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The Long-term Storage and Biorefining of Various Lignocellulosic
Feedstocks in Multiple Areas and The Energy Application of Heavy Metal

Contaminated Feedstocks

Abstract

This thesis focused on two important practical application issues, namely, the long-term
storage of various lignocellulosic feedstocks in multiple areas and the energy-intensive
application of heavy metal-contaminated biomass feedstocks. In the first place, lignocellulosic
materials in China are widely distributed, with many varieties and rich output, which is
extremely conducive to the energy application of biorefining. Before considering large-scale
biorefinery applications, it is necessary to consider the strong dependence of multiple raw
material supplies on the season. To guarantee the biorefinery plant can carry out stable energy
production all year round, a critical problem must be solved, namely, the successful long-term
storage of lignocellulose materials without microbial contamination. Besides, in order to
avoid serious secondary pollution of heavy metals caused by direct disposal, it is particularly
important to seek reasonable and proper methods to safely and effectively treat these heavy
metal-contaminated biomass. Although the use of biorefining methods for the energy
application of such contaminated biomass materials is an effective method close to this goal,
it is even more important to prevent and control heavy metal secondary pollution while
applying it.

In order to solve the problems above, this study used a mature and excellent pretreatment
technology developed by our laboratory, i.e., dry acid pretreatment technology. And at the
same time, we conducted a long-term storage test study of a wide variety of lignocellulose
materials as well as the research on the whole-biomass biorefining of heavy metal
contaminated biomass feedstocks. The main research methods and the important results
finally obtained are summarized as follows:

The first part of this thesis here mainly studies the replacement of long-term storage of
several crop straws after dry acid pretreatment in multiple geographical environments of
China. Firstly, to prevent the threat of mold during the long-term storage, we adopted a
method of pretreatment first and then long-term storage. Secondly, in order to grasp the
changes of the pretreated materials during long-term storage, a year-round follow-up test
experiment was carried out on the spread of various pretreated feedstocks in different regions
of China, mainly investigating the changes of physical and chemical properties, composition

and enzymatic hydrolysis yield and ethanol fermentability of the pretreated. Finally, under the
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framework of decentralized supply, the relationship between the storage density of

lignocellulosic feedstocks and the off-depot transportation cost was discussed. At last, the
following results or goals were obtained. Firstly, the dry acid pretreated crop straws can
achieve the one-year storage without microbial contamination in a variety of complex
regional environments of China, so they have excellent resistance to mold. The performance
also shows that this kind of method of pretreated first then storaged is reasonable. Secondly,
after the dry acid pretreatment, the bulk density and tap density of raw straw materials are
significantly improved, and the storage density of raw materials during storage is still
positively rising. Therefore, such a property change helps to reduce the transportation cost of
the feedstock supply process. Thirdly, the main inhibitor content of the dry acid pretreated
feedstocks during storage is significantly reduced, thereby saving the time cost of subsequent
biological detoxification. Fourth, the yield of enzymatic hydrolysis is significantly improved,
and the overall ethanol fermentation performance is stable.

The second part of this thesis takes rice biomass, which often occurs under the current
heavy metal pollution in the soil, as the research object, and mainly studies the current
biomass refining method based on dry acid pretreatment technology. The rice straw and rice
grain of heavy metal contaminated rice are contaminated biomass with potentially secondary
pollution capability, and can be used for energy application. If not handled properly, it is very
easy to cause serious consequences. The dry biorefining process based on dry acid
pretreatment technology can be realized first with totally enclosed energy utilization of heavy
metal contaminated rice straw, but contaminated rice does not have a good use method. If it is
used for ethanol fermentation alone, it will inevitably produce a large amount of heavy metal
contaminated distillers that can be illegally used as animal feed, and resulting in serious heavy
metal secondary pollution. In order to avoid separate fermentation of rice, we have tried a
method of whole-biomass biorefining, i.e., preparing contaminated rice into hydrolysate and
integrating it into the ethanol fermentation process of rice straw in the form of supplementary
raw materials to realize a form of whole-biomass fermentation , thus avoid the occurrence of
heavy metal contamination. In the end, it not only achieved an ideal ethanol index (56.3 g/L),
realized energy utilization, but also successfully achieved full-enclosed treatment of
contaminated rice biomass without secondary pollution, and realized the enrichment of heavy
metals.

In summary, dry-acid pretreatment technology is of great significance for the long-term
storage of a wide variety of lignocellulosic feedstocks and the fully enclosed energy-intensive
application of heavy metal-pollution raw materials. The application of dry acid pretreatment
technology can not only successfully solve the problem of long-term storage of crop straw

and other lignocellulosic feedstocks, but also create favorable conditions for the
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whole-biomass utilization of heavy metal contaminated rice. Therefore, this research has

made certain contributions to the future supply of raw materials for biorefinery plants and the
safe and effective treatment of biomass contaminated by heavy metals.

Keywords: dry acid pretreatment; long-term storage; decentralized biomass supply; heavy

metal contamination; whole-biomass biorefining



% OVI T BEREREIT KRS WL%MRT

Ep
BB L B BB e 1
Lol B S ettt 1
1.2 ARIFEFUEZRERHI LG T oo 1
12,1 ARJFETAE B AITEARZL IR et 1
1.2.2 ARIBETFUE B TR DL oo 2
123 A EERERAEDIFEFE B L BRI oo 2
1.3 ARIELFAEZERFITIALTE oot 4
130 TSR IVE T e 4
1.3.2 B DI THAL TR T T2 ettt 5
1.3.3 0 T BETTALTE ..ot 5
LA B et 6
LA FIHI T T BT FLZET oo 6
LA 2 B B IR T T T ettt 6
1.4.3 BRI TETE oottt 7
1.5 0 A B R R B T e 7
1.6 ARBTAYER FRHCIAMEAF B AR oo 8
1.6.1  ARBAT AR TR AT AT B ZEVE e 8
1.6.2  ARJFEFUEZ JFRFAEIIERBIELI oo 8
1.7 EEG BTG G IAETE oo 8
1.7.1 B A BTG G SRUE RLIIR oottt ettt e e 8
1.7.2 L BI5 Y AL TR oo 9
1.8 IR S T BRI T P 2R et 10
B2 E ARSI I R A 4E R JE R K IAGEAE 11
2L T B et 11
2.2 BT JT02 ettt 12
221 S TERE ST B AT ..ot 12
222 BEFIHIEETEIE .ottt 13
223 RAEIREFT AT T8 B BT BTV oo 14
224 TFRTTALTE ..ot 14
22,5 THRALTR SRS AT IR ZEL 3 TE T T oot 14
22.6  TRAEFH G FEFT SRR I BT .o 15

2.2.7  TRALERJE RS A A S E] 2 ZEERIE BT oo, 16



BEREREIT K WLHMET W VILH

2.2.8 BRI ZEAEIILTE ..ot 17
2.2, BEETKIBETIY .ottt 17
2210 ZuTE SSCF ..ottt ettt 18
2201 TR ZRIITE B oottt 19
22,12 HPLC [ BRI T oottt ee e 19
23 R T ettt 20
231 AR A RS BAEAE TS R ARRIR I e, 20
232 KIEAF IS L B LG HE A R AU D 21
233 TALERJEFEAT ERILE 22 M A7 S5 TR 1 S B EEAE A e 24
234 KIAGEAF I AR A PG I FURFITZEAE A oo, 28
2.3.5  EEIKIRE AN B R B BE TP oot 32
2.3.6  TFEANIER AT R BT B oo 36
23.7 R ER A SR RS AT SR S AMEH A T e 42
2 I et 44
B35 T TEAEYERRIEOR I E R foK R R ... 45
3 Gl B ettt n s 45
3 B T 7025 et 46
32,1 SEIG LGB T oot 46
3.2.2 BRI G RETRIE et 47
323 T ERTTAETE ..ot 47
324 AEATHRIE T ZS A FE oot 48
32.5 TRACFEREFTAEALIE TG BRI AL oo 48
32.6 FE BTG YREAIEI LT TT VL oo 48
327 B BTG YK A T IE IR T oot 48
328 EHEVIFUKIEIRES CEEAFZRII TR TT Ve 49
32,9 REFBBIEI G AEFE .o.oooeooeeeeeeeeeeeeeeeeeeeeeee et 50
32,10 KFEELETS JMIRI L BB ATMEI .o 50
32 L N T T T 0 T ettt 50
33 R i ettt 51
331 EEEIGIKREI ALY TR FILFR oo 51
332 FEATTALTRE T JE FEIZL B M e 51
333  E G BTG YR B M et 54
334 HEJRITG KT A E TR TR oo 56
3.3.5 AW RER T E S BE R TR oo 59

Bu NG bbbt s s 61



W VI BEREREIT KRS WL%MRT

AT FEIR R e 62
A1 BETB ettt ettt 62
B2 FBEE oot 62
BEE MR vttt 64
BEESE T BRI TR T oo 72
Tl | R 127 = SOOI 73
BT BT 2 R B TRL eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 74



AT KF WLHART

&
p=|

1.1 §iE

T, AERIARIRAL R R RAHTE . Al R BB R ek
AR ARFRE . XAE. JKAE. BRI AL A IV AT R AR REVR AR IR SR A . B
FREER RERAR R R AZ O, (B S BRAEIRE T 13.3%1. B Tk ar BLK,
N B SURIE A, TARMY FRIAT i fi DA S 3838 3 b R AN W X ke (s A5 A A R IK T AE R
SHETER, B, A SRS K BRI A B E RN RERE I A8 i =
AT (A7 AL B T AR T 0 A vl B8 A AR IR BEAT 1 000, SRR K -4 A FRATTB0RE 2 Pl
AEAT S AERE, A IR S LE RN BRI FN, SRR
FLEIEAERRER o AR S AN AT AR BRI KRN AL, ERRAAE Ca s
PHA R AR mE, 5 1 E AR PR B ER R TR AR SR R AR [ KR 32 b
5B 1 AR ERAIR S RON Y, BET 51 A A BRAR IR A5 — ZR ™ A R TG A BE TR A SR S AL
ANRAIAEE H 2 AG By, I 285 R AT IHE REIR I 25 S5 40 1 A2 B A RV il T A A g
PRAIBIE A S B AR T VE 22 1955 J A2 lle), Hh R Z — SR 41, filtn 20 e
B N EA B AN 1)« = BB A YR IURIEAE o R8T
RIZAERXRIETE REIR AL AR LS (1, BAE H TG RIR 2 BRI R T B RN R E
PR M AR SE 2 R RN TCVRSE B, SRS T BRI DL 2 e e AR R X
Rro PRI, I SEAE RS ABH RENO), KUBEI, A= PRI 2S5 X SR I 22 4= SRS R HOT5 Vs W] 1
A REIRREAT BB TCIN 22 B R B AL . Horp, BORL Al — S8 LN HLAE R AR R T
RAEPIRE, w FVRTC R S5O R R AT I BT REIA ORI H U031, S AR AE LB (A7
EoNE R BLE N BRI, 2 EREH G 7R BERR K T IHES) U R 2F
Y2 JFURHEEAT 277 1 AUREL IR W 7T Biltn, o B B SRR R AE 2016 R AR (ZE
VIR e AR “+ =107 BRI mUIIRIR I 7 ZR TR R AT 4 R L AHERE IR} L 4
R, BRIk, DAARJSRZF 4 5 JEURE g S Atk B T 68 ¥ A= P RE ISR 1) ST TE R TR 52 SR 1) o

1.2 RFEGHERER IS A

12,1 KRR YR FEAR L

KIRAGER R RERALER . PAYERAAR R R R G HA 4
geR, BT, Pl 2 AN EE S T CAB-1,4-08 1 B8 Dy A AH B RE T R 22
WX . hoh, HTAEERNS T EENAE, TLER TRagEREs
T, XL YER T DI S ) A0 B B R R 2 — . FEX AR S, a4
B WAEIR, KIETDERE, R—FERWNE (D-AFE. L-FIh s fos
ks (D-H&BE . D-H &b, D-LAMES LRSS NMERRIRED. ETARRER,
ER—MES T AR AR R TN TR BRI ER Y, B2 —MaE



5 2 T BARETKF Wit hrie
Y, WA 2t 2 PPy 2R o1 56 T gl
122 RBTAYEFR RS

A A4 R R MR ERIEAR . M EARE R AT AR AR R, KBk A
T =R ——qll . Mol AF DN . fE Ry —FhEE kb T AR B, KT T A
AR REE AN — 58 BRI A B AR A0 2, s e BRI T 2 A T A wE RO,
WA= SR TSI N A, BA &g a A fE UL B R 2 . Bk,
A= BT R 0SSR SRR AR BT AR AR, BRI A R T AT ek e . k., AR TS
REVRVH TR A5 MR s, AT Rk il 3 SR HE R . AL mT DLE I A FH ] 5 2R 55 A 1)
COr R HEAHENMIR (AR AT, LX SR T 2E P Ml i 4 £
FIT I 7€ (1) CO» AR i 2 A58 Hp B3 LA LAt R T8 3P M [ 7, i DA B 8 bRt ] DA S
DIk E R = R W H . &G, RRAERFERAR ST 2. BT HTFAESR
KB BE. AV E Y RREIR 2 A, JE T SR AR — e S BB =, 2.
YIRS
123 [ E G R EIFRE T e H B2 R o A

TR E MR L IF HAR N — AR KE, RV FE FRI AR Z | 5
AR (RS i o IR AR B P AR R R AR RS 85 RO 2 354 1) Je & ik A i 2], A
A FEFT B R E AR B AR AT AT, KIALICKk, oK. ANERUKRE— B AR E R
VA 45 ) o EE S = O A B, (] A R A A B ) o DTk
H GR LD o 2002 4% 2011 FH - EHIE KRG, X=FAEMFRAT I 5IR E A IE T
B0, Xt w0 T B ik o R B EAR B AR A e ) IR AE R A R AR AR AL . B4,
RYEE KGR RRAT 2017 FEZATEIX I EK . DNERKRESE 250E, B4ax =
FIEMHIES L CRAEVIEFY SBR I E L U8, W HEA S H X R AE RS
FRAEF= Al BRI FR AN BV (E (E 0 AT R B0 i R [ = AR AE MRS AT 1 X 38000 A
0o FE T, FRATTHI AT 2017 4F B = R AEVIRE AT 925 0 X 3840 A Eicdh th B (P 1.D)
ATLUE Y R E RAE RS AT B 2R B T SRR HBIX K 228 (4467 5D | LLZR (5815
JIMD) | YLFR (4089 J) M ARAGHWXEIEAR (4953 ) | FEJEIT (8330 i)
S RIEHIIX N S (3412 5D | Tl (4039 i) SR A gL X T R
(6863 Jilli) ; DLAPHEGHBIX FIPU )48 (3490 M) o 4x[H 31 ANE 1T R A A5 HLX 1)
TR Bf ERFAFLmEAREB T A, Wbyl R, MR, B, 75,
TGS, RE R SIE BT, (AR DSk 5 5 5 R FH 280k — HARMK,
HA IR KRS B2 RN REFF S S CnfEFF s8R £ 7 o IR vantt, i
TR FR TR A GRSt & 7 BRSO, DB S0 55 6 SR 77 s 7
TRIEAREFF IR A AL R A, (HRSFF AR BEVRAL R AR B ER . BmE 2, &
E AR AEREF PR AR 5, (R R AR, REFFREIR 1L 5 T 3 2 S5
AR K EEAFAE G BRI 2R




BRI RE WA

%3 W

F 11 20022011 4E 5 E X EREWREFFRE K =17

Table 1.1 Yield of the major crops straw in 2002-2011 in China (x10%t)
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Corn stalk 12616 12046 13550 14494 15767 15839 17255 17053 18434 20049
Wheat straw 10564 10119 10758 11401 12691 12788 13158 13467 13476 13736
Rice straw 17454 16066 17909 18059 18172 18603 19190 19510 19576 20100
Others* 19252 18590 19653 19302 18430 18505 20338 19687 19593 20268
Total 59886 56821 61870 63256 65060 65735 69941 69717 71079 74153
A SRR SR B MSE. HEERS. fEAERE. ISR ZRRRE. SEARRAS . RS AT, S SEREAT SRR 13 RAEMAS T

PR AL I
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Fig. 1.1 Regional distribution map of the main crop straw production in 2017
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NEAR RIS AR U T 5 S0 i TAE A TR . X = MR AEREFIUGR T 2017
IR, Ho EORFEA T B E R R A R T, TN RS AT A K RE RS A 43 A B
HE L ARE D T AL IEIE T . BT sLi s AR IR, BTl L =5 g
FEATAE B AT A S0 5 2 BT3B 48 U dE AT 1 TR A AR B, G USSR RS AT T 40 3
(OB A B 5 RS A [ B AE Q0% 2 A7) 5 DR BEARFE AT ) SR e i 2 B . R
FEREFF I IR UAREE, ATIREFTAE ZF IR SLI0 = 2 G AN FR AR AR EE , 17 A2 49 il fa F AR B
HA W2 A BHAAA 10 mm J5 35N 0% B RS o DUE AT 5 IRAF . 23 I HORE 4 I 3
[ X Al A PRSI0 = (NREL) XA 5 21 2 2 JFUR}H 28 5900 52 7 786 8TURI IR 430 5
Ji SR X e FE AT () BAR R, AT AR, A R R P A FORAE AT S 35.40%
AR 23.62% KA 43R . 18.16% IR Z M 7.38% 1 K5y XL NEFRHSH
35.28% ML 4. 23.19% LT 4EZ . 16.36% AR Z A 9.73% KK 7y X i f i i)
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RA R o 4L B 2 07 A7 250 2= 1) 4 °C UKAR N AT 235 % 58 AR¥E B A
W FH I NREL 138 4REEE N 2 7715 (LAP-006) , 58 25 5 R 12 i P 41 4k 2R iy R I 4K
BiEE 09 203 FPU/mL; FHZ M = I € 81 3 B2 A (19 Brandford {200 2 4E 2K B
filg £ & BT E, 45 5 oK Cellic CTec 2.0 HIEE A& BN 87.31 mg/g. i I
AERBEA T F3% I 10 mg BEE H/g L 4ER RIS 7 K NAR R 4. HA
EIOTE, FETHE RARE FH &I S AR A = T O LR

222 RAPAIRE IR

WG AR SIS % A SR DA SR M —HE 3528 (1) Ttk 2RSS AT R i 15 21— Fh &4 4
B4 i 7 B 52 17 55 9 L B ——Amorphotheca resinae ZN1 (CGMCC 7452) 481, )&% B i) 5
LA AT ANIE I, (HIN AR SE i AT LA SE H. e R0 3 A AL 385 R AT i A 22 41
B2, WK ZEANEIY OBE (furfural) , S-FRHIEMERE (5-HMF) %6) . HEMER
Yy CT R, FERRES MAPRENHY (PR, CENIRSE) %, REHHMH
FEAT R B RTIs I Bl . 200 KRR R A 25 S0, i 9 & s 77 B Bk i 45 /K A
R G 1%8% W IE ] UAE R B SR (50%/A40) BIARBAF4E 2 RMA R Hh SEILR 47 1 i 55
ROR . HeAh, AR T RS A E G O R, &AL T (B niE R =
PREF 1 vvm) , PRIE P EFE E AR Amorphotheca resinae ZN1 & G833 — 20 KK Ya R 50 A [ 25
AV RS R TR R R . BRI, EE TR B AR AL A, TR AL IS RS AT I AR
EIERE MRS S S SR B A. resinae ZN1 SEBLH B Ak 2 0690 B0 10 A 3R At
N T 3 B S5 S A B FR) DR B A0 i A0 s SO AR R A B A Rt AN R BR300

2F Yt R LT[R A BE AR 3L R W B B R IR TR Rk 28 TR — b R B ——
Saccharomyces cerevisiae XH7, 1% B A LA AT H 10 265 BE A 1HEAT 256 R 189000
WUIRAE R RT3 BB T 880 2 5N N 3 DI S M P O s A 2% T R T B AR R T BB A
THFE AR A R 7K P I 0 ACHE (0 M) FH (8 AR A DR e o o JBEAT I8 S50 T 75 20 DR TR VPG I
BER MR AR M-80 °C VKA LB FF M LLVEAL, P44 P 9L 545 20 1 = e Fh AR
N B AW CRE R TR«

Bhgrdk.

