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2 M B B (Pennisetum americanum X P.
purpureum) | Ml ¢ #8 (Panicum virgatum) F1 % %
(Miscanthus ) 53 5| F 30 5 T AARBE 7 B A1 e [ B2
et By R RE IR S i BT ST S A . 3 A AR IR F 4y
SRR K/NHA 2~3 em, K IR 1 h, FF#EHHAS
KA 15% . NBN| AR RSB O 2, BT
T JE RN 2 5 60 o/Lo 552 50 I VR S5 1 43 il
160 °C,5 min Fl 205 °C,5 min, X Jj i 7 HR DR R 4K

AR EALR (%)

_ VIRIMAS 4E K () - SRERY P RIRLT 4R (o)

I3 Je 2.46 F13.79'
12 RTHELEE

RLIK VLI EE B 3 T 35 Ak P AR VR HEAE 250 ml
4 = Ff R DB 0 BN 15% 10 DS 40 vk B E 4 7 ()
MR R T o R T TP N TR A TR A A TR M 2%
(pH 5.0), LA 20 FPU/g £ 4 K RO B4 2 in A £F 4 &R
Cellic CTEC 2(Novozymes i), 50 °C,200 r/min,
TEE# 12 he FRHRA YR H R 35 Cla , ALY
RGP B AR, R R BE R 2.0 o AL T H kg )
I TAER R . [F2P WL A% 72 h, T 12 h 55F% 6 h
— A, 12 h Z )5 BERR 12 h B—IRFE . FE S
T4 CHAEHZ CEEFBE R 53 Hrist i

AR FACF I CBE R TR A X

x 100% (1)

LA 3(%0) =

VI IMALT4EZ (g)
KPR L i (g)

x 100% (2)

REE L

) 25 B Ak e 1 1) 4 5% BR 0 A Sk R 48000 A = H
BEIRA) , HOE R (TS)  #5 K PR (VS) , B3 &
PERR (TVFA) , £F 2 22 R 25 4 R & 1 5 S HCRR ik
FFTmsE", WLk 1. DRACIH Ak 52 56 2 1 % B [
o BB V5 K A BT IR ST Ve HEAT W4k, LARE R
1.0 gVS/L B fif (1) 2 5% B W E AT HE 22 30 d 1B 4R
YAk R = . YL B 5 JeAE # T 4EFE— Bt )

1.3

WIHEIMALT 42K (2) x 1.11 X0.51

BRAMA W AP LS5, P hil )
MR AL 7 A SIR A, AU FE 6 4L REVR H 0 K B 4k
PR 1 ASXHIRA . S2GAE 250 mL R UM N #EFT,
AR 200 mL, R0 5P AR LB 211
(VS/VS) , #EH} i 3 0S A R BR PR 48U N 1 23 3, B
o 7E 37 CHFRA TR, B K E i H] 3 mol/L 1Y
NaOH HEZK M 7 <M = 8, )20 22 A DR AT A 5K
A=A MR LT 45 d,

K1 KEEHKBMIEFYRE S WE

Table 1

Characteristics of whole stillage and inoculum

R Al PR TIUAL P58 P R K (SF)

240 HATAR R L5 ) ey
2.46 3.79 2.46 3.79 2.46 3.79 —
T4 R/g kg 15.84 12.40 16.70 15.87 19.97 17.28 0.00
PR /g kg 13.42 6.38 10.46 10.21 9.57 8.98 0.00
FfR/mg L 1110 2370 1060 2380 1060 1570 0.00
LR/ mg- 1 3600 4960 3090 4640 3140 4320 552
PR/mg -1 650 1273 880 980 560 1050 1276
T HR/mg 1" 2.00 50.00 96.00 13.00 6.00 7.00 3.00
TVFA/mg- L™ 5360 8653 5126 8013 4766 6947 1831
TS/g kg 189.80 214.61 176.85 172.14 166.57 178.09 47.99
VS/g kg 158.66 185.10 148.04 142.51 134.29 146.64 14.83
(VS/TS)/% 83.59 86.25 83.71 82.78 80.62 82.34 30.90
pH1{H 5.1 5.0 5.1 5.0 5.1 5.0 72
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1.4 HWHZE

