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Abstract:

significant increase of energy cost, waster water discharge and production cost as well. In this study, the process strategy under

The massive water and steam are consumed in the production of cellulose ethanol, which correspondingly results in the

extremely low water usage and high solids loading of corn stover was investigated experimentally and computationally. The novel
pretreatment technology with zero waste water discharge was developed; in which a unique biodetoxification method using a
kerosene fungus strain Amorphotheca resinae ZN1 to degrade the lignocellulose derived inhibitors was applied. With high solids
loading of pretreated corn stover, high ethanol titer was achieved in the simultaneous saccharification and fermentation process, and
the scale-up principles were studied. Furthermore, the flowsheet simulation of the whole process was carried out with the Aspen plus
based physical database, and the integrated process developed was tested in the biorefinery mini-plant. Finally, the core technologies

were applied in the cellulose ethanol demonstration plant, which paved a way for the establishment of an energy saving and

environment friendly technology of lignocellulose biotransformation with industry application potential.
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AREEFFEPRA MR/ F, Genencor International), £F
Y W TG RN 4T 4 ARG 4 00 65.8 FPU/mL FI
152.0 IU/mL,

1.1.2

W BT R Amorphotheca resinae ZN1
RARSE N H AR R B iR B P Ok
2 Saccharomyces cerevisiae DQ1 RA S Z
BIRERH,

1.1.3 FFRHE

PDA ¥k UL 4% 200 g, IR/,
kK 1L, Z# Lh, A8 ZSmidlE, RIGHKE
1L, JFEINEERE 20 ¢, BAR# 20 g, pH AR,

AR IR . KH,PO, 2.0 g/L, MgSO,4-7H,0
1.0 g/L, (NH,),SO4 1.0 g/L, BERENY 1.0 g/L, F%ibE
20.0 g/L, pH H4&, 3% TF =i+ 20 mL/100 mL.

25% Fll 50% MY 7K R 5 5535 K 7E 30% (WIW)
(o] Atk 2% 1 A5 3] 1) KA R 5 I R 4
PA1I3 M1 1 (vy HeBliRA, pH A= 5.0,
RIAT 23 5045 31 25% F 509% (/K i 37 9%, 4325 F
=AM+ 20 mL/100 mL.

M F 5 R A3 TR] 509% WK R

R FRIEZ L 115°C 20 min K5 & H

WeAh, FEHEAT [FP AL 5 R B AR, R A
REFRERW A : KH,PO, 2.0 g/L, MgSO4-7H,0
1.0 g/L, (NH4),S0, 1.0 g/L, BEEERY 1.0 g/L.

1.2 UEH5EE
1.2.1 PRI 7%
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PR 2% WA & T A TR PEAN . A S i 5.0%
(WIWy, I 60 pg [ PUERF A 80 pg 14 ik 2k T i 5
JNBE =~ 15.0 FPU/g DM, F 50°C . 180 t/min [¥{H
BB FE R LR 72 ho B4 3 AFATSEE, B
G55 BURE 53T o
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A FIA T E A1 Foss 2021 £F4E 43 HHX (Foss
A/S, FHE) WisE ., JRIRFEFF T erdi R | Rerqi R
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K FZEIISBEK) HIGE 3 A%, PAL RS FE AT
RSN 50.19% % 26.5% , 1 FAL B S RS AT 00 B
R VEREIE A A B (AP R ETE 85% /2
A, ARBERRA TR RN, BRI T B (1 2
K (M 800 g F| 400 g), Bifi 27 3 (1) 2 28 V3 H =
5, KFESEIN T W IT 50% , T FRS Wbk ity [ 4k 2
A KIE T O\ 50.1%83] 37.7%), TifsFF
MEERIERE A W AR, R 1 Tl DI,
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Table 1 Effect of different pretreatment conditions on the steam and water usage and enzymatic hydrolysis

Pretreatment Sub.strate Solifi to liquid Steam usage Water usage concse(r)lltirition Sugar yield (%)
loading (g) ratio (W/W) (g/100 g DM) (g/100 g DM) (DM, %) Glucose yield  Xylose yield
1 800 172 59.1 282.8 26.5 82.7 68.3
2 800 1/1 53.0 162.5 37.2 83.1 59.4
3 800 2/1 41.9 97.8 50.1 84.5 49.7
4 400 2/1 91.9 146.1 37.7 89.3 55.7
5 400 2/1 87.6 147.8 37.5 98.4 48.3
6 400 2/1 107.6 176.5 34.6 95.3 32.9

1-4: 2.5% H,S0,4, 190°C for 3 min; 5: 2.5% H,SO4, 190°C for 6 min;6: 2.5% H,SO,4, 190°C for 9 min.

