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Flowsheet Simulation and Process Modeling of Dry Biorefining Process
Technology on Aspen Plus Platform

Abstract

The biorefining technology converting the lignocellulosic biomass into biofuels or bulk
chemical has been entered the commercialization stage. While, there is still huge space for its
large-scale industrialization production. Dry dilute acid pretreatment and biodetoxification
(DryPB) biorefining process is a high-efficiency biochemical conversion technology with the
advantages of extreme low usage of fresh water and energy as well as low wastewater
generation. A series of “dry” technologies, which including dry dilute acid pretreatment
(DDAP), solid-state biodetoxification, high solids loading enzymatic hydrolysis and
fermentation, are applied in the DryPB process. In this dissertation, flowsheet simulation and
process models of DryPB process were set up on Aspen Plus chemical process simulation
software based on actual experimental data and engineering experience, including the
production of cellulosic ethanol, L-lactic acid and sodium gluconate. Modeling deduction of
high enzyme cost, high process cost and low conversion yield, which affect the
industrialization of biorefining was executed with the goal of reducing the biorefining cost
and improving feasibility of industrialization. Systemic and thorough research was performed
on factors closely related to the industrialization including process design and optimization,
concept of innovation and validation, as well as technical feasibility evaluation and analysis,
based on flowsheet simulation and process modeling on Aspen Plus platform. Significant
improvement on the DryPB technology and product cost was achieved. This dissertation thus
provides necessary tools and essential methodology for industrialization design and scaleup.

In the first part of this dissertation, whole process models of the DryPB process,
including the production of cellulosic ethanol, L-lactic acid or sodium gluconate, were
established on Aspen Plus platform based on the characteristic of DryPB process. The
designed biorefining plant contains ten process areas: feedstock handing, pretreatment,
biodetoxification, enzymatic hydrolysis and fermentation, cellulase production, product
recovery, wastewater treatment, lignin residue combustion, storage, and utilities system. The
strict technol-economic evaluation models that are applicable to the national conditions were
developed based on the Aspen Plus models. The economics of DryPB process was then
rigorously calculated from aspects of fixed capital investment, variable operating cost and
fixed operating cost. With the minimum selling price of cellulosic products as objective
function, stringent assessment of DryPB process economy was carried on.

In the second part of this dissertation, commercial potentials of cellulosic ethanol were
maximizied by minimizing of energy input and wastewater generation in lignocellulose
biorefining. High ethanol yields were obtained using five lignocellulose biomasses (corn
stover, wheat straw, rice straw, poplar sawdust and sugarcane) with low enzyme loading (10
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or 15 mg/g cellulose). Ethanol titers as high as 11.4% (v/v) for corn stover and 12.8% (v/v)
for wheat straw with the MESP of $2.05/gal and $1.93/gal were achieved respectively, which
is close to that of corn ethanol production (12-15%, v/v). Significantly, current DryPB process
cuts the energy and water balance to the similar level of dry mill process for corn ethanol
production, while the close conversion efficiency to corn ethanol is maintained: 8.63 GJ vs.
7.83 GJ of steam consumption, 262.95 kWh vs. 34.46 kWh of electricity consumption, and
7.71 tons vs. 8.33 tons of wastewater generation for producing on metric ton of cellulosic
ethanol vs. corn ethanol in the core step of biorefining process. The higher electricity
consumption of cellulosic ethanol is easily balanced by lignin residue combustion. Both the
conversion efficiency and the energy and water balance of present DryPB process for
cellulosic ethanol production has reached the competing level of the dry mill process for corn
ethanol production. MESP could be less than $1.50/gal with the consideration of electricity
price subsidies, straw subsidies and by-product of ash.

In the third part, high titer L-lactic acid fermentation was studied from dry dilute acid
pretreated and biodetoxified corn stover feedstock using an engineered Pediococcus
acidilactici strain. Current optimal L-lactic acid production reached a titer of 104.5 g/L and
overall yield of 71.5% from pretreated corn stover by overcoming several technical barriers. A
rigorous Aspen Plus model for L-lactic acid production from corn stover was developed based
on the dry milling biorefinery process Flowschart and the fermentation results obtained. The
techno-economic analysis (TEA) show that the minimum L-lactic acid selling price (MLSP)
was $ 0.559 per kg, which was close to that of the commercial L-lactic acid produced from
starch feedstock, and 24% less expensive than that of ethanol from corn stover, even though
the xylose utilization was not considered.

In the fouth part, high titer gluconic acid and xylonic acid were simultaneously generated
by Gluconobacter oxydans DSM 2003 using corn stover feedstock after dry dilute sulfuric
acid pretreatment, biodetoxification and high solids content hydrolysis. Maximum sodium
gluconate and xylonate were produced at the titer of 118.13 g/L and 64.27 g/L, respectively.
The techno-economic analysis based on the rigorous Aspen Plus modeling was performed and
the minimum 50% (w/w) sodium gluconate/xylonate product selling price (MGSP) was

calculated as $0.182/kg, which is highly competitive as cement retarder additive to the
commercial product from corn feedstock with excellent performance and low cost.

In the fifth part, super large-scale biorefinery plants was constructed by decentralizing
dry dilute acid pretreatment (DDAP) operation with minimum energy input and wastewater
generation. In this DDAP based biomass supply system, the agricultural crop residues are
pretreated in the biomass producing locations, stored, and transported to central biorefinery
plant for conversion into ethanol and biochemicals. The unique properties of low energy input,
zero wastewater generation, high tapped accumulative density, long-term storage, and easy
miniaturization with low capital cost in the DDAP provides an ideal pretreatment for the
distributing pretreatment into regional locations. The Aspen Plus model and discounted cash
flow analysis show that DDAP-based distributing pretreatment operation significantly
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reduced transportation cost and the MESP was reduced by 14% when comparing to the
traditional centralized biomass supply system. Using current DDAP-based biomass supply
system, the biomass densely accumulating regions in China and USA have potentials to set up
super large biorefinery plants with the competing capacity of daily 10,000 metric ton biomass
processing to the modern oil refining factories.

Conclusively, this dissertation established a set of rigorous whole process models of the
DryPB process on Aspen Plus platform. High product yield and titer were achieved by
applying the DryPB process technology. The characteristics of low energy consumption and
wastewater discharge resulted in high industrialization feasibility from the view of
environment and society, and the low production cost increased the market competitiveness of
DryPB process. Distribution of dry dilute acid pretreatment technology that makes it possible
to set up super large scale biorefining plant. The results of this dissertation provide theoretical
basis for the industrialization design of realistic biorefining process.

Keywords: dry milling biorefining process; cellulosic ethanol; L-lactic acid; gluconic
acid; biomass supply system
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Fig 1.2 Different feedstocks used in the first and second generation biorefinery for producing biofuels,
biochemicals, food, and feed®
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Fig 1.3  Collection methods of lignocellulose biomass feedstock. (a) Biomass transportation in a
centralized and decentralized biorefinery operation. (b) Various forms of biomass that will be used in a
2,000 ton per day biorefinery and how many times the truck has to transport this biomass is shown
(Moisture content of each biomass is given inside the bar) 1!
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Fig 1.4 Various bioprocessing options available for the conversion of lignocellulosic biomass to useful

products. SHF, separate hydrolysis and fermentation; SSF, simultaneous saccharification and fermentation;

SSCF, simultaneous saccharification and co-fermentation; CBP, consolidated bioprocessing [138]
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Y RBEEALAE" . PSR, Feih R, RKAREE . KB ERTRE IR R B 7= i
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UL A TS 9N TR, 1) RRIMT R KR AP &y 2,000 Wi, /RN AN
8,410 h,

A100 TEt: JEARIRTACH. i FSORFEAT R IX R Giia 18 3 R AT AL 3 T B
BEAT IR B BR AR TNGE AR, SR )5 JR R AR I8 B TAL 2 /e i gs (A200 B,

A200 TRt WA SME. JRRMERMER A G TR B, P 4R oK gt
WAL Y2 A5 o IIANGRAEH: pH M 1 BT+ 2B /K A P 75 22 5.

A300 TBt: FEE/KARFNREE. AdFHAEOL AR 2R 4E = g AT UK A 58 2K, 28
Ja AT CEE R

A400 TB: 2F4EzmBgiEr=. R R W T AR, AYERM R B R
A300 T Bt AT B /K i o

A500 TBt: rFefblalii. Z WK T m [V 43 B~ ARG TR AN 7 - U W B = A Al
99.5% (VIV) HILBE. KFNEAARTRE . AT & SRR (A8B00 T.BY), Fkifii%k 2|
JEKAEHE RS (AB00 LB,

A600 T.Bt: JR/KACEE. RIS PRAEFIA ATHIEAT /B . DRATH AR B AR 1)
AR E] ABOO T BB 1R IRk, [EARE AB00 T Bt HIMARRIF BT A e o

A700 TBt: thmfitife. e R R A s i, AR TR =
Ky BRIR EFR . KMOEE,

A800 T.Et: k. ARV BANESM B EZIRH T KM TZH S (1
ACPRFRE RS A . KRBT T B S A s s B .

A900 TBt: ~HTHE. BFAHKRSG. WiKKRG. LTEMKNE RS,
2.2.2 TEEMGHEARTZ

TR IHHIH R (Dry dilute acid Pretreatment and Biodetoxification process, DryPB
process) & MR £ B A A= PR AT BRI T & B — M AE R R, H FEZRHIE R
e B FRAI T IR BB FE AN KA. R BT T SR AT AR B . TiAbBE . AWl ss. £F4E
REGEALAE T BB S KEE . 777 B SR H RAKAEEE ., RBTREMRGER B 7 i
fift A7 LA S A TS 10 TR, anl&] 2.1 o Hh A 4R BRAE R A 7 [R5 e 5 &
Hy P2 i SR RME AT A TR T B S NREL HORMA, FEAFE T HAZOmAE
SRR AR BE  PiALEE , AEMD iR HEAG S R TR i B 5 4lifl . DR R /K AL

1. JRRME R A4 FEE i NREL f 2,000 Ml A% E] 900 mfi, £E4:/E N} E] %y 8,000 h.
SEALEE 30 M TR OKAB AT A AU SN AT G A ] AR AR Ao RS AT A 3R AR T R I
Z A PR A md FH KRR 5 T A TRE RV B AT BRAE ), B T OKFS AT
B AL VI NI, RN GR AR 2 B ORRR R it (R4 855D
KA, SRJEAELS Bl AL — P AR R RS2 Lem Aifq o

2. BRI TR, {2 NREL HOR B TRALBEAE KRR S B 2% F 2 15 B
Jadt N 3 B 28R, HLEAR S 8N 30%, R A T EK A TER AR ALY
JFRBLS AR ER TR N R AT A HE S N s, R 28V UE R e, FLE A B Ok
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Fig. 2.1 Flowchart of dry dilute acid pretreatment and biodetoxfication process on Aspen Plus platform
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50%, JCiiF BRI .

3. MM AR AR BEEE. 5-F2 F SRR IS S5 R A4, NREL AR K H N 754
HE 7, B KERKCLEE Sy SRR, FINNZ/KIAT pH PLRREH Y5
PR o VRTINS PR B [ S e 7 3, AR A 25 S R T 12047 [ 4 SR T 3%
I, S8 RAMN I B B B M B I A

4. FEAL 5 REEFE, NREL HiAREH 20% (wiw) [E& & 1Bk 53tk iz, )
H AT KM, SR JEHAT K% . AR A, FVEER K H & 8 5 & (30~35%)
IR R S IR BE (OB BRI RS Rk (L-ALR) Bl PRk 53888 (i
EIFETR) o

5. 77 s B S5 AEH], NREL BT 2 077 i R R OB, AW & B I FLRE |
2 BRI S5 A MLRR 1T o AR ST AR B i 1) 43 B8 S T2 445 NREL it
e E AR, T L-FLER AR 2 BE R S5 17 i 2 B L 2R R s R .

6. JE/KAHEIEFE, HT NREL HAREMER I EYEHIMA T REZK, JEK
Wb BRI A TH A R R AR B TR A A TR AR IR £, THALIE I BRAR TR KT pH
B, TEIMA NaOH AT AT FIEAEYMRE T 2ZAFIX AN, Fril 27 NaOH
A2,

TFEAYIEH L 23 R EE Aspen Plus V7.2 (AspenTech Co., Cambridge, MA,
USA) #fF Bt BN A e N (U 4E R BB MDA R 2 A
TSI H R 15 € . Aspen Plus A0 H 48 F 1 20 20 W P s >R FH B B i R s e A DU AE
NREL & % K%M 14, ffi ] NRTL 184/t i .

2.2.3  HWDERHIFIE AR K

PLEKFEFF NG AKFERHT . H B AR S SR 44 25 AV iR Ik}
5 FEAED ISR A LR CRRE ZBE) R A =20 (L-FLBR AN &) BE IR ) -
T B AR RN TS 900 Wi JE AL, AE#RAEIS A Jy 8,000 h, RI4ENNT. 30 J3HEA B 4F
dem AN )RR PR BRE. BRSNS BRI 41 4k 2 IR 20 e 1 UM 2 T 4 B AN [ 245 2F
YIS e, BEATREL S R A B EIRRL (R ) RIS 2a b (L-FLIR AN %5 2 b
1R); R/ B S5EHEE 2= . RERRERNKRK; KR ZREEN G
R loer= 2 TR 2R, JRAKEHAT IRE AT A TH A b 2

BRI A 2 B -

1. REAREF I AR L) &< n B3E”, IRKEH 2 KA AL
AT #ARRES, MAEHARARIE —ERE. 52, AR EREA S
REIZ I Z RIS T SUE T BN & 57 AR .

2. fEFARERL ORBRA4ERERD mEAAr 5 (LB, 88%IH L-FLIEZ 1 50%I1) %
EIRERENARPERR SN, wiw) ORI RE R, RE S UM e R T e AR Cn
BEZE AN 3520 R R Cln A4 = AR 20O i E 70 8 Ak QR FE R 20°C
[RITC7K 2 T % B 0.789 Kg/L .
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3. NREL 45 /&L 2007 43 ot AbREEA T BAE G & AR5/, AEAT
BE DB ML BT 2255 AS, 3 DL 2013 4 3E e (B v 3
4, 2013 FFF o5 NR M Sa#% A 1:6.2.

2.3 THEAYEHIBRK Aspen Plus R
2.2.1  JERLETACEE T Bt A100

K21 FKRFEFAR

Table 2.1  Composition of corn stover feedstock

Components Dry matter (w/w, %)
Glucan 35.78
Xylan 19.36
Lignin 28.36
Ash 3.56
Acetate 1.81
Protein 3.10
Extractives 14.65
Arabinan 2.38
Galactan 1.43
Mannan 0.60
Water 15.00

AT B H AWK AT 21 4E 2 SR AT BRI O AR SE R AL BE, D JE 2R i) ke
PRI B S KB T B i = S A A RE . 5, ORI T IR B4 4k 2= )R
Bl R Fism B ARG T, @ eiiRE s, @i Akariaik ST TR T
VIR WP R R o 21 4E 2 J5 k) P R SRR AR 2 B kB Ay i BRI 5 IR
JR A4 2 R R AL I AT Ik S AL AT 1 — B R A, 15 BIRIAE4E 0.1-1.0 cm Ju [
IR 5T £ 4 2 JEORFRIOR s Ry B3 5 R BT 47 4 3% R R 2 ad AR 16 iy ik A AT G b AT R
7% e ARIFIEARRAYERFRNA 4R AR, KRR RS, K
I A [ X B AN [F A4 1 (R R SR L 2H it 22 57, 3% 2.1 5 2015 SR AKIGR T [ Y
5 it E A X i /R T A ROK ARG AT (R 2 Ao

JFORF AT AL FR R P 2.2 Bz, Aspen Plus A48 401K 2.3 AT o A 4F 4 5 SR R
EVLE 2 BYIENL (M-10D) $Hfa, AR RIENL (C-102) X% )\ HFrAb s

(M-102), J\FREFR L2855 5 b HE R PR FE SR IO 3R AR b IR 5t 21 4 21 IR RH T Bk 3
(G MR N =B 7 S I i O L e ST 2 W S I e - o w11 A
R S BEAS 2B TG A AT ORI AE o (RIS o 25 L rh b b SRR B ) e B, AR s AR =X
B sl (C-103) KR Z% o B RHE AN S A AL (M-103) HEAT40%y, P4
B gL (C-104) IENBRES> & 48 (M-104) Br BRI, &8 2T s i
JE M FH A 3R A AL (C-105) X N TilAb#E T Bt A200. ALKy BB, 4 A e o
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Fig. 2.2 Process flowchart of lignocellulosic feedstock handling
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Fig. 2.3 The Aspen Plus flowchart of feedstock handing (A100)

222 TiALE T B A200

RIFAYER BAIEFEEE N RIIGEN, PAERMARRIRERNOEEF4ER. K
TBL B R i s 28 VR R A 3L 2 E IR R R AR 4 R M BUR 451, FEARR
A AT YR A RN B, SR AR R TR R P AR . X LA T
AR T2, Bl il by 2:1 AIFRALFE S B 2825 3R 8 100%, fii Fiikk
MM AKE (FABRZRE) FHEAE S FARFT B2 VaRE N, bR S
AT B AR5 BEAEHFAE 50% LA b, AT 1 - S i J 465 ) o] 28 A 0 o 2 AR vy [l 4R 5 [ 2
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WAL 5 T

FETRALFE T B, 5% )50 & FE (A i R AE — N R it e h BT 1) R OR A7 o AP IR
JR AT 4 2 TR R A2 5 BT S 16 2R 4% 28 TAGCHE S B g b, ORI R Rl el 22 2 e A%
Ay BT EE AR TR R [ AR S B AR NS IR B 5% (wiw) [
MR, 30 I U5 R A o R 8 e 5 A A A 1 L 102 Cwilwi), JF J8 B 4E 142 50 rpm
46 1E R HEEEIRS] 3-5 704f, SRIGIE A 1.6 MPa [ 25 JF7E 175°C. 0.89 MPa [ 1F
HERE 3 b PALERZE NG, WAL B 2 R, FEBCHIRE, S HnE LIk 2
BRI NAS o

AT B Aspen Plus BALRAR AN 2.4 Fros. Bt e B FORFEFT (0 102D #% %
HHTIENL (C-201) 15 Z KA A PAAR 4L (C-202) MIHRUSAR . 8 ) w2k B Tiikd
P BN AR (M-201) . 2048 (M-201) =& — MR A& 1845 A
ERCRAE NI RHE IR G A2 AR ET I8 Be i R P Al e AR 187 B . 7EH2IR
FEMITIA 2 %e AL T R g NI DR 246 7 B0 JGHES . B OR RN AN Jeth o B As #
YIRS, HNEEIENL (C-203) Khis 2 iR ie sUACIE L% L (C-204). 1R jEUALIE
FEIEHL (C-204) H4WRMELIE BN R IR eSS K28 (M-203). 5%FitRiR (#i 203) 1F
B2 hEgs Rk (M-203) HYEELD EJ7 SRR IR (iR 102) [EIIREAN (1w 205) ikt
BRI (R-201) , J8Id vh SR 4% w8 L S5 BHAFRS R LL B 102 (wiw), 251
M B BRI N I 2k s i B FH 24 1 4E 25 mglg TR FF .

WAZEIR (W) STEAM) IN#ATAL B S B8, 7E 175°C. 0.89 MPa 2kt NidkAT
TRALERERAE, 72875 (WD STEAMD (1 FH B A 15 Tl A 21 S B 25 (1 s FA ffer (FAWAL QR201)
N 0o A I FAL PR S5 R R 2875 (I 208) IR TBU T 2K (i H20-1) &
95°C, XFEERRETTLITUALEE TRMZRR A&, MR T R R,

03%iKk IR EE (Wi H2S04) #iit &% (P-201) EAMMIE S % (M-211) F150n#k
JE T 2K (A 207) TRE, BB MR 5% (M) 203).

TALER SR (R 204) B IRATEURLESS (M-202) T EIZIFIENL (P-203) F.
TRALER J5 PRk 1 800 RIS e ) s AR B 31 5 T, X 225 /b 8 PR 259K (10 208)
A (R 210 EFACE S IYIRL (R 206) 1, ERATACE VIR E S E LN
50%. THALERGPIRE (Pt 209) #fiENL (P-203) ik NAEWNIi#E T.B A300.

TR PR 5 1) KA FF A A6 508 L ARRE . B BREE A HMF [ 25 %14 0.5%. 5%.
0.525%. 0.27%71 0.095%.
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Fig. 2.4 Flowchart of dry dilute acid pretreatment (A200)
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F£22 TidBRMER (R201) HRAR RN

Table 2.2 Reactions in the pretreatment reactor (R201)

Reactions Conversion

1 Xylan + H,0 — Xylose 80%
2 Cellulose + H,0 — Glucose 2.4%
3 Arabinan + H,O — Arabinose 80%
4 Galactan + H,O — Galactose 80%
5 Mannan + H,O — Mannose 80%
6 Xylan — Furfural + 2 H,0O 3.3%
7 Acetate —Acetic acid 54%

8 Cellulose — HMF + 2 H,O 0.09%
9 Mannan — HMF + 2 H,O 10%
10 Galactan — HMF + 2 H,0 10%
11 Arabinan — 2 H,0 + Furfural 2%

A T B AT FH P 020 TR TRUAL 3L S5 7 25 s 2 2 A Wy TR S 1 S S, T AR [ 4
BN 100% MRS FF R EAT B R G . ERACEIEFEF, BURAIFEIE 50 rpm B AT {R
UETAL B AR RS R MR AN iR 2R A ROR A, DA R BRI 21 A1 4 31 3% A 9 AH 8
B, T AN 22 T A B B gt — 0 R BRI S A o X by A 0 1 (10 T Ak B e et
FEREEAE DRIE TRAL B AR AR G DL, S AR R Tk B 2 o A ol PR 40 71 420 2 22 T 4
FER) 50%. Hitt, fEARTZ i, HALEEFE MG R 2% 8 ARSI — D B A=
FSCIRIAREREE DL S R A1 4E 38 1) LR A B AR ) SR o bAh, O T PRUETIRAL B I R
RS FTAS 22 TR T S R 28 BE |, 75 B MR 1 ) BB v 1 BE IR BT
223 AWIEETBL A300

FRAEFAE RN ZL ) PR B SR A T, AL AT 25 K45 BB B ORIR, $ 14F
YER ML YE R AL 5 SR AR T AR, Ty B3 3 4T e R N 4T e 2 d JE B
AT HER. OB LBENER . BREE AN 5-F2 F LR S50 5 SRR MR AN R I LA R 2
PEREY . IRAK XL EYIRR 2, T2 ROK BRI S 22 1 21 4 2R T iy A AN T AR P
P8 o X LT A 4 I 25 T P 110 1 25 2R Pt 55 5 6 T DA B 20 1R 5 pH [ Pl #E R
KAEFF AT, BRI SRR P AR R . CBR . WRIEFN 5-32 F LA S5 4k,
EW, PRIIE G SRBR R AN R B 2 10 1E o 14T

AR T H 5 ) FoKFEFT S 20% 1) S A B iR & U8 1 Pl Ak BR S TR A
FFH pH 2 4.8-5. AR5 K%L 5E pH I BUGERREFT A THIMREE 2%, FARIRL BRLAR, DA
I JE S HIHIE o 5 e HE NI TR B AR 2 0 2 TR b R A ] s A A M 25 DA e 25 JHG v g 41
), Aspen Plus JiifE WKl 2.5 fiis o
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Fig. 2.5 Flowchart of bio-detoxification (A300)
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AR EEJ5 1) FRAEFE (Wit 209) R B S5 1) 20950 A A AT 2 i il — [R1E N BB AL
(B MILL) wF, fEBER AR pH £ 4.8 /o 47, BERHLTIAE A 20 KWh/IE 5%
Fro B Z G HIMnRL (Wi 339) IR KAR LI, 29 100°C, 1EBiEE i fs B T4 31,
BT B 2 5 PRI AR 2 1A, BAA TS, BTl BAEH AL (B C301 A
H301+/-) XFEHIAT IR . UYRHE A FEKE] 30°C AR, 111 Bkl (i 341)
VENAE VIR P 785 75 S5 9l 0% 2B 35 07 85 % H T (BEEER R300) . 78 B85 A 145 77 L e,
J AT O RS 72350 70 B = R A B I B AR 4 . (ONBLFE T = N 3R IR KR 7)),
SRR B 0.5 m3. 5.0 m3. 50 m®. = 2Rk T UK HE SRR I B RO B IR ARt
DAL T 0425 m®, 4.25 m®, 42.5 m* {E N F— R A BEMIF T fa— S TR AR N E
WL 2 S5 I 2 AT A 40 o B A B P T

