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Flowsheet Simulation of Cellulosic Ethanol
Mini-plant on Aspen plus Platform
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Abstract: The flowsheet simulation model of the cellulosic ethanol mini-plant with the capacity of
1 kg/d ethanol production from corn stover and the physical property database were developed on the
Aspen plus platform. The mass balance and energy balance of the mini-plant process were calculated and
the results show that, producing 1 kg cellulosic ethanol required 2. 595 7 kg fresh water and 3. 605 4 kg
stream, 8. 061 6 kg waste water under the maximum productivity of the cellulosic ethanol mini-plant,
which was lower than the consumption of the corn based ethanol process; required energy input 36. 515 2
M]J and generated 53. 574 9 MJ, which means that the energy generation was greater than the energy
consumption; the integrated energy consumption was 1. 826 9 kg standard coal, while the energy
generation during this process was 1. 828 0 kg standard coal, which suggested that there was an energy

balance between the output and the input.
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Fig. 1 Flowchart of cellulosic ethanol mini-plant
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Fig. 2 Simulation model of cellulosic ethanol mini-plant based on Aspen plus platform
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Table 1  Selection of unit operation model

Unit Model 1D Model Description
Sand/soil removal SS101 Sep Separator
Dilute-acid presoaking M201 Mixer Mixer
Steam generator H201 Heater Heat exchangers
Pretreatment reactor R201 Rstoic Toichiometric reactor
Biodetoxification reactor R202 Rstoic Stoichiometric reactor
Saccharification reactor R301 Rstoic Stoichiometric reactor
1st Seed shaker R401 Rstoic Stoichiometric reactor
2nd Seed shaker R402 Rstoic Stoichiometric reactor
3rd Seed fermentor R403 Rstoic Stoichiometric reactor
SSF reactor R404 Rstoic Stoichiometric reactor
Crude distillation tower T501 Radfrac Rigorous fractionation
Distillation tower T502 Radfrac Rigorous fractionation
Molecular sieve adsorption tower SS504 Sep2 Separator
Solid-liquid separator SS503 Sep Separator

Burner R601 Rstoic Stoichiometric reactor
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Table 2 Data base of physical properties

BLFEREN LTI FEEREN . e TRIREEIR AR
e v e s AR X - o kAR TR A A b
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(MW) (TO/K (PC)/Pa (OMEGA) (DHFORM)/ (DGFORM)/ B B (107% cum *
cum * mol 1) (J » mol™1) (J + mol™ 1) B
(J *mol™ 1) (J +mol 1) mol 1)
Glucose 180. 16 1011.1 6 200 000 0.416 5 2.567 4 —1 256 903 —909. 330 0. 358 52
Xylose  150.132  890.42 6 577 700 0.342 5 2.304 2 —1 040 020 000 0.299 36
Cellulose 162.143 6 —976 362
Xylan 132.117 —762 416
Cellulase 22.839 8 —74.944
Yeast  24.626 4 —130 500 —1797 197
Gypsum  172. 168 —2 022 628
Lignin 122,493 —1 592 659
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Table 3 Transformation coefficient for energy to standard coal (GB/T 2589—2008)

Average low heating Transformation coefficient for
Energy sources
value (B1) standard coal (B2)

Raw Coal 20. 908 MJ/kg 0.714 3 kg/kg
Heating — 0.034 12 kg/M]
Power (Calorific value) 3.600 MJ/(kW « h) 0.122 9 kg/(kW « h)
Power (Equivalent value) Calculate by the current year coal-fired power standard coal consumption
Steam (Low pressure) 3763 MJ/t 0.128 6 kg/kg

F 4 e SR R IEME(E (DB21/1620—2008)1
Table 4 Power supply coal consumption index value(DB21/1620—2008)

Coal consumption/ Coal consumption (desulfurization)
Generator type (10 g+ Wl «h 1) (CH/Q0 3 ge W Leh 1)

