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Abstract: The research on co-production of ethanol and methane from straw was conducted to address the issues of incom—
plete hemicellulose utilization low ethanol yield incomplete biogas fermentation and low energy conversion rate in straw
fermentation. The effects of exogenous biochar on straw ethanol production and different fermentation temperature and pH
on methane production from ethanol fermentation residue were investigated. The experimental results demonstrated that bio—
char could improve the ethanol production from corn straw with an achieved concentration of 1.99 mgemL~". Moreover
under the anaerobic fermentation temperature of 55 °C ( pH 7.5)  corn straw exhibited the highest conversion rates for both
ethanol and methane; each gram of dry straw yielded 0. 0663 g ethanol and 0. 1409 g methane resulting in an energy con—
version rate of 51.25%  which was significantly higher by 13.57% compared to the control group. Biochar-coupled tech—
nology for co-producing ethanol and methane can effectively enhance the energy conversion rate of straw while providing a
theoretical reference for the multi-stage utilization of corn straw components.

Key words: biochar; straw; ethanol; methane; energy conversion rate

2023 374 t o
9
1-2
3-8 10-13
© 20234147 © 20240130
( KY2023NY02) ; ( CXJQ2023NYO01) ,
(1996 —)

(1979 -)



30 China Biogas 2024 42( 3)

o (pH 4.80) 0.48 ¢ 5000 U
150 remin~" 50 C 48 h,
o 20. 00 min
DNS o
o 50 mL 0.3 ¢ 0.3
g 19
3 37 C
o 12 h o
20
( 1
) - 2
3
pH -
15-16 o
17-18 1.2.2
100 mL
1
1.1 400 mL 1:3(V/
V). N pH
1 ~3 cm 2% NaOH 60 h o pH . o
( Saccharomyces cerevisiae) 25 °C.35 C.45 C.55 €65 C T25.
o T35.T45.T55.T65 pH 6.5.7.0.
7.5.8.0.8.5 P6.5.P7.0.P7.5.P8.0.P8.5
355 °C 425 C . ( JCF1200- 55 C.pH 7.5
60) 5%C 3 °
emin ' 2 h 1.2.3
o 2,
( 2
)
. DNS
1. pH pH
1 (%)
CH, /CO,
60.65 +2.25 34.35+1.86
21.87 +0.45 1.74 +0.35 1.2.4
2.56 +0.16 60.93 £2.23
(1) ~(2)
1.2 E = ( Qo X Mg + Quraspane X m1) /((Qyyy Xm) X
1.2.1 100% *' (1)
3g 150 mL m, =pV (2)
50 mL 0. 10 mol-L ™" D E s Quinano > Qitethane



China Biogas 2024 42( 3)

QSIruu N 7. 53% °
26770]J+g~'.55000 Jeg~' 18610 J*g~': m,

L m, Cm ; (4.15 m*=g™")
P 0.717 g*L™'; Vv . (3.65 m* g™

() (2)
20
. 2.44 g-L™'
0.01 gL'
2 9% 38% *.
2.1
( 1) -
lasb 2~ 4 o 1
. 2 . 3
lend
22
2

a b, c d 3

1

12 h
2~ 4 .

( 2)

12 h

( 4)
1.99 mgemL ™'
36.30%



32

China Biogas 2024 42( 3)

2.2
2.2.1 pH
" 6 pH
pH
co T55
A 2> ~
o pH (
pH 6.5~7.87% 14 1767. 80 mL;
pH 5. 6 P7.5
pH ( 8)
pH 8.0~8.7 pH 1572.50 mL.
5 55 C.
pH o
35 C pH
45 C
° pH 6.5.7.0
7.5 pH P6. 5
8.0 8.5 pH 1 )
7.6 ~7.8( 6)
pH 6.5 8.5 7
2
pH .
pH
12 8.5 .
2.2.2 pH
7. 8
8 pH
9. 10
pH

pH

14

7.5

25 C



China Biogas 2024 42( 3) 33

24

pH

13. 14 pH
. 55 C.

9
11
10 pH
2.2.3 pH
CH,
12 pH
50%
0 1. 12
pH o
11 (1 ) T45
50. 84%
T25.T35 T35 6 .
3 5 T55
13
5 62.39%
pH



34

China Biogas 2024 42( 3)

pH 7.5
33.36% 27.14% .
55 C.
pH 7.5 o
2.3
15 CK
N 55 C

36.30% 35.95%

2 % . ] Mumme
32%
15% ~29%
27
55 C 0. 0663 geg™
TS 0.1409 g+g ' TS
51.25%  CK 13.57%
(27.60%) SN Zhu *
(48.83%) Y Lu *
(54.10%)
(61.96%) * .
15

. 55 C
0.0663 g+g ' TS.
51.25%
13.57% .

0.1409 geg 'TS

2023 41: 47 -52.

A A RAJPUT ZESHAN C VISVANATHANB. Effffect of
thermal pretreatment on chemical composition physical
structure and biogas production kinetics of wheat straw
J . Journal of Environmental Management 2018 221:
45 -52.

R NINGTHOUJAM P JANGID et al. Bioethanol pro—
duction from alkali-pretreated rice straw: effects on fer—
mentation yield structural characterization and ethanol
analysis J . Frontiers in Bioengineering and Biotechnolo—
gy 2023 11: 1243856.
V F URSACHI G GUTT. Production of cellulosic etha—
nol from enzymatically hydrolysed wheat straws J . Ap—
plied Sciences 2020 10: 7638.
W ZAHOOR X S WANG Q TAN et al. Comparison of
low-temperature alkali/urea pretreatments for ethanol pro—
duction from wheat straw ] . Journal of Biobased Materi—
als and Bioenergy 2021 15: 399 —407.