R 23 MBI T RN R300 HRA KRR
Table 2.3 Reactions in the A. resinae ZN1 culture bioreactor (R300)
Reactions Conversion

1 Glucose + 0.018 DAP + 0.3704 Protein — 6 A.resinae + 2.4 H,O0 5%

2 Xylose +0.015 DAP + 0.3087 Protein — 5 A.resinae + 2 H,0O 10%
3 Furfural +50,— 2H,0+5CO, 100%
4 Aceticacid+20,— 2H,0+2CO, 80%
5 HMF+60,—6CO,+3H,0 100%

® 24 EYBERPLA R301 FRAER R
Table 2.4 Reations in the biodetoxification bioreactor (R301)
Reactions Conversion

1 Glucose + 0.018 DAP + 0.3704 Protein — 6 A.resinae +2.4 H,O 5%

2 Xylose +0.015 DAP + 0.3087 Protein — 5 A.resinae + 2 H,0O 10%
3 Furfural +50,— 2H,0+5CO, 100%
4 Aceticacid+20,— 2H,0+2CO, 70%
5 HMF+60,—6C0O,+3H,0 99%

T T B A8 R Iy BRI B2 T B2 47 pH AR (IR 342) R NAE DI 75 e B g (B
BLR301) o, RINIINE G —FBEEFF (P09 305), HefPE A 10% (wiw). Fi#EHh
TREFEMAEYI B FE AR AE W R . 28 C B4 R E R %, &5t 36h 5kl h
2 R RN ACKEE ()9 2R 0.46% 41 8.03% (wiw), T Ab BRI v 72 A= 400 40 56 4 F B

A IR (B R300) AW A (R R301) skbr 2t a KMl ie, #£
AWHENTLEH A (i AIRD EIN = 5H CO, INRRIES (Wit 322 Fiy)
Wt 324>, HTFHEBERSZBAWFIHE Ny AR COp HAETHREW IS YRR
BAy, BTUART DLEEHERL (i GAS-1). se MBIttt (Wi 3260 il %
EHL (P306) 1% B BEAL K T B A400.
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224 WEALSREE T B A400

RYEF=TIAE, KW W5 KB T E 5% AME, LA NFDbE
W5 KEE (SSCP), L-FLERAE AR EN S K (SSF), 1M 2 MERR AL 7= R 7y A
[k 53 %8 (SHCF).,
2241 mESERNT4ER QBRI S5 KR

I3 5 kLA T AE e AR = AR e 2 B - 1 SR I IS AR S TR & &
ML 12 h, 44449 50°C. pH 4.8, 150 rpm. FiMEAL SR EIRES, RGN
RIEFHEFEIT 96 h [H &N 30%Ek# 35%I1 R B Ak 3L A B, R D JE0RE A i e 4
PEAIAKE, 26174 30°C. pH4.8. 150 rpm.
2242 EEEEN L-FLERF SRS K

I 75 J5 ) FORAE AT SR RHIE N T Al S S g, IMNETAEZR B, 4R 2R 10 [l & 2 A2
30%, {3 PR LT B2 R AE 150 rpm, 50°C 461 R kAT 6 h Bk (1) Tk 4k .
IR A U R SR UK A Ja IR N R B S g v, TSI 3 45°ClE RN L-3LIR
RIEEBEFEEAT 72 h ED RS e, @i 5 M FIE SIS = TR R 1 pH A
5.5,
2.2.4.3  TE[E S B M IR BEIR B AL S 3 R

ARV E R L 53 (SHR). fEFEER &S )G, HEF4EER
fitf 48 h [RIRELL S N, 26128 50°C . pH 4.8, 150 rpm. 214k 2 [k) 76 2 M AL 52 i 2 e
PEACIB R v H 21 33°C 1 K B IR B I T B M R R AE ik AT 48 h IR K%, 2%4'F 09 pH 4.8,
500 rpm. 2 vvm B

T AR BT DU & BE BRI HERR 73 20 bk S5 3L R W B3t AT 44, Aspen Plus Jiif2
WKl 2.6 Frs. SEaMEBRINEIPE PR (PR 323) AL 2K (Wi H20-4) a3 i
% (BiER HA05) G 5 4F 4 R AE A AR 72 T BE B400 AEP= I 4F 4k R IREEN (Wi
432) JOINTIREAL S g (A408), JEITHEHI T Z/K (Wi H20-4) 1 A & FpE AL i)
i 5 5N 30%. B FH SR EGR T R R P AT dE R S BB 7). A, YRR
P42 10 mg B (/g 4743, 1A F 80% %] &) M X 4F 4 R A3 % . X B A2 45
& B B B B
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Fig. 2.6 Flowchart of separate hydrolysis and co-fermentation of gluconic acid/xylonic acid (A400)
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£ 50°C, pH 4.8 &A1 T i gy B pe e i fii b, &0 12 /P HTiREi, )
FoF e (3] 44 58 A3 5 A8 9 AT A RSk AR (W00 409) . SEALE AR (Ui
409) £ (B P410) ik 1) JUAN 2155 A M d -~ i 22 BB AL R B S B 2% (R404)
N BRI RAEREAL 5 KBRS, 7E Aspen Plus AR B A AN [ B2 28 (RA04A F
R404B) 73 HIRAENEA S R AR A, MAESEPR B R b, X PRSP IR 2 A ]
— RN A AT . AR 4E R BRI FE R AE 50°C | pH 4.8, 150 rpm FIZ&AF TR T Y,
223 42 /NI BOREAL, KR R B R B ATk 120 g/l

SEAAL K AR (DR 435) 1 1721 (it 403) i dnics 21 & I b Al 7% Frot. (B
Bt R403). fEREMELFEHIC CBLERL R403), FEFF/KMRI (Wi 403) 1B AR AR Pk 7
BRI 5 7K S8 IR PUIR G 5 He M ST PRI K FF B AT, B E Ty 10%. A H T E 1 LIk
A S BRI B OKFE AT N B Rl s 75 B AT R B A 5 97, 48 25 1 & p ot 7%
() R 70 T o

P T (1) 20021 KRR (P 402> BREEREAL K I Bia§ (IS R404) wr, %8 S N
i i B2 AN T3 33°C, 500 rpm. 24 J5 4 N 4 il R R TR TR AT (VDR 434D, HEFh BN 5%.
I 20% S EAENE R R iR KT AR pH 72 5.5. ABERE A RE IR AR e
FEAR TR ELE AN TC 23 (W9 451 F1 452), JESEN 2 vwm. 45t 48 h A K,
HIFERRAN I PR IR L TIA 11%, ARBERRJ IR TIA 5%. A % %1 5 BN A ACHE IR 44
I e R B (PR 442) BE9E (P406) R 207 il 43 B 44k T B AB00. K IEFIIFR MRS
FEW R E R K Ny fIF=2E1) COz A H BB I5 Y RISy, BT EART LA
BEAEH (iR GAS-2).

25 KREMTYRERNEE R403 FRIRMN (RN E BEGHT)

Table 2.5 Reactions in the fermentation seed culture bioreactor (R403, react in series)

Reactions Conversion
1 Gluscose +0.018 DAP + 0.3704 Protein —6 G. oxydans + 2.4 H,0 10%
2 Glucose +2 H,O — 2 Glycerol + O, 0.5%
3 2Glucose + O, — 2 Gluconic acid 100%
4 Gluconic acid + NaOH —Sodium gluconate + H,0O 100%
5 Xylose +0.015 DAP + 0.3087 Protein —35 G. oxydans + 2 H,0O 5%
6 2 Xylose + O, —2 Xylosic acid 95%
7 Xylosic acid + NaOH— Sodium xylonate + H,O 100%
+ 2.6 R404A B BN
Table 2.6 Reactions in sacchification (R404A)
Reactions Conversion

1 Cellulose + H,O —Glucose 88.5%

2 Xylan + H,0 — Xylose 10%

3 Arabinan + H,O —Arabinose 70%

4 Galactan + H,O — Galactose 70%

5 Mannan + H,O — Mannose 70%
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Table 2.7 Reactions in fermentation (R404B, react in series)

Reactions Conversion

1 Gluscose + 0.018 DAP + 0.3704 Protein —6 G. oxydans + 2.4 H,0O 1%

2 Glucose +2 H,0 — 2 Glycerol + O, 0.5%
3 2Glucose + O, — 2 Gluconic acid 100%
4 Gluconic acid + NaOH —Sodium gluconate + H,O 100%
5 Xylose + 0.015 DAP + 0.3087 Protein —5 G. oxydans + 2 H,O 5%

6 2 Xylose + O, —2 Xylosic acid 100%
7 Xylosic acid + NaOH— Sodium xylonate + H,O 100%

225 US4 T B AS00
2.25.1 JARL OIS o B

AT B W WEA S R T B LB KBRS 53 55 7K To7K BEFIAR o7 22 5%, Aspen
Plus iR 4N 2.7 Frow. Z808A 1 im b i T R RS, 49 3462 99.5% (viv) [F)
O B RAE PN S AT I o 38— N RR B, 73 BT AR 1) CO2 FHRHS 43 17K
B ATONKE RS, T IR CBE 2 ILH YIRS o SBEr= i B RS TR o Ok B R
N 92.5% (viv), R JEE— A =AH 71 0 B Bt K e 4 22 99.5% (viv) o FERR SR I
FHASES, PPAEMRIKE (70%, vIv) 1 CEEZREIR B TR AT B, BIE T
FIZE VRN R T RE R X (2N CO,, WA L) BILBKBERH, X B [E
YRR I o K VRS BIT5 KM IE IR P o BBVROE T ISR & A ARG AL mT i Fl
AT AN TS FHE R LK, AR5 B3 3 [ J A8 Joe 5 i T B R 0
o FRIEEKAREERMEIMER, ROV H A S SR ERANER, BA SR AT
EFRVAED R A ol PE R TCAY R 5 o DRSS KRN R K AR T B AT I K Ab 2
2252 L-FLR/E DS

AT B EA 5 R T B L-FLIR 2 K BFIE 77 85 7K | 88% (1) L-FLIER MIAR 5T R bk
1, Aspen Plus Jif2 tn & 2.8 fir 7« tH T8 FH 5 M NaOH 4z [R5 Bifb 5 K B 21 pH,
KRG L-FLR 2 VSR T AR KB b . BT A, X B SRt R IR 3R AT [ VR
Iy S o [EMAER 3 0 B N m VB IR BT R o WIARER 7 B i @ DR AN F B A J5 45 2
L-FLERVA AN v JE AR FH ) NaOH V. M L-FLERVE I &0d = 378 R 4R R v] 15 2]
88% (wiw) T L-FLIR .
2.2.5.3 HEIHERIN o

KT BAEK A400 B AR BER 77 B ON7K G R BN S A HE BR A 7= i AR i 2%
Aspen Plus iFEa0E 2.9 fion. KEARGE A B3 Bt =828 R fa 15 20 %
N 34.3% (wiw) I & FERRENAN 15.7% (wiw) FIARBEBZ AN it o A< T B A B R /K%
NJEIKAEEE T Bt AB00 HEAT AbEE, [l 4k v 0% 22 [ IR 4% e % HE T B AG00 HEAT = #R R HL
=R KRG RN 208K AT AR T Z KB o BT A 500 7™ il ik 227 il il



3y ¥ i - RE JATS 5271
£ LB A7T00 AT HEAE

R (I 440) L2 H 3038 3k CBLER H501) B3 78 R BEGE P9 7EAL N #43) 100°C,
X R B ) R B AE AT 25K, FEA A 8 W BR AN S8 A VS N o R IS o 1) 2] 4
1E il NS5 e a7 s i E (it S501), S RNBEMAE (iR S-SOL) (F/KE
4 68.33%) FR AT HZ R UE (B S502) . 19 Ik (B 40 B8 B A ot 2= B4 A 5 K & R
H 34.48%. FEIFEARE 7 (Wi 510 IMAGEMER (PR C Fit C-RL) i (F
B S501). SRJERERER (Wit 521) LI 5 (b S502) LARR LI T )i
g R (P C-RY. CEA G R (iR C-R) &4 (Fitk S503) g3
i (R C-RL), FAEMREAME/K (P 513) 22K /KA T B A800. [EiE)5
P )RR (Y0 515) £ R (FEE M507) 5 [ 1A & & il 70% (Wi 514) .
TR Ja BIPEDT (it 514) IR N[ A e K H T B A600 AT HRKer=#k . i)k
B (WA 512) IE N =28 kg% (BiHt E301. E302. E303. E302+. E303+. H317 %n
CONDMIX) AT 28 ik . —ZEKATFR AR (A QEO0L) K [ [ & 48 K=
7&K — R R BN E N 82.1°C, JE /14 0.5atm, M=% K% EﬁEﬁ“”Uﬁ
0.3atm fl 0.2atm. =27 KA Btk E303) P4 78R (Wi 332) &l =Sl (Bt
Bl 1 B3) #ATHH (B H317) J55—4 (5P E301). 4z ke (Fik E302)
FEAE A BRI A 5 (YD 536) FTAE A T 2K AE M, 73 21 1 =R B 34.25% (wiw)
FI E IR AN 15.79% (wiw) FIARFEEREN = i (DU S-GA) TIIE NAL 24 5 A= i i
17 LB AT00. = IRZE K Ji 1 %0 BERR BN ) ot &R FE 23030 11%- 17%R01 34%.
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2.2.6  [H RS N % L A600

BB BRI LR G H 2 R e K S LRI SR = AR Z8VR L ) . IR0
B PP AR R R A AL LT e B AL T4 5 . REH L AR VS RK AL TR
RBNPIEPEVE I o BRFRIX L Gl F= )= A I AR R FE T RE A /2 1) I REHE, DD A IR
AV EE A, 85T 2 R I AT LU= AR MR ON

WREHI R 16 N BB A0 BV [E AR R e, Aspen Plus JiFE 1B 2.10 flvR . KUs %
AMRNBRRENT N o KB R R i Bl G 1) FAAS e 38 30 AT I AR 2 b I T Fad v vy
JEZER . 251K IRBh 2 FmFe MR R FEALF=2E 77, Aspen Plus Jife @i 2.11 Fios . JEid
PN 2SR A R B J7 i o 38— JUm e HLIN 280508 — B gl T IlAd 22 TR
I 28 GOREe ML 38 7 7503 T AL RN AE A7 2B P R I #s fE e — i
AL, FR AR R KR B E N A HK T W Bt A BRI R
P RAAS AR 7= A A ) — AR IR R B o 2RV A WL A LI B =28 T A i A
AT L. 22 AR I HL T H B 4 i el X AL

BENBRBE N TR A AR N 65%, BN K. BT IR R,
Babcock&Wilcox 53t | TowerPak Jiti4 k2l 8k 24t . XA RE e H A —1 e
i T B R 1) RS R BN AR T AR CRIB DR 8 8 . XA RS FRTE 454°C, 900
psig H1AE 525,000 Ib/h [IZEIR . Bk ORISR 8 SO HERMAE T A0 R 28R L 3]
FERMER 80% . BRKEH =28 1) R SRR i S i AR R e b o 48 BR D 28R
ZAy, B AR R R

TEZIR—M, #alea/K (BFW) RGEAFERN R AA HI 5 KRR K AL, B LAk
FIBR A (T-626) ANH AR BESE . IR IERI TR o b 78 KRV Bk /K A2 X 28 B T B 25
2R, WA PEEITIEAE] 177°C . SR EEKIR (P-626) K BFW #5773 )i # 900 psig,
X T 267 KW HIRER . JEHE AN RG22 Er R I~ E MBI A . BFEASEN
LB A I N AR 3L pH R SRS L 3D F0 4 B B 1 8 1 5 ok vk
Bl HER R B ROME 3% 78R HEHZRVRIE W IR FHHMTINGS: A<, Rk
BENJEIK AL T B

WE AR AL (M-611) Al AN i RN —ANA BRI 2 Zimde L. BRI B
FEHSE IR, 5%TE 175 psig £l 268°C 261 Nk A TALHE S B 28 F BFW i RE#S . 5
AN T9%E 125 psig F 164 °C 264 48 FH T 28 TR AN BR <38 o ) T B 2873 4E-13 psig T &
A EIREIE AR T o IREEHLHT B R LI B AR L T o LI R AR 85% . AR
ik, REILFAET 21 MW EERE. AP d RS 10 MW, FITIE 11 MW
2R
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2.2.7 PRl A g AR LB AT00

XA 53 B AR A 77 I R Al PR B 2 i DR R 2 B R A v R i e . A B A
AL AR A . AR, BRER. Tk (CSL) FIEERE 4% (DAP)., KX
AT FH B K BB A AE X B, Aspen Plus Ji A2 & 2.12 s .

NaOH. Ca(OH),. DAP ZfE R FRATLEHr, A8 FH B DRI ED, 3 75 22 55 XL
Mg BrA %5 . NaOH. Ca(OH),« DAP M fifi Bl ik N H H AR, 783X BLAE A fi
A EATRIKIR S, B A IR AN S N g o A A R IR AN A 25 kg B
50 kg FI N BEAMRARES o BRIR AL AN oK IR IR I RGTARE A R 22 B Pt B AN ERE . SR K BT
B 7K IR A Y 2,500 gpm.
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A= B e R b A T IR K AR i A AT R B BTN I B AT AT AR B, X 2
JEAE AB00 LB K /KALFE RG 5 il Fa Epml e th (a2, KREEE AR A5 K, If
AN EA e B E AN, AT ER R IR 15K AR BERE R, Aspen Plus A2 2.13
Frow.

AL BRI 295 T PEIR BIWSUR K ¥R 2 RKAIEEALIBBE R4t (CIP) JR/KIRG1E—
o I PRAEAE EIH AR Z K RIE . IRECEE =4 TIRZ B L, kAL
BRIP o A SEAR TR AL T ARHE T AT DA FH 7K BA A 3= 2 4 ) J5T 2E R R 3 5 U
5 e ] AFESRGe b R 58 o
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R 25 PR AR DI BV F Y R R 2 [ AR i R e v S5 L e TRl B
ANV o N E WIS EE R K A B AR AR = K HE N THBUR K AR BE R 48 o B IR A 4 3%
AR5 2= A B S A YA VLY S AE IR S A B A A 2 0 R, AR I () DR 4 £
A500 T B H k2=,

TETER BRI Bl KA EE TG KR G E i, 18 s 48 HB0L f5 ¥4 4]
P 35°C. BEIKELA 49.16 the WG HEK BHEGENPREAH A R80L. 1EIRAH
e, Q1% A WLV EL /- B IS A 8B AL A =R (FR e — 54k, 5%HK
AR . EARAEERAE S, RSN, MG, it A —IEs
PRI () 5 S it LA BT R T

REGE A P AR RN A B E RSN (R-802) 7R &GS . 7515
Yo, KME 96%IH Al VAYEE WL R 25, 74%7 42K M1 CO,, 22%7 A= 41 Ui . COD
TERETH A k> 91% 5 75 A A H A3 80 ) R 11 96%, COD 2 3Lis/b 99.6%.

THAL G B R 4 SR N AE R S B 2% (R-809) 3E47 194k o 761X HLFR 2298 R ) COD
FRSRPIE CRETIIE SiO2). il It T A EE ARG IE 1 BS ARV K . KB 7 BV R
1% g VTG U6 DLORSR LA s A M B o ) T (R 2k N, B BN DR AT AL S 1)
HIRIHATIRSG

fEFErR TS YA 0Pl (S-811) EMIMIK. BRI EE RN, BN
AT A EE (C-814). O T ZKE B A EAb B S V5 T -

Wb ERJE 7K COD KA 0.50/L, #EANRBIERZS (RO) LK. HiX RO
FIHEAGR 2015 1), A A R KR G R IEMEH . RO 153 1) S RAEN AR R 4 28 K
ar (M-840) #E— IR 2 [H 5 &y 50%, WEMIIEAEH .

229 ~HIFEIEB A900

A900 T Bl T & R Wil A= 7 BT e B2 8 FH it (N6 ABO0 T B #R A i) 7%
VRO, BFRABUK. WK, T FER R ER S R KREAIE R RS (CIP).
[F It A B T HL RS IS 0L, Aspen Plus JiAE W& 2.14 B

A900 T B (13 R4 K W i e K RN A B S R KR B, 3R T T i B R
Ko IKBEFH TG RBGA = Sl A EIE AN R IR I CIP R%t. 1ETALEEFNE /K A
R AR R AR & H TRRE . T MRS ARG NEH RS (KBRS
TER) REAERMETRERRA TR B82S =R B AR Bies . KA
AP EATH QS L. CIP REGUAKEFIREE. B~ FIZ5 18 R S A Has 2 A K
FVH B 22

BHRGNEAN T 4L 9-28°C IR HI/K . X2 FIkiIR . 0 A ds 514 HK
TG AE Aspen AT ™K ORI, . A HIK B R BT FEE A AR A HL. Aspen
BT M 37°CH 28°Cilih T T BT SH A N I 28 KOEJE
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AURKEHPI G778 2,350 W) Trane B0 SIHLAHIR M. &5 & H4a LI FUFE R
90.62 KW/t 1 1574 21 2 45 75 S (1 v H K A R /K G AR 25 . ¥ KB R )9 A300 T B .
A400 T Bt A1 B400 Bt & Bl LA 20

FrEER KR S IR RN 13°C, R NI FE /K A8 2 /B T4 # N
A800 LB IR /K. Hrisf/KIEFEME/KEE (T-914) A EN FIIR/KIBE, REHHKE
o KB TR E & RS RS B EIE R K. TR
fit /KAH IR B BT E) 2 8h, /KR (P-914) MGFHNIIKENEAH, BEWAE 1.5 it
FEFEKR . AV RAKBEEERL.

T ME&ET[A/GNS TH, EHAERERAES TS T MESRE%
PLAEIR ML 125 psig 400 SCFM HIELE 2R &R THEB A MG RERENS NI & 2R ASE
PEALIE R TS TR SR P REEER 25 =N 3,800 Tt .

2.2.10 “4EEREAEN A T B B400

AT EBA = A300 T B R H 4F4E £, Aspen Plus 240 2.15 fion. £F4E%
B2 — AR AEF (RAMARIMEARD, BN, FENLSET4ERK 41
S, R SR AMUIEE, MUl RIR A R A R s B R
W T 2 b [ A R A0 M ERRE L Tk b B FROK %2 Trichoderma reesei 45 B ik AE 77 41 4
2. HIRARE L P4 g R o AL 4E KBS ST T KED LT 4E R BFIN I
AR

AV Fh DU 2 R AT B KON TR REEAT T, ressei 5[ A BIR Z AR 77 (FEK
M. AR B P= AIH BIEA B, BUNEA A4 R A SR A 7
WAAERE . X, /DR Y R 55 77 2k T D 3040 6 A B i AL e A 4 E A
S —MpE . EX R EAEKE, T reesei /WA AT YE R TG, 13 & AR AR
YIFEA— & LA I PR B 5 B /K AR B B, DRI A S P 4 26 5 DR JE A It Bl PR s8N 5 v, X
A FH 7K A LD T 5% e AR 5 AR
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B K MBI 2T 4 R Bl 3 BN A T 4E R 10 Z2wiFE . XS, BEAMFER
BRI 326 T . 10050 A1 1) 21 4t R BT A5 15 5 S A o % Hh 45 30 3 26 B AR P VR S
Y. SRR SR (HID) E 1 2, B85 300 m®. KEEITUAI ik 5] 50% LA
AR, SRJEEI AR ] 80%. — IR A1, fEANEYIR NS 24 h (401
KB, 96 h BEET (2R P2 BL A 48 h HEK . B VAR SR B RPN B . 76— R A 3R
ipa R, AN EY RN 2R REAE T 12,000 kg FIEEER A, RIEE/NE 714 T30 A TEER
A= R 0.30 FERE AR 1/ T o 4 AN OB 2% BE IS S HEBE/K A8 BT 75 1B /NET 326 T I i
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SN 2% T B A O\ A B MR B IR LS oK 3R (CSL), &UKAT SO, Z5E 7))
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1) 45 25 SRR S LR R0 0 S oK I o 3t P S e A R A B (1) VA R K A i s . 2 (1) L
FEAEFARER, BU& 90% BRI A T B8R A A=, R B 10% L Ay i . fEF 7
G H, 85% Ik IR Ak 4% A6 9 2 B 5, SY% BRI FE A B 2 1, 80 T 1 10%3% A 41k
B SR 4 M A A R A 1 2 7 B 110 88 6 R A = I B KV FE . TR BRI #E,
B ZSEN BEEEAIHA T E R Z AL E .

