404 0.183 1
R-201 0.132 8
R-401 5X10°
Water reacted R-402 0.000 5
(Water consumption) R-403 0.004 6
R-202 0.102 6

Total water reacted 0.218 4

1) Water used in the pretreatment process and water used in the SSF
process. These are two different streams shown in Fig. 1

2) ENZ represetns the cellulase enzyme stream shown in Fig. 1

3) “Water in waste residue” refers to the waste water contained in

the stream 38
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Table 4 Energy consumption and generation on the production process of per ton ethanol

Steam consumption Electricity consumption Total
. consumption
Reboiler heat Heat duty Total energy ~ Total standard SSF Energy carrier  Standard coal |\ <tandard
duty/M]J (H201)/  Total/M] carrier coal (R-404)/  consumption/ equivalent/ coal
T-501 T-502 M]J consumption/t equivalent/t MJ (kW « h) t equivalent/t
15 045.4 4 334.1 5018.1 24 397.5 6.483 5 0.833 8 10. 24 2.844 4 0.349 6 1.183 4
Steam generations Ethanol generation Total

Total generation Total energy Total standard

(R-601)/M] carrier generation/t  coal equivalent/t

Ethanol production
(T-503)/t

generation in
Ethanol Standard

coal equivalent/t

Energy carrier standard coal

consumption/t equivalent/t

32 005. 6 8.505 3 1.093 8

1.000 0

1.000 0 1.471 4 2.565 2
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