(1) —HMp1RFREE: 20 g/L #&ibE (riral) , 20 /L AWM (gD , 10 gL
[LEaSLi ey

(2) M35 FRIE: 5% (wiw) PRIRAYI LR S AR ISR (BT P i 2 5 Rk S 2
BT RKEEVIRIEAL) , 2 o/L R 58 (fhrdd) , 2 o/L Wil (rfhral) , 1g/L
TREREE (Ortrd) , 10 g/L BERHEEY, “F4EREE Cellic CTec 2.0 #Mbr#E: 10 mg &
H/g A4 &K,

(3) =T H9REE: 10% (w/w) PR [E S AV AT IR o 28 B REE
BRI T RIBEIRIE AL |, 2 o/L BRIR 280 (pffrdl) , 2 g/L WilREx (4rtrél) , 1 g/L
TREREE (Ortrd) , 10 g/L BERHEEY, “F4EREE Cellic CTec 2.0 #Mbr#E: 10 mg &
H/g A4 &K,
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(4)  FBHRAIL R BN B E FR BN g 2 /L B 58 (rdrdlD , 2 gL
WiRE: (Mgl , 1 g/L TRIRE: (Irirgh) , 10 g/ FERHERW.

RPN = MM K A B S A28 1 & Wb T Bepp A 42, 52 fa (o B
(1) 8 JEL AT, FH/AVDHLE T 30 °C. 200 rpm  F IR R EAT B 97

WD BRI B B — 0P T HOR VP IE N | A UG IR 3R R, BEJG/E g0 =41
FiFRE7R3E OIMABLBRR R E S EARSRAGER R R ) D Y DS B i 28 i [ 25
BIRKEE R = ZRIEFREERL UINE S AR A6 ME— R, Bt RS AT 02
55 R 8 i P RS AT SR AR — B0 MR RL AR B 5 TRAL B2 5 R AT I A 4E 3R F AL 1Y)
ARERE, ORI ORIz R A W RERT 1 (RS, 0 AN I B () £ 4R R R
YIRL 3 fife g T B m] SRV TEOR FH B S —— 8 T B T SR A R BRI o 2 AE R R
R il G 1Sl FH 0 o R B SR I v B AR
223 RAEVIREFT o3 A B FE T BTk

AAEPREFTAE Hp B Rl %28 B0 T 1K 70 A 2 JEAR IR A 20 2-1 AT 5, Hoh 7k
B B B4 T BUX R T AR DL SCARAE YD B A WA FEAT BUIX 4 7 B D U 4 35 R R
THEEZRg R (Mik: www.stats.gov.cn) 2017 SEA AR TR

p=M/S=(GxR)/S (2-1)

p: RAEMIFEI I 3 A% E, ton/km?;

M: ZFIREAFERATEUX 4E =, ton;

S: ZATBUX S, km?;

G: ZMRIEVRBYETATBIX K&, ton;

R: ZMERIEMIEAL, #H. GRYE Qu ZFIWHTF, CS. WS, RS HIHALL
4394 1.25,0.95 1 1.30)
224 TERALFE

N T ARIEIX =P RAE RS R R AR 1, JEORER AR I BR AR AL B, (0K Foky i
ZHEAN 10 mm BRSF HTRFERFERA —, MR RA AR, Kt
ITTRRPALERHT, SR A ZEME pH U7 1E 0T AL B A o B 75 OB IR 2 AT 10M,  DAHE
BRASFF R 2K 53 X6 TRAL BE AR AN )G B2 OB A A SR B3, FORFERT . FEFF. AT
(B B8 FH B 20 i M JEURET B 1 3.6% (Wiw), 4.3% (Wiw) F 4.0% (w/w). 3.6% (wiw)
B B 100 g TEFEFERT R H2S0s (IR E100%) FiEN3.6g, R T
PAUE2EHE. BEAh, TRALEE I N 38 T REAT IR 2 CREAT I BI/K AN ANIE R IO BR R 1
WO MR LR LA 2:1, HARR A EE T 5 1200 g A£G FFT, DARIERS R
N 20 L (1 5 S 2 Y 30 1) ORI 78 R A2T 100%, P I AT MRt 1125 B {5 ] (s 7545 T
FERTEIMIEAT], TR B Tk b TAb B FE B 75 (2R DS, B T IR AR H
B2, BAENEBESHWIREL, 502 PACHRSEPRYERFR AN 175 °C, VAT
I IE] A 5 min, BRI EE A FEFEH N 50 rpm, WIERZEVRE J172 1.6 MPal*041l,
225 TR JEHREFT ORI 4 53 W 5E 7 ik




BARETKF B30 515 51

AR FE B S B W E AL PR S RS AT R R T 4R 4E & Ccellulose ) = £F 4 3R
(hemicellulose) & & 3K HE NREL IARHE 77 ii——W D ER/K V% (TP-510-42618)
BAThRAEAL I 2 o AR s BREL S g 245 M TIAR B2 5 RS AT HE TR I AR e I 2 &
EB K (dH0) , JANFEIKFE/ RS 3h, BEA Bk RAAFEET 50 mL. B 53k T
g, SREF A 500 mL B dH2O #)JEIE B PABR 25 Tl J5 RS AT o B n s bE , Bt dh e 45
H G A KA B AR SE RN 105 °C MEF T 12 h DL EZ{EE, 8 2 HE ik
TR KA [E 44825 & (water-insoluable solid content) o X JG2 # K IE4t A
VR AR BERE R R, VRS AT EFREL 100 mg B T i@ R R E T, A 1 mL72%
FIBRER AT, KB N 30 °C FE IR /K IR 80 B o FH B Bsie [ BR B £, SONIR 8] M 1 h,
R — PR, | h i E A dH0 ¥R R PR RS 29 mL, HEHA R HRER
(15T 2 53 02 4% B Ja R R Ve e 28350 o D A e AN 3L, B F 78 4 B3
REJGE T KEMTT 121 °C N <M 1h, AN PR, RNSRE, BUH
FEAVE, HBRIRES (o) AR A=A =S, SRR, B0 E
i, ZJE AR (HPLC) I A i HH (081 2 e A & 7, PRI ATHA,
MM AT AR ARE AT R (AP e R AR AT R B

AL, ¥ K 3 E FAL BE S RS AT R R b R 3£ HE (glu-oligomers ) AR B B
(xylo-oligomers) 7 &E3J{KH#E NREL (AR T7 iE——MW IR KME (TP-510-42623) i
FTRREACIN E o HARERETT . 1 5EE 2 NG TR0 250 mL = MG I FE 47 H
PSR 22 S RRE AL B 5 RS FEERL 5 g, RIRFIIN 50 g 22471 dHL0, SR )5 %8 BA% K
FEJGSLZNMNIBRRIAT R ER C B 4h BB, KM AGSHEE N 30 °C,
150 rpm. [ 5 {8 FH B 2 2 4l 08 1 2% B €0 BB, WO — /NI 43 R P v ARV £l
(HPLC) & i ) m v R4 4 CRIVEPESRE . 0I5 & & . RIMNHABBHEEGH 5
mL ZIERAT N TR R R E S, RGN 1 mL72%)5 &0 SR R AW, B dH20
FiREZE 29 mL, fHAREANMA REAMRBRIKEEIAR] 4% JRESHD , WERKE7E
e M s L, E R BENRSEE T KEMT T 121°C T
WM 1 he RMEERE, BHEREE, FBIRE (riral) ARl g Ay
A, ANEIRAIEURE . B0 e RIE . R BN R AT, B A A R R S A
F HPLC Wl 52 71 A BEFIACHE 2 B R S IR AR V200 T A A Hh (R S 52 4 o o B b, [
ALY A 0 TR AR 2 I S P O A5 ) 26 0 R A ) 5 8 5 I AN T A T R o B AR £ 222 £
3 R SRR S B
22.6  TUACERJEREF R E K B i A7

BRI E T E B SRR TRAL BB AR ARG — i) 2 AT i 110 i 4 7
JG EARFERT AN NOKFEREAT, b5 20 A — PR RS (50 cm*60 cm. FR[H]
JERE 0.025 mm. MR 7o, FLAD (EFRED . HESYEH R
EEHENTRAL . TAEENERFEF (PCS) , A EM/NEFRFT (PWS)
AL J5 K FEREFT (PRS) AR H 5 LL /37 43.85%, 45.72%F1 38.83%, 1fiHL




5 16 01 BRETKF Bit3Me
W& /K& (moisture content, &K Mc) M558 56.15%, 54.28%F1 61.17%) - #A
J& 53 s 260, O 28 0,3 52 0 1) TG B A7 el 3o R 2 1 7 X B A 0 e i A A T
IR T HHAH G SRR SR T 06 2 5 A A7

B THAL P S RS AT AE AR S5 B AT K AR AR A 1 2.1 oo AR He AR A Tl
BEAT A7 AR BAR I A AF IR SR A e 2 RG22 5, (R SRR A ldn: 4kl
15 7515 Bk 5 B3R T 5 BT gt AT A7 B B I H S S N TR IE S 4 (FHE AR a4 E)
TXORE P i 5 LA TR 1 SR AR B B BE GRS o AT R AT R LA RS . B
BRI o AE AT AT KA 1 B[R] B B A0 2018.4.1-2019.3.31, 3365 K. %
RN AR = CRARE RIRE L B 208 2018 47 A 1 H. 2018 4E 10 H 1 H.
2019 4E 1 A 1 HAI 2019 4F 3 H 31 H) K7 i 2t AA e N\ Gsad i (P i fa)
2-3 K) FRIWAER (%5 2kg A4 BEARLEEUFRATH— DN 7, R
BFEDF BRI Cn&KE, MRS, IRICEEMA NS | A4 RMIKHE
193 L RS TR LB K BEVERE o« TR0 W) B A 1R — 3B 0 B B TIUAL 38/ I AS AT R (fi
17 0 REPED TIENASEES (1725 FURT R, ELGS IE ZH SIA0 7 ) 45 T B AT J5URE 56 ik
Je B2 PR R T, DACRR B RIS IR A FF R LT RS T A7
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Fig. 2.1 Long-term storage environment of pretreated straw (Shanghai city)

2.2.7  VRACER RS A A7 I A] 32 2R R A e

FEVNERNVE T T, AUt A Y ) 2 200 5 PUAL B 5 A AT 05 KB R AR S
HEESW . B GKENNE, BANELER: TR 5 B AL H A R
AR, 2 AR IR TR B AR CPABUR S /E m) H,  BhEFAR A
PORH PR CAE Mys 2RJE 125 105 °C SR HHET 12 h, B35 PRI A ) A 5
EILME Mo d il 22 A THE R 15K E Me, Bl Me=(Mi-M2)/(Mi1-m)*100%.
I8 J 2 TN 5 B EORS AT ASE o P HE AR 25 2 I8 F Hoover Sl 77020, ] SR Bl 2 1] <



BARETKF B30 517 |
T RS2 P /N Oy A IS DA I P TS R T 2 Bl A 2 2R I R, B RUKSE 25
T Z R ARL, DA 25 38 B B A R 00 5 2 ok DA 25 28 [ 25 AR R AT DAAS e FEHE AR 2
FERIR /N o A5 SRR & 2 A BT F B AN SN K 7 R SR B A AN 437 em®, TEH
72 go MERUH R AR IRREAT T E M ESRIIT I E R, BRA, IETE N E YRR S
BART 2 EMERR R R E IR TS Ja, I ORFRZS# P S50 IR I 2 SR 55
T, Bl RZ AR A E B K HUT 15 om = BEARE B ERVE AR 25 Ik, MR Z RRSE, e
VRS T IR SLFRLAT 5 A BIAER, AU ES SR 3R SRR B DA T35 1Ak 3 /5 R AT 5
R S BE

22.8 PN

He ZEUEfF M BER fEE A, resinae ZN1 T FR AL B 5 W RS AT BEAT AW i 75 5
A R T e ) A I B P 0 B 6 PN R DL — s il R R I S RS I A T B RS AT 0 A %
FHEI R PR B A . Htn J5R— M 7R EEFR AL EE 96 h 4 mJ it ik 468 K 22 B0k 4,
AL I I P B EE TR 36 h {8 AT IA B S B AR o 0 B I 1) DR DR A 6 1 [ B 3 mp R
A RE MR B AT R ke . DRI, T LA T A T B A AR A M R ok, s
PRI AR A i B A (8 P B AR iz LB SRR, dkimifeidt 1) AEr=.

S0 TR R AT SR T R AL B S RS AT S i b A P R e A 2
HEI I YRR . S FEA DL PUANME R S E . B —, TR R A
FiEAK pH 9 5~6, A Hisi AT EURN pH £ 2 7247, B DAAERET LR B8 2 1/,
FTYRIIEAT pH I 8 o 3 LR IR AN A B —— i B 3 3 20% ) Ca(OH), 5 -
Hh RS R BT FE AR ) e AR B 1 o SO0 R 5 o T Bk U s VERAREX 10 g AR ER 5 4kt
100 g 2B FKBAGE FR=MAMMAN, RMREEHA pH it GEREE , A5
— IR IR S = A TN T B 20% Ca(OH), 15K B2 pH L EUE 5~6 2
6], e SN AR P N LA BRI AT . 35—, W0kl pH 2 J5, FFURLL 10%0
B ESABEMT (4 resinae ZN1) FFHTFRAE . P72 HAME pH A% H
A NP AR S A R AT ER IR, IR EOR ISR R S A R R JTHE R
WRER BT, FTPRRA RIS G, B, RSO E, JFHMAm
OSSN INTRA T2 T RARL,  seEe G G AT E2e B i1 R 55 T 46 4% 0.8 vvm (138
SEIBATS, B JEITE N SRR CR R 2 B R BN 28 °C. B, Uikt
FRY R} HH BRI SO0 4 52 A R i BV AT 5 1 R R L %) T B, B B E] 24-48 he
T4, IWIIREE 77 [ R RSt T A B A W B R R e A, AR e A )
RLSR ECBOEFT, 0 AN B 5 RS U RGEMME . Bt )G, HT A resinae ZN1
SRS FEYRL R B, DRI R B R 6 TR A, S T EE, IR A AL B
IE PR [ 25 Mo 2k FE A 5 06 T o] R EERE L 50 3 i A 2 B IR R ZE =
229 FE/KMEVEN

AHE T FUI ¥ B B0 58 THAL 3G RS IR I B /K #7453 26 S50 1935225 T NREL
(IR AE TS 1 —— B K LR AR R 9256 T (LAP-009) #EATFRUEALINE o BARIRVEL T .




