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Ethanol production from sweet sorghum stalks by advanced
solid state fermentation (ASSF) technology

Bing Han, Li Wang, Shizhong Li, Ergiang Wang, Lei Zhang, and Tiancheng Li
Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China

Abstract: A robust strain of the species Saccharomyces cerevisiae CGMCC1949 was screened and identified, and advanced
solid state fermentation (ASSF) technology for fuel ethanol production from sweet sorghum stalks was thus developed. The
fermentation time was shortened to less than 30 h, and ethanol yield was 92% of its theoretical maximum. And in the meantime,
the cost-effective storage was established for sweet sorghum stalks, with less than 5% sugar loss after 200 days of storage, making
the plant operation could extend up to 200 days without feedstock shortage. With the fermentation kinetics and heat-mass transfer
models, modeling of the ASSF process was investigated, and the rotating drum bioreactor was designed. Furthermore, the ASSF
technology was successfully applied in the pilot plant in which the rotating drum bioreactor was scaled up to 127 m’, and ethanol
yield of 91% was achieved. At the end, techno-economic analysis (TEA) conducted by ASPEN indicated that ethanol production
from sweet sorghum stalks by the ASSF is economically competitive.
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AT AT o B R OV A U 5 B v SR A e R 2
BEH R E R Z —, e T @™ & R
NCIM3319, fHH 1960 4F 54, % AR — E AT 2=
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THAE PRk CBER 5 B 5 Laopaiboon 28 P14 i e 3
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{5 REFEAR. BRI . AL R b T2
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A1 em K A/NBHEAT K W S B e d e, RIS K
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JZ ¥ ASSF (Advanced solid state fermentation) 4=,
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Fikk 1308 #H24, 1ii CGMCC 1949 7E8EHk B Al pH i
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Fig. 1 Comparison of the weight loss during the ethanol
fermentations with S. cerevisiae CGMCC 1949 and 1308.
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Table 1 Composition® of sweet sorghum stalks
Composition Percentage (%)
Cellulose 12.4
Hemicellulose 10.2
Lignin 4.8
Sucrose 55.0
Glucose 3.2
Ash 0.3

* The results are expressed as percentage (%) of dry weight.
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Fig. 2 Time-courses of the total sugar decrease for the three
storage methods A, B and D with C as a reference.
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Fig. 3 Time-courses of biomass, total sugars and ethanol during
the ASSF process.
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Fig. 5 Comparison of the total sugar decrease between the
experimental results and model predications.
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Fig. 6 Comparison of the ethanol production between the
experimental results and model predications.
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Fig. 7 Temperature-time curve of the substrate monitored
within the rotating drum bioreactor.
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Fig. 8 Temperature-time curve of the substrate within the
rotating drum bioreactor predicted by the heat-mass transfer
model.
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Fig. 9 Temperature-time curve of the substrate monitored
within the pilot bioreactor.
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Table 2 The operation results of the sweet sorghum ethanol
pilot plant

Raw Fermented  Distilled

stalks stalks stalks
Weight (ton) 19.540 18.750 -
Reducing sugar (%) 7.724 0.545 -
Total sugar content (%) 8.268 0.614 -
Moisture of inlet (%) 68.850 78.160
Moisture of outlet (%) 74.700 81.600 -
Ethanol content (%) - 4.026 0.160

4 REHAPRALE

Flt e 5 O WE ASSF 4272 1t AR O B A BB
13 758.3 MJ, F=HIAERE 46 065 MJ (55 3), REEA
PR 1L 2,78, PRIFF I AT DAVE SR i ORI 7%
M. TR RERERE, TPREEEBAS A 123,

22 FEAME VENLA I T ASPEN {45 ASSF $7 A
AR B ST HOR AT 4 (TEA), TR
HE T B JURL R 8 A A% DB Bl i X L 1 B A1 & B
B, MK 4, 5PoR, B R 200 TIHHE,
CWERY AP A K 4.35 JT/kg (B3 10%FBL, Wi
Bk 3.95 Ju/kg), MiENER, KB LEERA N
5.3~5.8 Jt/kg, HI L AT WLAZAE AR ELAT g 7™
N, TR B ARG 1 4 TR AR
k3 MESRCEASSF TZHERANEHEE

Table 3 The energy input and output of the ASSF sweet
sorghum ethanol process

Energy input Energy output

Items Quantity Energy (MJ) Items Quantity Energy (MJ)

Electricity 230kW-h 828

Y FP 118t 17310
Pellet fuel 143 kW-h  514.8 ue
Steam 452t 11922

Ethanol 1.00t 29295

Hot air 5.00t 493.5
Total 13 758.3 Total 46 065
* dry basis.

5 ZRiE

BEXS Rl R CBEA PP HOR Y 3 ARSI L, T
e O™ SRR R AR CGMCC1949, fififilt s
SEEEFFEMA K B IR I 4R 00 % 30 h LAY, A&
KR WA 7= CBERIISETE] (55 h) 4% 409% L) I, £
WORE FHISER 94% , 15K OEENRCE—E N

91.5% 5 DLk e RO A7 B e S 25 FF

7k, WA

200 KAF RN T 5% ;5 HL T RIS S,

2 TR N 35 T 14 £ ARORIAT IR, 3
o B R B A, ST SR
PR A Sl IR T SR
ZOE, ) s md ik, FEE 127 m’
PR T, I AE R R WG ik
SRR B B AR R AT LR H T Tk

TR BT T
FE A PLAR AL A
AT
TR TERY
RN, K
oA Zr b

O3HT, ASSF HORA R S CBRAE TR BoR | &
OF BRI, BAT MR AR

Fz4 ET ASPEN UM SR ZHE ASSF TEHA#ZE

Table 4 Economic analysis of the ASSF
ethanol process

sweet sorghum

Operating costs

Price (¥ /kg ethanol)

Sweet sorghum
CSL

DAP

Yeast

Bagasse

Waste water
Utilities

Fixed costs

Capital depreciation
Average income tax
Average return investment

Total

3.619
0.000
0.000
0.184
—-0.873
0.015
0.537
0.243
0.267
0.040
0.323
4.350

K5 HWERZEAAMEERNIGHRES

Table 5 Variation of ethanol production cost with the price

of sweet sorghum feedstock

Sweet sorghum stalks MESP®
Y/t Y /kg $ /gal
100 2.52 1.10
120 2.88 1.26
140 3.25 1.42
160 3.62 1.58
180 3.99 1.75
200 (Baseline) 4.35 1.91
220 4.72 2.07
40 5.09 2.23
260 5.46 2.39

"MESP : minimum ethanol sell price.
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