T v BE iR AV £ 3 A S8 (HPLC,
mode 1260, Agilent Technologies, Santa Clara, CA) ,
3R Hi-Plex H(300.0 mmx7.7 mm) , #1360 C,
FRZERE I A% (R IR 40 °C, i sh A4 5 mmol/L #i
BRI # A 0.6 mL/min, JEFE RN 5 pl, LB
JEE I 5 i FH Y AT T00 %S 3EFE £% (Agilent Technologies,
model 7694E) HY < AH €4 3% 1L (GC, model 7890A,
Agilent Technologies ) , K & HL &5 6 W &% , N 42 0
0.32 mm [ HJ-PEG (EiH:, A8 LR 200 °C, A
120 °C. FBES A 1 A I 2 fiff FH NaOH HEZK 52X
o AJTELR Y R TR} 2 TR AL BT AR 2F A
A3 BT AR 4 K M )7 NREL/TP-510-42618 Wl &,
PR B FLRE A e 0 1 5 D A NREL/TP-510-
42623 AN E T 0 AR AR

2 ZER5{TE

2.1 FERBUHIEEREALZRM BN

SJC UG % R b 7E BE YR A 1A B 3t ok SR FH A o
FE 2K 2.46 F13.79" ) 3R 2 Sk 3 FhEEVR HEAE 2 Ff
IR WAL BRAT IS B M s . a5 R %
B, R VRIERE 3 Fhae TR wA b2 lp , S e R 5 i

2 G RER R T HE Y 39% , KL 4E R & BETE 20%, K
J 2R i 22 S OR P25 RE (Miscanthus ) IR BT R
R s IR 312% , 28 &2 R B K (Pennisetum
americanum X P.purpureum) 5l h 25.3% ,iX F 25
JEUREAS B ) A2 2H A G

TR T A0 3 5 SR IR A7 4 R K 14
B i R i A g o b 3 RHRETR FOK AN IEY)
JT 853 AT, TSR EE R A 3.79 I, 3 R RE IR 1Y
LR A AR IR 50% LA b iR AR 4E R 1A
AR T 11.3%L0F o X Ui Ok E k27
ST RAPL T R EAE T AP 4R AR R
HH 3 BN R BE IR, v 2R 21 2 3R i 45 4
T foi i T 25 A 5 B T I Ak S R SROWE 410 )
PR o S AT IR A IR 43 (4 R VA B T R WA
FRAF I ATWE S i 0.73% B AR 0.11% , X B £F
2 JURE A B3R A 7 T v T e TS R 5 TR AR A sk
SEREAR A 5-5% TR RIS BRIE | TP R AN &R AR R T
A1) R, 340 ) R0 P e JBE I A R FEE 2R B S o
B, Ferh R R R A E T 1.05% . KRR AE
VIR SR T R A 2 2R AL 22 8 A 0T 7 A
KACE Y, 45 R B, B0y & 5 R R AU iR
ey T 0, 3 28 13 26 A5 W % 47 4k 2% i AT T AR
JFH 3 T80 5 0 Pl g R

R2 AREERBEHACIE K33 MaLiRER 20

Table 2 Effect of different steam explosion pretreatment conditions of the three energy grass

. BRI KANEER B g - 100 DM IKEER TR 5378 - 100 DM »
ey SF - - — - R %
Rl% R CRAMEER OKEE WA AW TVFA S
— — 39.21 19.40 25.33 — — — — —
ARAL
. 246 8500 45.13 13.58 2432 073 044 047 055 99.50
IR
379 70.10 55.09 5.77 28.56 011  L16 070 105 98.70
— — 39.64 20.82 26.72 — — — — —
IR 246 8830 41.70 1591 25.33 029 047 029 034 93.50
379 7130 54.23 7.17 29.34 017 083 1.05 130 97.90
— — 39.05 22.46 31.22 — — — — —
EHL 246 89.70 43.08 13.49 32.67 041 036 041  0.70 99.90
379 74.80 51.04 11.31 38.22 0.16 051 098 133 98.10