5 18 B BRETKF Bit3Me
0, KRR EEL CRE B BEE M TR EREAT) RG], AR 2 S
B, WERREUCTEN 0.5 ¢ 0k CRARFRECEAR I8 I [ & 2 DA 5D N 1§ 1 =
AN . 280, HERR = AN 10 g B2 B FRIER RS, ISR EM
JE IAT 4k R IR AR I AR 221K pH oA 4.8, BT DARH f5 75 22 FH e D3 it (1) pH THBC & 18 17 1tk
IRAWN pHAE, pH A2 SERTECHILF 1 S mol/L A AMENAW . 56 =20, HBWe
IA—EZEMPLAER (80 uL VUPRFIFEIRT) , NI BiAA 5 75 B A B 2% 1R 1
T-H, B b 2% B DAL 0 Tl At = A P 6 22 O T 46 T A A 2 ) 00 2 ol SR AN 2 e o B DU 25
N B MR (Citrate Buffer) 1 [ 3 4 2 1R[] 25 & 1% 22 7V 8 5%
(wiw) > FTRZEM Y R B EE N 0.1 mol/L, pH fE A 4.8. 1L, MA—EEK
CLATE 50 °C T — BLIS [A] AR 4T 4E = Cellic CTec 2.0, B FH &34 20 FPU/g 145
MR EATRIN. 27508, 50°C FHIR/RM 72 he ¥ =Ml 2R, RE/M0IK
MNERABTEIR T, FRKBRIRKZSHREAER 50 °C, & 150 pm. F-L5, B
fi# 72 h JEBCHRAR, SO R, SMiRe JE 5 FH HPLC I J5UR ) & R
2.2.10 £ SSCF

KA A7 e 1 TRAL SRS AT 10 R B8 il ol 2 B R0 B AL R 8% (SSCF) SiRBG K
& . LBE SSCF KEARLI EEATA MK RGF AT, ZRAFEAFESL
(R 0 3 A ) A I RE R PRI B2 R A5 1 R e, ORI pHL RIS RS, wIes
(AL RS SR 2e B 555 . 7EIE ReEZ By, TR EIT A S S TE, TEALU
TG, B, KEEFERRRES . Y5 30% (ww) ) ERE 2 &2 AR BN 2 5 1)
CAEFTIALERRL, FEAE K BEALEE . 2 B LUK TR A2 RN BT (R R 9T 1 1 06y, 7R 24
MR Z WA, HAPARE TR DU AR T B . 5=, R T 2% DL &
RIS FRERIIECH] o TR BRI UK AR LR BRIE B2 B XH7 B R0 & 7 — s A A 2
Yk JE B 7RI R0, s TR B AR AT S I 2.2.2 HRE RELEL . 2=, BERRLT
TR o K — BB TO R K BIN KB G 0 R EERE, SRJE 0L 10 mg BRER /g £F4E R0
FIEINNGE B K AR 2 (R 27 4k R Cellic CTec 2.0, BEE T/ IRE RGP E, 7
50 °C, 200 rpm )55 AF T X AR 4 2R /K IR G 0HAT IR SR G, DUEIE 275 A IS 7
FE B BEE A HEIMARFELIR, R A RIYR S BRRIR A 56 4% 5 BT 4R v
PTG 1] 12 h, BEALAKR 2R pH N 4.8, TEEVER NS, 76 TR0 B S /g4
— MR AN R TR s DRI ONIX 2 51 R4 5 40 W AR A R A B AL AR A
SR @, BB, AL RS, FRIR A 30 °C, F ARG FRIF IS JIHEREH) S. cerevisiae XHT
FhF, HAEHI R R pH 28 5.0, BEHEEE N 200 rpm. 55— P2 B HTI EL
REFVIHMBcRE 12 h BURE, R A 24 h BURE. BUHH BOFESZE 12000 x g 2%
FEREG Smin, REECEM BIEH, P s SoRAE ekl e S H S E.

T R P 3 P R G 800 A TR L PR RS 7 5 ) A A e B AT A9 (00 1T R P AR 1
RO, IRZE RS, S, cerevisiae XHT W AR /1 0] UL Z T KR B H 74
TERERAL (colony-forming unit, [&FK CFU) #HA7RAE. HHZIEFREFENHT£Z2: ]




BREEBIKEFE W8T %19 T
B U L mL R, e 28 PR A R AR PR, DR A VR T A
B K HEATIE A (A% 105~107 ) HFR:, BAMEMBIRA TR 2 KJ5 YPD B
AR RIS SR R Z BRI A, G fd A AT CFU 5 24 SEBR i) 3 A 40
TERKIRZE. MAb, % TRl o E A s o R R S, R b 01 REH i & i
WG T Sl et Y T RS S R S R R R R, R LA 5 Y B R R A
Bt T A B
2211 ZEEARIHEE

W R AR R IS 27 7 Zhang SEONE R T AT 4 2 FORHN 8 R B AR Ao
P s AR R AR

Ethanol yield(%)=
[Ethanol | xW 8 1 <100%
976.9—-0.804 x[ Ethanol] 0.511x([Cellulose]x1.111+[ Xylose])x[Solid |x M
(2-1

Z s A R T

[Ethanol]: HPLC & K1 96 h I LFEKEE, g/Ls

W: REEGEN AR B, g

[Cellulose]: @R FHTALH EREFT LT 4ER S &, o/g;

[Xylose]: By F TALEE j5 FEFF O AR BME S =, g/g:

[Soild]: FERTAIMLEIRIIE S &, g/gs

976.9: LIERZIERE, S P REIE R IR E S5RBURE 2 [ 1L, g/L;

0.804: ETLEMNE T, HRIHFREIREH K ER;

0.511: A WEFIANES QBRI AL R A BRIEGRERE XHT 35 0] ) FH X 7 Fh s

1.111: cellulose 55 glucose [K#44L 2%, 1 g LFUER VI KMRAER 1111 g IO & FE .
2.2.12 HPLC [1J5E &AMl 434

FEH I GE , BEMREAT A S s R M B 2 77 AL R B B AR U B, T S i
A SCRIAEVERESR (CRIETRE. ARBE o MYk (4. B 5-HMF) M ZRES5w]
TR AL A S B I 52 25K HPLC #E47 58 M7 o 1280 €035 T IE 46 PO R T 28 2 £l H
A EyEE (Shimadzu) FrAE = KR ZH6E IR (A5 RID-10A ) o M4 RGN L%
AR EMR R HPX-87H B 5 HrkE (300 mmx7.8 mm) LA LC-20AD ifi%E. H
THIEC A ik FRiX i 747 @ E ot 36 4l 1 hriefh 22, [
WA WA o Pk B IR A AE b A 1 B R R B2 X TR P, il R Aer i &5 SR A T 5, B DASF
DA ot AR 25 I fi 75 B30 1 0 =4 B A )M R A AT 2 B 58 2% o PP SR U M e 2 e
AR HT A AR R Sk (A LA 0.22 pm IR HHATIEE, DAdEZE AL
FE o 5 B A0 VB i b AT A 0 I 7 P A8 A1 DL N E 34T I A iR 7R A E 4+
1E 65 °C, JiaNAHZHTEFRCH] H O 2 A RRIEN S mM IR ERIA W, IRshAIE 1T



5020 T BEREREIT K WLHMBT
4 0.6 mL/min, 5 —EFHERE R4 20 uL B AR HEREAT P IORE S SR A AE
23 GRS

2.3.1 A7 R HE R S At AR JA 1 JEURRR DL

fi I SEgG = B B RIAERUN 20 L TIAL B I N g, R4 CaTH S AF iR T & LA
LARRIIRAE S H0 A TORFEAT ANZEREAT AR FERG AT AT T IR TUAL B R A o R IRI%
NEHRAE R 52 1 m AN L 25 JER A (R TR SO el IR AE = R ARV 50 BIDA — Rk 1
ROIGEERERIRHL T, BEASEE T 50 2 A R FUAC B R RS AT S50k . 58 i) PR AU i 4R
A bR 3 A B RE I T BEAT 9 SR IR A o A PR T A A7 0 1B B = )
A7 [ B AL ER 5 RS AR 2 il (SRR FTEAL) , /NERO R I T ik &
KA, RN BORE SR I BE AR VAN AN LI BV RE VP A R Bk o

H 3 7 A8 = FAREAT SRR 2 DT BEAT I e A s, DR e A A A7 B TR )
TRALBRAREAT AT RE2 32 2 B 5 R B AN RO A RIS . 21 Q] BENE T Y Al A A5G
MR T — S EIAAL, &) SR 05 i 50 B E AR IRES . IR
R AT A T AREBAT IR e FAL B R RS FT AT 2 AEAN RIS K A7 — 4
ITAL B JE RS AT BEAT T BENLIRE IR OISR . Frn e Qi 2.2 P, 3 CARE 1 RS FT
JEORH SR S A7 R S5 2 o WD S m KB AEIRE Wi —4E ), TUALBEARSAT
JERIE AR R AEARAT G R B DL o X IR (8 T IR AL B B AR AR 5 A ARS AT IR AT EAK,
Dt fig o — it A7 7 A L SE IR B A AR . b4k, WPDRLRPIRZS R FE, A7 /Y
AL PR TORAREAF AN RS A IR 2 DR aa s e BT 3R APIRAS s /KR ARG AT £ TR Tl Ak 2
JEYVRAR B B E /KB A 2 MM = V2, DRI PAL B S AR S T B 1 — 8%
KRR, P i HPR 2 5 i i R AR B AR} A SRR T 3RS — Bt A BRI (1. fibiA7
I JE RS AEL, FLARXS T8 i FAL B 5 RS AT R B0 T R 2257 . WP R B+
R PRAL BEARS AT B 1 2R R o f] 5L 1K) HL R DARR 48 40 TP ) LS B+ 40kt
TSR e AT
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Fresh pretreated Long-term storaged

by
Corn \
stover )/
- " - 4 —

Changchun 53 Zhengzhou Changchun Zhengzhou
Wheat (
straw /

Zhengzhou =5 = Zhengzhou

Rice \
straw /

Shanghai Wuhan Chengdu— Shanghai Wuhan Chengdu

Bl 22 =FBUAEEEREFTED EAN R TR KHARRES
Fig. 2.2 Status of three type of fresh pretreated and long-stored pretreated crop residues

storaged in different cities of China.

232 KGR Bk 8 S M A AR R AU O

FERSFTRAL R 5 b, JRATTZE R RIAE 4 VG B N AT SCEE B0 FORFE T /N2 RS AT AT
IKFEREFT G B2 8 4 ] = B AT AT AR TR S B ) 88%%%, JEHE AR, Kb,
ARG IH 22 A B AR 2 AR YA F b B RS AT, Wi ade B 173X =M WL B R A4
T AT AR RAIAGEAE I 7T . FLIk, FETAL R SR A7 s K e B F4R a8 T oL E=
FRAAE YIRS FTAE T B K Bl %24 BB S T R 0 A3 B (A tonvkm?®) DA SCRAE YA AE
IR HVRE R 7270 AT B P TSR AR i R B0 1R AT X R AR B DL SRR 45
YIERATBUX ()37 B SR A EARE YR IE T H X 41t )/ (www.stats.gov.en)

YR IR NE K G iH /R A RO, B4 & X = MARAIE A L m el
B OEAEREARXF 22.3) , &AHTSWE 2.3 h R =080 0% AR . £dE
i ] 5 R DX P R U 3 s R 7 b X2 4 B ARG T (1) 70 A 2 PR . A B L mT
IR AR TR SEE R R RER M SR A0, R LR, S W
AR IR T 75 (/N FEAT, TR R EARAEREAT 004 i E AL THEZR L b X . i,
X =P AEAE A B R A 20l g s TR R AR A A vh [ 2R A6 D7 1) 22 P4 R 7 1)
(R X s b, T N 22 RKCRE U] 1) 4 Fh b v T B e AT LRI P i . 7R 22— R 2
Brepa s KB 0 Pt SR AT EE =R X, T 474 /N 22 DU | 4 A R 78 O
X, Fr LAz INZEAE TR 50 A0 B FE R A2 DL AR AT T, T2 DASC Rl X T AR
KITAATHE T o SRMAETHE DY )1 /K FEAE T 73 A1 5 BN 2 55 0 2 AU 148 AT
XA (48.14 J3~FJ5TK) , ZXALH A EATBUX ARHEA S T4 o A TR ZK A
SRR RN, HRE XIS EEAT 4, R HEOKRERME A Bt N A AR 4E
o A — AN EUE — ORI K RS AS AT 7 B B DA — DM UE BOR AT BUX AR BT A5 21 (1) R




55 22 B BRETKF Bit3Me
AT — MBI KRB RS FT 0 A 2 FEAE, BT AFRATTAN IR 1 38 =it el vhom] DU 31 DY )1 48 X
BB A RARIR . AL, A DY) A K REAE AT 73 A1 55 AE 6 oAttt X B/, {H A
AR ERT R, B an SR B0 )1 48 7 9 TAL 3 G KRB RS TR i A2 1 — AN b e, 8
AAEAEAT I I (B) B ARSI AR DR B B, AT SE e T A [ 2 AN RS AT R X i
AT K IR AT IR o

BT UL BRIl B TRAT R BT TR B ) R AT 20 BAT TE 5 AR K AR T (43°
49'34"N, 125°17'11"E) « ILZRFFEGTT (36°33'10"N, 116°48'41"E) A F AL 17 (34°47
3"N, 113°39'56"E) 5 HEBr e b BE (1) /N 22 AT W4 73 A TAE LU AR B R T (36°337
10"N, 116°48'41"E) . VW[ E& A INTH (34°47'3"N, 113°39'56"E) ML %1 (34°
1448"N, 108°59'1"E) ; [FINF#F RS 7 A AFIAE FifET(31°8'40"N, 121°25'37"E). ik
BT (30°34'43"N, 114°20'1"E) FHPU 48 AR TH (30°33'32"N, 104°0'0"E) . $&'%5
R 22 243 3 () e P RE LA A7 1t P B A AR

Z 5K IAEAF 3R T AN 7 ik St 2 H B H B RV BRRR SR SR R, BRITIX AR R
REFON T IR A K BT 2 R A R 8 SR 2t T BR PA B2 5 B RS 1 I RE
fift A7 I H A BR S AR 1 1 o IR X — 2R W] B8 B TS A= 1) B B Tt L) R 7 Tl . PR R Pk
BRI & TR ed, HHAMZ — MilRME . AR ZSIHEIIAEERIRE, B
A LMB 51 5 8 FEA R PR 2= A H

SR, A R A iR 8 RS2 A DA S A R () i A7 s 75 2 0o i A7 P R TRAL B AS 1
H & PR S B ER A NFIRT . BRI, BATHREX LIRATE S 5 7 TAE 3R
AR AR AU DL AT VR I 1R 2 DU (8 J R AT RE R AR B SIS 4s T — B A EE
R, ik, BAMEB THEERSL)E (www.ema.gov.en) FIEHE BT FiR ik 2 1
T AR AE KA —FE R N (2018.4.1-2019.3.31) HIFEAR R SIEMIAT T Kits
i, AERWE 2.3 RAEMPRSERE R M TR W Big. . R
T A4 B RBOEX B 22, 1 B A LROmIE, R g A QL A 30 T A P4 9 R
LT S50 1/3; FFH 4 AR BEIRFBEN REUR S 21 10%~20%, {HEIAXT
LR F RIS B N (2, Rz AE RS, JCHZ AN
Z “rREiRRAR” CRIR=35°C MRS BUHXN &2« W AR B R A & R I A
KT 2 Sk 4 DT 16 A [ 38 17 i A7 ek ) G B XU AR R i, o T A R AR e AN T & 30 4T
KA T 2 — . SR, FEHEAT KIS AT 00— S I 18] P 3 TR MO S8 35 7 2 [B] - 96 17
i A7 S5O AU BTV S Hd e A B L T LR, B4 I TR TR B S AR AT SR}
A LS A IO LR, (EADRLE A 0 () 3 A 1 it B L 87 FH s 772 1 AR Ak B2 384T s 482
[T 58 A4 AT R
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(a) Corn stover

> A: Changchun city, Location (43° 49'34"N, 125° 17'11"E)

B Rainy days ™ Snowy days Average temperature
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(b) Wheat straw
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(c) Rice straw

E: Shanghai city, Location (31° 8'40"N, 121° 25'37"E)
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Fig.2.3 Distribution data map of three crop residues and local weather conditions of whole year
(a) FRFEFTHI A1 BRI S KA L BRI = R A AR R AU O (b)) NEREAT
370 A s R St e ) e 5 i o KM AN 22 = ) A R AR SO (o) AKABARAT ) 231 85 L He e
Mol Je b pCDUM AR = ) A SR A R AR L

X =FRE AT A 2 FEGE v DA IR - [EORRfi b X . Bedfa st & B RS T BRI . AR B
Dreds CoREMI; D:pb#; E:bifg; Fuldl Golif. SHFIEARSTGI: TEG S beE
2018.4.01-2019.3.31 JUJ[a] N R R AP35 i, AR B I S B S 1R 0«

233 TALEREREFEIEORME 22 1 i 7 S0 1) 17 3 ) B 5 AR 4K,

WM& EE, R =R G R AT 2 0 1 O — SRR A R, (B A7 T
JJERHRI B RS SRR AR R AR . AN R SR AN RO AR T — 2248
PG AR X A B K, S K& HERUE AR S 3 4 . 420 2.2.7 i
TR TE T, 0 A X A7 S 1) 2% A BRI =M B SR 7 DL 4R . Il
JRHEE RN 2.3 Pron. BAORE, MR EETR, X =R A BRI HER 5
ARSI LA RN BT MR, PR S KRR IZATb K.

JEUR RS AT I R 22 I AL B R Se B 1 B B HER s AR S5 BE (32T, I ELRE % ik
FFHIGREEIEAT, XA ISR R B . £ 2.1 AT LLE Y, M CS. WS, &K
PRI AT SR FETRAC BRAM I it 47 A, S8 T B IR S0 3 BEARD 25 B SRR RS A 1o



BRET KRS WA 25 T
FYHRE T 252 %, MifEH RS HEERE T 45 52 %. XEWTFRBAFRAK
I o SR FF A7 35 P B o A 5 3 K S B 2 S, T ok A7 35 E I3 o 0 2 R e s i 0 2k
B, WTTTE— R RIS RS AN o 2 T DLIX 4 158 42 B RIS P A o 4 4
L IFORLH T A sy 06 52 75 R B SRR LSS T 5 B0, X (158 5 JF R 2%
1 i A % R ).