24 BTN HEE

FER AN VEAN P FE B AU A S B 28 B B R AN S AE Wik 1T & 5F
Yo ZaX] A v DAPPAS 75 T 3 = S S 438 77, AR A o] DB A 2 72 A
I FERAL 2 18] (1) 50 R R T AW il 0t 9 B LAt A% O i 7

MESHN (TCD SRR S5 A — M B, R 5 1 e ] 2% B AR A fi]
BERA . BT RATE, SAs T & TR 2 75 IR 5 1 I Z (IRR)
R Es (NPV) 150G T B SsSB4 (Minimum Selling Price) . iXAN#5 43 il & 10
17 5E BB AR T -

SIHT A G RN . FEE ECE IR A SEEUR R R, RO B LR A
[ AT B 2R IE TR RS P e B B A TS ).

2.4.1 FERASER

H A BT 8% AR AL 22 i AR B A R4, FHGE ST LU 2013 4F 3 suhnift o
BT A W R A P I R A B 1 B VE AT T T . AU TR LA 2013 4E3E 0T
W AR AT RN, A A i K R TR SRS BIEAZE K A R —F140
XA AKX Q) HE 2 2013 FHUHE -

20130::00(2213'j (2-1)

0

3, 2013C M 2013 FR & W MEGE A JTRIRAS; Co NYER & LA
EFH B, 20131 4 2013 Tl AR ELE 5 s IR TEEG 1o N SER L
b Ak A S ECE 5T B 1 AR TR EL
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Table 2.8 Plant cost index

Year CEM Annual Index Calculated Index Index used in Calculations
1990 357.60 370.11 357.60
1991 361.30 372.35 361.30
1992 358.20 374.60 358.20
1993 359.20 376.84 359.20
1994 368.10 379.08 368.10
1995 381.10 381.33 381.10
1996 381.70 383.57 381.70
1997 386.50 385.81 386.50
1998 389.50 388.05 389.50
1999 390.60 390.30 390.60
2000 394.10 392.54 394.10
2001 394.30 394.78 394.30
2002 395.60 397.03 395.60
2003 402.00 399.27 402.00
2004 444.20 401.51 444.20
2005 468.20 403.75 468.20
2006 499.60 406.00 499.60
2007 525.40 408.24 525.40
2008 575.40 410.48 575.40
2009 521.90 412.73 521.90
2010 550.80 414.97 550.80
2011 417.21 481.66
2012 419.45 483.90
2013 421.70 486.14
2014 423.94 488.39

2015 426.18 490.63
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Table 2.9 Inorganic chemical index

Year Producer Price Index Calculated Index Index used in Calculations
1980 89.00 89.93 89.00
1981 98.40 93.14 98.40
1982 100.00 96.34 100.00
1983 100.30 99.54 100.30
1984 102.90 102.74 102.90
1985 103.70 105.94 103.70
1986 102.60 109.14 102.60
1987 106.40 112.35 106.40
1988 116.30 115.55 116.30
1989 123.00 118.75 123.00
1990 123.60 121.95 123.60
1991 125.60 125.15 125.60
1992 125.90 128.36 125.90
1993 128.20 131.56 128.20
1994 132.10 134.76 132.10
1995 139.50 137.96 139.50
1996 142.10 141.16 142.10
1997 147.10 144.36 147.10
1998 148.70 14757 148.70
1999 149.70 150.77 149.70
2000 156.70 153.97 156.70
2001 158.40 157.17 158.40
2002 157.30 160.37 157.30
2003 164.60 163.57 164.60
2004 172.80 166.78 172.80
2005 187.30 169.98 187.30
2006 196.80 173.18 196.80
2007 203.30 176.38 203.30
2008 228.20 179.58 228.20
2009 224.80 182.78 224.80
2010 185.99 228.40
2011 189.19 228.40
2012 228.50
2013 228.92

2014 229.34
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Table 2.10 Labor index

Year Reported Index Calculated Index Index used in Calculations
1990 12.85 12.72 12.85
1991 13.30 13.16 13.30
1992 13.70 13.60 13.70
1993 13.97 14.04 13.97
1994 14.33 14.48 14.33
1995 14.86 14.92 14.86
1996 15.37 15.37 15.37
1997 15.78 15.81 15.78
1998 16.23 16.25 16.23
1999 16.40 16.69 16.40
2000 17.09 17.13 17.09
2001 17.57 17.57 17.57
2002 17.97 18.01 17.97
2003 18.50 18.45 18.50
2004 19.17 18.89 19.17
2005 19.67 19.33 19.67
2006 19.60 19.77 19.60
2007 19.55 20.21 19.55
2008 19.50 20.65 19.50
2009 20.30 21.10 20.30
2010 21.54 21.54
2011 21.98 21.98
2012 22.99
2013 23.86
2014 24.73

POZVER IR, TEXA BT 402 i A 2 2 T X S F R AR A FR S T . B AR IX B Rl
AAfFH 20138418, (HEATFFA RS R WX Le4b 2 i 2013 S SEBR T A A - AR TE LA
HINERR NG S IR (MGSP) E 1 4 231 4 BEBR A 2 557 7= i AR P i FE 4
GEE AT ISR G VPN P bR TEIEAT 81 21 M R N S50 7 b B AR S N T SRR, 75 2 e
TETIN PIARIEE A AN ] 52 18 8 A

AREELL™ i (AR L-FLER A & BRI BN AR (Minimum Selling Price)
VERAE PR BT ISR B VRN 8 AR . (ETHE = RN, 75 B e A R &%
AN A ARIEE AN E 5 188 A .

242 REEHAN

1R BRI — A BIF AR R o A, T — s B e TRk
Ui, WA PLZ A& LR RA CREIRM A2 253D, NRBE& R 23N R
K 211,
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A, NC AT R &I RRA; BC NIHHUAS & T SA; NS i 24 A ;
IHE & BIRAS: n AP BRI, WK 2.12 Prox. ¥ 8 RECREE T i s 7 5587 i
PR REAH S 25 e R R AR FEFE 8 (—ARAE 0.6 2 0.7 2 [8]), ¥ fEda Hre M Tk & it
TRy g g e-2tel

MR 5 2 PR SR AN [R] , W) S i A 3fe DA 2 25 2R B DA 78 T4 RS AR o SR Banidi L
P SRR FH A4 AR AN 51 A 2011 4F NREL 13842 1289, & B T FE R m
TRALER S B2« P B ATg s Qe b 2% I HRAN WISk B T B Se PR 9 AR 7=/, Wit
W 2.13,

F£211 BER¥

Table 2.11 Installation factors

Equipment Multiplier
Agitators, carbon steel 1.6
Agitators, stainless steel 15
Boiler 1.8
Compressors, motor driven 1.6
Cooling tower 15
Distillation columns, stainless 24

Heat exchangers, shell & tube, stainless steel 2.2
Heat exchangers, plate & frame, stainless steel 1.8

Heat exchangers, air-cooled 2.8
Inline mixers 1.0
Skidded equipment 1.8
Solids handling equipment (incl. filters) 1.7
Pressure vessels, carbon steel 3.1
Pressure vessels, stainless steel 2.0
Pretreatment reactor system 15
Pumps, stainless steel 2.3
Pumps, carbon steel 3.1
Tanks, field-erected, carbon steel 1.7
Tanks, field-erected, stainless steel 15
Tanks, storage, plastic 3.0
Tanks, storage, carbon steel 2.6
Tanks, storage, stainless steel 1.8

Turbogenerator 1.8
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Table 2.12 Scaling exponents

Equipment Exponent
Agitators 0.5
Compressors, motor driven 0.6
Distillation columns 0.6
Heat exchangers 0.7
Inline mixers 0.5
Package quotes / Skidded equipment 0.6
Pressure vessels 0.7
Pumps 0.8
Tanks, atmospheric 0.7
Solids handling equipment 0.8

& 213 EATHEAEMEREAR B ARM
Table 2.13 Equipment prices provided by the vendors used in dry milling biorefinery

Reactors Size(m®)  Material  Price ($)  Year of
Quote
Pretreatment reactors 10 SS316L  161,290° 2014
Biodetoxification reactors 500 SS304 291,363 ° 2014
Saccharification reactors 100 SS340 63,382 ° 2014
SSF reactors 800 SS340  404,874°% 2014
Helical impeller mounted on pretreatment reactors 10 SS316L 18,000 ° 2014
Helical impeller mounted on saccharification reactors 100 SS340 25,102 ° 2014

# Provided by Zhoukou Pressure Container Manufactory, Zhoukou, Henan, China
® provided by Hangzhou YuanZheng Chemical Engineering Technology and Equipment CO, Hangzhou, Zhejiang, China

— H R AR T, WA 0 LA FAth A B2 B R 2 s A R ) W s R B AR RN
(Total Capital Investment, TCD. Bl KA G E A R FE T FIX N (ISBL) & A4 R A
(A200 FiALEE T Bt A300 A= TBL. A400 Hilfk 5 K B T B, B400 £F- 4 R EF(EAL
AP T BCAT ABOO 77 A i I T B 1, #UCN R B EEZEA (TDC) B—#5r. T
PN SR WA B M EEMETES) . LRI SR S O B A v A5
9 TDC MK, 725 IR AT LS B E 557748 N (FCD. TCI /& FCI M TRER Sz
R A2 M, R 214 BEE T HEINT 30 73 KRS A 7= 45 8 BR AN A RE BR BN /K e SR
A= R TR (TCD,



55 46 T BAEIKRSE WLy
£ 214 AFELEBERANSBSEANTEREL

Table 2.14  Project cost worksheet including total direct costs and total capital investment

Process Area Purchased Cost (10,000 CNY) Installed Cost
(10,000 CNY)
Area 100: Feedstock handling 1,054 1,798
Area 200: Pretreatment 1,178 2,046
Area 300: Deoxification 2,108 3,906
Area 400: Enzymatic Hydrolysis
& Fermentation 4,526 7,254
Area B400: Enzyme Production 3,038 5,270
Area 500: Recovery 2,790 5,208
Area 600:Boiler 5,518 10,106
Area 700: Storage 186 310
Area 800: Wastewater 992 992
Area 900: Utilities 496 930
Totals (Excl. Area 100) 20,956 36,022
Warehouse 4.0% of ISBL 744
Site Development 9.0% of ISBL 1,674
Additional Piping 45% of ISBL 806
Total Direct Costs (TDC) 39,246
Prorateable Expenses 10.0% of TDC 3,906
Field Expenses 10.0% of TDC 3,906
Home Office & Construction Fee 20.0% of TDC 7,874
Project Contingency 10.0% of TDC 3,906
Other Costs (Start-Up, 10.0% of TDC
Permits, etc.) 3,906
Total Indirect Costs 23,560
Fixed Capital Investment (FCI) 62,806
Land 434
Working Capital 5.0% of FCI 3,162
Total Capital Investment (TCI) 66,402

243 WIARIEE A

BLFG TR A . R AR B B AT R P2 i o Y AT AR IS AR R AR BRI A
Ao IR A FHAS AT IRORE B AL 22 S A% ILFR 2,15, A% {5 EEE 2011 4F NREL it
WG IFE R TN R TR E . AR E, SeRAEM A= T7 W, B
NREL 8 11 BRAT [0 A s R I SE g 0 77 20N, AR 4E B A% >k B Tolk
BT RAN, AR T e SRR R A BR A | Youtell #6, HARA Jy%F kg B 75 13
L AR M GEASEN 90 mg/g BEHIFD, Hré 2,096.77 3£ o/MHilEH77 (13,000 7o/
Bl K 2.16 LG 15 T Ao A o 2] 0 FR AN A BE R B AR A2 Ak
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Table 2.15 Raw chemical price for cost analysis

Raw material cost Cost (per metric ton, 2013$)
Feedstock (Lignocellulosic) $64.50

Sulfuric acid, 93% $53.33

Lime $142.23

Sodium hydroxide $483.87

Glucoamylase $4,838.71

Diammonium phosphate $1,111.24

Boiler chemicals $5,625.31

Cooling tower chemicals $3,371.25

Fresh water $0.29

2.4.4  [HEIEE A

[ 2 18 78 A E A A P I R P s T R KT R N AP N R A X
FRAALNE 55 7R &P H AR T4 T

217 B RBIAOC T . e i NBURIE A T B B sh AR B A 5, DA
KAFRRVE BN RAEEARSCHEN T B R R ED G SR R R 1, Fo = A B N %
AN AEAR AR R CURAEDFEFTEE) F 8 X, WX X — 8 TR K
SR HIX, BT DAAS ST (13557 T LA A ] AR S AN KT AT A B o X iy B 2 B > 155 e i A [

TR TR 900% K B A TAE P2 e 4 T B, T 4EFE. TR (f
FEAEFD T 2R, T EME RS WEE. Jo. AT NRAZH. 90%HIE %
5& SRI HilAw{E 2008 FH) PEP EfEH & Ho @il p Al . R4 1994 4F Chem
Systems R 15, FEEMILEFABME TN ISBL 22358 %5 4 A 3%, %7 {56 A0 21 15 7
Bt TH [ 2 e E AT 0.7%.
2.4.5 YT OIS B A AT AN s IR S A

— BRBEARIEN L I AR IS A ] 58 12 78 AN B e, I &I a8 %8 (DCFROR)
3T AT DA FH >R W7 o Mo 0 267 0 R it B AR 324N A o AT IS = o A A d e AR
PE S RO BRI H R IER 00 XA T ESRITILR . FTIHTE. BTfSRl. T
18 I )RR 3R BN (AR 1 o BRARAS T BT AR T, O6 T 0 A A p R &
WZH T

T F

P T I E P LA 5 BT I R E 0 EEE S, AR R A o5 N 3RAF 1
R a2, FFREANFFAR T S ERE N PTIE . Fhadr Z T A F0 E B R &5 K
R Z MR RLGEFRE . SRR M E REFIEN #RZ R A A G — KA 1)
TR AT EE TP IE T INE . Ao rhdrdlae CRIA i A e 2,
IRR) %N 8%, 1) izEmfaA 30 4F,
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Table 2.16 Variable operating costs
Price Quote 2013 Cost 10,000
P'r:::ee;s Raw Material Stream No. kg/h (CNY'tor (CNY'tor CNY/yr CN\((étO}i;o)duct
CNY/kwWh) CNY/kwWh) (2013)
Raw Materials
NONE Feedstock STRM.101 37,500 441 383 11,479 358
A200  Sulfuric Acid, 93% STRM.a200.h2s04 1,008 364 331 267 8
A300 Lime STRM.a300.Lime cisolid 720 972 882 508 16
A400  Corn Steep Liquor STRM.A700.CSL 63 429 397 20 1
Diammonium Phosph STRM.a700.DAP 26 7,458 6,890 143 4
Sodium hydroxide STRM. A700. naoh 4,500 3,307 3,000 10,800 337
B400  Purchased Enzyme CMIX.GLUCOSE.B400.GLUCOSE 1,209 642 4,052 3,920 122
Glucose STRM.B400.CSL 82 63 397 26 1
Corn Steep Liquor STRM.B400.NH3 57 496 3,132 144 4
Ammonia STRM.B400.S02 8 280 1,768 12 0
Host nutrients STRM.B400.CNUTR 34 822 5,105 138 4
A500  Active Caibonate STRM. A500.active-c 500 4,408 3,621 1,449 50
A600  Boiler Chems STRM.A900.921 0.083 21,093 31,641 2 0
A900  Cooling Tower Chems STRM.A900.922 0.420 15,067 18,962 6 0
Makeup Water STRM.A900. 903 51,111 1.50 1.61 65 2
Subtotal 29,141 910
Waste Streams
A600 Disposal of Ash STRM.A600.SOILD 3,665 20 36 651 20
Subtotal 651 20
By-Products and Credits
A900  Grid Electricity WORK.A900.WKNET 10,395 0.4 3,326 104
Subtotal 3,326 104
Total Variable Operating Costs 26,467 836
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Table 2.17 Fixed operating costs

Prosition 2013 Salary Required Total 10,000/yr  CNY/t product
(CNYl/yr) No. (10,000/yr) (2013) (2013)
Labor & Supervision
Plant Manager 101,706 2 20
Workshop Manager 81,963 8 66
Process Engineer 59,827 10 60
Facilities Engineer 59,827 10 60
Analysis Engineer 59,827 2 12
Production Operators 35,896 50 179
Analysis Operators 35,896 5 18
Yard Employees 29,914 15 45
Clerks & Secretaries 35,896 10 36
Total Salaries 496 496 15
Labor Burden (90%) 446 446 14
Other Overhead
Maintenance 3.0% of ISBL 553 553 17
Property Insur. & Tax 0.7% of FCI 440 440 14
Total Fixed Operating Costs 1,934 60

V&N

S FIXANIHT, BB L) 40% I BEAS T o DY A TR] 2 10 4 6.55% 0 SE A
DURAE L AE M BN . DERAI 2R YE 2012 4F 7 H 6 HEHAT 1 B REAT
AT 5 4 LA [0 G B LAL B3R 2
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ffFH 200% (FT) ) F1150% (ZEIRRHT) D BB IHESATHr IH. £ T 47
IFES 8] 7 4F, AHRZ 280K BT 20 R4 10 3.
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R (R N RIEAE AV TR BHEY, ERATM A, A8 25%. Fr
1SR 2 DR R 7 e = TR

T 6]

VI DO IR AT R AR L, BOAE B B A IR, RE &b (8
Mo ARBH &%/0F 100 1$) mefEfE 18 MHMWEMR, KMIMBERE L2 M. A
THRHI B A MR R KRR (15 123505 BELE 24 A H N X B 24
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Table 2.18 Discounted cash flow analysis parameters

Plant life 30 years

Discount rate 8%

General plant depreciation 200% declining balance (DB)
General plant recovery period 7 years

Steam plant depreciation 150% DB

Steam plant recovery period 20 years

Corporate income tax 25%

Financing 40% equity

Loan terms 10-year loan at 6.55% APR
Construction period 2 years

Working capital 5% of fixed capital investment
Start-up time 3 months

Revenues during start-up 50%

25 #5i8

AFXS Aspen Plus 15 EARBTEFYER R E - P 4E R A0F L L-SLIRAN ] 4 B R (10 T
IREVIHRBOR AT AN, AF N R R HET . SR FF I AN o B R At
AR R AR FUR AT AL B PR, AR RE . 4RI A B S K
WES e B SRR BOKAEE R ERREM b . P A R TRESE 10
g IR R c e vy L RALYI D B0 e VAN [ i s i s R T B PR - S SN ST 5% 27 AR
TR, XAV SR A T P 4R Ol . FLER AN 2 BE R I R R BN W]
ARTRAE AR E] 58 B AR 5 T AT 177 AZ 5, DL i B (Mlinimum Selling
Price) Jy Hbred s, X RELTAEREAT 7 RIEE
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R YER W ED A AR — ARG AT, PUACER. BisE. JKAR. RIEFI
[, T AR A AR A T g, AR BRI R AT Tk A R B 118
ZEE AR BT (Minimum ethanol selling price, MESP) & ¥ 4k FF Sk B4k B8N A= W) it
R AN LA B AW AR (AT B AR 4D 19 MESP 250 4:
TR TRALFIE AR (DAP) 9$2.15/gall™® 18, S LF4E MR (AFEX) # AR $9$3.00/gall*s 1871,
it 2 3E- UM S (DMR) $5: K 4$3.00/galt*® 191, sy R 1) MESP i (1155 410 5
T EnBEREE NEK. FHEN HnBRE FEARMTHARARNE —BKE, M
A FE—HARMNE n ECE @I LSBT E . MEehrr MESP & 2L HETTHE
MR HRIRZ . NS KRB AR ARG T, BoREF 4L 3 SR A 7= (175 R LA
B A ™ it ) JS AR A i b (1)

YR OB BT R CEMIID A P 4ERBE A M IEBR AL A . FR 25
Wz s JEURL N LT 4E R B RUAC AL, ARR L A R 7R U IR A 4E R AL R AR, 1T AR
REFEAKFEL & PLACRE IR A A . AR AL A ZR A OB R T R
5-10% (viv) UL AT — B R K 208 12-15% (V) F R e 0198, ik
JERI AT YR Sl K AT AT A2 A RERR A R K 7 A2 B A o FERE SR AN/ 77 18T, 1k
K SN TAH L,y REAFE /KRR LA S K & 27K 72 AR ) A W R B AL T 5 35
(1941981 Fp iy 2 AT, tn SRR 2 BERE 8 S A BV VR S B R, HAE
R IAEAACIE . W A CBEAE IR, RERE KRR R R K AR e — AR
W ERBIHRAR, 5 A AR L L A e A TR E 5K, e E L PR AEREE . BE
AP AMUA S — MRAE A R 8, TR R PR AR 8. FrbL, (KAEFE/KHE
MR A A= 5 UL v S e AT 3 2 A R OR P A 3R £

AR HB R — RS T WM T2, LRI REFE KRR LK A4
SIS R A A T VAR R TR T AR ER AL 2R (Dry dilute acid
pretreatment, DDAP), FilAbHHER A L EIA 2. 1, i FEH A R4, 2890 b
TR AR U992 b B 8 SR R [ S TR 50% (wiw), AT RS KR . AR
Ji Al P vRR i i 2% BB Amorphotheca resinae ZN1 1% 5 (1) B M AL BR S Yook b5 45 1Y
MmEdL sy, SREIRAKFA CEYIBi#E, Bio-detoxification) 922, & 51 30-35%
(wiw) =& & N T RD R 53R B2 (SSCFD,  [R] i) FH 1 45 A A S s 2
Ly E 2O A FH AR W H R (Dry dilute acid Pretreatment and Biodetoxification
process, DryPB process) AbHE T KFEAF. INEAEF AKAEFEAT. HEEEMEHAE T
WAV AR . WRYESEE T HARFELIEE (NREL) MBI AR AR MR 5 2 57
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TRIFE N A4 B 5 R0 MESP 52 .
3.2 MHES5HE
3.2.1 AFRLFYEEE RS 414 £ i

FORFEFT . KFEFEAT. DNEREFFAIH S LA 10 mm BN FHUBTE, A5

BFEEMS R IR . AR E A BT R o AT AF 4 2 R 24 500 52 2
{4 NREL (il i J5732:2% 2981, o BhOAR o) A S5 4 4k 28 TR0 LA N 3.1 BT

K31 BMARRALERFRK . WERN & EZHB (%, ww)

Table 3.1 Composition, origin and harvest time of five lignocellulosic biomasses (%, w/w)

Feedstock Origin Harvest Cellulose Hemicellulose Lignin  Ash
time

Corn stover Bayan Nur, Inner Mongolia 2015 35.38%  24.62% 16.05% 3.47%

Wheat straw Dan Cheng, Henan 2011 38.70%  25.90% 14.90% 5.20%

Rice straw Chang Zhou, Jiangsu 2014 35.38%  18.36% 22.47% 9.26%

Poplar Sawdust Yan Cheng, Jiangsu 2015 39.66%  16.60% 29.43% 3.24%

Sugarcane bagasse  Bei Hai, Guangxi 2011 38.77%  23.94% 26.39% 1.33%

2T 4t A8 P T 4515 1 Cellic CTec 2.0 (Beijing, China), H3 4 3 [H 7] A= fg I 92 16 28
(NREL) [fJ LAP-006 J7 PO 5 2T 4 2 BFiE 4K B 203.2 FPU/mL. {# ] Ghose [
J7 N E (R 4T 4 — KEBEE 779 4,900 CBU/MLP®, L) BSA Jy&& A FR#EHEE Bradford [
J7 VN 5 AT A AR 1S 87.3 mo/mLP, AR 4k B R AR FoR 4 g 4F
PR MIBEE M mg FOTHHE
322 FTAMMIALELE EYI