T P SE 5 2 AL log Ro,log Re=log (1xe”™™7) s (Ro R DAY , ¢ 45 BA WA, T(C) YRR IR B, Tr 4R (100 °C) , 14.75
HE) 5 BETE PBCR =27 24 2 s X L UL BIME v /2T ZE 2R G X 111

22 RFEISHEUREESIE
REGIKVERY 3 0% BEIRUAT 10 [R] 25 0 1 e 1

LHETRANE 1 R, 2t 12 h TG, 2SR 2
B (Pennisetum americanum X P.purpureum) TER &R
$h 2.46 B AR BN 32.2 g/kg; I3 R AL
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Fig. 1  Simultaneous saccharification and fermentation

performance of pretreated energy grass

Kl 1a fIE7R, 3 FhAB IR 22 R A0 ML & B K £
P 0 ) 16.4 . 11.8 F1 11.4 g/kg, Xt (R 2T 4 5%
AL 0N 59.6% .58.9%F1 55.2%, &l 1b H1, 4%
REVR R 1Y) £ R 2 o0 S A 26.8.25.1.22.1 g/kg, 2T 4k
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LT Y R IALRAA 22 2 24% ., (B2, BRI B P b
PR 23 IR 2= 21 e 21 50 R B A, DA T e i T
P35 SRR, JF HL R [F) 20 0L A R & i A vk
FERHR &, B 22 T BUMUE W R PR 19 B RE R AR
IV
2.3 HEEE MK L8 (BMP)

3 BRI BE IR B 14 A A % BR W) IR AR A

Be (7R SR 2 AN K 2 i, [ 2a EAERIE &R
B 2.46 AL g R 2 R TR B, 3 Fhae
JERE 5% B 2ead 45 d I DRATE AL, FBE =200 5]
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BOh 3.79 WAL PRI ) £ 1 Kk TR BE W), Y ot 7™ 334y
ok 280.0.273.6 F1 256.9 mL/g VS, RN IL 4

Joi o X A S ZHURE i AT AT o b A AR Ak 3 T
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B4 SN PR TR AL B AR IR R 2 T R AR BA )
6T IR AP IR . S8R X —H e =%
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Table 3 Parameters analysis after BMP test
FE SRR TR BRAE R EL(SF)
ZH FANRE T 5 g T RO
2.46 3.79 2.46 3.79 2.46 3.79 —

T4 Rlg kg 7.84 6.71 9.07 5.36 7.93 6.60 0.00
LT Yi R g kg 0.42 0.00 0.46 0.00 0.57 0.00 0.00
H iR /mg - 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZMe/mg- L 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Wi /mg- 1" 927 1036 1202 1168 1339 1436 0.00
TR/mg-1." 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TVFA/mg-L™ 927.00 1036.00 1202.00 1168.00 1339.00 1436.00 0.00
TS/g kg™ 77.36 83.90 78.08 78.65 73.32 73.52 46.01
VS/g kg 61.72 67.01 60.10 59.57 59.89 64.23 14.28
(VS/TS)/% 71.77 78.92 75.06 73.83 76.47 78.79 31.03
pH{H 7.6 7.6 7.5 7.7 7.7 7.7 7.2

24 BEFESH
HRAJE 3 T e U5 5 W) 20 W A % 8 LA KR A A
I RAT B L L 1 kg T JRURL A BT B A T2
F o0 P AT TSR A . AN IRl 3 R 1 kg 2%
AR B B (Pennisetum americanum X P. purpureum) .
Wiz #2 (Panicum virgatum) Fl 7% 5 (Miscanthus ) Ji.
BE, 28 2.46 BT IRE RACHUAL B , 72 [R) 2P B 1k
KRB, 43 3454 96.5.67.6 Fl 68.2 g LEE, [
H R W 5% B I AE W B AL B B 38 23 0l AR A 151.3
161.8 1 156.1 g Fbe ; 1M 568 5 AR K 2 3.79 i, 3 fif
300 COWye WRZEYg
250