BEAh, SRR EIREFT IEURHE R85 LRI A R 27 4 25 45 W A TRAL R BESZ BIDIOA 5
(AR R BIBRA 2L, X135 TARL B h L R LT R GZilt
ST b B (AT 2 2T 4 MY 2%-3%) o FR T A7t R, T A RS A TR 42 3%
REIBRIRAE T T & BB IS R TR B, TR S 27 g 3 200 St — 3 (R A 3K
RT3 5 A BB AA 2 FLIO G5 A A3 NG SS, T RARHE IH 22 1) 7T A% 4 58
BT R X R B R 1 RS 1 A AR S o Y 2 ) e R R HE R

25T RN TRAL B 5 A FT R 5 0 A7 IR 170 P A 5 7K T T R a9y, 00 i R
WREE WA — et S-HME (1 B3 RIS HE T — 805y, FTR BRI R
2 5-HMF 5 2 43T HoO G5 &R R T FRIRAN I IR, B 5 3 A 25 s i 6\ 3k
s R TRACERREFT o ) 4T e B FERR IR IOME A R R AR T 18Kk, KRR 2
o3 75 L — R K S




¥ 26 W

BHEET KRS W08

(a) Moisture of pretreated com stover under different storage time
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(b) Bulk density of pretreated com stover under different time
—— Changchun-CS-BD —&— Zhengzhou-CS-BD —4— Jinan-CS-BD
300

Bulk density (kg/m3)
N
=]
=
1

[
Storage time (month)

=
w
w -

12

(e ) Bulk density of pretreated wheat straw under different time
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(c) Tapped density of pretreated corn stover under different time
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(f) Tapped density of pretreated wheat straw under different time
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(g) Moisture of pretreated rice straw under different storage time (h) Bulk density of pretreated rice straw under different time (i) Tapped density of pretreated rice straw under different time
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Fig.2.4 Changes of main physical properties of pretreated straw storaged in multiple places
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Table 2.1 Dry tapped density of three crop straws treated with different ways

Straw Dry tapped density? (ton/m*)
Raw ® Freshly pretreated © Long-term storaged¢
CS 0.115 0.347 0.360
WS 0.116 0.276 0.290
RS 0.058 0.289 0.309

(a) ANFIKCPETT AP AEFT I T T EHAIRSEH L (b) AMETAL B AR RS AT R TR S & L AE
JITFH B S A6 RS AT JEORH F8 MR FHWOGR J5 I W F R 22 40-60 H IRAVEVIREFT: (o) B iR ikt
FRAEAF R TR S0 FE AR (d) TR TAL 3 5 SMOFEAT 1A = Bl i B i A — 47 () Pl b 2 5 A A
(1) T4l S 5 B S 351

234 KA R rh o7 A 2 ORI 4H SR A

H# 2.2, 2.3, 2.4 FIABdE, BATR LA 5 RS F R RO LT 4E R & B AEGE (T
AR FEAR A (cellulose &8 AF 30% /A A7) , HAnl v tEREAL S (A ke, ACKE. 7
SEWE. ORSEVESEID R L EEALRIEAAE, (HpA4E R 20 N . s,
e () FAL B S P RHE B ER AL R A7 AE N BEE A7 I R RE G, LMt HE S 1R T 2L,
R T KL 3 O R g .

TEh, ES TN 73 BRI T — A NEMGBRIIL R, =P iiab B
JERFH (PR RE AN S-HMF & & /E KM AR AR I, W BAETA S5 K6k
A7 TAERI T I R X MG 7 — e, PUACBEE I RK. N2 KRR
BT & oy IR T 3.97, 5.08, 1.88 mg/g T HlAbER 5 FEFT X TiE4E 0 AN H (xR
H, 2 TFET 83.23%, 96.76%, 78.66%) , 1fi 5-HMF & &4 HlIBFE T 3.13, 2.15,
3.34 mg/g THALEE G REAT CREX T A2 0 DN XTI, 735 R FF T 48.08%, 52.96%,
68.02%)

2 TAEAFEFE A A2 TRAL SRS AT (PR E A S-HMF S04 20 7 BRI A an itk B &2
AR R W s BRWIAER & 1T ORI BT B TRACIRFE AT 2 J5, R ReRtfE B Rk 4R
BHATAX S E (RIS, MR RATF THEM R, X 8T B R B RUT
AR — B ER, Tk (PR A N BRI H o X R AR A B 1Y) 5 7 1 i
R, JCEAEREAE TN E2. g S ) TAL SRR SO B L, DRI e T E 2
1) R RS R =35C FIRA) BUHHXRZ . FAk, KRS T B R A L i
E2018 4F 4 A& 7 A, W IEGF4TESE, PSR YESFE R 115 7 EKER
SN A ARE AL S-HMF B EME, e[ iUk, AR REEARL, B
PART B R AR SR G IR BB I3 N IR AN S BRI R, AT 5-HMF & & IR LA .



FARAIRF BLPigx %29 I
®22 TREERERBTESHKEIEFRENAS> &
Table 2.1 Components of dry acid pretreated corn stover during long-term storage in three cities
Polysaccharides (%) Oligosaccharide (mg/g DM)  Monosaccharides (mg/g DM) Inhibitors (mg/g DM)
Storage Time (month)  Cellulose =~ Hemicellulose Glu-oligomers® Xylo-oligomers®  Glucose Xylose Furfural HMF Acetate

(A) Pretreated corn stover in Changchun
0 30.68+0.37 2.01+0.03 8.45+0.76 10.75+£2.36 34.08+0.88  92.15+0.62 4.77+0.24  6.51+0.38  20.17+1.91
3 31.32+0.19 1.95+0.02 6.10+£0.89 16.56+3.23 35.40+£0.41  95.95£0.65 2.11£0.09  5.79+0.23  21.74+1.01
6 30.83+0.79 1.21£0.08 8.89+0.18 11.56+1.15 35.67+0.32  96.46+3.31  1.52+0.08  5.05+0.04  21.84+1.18
9 30.56+0.35 1.54+0.05 6.14+0.74 11.32+1.36 35.42+0.26  97.03£0.84  1.51+£0.07  5.02+0.02  21.69+1.28
12 29.34+0.12 1.57+0.04 4.29+1.96 6.19+3.85 36.32+0.07  97.47+0.25  1.28+0.07  3.19+1.84  22.34+2.53

(B) Pretreated corn stover in Jinan
0 30.68+0.37 2.01+0.03 8.45+0.76 10.75+£2.36 34.08+0.88  92.15+0.62 4.77+0.24  6.51+0.38  20.17+1.91
3 30.42+0.68 1.76+0.02 5.85+1.21 12.2240.65 36.80+0.57  98.84+1.22  1.98+0.06 4.01+0.03  21.30+0.08
6 30.52+0.20 2.23+0.07 5.64+5.62 14.65+6.36 30.59+0.08  92.18+0.02  2.01+£0.10  4.07+0.02  21.41+0.57
9 30.71£0.17 1.60+£0.03 10.47+0.05 15.75+2.28 30.49+0.78  81.80+£0.27 1.79+0.60  4.05+0.37  21.71£3.50
12 29.65+0.26 1.71+0.31 9.09+7.43 5.55+0.21 35.46+0.77  94.47+2.02  0.64+0.09  3.92+0.05  21.15+0.88

(C) Pretreated corn stover in Zhengzhou
0 30.68+0.37 2.01+0.03 8.45+£0.76 10.75+2.36 34.08+0.88  92.15+0.62 4.77+0.24  6.51+0.38  20.17+1.91
3 30.59+1.88 1.70+0.18 5.87+1.04 17.71+£2.44 38.01£2.48  95.32+£1.29  1.89+0.14  3.75+£0.13  20.78+1.45
6 30.08+0.06 1.38+0.02 6.08+0.17 17.05£1.42 34.85+0.07  92.92+0.19  1.07+0.01  3.88+0.02  20.59+0.05
9 29.97+0.38 1.51£0.06 7.22+1.50 9.18+1.65 33.15£0.25  86.90+0.59  0.98+0.06  3.34+0.10  20.92+0.09
12 29.24+0.12 1.3240.16 8.45+7.29 18.09+1.90 34.93+0.60  91.83+£1.76  0.48+0.01  3.04+0.43  20.72+1.11

TKFEFF R T ER AL FE S5 S S5 3.6% (wiw) HITRIRFI &, 175°C RF4ERF S min, HEFEMPAEEE S0 rpm. (a) BiEFESR; (b) KREHES &
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Table 2.2 Components of dry acid pretreated wheat straw during long-term storage in three cities

Polysaccharides (%) Oligosaccharide (mg/g DM) Monosaccharides (mg/g DM) Inhibitors (mg/g DM)

Storage Time (month)  Cellulose =~ Hemicellulose Glu-oligomers® Xylo-oligomers®  Glucose Xylose Furfural HMF Acetate

(A) Pretreated wheat straw in Jinan

0 29.69+0.29 2.70+0.16 12.27+0.78 18.62+0.12 30.89+£0.02  92.35+0.49 5.25+0.14  4.06+0.01  15.00+0.34
3 29.87+0.19 2.96+0.11 12.534£2.78 24.714£3.30 30.87+£2.64  95.46+1.25 1.58+0.43  2.44+0.01 17.21+1.90
6 28.65+0.13 2.21+0.08 12.31+0.48 19.39+1.37 30.39+0.63  91.70+1.78 0.50+0.06  2.19+0.03  15.89+0.38
9 29.88+0.18 2.21+0.03 12.00+0.43 19.75+1.56 29.1740.37  88.30£1.20  0.53+0.04 2.02+0.04  16.27+0.44
12 28.93+1.20 2.19+£0.13 9.85+0.54 13.83+0.46 30.63£0.04  92.42+0.46  0.00+£0.00* 1.98+0.13  17.28+0.17
(B) Pretreated wheat straw in Zhengzhou
0 29.69+0.29 2.70+0.16 12.27+0.78 18.62+0.12 30.89+£0.02  92.35+0.49 5.25+0.14  4.06+0.01  15.00+0.34
3 30.30+0.45 2.63+0.39 11.50+0.05 18.05+£2.63 31.17¢1.25  96.09+2.15 1.16£0.09  2.52+0.05  17.34+2.21
6 29.44+0.28 2.23+0.07 11.13£0.13 18.31+0.87 30.59+0.08  92.18+0.02  0.70+0.06  2.04+0.05  16.08+0.03
9 28.56+0.60 2.22+0.03 11.06+0.72 19.13£1.55 31.12+0.05  93.17+0.17  0.70£0.01  2.60+0.02  17.69+1.08
12 28.56+0.32 2.10+0.02 7.27+0.62 14.34+4.18 30.64+0.10  91.89+0.34 0.11+£0.16  1.81+0.05 16.67+0.41
(C) Pretreated wheat straw in Xi’an
0 29.69+0.29 2.70+0.16 12.27+0.78 18.62+0.12 30.89+£0.02  92.35+0.49 5.25+0.14  4.06+0.01  15.00+0.34
3 30.06+0.25 2.13£0.62 14.12+1.17 17.244+0.27 30.75£1.03  93.65+2.28 1.37£0.08  2.50+£0.16  16.52+0.42
6 29.35+0.27 2.34+0.05 10.87+0.96 19.454+0.68 30.31£0.45  91.79+0.88 0.44+0.06  2.17+0.05  16.75+0.65
9 29.54+0.75 2.23+0.21 10.67+1.12 18.75+2.12 30.74+0.65  92.85+2.02  0.43£0.04 2.22+0.09  16.57+0.05
12 29.85+0.09 2.15+0.10 10.17+0.49 17.81£0.99 29.71+£0.56  89.93+1.83 0.40+0.07 1.95+0.23  16.59+1.67

INERERT IR T ER AL FE S5 S S 4.0% (wiw) HITRIRFH &, 175°C RF4ERF S min, HEFERMPAEEE S0 rpm. (a) BT R; (b) KREHES &
*ff Fl HPLC X CL/ESF R A7 12 D H FIPI AL TUACER J5 /N 22 FE AT OREIE & 2 b AT 7RSI, MoK HE DU s, b i AR 5 124 0.00 £ 0.00.
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Table 2.3 Components of dry acid pretreated rice straw during long-term storage in three cities
Polysaccharides (%) Oligosaccharide (mg/g DM) Monosaccharides (mg/g DM) Inhibitors (mg/g DM)
Storage Time (month)  Cellulose ~ Hemicellulose Glu-oligomers® Xylo-oligomers®  Glucose Xylose Furfural HMF Acetate

(A) Pretreated rice straw in Shanghai
0 30.83+0.38 1.96+0.01 9.17+0.21 6.54+0.76 38.1742.20  87.81+0.16  2.39+0.53  4.91+0.41 11.88+0.06
3 31.31+£0.23 1.98+0.01 11.37+0.70 5.74+0.88 36.57+£0.24  84.05+0.07  1.94+0.03  3.70+0.75 13.46+0.87
6 29.314+0.38 1.45+0.20 7.90+1.86 4.21£1.61 38.64+0.32  88.04+0.53  1.78+0.10  2.67+0.00 13.67+0.03
9 29.81+0.95 1.59+0.13 10.75+3.83 10.2242.32 36.46+0.61  82.94+1.77  1.7740.08  2.25+0.03 13.23£1.11
12 29.88+0.01 1.61+0.42 7.92+0.93 9.63+1.19 34.93£1.79 7993342  0.66£0.05  1.20+0.05 11.68+0.48

(B) Pretreated rice straw in Wuhan
0 30.83+0.38 1.96+0.01 9.17+0.21 6.54+0.76 38.1742.20  87.81+0.16  2.39+0.53  4.91+0.41 11.88+0.06
3 31.61+0.30 1.96+0.05 10.36+0.16 5.84+0.38 37.45+0.20  86.52+0.06  1.48+0.11  3.97+0.20 14.20+0.34
6 30.27+0.48 1.71£0.03 7.86+1.67 8.99+0.58 35.69+1.88  82.26+4.28  0.59+0.04  2.80+0.21 13.24+1.63
9 28.90+0.11 1.65+0.11 8.02+2.42 9.85+1.33 36.78+0.44  83.81+0.33  0.41+0.31  2.12+0.02 11.47£1.13
12 29.52+0.48 1.52+0.01 7.74+1.01 6.79+2.98 38.40+0.12  86.93+0.56  0.42+0.05  1.26+1.00 13.68+0.16

(C) Pretreated rice straw in Chengdu
0 30.83+0.38 1.96+0.01 9.17+0.21 6.54+0.76 38.17£2.20  87.81+0.16  2.39+0.53  4.91+0.41 11.88+0.06
3 31.78+0.66 2.01+0.05 11.49+0.07 6.33+0.83 31.73+0.83  85.90+0.60  1.31+0.19  3.77+0.59 13.70+0.16
6 29.63+0.03 1.48+0.21 7.43£1.93 7.06+0.50 38.04+0.00  86.84+0.03  0.53+0.00  1.98+0.60 14.59+1.24
9 30.21+0.27 1.69+0.09 9.80+0.15 12.06+2.51 37.42+0.53  85.43+0.99  0.36+£0.04  2.78+0.05 14.56+1.58
12 29.04+1.77 1.64+0.20 9.18+0.78 8.52+1.53 36.49+0.82  83.36+1.38  0.44+0.10  2.24+0.12 12.23£1.78

IKFEFEFT EORHE T IR AL B4 F e B8 4.3% (wiw) HIBRERFH &, 175°C F4EFF 5min, FHFEEMBPEEHE 50 rpm. (a) HHERES &,

(b) ARTEHES &
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FEAT NSRS VPR R AL A A TE, DRITE K ARG AA e FE v, TG BEARS T 0 S Lk 5
2RO [ 53 AR AT RESAE HEAT Z2AB (BRI FE o T SITUE WZHE AR IERA IR, (R D2 23l
SE I BE I s T RS FT SRR 21 47 4 2 TR K A FE IR Y BE (0-3 N H D
HIL T SRR IES, & TRE. FTbL, BT Ry M bR 20
Qb T 5 AR B 55 B R ST A1 4 2 R A A4S IG5, T 4 R 4 4 2R R 1 B 2tk
R L. B, MEYE BRI A RS S NIRRT AR, B
Mo AE—EREE L RERE AN 2T 4E R BG IS /7, AN BRARER MR RE . AH73 Il sE 45 R R
TRAR R J5 FOKAEF 0 PRk 22 HMF & /e KA A7 I A2 B35 BRI, U 1R AT
A ARIEHE AR T IR K —E 5.

Bbah, BATEEZRIMEF 0 N H PCS (HIFHEEFUALEE J5 1) PCS) B AR RE5K,
R 71.8%, & Ti%47 0 4 H PRS [ 83.0% S 4ik47 0 A H PWS 1 86.0%, %1%t kA1
FIHIL, BAVAH T — AT REMHEN . 38 24 443 B0 vl AL 2R S5 1) 1 KRS AT
H S PP 0 & B AR EAT LG 55 AP R RAC RS AT Bost R H I B, B DMRA
A REAR TRAL B J5 B KRG AT 5 e KT A X 4 i IR A il 0 5 g B2 20 I B I g i 4 %
FEAE AR AR B, BT DUEAE 0 R B FlAL BRI K FE AT 0 BEAAT 22 AR 0 5 M1

CIEFPP RS R BRI 25 SR AN ] 2.6 s, AN [RIHh R fifs A7 00 [R) PR Toidh B 5 () A
FERRLEAT 2% SSCF 96 h I 1) Z Bk B JL-F A R K 2201,  FEARYERFAE 60-70 g/L.
O R EEPEREHE AR I R R AT e KA A7 1 AR b TR B 5 FO RS AT S50k} P 3 B i K
FIIAT LA BE H CBE R 9 P 5 B T PR I 2H 2 I 3B KA LR 284k . 53 4b, 1E
VIRME AT I —AF I (8] P, X =R A3 S FEAT & B 2 5 CBER T 96 h I BT S 1 L%
WK, UGBS FEFT 1 CBE R KT R AR AR I o FRAT 14600 o] REAG 1 77 T
JRR s — & =R R AEFEFT I 4T 4E 25 AR B2, (HREFT ERL 047 45 = & R AR RAR,
R 20.78%, T B AKFEFT AN ZZREFT W 533011 9 23.62%H01 23.19%; 7&K JE 46 1K1 7K A
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BARETKF B30
FEFF I A &8 (10.53%) XSRS, T B UG FORFEFF RN REFT B IR o0 & 50 il
7.38%A11 9.73%, Al AE AT 28 1 T I8 T A 3 5 1R 7T R < h) 8 J ) S R B el R v 5] A AH
SR L HIEEE T (U0 Na®, K, NHs %), 4RI IX 28 4 8 58 1 2 o BT I RE A 41 B 7
i AT B RS FF AN FEFT 2L R T B 00 47 1 0 1) 28 SR 56931

(a) Hydrolysis yield of pretreated CS during long-term storage
—— Changchun-CS - Jinan-CS —©- Zhengzhou-CS
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Yield of enzyme hydrolysis
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(b) Hydrolysis yield of pretreated WS during long-term storage
—A—Jinan-WS  —@- Zhengzhou-WS - Xi'an-WS
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(c) Hydrolysis yield of pretreated RS during long-term storage
—&- Shanghai-RS —@®-Wuhan-RS —A— Chengdu-RS

100% -

) i/
o 80%
2
©
£ 60%-
[+]
€
R
S 40%-
‘S
k=]
S 20%
b=
0% T T L] 1
0 3 6 9 12

Storage time (month)

B 2.5 Z=FTERIAEE KRS RRE S 65 7 3 0 B AR 15 R 4L
Fig.2.5 Changes of hydrolysis yield of three pretreated crop residues during long-term storage
in multiple places
(a) fEAFTRE Trrg MINEITALELE TORREFTLE ik A7 JUI8] A OB A R 224k . (b) fEAFT35F
Fa~ KB PU R (R TAL B JE N FEREATAE A A SR 9 (B R AR . (o) T Bl L. AR
R T Ak B S 7K REAS AT A A7 18] 9 O BB AAAS R AR A AT 4E R BRI VRN I S %A 2.5% 8 & &
pH 4.8, 20 FPU/g DM B &, 50 °C B NIREE, 150 rpm ZKIEREIREGE, 72 h BSOS TE] .

