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Optimization of Fuel Ethanol Production from Kitchen Waste by Plackett-Burman

Design

MA Hong-zhi'; GONG Li-juan’> WANG Qun-hui"?, ZHANG Wen-yu’, XU Wen-long’

(1.School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, Chinas 2.School of Civil and
Environmental Engineerings University of Science and Technology Beijing, Beijing 100083, China; 3.China Academy of Urban Construction,
Beijing 100029, China)

Abstract: Kitchen garbage was chosen to produce ethanol through simultaneous saccharification and fermentation ( SSF) by Zymomonas
mobilis . Plackett-Burman design was employed to screen affecting parameters during SSF process. The parameters were divided into two parts,
enzymes and nutritions. None of the nutritions added showed significant effect during the experiment> which demonstrated that the kitchen
garbage could meet the requirement of the microorganism without extra supplementation. Protease and glucoamylase were determined to be
affecting factors for ethanol production. Single factor experiment showed that the optimum usage of these two enzymes were both 100 U/g and
the corresponding maximum ethanol was determined to be 53 g/L. The ethanol yield could be as high as 44% . The utilization of kitchen
garbage to produce ethanol could reduce threaten of waste as well as improve the protein content of the spent. This method could save the
ethanol production cost and benefit for the recycle of kitchen garbage.

Key words: kitchen garbage; simultaneous saccharification and fermentation; Zymomonas mobilis; Plackett-Burman design
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Table 1 Characteristic of kitchen garbage/ %

ZH i RSk
TS 11.97~18.10 17.22
DS 1.31~4.96 2.58
sS 7.01 ~15.80 14.64
ps¥i 56.78 ~ 67.10 62.68
JERY 41.38~55.09 46.12
HEH 13.21~17.13 15.56
FH R D7 15.12~19.89 18.06
FH 274 1.91~2.87 2.26
pH 1H 5.98~6.12 6.08

1.2 Bl B i 77
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TG A R A O b 3t L T ) B A il
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CDI& B T 5 v b 355 9% ik R 2 0 35 5%
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Table 2 Parameters in the Plackett-Burman design

' S RAKFC-1  FARFEC+D

A VERI R/ U g ! 0 8

B WAL /U g ! 0 200

C TYERNE/ U g ™! 0 100

D AR/ U g! 0 100

E JE 1T/ U g ! 0 100

F HERR /U g ! 0 100

G IR /U g ! 0 100

H R — S % 0 0.1
I IR EE % 0 0.05
) IR % 0 0.1
K BEREE % 0 1

L W EE/C 30 40
M pH 4 7

N A

0 T H

2 HRE5HH

2.1 AS[AE] [ R BT RS I S
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Fig.1 Effect of ratio of solid to liquid on ethanol production
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Table 3 Experiment design and result for Plackett-Burman design ( N = 16)

75 A B C D E F G H 1 J K L M N 0 IR /g 1!
1 -1 -1 -1 -1 1 1 1 1 1 1 -1 -1 -1 -1 1 21
2 1 -1 -1 -1 -1 -1 -1 1 1 1 1 1 1 -1 -1 14
3 -1 1 -1 -1 -1 1 1 -1 -1 1 1 1 -1 1 -1 43
4 1 1 -1 -1 | S L | 1 -1 -1 1 1 1 42
5 -1 -1 -1 -1 1 1 1 1 1 1 -1 -1 -1 -1 1 21
6 1 -1 1 -1 -1 1 -1 -1 1 -1 -1 1 -1 1 1 15
7 -1 1 1 -1 -1 -1 1 1 -1 -1 -1 1 1 -1 1 16
8 1 1 1 -1 1 1 -1 1 -1 -1 1 -1 -1 -1 -1 52
9 -1 -1 -1 1 1 1 -1 1 -1 -1 -1 1 1 1 -1 40
10 1 -1 -1 1 -1 -1 1 1 -1 -1 1 -1 -1 1 1 38
11 -1 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1 -1 1 46
12 1 1 -1 1 1 -1 1 -1 1 -1 -1 1 -1 -1 -1 41
13 -1 -1 1 1 1 -1 -1 -1 -1 1 1 1 -1 -1 1 2
14 1 -1 1 1 -1 1 1 -1 -1 1 -1 -1 1 -1 -1 45
15 -1 1 1 1 -1 -1 -1 1 1 1 -1 -1 -1 1 -1 49
16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
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Table 4  Analysis of the result for P-B design

g5 R 1(a) pa) 1(h) p(b)
A JEWME/Ug! 0.667 0.574  0.940  0.401
B BEiLHG/U-g ! 2.314  0.147  3.261  0.031
C  fTHREFEM/U-g! -0.314 0.783 -0.442 0.681
D EHHAM/Ug! 2.000 0.183 2.819  0.048
E  JENilG/Ueg! 0.431  0.708 0.608 0.576
P AR/ Usg! 1.255  0.336  1.769  0.152
G RIKHG/Ug! -0.118  0.917

H @R &M% 0.000  1.000

I W/ % -0.824 0.497 -1.161 0.310
] R/ % 0.235 0.836  0.332  0.757
K BREE/% 0.314 0.783  0.442  0.681
L RE/C -1.530 0.266 -2.156  0.097
M pH -0.157 0.890 -0.221  0.836
N ZFH

0 %H
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Fig.2 Effect of glucoamylase usage on ethanol production
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Fig.3 Effect of protease usage on ethanol production
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Table 5 Characteristic of the distillery waste of different substrates

JEOR AR COD/mg*1."! Rl H/% pH
FIF B 50 000 1~1.5 3.8~4.2
ESPS 55 800 1.2 3.5

®6 BENIRERABANFEMLFAN %
Table 6  Composition of kitchen garbage before and after

ethanol production/ %

P s HEN £ 4 KRG Wi
R TR 1) 48 It ot 33 15.56 2.26 18.06
R e 1D A A 38.45 1.32 13.51
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