FRIE Zhang A1 He 23R 18 F 2R 2 TUAL BB A6 AW /] A A i 47 4 & 2B o R
FBEAT T AL FEIO%-20 i A 1350t A R 2T 4 R SR AR R RVA LA 2: 1 (wiw)
V0 EL — A N A M8 a0 BRI 20 L TACEE S 37 38w, i 68k H7E 50 rpm (94614
NHEEERET 3 min, ARJFIENZEISIEE 175°C. 0.89 MPa %M T 4ERF 5 2%, BRERIK
HERIEAF AR Z R ER, & 100 g E KR, HEw. SmAEMH 209
HIBRER: £ 100 g AT KFEREATE 2.5 g FIRLER . TIALEE G AOAC BT £F 4k & JFURl ] &5 &
50%/c 47, pH 4EFFfE 2.0 /a4y, TALIER AR A KR A

5 ) TR B S JERE AT AR W A A T IO o T A 3 I R R AR N R
FR AR T LA I E A 55 o 31X BB R R AR He 5552 Hh B bRosk [ 25 AR W i #5072
(2031 2N 20% (wiw) [ A A ES Bt A 1 TN B S RHK pH B 5 24, 4t
NUBREE 2% J5 BIPDEHE 15 L AR IR S48 2\ 10% (wiw) ()55 R Bk A. resinae ZN1.
FEIEA 0.8 vwm JLH - 28°C. £ 12 h HiidE: 1~3 min F2&4F T 1557 36 h B A]Peid i b
YR ER N, FE RIS AR B R A . SRR TP ORSINE R SRR K, B IR K
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Ao BEEE SRS EAT SR 50%, BR T HIEIAL, B H AR AL
323 mEEERNRPENS LK

W5 Ja R AT T AR AR P A R O [ S B R AL S 3 R

(SSCF) EIEM A B 5 L 8¢ 50 L AR BEREh 3E47 100, o 2 i 35 J5
BIE = B4 5B (30%F1 35%). (10. 15 il 20) mg g /g 2748 &K 1544 T FipEiL 12
h, %4 50°C. pH 4.8, 150 rpm. ZF4EZ B FH 1) 2 W 4E(S CTech2. TiBELEYIEL 2
A, RGN KL A Saccharomyces cerevisiae XH7 347 96h [ 5 &y 30%k# 35%
O ) DB A I A, [0 IS 0] FH DR P R T BE AN B, 25409 30°C . pH 4.8, 150 rpm.
SSCF & 72 b4 2 g/L 1 KH2PO4, 2 /L 1(NH4)SO4, 1 g/L ) MgSOy4, 10 g/L 1Y yeast extract
(YE). pH F 5M NaOH ifi i 4k ¥57£ 5.5,

3.2.4 PRI FhE 7

A=W 5 B AP Amorphotheca resinae ZN1 /& A< 5256 =5 /i HA T 16 759 20— PR REAE R 25
Hl Y m B E, AaF T E MY W MR CE B ( CGMCC,
http://www.cgmce.net), &it5 )y 7452 207,

R A Saccharomyces cerevisiae XH7 J& 3K H T 11 4R KRR IR AL, & X BF A4
T XUA5 A B Rk Saccharomyces cerevisiae BSIF i3E47 3k [A] Beid Al id B 1 GG A3 3 1)

R R AR R AT AE-80 CEAR IR VKAE, SSCF WAt T I¥s 7D IRan N, B MR & 1E
20 mL (1] YPD $5 7R E: Hht AT iE AL 12 h (—ZFh 185 75 % 20g/L Glucose, 20g/L peptone,
109/L yeast extract); X5 EERI IR LT 4E 23 N M TR 92 5, B R fh 185
FRHERG IR 12 h( R Ph 1 RE 7745 5% PR3 I 25 J5 0k (wiw), 2g/L KHoPO4, 2g/L (NH4)SO4;
1g/L MgSOs, 10g/L YE), #RJGH4ER| =M 5 7R 58 12h (=Ph 75758 10%
PO IR FE G R (wiw), 29/ KHoPO4, 2g/L (NH4)SO4, 1g9/L MgSOs, 109/L YE). AT [
FARMAEF R 10% (VIV), 2. =ZFhFR R &2 15 FPU/QDM, Fif1:5%
1414 30°C. PH 5.5, 200 rpm.
325 CLEEARFEIH

SSCF it T 2, e A5 5 R T 4 2 B Ak 26 (13 557 12 e Zhang and Bao ) 7571210

Ethanol yield (%) = [Ethanol ] x W
976.9 —0.804 x [Ethanol ]

1
10511 x ([Cellulose ]x 1.111+ [Xylose]) x [Solids ] x M
Hrh, [Ethanol] Nk BELE R e R R H I 1) S BERTIREE (g/L)s W 2B SSCF B Beim
ARLEKE (g); [Cellulose] ML E VIR KA 4E &R & & (T3%, g/g); [Xylose] i
LEF SR AR & & (T3, g/g); [Solids] iy SSCF #4A A S & (T4, g/g); 976.9
RNOTEFRERE (glg) FUARKRE (g/L) MR IE 2% 0.804 Jit5 SSCF it 2
HOKBUR I EENSEL 1111 A4 2R 208 2 FE AL R 5 0.511 % 4 B 21 B2 1)
AR 7

(3-1)
x100%
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[Glucose]x V
[Cellulose ]x1.111x[Xylose] x M

Cellulose conversion (%) = x100%

(3-2)

Hr, VAT BOIMA R E/KE (L) M ON/KAREGE KT UG RG0S &

(9);  [Glucose] A TimEAL 45 7R 5 i) % & ki &/ (g/L)s

ABERE AL R [ T S5 I AR 8 UK R T A SSCF Ji& 1 S ACHE AR BT 8 /b B LB AR IR
i
3.2.6 Y. HEEHN LEERIE

HIZHE. ARBE. ZEE. Hl. BEEE. 5-F2 P LM AN 2R 1 I s AR 2 ] HPLC
(LC-20AD, Shimazu, Kyoto, Japan), It HPLC B A RID-10A /R Z=Hr e ke Il #5 (Shimadzu,
Kyoto, Japan) Al HPX-87H 7 & it k¥ (Bio-rad, USA) . Mk W& %) i f# H] HPLC
(LC-20AT,Shimazu, Kyoto, Japan)f&ll, 1t HPLC it SPD-20A UV AR ZH ek %
(Shimadzu, Kyoto, Japan)f1 YMC-Pack ODS-A 7 444 (Bio-rad, USA).

3.2.7 COD. BODs. #Ake#H. K JLEREAM P JLEME

i 0 PREERL (40 mm) BIBESREEEE (AR 3 mm) KRR ERSRIE (EKRFEFT .
INFERERF KFEREFE . HREVE A E AR ) W LB R TR AT RS 1813 2 R 2 IR 28 35%
1 BRI BIRMAIL R IR R EELN 4 mm. F/KEZ) 35% (wiw) I B R
FEAK I L 5 1 Ao R v 1) R AL (ORI AE IR 5 K4y 1) K JGER A P G E
&K [R)4k 2 75 48 & (Chemical Oxygen Demand, COD) A4 1k 75 4 & ( Biochemical Oxygen
Demand after 5 days, BODs),

HUBA R REAE 105°CHEAR Rt R EEH, SREHRHE+H E E X 4r#E GB/T213-2003

CRE) A #E I e k) Af R R AR E R (MMC 274 multi-module, Netzsch Co,
Fresitaat Bayerm, Germany)ill %& A 5 2 5 i A AVE .

BB B A PR R RIS T #B 4 T 575°CHERE 3 ho ME AR RFRIE K 7 & &, ff
F Agilent 725ES W& K 7 HH 1) Cas P JLEM K TR T .

K Ak 75 & (Chemical Oxygen Demand, COD) il 5E 23 I b [E B 45 {547 b v
HJ/T399-2007 (/KT A2 A EWNE PRIETH AR G o RKEE mh iR Ja 721
fi#{X (Hach DRB200, Hach Inc, NY, USA) Hi-F 165°C i 15 min, A5 H /66 %
1t (Hach DR5000, Hach Inc, NY, USA) i€ 3 600 nm WOGE . 5 o FlAniE Hh 40t HhAs
FPE/KHE S ¥ COD fH .

Rk 5 HAAL 4% B (Biochemical Oxygen Demand after 5 days, BODs) &%
R E PR R P bR HI505-2009 (R H AL TR & (BODs) MIMllE MBEHEERE) . IR
IKFE i 2o B o e T o8 % B R U, Rl 5 7E 20 °C ARG TR 5 K. 73l
e B FEATJE KA B B, SRR A 2R 2 2, THES T
HFEMA A E, DL BODs £oR.
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Fig. 3.1 Flowchart of cellulosic ethanol production process from lignocellulosic feedstock on Aspen Plus platform

Bl 3.1 TSRS SRR B4/ Aspen Plus JifEHE R
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3.2.8 YR OREA I R W A BE VRN
KRHEARE GV A YR OB LT R4 R 5k (KRR N
FEFE KFEFREFT . HIEEEMBEARE), HHRNLE 3.1, FF4EHR LR A= RAREE A 3.1
7 o T AW ) 35 AR AL P71 4 3K 25 1) Aspen Plus i RE B L 2 BRI 7S 1R 2.2
230 FEAFET: N THMHLEEMGHREARLE, XREHAHERIEET 1
AR 2.2 (R R AL EE 900 A i (LA i FRmED) AL, AR AER A2y 8,000 h 47K
BB R T AT 4E 2 )5k} 2,000 M, AEER(ERTR] 8,410 h (AF SIS ATHS [H] ) 96%)

33 #R5W®

3.3.1 TIRAEMBRHI AR A PR 4 5 L BE SR 45 R S5 M
M 3.2 [P S5 kB RT LAE A8 AS B R T 41 4E 2= SRR, G036 ROKAE AT
INERERE S KAERSAT . HEEMEMARE, RS ENCEEHE T AR 17
W RIS R . HLR TR 35%[E & N 15mg B (/g LT 4E R I E T SKRAEFF AN
FEAT () % % ek BT ik 90.3 g/L Al 101.1 g/L, ARFAMKEE 251N 11.4% (viv) F1 12.8%
(W), EXH5EKEE 12-15% (VIV)FIR TR FEAR TR . FORFEFF. AKFEREFT. H &
MMARELE 30%[E &8 T ) L EEWR EEE T 80g/L, HT/INERTEARENAg4ERS
MR A PR 5 IR B (SSCROSE R It - 444 s N#s A 5 L JBCK 10 i 31 50L,
SSCF WM& R L. X AT e BT RIED N 28A a8 T IR AL AL #.
DA K FEFTAE 10mg Bl 25 /g 214825 . 300 [ & &8 R 4E 50 L A4 e b g sz 3 85.1
o/l AFERIZEE], THETEEYGRE A A4 R RN 2SO, 2R WE 3.3 Fis.
AR iR Aspen Plus JEAEARALL K A LI &7 &4 A vl 0, B s (KB4 $1.79/gal L
(3707 Ju/il). 3R 3.4 NT) & TEMTTE&HAN, FRIIT 2,000 W F KR FA 7 4 4
RO L] BREERNLIN 3.28 123570 (4 20.32 L ANR ), HAAFR RRER b
R T B KA TR BTEBRARE, 70 6,220 J73£ 0 3,510 /i%Et. H
RLIRRL S BEI BOAR 50 A1 L3R 3.5, TR KRS FT I A 5 5 B AR 1Y) 48.60%
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Table 3.2 Summary of SSCF performance using five biomass

Conversion performance Corn Stover Wheat Straw Rice  Sugarcane Poplar
Straw  Bagasse Sawdust
Bioreactor scale (L) 5 5 5 50 5 5 5 50 5 5 5
Cellulase dosage (mg proteins/g cellulose) 10 15 15 10 10 15 15 10 15 15 15
Solids loading in whole slurry (%, w/w) 30 30 3 30 30 30 3 30 30 30 30
Cellulose content in whole slurry (%, w/w) 11.3 11.3 133 11.3 120 120 141 113 122 11.6 13.1
Xylose content in whole slurry (%, w/w) 45 45 59 45 53 53 60 45 38 6.1 5.3

Ethanol titer in liquid (g/L) 76.3 78.7 90.3 851 84.6 880 101.1 87.0 719 78.3 79.1
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Table 3.3 Summary of base case
Plant capacity(dry ton/day) 2,000
Operation time (hr/year) 8,410
Ethanol Yield (kg/ton dry corn stover) 254
Ethanol Yield (%, During SSCF) 72.8
Ethanol production (million gal/year) 58.8
Total capital investment (million dollar) 327.8
Enzyme loading (mg/g cellulose) 10
SSCF time(day) 4.5
Ethanol titer(g/L) 85.1
Excess Electricity (kwWh/gal) 34
Plant Electricity Use (kWh/gal) 3.2
Plant Water Usage (gal/gal) 53
MESP($/gal) 1.79
Feedstock cost($/gal) ~ 0.87
Enzyme cost ($/gal) ~ 0.19
Non-Enzyme Conversion cost($/gal) ~ 0.73
R34 BEERAE
Table 3.4 Capital Costs
Million dollar Million CNY
Pretreatment 7.50 46.50
Detoxification 8.70 53.94
Saccharification & Fermentation 26.70 165.54
On-site Enzyme Production 9.70 60.14
Distillation and Solids Recovery 21.60 133.92
Wastewater Treatment 35.10 217.62
Storage 5.20 32.24
Boiler/Turbogenerator 62.20 385.64
Utilities 5.90 36.58
Total Installed Equipment Cost 182.60 1,132.12
Added Direct + Indirect Costs 145.20 900.24
Total Capital Investment (TCI) 327.80 2,032.36
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Table 3.5 Manufacturing cost

Cents/gal CNY/ton Million Million CNY
ethanol ethanol  dollar/year lyear
Feedstock + Handling 87 1,796 50.90 315.58
Sulfuric Acid 3 62 1.80 11.16
Lime 3 55 1.60 9.92
Glucose 12 258 7.30 45.26
Other Raw Materials 4 74 1.50 9.30
Wiaste Disposal 3 57 1.60 9.92
Net Electricity -17 -355 -10.00 -62.00
Fixed Cost 17 343 9.70 60.14
Capital Depreciation 18 363 10.30 63.86
Average Income Tax 9 191 5.40 33.48
Average Return on Investment 42 862 24.40 151.28
Total 179 3,707 104.50 647.90

3.32 S EAMGRIBAK

W 3.6 Fon, XHEELE T LS BAAEDIERITAR, 05 DAP W ik ik B
FoR) BI85 AREX i FE (CELEREOAR) 180 ¥ DMR 2 OB . IERE-HLI B
AR B8 ITHUARF 5T i) DryPB i #2 (CFVELE VI A

FETRALF B, A1 DAP i 2 (30%, 5 min, and 22 mg Biliz/g T-Y0kD . AFEX it f2
(40%, 15 min, and 1,000 mg /g T-#1%) & DMR id#2E (8%, 2 hours, and 50 mg &4
te#ilg T40kD AHEE, ABFFLE DryPB B 1 S & (50%) . i i Fildd
FRS ] CSmin) Al /b R4k 2248407 & (20 mg BRiizlg T408b) . TR B2 AL ¥ (DDAP)
AR A ACRE R A S R LE T AT, KBRS PR [ R A 50%, X SET
TALEE S PR3 & B . T DAP (FERTALTD) M DMR (i Z BEEHL
PREESE) RE, M4 MIHI AR TR R, XS R T AR R, A
BN T R AR

TEBLEERT B, DryPB i R 7 MU AR M EE 775, BeAE AR I AN B 264 T (28
°C) BRIE (36 h) KR IR B . XA A B BT KA S SRR, T
FLAEME U A B R B Bkl D BRI BRI 2 O AHE ). DAP SRR 1 TN 28 AR
A BRAALEE, e R A7 AESG N 1 ) SR K A R T B i A B AE B . AFEX b 2 1) T b
KM BURA T ZHAT IR, HARER S 2R S KLk, DMR JF%
B 8% 2 B A Bt Z BRI AL S B3 AL [ B s, T P K R A e K e 1S 2
Ry [ A
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Table 3.6 Comparison of the performance of several typical biorefining processes for ethanol production from corn stover or wheat straw

Processing technologies DAP AFEX DMR DryPB
(indicated by pretreatment methods) (This study)
Feedstock Corn stover Corn stover Corn stover Corn stover Wheat straw
Pretreatment Dilute acid pretreatment Ammonia fiber Deacetylation, mechanical Dry dilute acid Pretreatment
(DAP) explosion (AFEX) refining (DMR) (DDAP)
Final solids content (w/w) 30% 40% 8% 50%
Temperature and residence time 158 °C, 5 min 140 °C, 15 min 80°C, 2 hr 175°C, 5 min
Catalyst and loading (per gram dry Sulfuric acid, Anhydrous ammonia, Sodium hydroxide, 50 mg Sulfuric acid, 20 mg
biomass) 22 mg 1,000 mg
Detoxification Ammonia conditioning No detoxification Water washing and dewatering Biodetoxification
Saccharification and fermentation SHCF*? SHCF*® SHCF? SSCF*?
Hydrolysis 48°C for 84 h 50 °C for 72 h 50 °C for 120 h 50 °C for 12 h
Fermentation 32°Cfor36h 33°Cfor 120 h 33°Cfor22h 30°Cfor96 h
Strain  Zymomonas mobilis 8b Saccharomyces Zymomonas mobilis 13-H-9-2 Saccharomyces
cerevisiae 424A cerevisiae XH7
Cellulase enzyme used Spezyme CP CTec2 + HTec2 CTec3+ HTec3 CTec2
Cellulase loading 20 30 20 10 15 10 15
(mg protein/g cellulose)
Total solids loading 20 18 28 28" 33" 28" 33"
(%, wiw)
Total cellulose content 6.6 6.0 12.2°¢ 11.0 12.9 12.1 145
(%, wiw) "
Total xylan content 34 4.5 9.3° 4.6 54 5.3 6.4
(%, wiw) ©
Ethanol titer (g/L) 54 40 86 85.1 90.3 87.0 101.1
MESP ($/gal) 2.15 3.00 2.56 1.79 2.05 1.75 1.93
Feedstock 0.74 N/A N/A 0.87 0.97 0.85 0.88
Enzyme 0.34 N/A N/A 0.19 0.32 0.19 0.32
Non-enzyme conversion 1.07 N/A N/A 0.73 0.76 0.71 0.73

4 SHCF, separate hydrolysis and co-fermentation; SSCF, simultaneous saccharification and co-fermentation.

® All the glucose, cellobiose, and cellulose in the pretreated biomass were converted to the cellulose content according to the stoichiometric equivalence.

¢ All the xylose, xylo-oligomers, xylan in the pretreated biomass were converted to the xylan content according to the stoichiometric equivalence.

d Thﬁalg/]lESP value of AFEX was cited from Uppugundla et al and Kim et al!*®® %¥71: the MESP value of DAP was cited from Humbird et al*®!; and the MESP value of DMR was cited from Chen
et al*"**.

¢ Cited from Chen et al*®®!,

"The solid content reduced to 28% and 33% from the initial solid loadidng of 30% and 35%, respectively, after adding inocula.
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FENE S KM By, DryPB R /E R (KHIA & (15 mg B H/g 445 B
B & (35%). EARINTAIA (96 h) 133 [ i CRERFERE (CFOKFEFT CBEH
914 glL, /PNEFREFN 1011 g/L). AHELET S, AFEX 2 A 17 30 mg B H/g
YR, 1t 18%[E & & 192 h M Pk 53R IS 3] T 40 g/L LB EE: DAP i3 /%
ffFH 30 mg BREE F1/g 474 %, 1 20%[H & &, 120 h B Dk 5L R B2/ 3] T 54 g/l
LIRS ; DMR W2 20 mg B§EE (/g £F4E R, 1F 28%i & & 144 h b HifL 5
LRSI T 86 olL B LR

AT DryPB i f2 A T AP R 53R EE (SSCP) HR, MHEIANE M
(Rt AR Y T 405 (kAL 5L R B (SHCF). B4R SSCF A N MR R A R 21 4 &R
WIIMEIVE ] CRIZETREXT LT3R . ZRERURIERVR) B ki L2028, i HLAR 2 %
PR PR RE 8 A ROF AR RS, (H2 A — AR bR ) & AR 2 AWl i AR AE B 25410
TN R I 22 38 A RE AR 2%, BE 1M PRI QL BER B A5 R . TEARHTEFLI DryPB I 42, fiiH
A= IR I T VR AR G B A T XA R . TAL B S ARk A R R ) R R T B A
resinae ZN1 PUd 58 A R A, 1 A B OREE 1 2850 53 o] A BRI A o 061470 1) I 25 R K
A AFERI R BE 2B T SSCF mik ¥ 2B A &

TURE () A= 90 S5 2 W T E A i [ B SSCF VR A iR e 4% 3. RN K & BRI 47
f, mESESSERG N AR 1A R 2R 2 1) 3L AR BN 3 R
JE i 8 B (1Riih 35%) ) SSCF FEAIRREFE AN LN 8] (THZR IR s M AR 7E 1 min NIR-E 34
S1. SRR S R FE 1~3min) WA IR S, Chen 248 T b AEY IRB
PAERE A (20~30%) KU ALS A IRt A v SEBIL T 6 v ) 2L I P 88 2890 g
FUIRT T A R SR 2 1 7 20 AR W s 2 A A3 TR R e b B s T B R A ) e
a5 TR4E H TR AS 28R, AU B AL 7 AT AL 125 kg TR (50 LR
RLEHIMN 25 kg (1) 509%[E & & B A ERYRL 1 b3S A8 AL T R B AR ER 33 kg
TR (9 L Mg HAnAN T 1 kg £ 30% [ & ERRD . JEHHE, B
H AT T AL B R0 152 1

T AR TR RENS G SR A TR 45 4 3 450 s AW 35 5 vk Re e (el I RE se & 1%
F A0 1) 4 FHE AR B KB 3 K B s SSCF (19 A J7 X B PR 38 R FH 76 %5 0% AR BE 1) S.
cerevisiae XH7 T P AR AR IR 1 1 %) B A S 0SS E o e Rise vl i iy A R
7 AR AR R BLAS SLIL TR U IR A, PRIE T I AR R AL 3. BT X e o5
18145 DryPB i 7L S A Bl FH & SEIL 1 f e ) S R Bk B2 o L35 I FR B T 5 1K )
WA, ST AR E DryPB 2, MESP A& KK (T KAEF N$1.79/gal A
$2.05/gal. /NEFEFF N$1.75/gal F1$1.73/gal), 1fi DAP i FE. AFEX id#2 & DMR i F£ [
MESP 4371 $2.15/gal . $3.00/gal #1$2.56/gal . I 515 28 KR 1S R 2 4K MESP
FIPAS OB DR 2R o [ IS AN T (R AR R A A5 A - i R S R A B B PR AICIR 2, IXFRRER
KBS 70 & Ab B RE T SR, RIS 784 T S TSN
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333 IHREKKEREFEN T

S TR (2T 4 25 215 A 7 S it BERE AN K FE AR o B 3 . AT 5T 1 DryPB i 78 3
[R15% 7375 1) A2 ORRF e e AT R (AT 4 T BRI FE BB RE . AKREFNR K=&, DAHIIE B
KB A KT o He T IR SEG 45 3N Aspen Plus I FE AU Hicdfs . X BLELH 1 AN 7¢
() DryPB i 2 5 J AN #i (45 DAP. AFEX 1 DMR A& MIFHA, PLR T2k
ZEEA P R (Dry Mill Process of corn ethanol, DMP-corn) & /K 7= A B Al R