(a) Ethanol fermentability of pretreated CS during long-term storage
—B- Changchun-CS —4A— Jinan-CS —@- Zhengzhou-CS
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704
i —&——p
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30 1
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(b) Ethanol fermentability of pretreated WS during long-term storage

Ethanol concentration (g/L)

(c)

Ethanol concentration (g/L)
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Ethanol fermentability of pretreated RS during long-term storage

80
70+

—+ Shanghai-RS —O—Wuhan-RS —A— Chengdu-RS

A
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Fig.2.6  Ethanol fermentation performance of three pretreated crop residues during long-term storage

(a) A TAAR BEmg . KB B FRIAL B 5 T KA AT 7E Ao A7 0 18] P9 1) R B 24 0 R 2

in multiple places

THEEE S I V0 R TIAL B 5 /N FEREAT AE A A7 31 8] P9 R A B 25 1 LR IR T

DPUs AR TIUA B i 7K R RS - i 47 9 8] P9 B R I 24 R SRR E

(b) fif7

(¢) fitfsT Bl 5
LI RACIE R B2 30%

(wiw) R 5 &, 10 FPU/g T-REFF 45 2 25 B FH &, 50 °C FibE LIRS 12 h FObEALITTE], 20% (v/v)
PR, 30°C KEFIREE, 5.5 KE%pH, 96h KEEEFAE], 200 rpm $tPkE i .
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T DI R AE M R R B i R AT R B, R RO el s S0 T AN A Wk
il 25 BT SRR U502 e R 6D ] P 2 A (A SR I — B4, T HLAR2 H 5 APk )
A PR RO DA S 3 T2 BT R BT R R

FEHAT IE YR R 2 AT R 2 T R — A RABIE R 1) R RS 7 TRAL 377 =X
TEFT W5 A I3 2 4 25 D R} 16 A2 0438 Do P 10 (A1) IR 00 2 72 A — o = 1) vl 4 R 1V B A 7= )
(volatilizable matter, VM) . [t TRACERF AR AWt 2D ) [E] ), TiAL PR 2 & A A W
PEm, I VM (1) 32 B8 A 37 B 320 th MR8 70 3 B 28 [ S A kb b 25 0 IR Ptk
B AR & B TRAC B R HE B 8 ik 50%, R REAS, i VM BE7E S B S Yk Y
o FEIE A B E B, HR FE TR EEIRR VM SR HE N TR ARG, $47°58 mg/g DM,
{ERIRATTEA b IS IX — i, ROyl R A I NREL [ & &0 E T (FEEDD)
A X — SR 2. PrE M Z L, R R i A B JFORF BN 105 °C JEFEHE
FafaE, RETHEMT SRR E SR AT RS R 0 AR, i RIS ISR [
o 2T PAULZIEAFAEERIE, ZATE 105 °C RN, A TEESRF I VM #
TR SRR IR B, MG 7 — iR 2. Xhgs Bt B R MRk
57 5 S AR P AR AR A T R 08 P R o AR S50 = TN B SIS E R P &2
WAd, WALEYR ) VM TR ST IR AL B S YRR T E I 4.5%, 5T R E
LA 9.3%, [RGB 24 %6 1 [0 ol S 386 0 9.3% A 58 75 & TiAL B J A6 420 o SR8 P o i 5
BUH UL, 0 T IAC YR R R B R B R, YR VSRR SRS 2 4 0 8.5%
B IERE, A Re I IR & Sebrid #2346 DL B2 005 A HAE 1E R A5 i e HF % = Fob
FEAFIERL ) 2 i R Rl T A

niE 2.7, 2.8, 29 s, BT RIREFT RN KR, 20 milek SRR, ZZATRIREAT
BHAT T AEY RS A AR R 5. BT AR R BIRE AT KA AR, Mok
WA E N — DR E s n I N, BT R B FR e TR AL . KA P
YIRS & ORE SSCF. FE1H UL & Ja M E oy B 5555 . 1B IX =5k
B, AT DL HIEWHE B4R AR A =10 fE, IF Bie v LUE Bkl
(AR B e AR . TREAR )72, TR AR BRI B 5 Bl S e v 53 S A
KHIEAE 12 /N H WA 38 5 RS Rk e s < .

T8 I ARk AR T LR BT TR Ak BRG] T R 407 2 1) R o AT RN A P R Tk
BREE AN R A6 B ARAEV RS AT FORLEAT AL R A i R 2 B AR B VML, T LR K A 15
B IR, AR E AR AR . TR OBENIR, 48R0 5 a2
(1) HMF, R J5T 2R [ B = A 16 & My R4l ) 4555 . X 48 VML HR R — 3840 7 Tl A 2
AR A DU T SNkt 22 2 S0, 380 1) 53— 3800 M7 A2 T [ A5 1 LA B AR 2
Hr, DR AL HE AR T R ) SR FE AR 100%, 5k 2 U 1% FE 1 B A7 A6 T4 5 () 4%
K (FRIIE D HATEET PRI VM) « Bz 2.7, 2.8, 2.9 Fiiid
BHETERE , JR AR ROKFEFT L 22 AT AR AT £E T4 B B () 420 B2 [ WA 53 79 2 88.30%,
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91.05%7F1 90.87%. HEATIXAFE PR S RT LN BLS I IR AL 21 B4 — > bl st
T2 BRI A T IR TRAL B F8 () T4 o2 IS 26 AE 90% A A o X PR 2B AEAE W)
il I A B — 8 S Br SH =E S

Ak, FATERTELE M 1t BRGE FORFEFT 22 AT AR AT 8 0 A Mt i 7 A
Lol LU= AE 0.205 t, 0.244 t A 0.197 t ZF4E 3R A1 Il X A BR800 KR
HEAT V2 BB T 23 3077 4 0.820 t, 0.786't, 0.698 t FIAJH =A% LL K 2.683 t, 3.451t,
2.926 t KK . DT EIATHERE, 1t TEKRBEF TEFMTREFHL 5 50 LA
AFEH 0.228t, 0.249 t fl 0.224 t IILF4EZR L. 78 2017 £ — R 0B Liv 42 %1
KA VEA YR B AT T YR SR 0 dr, Ferb A SRR a0 1 2.10 P, AT
AR, ZFERIETTEN 1 ME) TR AT IHER, B 1t TR R KRS
G5t T R R AR T 0.252 ¢ AT 4EE 2B, 0.590 t FIA R 474 2% il 2.241
t (7K o B AT 8 HR A 00 TOKAEFT R R 45 SRR SOk b (A e 25 SRk AT
XPEG, ATRABHE AR IL: 0.228 t<<0.252 to IEMIX —ERAW TR EE: H—, Z¥E
S B TR FE AT R A 4 3 3 B, TS AT SR AR 58 b 20 4 22 1Y) o B ARG
i, DRI R & R B R BN S AR R s B, R BT A R AT R R T R
AR, R AL R B A= 1 mT H i B BRGS0 &R 3 T B B A AR, FAE
D3RG 55 00T RT DASRAS AR A ) S




Y

% 38 T RRET KT WAL
Enzymes protein: 3.75 X103t
H,S0,4 0.032t Ca(OH);: 0.030t Water: 1.842 t
H,0:0.348 t H,0: 0119t NaOH: 0.016 t
Steam: 0.604 t Oxygen: 0.021 t Nutrients: 0.043 t
Product: 0.205 t
Dry Acid One-year Biological High Solids Distillation | (Ethanol)
— ] Pretreatment > Storage Detoxification >] Loading SSCF l————
Corn stover Pretreated: 1.876 t Storaged:1.872t Bicdetoxified: 2.013 t Fermented: 3.720 t
1.000 ¢ H;0: 0.9691 H,0: 0.935t H,O: 0.986 t H,O: 2.667t
H,0: 0.101t Glucan+O-Glu :0.283 t Glucan+0O-Glu :0.281 t Glucan+0-Glu :0.281 t Ethanol : 0.207 t o o
Glucan; 0.318 t Xylan+QO-Xyl : 0.028 t Xylan+O-Xyl : 0.024 t Xylan+O-Xyl : 0.024 t N Lignin residue:
Xylan: 0.212 t Lignin: 0.163t Lignin: 0.163 t Lignin: 0.163 t Lignin: 0163t [ i separation | 9820t
Lignin: 0.163 t Glucose: 0.031 t Glucose: 0.033t Glucose: 0.033t Glucose:0.006 t
Ash: 0.066 t Xylose: 0.083 t Xylose: 0.088 t Xylose: 0.088t Xylose: 0.010 t
Others: 0.139t Furfural: 4.29 X103t Furfural: 7.50 X104t Furfural: 0.000 t Furfural : 0.000 t
HMF: 5.86 X102 t HMF: 315 X102t HMF: 0.000t HMF: 0.000 t Wastewater:
Acetic acid: 0.018 t Acetic acid: 0.020t Acetic acid: 0.013t Acetic acid :0.011 t 2683 t

Others; 0.290 t
Volatile matter
{gaseous): 0.109t

Others: 0.324t
Furfural
{gaseous): 3.57 X103t

CaS0,: 0.055t
Others: 0.371t

CO. {gaseous):
0.029t

CaS0,: 0.055t
Others: 0.602t

CO, (gaseous):
0.198t

K27 FRBITAER BT EEMGS SRR

Fig. 2.7 Mass balance of cellulosic ethanol production in dry biorefinery process process with corn stover

FD LR B% (SSCF) « HiZEME (O-Glu) « KZEHE (O-Xyl) . S/L separation ([HE7 ) .

.
>
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Enzymes protein: 4.55X10-=t
Water: 2.509 t

NaOH: 0.017t

Nutrients: 0.052t

H,S0,4: 0.039 t
H,0: 0.468 t
Steam: 0.611 t

Ca(OH);: 0.028t
H;O: 0110t
Oxygen: 0.029 t

Product: 0.244 t

Dry Acid One-year Biological High Solids Distillation | (Ethanol)
——>| Pretreatment > Storage Detoxification >| Loading SSCF —>

Wheat straw: Pretreated: 2.027 t Storaged: 2.021 t Biodetoxified: 2.148 t Fermented: 4.496 t
1.000t H-,0:1.009 t H-,0: 0.980 t H,0: 0.916 t H,0: 3.4251
H,0:0.022 t Glucan+O-Glu :0.313 t Glucan+O-Glu :0.312 t Glucan+O-Glu: 0.312t Ethanol : 0.246 t _ N
Glucan: 0.345 t Xylan+O-Xyl : 0.046 t Xylan+O-Xyl : 0.038 t Xylan+O-Xyl ; 0.038 t Y 'ﬁ’%ﬂdu&
Xylan: 0.227 t Lignin: 0.160t Lignin: 0.160t Lignin: 0.160t Lignin: 0.160t SiL Separation | =" o
Lighin: 0.160 Glucose: 0.031 t Glucose: 0.031t Glucose: 0.031t Glucose:0.009 t
Ash: 0.095 t Xylose: 0.094 t Xylose: 0.095t Xylose: 0.095 t Xylose: 0.017 t
Others: 0.151 t Furfural: 5.32 X10° t Furfural: 1.80 X104t Furfural: 0.000 t Furfural : 0.000 t

HMF: 4.1 X107 t HMF: 1.99X 102t HMF: 0.000 t HMF: 0.000t Wastewater:

Acetic acid: 0.015t Acetic acid: 0.0181 Acetic acid: 0.011t Acetic acid :0.013 t 3451 t

[FP B IL KB (SSCF)  HiSEME (O-Glw)  ARZEHE (O-XyD . [ 4> 2 (S/L separation) o

Others: 0.349t
Volatile matter

Others: 0.385t
Furfural

CaS0,: 0.051t
Others: 0.534t

CaS0,: 0.051t
Others: 0.576t

{gaseous): 0.091t {gaseous): 5.15x103t CO, (gaseous) : CO,(gaseous) :
0.040 t 0.235t

& 2.8

INEFEFT A YR LT EAEWGSE R R g

Fig. 2.8 Mass balance of cellulosic ethanol production in dry biorefinery process process with wheat straw

b
~
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Enzymes protein: 3.77 X103t

HQSO4: 0038 t Ca(OH)2 . 0040 t Water: 1.621 t
H,0:0.321 t H,0: 0159t NaOH: 0.019t
Steam: 0.875t Oxygen: 0.026 t Nutrients: 0.044t
Product: 0.197 t
Dry Acid One-year Biolagical High Solids Distillation {Ethanol)
——>| Pretreatment > Storage Detoxification > Loading SSCF >
Rice straw: Pretreated: 2150 t Storaged: 2.148 t Biodetoxified: 2.377 t Fermented: 3.834 t
1.000 t H,0: 1.219t H,0: 1.193t H,O: 1.289t H,O: 2.910t
H,0: 0.119 t Glucan+O-Glu :0.290 t Glucan+0O-Glu :0.285 t Glucan+0-Glu :0.285 t Ethanol : 0.199t o o
Glucan: 0.324 t Xylan+0-Xyl : 0.024 t Xylan+O-Xyl : 0.023 t Xylan+O-Xyl : 0.023 t v Lignin residue:
Xylan: 0.183 t Lignin: 0.125t Lignin: 0.125t Lignin: 0125 t Lignin: 0125t | S/L Separation | 2698L
Lignin: 0.125t Glucose: 0.035t Glucose: 0.034t Glucose: 0.0341t Glucose:0.006 t
Ash: 0.093 t Xylose: 0.080 t Xylose: 0.078t Xylose: 0.078t Xylose: 0.010°t
Others: 0.156 t Furfural: 2,18 X103t Furfural: 4.80x104t Furfural: 0.000 t Furfural : 0.000t
HMF: 4.48 X102 t HMF: 1.47 X102t HMF: 0.000t HMF: 0.000t Wastewater:
Acetic acid: 0.011 t Acetic acid: 0.0121t Acetic acid: 0.008 t Acetic acid :0.011 t 2976 t
Others: 0.360 t Others: 0.397t CaS0O,: 0.073t CaS0,: 0.073t —>
Volatile matter Furfural Others: 0.422t Others: 0.501 t
{gaseous): 0.084 t {gaseous): 1.72 X103t CO, (gaseous) : CO, (gaseous) :
0.035¢t 0.190t

B 2.9 KRERITAERCETEEWRHLEYREE

Fig.2.9 Mass balance of cellulosic ethanol production in dry biorefinery process with rice straw

[P MRS W% (SSCF) « HiZEME (O-Glu) « KZEHE (O-Xyl) . S/L separation ([EH7E)
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H,SO,: 0.302 t
H,0:0.195t
Steam: 0.253 t

Ca(OH),: 0.016t
H,O: 0.063t
Oxygen: 0.019t

Enzymes protein: 0.003 t
Water: 1.514 t
Nutrients: 0.019t

Corn Stover: Product: 0.252 t

1.250 t Dry Acid Biological High Solids Distillation (Ethanol)
— >  Pretreatment Detoxification Loading SSCF L >
gfia?ng%;m Pretreated: 2.000 t Biodetoxified: 2.072 t Fermented: 3.608 t
Xylan: 0.246 t H,0: 0.998 t H.,0:0.986 t H,O: 2.546 t
PR Glucan :0.345t Glucan: 0.345t Ethanol : 0.254 t . .
';"sg;'%'.g%es t Xylan : 0.161 t Xylan: 0.161 t Lignin: 0.161 t 2 t‘g;‘&"t residue:
Others: 0.204 t Lignin: 0.161 t Lignin: 0.161t CaS0Q,: 0.028 1t SIL Separation | ———— >
Glucose: 0.009 t Glucose: 0.009t Others: 0.6191t
Xylose: 0.090 t Xylose: 0.043t CO,(gaseous) :
Furfural: 0.005t Furfural: 0.000 t 0.243 t
HMF: 0.002 t HMF: 0.000t Wastewater:
Acetic acid: 0.009 t Acetic acid: 0.002 t 2241 t

Others: 0.220t

CaSO,: 0.028t
Others: 0.239t

CO,(gaseous):
0.026 t

Bl 2.10 XRTAERZBA>KTEEYERIE RS

Y
gl

Fig.2.10 Mass balance of cellulosic ethanol production in dry biorefinery process process

PRSI T | T ORASFE, S5 R RASFRR 0k A 20% (wiw).
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237 SrECAL BN BORE AT BT i b is Ha A 3 p

VA 4E R OlE T F5 Z A H 2 E KAV U E RS &, %0 CBE T At 3
ORI BLR 2 1 B A S SR i B T VR AN R Dy — i 1% H AR BB ok T3, IF Hal
Ik T TR T A B 5 A i N 3K o 5 Ak B ASE 5T DURHAE M AS T SR SR A2 9 R 2
100 km, Hth, A7 2F4ER QBRI A DS (S ATk 21 24 A A T SE ROl AR R b X Y
A BRI T RUARIS], T BR TUAL B S 1 JERHEE SR E B ] 2.11 B . TR
e AR AR XA A 70— ol B NS /N BEUR s A /N BT I A B RS AT
TR FEN RIS AT R N B TAR B TR S ] s BOTRAL BRAS AT kL, SRS B Is AL
T B AR T LT Sl AR A i B AR T