MR R] R, 5 W AL B O P K SRR
(Y 3 2N ZRBR T 78 LU K BE S H DA 0 4 7R
BE . RONIREE ORI [E] LASE, TR TR I [
FE A SO T Ak B S 52 157 45 PR A9 SECIRE 2 52 1 7
Ab PR R ARR . KFEMBERERY T Z N R . TUR I
1P 80 L B9 A AR X A BRSO B B2 Wi AT R, {EL X et
PHHK B BB AR R i Y 2, PR O TR [T 94k L Y PRI
5 WAL BT FHZG RIS IOF A FFE R R . 15
2, TOUAR BT L A S I A X T A B A A Bl
AR AR BLT, AR ECT 2R A BRI .
T35 W TUAd B A PR 2R T A S i Y Ji
BRI . SC6 A B 1 R T A B R % ) JURE 2
TR, AL BEALCRSEACRAS , T A PRI AR U R
WA, DN 25 AR i R A REAE AIKFE . St IR ]
AEJ FR TR AT SO A s R PR A WK BE T, 93
Ak BRSO WA VAR SR A T B A N 2R IRV BERY
MR AL B N AR A, oA B ZEIORE
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FHFIEEFE, BRI AE I 28 VAR A AR TR
17 24 52 1 28 2k /D st s B T A 2 25050 A 4R
VR BETTTIE I TC R TR o FHAR SCRT IR T4 B4 2 0 4%
WP 1009% B R IDR,, BURENR LN 2/1, T
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() B AH T 1 100 4k B33 1) 45 R g [V e, S i K o
FNZR R 5 LU E i AR (0 775 T T A FH 4 R 8 s R i
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ZIRG B ER R AT 0.5 1 1, B FiAb FE 45 A2
PR EEASHB L 10 1, SR A8 B Ak B sURE 27K
RAHIL 509% , SEPRTAD BT FEAR R A 7K 1 ZZHERR o
22 TRERARAEZHEYRSSKERSE

Ak 3 R OR AR R R AT A, R
WIAIRZE (. TR . CBENTR) . Wi o
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W) AN RS R R R R R =4, SRR
it 7K A N £ T R T TR PO S s R4 o A S8
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AL B EOR T S B (B0 CREET ) AR AL
R FERE IR FRATTIN AR 40 15 0 1k 2
3 BRAR S TR A 1 Ak S R A o ) 0 S
(Orilei 4 ZN1, ZN2, ZN3), HEEIESmE 1
B e Xt 3 BRBEAT T 16S tDNA 4 FAEY %5
1 NCBI S 47 BLAST [RJUR P H A5 B A O 45
EKW, 3 BRE R 3BT Amorphotheca resinae.,

Penicillium polonicum . Penicillium turbatum . 75 HE
ISR W2 KW, Amorphotheca resinae ZN1 AJAY;
T %) F00 7] 42 o IS R0 () 8¢ 05 A0 PR PR TR R A G
B, Fr LA AE Y SE 50 S B kR Amorphotheca

resinae ZN1,

R2 BERALBERBEHHITIRRSEH/H PRI ETL

Xof i T P A B 1) T K A AT JUREHE AT K DR 7
FUEY R LR g5 R LR 20 & 2 AIDVAEH,
Bl KV I K B RO S, AR e 4 ] ok B A
B b, BT R OB Bk o ] 4.
resinae ZN1 #1472 d AWM EEIG , FEFFH A9 HI4)
Wb, bl EARA D RIAAE, (HREFHERNE
AR, R E A S B ETE 40% 21,
REAS 5 5 252 1 e AR 55 2t [A]2D M AL 5 I 1 D AR
TR R . I g RAR W], MR Y R AL B
KFEFFE 1~3 d 1Y A. resinae ZN1 W iEi 5, FiFF
PR 285 KT AL SR 4 R A R B AL 5 A e R )
L NE A AT v TR A

Table 2 The composition variations in corn stover after different detoxification methods