(D X TABTE, UK 3.6 1 LT AR 9 EEME A 10mg B H/g £F4E% . 30%
E & AE 50 L AEW) [ N 8% ) SSCF 231 85.1 g/L (10.8%, viv) NFEREZEM,

(2) X AFEX 2, £ T S BN 38%. AL Bty 38%1 & 4T 4k
PETRALTE, FEJG7E 30 mg B (/g 2R 4E2 . 18%[E & & FibAT 0 L 5L R R, 159
40 g/L 1) 2Tk i el

(3) 4T DAP 2, XHEER T 2011 4 NREL [ &5 . PAEKREF N EE
18 FH 30% % & B AR ER AL EE . ZO ik Ab . B 7E 20 mg B R /g 41 4E 2. 20%H
SR NEAT S SRR, 153 54 g/L (1 2B N,

(4) X T DMR 4%, X Bk#E 7 DAF KRR N RS H 8% & &1 % LB L
PR SE TALTE . BEJGAE 20 mg BEER /g 4T 4E 2. 28%[F & & Nk T 0 D HiL 5 R,
SZH 86 g/L M) 2 ik 1),

(5) %I+ DMP Corn id#2, F KRG #HT Ml ik, ARG 3T 0B bk
R, 33 ZEREE N 12% (viv) F R BRI 191

SERR AN T RERAUK AR E 2%, BT DATEAR M op R O A i i O 1
TEB, GFEATAIE. WUeEE. WEE. Mk SR, DR ER. BT eV AFEX A
DMR AN TEAE SR, I DX B S A E R BEAE AL A . JR/K AL BRAN A H T
FEHIRE B AR TAT . B 7 77 S R T B MRS T B e A K [ FH B AL B T B, WA
2 HAth P RS 4 X 28 FK A IR A
3.3.3.1 KV adr

KEMRIK =R YR OB R B EAG 2 — . — LT 4E R LBE A= 1R i
IKFE URKP 8 REKOER 2 52182210 Fr DU BRRAT4E 5 2 A4 P R b i gk
A AR BRI S AR T T L, ORI B AR P A T AT MR T . BT DAIX
Bt B3R U AR e s e R A R e T 2 AR R K P AR AT T SR b,
S YRR O, RIS B 2 5 B T B, i 3.2 i
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(a) DryPB Water and Steam: 0.391 t

Water: 1.663 t

Distilled Water (Recycled): 0.433 t

i

Corn Stover (Dry): 1t Dry Dilute Acid Bio-

—{ i

Pretreated: 2.000 t

Solid: 1.000 t
H,0:1.000t

SSCF

t&}

Water: 1.667 t

Solid: 0.503 t

Fermented: 3.663 t

Ethanol: 0.254 t
CO,: 0.243t
H,0: 2.663 t

Recovery

Wastewater: 1.959 t
C0,:0.243t

Distilled Water (Recycled): 0.446 t

1

Pretreated: 3.333 t
Solid: 1.000 t

H,0: 2.333 t

SHCF

D}

Water: 3.956 t

Solid: 0.487 t

Ethanol Product: 0.254 t

Lignin Residue: 0.774 t
Solid: 0.503 t
H,0:0.271t

Fermented: 5.000 t

Ethanol: 0.262 t
CO,: 0.251t
H,0: 4.000 t

Recovery

Ethanol Product: 0.262 t

Lignin Residue: 0.749 t
Solid: 0.487 t
H,0: 0.262 t

Wastewater: 3.321 t
CO0,:0.251t

Distilled Water (Recycled): 0.349 t

f

Pretreated: 1.600 t

Solid: 1.000 t

H,0: 0.600 t

SHCF

D}

Water: 1.378 t

Solid: 0.599 t

Fermented: 5.556 t

Ethanol: 0.205 t
CO,: 0.196 t
H,0: 4.556 t

Recovery

Ethanol Product: 0.205 t

Lignin Residue: 0.922 t
Solid: 0.599 t
H,0:0.323t

Wastewater: 3.884 t
C0,:0.196t

Distilled Water (Recycled): 0.372 t

H,0:0.176 t Pretreatment detoxification
(b) DAP Water and Steam: 2.033 t

v
Corn Stover (Dry): 1t Dilute Acid Ammonia
H,0:0.176t Pretreatment Conditioning

Wastewater: 0.322 t

(c) AFEX Water : 0.075t
Corn Stover (Dry): 1t AFEX ] R
H,0:0.176t Pretreatment
(d) DMR Water : 21.976 t
Corn Stover (Dry): 1t Deace‘tylation, Mechanical
H,0:0. 176t Washing and Refinin
B —— Dewatering 9

7

Wastewater: 21.770 t

Pretreated: 1.754 t
Solid: 0.877 t

H,0: 0.877 t

SHCF

D}

Solid: 0.451 t

Fermented: 3.132 t

Ethanol: 0.218 t
CO,: 0.208 t
H,0: 2.255t

Recovery

Ethanol Product: 0.218 t

Lignin Residue: 0.694 t
Solid: 0.451 t
H,O: 0.243t

Wastewater: 1.640 t
CO,: 0.208t
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(e) DMP Corn Water : 2.959 1 Distilled Water (Recycled): 0.636 t

SHF
Solid: 1.000 t Ethanol: 0.373 t DDG: 0.297 t
Solid: 0.270t

H,0: 3.771t CO,: 0.357 t
- H,0:3.771t H,O: 0.027t
Solid: 0.270°t Y

( ] - /e g
Corn Meal (Dry): 1t . . . Fermented: 4.771 t Ethanol Product: 0.373 t
—>| Liquefaction Hydrolysate: 4.771 t Recover
H,0:0.176't y

Wastewater: 3.108 t
C0,:0.357 t

(f) Summary of Water Balance (per ton ethanol)

DryPB DAP AFEX DMR DMP Corn
Water input 8.087t 14,122 t 19.663t 107.128t /
Wastewater output 7.713t 13.905t 18.946t 107.385t 8.332 t

Bl 3.2 DA KR AR JUR YRR BOR KR KR R Bk = A B
X PYRR AR B B 7K 485 53 B 2 AR /NN AR 3 1 Wi R AEAT B I TS e, FOKRAEAT I8 /K3 15%. Bt KRB AR K P~ A2 B - 2R DLSE 3.6 4 i
FEPIRR R ER I TIALFE . A6 5 R A ] 5 B0 . 76 DMIR Sk e A B 14 5 7K 8 R B 4 eh e 7K P R R WA Chen 254, RDREEL M 1: 12, DMR
1 DryPB i 4 1 Z B FERI A 3 2 3 3.6 11504331, AFEX I DAP 1) Z Bk FE RT3 S i Uppugundla 21T 4GE A Humbird 250N dfiE . Pk £ it
FEMIE L 3.6 4 A A IR & B A SR R A R BT R A 2B I T A NREL (RS MOMIR . Z BRI fE AN CHLIBES AR
TRYE) AT Y O R IR RAEAH RS T R 25 JL b (1) CO, MR B 737K, 433 BT F ik B0 36.98% 1) LA MR« SR JEARIR FE 1K) LR i O NS TR 6 Hh ik — 2B i K
FRILPIRE 92.5% (VIv) HILEF . BJEHEAT 7 T K32 99.5% (viv) HIMAEL = it o RELAR B 36 G 1R E W) R AT [ 23 B 15 815 /K B 35% AR T 3R ARV Al
JEK o KETREE RS AR W E N T B AR TGS A o tH S AR b RS IR . Bl B FRER. BB TR KA K SN ) B Son ik R2 [ 5 6 (R 5 i) )
Fig. 3.2 Fresh water consumption and wastewater generation of different biorefining processing technologies of corn stover
(Water balance of four biorefining technologies were calculated based on the processing capacity of 1 ton/h of dry corn stover with 15% moisture content. Fresh water
consumption and waste water generation in the areas of pretreatment, saccharification and fermentation were obtain based on the solid loading shown in Table 3.6. In DMR
case, the washing water on the pretreated solids after solids/liquid separation was calculated as the water to solids ratio of 12:1 according to Chen et al*®®!. The production of
ethanol of DMR case and DryPB were obtained based he ethanol titer (g/L) shown in Table 3.6. The ethanol yield of AFEX case and DAP case were referred to Uppugundla
et al ™®and Humbird et al™®], respectively. The generation of waste water in ethanol recovery area was estimated based on solids loading and final ethanol titer of SSCF or
SHCF. The ethanol recovery method is same as the NREL report . Distillation is accomplished in two columns. The first, called the beer column, removes the dissolved
CO, and most of the water, and obtains 36.98% (w/w) ethanol aqueous solution. The second column is called the rectification column and concentrates the ethanol to a near
azeotropic composition. The rectification column bottoms stream is recycled to the pretreatment reactor as dilution water. The beer column bottoms stream is liquid-solid

separated to waste water and lignin residue with 35% moisture. The influence of acid or alkali, nutrient, enzyme, the growth of microorganism and the reactions of water
participates on the solid content was not considered in the calculation)
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TALEE T B, 75 S5 e K A B AL BRI & 2 AR A IRE SRR (Z8V3) Rk
TRALER 5 AR (BEE), KRR A ZEVR (KD, [R5 5 R KORI [ A 375 e P
Ky WS KB T B, w5 2 R K R S & . o T e B S R
R, B AT [ 23 B8 )5 3 7 250 5 K e [ 4 DA [ Fe e (1) W] R B BB . AERE AL
55 R T B FE AR A PR A AR (OB 8 B FHZKANAE 25 R TG N D5 #877 i [ T B
M R B — M & s L T IE FURE TS 515 B CBERUK L3 9), SR GRS 4 T MK
RBRFIREIE 99.5% KRRl B . KRB M S 5 ] LA1S 2] 30-40%11] LBV
B RN S A AR R MR IK o 3% BP0 285 [E 5 47 25 )5 2 43 3 [ 55 T 29 65% IR i 2
BRI, WA AR RPKEAT AN . X B R ERHEE, IR IEEREME 2=t —
JB AT DIE g K A Rk . 76 Aspen Plus B FE R, IX IR 5 N\ 3]
LT T B BT LLZETH S TACFE T BOH I /KRB 1 51X 320 /K B

W 3.2 firvR, FEA YRR BT 7= i B S KRB AT I 7K 72 A 4 il A 8.09
t/t CEEAN 7.71 th OBF, MEKOEERE/K AR (8.33 tht LFE) AHE. [FIFER] K EF A
PRI EE LR DMR i F2, 8% (wiw) Bl B MR IR IALEE T8, I H 75 B o
B 5l AR /KIG U AR B S [ RV 145 DMR I AR B2 ity (R8T B /K AR AN R K ™
A B EIA 107.13 tt ZEEAT 107.39 Wt L BE . X AE TV 77 & A AT AR G 1) BIfE AFEX
TRAL TR I [ & & =k 40%, (Ha2EfGE & & R A 18%, X FEA T 2 AR ERHr
e AR RS S . IRIRE I L EE R B (40 g/ A7) AHAEAE ZBERE TR P24 T KB
JEIK, BT LA AFEX S R8I S KRB AT 2 7K 77 AR B LU » 23990 19.66 FH 18.95 t/t 2 .
MR UG 2011 4 NREL it i ih A 7 AR ] & 2 R4 (TiAL 2R [
RN 30%, PELESEAN 20%), BROEREERE RS (54g/L), HEASREIE
262 kglt TAEAT, HEEARRFEKFEM LK A ZLT DMR 2 AFEX i f8, 7
AN 14.12 A113.91 t/t LF, {HATRE =T DAP i H2.

3332 HeAESHT

EVERIZ O T BRI e EVEFE RN T, BRI HFERIZVH AR . HFE S R
REZFEAK. TRALFRAN SSCF B# SHCF VR IENRE & Z8IRIHAE 32 A0 HE Pl db 2 i F2 AN
RIS FE I A g
HIEHBFE

XIT DryPB i, (1) FiACEM i (M ERIBR D) BeAE: AT T R ER TiAb 21
A 75 B RS AT R AT A, Ry ERIARAE 10 mm A4 (DAP i 4 4.1-5.8 mm. DMR
FEA 19 mm). (2) HUBBERKAeRE: BT Tk =&, UUMET G sEkimiE,
SE TR JFORH i — P BRACRST, W R B K AR E BT, 7 1 AE S SRR ik o A
M FE A B W) o AR VA A AR R EE, A PSB-80JX #iEEHL (Fleck Co.,
Nantong, Jiangsu, China) #FAbEE 1t FiAb B f5 i) FOKFEFFFE L 18.75 kW, B4 P IR
fF)EFE Ny 147.64 KWhit ZFE . XFT DAP Al AFEX it #2, R AETETRAL B AT 6 RS AT 3E T T
K 6T DMR 3 HE, 7625 A3t 2 J5 1B HEAT T W20 B4 BE #4E , BEFERIIA 198 KWhit
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T BFE

X DryPB i #2, Hou S50k vy ] 25 & 1 SN R TAR B A2 EAT 17 I A8 14 s it 70 A
CFD A28, s sk v+ 450 W) S a0 BR TAL B FO S BE B FE A 1.34 KWhit ZE. 4R
NREL2011 4E #1134 i RO AL & B 2R ERE 6 wim® 1155, T LA R SSCF it bLAEFEL
4 43.45 kWhit 2.z, DAP. AFEX HiI DMR 1 F2¢) SHCF $ik REFE-H A8 FH [ERE (1 7
AT, BRTHEEERE ), T AFEX i, Bm & FIUS R I BERE 2 AN BE ZBE 1)
TMXT T DAP 72,  Eb Qg P 2 e N2 I AE TIR Z e & .
ZECHEFE

T BR IR TR ERAE 75 ELH AR R R Z8VRRERE . ARIMTEFE RN ZR S5 F
—EMZ . XIT DAP 1 DryPB i3 #2, ZRER 1 Heptid FER#EE, Wk N2 ldb 2 )
S S MR A . ST AFEX T DMR 22, 7875 E B4Rt 1 FilAb 3 B 75 B e

GEEFJE R, KFZED. A, AFEX S5 852 S IS TEFE T RE M IR,

R TR TR AT REL TR M FIORG TR 1) - 28 75 B 2R VRAT IR, TR TR IR E I RE AR 2 5 LK
PR PS5 TEAH DRI 6

Kl 3.3 IO BRI K RE ETHFEE L. X T DryPB. DAP. AFEX #il DMR
RERE, A7 1t AFYER ABER FRETHFE /20N 262,95, 324.56. 529.19 Fl1 1028.57 kKWh/t
2, Hrb, DMR SRR HAE A Sy 1028.57 kWhit 2%, X%l H S s RE RE 1) 85 S
BRARIGE R o WS AT IR 4 v 0 AF RIS E A AFEX I FEITH AR T 2 1 HLRE

(529.19 kWh/t Z.F#).,

VOFf 25 Wil I 2 1) 28 VRIS FE R ZE K, XT DryPB. DAP. AFEX Al DMR i
Fi, AE7E Lt 4 4R C R RV #6707 8.63. 11.21. 43.25 £ 18.60 G/t L% . AFEX
TRALBRHRVE VAL T BRI GEIR (478 Gt 1), (B a /SN TAL RS 1Y KA
FFHR o B HSRIEFE T ik 9.76 MUt ZBERIZ89R. BN EXHIRIREE (40g/L) L RE R IR
AT RS TR ERE AR LL L 2 1 8.50 G/t LBEM 23R, AFEX IR IHFE &N 287K REFE, =
15 23.04 G/t LBE. X1 DAP IHE, 30% [ 2 & (145 B T AL B AN 20%[# 2 & () SHCF #
VEAE1S H IR BEREAL T rh 45K KT DMR 2, BEARH AT LERIEAM CF k.
80 °C), {HEM THAFH MM EIASE (8%), Af= 1t P4 R 4/, & LB EIER N
MAIRIHHFE N 12.49 Gt LBF, BARZIHFAER SN 18.60 Gt LEE. X T R K OmEAE
PEIRESRUL, TR T B R 2.49 Gt ZFEMIZRIR, LEERETBARIIHAEN 5.34 Glit
CTE, BAZEIRHREREN 7.83 Gt L. X T DryPB i i, ZIRIEAERACA A 8.63 Gt
L

TEEKGEM A 7 OB R o, R G S AR R B 209 12-15% (viv) (1921991,
PR -t AR FE 365 KWh HLRT 12.72-19.07 GJ 2835 P2, 31 HLP= A= 8-12 t i k2232241,
T AR B 2] LRG0 AE 77 A% U 20 BRI FL AR RN 2595V AE LI 3.3e. Jy 1 A AEWdikifil it
FEARLLES, X HEAHEFEH L T TR OB R KR (10.60 KWhit ZBE) . b i+
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(6.32 KWh/t ZE) . FEILBERE (2.05 KWhit ZFE) AR FE (15.49 kWhit L) [1H
¥, BRI (2.49 Gt 1) MEEFETE (5.34 Gt 418 HIZEIRTHFE. TARTIE
FiARAE P 1 2 B 75 B #E 34.5 kWh HLR 7.83 GJ [ 2.

(a) DryPB Electricity: 43.46 kWh @ Electricity: 148.98 kWh ®  Electricity: 70.51 kWh ¢

l l

. DDAP +
Pre-handing Biodetoxification
Steam: 2.49GJ ° Steam: 6.14 GJ ©
(b) DAP Electricity: 42.14kWh 2  Electricity: 183.21 kWh ¢ Electricity: 99.21 kWh 9

|

DAP + Ammonia

Steam: 3.74 GJ ¢ Steam: 7.47 GJ ©

Pre-handing

(c) AFEX Electricity: 92.44 kWh f  Electricity: 295.80 kWh 9  Electricity: 140.95 kWh ¢

Pre-handing AFEX SHCF Recovery
pretreatment

|

Steam: 14.54 GJ h Steam: 8.50 GJ ©
(d) DMR Electricity: 50.64 kWh 2 Electricity: 908.26 kWh i Electricity: 69.67 kWh 9
. DMR
Pre-handing pretreatment SHCF ]—)[ Recovery ]
Steam: 12.49 GJ) Steam: 6.11 GJ ©
(e) DMP Electricity: 10 60 kWh k Electricity 6.32 kWh k Electricity: 17 54 kWh k
Corn

Steam: 2.49 GJ ¥ Steam: 5 34GJk

(f) Summary of Energy Consumption (per ton ethanol)

DryPB DAP AFEX DMR DMP Corn
Electricity 262.9 kWh 324.6 kWh 529.2 kwh  1028.6 kWh 34.5 kWh
Steam 8.63 GJ 1121 GJ 23.04 GJ 18.60 GJ 7.83 GJ

B 3.4 ARAYHHEER BAZRRERE (ton 2B
Fig. 3.4 Electricity and steam consumption evaluation of different biorefining processing technologies
(per ton ethanol).

& In the pre-handling step of DAP, DMR, and DryPB, the electricity consumption for grinding corn stover into the size of
4.1-5.8 mm in DAP, 19 mm in DMR, and 10 mm in DryPB, respectively, was calculated based the method by Mani et
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all?,

® In the DDAP pretreatment and biodetoxification steps, electricity is consumed on the mixing of the pretreatment reactor and
the disk milling of pretreated feedstock.

¢ In the DAP pretreatment and conditioning steps, the electricity and steam consumptions are calculated based on the Aspen
plus modeling™®. No electricity is consumed on mixing but the electricity for driving the screws is taken into account.

9 In the hydrolysis and fermentation steps of the four processes, the electricity consumption is calculated based on the NREL
technical report™®® of 6 watts per cubic meter of hydrolysate or fermentation slurry.

¢ In the ethanol recovery step of the four processes, the steam consumption on beer column and rectification column is
calculated by Aspen plus modeling based on the ethanol titer in the fermentation broth.

" In the pre-handling step of the AFEX process, the electricity consumption for grinding corn stover to 0.42 mm is cited from
Lamers et al???].

9 In the AFEX pretreatment step, the electricity consumption comes from the ammonia liquefaction and recycling and the
data are cited from Lamers et al’??!. No mixing electricity is consumed in AFEX pretreatment.

" In the AFEX pretreatment step, the steam consumption is cited from Stoklosa et al’??”). The steam consumption for ammonia
stripping from the AFEX pretreated corn stover is 2 GJ per metric ton of dry lignocellulose biomass or 9.76 GJ per metric
ton of ethanol. The heating steam consumption of the AFEX pretreated corn stover (38% solids, w/w) to 140 °C and 1.72
MPa is 4.78 GJ/metric ton of ethanol based Aspen Plus calculation.

f In the DMR pretreatment step, the electricity consumption is on the mechanical refining and cited from Chen et al. (8,

1n the DMR pretreatment step, the steam consumption on heating corn stover feedstock (8% solids, w/w) to 80 °C at
atmosphere was 12.49 GJ per metric ton of ethanol based on Aspen plus modeling.