FEIX AP 20T AR o JERHHE N IR S s B A T B S Rl is i As, — 2 /N5
T B N REATWCEE iU IR 5 TR B PO R THAR B T i 7 A ) B U5 & N 3 i A
TN AL S ARG AT ORI & R B AL B T A AR T O BRI AR M ek ] T
IR AR B B AN S A . BTSN B A i Ha i 2 TAL 3 S 0 Rk AR FT RE A AR
AN BRI Sy v XS A T — B TR PAR B k), PR IRAT 155 EE 0 AN T g AT K
fift A7 PR M35 R DR 5 5 A8 i A HEAT 23 M o AR T RE TRAL BRI ARAVEMI RS FT, A FH 1R
AL BEEOR AL S5 (R AR AE VDA AT L HEAR 3 B AR S % JE A I R & BhAh, A 2.3
WA, B AL B FT JSORM A7 I A] B B, FEHERR B B2 AR S0 5% BE IR AR 4 2 H 7.
PRI, I fhaa Uk} 235 2 )8 A0 $2 i AR A AT B T A AT & 4113 i e A 1 4k B B AR i
Wy BT, AL B AL BTS20 B B2 IR & A0 1s Ha IS 2 AT B IR S5 12 1
1EWME T LAIERH

BB 38 R B o3 P A BRABE 2, 0 J31) DA AR ST i A7 T a2 1t X0 7 8 44 4 C IR BRAD
{H AL BR R B3 T I AR AE VL T B AR N SO R, iz
Frici AR AN, Pl 3t 9 Moyl imte sy, 702 SR CS g %R
A CS gk WA CSigfi. WARE WS gk, BriGs WS g, WrEEE WS Zf.
V1148 RS igfi. 1L RS iafmfildby RS igfi. FEf5 2% Kim S0 THA K
PR S AR TR B A Dy T AT i i KRR AT 4E R Al ) B
Re ] LS Adedd] T BAHSE IR0, FRATE TR H AL A 81508 30000 t 151, 2
A BB h A R S H T s BT & e, SR, AR fsE
AR, WA, ORISR, PORESER, RO TIREERE, e
HTFIRSEHRE, LEA%E (gal/ton)

TR S B AR SRR T MR B AR AR 2.1, 1 A 3P AR AR RN A e B A A o B
A HERA I BB 5 HARGT 2, F I 25 BT A B AR T AR R AT AR B e v ) 2005 B i
A (AL, $/gal) HizHFRFRICE R (BRAL, metric ton/m®) FEHE TR ¢ 2 40
K 2.5 Fn. MU 7 AR AT B RGFEATE R AT I, R T IR
A PRAFAE Py R ()32 S R BT HIR SR FE IR 3 vy IO 2 0 3 PR AR B U B AR AT IR ki
(R sAs, T HL P A B R A7 — B (R FR AT IS 50 0 0, IS B AR, DR,
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FE7r BOPUAL PEAR SCBE & T VR DREAT BERL R Ge e, AL BT Y 47 28 52 A AP AR B
5y SN A AT T B

—>  Crop residues flow

—> Pretreated crop residues flow
O Total collection scope
{"} Depot collection scope

* Biorefinery plant for bioconversion processing
excluding pretreatment operation

*  Biomass collection depot with pretreatment
operation

B 2.1 SRR RVE R = 0]

Fig. 2.11. Schematic diagram of decentralized biomass supply method

R 25 SFETEEERT ZMRETEAS RS X TR REDINEH R
Table 2.5 Off-depot transportation cost of multi-site straw under different treatment modes

indecentralized dry acid pretreatment operation

Straw Off-depot transportation cost® ($/gal)
Raw ® Freshly Pretreated © One-year storaged!
Jilin CS 1.3194 0.4373 0.4263
Shandong CS 1.7075 0.5659 0.5533
Henan CS 1.0879 0.3605 0.3379
Shandong WS 1.6898 0.7112 0.6840
Shaanxi WS 4.8815 2.0544 1.4655
Henan WS 1.0767 0.4531 0.4202
Sichuan RS 7.4153 1.4861 1.4056
Jiangsu RS* 3.1651 0.6343 0.5929
Hubei RS 4.0311 0.8079 0.7523

(a) 8% KA : 735 LA T8 2% AT BUX. N AR AE RS AT AT F00 BT DA 5773 B A AR 20
B, Bt A A AR E T AR E YIRS AT B vh SR IR S SIS R A s (b) AETIAREE (1 SR 26 R AT I
Bl WA R 5 2B W A B 28 40-60 H RURAEIRAT, JF EEGHAT BRSNS (o) Bt
ARELEREAFIERE; (d) TERTALBE 2 Ja SCHEAT 1R A7 — SR I TAL B RS AT -

*RGFAABR, RETLIE BAT KGR0, (EYLOR A MGE BT, 2% Lilg RS MTHRSE%
s RT3 RS 1 BRI SIS AR
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2.4 /Ngs

et A il ik H s, KRR A BT B3 5 (AR5 2 4 2 J5URE ] - R P
A QR T AR REIE AN B AUE S A R BB AT . A2 R TEE N
PR R B ) AL A AR R 2T 4 2R SR A R AR ) R, AR 4 R 3R M S B 2 7 B T
LA JERMIEA NIRRT . SR, — BRI 2T 43R RS ER A 02— 48, thtkH
B S HACIAMHAF w AL, I S et A I T ik 21 A i e B 0, A mT R Ukt
AT T R T T R PR IR A, DT i £ e 2B AR 3 7 i I AE BB LB EH I BEOREAS A2
Ryl e PR, Qo] AR A o 2T 2 2 JEURM o HL R DU A Yk 4 300 1) ST G v 1) P 40—
HAEMZE S AEA I I — Ik

R BATRA T — A Se T IR TUAL B f 34T KM A (K 5 20, P H R TP 18X =
FlHE AR E MRS AT AL S 2 3003 BN [B) A A 1)) 2 7T o S 22 b il 47 1) T AL 22 i
BEEAT AR I ERESIS IN BL o 45 R 2538

(1) TERFRACER 5 RS A 22 i 0t A7 JUT 1) R DL oyt S B AR <5 ARG, AT i
PR SE AL B A REAT K A7 1 7 A W AT

(2) Geid TER AL B A (A AT HERR o FE AR S P W St v, I EL BB i A7 I Th)
MIE R, S EEAER D IR, ARH AT R T FRRAG A st i A

(3) THALER 5 (RS AT AE K GG A7 IR AP 4 R AR T R S B AMR A, O
RIEMERE M REIE AR RHE E (LRI 60-70 g/L) 5 MAMEFIEVFZHMERSE R,
AL BRPDEL ik A SRR AT 5-HMF S0P 105 B 0 b, MK e R 22 Bt

(4) 38 TR AL 5 RS AT AT AR S SRR 47— SE 00 H b, AEAN [ st
AT Rt AF R RS AT (AR R AN K

(5) oy WAL BAE R PAS R B BN AT ATE 70 45 5 T IR AL B B AT 0 i 47
RERERIPCHS M A= k] ) R N ) 35 S AT IR 259 A
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FIE ETTEEVEHEAIINESRSRKEHNESEYRFA

31 5|F

HHFN FIEAE PUE R BEREAT I, i 31 2050 SRR 3 90 A 2417, PRk
SR AR L5 PO R b 8 KPR T SN T 0 5 4 4 A BRI AR MU RTDAR B 2 77 iy SR B K Y T
71, DANEXS ARK AT BEME A IR A BRVE A ILTR RS, AR BT 0, AR A7 L AR SLAE A
FBFSE - SR A SEAE b, PRI LSRR Tk = JRAR . AL 25 K& i A
L5 7K REM A NIEE B AL SR A 10 A IR A i oK B < g v e 1) il 3 4% e ]
e HERE MM S OE. SihEmE, 8% 2014 5, 2FCFT Ly Mt
SR FREEE RS SE, BH A R BT, tehh, ET I REE SR IS I
M AUA R T 1200 J30E, i ) AR PR B 200 /27c. Horf, KR
e T E B EREAEY), M) 0F HA R 65%HI N B RAREK O 3B, [T 2
el JC R W IEEDY HAKREAE ™ C a2 1 39 f G m T G )l 1™ S B, [l
SRR A2 P A R B 2 A AN ¢ (EG R & S AR 15275 GAg Ak BLAH R &
H B MREATR I o W R B 5 B AN S B R TH L% Gk 5 QAT I LA 1
W, ARE S G R g R ) i e, R, SORGIE R T BN I KRS T L A
FR Ak R A FH S A5 C 9 HL 2L

— RIS, £ EE)EG R LIE PR KK L BGR G, 85 AR AT B A
LR, (HEASFTAURF S R SVl g%, eI R EE SR ki
G BRI (R3PS - 0T ZA R PR P 00 ZE D s 21 T R 5 22 3 A PR AR R o 48 SR
8, AR AR 75 ORI AR R L Jm AR N ZERAT AT T 2 A R A A
(731, XU W R AT R R R 532 ) DA B 22 e A PR A2 5 e AE W i) B o SR TT 5
A RN AL R B 5 TC I S I B < i T GeRa AT A At AT A BRI, Xl 7 2™
IR AEY IR P RN D BRI S B S B EREENE, RUTUC N BAE
PR o ) e o A AT BB 5 2T 4 2R AR s Uk DA {8 8 R R G 0 ) R s T
(R, B T HE e T e A= Vo ) A P ] Ak R A A 0 AR B L B R . X
RIS TRAL BT iR M 25wt B Dog 1 H e 5 HoAT g T % B AL B L 5 Jg 79 el A im A
PR RIS R I AT R AR, AT 2 RS AT AR B i AN SRR R, RO AL
2 Ja e AR R PR KI00-1020 - i SRRL X e FRUAL BT R SR AL B 52 B <5 Ja 5 G R 7K
FAF R, b ARESARERGEE THRK, AOUCEERARE T, mHEh
SEONBRT R E 8 s JeBliE 1T RetE. PRIk, a2 H At A R AL B AT
B le BT, ARWEE EPTR KR AMREERE. R TRAKHBER R A
TR TRAL BEEAR AN Ry — Rl AT REC41. pbAh, BRI — AL BT 0 SE R B A
TR R L0, Rz 2] DU SE I A2 B R i e /KRB ARG A 4 24 4 R )
W ANCRT AR A R 5275 QARG AT AN B 22 A AR BRI i, 34 gl i 28 R 45 21 1) &
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W S A DI 27 i R (B b — BB AL PR 5 G E W BN T IR I RRAS o 28 TR AB IR F S B 20—
— K, AR SR B RS A B R T AL 2, {HGE, HETRE LR
e e AL R A AL S & B Tkl R A R AR R A 2R H A A2 B e R 75 A 1
AR, WA RKEE & ES R, 5 AN DL E A B iR R rT RE 2 ik
HARERA TS, WA G ROt &G RARE ™ A Ja R . K, NAZAF 4% &
A AT A 7 204 e B 22 4 3% 38 ORI 32 25 40 g ¥ G KRB A= P o

O T 3 G PR P B < SR i SRR T 7 AR T RE R TS B e, AN = AT T
PRI AN 52 B 4 v G R AT AR R AT A AE ORI IR 7L B e, R a2is
FEFAT SRR VR DR 0 T B AT b 28, B RFPEHT TR FIAL IR . BB . LM
7, BRI R R R T R RO B R AR T AP Y Ll s IR, Dyt Rl
PR A, BATRE S e R AR K 2 I WAL AT A 1 26 iR R B AL BT AN 2
RO S BARAT I L0 R R R e R R, BEAT KRR e U . IR R,
S5 HKAE T I E R B T AR N B R R I R R o, AR LA D BRAN AR R
Ryt b X R X BT A5 ) P B i3 AT 4 mh A Ak TS it R B < 9 e /K R O AR B ) L 1
G, AR AR B A R R RS 2K R T A 1) S AL b P AT e SR bR A T L, A
ARG 1 B CBE AL, DA 2 R 28 B R A5 7T [l b — P 0 FH T A By 5 e AR W o vt e
BN o AHIF T A B IRTE A2 B 75 0 81 b P A P < Jo s e /KRa i A A2 kS
Gy i L, DR s 75 6 A e A W o Pk R P (R A B e AT 4 R 1 R A
P H < i B O B, i S Wi 2 T A A 15 A8 8 < R o /KR ) ) 4 P AR B

32 MRETE

3.2.1  SEEG JEORES g ) )

T SRI0 %A R, A 78 BT F B KFE RS AT AR I R 2 B E SR 5 4, FTie
(1 5 4 J v G2 A Tl I A S X RS AR R S BRI — E B R E SR
(CdSO) TR, SEbr bR AR AR AT AR 22 I € 5 35 R K I E 4 B AR IR A2 E
AW FCET F  TE AR KBRS AT IR B3 Ehik i, WOk T 2015 48 1 B H I o867
K= B 2B N, WERT 2017 4F. WSERDKFEREFHE 2 S50 = 5 N IR R 5 4
R A2 R A AL B B4 A SO LR 1 2 [ AR 10 mm 5 e N BB RL 4R
DB AT 5 AT ARG K UL E 3ok A WK B 22 40-60 B A4y, N RIS 54T
FFT e J R I 42 I 56 [ [ 5mT FAE BRI S 56 3. (NREL) 6 AT 41 4 K S ek (1 28 7
W 58 7 3 SSTRN K 43 W 7 J7 188 M FE AT B B AR 2 Rl . FEOR B UE & & — MRE
70-80%, {HSCIGHT 7 EAEMIEH & &, X EEBERE T E /e . 2
SE ISR HAR 2] 7 M —— i S R VE R AL HTAA FUBE{LEE GA-L NEW., JEA
D JFEIRUT S 2 18 X PR Fh R S BRI FE K 0 78 20 WA BB AL s 2R 5 0 5 B A
(1758 267 B B I L B e R e s e T SRR A VE R R & o BT AR R & L
B, SERIVER B . SAEHENE IR KR & RN 76.06%.
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TR FE G AT 7E B AR AL sy T4 P ) 21 4 25188 Cellic CTec 2.0 W SLFiE4EE OFED &
YIEARERAA], B H BT H I NREL F3E4REHE N € 7775 (LAP-006) , € 45 3%

IR AP AT 4E B R e 4GRS N 203 FPU/mL; Bz L4aillEE 0 58 2
Brandford yEXZ A4 R BB AR A & =TI 2, 4552 R Cellic CTec 2.0 FIEG SR A&

=N 87.31 mg/g. i I 4F4ERBEAT Fi%R 10 mg BEE /g A4 R F &R MEA
Fr 5 B S NAR 2 2, B SERR R R ST, AETH R A i s 4 RO AR AR
AT ZTHE E LB . HTAA F1 GA-L NEW S SEF 24688 ChED AW TREA R
ANE], ELX R ) 7 B B 2 908 21,000 U/mL A1 103,900 U/mL, 1% 1 2 /i B A g
SIS SLI0 Z 1K 4 °C UKFE N AT 235 A K -
322 mWMERFRE

IKFEREFT 2T IR PAL BE G 257 A2 A 22 AN I 4 73 An SRASKG AL B )3 S 22 %)
AHE TR N R A 4k R B fR b0 DL s R T R i AR T R B s DRIk, R T AR
SIS WIS, BRAMER T —Fh B B B ——Amorphotheca resinae ZN14341, JR F R
A AP R R 7 3, 58 O TRACFRAE AT s b4 1 7 18 R A«

FEFTFIAE K 2238 2 Ab 22 Ji5 R PT 76 R TR E N AT A AR 8 O BE R % R O R
P B AR T — P mT DA IV s ] 2 & A O 41 4 35 R e A 5 9 LI e S 30 7 260 W A A
ZEAFH B BRI B BF——Saccharomyces cerevisiae XH73%9,

Tl 855 7 5k SR FE A AR o 3 R e s 7R B L 7 BAR W] 25 2.2.2 HIIAH RN A,
T BRI A s O = Bh 5 g P B B P A B ER R S R B B S K TAL
PEREAT, G564 YRR E I 40 F AN T A BERh 7 1) AR K BT A A 00 75 BB . BT b1 3%
T HE BOR B R IR AR O 58 55 BB T SRR AT KB AR B, 7 11 DRI 2% B AR A SR i AR RS 97
FE N IS FRY) BT 45 Ja B2 S50 vHE A PR A SR AN 200 o R A 1~ 355 75 25 1) = R 22 el
K AT S AR 1 5 N BEAT B AP AL B, 454 50 BUE S0 AE F R 1 8 IR b A BT 1
FANDHE T 30 °Cy 200 rpm - (SRR HH BEATE R
323 TR

i FH T BR 0 AL BR YD 6 A7 T SRS N 1 oM R AREAT AT AL B . T S, HEAT TR
A PRAFAE 2 R 7 EE TSI LR T R AR PRV P T M ATH R B FH &, i R 2 pH VTl
W5 AT RN EHAH T 100 g (1 JEAGREAT L b e 22 3.8 g HUBER , DU BRI PRI AR 52 75 B T 1] ok
7.6% (wiw), AETRECHIEIR G5 SRIGFTIT AR BRI B, AT A Pl B A 42
BEPT R KRR 20, ST 8 R R et D ae B TAE AR08 20 L 1 Fikb B i B 4% IF
NS T I TGS RUE, B 2T 1200 g T 5 B SR GG REFFE2 18 0\ Pl A 2 e
a, [RGB, (015 SN 2% A S A [t & EEAE D 1200:600. 4ERF 50
rpm [P HIE 3 min J5, 7E TGRS AR F4kS A E 175 °C, FH4EHFE 5 min. [
Je /N OHE RO RS SR A R B ZEVRR VMDD , EIBRIE T, (8 ] AT IORHEAE -
W TR 158 H B TR BRAB AT R B T % AT R A D, SRS — IR B R 207 (PED
EHE (50 cm*60 cm. FRIHJELE 0.025 mm) #H7ER F IO CERRED o AP
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IERE EARIRIRLAR, ARAR BT o0 A O AL AR AT (5 44.6%) - BJa, AT
A )25 5 B JEURHE T2 3 I TSR = N A
3.2.4  {EAHRIEE AW FF