20
I% 200
ﬁ.\z
35 150
Jm
s
8 100
£

50

0

160/5 205/5

160/5 205/5 160/5 205/5

AR B PR TR
KI3 3Ryl B AR IR A £ - F BEie ™ /Y
Jot i - 73 Ar

Fig. 3 Mass balance diagram of ethanol and methane
co-production from three kinds of steam-exploded

energy grass

AE R B4 B 4R 45 127.3.121.9 1 109.0 ¢ £ [
124.7.121.2 F1 119.5 ¢ bt s THA RE IR 2 4F 4 R
FEALRERT R, 2 FRIBR AR T Y 3 FhRB IR RE 1Y 4= 2F
Y Z AL R 1K 87.6%~92.8% 2 6], Mk, Z
P - F e 6 7 2N R AS [ Ak #2547 T AN
[Fi) BB U 5 1) 4 2F 2 R A AL BOR I — e R RS
P, TR MR T R Tk B A (R HE TS e 3
B2 R0 JFURHIR 9% 45 () B, SR S 41 4k 2 ROk} 42 2 4
R TE A

3 4 i

B X A VR o LA 0 o R VR O R P A A A 3
PER AR [, 20 58 Q08 M g 7 O BE R BESE &
IRAETHA T e B A= P AL SRS . 7F S RE R Ry
B VIR R BN 2.46 TALBRE) 3 FhHETR T 1
KB SEST N 16.4.11.8 F1 11.5 g/kg, X R BT
Y REALRII BN 59.6% .58.9% 1 552% ., Gk
FBHE =B 3.79 B, R CBERR E 73 535 F) 26.9 .
25.2 Fll 22.1 g/kg, 4F 4t 2 5% AL % 53 51 h 79.8% |
72.4%H 67.3% . TG EEM BEALBY B, 2 R4
PR 3 FlBE IR 5 Y 2T 4 AL R e — e R
AR LIS R AT 2 R L AR 87.69%~92.8% 2 1],
L[] b 8 YR A AN ) AL B A% R A 4 £ 2 R e
R EZRIE 6%, LI 45 FULH 2 - kel = 1
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ADVANTAGES OF ETHANOL-METHANE COPRODUCTION ON
BIOCONVERSION OF STEAM-EXPLODED ENERGY GRASS

Li Chunmei, Du Jiling, Chen Le, LiJian an, Zuo Ranran, Tian Shen
(College of Life Science , Capital Normal University , Beijing 100048, China)

Abstract: In this paper, three kinds of energy grasses, which are widely planted in northern China, were pretreated by
two steam explosion pretreatment conditions respectively, followed by ethanol and methane co-production experiments.
The results showed that the maximum ethanol concentration of Pennisetum americanum X P. purpureum, Panicum
virgatum and Miscanthus were 16.4, 11.8 and 11.5 g/kg, respectively, when the SF was 2.46, and the cellulose
conversions were 59.6%, 58.9% and 55.2% . And the maximum ethanol concentration reached 26.9, 25.2 and 22.1 g/kg,
respectively, and the cellulose conversion rates were 79.8% , 72.4% and 67.3% , when SF was 3.79. In the subsequent
methanization stage, the results showed that the fermentation stillage of 2.46 have high methane production capacity ,
which was 311.5, 345.6 and 313.8 mL/g volatile solid (VS), respectively. This results is 1.21, 1.26 and 1.21 times of
the former. The results of mass balance showed that 1 kg of dry grass could produce 127.3 g of ethanol and 124.7 g of
methane through ethanol-methane co-production, and the total cellulose conversion was 92.8%. It is proved that the
ethanol and methane co- production process can obtain higher bioconversion rate, and it has the versatility and
applicability to different energy grasses under different pretreatment conditions.

Keywords: biofuels; biomass; bioconversion; ethanol and methane co-production; steam explosion pretreatment