Detoxification Glucose Xylose Acetate aicd Levulinate 5-HMF Furfural DM loss
conditions (mg/g DM) (mg/g DM) (mg/g DM) acid (mg/g DM) (mg/g DM) (mg/g DM) Ratio (%)
Control 10.7 52.6 12.3 22 4.1 6.2 0.0
Biodetoxification 8.4 46.7 5.31 1.7 0.5 0.0 0.0
! time water 3.1 15.3 33 0.6 0.8 1.1 18.5
volume washed
3 times water 2.0 7.6 2.1 0.5 0.7 0.9 213
volume washed
> times water 1.2 6.1 1.4 0.2 0.4 0.8 272

volume washed

23 BEKSETEHERRNESEL @K
) 5%E

TERS IR A A1 R L AT 4t 2 WK I
ey 0 -1 A A 25 AT B 9 6 I A 007
i, AR TR e AR ] 254 AR VG HE AT LR
I SE VR . FEMEA IR S
BB . R I CO, K 5 AT 1181 T A
AR A T IR 2 1 5 - A 2
RE. (L. B WA, AR . AR
ST RS ERO I X — B AR R T
SN 70 A 2K I U R 0 L e
SRR AL SR £

RS U A KR AT R B 5 %
BRI | TR A RS . CO, i
SR8 (M S 2 MO 2 T — 8 19 R A
UL [ P i . R P o S 4 A R 1
SR N, R K A% (CFD) #
P A S o 8 o 44 A T TR (I

2)o M 2 ATLIEH, 76k B R DA 5 ki
RN, YIRS R WIE R T — N R TE R,
R Rt WA 2 AR, R RN SR 1 5 ) DA
LR A A1 JE ST L, B Ik R B TR S i 2 B
HYE T R, RN R IE R T IR MR,
R 7E SR 5 I BE 1Y 28 AR A BB B T Ak %
Wi, X RN A BT Ul AL, e T
A R R R TR A 515 R,

Kl 3 Ko &8 ad AN [m) it 25 A0 B T OKFE AT AR [R] 25
WAL 5 & B R b, AR I T AR RN B Y AR 1
o MIE 3 ATLIE Y, WA Lot Wi b 31 KA
FEoEFAEI Y R AEAE, ToE W T L4 E B
PEACTE J7, T SO A 235 SR Ao A 28 vl 0 ) 2 A A
0 474 g/L, ATt B sEAb BEIA R 1M 60 g/L
fitao [EIEE, SEIY B FEAE QL S e T BRI R
ARMOBEACHT R, RBEAE AR R 1 Bk B
7.8 g/Lo BEEKGERS FHAKEBYIG I, FEFF
il AR B S RN, TR TR ) S U P A,
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Fig. 1 The different phenotypes of mold colonies. 100 O
0 12 24 36 48 60
t(h)
] B3 ARERSHFENERBHSERIE SSF MHHEM
Velocity in Stn frame i =AU
(Vector 1) : i he effect of diff detoxificati hod h
1.000e-000 i Fig. 3 The effect of different detoxification methods on the

SSF performances of high solids loading corn stover.

ottt ‘ 0 0 2 R 2 R A T
| A B 3ot 1 0 MBS 4 0 R T T LA A B R 2R 2 B A
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Fig. 4 The established simulation model for 3 000 ton/year cellulosic ethanol production flow chart based on Aspen plus technology.
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Table 3 Case simulation of cellulosic ethanol production under different S/L ratio during pretreatment process with Aspen plus

Fresh water usage Waste water

Heat duty for distillation

Case (kg/h) (kg/h) Ethanol production rate (g/h) (MJ/kg ethanol)
1 2.66 2.28 35.52 9.72
2 1.33 0.95 35.52 9.72
3 0.55 0.17 35.52 9.72
4 0.38 0.00 35.52 9.72
5 0.50 0.00 23.52 13.40
6 0.62 0.00 10.49 26.69

Ethanol production process parameters: 1 solid to liquid ratio during soaking stage is 1/10, solids content during SSF process is 30%; 2 solid
to liquid ratio during soaking stage is 1/5, solids content during SSF process is 30%; 3 solid to liquid ratio during soaking stage is 1/2, solids
content during SSF process is 30%; 4 solid to liquid ratio during soaking stage is 2/1, solids content during SSF process is 30%; 5 solid to
liquid ratio during soaking stage is 2/1, solids content during SSF process is 20%; 6 solid to liquid ratio during soaking stage is 2/1, solids
content during SSF process is 10%. The fermentation tank has a volume of 45 kg SSF feedstock containing both liquid and solid corn stover.
And we assumed that both the conversion rate of cellulose to glucose and the glucose to ethanol are 85%; the waste water here not included
the stillage as it was recycled during the whole process.
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