AHIF 7 o () i 55 S 56 32045 B 1 & Amorphotheca resinae ZN1 225 [ B 254
VIR 505 o 2B P AR AE A BT 21 48 31 S TA 2R JEORMA 2 op (A0 54 LA S AE BEAT DRI Bt 25 11
TATTE ZEMI & BAKTT 22 2.2.8. A, 2N AR AR S Z AT AP IR S A2 A B A E,
Yz B R R AL AT 1Y, W U, AL S HOREAT AT DAE — N e B gs CRBERED
WIHHTAEYIRL S, BEMPEL RN R 2 B2 SSCF /%, Rk n] MR KRR Bi/b 17 %%
HIBEN o [l It e O B < JR AR AT AE 2 WO IS AT 1B 0L T AT VU RHEE RS I 1) 25 2K 1) L,
M8 G — RS G A o AR T [ 285 M5t 75 i P FUAe PR AR A W] A I O 2 AR A
AR, RXAF a T MW RO AEAT A R E A A BE 7T A AL A RORS AR A I
0 PN IR B M B 4 TS Il AR, B AT S SR AR AL I A
3.2.5  TALEARRAAEN RS O REAERE 1L

Fr AL P 5 I REATE A BB e UG R AR, AR Bt T TR AR . o K o
PR i B S AR AT B A K T AL B, BT R A B R R 4, IR BB 50 °C, .
— 7 THI ) 3 45 v TR B AR FE I BE D B 19 Amorphotheca resinae ZN1, 55— 5 H AN
P YER M PR i & BOREAL S BITRL I o FE R BT 4R R — BN 8] J5 NN — 5 B 1 70 B /K AT
P4 RN Cellic CTec 2.0, EARIMABIKERIGHELA RBIRE S & (30%) THEMEK,
1T 4T 4k 2 188 1) S Bm s m &2 DU A0 4t i 2 A AT I 4P 4 R B & DA K 10 mg BB ER Fl/g 4P 4ER T
UNSINARAEREAT 58 o FERR BRI IOVE TS, I Ja REAT 5 4 4e R et F 245 SE 78 7
MR BEREAL SN (I EAT o A TOREAL IS RIS 2 12 h i, FEATREAGIRh e A M I a]
REEHRE, 7T LY KRB £ 2 51 Ol SSCF R (4120 BB IA -
3.2.6 EEEIG MK A

FEASTIETE o BT Y B B 4 S ¥ A K IR ) #8 BK ABRL, IF DAANEL T sUR RS AT 1
LT SSCF h e I TARAKRB EZ M 2 0Eh (L 70%-80%) ,  BE LI s i v 40 WAL
e AR A0 B P i BB R A B 8 5 R B P A I SR, AT AT DA AR AE AR J5T 21 4
BRI A 2 0 IS TR R 2 R 00 B2 (A A T e Koy ) 71 2

BT SLI S A RA SR, TATRAE AR BB ARE A I A2 22 R TR IR K B R IR i =
PN AT . BATEI: S S ERERT, BARMEERE R P mith, Xalges
£ 90 °C [l AL 26 A TR K 70 280%™ 8, NI S B RCR ANV . BRIk,
TAEREARTE 70 7K AT L o () B 8 S A5 2 58 AR, SRATILEFH O i 2 40-60 H ()
ROK M £ B B 2 15% (wiw) [RZKRR . SRTM, 8 SR iR Ve 8 MG HTAA
HMIpEEE GA-L NEW % H G EHIRE (437108 90 °C #1150 °C) , {H 2 HAK KAk
IS [ AURE AL I RS A Fr R R, SR EARER K B e 0 etk DU 5 3078 R el 7 o
Saccharomyces cerevisiae XH7 1] LN B FE K 7K AR H 18 ) BEEAT A o
327 HEEJRis oKL OO R
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M IREATAORE A REAT I R A IR A 7 A A%, — T3 T AT DA SR FIAS AT B LI
SSCF I RS2 BLA oM iy ml 5 e b, 34 e 36t S B ORI FH AR R I 5 7 AR 0 B Ja — ki e
. Ji SFEUOIE AR KR A . CRAEVMIEF M S BN ERRD 2 1.0, Kk, 3
AT ZEA DR AL — 3 T REAT SUEEAE ] — 0 (T REK, SXFF At mT LUK < 75 Gk i)
KPR B R AN CARI AT MRSk _E 38 S /KRS ZE 0 o ) B A% 3 73 IR 38R

TR A AL R R B R S D SR Al B O — LRl 2R, MKIHFZIE 30% (w/iw)
(1 [ 2 7 UL RO 38 50 °C A 200 rpm IR L X AL SRS FTREAT FUBEAL . 2R
T SRR OU N L TORE AL B B AR R S E Y 30 °C, AT AR A A
A SERBEAT iR, DATS A2 A TR IS RIS I BF A RN S iR I 75K 20 =, AR
PRIHTHR T IFAG 1R e 4ERFAE 30 °C A S NLas N B AAL T3 B A I 1) = 0 g B b
T IR B R P R e SRR AR BB0Y, PR pH BZ &S, 4 5 M NaOH
VOGS BRI R R IR A AR 2EAT pH KR B, IR i 88 R IR pH (B 4ERFLE 5.5 Zidq o 5
HREEHAT R 12 W I, FOREAR A — PR AN T 1) 25 df IO RECK K AR, TR R pH Y
5.5 JadrEEdAT ZBE MR . SN, RER AT 2 REORE, DT SR R B S
wHE. KB B H. ZBRMEA RSN BN B R b E B B A
AL, WR PR VE T B 3T B LR 25, i B R /N 5 0 B AR R U R A
v RO L1 SR 3 BT 58 i o
3.2.8 EAMUREE RS ORER R KTHRE T

FETKAE 1 2 A=V 5 e I R o BEFH 21 1 AR 21 4 31 R —— KRR AT, B2 1 e
R IE R ——FEK, HIZE R ) LR 455 A R % I 2 A B 208 P RS AP BT A e i
MR IE. Htt, IALE Zhang 00 451 RS R R R R 3G 2 B
CHYEMEIF R A A U T Ve, Bk A h .

Yield(%) = [Ethanol]xW «
976.9—-0.804 x[ Ethanol]
! x100%
0.511x {(MRS x[Solid]x[Cellulose]+ M , x[ Amylose])x1.111+ M p; x[Solid]x [Xylose]}
(3-1)

[Ethanol]: HPLC & 1)K 96 h I LBEHEE, g/L;

W RIREHEN A AR 2 A, g

[Cellulose]: LHEFTH PN EREaFF A 4R &=, g/g;
[Xylose]: B H TiALEE j5 FEFF O AR BpE & =, /g
[Soild]: _&ERTII BB R & &, g/g;

Mgs: _FREREFT R =, ;s

Mr: FRERT AR SR, g

[Amylose]: EHFEKIITER & &
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976.9: LIERIIEREL, &SRB IR Bk 5ARFBIRE 2 M 11k, g/L;

0.804: ;& LEMNH T, HRiHE RS RE K E R

0.511: HIEWEFIANES ZREM AL R A BRIGEERE XH7 3507 ] FH I 5 F

1.111: 4R SEERRENRE, 1g 4R KMAAR 1111 g K% 28,
329 KB G

HE RIS KRB EVREYP RS, HPMESEE TN EET O
RIS IR . SR, BRI —DIATA UL S T W15 5 G2 A= R 1 H xR
AT b B 246 110 TR A ] 2 362 A B8 T AN 7 A 5 e A R AN SR ) B 2 E

ATREL T TP R AT A . 35—, JE T ARSI B I B e B is Y
IKFEA AW L R 2 5 BT e AR I R IO AT 2808, Bl — e A R . TR
Tt e R T HLZ8 TR R S VP AN 2 Kb, BT DART R 2 0] Fe 24 28 B TS IR R & vp 1Y) 2
ARFEF A — BRI . B, N SRR S R T OB S A VR o A A RS A 105 °C
bAE h, RRERETRIEE . 5 =, BT S 0 AR TRIE B U A, ARG VR IR AR B
IRARET BT F AR 2 A T, B e B iRAE RGBSR Ik EE E, [
I e R T ST SHUARIZE, DRI AT DA A e Rt o] 4R B vy oA i 5 P T+ B ) o 4
3.2.10 JKFEE &8T5 S B L B 4 1 M

H T 4 R V5 YLK R 4 SIS R A 5 SR DA B A BR SR B6 25 PRI 20 3R, 0T ARt 9
FITA FH 1) B R 52 B R & SRS e JER . BT R &85 e T R A /R SLIR A T AN
WA, e —Fh AR — P E SR AT R g, Bl WD AR Z TS YRR AT ARG
KIS, ARl —E B ESRER, MIMIERA I P ERR B & FE K AR B
USRI A GRS ESES T HTREESEMS (C 1 UIEME s SFF A
YRS Ge, T HE AR 2 m GEd 20 R FREN L —3E) , ArURATE
FAE AT T 5 JeKFE AP R o — B G w5 JIR, JEUEB s Y R B S m &
EhaE (100 mg/kg) VES IR G e MR 58 (1) H & AT W .

T N NG E SR, MR EDRm e, . ik, CREdt
RIS CBERATRAIEE T IRAG SR B AR K b ) E e Ja 5 Gl 2 S Je g NVRAG . B AL
EY RS R N B, ARG B R TR, RORILF R B R R . TR, 7EXT
4 R B R IR B0 R 6 A AR R B A 3 R 24 0 B B B A AT SR R D SR, [
Bt 8 St A B B 2B () ST ORE SR S R T AR A o L, B B A A A
JR A DUR A B R E T LR, (HE SRS 0 e R BB, Ak, K
GB/T 5009.15 [Ibr#E 5K Agilent 725 41 1f) ICP-OES %5 B 11K & 5 e i A 2 56
] DA HAE I e A R S B
3.2.11 /NG FHR I E &

FELA SN 5E « WA A0 LR 4 AR D SR B S B B 38 2 7 AR K B A DR it o XS
RS AV Z TV YER/N S T8, B RRE & E AR RS R, A
B L IHEIIZE (LR BEEEAN S-HME) | HM A Z B b 1) — 2R T8, X ek
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AL/ NG TR B & 3K HPLC AT @ &M 4. B A B HPLC 2 AR RZEHT
R AS (454 RID-10A) . HPX-87H BB E kA1 LC-20AD iR E, F
B AT A 1% HPLC ZEAT R I B2 =4 184G DL T JE « 384T I R 7 B g 4E R 7E 65 °C,
IR BN AR B O B O 2B A RN S mM IR ERVA VR, BN AT IRIE N 0.6
mL/min, )i —&FEERE RSN 20 uL B 75 A REEREAT YRR ST SO AT

33 E£R58

33.1 EeRi AR ks R

£ 5 4 R V5 YRR Bk R KRG 35 b i OKARR 175 4, b= AL Pl 7 BoAT 7
54 1 el WO K AR ot —— TR AT AR K o 3275 G ROAREAT AT A ik A
ARSI e RIRI A, BTG B REK — B RGP I BT 3, RO an R L F 4l
T CBEREEL E R AERERN S A EeRIEEARE, NnRSRENESET B
fro B30 R T RX — 1 R U R . FRAT T R RS K R B BRI R
R, XFEAAT DUONREAT IR A B SR AN 8 TR S T3 iy S A I L (17
i e IR Sk _E D7) W7 R <5 e PRS0 2 R A . MBI AR I35 SR /K R AR P o R N 22 A I 5
WG SR KR, JRRP AR & 8 5 S g 4. ik, R Eir s
o A AN R R R YW AR (S e RSl S BN B < SR V5 e KR (R e A M
i 2238 5 5 L AR ST AL K 5 R SRS I I 2 < JR B T A A AR A IR
BN, IR 7RG R AEY R AN A 5 G R H .

Dry dilute acid
F@ww‘ pretreatment
i o
. . PO _(@‘b’
Incineration ; Rice straw P

Distillation <~ Highly enriched
> heavy metal ions

Dispersed heavy Sed. heavy \ Fermentation "\ ’}J} O\
metal ions \ %, O\ (AN
metal 10ns N %, %

7N
%, %
.’.,e

Ethanol

F Liquefaction& v

2
v
[ SRR

DDGS Rice grain

B 3.1 E&REERKBHREEY AR E
Fig. 3.1 Schematic diagram of whole-biomass refining process of rice contaminated by heavy metals
332 TEATTRALEEAT S 419032tk
TR AL B i A8 B Z8 VR BR A A il (175 °C) RIBRERSKAT Ml A i 41 4 22 S5 k1
EFEDUE . IR TACRTL T ER PR LT 4E R B AT YR 4Ly (R 3.1 g A4
R A] S AT IR BIRBBIR A5 27 4 2 A B g HBCE A5/ H 1,
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HERAGHNT G et FERT JFOR R ] R T RE A o SRR K FEREAT 200 TR Pl Abh 22 /5 A
FHAgERAN TR TRT 15.62%, HEERNNKPFERNARERE, E6 WD/
AL TR S . T EENESE . JFIRIIKFER T &0 TR AL B G A S AP 4E R A
S EE TR T 15.62%, Ak I o £ T 2 AL BEFE AT R ) 3 BEAEAE TR KON OK BB
(10.47%) FIARZERE (3.11%) , EF WD —/NBoFHACHB RN B &S R+
KER) o MR RIA4ER S RAETCEF G LA, BT R AL B FE X 27 4
R R AT 990, U A A 4 A il HR I B TR BRI T R AR T R
DRI P72 AE T o TRA B R T B 1.76% 1078 SERE RN 2.60% M & . bbb, 52
AEER T IEARA A . FTRE AR RS DU B TR, AR AS Al Bt S bt = A — S Py AR R 4F 4 R A
O3k B AR T P AR AT IR R BRI ) (VM) o ANHINALFRAE, B4 2 Rha] LU g fid
R AR TR S5 A A M o) D o R B T 55 MR R o B i C B RS TE R 1R,
CPYER IS BE M A BRI, AT AR AL o) PR AR B2 7 A2 ) HMIF 5855 . R AT AR
TRALEE f5 FEAT H FORRE . HMF I GRR I & &5 2 4.41 £0.76, 4.24 +0.66 1 13.80 +
1.50 mg/g THEF, Z SIS = [T A MAH ST FEEARI, X T R BZA AL 3 5 75
FEH I HMF & SR X R o FRATTHEIN H I o 25 SR 2 R DR T A P (0 A DS R AT R RL 22
o TKGEEERR AR PIR, INIMAE— @ AL EVRIR 1 R AR FE AT JEURE o AR B A7 A5 1 — e K 1t
FSORHE DR 7K e A AT 75 T R T B RT3 38 0 49t YA UK 1140 7 TORAHE 4 <2 4 T o o 5 Rt o
HMF . 1 BT TR 3 Sk R At A SR 7 TIUA 22 40K TH AR FE G SR an ik, Bk K I
PSR S A2 R KT, BRIt AT 2 50 B B AR e HMF (i A2, Rk Tiie ez
J& F HMF 5 & AH X 5 o
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Table 3.1 Components of rice straw before and after pretreatment

Polysaccharides (%) Oligosaccharide (mg/g DM) Monosaccharides (mg/g DM) Inhibitors (mg/g DM)

b

Cellulose = Hemicellulose Glu-oligomers® Xylo-oligomers Glucose Xylose Furfural HMF Acetate

Raw RS

Pretreated RS

33.65+£0.05 19.70+0.23 — — — — — — _

34934090 4.08+1.21 17.63 £1.33 31.05+2.40 26.01+0.17 104.73+£0.24 4.41+0.76 424+0.66 13.80+1.50

GRS P AEAT I TR AL B 464 S B3 3.8% (w/iw) HIBRIRITI &, 175°C TF4EFF 5min, HFEEMEEEEE 50 pm. (a) RS & (b) KERES

HEm

o
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333  H& BT YRR B A AT

Iz E SRS G JE RRA A TIEm R ED L, HiEhm & E &S 76.01%, Hit
5T IR IG K R ¥ B A R E v R EERE o FEK AL ARE A R 2 HEE IR K
IR = MAMAN T . AT S B S EER T, BKIRMEE =AM asitt, BEARU
SEAREAL, T ELANE K AR KR 58 A R K K AR N FE AT I 2.1 SSCF B4 & H 1),
WAL B AL B 004 F SR SR B A SS ,  DRT b R T 4 o IR K B AL 2R B ARRAG . it
Ab, SEBRIEOL T B E & B TS R RK I A R e 2K R, ARSI ESE S TR AETE A
BEI ok, MM B &G RIS QAR . PRk, T DL iR, 78 = A A i 2% 1 v [
BRI A T &2V U2 M H IS . 34T 13K igsess, Jil&/E
R A [ 5 BN 15%MIRE KK AR IXAEIE, R R TR LR T 564
(7K, T LB S 7K AR A A P A 22 T I vy ) 260 W T R T B P R 028 TR R M AR /)N
[ B AR AN 2 RT3t R B T P A TR AR 2R T ) e I T L2 i PR s R R R o AR TR
B ORI SR GEN AL EE HTAA FUBELLES GA-L NEW & EEAIRE (43518 90 °C
HI50°C) , fHZEARPEALKS B FBEACHT S A RHR R, FEsa 2 ORBT K 78 43
Al DT B 265 4 AR ) O R B i R A SR AN

Bk, WATHEE S E (REDE 15%) KIREKKER &7 TIR R,
FLFERD T 5 I RE K AE VAL B B Py g Ta] Fy o) DA % B F AR A IS TRT R R« s 3.2 (o) i
IR T AR RIRA IS TE) AR AL IS T) 2H 25 5 B 15% (wiw) R K 7K S 0 7 260 Bk 2 o A i F&] o
BATATLAE W FRAEM FIFEALES ] (5 h) HATHRALE TEAF B (30 min 1 60 min)
(R R 22 N KBS (71.6 g/L vs 80.6 g/L) , {BEFERZA LA BB AL 8] (30 min) {H
J& EEREACIN RIS RN (5 h A0 24 h) ORI 22 e JRe  W d (111.5 g/Lvs 113.1 g/L)
OG0 T VR (RIS A 2 (30 min) [WRTHE T, BEAL A ] (1)K o) 5 J 7K A A D
W E R e M ER . RIE T — 2% BRI X KA S OB R A TR 5T