¥ In the dry mill process of corn ethanol (DMP corn), electricity and steam consumption is cited from Wallace et al ™%,

4T A 7T 1) DryPB WG FE, 2B R BIRE R EIL 12.8% (viv), EiRfE
REME LT 4 5 2 FETH AL 269.92 KWh HLAERN 8.67 GJ 2815, RK/AKAEBRA 7.71t, BRTH
FeEL AL, HEHRARAIY T K O A AT R KF . ﬁi%ﬁ%fﬁ¢ FEERE
AR 5T 2R [ AR TR, IR BEOR BT SRR FIAE IR Y T 2 vk L, b 2RIV H
B, BT HEJUNMEDHEGIIRE, AFEX JHE (529.19 kWh Eﬁ, 43.25 GJ 7&i%,
18.95t JK/K) VH#E T B £ HI75{<; DMR it #2 (1028.57 kWh Hi, 18.60 GJ 7%yX, 107.39
t IR JHFE T 2 W HRE, ﬁﬂﬁi?ﬂt&%ﬁﬁ%7ﬁ DAP i 2 (324.56 kWh Hi, 11.21
GJ 7R, 13.91 t JE/K) AT 55K, HIRZ 48R, WAERPSFEIAR
AR S PR SR 25 3R, ﬁmu%%?%Tﬁﬁmm¥ﬁﬁ&ﬁm

I LA FR ECIBOR I, ORARE AR I o) A 110 s [ 5 1 R 0 AR AN v R e AL FR A
A REMARA R R KRR K & . BT DA AR R B4 AR BA ISR X, X2
FEARLT 4t 2R L BE AR =B i K FE B R K = e B BB vk 2 — o M e LN f
LG, ANER OB SRR EE, T i DryPB AR EA 4% ik
#,
3.3.4 Elhh . BN T A BL R BEIEE X MESP 520

3.34.1 HEEAAN MESP 540
A IR et R S AR PR K ORI K B ) vy R e AL P AR R 2 s, T PR /K A 3 1) ER 4R

HE R P E R b IXPIRA AR AR R EREAT S be A L. AR RR T TR
I L) ARG AL, e KERR AR, AR A2 R TR SO0 A A
ARH B i, AR5 R R A [ SN o AR R R B K 7 SR IR R
WKy Forp S KRR A P s 20 K TR A P JoE . XA AERE A 70 7] LA AL
AL AT B, HEITT PR ZE MR A
IR Z 518 T
PR B A R P AME A T AR, A TR E R AR . AR
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FERSREARTRER, MARKMOBEIEE . KRS E T PLEKFEFF DEFREFTE
IKFEFERT S HEEE A G0 TR PR G T AR T 32 R R b Vil . 455
% 3.7a Fiun, X AURARL T P AR AR IR R BRI (R e SE B A AR ), 78 18 M/kg i fa,
Hor FOKRFEFF VB B =i A 18.878 MU/Kg, T /K FEARSFF AR N 17.116 MI/kg. HH ST
Aspen Plus IR A4, AEF7 1 t PR LB, WORRAHERIFRIARRE, KBRRE
AN 1.561~1.85 to R4 LUK 5T Z R A LA~ 4 4,324~5,985 KWh/t Z 1. 1
FOMG IR e A A 25 F I ()1, I A T {1 $0.59~0.81/gal ZEE o A5 3R Bk i (1)
B O RAMRN . WR CRERA R S RS, PR AR =R Bt 2 PR
PR SERE

F) A 5 2R RV [ VAL 72—, X B4 0 58 T DA ORFERT  ANZEAEFT L AKFEFEFT
H IR FA G 20l Tk G 7= A4 K 1) COD #1 BODs. 4550 3.7b Fin, &
JK ) COD #£ 80-137 g/L [A]384k, COD fE 19-44 g/L [A)A55h, FEAS FA1— R B DAV K
7K COD=50-120g/L — % M R KT KB 5 %7K i) COD=137g/L, BODs=30g/L. %
IR AL B — M L FE PR S AL AN ST #E o PR A R 2 77 A F G SR, BB A Lkg
COD 7#/E 0.35 327 (hril) Hige, RN T 1K K  500%[) CODM™, Hris F
FE B35 B 0.78g/L, ] F B P2 A= i 0y 270 g/kg COD. IR ABEAE " 1t £T4E K 2]
;A2 0.18~0.26 t Hibe. 11 FEBEAROL KA, A #E A 50.009 MI/kg, B4 BT £ T 1) R e
REFEN 1,698~2,435 KWh/t Z B . U0 G4 1% L b 43 A 45 B I (190, T A P B&AIG
$0.23~0.33/gal 2% .
3.3.4.2 AW HELMXT MESP B0

T AT A AR CEFEAEMITRRIR) [ RAS LA, A A 77 BIBUR SR A2 e DA
KIEW . A TARSATFAERRIR I R, & HEEA A S0t B &A1 ik,
FERIE T RARAN 55 52 RS it 458 O WS 3 B2 MU 9 S e 2l ATC Ak FE 5
A SO 2 AR 3 T AR R IRUR R R SE R L, R OB AU, FROA TR, 5t
SE AR AP AT P AR REVR I HR NS A, e A A T B AR BEVR LAY, S STk U 2
LR L P AL 3% 5 AN USO8 o ME 2R A DAL A 4 2R S REA 2 T FTE
M, XETRT A AEYIREIR K R, ORI S [ A ], N LA A € 0.25/kWh
($0.27/kWh) B84, g 7 e AT FA: R VR J AR AE MR BB DR, 2010 4R [ 5 K 40
AT (O T SE R ARMAED IR N A BOR IR A1), BB AR AP 57 & FBL I H e —
AR B LAY 0.75 J6/KWh ($0.12/kWh) . 11 58 [ A A OC D BL e, HENHe,
T HA7$0.27/kWhH1, 24 )58 [N LA H B 22 A LB, L R A H4$0.17/gal Z,
BE (R 3.8); WIH 435l i% B R AN AR [ A A 0 N FE AR SR (1 0E, F D B AR ATIA
$1.02/gal #1$0.45/gal L. ARHEHIEF1EH, MESP Al $1.79/gal [£{L#1$1.51/gal.
R IBUHE SCHFI S A Pt A 1 B S
3.34.3 K] FEEX MESP H520m

BRI ot R FRIBMVE TR AT AEZEIR, B TR AR F 24 Canflab BEAIRS 18D,
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Pl T KR A3 28R AT IR B e R LT R B, 2RI IE R S B M.
ARIR R IR K BTSN EIL 6,220 /1370, EVEEITA TERFR&EN, &%
SN 28%. H AT7EACE Bl A 238 AR X @S s NIRRT AL BT
BTSRRI TR AR I 22 AR R AT R T I A N PP R S ) . R S A
M Z R E, BRE S AT AR RRIR K L, 45T 0.75 JG/KWh MU, HHE T BURT
FARRPEAN &, DA 8] 32 BRI L o K/ IV 20 AR SRR R P B T 1R A 2%
Vo TR RS /3 AR R RIE SL A I AT R, AT RRSE IS . 2013 4F Hh [ d i
B (4000 KR/kg=16.744MIlkg) KM A 422 /M), MR 2.10 W51, FARFEFT
G AR P A AR R R R R VE N 18.878MU/Kg. TN 4 BT A i Z R T AT LA
(18.878/16.744) X 422/6.2=$76.74/ton [ k& H LI M) o SR & INAEDEH T
J B2, TR EOE 2 M 3.28 1235 51(20.32 12 e N R OB E 2.27 {238 76(14.11
R N, {HiE MESP 2 MELAli 22491 11$1.79/gal = %1$1.84/gal (3£ 3.8).
3.3.4.4  JKAYEIFE ST MESP 1520

AR IR fa IR, BT UU& FLE BT & B0 TR, AR L # & A .
BLARIKAERL R —Fh IR0 554 BERH B TEHLR KL . AW 0T v (3R Lel™ W) Ji 41 70 AE 42
AR 2 a2 B AT T ORI R S R a I A I S . [, 7E SSCF i 29
DT REFE AR KT 7R B RS FR S X e Y R & & HEad kA N
TR A AR AR R E BV EAYHR R, P A K AR A AR, BTLOX BlE T
Yl AW G 3 o TR AR R e AR B R R R PR K JG 3R, sk 3.7¢ F
7o

bR T KREREATAN, B DUMOR BT RGO & 2 14.27%-16.71%%5), & &
JEH AT o KT OKFEREFT R, AR RRIE K & B, A E] 24.28%. XTATRE
FUKFEREAT R G SR EA K. BRKSFP KRS ERA 2% A4, H
& PR K GER SRR E RN WK WG H, AMEXRIEY A &, tHae
PARACIERI R . BT BSOS IE R 17, 0 Sk ix B 0K oA A s P H s
AR BEIRA 4E 3R CREI A . AR TRIESE RS 5 K 7 P A K TG 3 B & =R,
1M i3 FE & AR P AT K Jo 8 & B4Ry, BT DUIX BLIE e T 7 V2 Al SR A o 3R kv
TRy B s 230,

AR A% S IR R & 8. S AF I A 4 2,300 g6/ g

Chttps://www.1688.com/), Hi &AL I & 8 62%, 4 K TR #2174 2,300/62%

X 74.5/39=7.08 JT/Kg;

BIER T g S R ANEIR B MG . IREIT SN L8 2,760 o/, KB m & &
N 46.3%, 4 N TGE KM 2) 8 2760/46.3%=5.96 JT/kg:
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Table 3.7 Combustion heating values and combustion ash utilization of lignin residue and biogas from different lignocellulose biomass

(a) Combustion heating values of lignin residue

Feedstock Lignin residue generation Higher heating value of lignin residue Electricity generation equivalent  Selling to grid
(tonfton dry  (ton/ton Egrztzzsg)ry lignin residue) (kWh/ton ethanol produced) ($/gal ethanol produced)
solids) ethanol)

Corn stover 0.384 1.51 18.878 5,385 0.73

Wheat straw 0.355 1.26 18.215 4,324 0.59

Rice straw 0.428 1.85 17.116 5,985 0.81

Sugarcane bagasse 0.395 1.57 17.979 5,327 0.72

Poplar Sawdust 0.388 152 17.992 5,165 0.70

(b) COD and BOD;s of stripping stillage wastewater of ethanol fermentation broth

Feedstock Wastewater generation Chemical oxygen Biological oxygen  Methane generation Electricity Selling to grid °

demand

demand

from wastewater

generation ?

(tonfton dry  (ton/ton (COD) (g/L) (BOD:s) (g/L) (kg/ton ethanol) (kWhton ethanol)  ($/gal ethanol)
solids) ethanol)
Corn stover 1.96 7.71 124 44 258 2,435 0.33
Wheat straw 1.98 6.95 137 30 257 2,425 0.33
Rice straw 1.94 8.34 80 29 180 1,698 0.23
Sugarcane bagasse 1.95 7.69 113 19 234 2,214 0.30
Poplar Sawdust 1.96 7.65 97 38 200 1,889 0.26

(c) Composition of combustion ash of lignin residue

Feedstock Combustion ash production P content in ash K content in ash Fertilizer equivalent Fertilizer equivalent
(kg/tondry  (kg/ton (kg/ton (kg/ton ($/ton ash) ($/gal ethanol)
solids) ethanol) combustion ash) combustion ash)

Corn stover 54 213 19 19 58.93 0.04

Wheat straw 60 200 16 31 79.02 0.05

Rice straw 87 376 9 26 61.23 0.07

Sugarcane bagasse 51 203 22 43 109.39 0.07

Poplar Sawdust 58 227 13 18 50.12 0.03

% Boiler efficiency that the feed heating value is converted to steam heat is about 80%, and generator efficiency that the turbine shaft turns a generator to produce electricity is assumed to be 85%; 1 GJ=277.8 kWh TTeeT
b: Electricity price of the grid is 4.54 cents/kWh ($2013) 1%,
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Table 3.8 Impact of process configuration and cellulase enzyme on MESP

Credit items MESP ($/gal)
Case USA Case China Case Italy

Selling biomass electricity to grid at prices of $0.06 (USA),  1.79 151 0.94

$0.12 (China), or $0.27 (Italy) per kWh

Selling lignin residue as fuel ($76.74 per metric ton of 1.84

lignin residue)

Selling lignin combustion ash as alternative fertilizer 1.71 1.43 0.87

($58.93 per metric ton of ash)

Cellulase supply at purchase price of $1.25/kg protein 1.66 1.35 0.77
$5.07/kg protein 1.83 1.55 1.00
$6.27/kg protein 1.88 1.62 1.07
$10.14/kg protein 2.05 1.82 1.31
$23.30/kg protein 2.64 2.50 212

PR AN A% S RT3 LB AC IR — 4 (BEIR &) BRI — BTk £
4 2,200 Jo/M - Chttps:/ivww.1688.com/), A 3085 NHiHoPO, I 808 55%. T F 3]
N JTZR BN 5.96 Ju/kg, FIBREIEAS:, W P mEw Mg 414 (2,200/55%-5.96 X 1000
X 14/115) X 115/31=12.15 Jt/Kg.

B2 06 T B KRG A BT 2 Akl 2K 4 AT LLEL (7.08 X 1.90%+12.15 X 1.90% ) X
1000=365.37 Ju/Ii($58.93/t). N HLKHIX LK A AE A AR B AR 116, MESP ] B
$0.03~0.07/gal, Al 21 1) MESP 2 )\ $1.79/gal F#{K£$1.71/gal (L5 3.8)

3345 AYERBLN T7 A AT MESP [ 520

LY REGA — B AR LY R OB WAL BEFE o — AN SRR B VR I £ 0. iR
NREL i RFIFVEAEMD R AR FIEAR B o, F 4 R BEe R B 47 1 77 303k
510, BIEF4E KBS A IGH T EE R —A L) A= DUEFEE 24z i 7 SR EIHE 1L
Rids, BEMIAifh. G647 TRIL. 8% — R R FEMBEREMIR R IY T LA 25, R
FSCAS AT DADKE B2 FAIC . 2011 4F NREL $i 7 A B ) RS A J9$0.38/gal LB (794 Jo/W L) s
JUFE RS (2010 ) , ZFARK A 4E R EIR LR Novozymes £ Genencor A A H4f
Y 25 AR KM $0.56/gal 2. (1,162 To/M 2 ) 230 282 Dl s, o4k B RETENT
A S SEREAE L, R E RS AR AR FRAKS 1/3 (32%) o X —AF4ERERLEAL A
JER D 87 2% LA M 3 ) 7 S, R R A BRI 5 A T 22 331

SR FHAE A, Bl A = 452 X e D) S AR 2 46 P BROAS 1 48 B, AT DA SRR T 4R 4 3R
BRI AT BEFAS o BEAH 2219 ) 4T 4 X R AS 8$0.19/gal 2 (401 o/l 2. F) , 5 2Bk
PSSR 11%; 4R I SRR 77 S, 4% Bk NREL B8 () £F 4t = g )i (FEA7 7
3 11 $0.38/gal 2 B 7 5 B W K 7 2 $0.56/gal L BE D, AR 4E KB AR BA
$0.19/($0.38/$0.56)=$0.28/gal Z.[# (592 Ju/MiZEE) . B+ Novozymes il Genencor 4%
(Y2 2 T = b A i DA G PSR 1 A A% e 3k i s W S 07 SR AR, TR Al FH T 9 TR g T 3
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FRESIGSE R LT 4ERTE (Youtell #6) AT 115 . Youtell #6 HIH R$EH55 Novozymes
[ Cellic A1 Genencor ] Accellerase fa bRz, B HIKRE N 9%, &F g BEH|FH) ECHE S
9 135FPU, HEAKMA% 9MA3IKkg BEGITR . 757 AR = 27 4 2 g Bl W) Sl 7 SRk AT 40 4
R OB R E 3.5 FrR, LF4ERBEALN T 00 MESP RS2 I 3.8 fiur. 1E
W) S 77 2R RS 2 I LB R N$2.64/gal (5,480 Jo/mE) , i 4R B A
F112$0.95/gal 4.8 (1,972 Ju/Mi 4 FE) , Rl B A 4E = B 4$0.28/gal ZBE (592 Jr/M
) B 34 . XU, JoIRREUE LRI T L2 A AE B T I, AR 4E R BRI
JRAEBAFAEE IR R I B IE R LT YR 2 TV 3E B NIEAT 2R, [RMEXT I
BEATHERA A B DRI, A AN TV B T 3 ) S B A s o Ae &, HESR 1 AR 21 4E
RSN OB RAREM R SR . N T R A EPRIE A iR B i, X H G
£ LA$/kg B £ R B A A

BRG] 1. WRAAERBEE AN S KREEANIMSHEE, IBAF4RBEEAN
W% J9$1.25/kg (2011$) [,

BEZf 2. Kazi 55k TLF4ER CREE G0 i B s N IX AP B 21 4 2 B 4%
N$507/0E, Hrh R S RN 10%, B4 kg B2 B I K5 =5.07 T (2007$) B34,

MR 3. LT4ERMHLRIE Novozymes FI Genencor AR £T-4k 2 g i AS K HE Ky
$0.50/gal £ Chttp://novozymes.com/en/news/news-archive/Pages/45713.aspx). 1 2011
fF NREL BiRIe, fEM A=A 4R E A 579 kg (FRED /hy LFE=8R 21,672.41
kg/h, #H24 TR =8 21,672.41/0.789/3.7854=7,256.35 hitx/h ( Z.EE%5 iy 0.789 kg/L,
1 1n&=3.7854 L). FrLLl4ZF4Ez (1) A 9$0.50/ 00 & L BERT, kg BE&E E R
=7256.35 X 0.50/579=6.27 357 (2010%).

B2 4: Klein-Marcuschamer 2%} B 18 474k R BEA 7= AT T EER &5 00, AibAl]
N 2T 2 2 0 4 7 A 25 /0 R $10.14/kg BiE AR 1 (2007$) 239,

B 22/ 5. [ N T340 SRS G AP 4 Youtell #6, %A 13 o/kg B, & E
WRE 9% (wiw) BB, DL iH5E, 4F kg BEER 1 O 4% =13/6.2/0.09=$23.30 (2013%).

HLFYERBERIU A% 2 ) 9$1.25/kg (BEZMI 1) . $5.07/kg (BEZHI 2) | $6.27/kg
(B ZE 15 3)F1$10.14/kg( B4 4O, £ AR 7371 v$1.66/gal . $1.83/gal . $1.88/gal
F1$2.05/gal. M 2005 4EF| 2014 4E, TR B BN #5107 $51E N $2.31/gal
(http://www.tradingeconomics.com/commodity/ethanol) . 5k /& 15 LA H #i i) DryPB i #2 )
FORIENR, BIATERU S =8$10.14/kg, ZF4ER OB il A —EfhigmsJi. M
& ML YER A% 15115$23.30/kg I, ZEFRARE T Jv$2.64/gal, 1) i As 9$0.95/gal &
BE, HeP4ER O ENAT) 36%. XFEA AR 4T .
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Fig. 3.5 Conceptual diagram of cellulosic ethanol production process from corn stover feedstock.
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it FH B P O R4S 2202 S M B AR IR P N 4R 2L R 3R . M AT B SEhRi4r4E &
BN BEAT I SIS, 21 4 B AR 14 $0.95/gal 2. B%, T4k R 2 R B 36%:
FERLAE 77 21 Y 2R B Re 8 B R SRAICRR AS, Rk KIE AR 4L R Ol A = s 1 —FhEs
HAW RN 77 . R4 B it i Rm M mminEm, H T a4e s om4r=n)
B SRAR B B, T AE AL AR 7= 21 4 21 I PR AEC Il 1A 1) SR A SR 75 B84 A7 A AR 4 R I
FSAS () B R BRI
3.3.4.6 A4 R EEMI X MESP (1) 50

FORFEFF LU AN IZ 50 AN 2 AT 2 3R O AR T B B AR 3R o BERE R
KA % NREL 25 H ()50 Jy B RS FT 400 JT ($64.50/M), G136 3 AT 454311 161
JG ($25.91), DLEKHTIEE. @i, WEAESR (MR H BTG N 2885248 1
239 JG ($38.59).

X T AR K FE A AR 4 2 CBEP= I, FEFT IR BN A% 7836 T AN E M. Jena
SN TRAEFF R M AE 510 Jo/mf ($82.19/Ml) 1| 623 Jo/M ($100.56/Mk) I, K
SR IR AN R ORI RO RS AT S48 )12, Tyson A BR3P I RORFS AT
MRS RT (N AE AT 446 76 ($72/m) 371, Daniel X AS [ (0 £ K FEFFUCE T AT T
WEAE, AlIA DN 24 v 8 PR WSO I A e e KA AT 1 BCAS R 9 372 Tt ($60/mE0), TTAIG 25 BE U
B2 IR I KRS FT O RE A 446 76 ($72/08) 12381, Walsh 28\ Tyl £ K FEFT I A A
236~341 Ju ($38~55/Mf), HEFMEFEFFRAN 341 Ju ($55/M) I, W LATH 2 frA Al
BEI) T K AE AT, 2002 4F NREL (80 HR 5 g B ORISR R I3 i, KA
FFE0 B0/ A K £/ B MRS AT 205 76 ($33/m) D881, 77 2015 48, FRE AL HREA
E R KRS, WBE . IERT G TR T CT it — P ImPRAEDFR 27 67
FAAIAERE TAERIEADY, ZR S HAEF B Bl (s8R Bk
LT SE VRS R T REAT R MBUR . &4 TR QB L, A FH R RS FT AR,
P tn e g s RPRSFT A FRLARY R FH AR 8 RAE D RGFT R FRL AT I BN, WHE H AR Bk 2
DAV R T 42 R S o R FH B S AT 2 b, ARk FEAS AT ik 50 Ju/etfy s /R
FHAFIERNY: 40 oA . HERIEMREF Wl=E . Bk SRR 30 o ti. &
N AT B R AR ) FOKFE AT JFORMA A8 AR 0 S B 2 B AR BN B AT T R A, 4
RAnpE 13-14 Fios.

HE 3.6 AT%1, CEERACEM BRI ) EFm AR N . SRR AR 22 $32/
Wl (200 Jo/g) i, ZEERAGEN RA$1.33/gal, FEFTERM A ~$0.39/gal, 5 ER
AH 29%; SFEFF RS NS48/ (300 Jo/iE) B, ZEEEIKEEN N$1.53/gal, FEFFER
(PR AS 9$0.58/gal, 7 AR 38%; T AL AT A% 22 $105/M (650 Ju/ih) B, 2K
BAREEN Eik$2.24/gal, FEATJEURHG A N$1.25/gal, (5 A A 56%. H AR E R
CIE T A, /N FOREE OB AR (5 5 AR ) 70%~80%. FIR X ZBEAr=AH LG, £F4E
B O R b ORI A A AR R /b, H G B SRR R Fis B 7 v, PRI UR)
FI AR AT SR S FRAR 2T A 1 B R 4%
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Fig. 3.6 Impact of feedstock price on MESP

34 4w

AF I T AR TACE . BSAYI . S REET T2 %0000, DE
KFEFF AN FEFT S IKFEREFT  EAAR S A H REVE N R, i A T2 0& i Saccharomyces
cerevisiae XH7 EICHH & (10~15mg Bt F/g 483 ) 147 = [ 75 & (30~ 35%, wiw)
(R AL S R e o X T RS R 02 AR W o) 2B P ROk 2T 1) it #2335 4T Aspen Plus
TR, THEHT A R R ERE . AKFEAK TR . [R5 H e ARV HR DL
JFK CGBEAF=AT = AR5 IREE . AEREFE. K HEE S i AR S 5 kAT 1L
B HEIUT EEL R,

(1) TR AL PR R 08 A IR A 4E 3 S50 ARV EE 7 VR Re 8 12 40 e
52 4= BRI A - OR B R IR AHE s SSCF 54 J7 20 R et i) FH 61 46 W A B 11 S,
cerevisiae XH7 T P AR AR IR 1 1 % B A1 S 0SS E o e Rise vl i iy A R
iy A FER AR IR BLAS SEIL TR U R A, PRIE T I AR IR AL 3. BT X e o5
18145 DryPB i 7L S AR Bl FH & 1 SEIR 1 i e ) S R TRk EE AN I ) S B e (IR A

(2) XFARBFFN DryPB AEVESIERE, ZRERBERE REIA 12.8% (viv),
AR AT 4k R 2B FE 269.92 kWh HLBEFT 8.67 G 7&K, KRAKFFAERA 7.71t, X
SEFRAR A Y 1T TR OREA AR A e 1. 2 T HEJINEYGHIEE, AFEX
2 (529.19 kWh Hi, 43.25 GJ 787, 18.95 t J7K) VH#E T f % 1 75/5; DMR id 2 (1028.57
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kWh Hi, 18.60 GJ 874, 107.39t JK/K) JH#E T 2 HIHLAE, IF H /=4 T4 2 1K K.

DAP i #2 (32456 kWh Hi, 11.21 GJ 7%, 13.91 t JK/K) ATk A 1k
KOTERTHFE. 2R THFER L K= A &5 8 34.5 kWh, 7.83 GJ, 8.33t. DryPB it f2
f3X Lo 35 bR O 4 B AR KL 2 A 35 4 R BE

(3) USRS Bl F=AE B RAE A6 A 72 47 2 2l T AR KPR AR 41 4 R I ) AR

[ ) 25 R ) FAN U o AT BEORIRN AR 3 Bl P2 i, MESP R T-$1.5/gal o KA 5 3K 5k
EAFE AR LS KB T 0] DUOCK BRI H B4 %, (H2 MESP &8 — &R 3.
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FL4E ERBTESESRE L-AEBRR MR Aspen Plus BIERFIFARE

pdn
41 3|8
L-ARR T AN T &5, #il2h. 9581, M Tk, HgE BN —2E

AT BRI R —R IR (PLA) A BUAAR . PLA A= 1 50BN % 78 /2 1M H AR
k. HHT, K2 90%MI R bt L-FLER S B IRy RL A IR >k, 1 v SRk A AR o 318 2
PRI T0%P240 . FE R FRHK B AR, BRI R IR 4T 4 2 AR R G N B

TAAEF=ER L-FLER IR BRI 100 /L. Ye2Eali e 99%. %1 i 31 L-FLER 1)
B R BT RS M BRI AT DUAE PR A 1 PLARA 24 gb g, iy
TR B R A 5y, 75 B A BR ] AR = i R R R K I e AR i . AR AT 4 R A
JRAEFS L-FLERET, FPERAIREE . JetRdif . BRAER, MURRKENZM LK L
FLRA =M. Hu Z548 ] Bacillus coagulans LA204 DLBS AL FE 5 ) T KA AT Ukl s
LT 97.6 g/L K L-FLE2 K ek 2242, Ye 2448 J] Bacillus coagulans JI112 ULFR AL Fii AL 2
RIARRE 2 S R JERHS 8] T 80.6 g/l (1 L-FLER KRk, Zhang “5{# [ Bacillus
coagulans IPE22 L\ EKFEFT A ERMEH] T 38.73 g/L 1) L-FLIR & ik i 244 753X L 55
H, BB AR AR A4 3 AR AT AE DR A 7 L-FLIRRIN PR AR T ORI K

H¥E Cargill DOW M1 Hycail 2w i@ ™S 201, LU W3 A8 7 B A 7T LAk /b 3]
$1.34-1.46/kg. (HS/2 U1 R A PLA, o L-FLIR A9 A7 B S A T-$0.9/kg  FEABEFL
PLRKFEFF N EOR], i A3 IR 2ids T2 B ik Pediococcus acidilactici TY112 i3E47 [F] 5 b
W5 R = mR B L-FLR . X BN T TN R AR [ A 4 o 2 A0 v [ 5 12 [
LS S B R0, A ARG T 2 44 AT P4 ) Aspen Plus JRFZAERL. A5
P tH T A A IR £ 4 25 A 7 AR ) AN B 1 BB S AR L AR R OR A AR AR L-FLRR
IR 2 45

42 MRS

421 k5N

FOKAEFF R 2013 SRR WK T H (B 9] B 28 4 T o /K i B 25 FORAS AT A A 4
WFMEE, TEGMHA TSR A . [ EE T FARFELRE (NREL) )7
71205, 2000310 45 < SR AEAT o 21 4 Z AN AP 4E R A5 73 )N 37.57% 1 2.68%.

o ok KB R 0 R B PR A FT ) Youtell #6 (fEFH, WIES, RE), HRHEE
[ T P A AR S 36 5 (NRELD ) LAP-006 7 125 52 21 4 2 g e 4Rl > 135 FPU/gHT,
181 1] Ghose 175 12200 58 B 2T 4 — B /19 344 CBU/GI®, i il BSA & A FRHERYE
Bradford (#7532 I 5 H 2T 4k Kl 82 115 08 90 mg/g0%, 21 4k Z e ) FH B R MR 4 JsUR
g FYEREE A1 mg B0 5.



