Y TR R Chin J Biotech 2010, July 25; 26(7): 1-10
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cjb@im.ac.cn ©2010 CJB, All rights reserved.

TKHEAR TR RERESE % CHEAY M IRAR
o B

k!, BEBL FEAL KA BAR TERE kEH KRR &TKS
LR

1 ERBTRFAEY TRESEE AN TRERESLRE, LiF 200237
2 HEA I E MR ZEEA R A, FHAK 132101
3 MBI T R2p b TR AR e TGS B S S0 %, R 200237

B B RRAGZRAAEMIEAE FHETERE A RENKFARA, AmiLid 24465 BKAR R F M, X
W@ EIE T m TR A, R KPR MR K A R AR AT IR T A Ao R KR T RA R AR A T, HARFRARK
R ZAHRTARRA e E AR EZRATT R R At o4, 8 T RARKFRAR a3 A L BHAK,
F I R TR B4R 69 R AR R HEA KA IR AF ) A M BLEHR, AN G AR5 k69 B T & Amorphotheca resinae ZN1
st FRAL L RAT P Y IR AT T Bk AW B, ARG EAREE T kL S AR R AT E AT 6B K AR
5 Z BT A VARG K ENBITT AR, HET T Aspen plus F & Loy M /im Tah M EaEEf PR D FEL LN
AR RAREMBFARR, KILT il B HfL R HAK. IR AREEYESMA T & 34T T AKX,
FEGGFCHEILFTEEEFRIATEA. ZAREREAMEEA T LZAMEG T e fF EURAR T EAY
SR RAARE

KER: RRGLEAMEL, MRKKAETRY%S, EbEH, RIBEALE L8, ALEMN

Process strategy for ethanol production from lignocellulose
feedstock under extremely low water usage and high solids
loading conditions

Jian Zhang', Degiang Chu', Zhanchun Yu?, Xiaoxi Zhang®, Hongbo Deng’, Xiusheng Wang',
Zhinan Zhu', Huaiqing Zhang', Gance Dai’, and Jie Bao'

1 State Key Laboratory of Bioreactor Engineering, School of Biotechnology, East China University of Science and Technology, Shanghai 200237, China
2 Jilin Fuel Ethanol Co., PetroChina, Jilin 132101, China

3 State Key Laboratory of Chemical Engineering, School of Chemical Engineering, East China University of Science and Technology, Shanghai
200237, China

Received: May 23, 2010; Accepted: June 28, 2010

Supported by: National Natural Science Foundation of China (No. 20976051), Ministry of Education of China (No. 20090074110013), Fundamental
Research Funds for the Central Universities, Shanghai Leading Academic Discipline Project (No. B505), China National Special Fund for State Key
Laboratory of Bioreactor Engineering (No. 2060204).

Corresponding author: Jie Bao. Tel: +86-21-64251799; E-mail: jbao@ecust.edu.cn

H X AREIIE4: (No. 20976051), A &6 1H -1 A 5E4 (No. 20090074110013), v s A FE AR 25 20 1 T8 4, b3 117 6 5 2 R 2t ¥ T



2 ISSN1000-3061 CN11-1998/Q Chin J Biotech July 25,2010 Vol.26 No.7

Abstract: The massive water and steam are consumed in the production of cellulose ethanol, which correspondingly results in the
significant increase of energy cost, waster water discharge and production cost as well. In this study, the process strategy under
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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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(l)lltir(:ttion 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,, 190°C for 3 min; 5: 2.5% H,SO,4, 190°C for 6 min;6: 2.5% H,SO,4, 190°C for 9 min.
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IS 25 KW, Amorphotheca resinae ZN1 RJAY;
T %) 0 7] 42 Al 2AS R () 4 05 A0 PR PR TR R A G
P, TR YN RE SC R T R BUR MR Amorphotheca

resinae ZN1,
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X i R TIUAL B 1) 5 KA AT IR R AT 2K R 75
MY RSB EE R 20 R 2 afRIEH,
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B/, B BRI AR, (B RS
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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
Biodetoxification 8.4 46.7 5.31 1.7 0.5 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
5 times water 12 6.1 1.4 0.2 0.4 0.8 272

volume washed
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Fig. 1 The different phenotypes of mold colonies.
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Fig. 2 The fluid flow distribution in the helical bioreactor.
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Fig. 3 The effect of different detoxification methods on the
SSF performances of high solids loading corn stover.
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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 35.52 9.72
5 0.50 0 23.52 13.40
6 0.62 0 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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Fig. 5 The flow chart of mini-plant for biorefinery in state key laboratory of bioreactor engineering.
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