125 MW 359 366
200 MW 351 355
300 MW (Domestic) 337 339
300 MW (Import) 325 330

5 PR ZEMA T RIS R R NREL K25 f LY F LT T KA L3R 7. i AK

RIS 2R A A3 B4 i A BT K OK D Vi A PR K T FEZR

Table 5 Comparisons of distillation operation between VS (R U B AT R HE ) . By A e 7K 1D
NREL model and the model in this study Sy LT Y 2 2 R T A P g R K s W R
- Densits/ KT AF G AR 1 2 AT K S K R A

a : a 20, al (kg - A ; A o I A Nk
Ethanol Water Acetate CO, Furfural g * cum /E|’\7J( \§$gﬁ%§@§{3\7k . 'E'?%ﬁliﬂ/&/ﬁ\ﬂ( %‘% ; “é] *%73
NREL s N - . i S o e
| 0-30440.59350.0042 0 0.0045  1.4000 VOB TR T 4 3R SR 77 i B P I R A 2807, JX B 7%
result N ALY S N E
. R AT LR K HE T . B KRR 7E
;s 0.397 10.589 90.003 80.00010.0089  1.453 1 YR WA o FR R A FTE RE 7K A B RS R s
study
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Table 6 Material balance of the mini-plant operation
Input streams Output streams
Stream ID Stream description m/kg Stream 1D Stream description m/kg
CS Corn stover 15.395 8 Ethanol Ethanol 2.043 2
Enzyme Enzyme 2.906 0 Stillage Stillage from distillation 21.971 4
Steam Steam (3 MPa) 7.366 5 Rstill Distillate from the distillation 3.143 6

Water from the molecular
Water Input water 14.090 2 Water 0.142 8
sieve adsorption

Air Air 0.813 1 Vapor Steam from the burner 9.006 0
H, SO, 98% H,SO, 0.326 1 Solid Solid residue 1.316 7
Oxygen Oxygen 9.208 4 CO2 CO; 1.901 5
Yeast Seeds 0.004 0 Gas Waste gases 11.295 3
Salt Nutrients 0.444 4
NaOH NaOH solution(w=20%) 1.3300

Total 51.884 6 Total 50. 820 5
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Table 7 Water balance of the cellulosic ethanol mini-plant

Input water m/kg Consumption m/kg Output m/kg
Generation during the com-
Fresh water 14.090 2 3.849 3 Ethanol product 0.010 2
bustion
Water in the feedstock 5.016 5 Consumption in the reaction  —0.496 8  Stillage 17.523 2
Steam condensation 7.366 5 Waste steam in the burner 9.006 0
Water from the molecular
0.142 8
sieve
Stillage from the distillation
3.143 6
tower
Total input 26.473 2 Total change 3.352 5 Total output 29.825 8

RS AHERLEEMM T A7 1 kg Z BRI E KR KoK i

Table 8 Water usage, waste water and water recycle of the cellulosic ethanol mini-plant for 1 kg ethanol production

(kg » kg™
Water Waste water
usage generation
Dilute-sulfuric acid solution preparation(zw; ) 2.171 3 Water from the molecular sieve adsorption(ws;) 0.069 9
Sodium hydroxide solution preparation(w,) 0.520 8 Stillage from the distillation tower(wg) 1.538 6
Dilution in the saccharification unit(ws;) 1.220 8
Dilution in the SSF unit(w;) 2.983 4 Stillage from the crude distillation (w7 ) 10.753 6
Water usage(wsg) 6.896 3 Water usage after water recycling(wio) 2.595 7
Waste water(wg) 12.362 1 Waste water after water recycling(wi;) 8.061 6
wg =wi T wy T ws tws swy =ws +ws T wr ;w0 = ws — We ;W= Wy Ws W
2.3 AURRZEHMBI A-FIENERERESE AT TE R RAE T2 RE T 2 LB RE & THAE M RE &t

i H
AR R A UL R 45 3R 5 O T A e

FEHILE 9,



704 R B TOR R (A SRR D

537 B

O LFUEFE BT A 1 ke 2O HE T A i

Table 9 Energy consumption and generation for 1 kg ethanol production in the cellulosic ethanol mini-plant

Energy consumption/

Energy/

Unit" Generation
(MJ - kg™ 1) (MJ = kg™1)
Pre-handling (A200) 1.184 3 Heat from burner? 53.574 9
Pretreatment (A300) 10.215 1
Fermentation (A400) 11.039 3
Rectification (A500) 14.076 6
Total 36.515 3 Total energy generation 53.574 9

1) 25 °C,0.1 MPa; 2) 190 C,3.0 MPa
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Table 10 Integrated energy consumption of the cellulosic ethanol mini-plant for producing per kg of ethanol

Process energy consumption
Energy form

Energy carrier Standard coal equivalent

(A /(M » kg™ D) consumption (Aj) (A3) /kg
Power 9.652 6 2.681 3 kW « h/kg 0.908 9
Steam 26.862 7 7.138 6 kg/kg 0.918 0
Total energy consumption 36.515 2 1.826 9
Total energy generation 53.574 9 1.828 0
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