N KUMAR A YADAV G SINGH et al. Comparative
study of ethanol production from sodium hydroxide pre—
treated rice straw residue using Saccharomyces cerevisiae
and zymomonas mobilis J . Archives of microbiology
2023 205: 146.
R CHAUDHARY J KAUSHAL G SINGH et al. Me-
lioration of enzymatic ethanol production from alkali pre—
treated paddy straw promoted by addition of surfactant

J . Biocatalysis and Biotransformation 2023 41: 322 -
331.
M S ABDEL SALAM S S HAFEZ M FADEL et al.
Bio ethanol production from rice straw saccharification via
avicelase gene in E. coli recombinant strain J . Clean
Technologies 2023 5: 451 —465.
S BONETTA S BONETTA E FERRETTI et al. Agri-

cultural reuse of the digestate from anaerobic co-digestion



China Biogas 2024 42( 3) 35

10

11

12

13

14

15

17

18

19

of organic waste: microbiological contamination metal
hazards and fertilizing performance J . Water air and soil
pollution 2014 225: 1 -11.

F MONLAU C SAMBUSITI E FICARA et al. New op—
portunities for agricultural digestate valorization: current
situation and perspectives J . Energy and Environmental
Science 2015 8: 2600 -2621.

F BALDI I PECORINI R TANNELLI. Comparison of
single® stage and two-stage anaerobic co-digestion of food
waste and activated sludge for hydrogen and methane pro—
duction J . Renewable Energy 2019 143: 1755 - 1765.

R RAFIEENIA F GIROTTO W PENG et al. Effect of
aerobic pre-reatment on hydrogen and methane produc—
tion in a two-stage anaerobic digestion process using food
waste with different compositions

ment 2017 59: 194 —199.
M M YESHANEW L FRUNZO F PIROZZI et al. Pro-

J . Waste Manage-

duction of biohythane from food waste via an integrated
system of continuously stirred tank and anaerobic fixed
bed reactors. Bioresour Technology 2016 226: 312 -
322.

L CYANG XM GE C X WAN
perspectives in converting biogas to transportation fuels

2014

et al. Progress and

J . Renewable and Sustainable energy Reviews
40: 1133 -1152.
JHHU K STENCHLY W GWENZI et al. Critical e—
valuation of biochar effects on methane production and
process stability in anaerobic digestion ] . Frontiers in
Energy Research 2023 11: 1205818.
E SYGUL A M GALEZOWSKA A BIALOWIEC. En-
hanced production of biogas using biochar-sulfur compos—
ite in the methane fermentation process J . Materials
2022 15: 4517.
Y LIU J X DONG G J LIU et al. Co-digestion of to—
bacco waste with different agricultural biomass feedstocks
and the inhibition of tobacco viruses by anaerobic diges—
tion J . Bioresource Technology 2015 189: 210 -216.
G YANG P Y ZHANG G M ZHANG et al. Degrada—
tion properties of protein and carbohydrate during sludge
anaerobic digestion J . Bioresource Technology 2015
192: 126 —130.
W MLI LHE CCHENG etal Effects of biochar on
ethanol+type and butyrate-type fermentative hydrogen pro—
Technology 2020 306:

ductions ] Bioresource

123088.

20

21

22

23

24

25

26

27

28

29

30

M KYRIAKOU V K CHATZIION C N COSTA et al.
Biowaste-based biochar: A new strategy for fermentative
bioethanol overproduction via whole—ell immobilization
J . Applied Energy 2019 242: 480 -491.
SNZHU Q G ZHANG Z P ZHANG et al. Perform—
ance evaluation of bio-hydrogen and biomethane cogenera—
tion from corn stover over a range of initial pH and tem-
perature J . International journal of hydrogen energy
2020 45: 21157 -21165.
SLIU YJXU Y ZHAO et al. Hydrothermal modifica—
tion of lignocellulosic waste as microbial immobilization
carriers for ethanol production J . Biochemical Engineer—
ing Journal 2019 142: 27 -33.
X HPAN Y ZHANG C HE G LI et al. Enhancement
of anaerobic fermentation with corn straw by pig bone-de—
rived biochar ]
2022 829: 154326.
C DEHERI S K ACHARYA R MISHRA. Effect of ini—

. Science of the Total Environment

tial pH and substrate to inoculum ratio on the production
of methane and hydrogen from food waste J . Materials
Today: Proceedings 2023 74: 650 —654.

W MLI LHE CCHENG etal Effects of biochar on
ethanol-type and butyrate-type fermentative hydrogen pro—
ductions J . Bioresource Technology 2020 306: 123088.
J MUMME F SROCKE K HEEG et al. Use of bio—
chars in anaerobic digestion J . Bioresource Technology
2014 164: 189 - 197.

Y QLI ZX WANG Z L JIANG et al. Bio-based car—
bon materials with multiple functional groups and gra—
phene structure to boost methane production from ethanol
anaerobic digestion J . Bioresource Technology 2022
344: 126353.

Z P ZHANG C CXU Y ZHANG et al. Cohesive strate—
gy and energy conversion efficiency analysis of bio—
hythane production from corncob powder by twostage an—

aerobic digestion process J . Bioresource Technology

2020 300: 122746.
Y LU QHLAI CZHANG et al. Characteristics of hy—
drogen and methane production from cornstalks by an aug—
mented two or three stage anaerobic fermentation process
J . Bioresource Technology 2009 100: 2889 —2895.
W L SONG J CHENG J H ZHOU et al. Cogeneration
of hydrogen and methane from protein-mixed food waste
by two-phase anaerobic process J . Hydrogen Energy
2010 35: 3141 -3146.