LERITKRE L% 579 T

WEALEE GA-L NEW (Lot number 7201417190) W H A RERHEY TREGIRA A (HH,
T, UAAEMHIER AEY, GA-L NEW HIEE3E A 100,000 U/mL.

422 BN KRR

AW EE B AT Amorphotheca resinae ZN1 & A 556G = {i HA TR 2L 75 21 ) — PR RE 85 F1
al M BE, AT B AW MR E B L ( CGMCC,
http://www.cgmcc.net), it 5Ky 7452120,

L-FLPR & B2 1 Fh LR A BR B Pediococcus acidilactici TY112 (CGMCC 8664) & i i B
A P, acidilactici DQ2 (CGMCC7471) i [ D-FLIR i B Zw g 2L A 1dhD B i >k,

L-FALBER B A 53 (f L MRS 559725): 209/L 494 10 o/L EEAM: 10 g/L
FEREEIY) (YED; 5 g/l oK LBREN; 2 glL ATIEIREA 44 2 g/L KH,PO,; 0.58 g/l
MgSO, * 7H,0; 0.25 g/L MnSO, * H,0. 4 &4k 1) MRS 3537 F:Hh g4k J5 1) P. acidilactici
TY112 3578 1.5 mLEAFE T (5A 30% H i, wiw) FRAF7E-80°CukAH H

TEFRIRH AT S E R R 1.5 mL A7 E R P. acidilactici TY112 #:F85H
20 mL &4k MRS £577 2L/ 100 mL #EE A, £ 42 °C. 150 rpm F355% 12 hy R 54
ANEH 200 mL faiifk MRS %3235 (1) 500 mL % I H 4k 25 R BE 26 A R 85 9%

SoF A% AR I S e RS B A, 500 mL AR S R I I EREEN 3 L AR
R (10% R, [FARESCIE FREFE 8 ho EWI N HARRE 21 pH ] 5 M A
FAAbahizE N 5.5,

423 TIEEEDEBSIFARLE T L-FLIR

W4 Zhang A1 He S 4538 T 2M6 R TH AL B AN T K AR AT REAT Ab 2R I99-20U - 5 gb
HITVES M 2.2.2, WALPEZ )5 ) FORFEF [ & &4 50%, pH N 2.0, dFEHEA KK
P TR AL B 5 4T 4E R A AR YR 1 & & 4 N 37.64%F1 4.4%.,

T W R Pl A R S5 52 R 1k A AT R AE 1R AT A A e AT 7 S 0 B T 4k B o A v
A Rt I BB AR AN 2 B ELAT A P A 415y« 3 B I P 75 2 AR Zhang 53R HY [ 84
Pl AL AR, E RN 200 (wiw) (R E AL Bk R T AL S R pH & 5
A, SIS K G I EHE N L EE AR A resinae ZN1. 7E¥ IR T FIEENL g &+
7R 6 K. ARG FRBACHEK, WAKKSE. MmPUEMEEEE 15 L £
N &R BEAT . fEEN 0.8 wm B AR, 28°C. & 12 h fit#E 1-3 min (&M TR 5%
R AT P Bt B 48 KR 7 ) o TRAL BE IS B g T FOKFEFT I 2 B0 4.81 mg M |
3.34 mg 5-F2 I EEMRIEAN 16.79 mg £FR . TRENLFE 48 h J5, YRLrfoiie . 5-3% FH LA
M REE B FFAKE] 0. 0.43. 3.81 mg. aEJGWkHE & 245588 50% A 4, B
T Ah, He R FEAR B AR,

25 J5 B TR AEFFERHE 5 L 7l iy Ui R 22 00 A S B 2 Fh e AT K e o 44
HEEHE N 15 FPU/g T90%L, 50°CFillf# 6 ho fH4 5 M ) NaOH ¥A R IE T #E pH M
5.5. R i P AT EE 3] 45°C $2 N\ P. acidilactici TY112, #7084 10%(viv), SR 5 7E pH 5.5.
45 “CA1 150 rpm FEEAT 72 h FZPHEN S K. &R BOFETE 11,167 g ' 250 5 min, HX
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ISR
4.2.4  SyirITik

L-2LPR 0 %) B - ACHE B | B-0 H L A £ 1R (XN 7 R +2 3 HPLC (LC-20AD,
Shimazu, Kyoto, Japan), It HPLC fit# RID-10A /R Z #7623 (Shimadzu, Kyoto,
Japan)Fl HPX-87H % ¢4 % 44 (Bio-rad, USA).

B AR A 4 I 52 4 FH 49 6 6 FE T DU-800 £ 600 nm ARl e MR OGAR, B AARTE P
KGR TR AT RAE . FLBOG M B4 E R A Megazyme 2 7] f¥] K-DLATE D/L-#.
PR R R AT T
425 L-FBRHEFEIUTHE

L-FLERAF 3 2 ONSEPR L-ALR T & SHEe E MR A 4 m 4R 520 L-A
PR T LU :

[LA]xV —[LA], xV,
f x[Biomass]x1.111

Ferr, [Biomass]y SSF s Y B AKFEATHITH (@), [LAJo M[LA] 72 K I IT

UGN EE RIS AR IR E (g/L), Vo Ml V 43558 R TT UG A0 45 AT R TG A v A (A4 FR
(L), f/& SSF FI EAKFEAT P £F4E R i S BT 02 (g/g), 1111 Fa 24T 4E R 2 H &
PRV R H, 1.0 Rt Sl m &b 5 LR 8] 1 T B AL R 2

4.2.6 REAAYUSBORZE GG

AR 5256 45 A Aspen Plus ~F- & E 0 P2 AL ERAR T {5 FH T3 AR MR | 5 R A8 7= 4 4
7 L-FLIR I R AT AR AL B TR AR R R AR S A, 2 7#F NREL
BEHAR A (LAl B, R TERORAD L-FUR A P A AT B St MBI, I
FEOAFME 4.1, @& 4.1, SHEBHEFEERATARE, WL, BidE. 4ERBE
A=, RS KB P Ei, JRAKALEE . RTRBIEARE K L. 7 i A7 DL
AN TAESE 10 T

TR @ TR R AR AP L-FLERA Aspen Plus #8 K& £ 55PN 17155
FEEE 2 8, A LL L-FLER = i (88%, wiw) BB 4/t (Minimum L-lactic acid Selling Price,
MLSP) {ENA4EER L-FALERAE 7 I R T HT I £8 & PR 4845 .

L-Lactic acid yield =

x100% (4-1)
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# 4.1 Aspen Plus SEEHHIEZEMASE

Table 4.1 Main process parameters in Aspen Plus models

NREL model DMBP model (this study)
Pretreatment
Sulfuric acid loading 22 mg/g dry biomass 25 mg/g dry biomass
Temperature 158 °C 175°C
Pressure (MPa) 0.56 1.25
Residence time 5 min 5 min
Total solids loading 30% (w/w) 50% (w/w)

Detoxification

Ammonia conditioning

Biodetoxification

Saccharification and fermentation
Strain

Temperature and residence time

Total solids loading

Cellulase loading

Glucan conversion to glucose (%)

Ethanol and Lactate yield from glucose (%)

Ethanol and Lactate yield from xylose (%)

Z. mobilis 8b (for ethanol)
48 °C, 84 h (hydrolysis)
32 °C, 36 h (fermentation)
20 % (wiw)

20 mg protein/g cellulose
90

95

85

P. acidilactici TY112 (for L-lactic acid)

50 °C, 6 h (prehydrolysis)
45°C, 72 h (SSF)

30 % (wiw)

28 mg protein/g cellulose
85

87

0

Product recovery

Final product concentration (%)

99.5% (v/v) ethanol

88% (w/w) L-lactic acid
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Fig. 4.1 Flowchart of cellulosic L-lactic acid production from corn stover feedstock on Aspen Plus platform.
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4.3.1  UVLTORFSHONERLEEAT R a5 B L-ALIR [FD R 5
N TSI RRAE AT Y JEORAE = R L L-SLIRAE P, R Z e IR LA BoR X, 6
TERARIERN R . ST 4 PR 52 T e 55 5 A0 LA PR ) DR A= P I 75

(a) Inoculation of seed cells cultured in flasks (b) Glucoamylase on seed culture in bioreactors
Glucose 1% —©-3% -A-10% -6-20% With glucoamylase -@-Glucose  —A—L-lactic acid
120 Llacticacid —@-10 —-3% -a-10% -e-20% 120 1 Control -©-Glucose  —A-L-lactic acid
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(c) Inoculation of seed cells cultured in bioreactors (d) Corn stover after accelerated biodetoxification in bioreactors
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Fig. 4.2 SSF of P. acidilactici TY112 at 30% solids loading of corn stover feedstock
(a) Inoculation of seed cells cultured in flasks; (b) Effect of glucoamylase on seed culture in bioreactors; (c)
Inoculation of seed cells cultured in bioreactors; and (d) Corn stover after accelerated biodetoxification in
bioreactors.

55 FH 5 4 T B P acidilactici B, g Bl i B ot T S ey 7L B R PR -l iy e 2,
TFESUE B AP P. acidilactici TY112 R X L- AR [FIP ML 5 R I BI52ma dn ] 4.2a, Fi
BB AR R AL, 3275 P. acidilactici TY112 2R REL G N L-FLER K A3 R (£ 4.2).
H2 L-FLRRMR B3 IR BEAR /DN, BRIy s M B e T R IR P = il IR
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Table 4.2 Evaluation of seed culture on L-lactic acid fermentation in SSF of corn stover

Seeds culture Glucoamylase Inoculum ratio Titer (g/L)  Yield (%) Productivity
mode (%, viv) (%, viv) (g/L/n)
In flasks 0 1 96.4 61.8 1.34

0 3 96.8 64.5 1.34

0 10 101.4 71.5 141

0 20 102.5 76.6 1.42
In bioreactor 0 10 87.8 62 1.22

1 1 97.3 63.8 1.35

1 97.1 64.7 1.35

1 10 104.4 715 1.45

1 20 102.7 77.2 1.43

1% (v/v) glucoamylase solution was added into the seeds culture broth in the bioreactor. The SSF conditions: prehydrolysis
with 30% solids loading of pretreated and detoxified corn stover, cellulase dosage of 15 FPU/g DM, 50°C, pH 4.8, 150 rpm
for 6 h. SSF was at 45°C, pH 5.5, 150 rpm for 72 h.

X T SEBR ) T R BERAE, AR A LB B & . (R A R BLE e 1
S R AE LSRN S RE A BE b, X RERE 5 R TS 18U, KB EREAE (&
4.2b) . B 2 0E . B R R SR 0 3 T AT TR A T R T AT PRI ER BT DL () 5R
G 5212492500 BRI, AE AR IS B A 3 e A A P b P BB B SR Al R
IXFRAN R AE M 2R, TR0 1% (viv) BELLER)S, X PPN RAEIL RSN R, B
B — BV A, L-FLER R B RR G TR o R IX PR R G 7 077, — MR A
10% (viv) HIEERp a2 DASEEL A N S 1) L-FLIR A% (18] 4.2¢ FiEk 4.2).

N T K AR R TR R 6 KRR 2 RN, PR T —FPusEm S r k. &
AW S N7 A TS P R B A resinae ZN L ZEARGE A& R AT H R 1 A= P i 2 7R
AU L) 144 h Jodi HEAE S AV TR AR AT LG, X PR PROE A VI 75 7 VA e AE
48 h P T A T AR IR0 4 58 4 AR - T 4.2d 2 3 FH DR B B3 /5 1 TIUAG B R AS FF
£ 30% ] 7 5 A 10% 3 M 11 26 AF T AT I RIE MG S R 45 R, 96.3 g/L 1) L-FLIR K
TR TR 74.3% 55 A0 A3 ZRNAE FH A% G0 A= Wt 75 77 VR A 3 1) SR 1 45 SRAR L

T I AR PRAX LS BELRG R B - LR R TR () B A HE AL, A FH TR K A A AE 3090 ] 25 & 11 7]
A HENE K SEIL T fmi i) 96.3 o/l K BRI EEAN 74.3% 4338 . M TAL 3 21 A P it 75 1
R, BAERERA TR WK 4.3 s, AWFFLSE SARGE T ) L- 7L K it
177 b, EARUOS IR H25 R T AL L-FLERIKE BT 30 o/L M, AN L-A
B R TR FE R 7 i DL R R o IR S R T =W o AR 2R AL . (1) BT A )
Tl FR[E AR AR (ATRALIRRD 4L R IEAT L-FLERAE ™ 1, Bt LAl Ah 22 21 1
R KA (2) R TR ER [ A4 FH R g AT A, P LAYE Tl b B0 i o 2=
A TRUA 38 AKCORH [ AT B IR 7K o A B B E R 4.3 FH IR I R G E a0 s FR I
PR A4 B B AT Re 5E A A
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Table 4.3 Comparison of high titer L-lactic acid fermentation from various lignocellulose feedstocks

Feedstocks Solids Pretreatment methods Titer (g/L) Yield (%) Productivity Water Sources
content (9/L/h) consumption ?
(%, wiw) (kg/kg)
Whole package of the pretreated materials (solids and liquid) were used in the L-lactic acid fermentation
Corn stover 30 Dilute acid with 104.4 71.5 1.45 1.0+0 This study
biodetoxification
Empty palm fruit bunch  16.7 Acid-catalyzed 80.6 ~77.9 3.4 3.0+2.0 1243
hydrolysis
Oil palm trunk 8 Hydrothermal ~40 89.5 ~0.36 125.0+0 1251
Wheat straw ° ~10 Acid pretreatment 38.7 ~76.7 0.65 10.0+0 1244)
Solids only (after solids/liquid separation) were used in the L-lactic acid fermentation
Corn stover © 10 Steam explosion with 75.0 75 1.04 1+10 122
water washed
Corn stover 14.4 Sodium hydroxide with ~ 97.6 72.6 1.63 5+8 12421
water washed
Wheat straw 15.9 Alkaline 40.7 43 0.74 10+0 12531
Corn stover 22.1 Aqueous Ammonia 74.8 65 0.26 10+8 12541
with water washed
Sugarcane bagasse 8 Steam and alkali 67 83 0.93 ~10 12551

cellulose ¢

pretreatment

# Water consumption included water used in pretreatment (acid, alkali or solvent solutions and the steam condensation water), as well as water used for washing the pretreated

lignocellulosic materials for inhibitors removal.

b Because the composition of wheat straw was not included in Zhang et al”®*, 60 gram of fermentable sugars were assumed from 100 gram of wheat straw.

® The solid/liquid ratio of the steam explosion pretreatment used was not revealed in Ouyang et al®?. Glucose was supplemented during L-lactic acid fermentation, and the

L-lactic acid yield was based on glucose (from corn stover and from glucose supplementation).

9 The sugarcane bagasse cellulose contained 99.82% of cellulose and 0.18% of lignin. The details of the pretreatment were unknown and a commonly liquid-solid ratio for

fractionation was assumed to be 10:1 by Sattar et a

| [260]
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TESE— AR, FrfT 1 TR B AT T RID L 5 R (SSF) 3 435 1)
WS K (SHF). Ye &5 FHIR AL (AR RE 2 R E 16.7% (wiw) [E % &) SSF
AR SZIL T 80.6 g/l K L-FLERIRERR, 7R FAL TR # 0k A b BB i K I & (5.0
kg/kg TR AT (1.0 kg/kg TR #5504 o HABPAN ZHI1 L-FLERIRE
A% (40g/L A7), T HFEEKFEE R, 20514 125 1 10 kg/kg T k24 251,

SRR e ORI T SROAR B [ A, R AR I TIUA B S 7 AT R A 1 R Sy B
DABR AR AR . TERL D IR, 75 LA FH BT 7 O et o Ak 252 [ Ak P ek DAk 2 L+ 11
HIYD, S8 AT B 3 AR 2 LAl 4 4 = M RLEAT N — 2 RS K
XAEBIH) L-FUER R BER 4y A 3] 7 75.0. 97.6. 40.7. 74.8 1 67.0 g/L, 5455
N 75.0%. 72.6%. 43.0%. 65.0%7F1 83.0062522%, (HRAFAIE 1 kg 19T 5243 5130
FE 11, 13. 10. 18 A1 10 kg WI# /K. [FIBS, TR E50Hm 9 40 ] 25 25 B[] 4% 453 %
BT EIEN
432 FARFEFFATFL4ER L-ALBRINBARZ B4

JF Aspen Plus i FEAR I P VAR ) L-FLIR A P2 HEAT T H ARG BRI, Indk 4.4
Fizn, 88% (wiw) L-FLER!- Fhif i1 (MLSP) ~N$0.559/kg, a5kl 74 &M
FEEAL A7) 1) 9$0.237.$0.130 F1$0.192/Kg 77 i o A1 FH AR LU 7R (1)$0.72/kg($2.15/gal )
IR AR M H LD, L-pLRR A 72 A B 2 A P BRI 24% . % L-SLIR AP A
fH 3 2 DR A, FORAE AT AR R LRI R B T 08, RIS 49 o B A b T A=
7= 1g L-AER, 1 RAEAF= 051 g 4FE. BT P acidilactici TY112 FEAN & —ANAKEF] A
WA, BT LAIX BB 5 R BIAKE B) L- LR AE Ak o T SR ik J IR 40t A e o o A L B %
[ B R P AR A2 77 L-FLIER, L-FLER ™ i I AR S 13— 5 FAIK . Akerberg S5450E 71 FH %
ERA 2 70% (wiw) [ L-FLER I A 5$0.833/kg!%%®) ;. Gonzalez 25411 1) F 7Li% £ = 50%

CWIWD IR S 2 FLBR IR A 9$1.25/kg2>7) . Sikder 2541 18 F H eV A2 77 1) 80% (wiw)
[f) L-FLIR (11 A R $3.15/kg2® . AR AR, ASHIE 7008 ) T KRG AT 427 88% (wiw) L-FLER
(IR A$0.56/kg fE AR AR, HOZL AR HATEm I L-ALR =4 1Rk

X AT TAEE 5N A 4E R B AS L-ABRBREN (MLSP) BIsZm . 3Tk
BYE T 5 MWL A $1.25/kg BEE PP, $5.07/kg By AP, $6.27/kg B A
(http://novozymes.com/en/news/news-archive/Pages/45713.aspx) . $10.14/kg B & 1 23 A1
$23.30/kg Mg 5 1112, N2 4.5 7] L Y, MLSP M JE A 22451 11$0.559/Kg 73 711 3% J9$0.477
$0.616.$0.634.$0.795 F1$1.166/Kg. 24414k 2 Fig 1) Al A 5830 K L8 AR [R] IR (540 1D,
SR B A H47$0.039/kg 725, T L-FLERHIEA R 45$0.477/kg. {HRAZF] R
AP, PN gERBNNEEESWREEAR. B0, el q:RXEEmn
1 () 5), B A2 o 7 47 AT 0 S 3 R B RD R4 B T 2T A I 12500, A
A E%$0.724/kg 7=, KR MLSP 9$1.166/kg. FEA REIRAEK T P g RAE 77
RS, Ho5] B8 H 2k B Trichoderma reesei 4 & BT A 78 %) B8 9wk 1Y) NREL
B R A O, BARLE (A 7 A A R S BN T B SN, (HR R A A
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$4.24/kg BgEH, XTRIF) MLSP S4$0.559/kg. 45 SRR, FIAYER ABEARL, 4R
() RARATI SR A2 A F KA AT I AR A 7 V242 7= L-FLIR I B pi 2 — o A A7
2R 4 R g S 7 SUR R LG G, RIS 75 B0 AR 77 £ 4 2 I 1R R B3 AT B A
OB WRgERiAk, RN 7 B AT A A Y, (R B R T T
MRS A E R

R aa POV L-FLBRAETF /NG

Table 4.4 Summary of L-lactic acid yields and conversion costs

Feedstock handling rate 900 metric tons/day

Annual operation time 8,000 h/yr

L-lactic acid yield 269 kg/dry ton

Total capital investment $186 million

Plant water usage 6.1 kg/kg L-lactic acid product

Plant electricity use 1.502 kWh/kg L-lactic acid product

Minimum Lactic acid Selling Price $0.559/kg L-lactic acid product
Feedstock contribution $0.237/kg L-lactic acid product
Enzyme contribution $0.130/kg L-lactic acid product
Non-enzyme conversion contribution $0.192/kg L-lactic acid product

K45 L-ABRBREEN LA LR AN
Table 4.5 Estimation of MLSP and the impact of cellulase price on MLSP

Enzyme price case Base Case Case 1l Case 2 Case 3 Case 4 Case 5
Enzyme unit price ($/kg protein) 4.24 1.25 5.07 6.27 10.14 23.30
Enzyme cost ($/kg product) 0.130 0.039 0.177 0.195 0.355 0.724
Feedstock cost ($/kg product) 0.237 0.237 0.237 0.237 0.237 0.237
Conversion cost ($/kg product) 0.192 0.201 0.202 0.202 0.203 0.205
MLSP ($/kg product) 0.559 0.477 0.616 0.634 0.795 1.166

Base Case: Cellulase enzyme is produced by “on-site” production mode with the same design in NREL model.

Case 1: Assume that the cellulase enzyme protein with the same value to soy protein, the cheapest protein on the market ?*%: $1.25/kg
protein (2011%$).

Case 2: Assume that the cellulase enzyme protein is purchased under the price estimated by Kazi et al®¥: $507 per metric ton of the enzyme
broth containing 10% proteins, equivalent to $5.07/kg (2007$).

Case 3: Assume that the cellulase enzyme is purchased from Novozymes with the claimed enzyme cost of $0.50/gal ethanol

(http:/novozymes.com/en/news/news-archive/Pages/45713.aspx). In the proposed process %%, the ethanol production is 21,672.41

kg/h and the enzyme usage is 579 kg protein/h, which are equivalent to 7,256.35 gal ethanol/h (21672.41 kg/h is divided by the ethanol
density 0.789 then transformed to gal). The enzyme protein price is equivalent to 7256.35x0.50/579=$6.27/kg (2010%).

Case 4: Assume that the cellulase enzyme protein is purchased under the price estimated by Klein-Marcuschamer et al®®*on the fungal
cellulase production: $10.14/kg (2007$).

Case 5: Assume that the cellulase enzyme is Youtell #6 purchased from Chinese enzyme market at 13 Chinese Yuan (CNY)/kg enzyme with
the protein content of 9%, equivalent to 13/6.2 (the present exchange rate of dollar to CNY)/0.09=$23.30/kg (2013$).
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44 W

W0 1% (viv) FEALERSS, Mo 7R R R IR AR R 20 B P A IR S i
FC T 2R R TR] R FE AR TR B 1 PT PRI AT LI SR AR Tr) . B IX B B M S IR TR, — A
10% (viv) BIEERp ek 2 DS I HL RO & 1) L-FLIR K. 0.8 wm L TR, 28C. f
12h $iiHE: 1-3min Z&A4 T () PR Bt 22K A= I 25 ) [A]F J5R 1 6 R4HIE] 2 RN .