FEKAE 90 °C Ak 0.5 h Ja i A AR BRI 5 BB FRIRIRFE BN 50 °C, &5
JEMEE S, IABEEG AT REAL SO o ARWTHEAGIN (8] 9 5 ~27 h, 41 XAEK % 48 h, 1E
U AR 22 IR EURE B Jo i B HPLC 23 AT BB 7] Bl A B2 PO AR o v PR R 2 AR, 25 2R
WE 3.2 (b) fine. W LLAE HAEREL 5~23 h IR /K ARAK R B B B 7=, {H 23 h
Z R BN 2218 (23 ~ 48 h MR B X (A2 121~129 g/L) , Ff Hisid 5,
7E 23 h FEK R SR 1 8 ) B AR BV 1A 93%,  IX FE 4 b U B IRHRAL R IR B4
BEAREN S A, B 2 B KBEAI (B A bR o T 5 2R /R B R KOK R &
NFEFF R B e, LN 1 SEES I (R 22 1R 78, FRAT LIS BE AN (811 2 24 24 he

R, AW R EANELRY BT FH ) 15% (wiw) FEK 7K SR 1 B AR 1) £ T2 oG
W — BRI RCKAE 90 °C 464 TN\ HTAA Y4k 0.5 h, Fi7E 50 °C F I\ GA-L NEW
PEAG 24 h, FrgbBEH E% 5 Ulg ToK%, BB FH&1% 37.5 Ulg KA.
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(a)

1200 s

100 -

Glucose(g/L)
3 3

IS
=)

Glucose (g/L)

5 7 9 MM 13 156 17 19 21 23 25 27 48
Saccharification time(h)

B 3.2 ERGREBAKBATELR TR
Fig. 3.2 Study on liquefaction and saccharification time of heavy metal contaminated rice
(a) AN[RVBAG IS Ta)ATHE L I TR L5 J5 B 15% (wiw) RE K 7K1 7 2l W IR JEE 5
(b) 15% (wiw) I ZR T 0.5 h J5 RIS K AE A [FIHE A I 221 ) i 460 B R
REK I B 26 2009 15% AR R & &, AR SRR 90 °C, it iR e b AL i
HTAA JINARE 5 Ulg TKHM, BEALIS S BIRE 50 °C, BELEF GA-L NEW #R btk 37.5 Ulg
TAHi
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3.3.4 H&JEI5YOKFEN A KB

AR DAL SR AR 1) Z B [F) 28 K oh, 27 A B KB H S B
FERE R , g AR AR S R B B B 7770, K i il ™ B )
B R R e, T B NS B AR R . BT DA T S AR X R, B
AT TR E R R0 52 4 a5 G PO ARB AT AN FER EAT A B M I IR - B
PRHIR 7 V5 K R KB AT A BEAR AL EE, ] 46 K FRTRL, SR T A 3L DLRNELE)
TG R REAT I CRERID AL IR T AR 24, AT AR A F 38 G F oK Bl
BE G B BRI D I, SR, 1A 2 DRI I RN 350 R B A5 25 L8 ) 1) R

B Je T FEANEL 22 /D 1 1) R, 4 AR ) R TR R N 4 S V5 YRR AT AU AR OK 25 S
FA RIS AR X, FRAT L Z0Hf (R FE AT SSCF 14 2 BT A T RE AT 1 i 5 R K K A
W T FE K 1 B 2 L ZI AR K R (R R LU ARG — B0, A R & 8 15 ek A
(=PI A4S BRI, A Re ke S B T 5235 G AR W o s T 3 R — k5 G 3K,
M AKRBRIEA R 11, PERR A AW i 7% Bt R AT A RE ok )
R LR FE A 1:1.

E R, DAL 4E R R v EEAh (1) O SSCF 7R RIGTTTEVIME M B (82
Fl0-12 h 247D PRAE VR 293K, AT B0 P (003400 T AT T ) RO B IX 2
DR A 2% S0 1) e TR 1) TS R 200 P L A ARG o AR HE B e B2 E K, IF
MR B AR K B A ERE AR AL S5 B = AR I T R B SR A T B S A AR
BHEUL e CEEEEF= o BTLA, s B 200 A St A 1 904 6 S S A T T LAt it 300 5
Mo X — mUE R DUBE LK 3.3 A R RS /1 (LA CFU RAE) 2R
WL 2R AR DIIFSE . B MEE K 3.3(a) ()N B & Mk EEfahk, wf
DU HTETF ORI A 12 h N, 2 BURGATRE A0 7 A2 110 758 267 B B AR AVl #E5
Ko REEMH BRI B — SR WS, 214 SRR AR AE K BT AR TR A8 /K AR AR B AL
SEAIIRERT P AR (1) — Le T R B2 B, (ER AT SR AN R 2 I B4 G B 1) 75 2K, B
RHLPR 1 T AN AE = LB RE ST X — SR % 12 h 2 J5 1) O T8 & R A0S
TREISE . KIRATEA S 12 h FIX AN %) m) IEAE AT FE A R I 04k &
AN NFS IRRIRA T (55 A K870 2 B B B REKOK i), B HISS 17X
il T-BE B = T A S BE A P AR gZ I, A B Tt m s & 0 SR & .

BT UL RigiR, FRAE KR A AR TR TR B AT T R R B s
M2 15% (wiw) [H & B A R TREI 12 h 58 NERIERERE XHy, KB 12
h JEHMIN 15% (w/w) [ & 8 RORBEIL IR, FLFIZIE 84 h, HAH R K EESH N &
3.3(a) (O)T7n; 5 FiE 30% (w/w) [E S EFREFFA R UL 12 h f5 3 NER TP
BE XH7, KB 12 h J5MIN 30% (wiw) Bl & ERORBEGE, FEFZRE 84 h, JHAH
K RBESHANEE 3.3(c) (d)FTR-

BT S — ORI SL IR N T I0IE T B 4 8 V5 Yo /K R AT 4= LE W o R e 1) ]
ITHEDL R B — B OB REERE 1. BT TSR 2R LREESLES, FEHLURH
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s H—, M TRES BN REE R, BB EREE R
e, BT DASE o B R TS YA JEOR AR R AR s T, & MR R KA R
(1 ] 75 B TG SE RE RS 18 1= B 24 R IR I VR FE A Bl T PRI CBERG TR ) AR, B
T M S BEAR B (1) R B P 25088 I ) REFE AR 157 o B8 2R AW UK AR R
FEe& i (84 h) IRTBESRAS 7 ARXS BAR 1) 2 BE e b (56.3 g/L) , BB I 4 1A
KN 86.71%, T WLk ik 4= AW i R B R R R AT IR R AL R AR . S A
CFU [ FB#a3 kG, 10 R BEN A 5 BRI A2 TG 1k ki R Ay e T PR K58 30 3 0% 25 T
S ER RN MK AR T IS, BT DA R B R I 2 TR B T /0 VR A W R A A
B B 41 2 B BERARHE (IR BE 439 3.95 g/L F1 1.78 g/L)

(a) -8~ Glu—$- Eth-©6- Xyl Cell viability
100 - 100

Cell viability(CFU/mLx106)

(b) —B- Glycerol —A— Acetic acid

Glycerol, Acetic acid(g/L)

Time(h)
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() -~ Glu—$— Eth—-6- Xyl Cell viability
100 r 20
90 . ] 4 18
80 - 1 T -16

Glucose, Xylose, Ethanol(g/L)
Cell viability(CFU/mLx107)

-B- Glycerol —A— Acetic acid

Glycerol, Acetic acid(g/L)
=]
1

0 T T

0 12 24 36 48 60 72 84

Time(h)

B 3.3 E&RGRKBEEYIREERIE
Fig.3.3 Ethanol fermentability evaluation of the whole biomass of rice contaminated
by heavy metal

(a) ZEVIFUREE (15% (wiw) FEFFIN 15% (wiw) FEKD SRR B & 0. AWk, ZmEf
CFU IIA4L;  (b) RAEMBUREE (15% (wiw) FEFFIN 15% (wiw) FEKD) e i, 4/
MAEtt; (o) EAEPIIUREE (30% (wiw) REFFIN 15% (wiw) oK) TR AHE .
LB CFU AAE: () 2EMTUREE (30% (wiw) FEFTIN 15% (wiw) Fak) dfEd i
M. LR

RIS 10 FPU/g TREATRILT 4E R B &, 50 °C WOREAL SOBGIRE, 12 h FpEAL
NS E], 20%  (v/v) $EFpaE, 30 °C REHEIE, 5.5 RKI¥ pH, #ME KEZ 12 h FFa4MIN 15%
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(w/w) FEKIKAREI, 84 h SR TEITA], 200 rpm i FEFIHE .
3.3.5 VTGRS T B e RN R
ARG, BRI R Tl R 2 KRR, I
HPAS OMEEM )G, BB Tailil R R R RE . B, Sz
A B 75 5 R R R A v A FL AN P A 4 B RS % ) R D S AR T 9T 7 A
[k ) 2 — o LSRR IR ER T & B 4R 10 KRS A E P i Mk i R v 1 2
%, FEIE REANBY BB AR R o, SR e AT R I R A, S5 R 3.4
FrRe ATLAE HMHEFT . FEKIERHE 73 A R B W 2 1 S, P B & 1 R T I
ALEE, BN E SRR S BEARREAE, FFFRAHMESRE XS
PG . A, ] Agilent 725 251 ICP-OES 45 B 44 & it il SOt 2518 H
(1) CBERL A (L BER B 3T 80% A5 A7) BEAT4R & 2 I 52 J5 R BZAE i Hh 43 1
WEELE /N T 0.010 mg/L GZAEN @S TR R , XAURESHAREES
JEER IR IBAE O RE 25T )G, BRF RSN RIS 20 SRR S p, DRI — 20
TR 25 Ho A W 2R B 5 TR B AR ) S W TG 57 o W U AR B AT AR K R B 48 T
R (991N 96.0 £3.9 mg/kg 1 106.6 + 1.4 mg/kg) 5 HRA& LI E ALK
Ja TR Ky P RsE R S B (345.0+21.2 mg/kg) , A LRI E & RIS 3G
KRR A A E TG RE G, B RmINEEAEUEEIT 3554,
PRI, 1% A AW o FE R S SR T R s KRR AR Y R ) A AR, [
ISR TE oK FEAE Y R P B SRR T TR S AN E L, HhAMNERE 4
MR FH 524075 G KRG AE WD I AT R BEFE U T O BRAR I B FE A
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Sulfate, water and steam

Water, cellulase, seed and NaOH

|

Rice straw: 396.3 g
Solid: 362.2 g
H,0:34.1g
Cd:34.8+1.5mg

Cd content: 96.0+3.9

mg/kg

Rice grain: 419.6 g

Dry Acid
Pretreatment

Cd:33.2£2.2mg

Bio- Pretreated: 700 g |
detoxification Solid:316.4 g
H,0:383.6¢g

!

J

Discharged steam ’

Pretreated: 2416.7 g

Ethanol
fermentation

Solid: 362.2 g
H,0:57.4g
Cd: 38.6+1.4 mg

Cd content:106.6 +1.4

mg/kg

Cd: No detected
Solid:362.2 g

’L Liquefaction ] Saccharification ]9
[ H,0: 2054.5 g

1\ Cd:38.74+3.4mg

/

K37 &AYFREFHISETERESRBIREGH

Fig. 3.7 Mass balance of cadmium during the whole-biomass biorefining process

Ethanol Product:160.6 g ’
Cd: No detected

!

Fermented: 3135.5 g

Ethanol: 160.6g
Cd:73.7£2.2mg

Ashed: 2146 g
Cd: 74.0£4.6 mg

Cd content:345.0+21.2

mg/kg

—
| Recovery
|—|

Ashing

/
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3.4 /NG

(1) AWFFEEET TR B TRV SR B TR 7 —Fh a4
BRI D735, IR SEDL T 4 e TS Gk AR ARV o i) 2 A R RERAL N
LR AT GBI 55 ORI AN 7 U S EREAT 1 4% SSCF AT
VAL R B, i IR S8 G 1 B RS KK 1 - S50 B 4 e R 11
Ao AR R BOk B T BON AR AE R bR (563 g/L) , Jf H OEEARIE
JEAF R LB R s o, PR B A e Rt

(2) XAVl e A AT EHMT R A R A I, 28R DU R R
A M Al E ol R b L Jm AR N S B B, 4 R R DL ) B g R U9 e R AT
ARG K A 1) B < i i e 4 2l o SR BB IAL R IRk oy 2, B AR AE 0L 3 12
%, AT EEREE D E.

(3) FET TR A A A 2 o k) Ao R 2 A ZE R A ) 3 2 R R A
R S R 15 AR W o Al A BEATE A 1)@ 1, w] DO e Ok R IR E g JR 5 YL
IELRIAR N 5275 2BV B R AL B AL i — R 255 .
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B4E TrRERE

4.1 %

ANEVIRE A S5 A2 4 21 SR S ML AR 1 52 ) A AT TR WSS J 30, i
PAA 5 21 4 21 J5ORE K et A 6+ AR 340 22 i I KIS R AR B2, 73 4h,
An ] 22 3 B RAG R 52 B < v G i AE W B EURHB JC N LB AR ET R T
JHI S R A 5 £ 4 2 SRR R Y A UL K L < S T AR U REVE AL I
FIEIRTST, FEATFRRIVE P A VI AL BEFE T IR BB ) = MR Y S
FHE R E RS A 277 X 2 P g3 5 BEAT KMl A7 1l AT, ARG T Ab 2
BRI 25 W UG Xk 2 4 S 9 e /KRS 25 W) B g AT 4t P REDR AL ML R T AT 1
W T vr 2 AR, PR 1 E R K R NS5 B A5 T

(D) TR G EYIRS DU E R TR AR H AL R, BERsAE b [E 2 Fhth
SR DA R AR — S (VI 8] Y S B B RO E A7, DR IXRR ) 56 T IR LA B 1
BEAT RS A7 1K 7 20 PT LR T AT G i AR 1) s T IR AL B 2 J A AT ISR
HERR 8 FE AR S 8 W R A v, I ELAH A7 1 Ta] J5URL 0 8 LA UL AR G218 R A R
M A4, A IR SRk iz Han s T2 1) 32 AR H A B T BRI R R Fe e A
SR A s TR AL B R il A7 ST IR] IR 0 2H 00 B AR T AR R R
%, A T2 R SRV B KN B RS s T IR TIUAL BEAS A JEURHE K Yk 47 39 18]
2P & EARUAK, REH LREREE R AREF R E ORI 84 h J5
M ZBER AT 60-70 g/L) o Ik, TERIUACEECARKINHAL, BEWE RRIh A
JRET Y 2R JFRH A7 i A 85 AR R A, e 28 MR 21 4 2 SR R A
BN K A1 BT TNL T 4R LB AR L) W EREBITA T €S % .

(2) BT EFETRAAC BRI ALY, AT AR se BN E g
JRTGRAEAT I L o FEA AL, B8R DL e YOk R B T, o AR Sk ik
Go 1 FOR] FTRE ORI 3 S50 B SR RS (07 A RISt IS 1 BON AR ) L 45
bR (563 g/L) , H AR AT A B T AV A B A ([l 4 a2k
P ot ) A P R E S S RS B I DL, B ) B e R U AR AT AR K R Y
B RRRA e EERET KGRI Z, BREHE3HeE, XNE
B &R I e e P BIE 1A RIS o B T TREYIIRHIBOR 1 2 AP 5ok il F
TEAE Al RO A J5E EE AR g e L <5 S ¥ e A 0 o Xt A T AT SR P T, T
LA TG 5% 338 26 63 A V5 G B0 BRI I 32 5 G AR ) 5 (0 Ak B ) A it —
Kz .

42 BHE
A SCAE TR TIAL B B AR B N BB T AR B4 2 2 38 SRk i K R il A7 AN
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G BTG Y E W) T B AR B ) R AL TR 8 . ERT LRI AR A, R )
PE DL R AEARSR T 280K E B2 B AEAEAE AN /& 2 Ak o BRI Ay TS A ke SE B 82
AT REAB B Bk, BLHEAT G S

(1) K IAGEAA N TS s, TR TAL R /5 (A5 T BRI i 47
TR B 5 R & NP T 78.66%-96.76%, S5-HMF M| R & T 48.08%-68.02%
FIH A 2E 53 st 5o T i 2 R FH O R S R, E AR R FE S ) [ 4 AR S
B A7 R AT BE AT SR 0 JRUSE o BT DAAE JEAT TR T A B T ARk B4 R RS i A7 I
A kA AP o B R A, R 0] B PR B IE AN
RS2 2 7R B EIE R . Wy T HAE R SR RS & 2 ER,
WAL R B — 78 B S0 6 e, 22 F{FAI I A0 2E 73 TR MR WA e B DL ROkt = S Pl )
TR A 25 45

(2) fEHEEETT YA M RR & SRRV H5 b 238 B RO B 1 4 )&
154, HRIXANG G IR NI gL, B 58 38 1) 3 & g 5 4L i
T 2o TR B RVE SR oAb, EEAR AR Pk b 98 1) H < R 5 G 1) R B LA o)
CL Y5 LA b AT A= ) 7 1 98 B AR 2 i A8 1), RO KT R 25 T2 H fg
R BRI, fRRA T B A RTS P ARAR R B, R, 5 B 2 B
JI3K B 1 LR IR AT R AR B, PR IR SR VR B R A R0 ) HE 4R TS Ry
VI A BERAF IR 8. B, BRI EARREEZ R EHE RS ESETT R
JRAVRIE TAE S . RA RIS G b 5 16 B AR, A ReA A I E & s
HRIE R — 2k
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