W TR S, A B o TAEE P. acidilactici TY112 LU KAS AT AR SZE
T 104.5g/L [P S L-FLER R I T1.5% M43 2 o P AU Y] Aspen Plus 4>t FE A HULAN
LT AR B ORI I HIARHE, L-FLIR AR I 4 9$0.559/kg, +2i H A iy 44
kg L-FLER. th4h, AHERMBAL S L-ARBEKEN IS —, R4
Wil A 7 S A R R R T R SR RTAT AR e R B LN T e —
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B5E EXRETHRELETAERERAAERR ML Aspen Plus
BIRMBAREZ 5N

51 B|E

AR RV AT P S KK R R s I 1R (RN O Y gty 2ot
AR IR B s 18 s K D8 R0 U B 1 T LA I A 02, 2014 4 A ER (KK Y 7 B2 40
femdi, FLrh 70-80% HI T EE A B0 240, DL /D I N 0.03% (wiw) 5, ]
BETR AN /K VR 2Bt 0 T SR B2 100 75 minl2oM) . A 2 WA gl L 4 I e e 2 T 5k
AW R BT R . TR K JE R E KU DGR R R, Rl S ah G T, SR S
FE AT A FAH AT R A3 2 00 SRR B AR H i 20 0 TR A e AR B SRR

ARIR A4 R AEY TR ER -5 2 MBK AL EP . fEZRTIRFFE A, DAECKREFT N R
Bl 8 220R B Aspergillus niger M276 ST 45 v ik B (1) 76 ) WG 18, 1 HLK Ve 22
Vgt SIZ I 2 W JH AT DA RUCHE K K e R b it 1] 2901, (LR Aniiger X6 AL B 5 A5 2T 4 25
M EII R AR BURR, 2 TE B AR T4 A% 28, RIS RERI I ARE o ax Sl 4%
SECIFRI = REAL, AR T HOCE] Tl AR

N T T RS FH £ TR T (13K A ) S, 3 LA R T A 0 DR SRR AR A R R 11
2= [GBAPE4HTE Gluconobacter oxydanst?®2), G. oxydans 40l &4 == & 6 fe % 44 %
TR ACHEANILE O RO ARG . ACRE IR RTAR R 10 AU A SR R PO, i L
X A 2R B 0% AR AL, R R AP FEARE R, AT
R IR T Ak 21099 20U | e gy i 2451202 2031 2 10y K AE AT JEURE, A Gluconobacter oxydans
DSM 2003 47 i 2 B I ACHHE i L & B S e . AR e 0 T 880 467 0 R R AC R IR 2 B 7 W 1
KRG RE . RN, 3T Aspen Plus JAEREANLS eIt FRHEAT T VEANAIEL R & 5%
43 #T (Techno-Economic Analysis, TEA), ASZEL T A 45 4k 25 AL 40 0 AF 7= 2 W R 4/
ABERREN ) AL AL B R AL IR IR FE R

5.2 MES5hHE

521 JERI5HE

TORFERT R A & &, LA 4 R B A S R 2 11 3.2.1.
5.2.2 PP SRR

25 W) i B 1 A Amorphotheca resinae ZN1 28 3.2.4,

FALE ETFEFT B Gluconobacter oxydans DSM 2003 1 [ 72 [] ik A= 49 B R A5 o o

( German Collection of Microorganisms and Cell Cultures (DSMZ), Braunschweig,

Germany). 73t .

TEAL RS R %L 40.0 g/L sorbitol, 20.0 g/L yeast extract, 0.5 g/L MgSO,7H,0, 1.5g/L
KH,PO4 1.5 g/L (NH,);SO4, 20.0 g/L agar;
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FhFRi %L 80.0 g/L sorbitol, 20.0 g/L yeast extract, 0.5 g/L MgSO4-7H,0, 1.5g/L
KH2POy4, 1.5 g/L (NH4)2SO4:

R 7 %5 80 g/L sorbitol, 20g/L yeast extract, 1.5g/L KH,POy, 0.5g9/L MgSQO4-7H.0,
1.5g/L (NH,)2S04.

5.2.3  FHEAEMD BRI T A A 72 5 R RN A BE IR AR

T AR AT R AV #5752 18 3.2.4.,

it 75 J5 1 BOK A AT ERHE 5 L B0 50 L iy R 2t H 22 1 AW I B 2 1EAT Bl 7K
filt. AUEREEHEN 10 mg HEE/g £F 4%, 50°C/KfE 48 ho {HH 5 M 17 NaOH ¥ i
I pH A 4.8, BE/KIRE R G AT B 7 B A G. oxydans DSM 2003, #F
B 5% (viv), RJGEESE 1.0 wm. pH 4.8. 35CAH1400 rpm F#E4T 72 h IR %,
ff/H 7.5 M ) NaOH &A1 pHo BEAGI S AR Ui bE e, K EER A Rushton 4
PEI . REESE ARG EA IR BB R 100°C LA, 5 R ALY ZE. RIGHK
FEM T T8 I AN 4 A I mT 43 3 G 6 20 B B BRI AR B R BN ) 72 i
5.2.4 ATk

T RTR AW T R 5 e ) R R ) DU € i A HPLC (LC-20AT, Shimazu, Kyoto,
Japan), Ut HPLC Bt SPD-20A % UV/VIS &l #%(Shimadzu, Kyoto, Japan)fll HPX-87H
Tt %43 (Bio-rad, USA).

BT AHE BRI | 5- % LS N 2R A DN 7 4TS =2 A8 A HPLC (LC-20AD, Shimazu,
Kyoto, Japan), Ut HPLC ECA RID-10A AR ZH 6kl 2% (Shimadzu, Kyoto, Japan)Al
HPX-87H & t4i% 4+ (Bio-rad, USA).

g 254 5 {3 Bl HPLC (LC-20AT,Shimazu, Kyoto, Japan)#&ill, 1t HPLC Fl#&
SPD-20A UV IR ZE 3 546 2% (Shimadzu, Kyoto, Japan)#l YMC-Pack ODS-A #I {43 1
(Bio-rad, USA).

525 % PEIRAARERR 52T 5

28] H R A5 2R 52 O S B 6] 60 W 1R 1 1 5 B b DT 26 A T 45 381 R 28 MR R 1 L
{8
[GA]xV —[GA], x V,

[Glu], x V, x1.089

H A [Glulo AW MBI EHEIRE (g/L); [GAlo FI[GA] S 7l N A B BT 5 i %) Kl B 1)k i

(g/L): 1.089 AR¥E Ak 27 e v X7 267 0 AE 1l T BE IR ) e e R 3 VN Vo KR I
RIEEIARR (LD,

AHEBRAG 2 58 SUNSERR AR P~ 85 38 - WA T 15 31 A A HE R 1) LU AR -

d= [XA]xV —[XA], xV,
[Xyl], xV, x1.107

HrR[Xyo NATEEARBHKREE (g/L); [XAlo MXALN K BERT G AR BERR K E (g/L); 1.107

R A 2 I R AHE A 77 AR R (R L e IR 1o VM Vo R BT I AR IR AR (LD o

Gluconic acid Yield = x100% (5-1)

Xylonic acid Yiel x100% (5-2)
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5.2.6 % HERREN T dn A 7K e 22 BRI AR O I

XM 7RI K Ve 2 EE R MERE ) = AN FE bR BRI A]L (PR Im s A K e iR s
HSEHAE 50 L AR IO 25% RO AR 77 1R 6] 2 W R ) R TR IS 448 1o 1 P ) 9 0 BT 90 15
SR S RS TES J3A5 FH  PE €, UA: 281 £ 267 W PR AW AN AR BB R AR & 7= i (i 6 b
PR AT A HE R BN (IR B 43331 4 124.95 g/L 1 64.27 g/L) X =M RFxR.

Vet P 1) 00 5 AR PP [ [ A GBYT 1346-2011 K YBARUER T /K& Btesmt e, %
SEPERT IR 7)) AR (R Bk SLIAER AR AR, FE, Bl WE: $RR
BV I 5 AR E bR GBIT 2419-2005 (KB RAP IS B 7715 7K Ve 5 B (1l
SE AR [H [E FR GBIT 1346-2011 (/K YebntHEA B2 /K & o de&s I A L 2258 PEA 0 712D
5.2.7 REBAAERZ G-

TR R 5255 25 FAE Aspen Plus ~F- & E56f P IS s 5 A Il B R AL = 4F g 2=
R 2T R R () st R AT AL S AR T B . TR AR R R R AR AR Y, 2 7E NREL
BETHR A AU b, AR TR AR R W R 2R 7 (R HEAT FH B AME .
K 5.1, MR EREERIATACEE, FUALEE, i, FgERMEEMA. PSR
B e Ele, PRAKALEE . R RIS AR A L 7 i i A7 DL A A F RS 10 A4S B

T RAE AT I AR BOR A PR IR AR BEER N1 Aspen Plus i R AL
RGN LS IR 2 %, KELL50% (wiw) % B B BN A BE R BN TR A7 S I B AR
4y (Minimum sodium Gluconate/xylonate product Selling Price, MGSP) £ 9474k & i %
FERR N AR R A = I R A BE M T I Z2 B V- FE b
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Fig. 5.1 Flowschart of cellulosic gluconic acid
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5.3.1 il 1 BE R K I S K U % 4 711 B FH S 56

Zhang 58 ] T KRS AT B TAMBRALTE . VB E . BEKME. B2 5 1E
KRR T S, 7 v A A W IR R VR (132,46 /L I & BERR BV AN 38.86 g/L A B iR
i) PO (B EREB TR, o TR RARS R == 0 AT [ 5 B 6 4R 2 1 R 1)
g, FrLhx BERH TR MRS RS AT 0 55, T BRI 77 0. il
SPREEZAFIIAL (pH. Befh . VA% pH DGR E . REHEE . BSE. EE&EM
D KRB, 7E 5L AEY RN 28 30%[E & & 500 rpm. 1vvm. 35°C. pH4.8. 7.5 M
NaOH F1 5% (viv) FRh & R Bt FE B X PoiE b5 & B 7 =07 50 L A
SRS AT TIOR, KEESE R 5.2 Fios.

Glucose -8-5L -6-50L
Gluconic acid B-5L -@-50L
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Time (h)

5.2 5L A 50L [z MLa%H HH & SRR A AR TR K %

() H&MERR; (b) AFEER; (o) PGt (5L N#sH i &K BES&f+: 500 rpm, 1vvm, 35°C,
pH 4.8, 7.5M NaOH il pH, 5%#%Fh&; 50L S 8745 11 & 1 2% 4= 300 rpm, 1vvm, 35°C, pH 4.8,
7.5M NaOH # pH, 2%3%Fh&E)

Fig. 5.2 The co-fermentation of gluconic and xylonic acids at 5L and 50L fermenters
(a) Gluconic acid generation; (b) Xylonic acid generation; (c) Cell viability. The fermentation conditions:
500rpm, 1vvm, 35 °C, pH 4.8 maintained by 7.5M NaOH, inoculation ratio 5% in 5L fermentor; 300rpm,
1vvm, 35 °C, pH 4.8 maintained by 7.5M NaOH, inoculation ratio 2% in 50L fermentor.

H AR LR TR, X B R R R 5 L R SLES 1) 5% &K 50 L /R Bids
[¥) 2% . MFE 5.2 FRRT AN, PR SN #8 RIAE AR S B T LU IR R BRI 5 o 76 B L R 2R
] IR AN ACHE S 1) R R FE 43 ) A 106.21 g/L A1 47.89 g/ (R 24T 118.13 g/L %1 %)
WERR4AN 54.24 g/ HIAWERRSD, MIRENIITRHE S Zhang ZPONL SARIE . 76 50 L %
I FH R 28] M R RN A IR 1) R IR i 40 ) 106.20 g/L AT 56.75 g/L (A4 F 118.13 g/L
6 T BEBRAN AN 64.27 g/l HIARHEER S, S BREAIIIRFE =I5 182 g/L. T3 & 1 PR

(5%JE /D02 2%) FE A KB I B B KT 5 L RNV g0, HEE 72
h KEEJG, 50 L RBLHsH IR R B0 T 5 L RBIER .

W 5O L AR I 2 HH P 2 W IR e IR I e P 7 B [ 9 8 A0 €20 )5 5 52 LA DRk
TGN B, R T H S S A R = = . RBLERT
VE 7K Ve G870 48 FH 1) 7= b e R U B A b o 22 4 ) 260 W R AN AN B PR 4 A 2

(0.03%, Wiw) IR IIAE R GEEEFRIL I, FLoz e RCR 5 v b A7 0 B B = Rl 28
PRI 5 P S0 A AT DA HH R8T 2657 0 TR B R A R4 ] B o B 7K Y 2 e SR TR A 5

P 5.3 JEZR T AN /K U8 S5 3 511) (1) 58] 267 478 TR B R A W R BN R I 1 ok N 11 3 I ) S 11 7
MR N R SR AT LI T o P TR AT XS R AT S o A RO R S5 41 4 P e
AT B ARG — B0k o AR S50 38 i 0 B 1R K 8 SR AR A 23 AT R ROW 2 AL EE 34T
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RS 1 21 2 2% 1 6] R R AN RTTAC R TR A Y 5 7 it JEL A R T b ) S 6 3 T 0 7 i [P
TG, AR 27 i A AR B O S 7

K51 FERERPNAERMKESZEFIERIT FINEHEA 0.03%, ww)
Table 5.1 Assay of sodium gluconate and xylonate as cement retarder additives. (0.03% (w/w) of additive
dosage)
Properties Blank Control Produce
Initial setting time (min) 161.544.5 2285435 283.543.5
Final setting time (min) 214525 278.0#0.0 327.547.5

Fluidity (mm) 227535 247.042.0 296.5#.5
Soundness(mm) 1.740.8 0.740.2 1.540.6
Compressive strength (MPa) 33.9 30.3 32.2
Flexural strength (MPa) 6.5 6.5 55
Blank Control Produce (b) —e—Blank —e— Control —&—-Produce Component
(a) Mass loss (%) —— —_ —_ 3500 -
100 - DsC (mW/mg).

--------------- - 4.0 '.'..,CG(OH)Z

F 35

+ 3.0
95 A

Uncombined water
Ca(OH),=Ca0+H,0

CaCO;=Ca0+CO,

F 25

Intensity

F 2.0

90 A
F 15

F 1.0

i 1 0.5
700 800 900 1000
F 0.0

85 ; i

Mass loss (%)
DSC (mW/mg)

F -0.5
80 4

F -1.0

I -1.5

Intensity

75 B
N, F-2.0

T 25

70 - L 30 0

Temperature (°C) 29 292 294 296 29.8 30
(c) Control Produce 20/°

A ARt

8

Intensity

500 @8

40.8 a1 412 414 416 418

Bl 5.3 H&EFERAKIEEEHOIHLE T
(a) AREDT: (b) X-SFEATH 704 (o) MREEHfli s se 2Hr
Fig. 5.3 Hydration mechanism and microstructure assay of sodium gluconate and xylonate as cement
retarder additvies (a) Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC); (b)
X-ray diffractograms (XRD); (c) Scanning electron microscope micrographs (SEM)
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5.3.2 AgEF A FEIRA S R A5 o b
# 5.2 Aspen Plus BRI EEBMASH

Table 5.2 The main process input data for the established Aspen Plus simulation model

Features Values
Pretreatment
Sulfuric acid dosage (%) 25
Residence time (min) 5
Temperature (°C) 175
Pressure (MPa) 0.89
Solids after pretreatment (%) 50
Glucose yield from glucan (%) 4
Hemicellulose sugar yields (%) 40
Furfural yield from xylan (%) 3.3
Acetic acid hydrolysis ratio (%) 60
Biodetoxification
Temperature (°C) 28
Residence time (hour) 36
Furfural conversion (%) 100
Acetic acid conversion (%) 70
Glucose consumed for cell growth (%) 5
Xylose consumed for cell growth (%) 50
H,S0O, neutralized (%) 100
Saccharification and Fermentation
Temperature for hydrolysis (°C) 50
Temperature for fermentation (°C) 35
Residence time for hydrolysis (hour) 48
Residence time for fermentation (hour) 72
Solids loading (%) 30
Cellulase dosage (mg protein/g cellulose) 10
Glucan conversion to glucose (%) 87
Xylan conversion to xylose (%) 82
Sodium gluconate yield from glucose (%) 97
Sodium xylonate yield from xylose (%) 90
Glycerol yield from glucose (%) 1
Glucose consumed for cell growth (%) 2
Sodium gluconate concentration (g/L) 118
Sodium xylonate concentration (g/L) 64
Product recovery
Purity (sodium gluconate and sodium xylonate) 50% (w/w)

AR 13 BOL 7 22 b I 1) A T SI2 3 485 SR 7. Aspen Plus AR 158, BB F2 i A
W EZESHUNR 5.2 iR AT B E AT 30 JimiT T KRAEF, FEEr
] 8000 h, #R4#E# 7 ff) Aspen Plus JiFEAAL i 4 AT kM 5, WK 5.4a iR, 75
NA RSy IR BERRANFIACHE R YD) &80 50% (wiw) [F7K BB NG, Fr=i&
N 32 i, PR EIA 1.07 W/ RS R . ARSI R KT RE N 2.46 I, {H
2 LEUKAG I R B, TR ZE 0.6 /M= 5 (1B i /K P . U4 B B G RN /K A B T 20
SV FEREKFER) 19.16%F1 57.120%. A= — W= iy (R B K= A2 B R 0.94 Ti/Ii 7= i
FET AR IRAL B T B A KA, AR T 77 dn B B
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DAP: 0.026 t
. . . Enzymes: 3.302t —_—
(a) Acid solution: 18.821 t Lime slurry: 3.592 t Protein: 0.130 t CSL: 0.063t Sterile air: 10.000 t

H,SO,: 0.938 t
H,O: 17.883 t

Steam: 7.543t

Corn Stover

DDAP
CS:44.118t

Glucan:13.429°t
Xylan: 7.324 t
Lignin: 5.910t
Ash: 1.849t
H,0: 6.618 t
Others: 8.988 t

Dry Dilute Acid
Pretreatment

PCS: 70.6591 t

Ca(OH),: 0.720°t

H,O: 2.918 t

Oxygen: 0.700 t

Biological

Glucan: 13.094 t
Xylan: 1.223 t
Lignin: 5.910t
Glucose: 0.358 t
Xylose: 6.658 t
Furfural: 0.189 t
HMF: 0.069

Acetic acid: 0.367 t
H,0: 31.321t
Others: 11.470t

Y
CO,: 0.987t

Detoxification

H,0: 3.106 t
Others: 0.066 t
Water: 56.335 t

NaOH: 22,500t 0O,:2.284t
NaOH: 4.500t N,: 7.586t

H,0: 18.000t H,0:0.130t

Y VY

Activated carbon: 0.500 t

High-Solids
Loading
Hydrolysis

BPCS: 73.964 t

Glucan: 13.094 t
Xylan: 1.223 t
Lignin: 5.910 t
Glucose: 0.339t
Xylose: 5.939t
Acetic acid: 0.102 t
H,0: 34.886 t
CaSO,: 1.301t
Others: 11.170t

CSH: 133.601t

Glucose: 13.315t
Xylose: 6.077 t
Glucan: 1.506 t
Xylan: 1.101 t
Lignin: 5.910 t
H,0O: 93.001t
Others: 12.691t

\ 4

Waste Gas:

8.339t

Gluconic Acid
Fermentation

Broth: 157.850 t

Product

Recovery

Product: 40.049 t

NaGA: 13.706 t
NaXA: 6.318 t
H,0: 20.025 t

NaGA: 15.693 t
NaXA: 7.233 t
Lignin: 5.910 t
H,0: 113.038't
Others: 15.976 t

Y

Lignin Residue: 25.945 t
Lignin: 5.910°t

Glucan: 1.694 t

Xylan: 1.101 t
H,0:9.118 t

Others: 8.122 t

Waste Water: 30.141 t
NaGA: 0.721t

NaXA: 0.332t

H,0: 20.784 t

Others: 8.304 t
Condensate Water: 63.111 t
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(b) Electricity: 800 kW Electricity: 1266 kW Electricity: 560 kW Electricity: 793 kW Electricity: 337 kW
I I

Gluconic Acid
Fermentation

I I
| | I
I I
I | I
Heat duty: 9993 MJ

Recovery

A

Dry Dilute Acid Bioloaical High-Solids
Pretreatment D tlo .(;.glcta.l Loading
DDAP etoxitication Hydrolysis

Heat duty: 88665 MJ

Heat duty: 21725 MJ
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(C) m Capital Recovery Charge ®m Raw Materials & Waste m Process Electricity
% Grid Electricity % Total Plant Electricity m Fixed Costs

Feedstock + Handling: 5.8¢

Pretreatment : 0.5¢

Detoxification: 1.0¢

Enzyme Production: 3.0¢

Hydrolysis and Fermentation: 6.7¢

Product Recovery: 1.7¢
Boilier/Turbogengerator: -1.1¢ W////

Storage: 0.0¢

Wastewater Treatment: 0.3¢

Utilities: 0.3¢

-$0.040 -$0.020 $0.000 $0.020 $0.040 $0.060 $0.080

Summary  Minimum sodium gluconate product (50%) Selling Price (MGSP): $0.182 per kg product

Feedstock $ 0.059 per kg product
Enzymes $0.030 per kg product

Non-Enzyme Conversion $ 0.095 per kg product

Bl 5.4 FRFBEFEFGFEREEERWAERNODEAREREE L= MBEADN (BA/NRD () PREIE: (b) BEEER: (o MR h
Fig 5.4 Materials, energy and cost balance of cellulosic sodium gluconate production from corn stover feedstock on the hour basis (tons per hour). (a) Materials
balance; (b) Energy balance; (c) Cost contribution details from each process area (per kg sodium gluconate/xylonate product). Abbreviations: CS, Corn stover; DryPB,
Dry dilute acid pretreatment; PCS, Pretreated corn stover; BPCS, Pretreated biodetoxification corn stover; CSL, Corn steep liquor; CSH, Corn stover hydrolysate;

DAP, Ammonium phosphate. NaGA, Sodium gluconate; NaXA, Sodium xylonate
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TR DR A P A A 2 A RO IR JEOR AT AR B . AR AR
e [ S K AR AT A . LA 7= i RIS T B BRI ) Ch) () HBFEFR 2875 ReFE T 5.4b
FT7R o A2 1 P= i 75 LV FE 3006 MJ [ In#i 47 fur , AH 4T 1.09 Wi (1) #4257K (268°C.
1.3 MPa). AL Z& /AN R T B ) = 28028 % 0 il A6 1 s 25951 18.05% 41 73.65%,
A H R R = 2 50°C g ARR FEVH FE 1 s 28R BEFER 8.300%. A7 1 Wiy i 75 22
THFE 252 KWh [ HLEE . TRALERJG TORAEFF MU 3 . AE AT R W B A2 A0 v Rl 52 1) il A 1
RO BIVEHE T HCEAE) 26.51%. 21.36 A1 11.73%. W71, AR RRE AN R
A4S BB T s BRI, T HA 2 R T A4 N, 2978 125 KWh/E = i

Kl 5.4c ZIH 777 O B G AS [ E AT AR AR I L . TAL B T BB kg
i I A 22.$0.030.  FOKRFEFT A1 A AL B I A 70531 9'$0.058/kg 7= ki A1$0.054/kg 7=
dts 23l B BUA ) 32941 30%. S A e T BT iAS J9-$0.011/kg 77 i, X A2 RN
ATEBF=A T IR, FAEE 30 JmiF F KRR B B &8N 1.07 {436, H
HIPERRAN S T AN (MGSP) 9$0.182/kg, HA AEAT EORI A . Bl A FI S 1L B
A 53 9$0.059, $0.030 F1$0.095/kg. FHA%L Gt ()48 FH K AR 77 11 ] 260 B IR B 7K Ul 22 ot
7= i A B OB R IR B 9 98% 117 b B 4 24 8$0.516/kg s 1t T 4E [, https://www.1688.com),
LFYE R B BRI IN T A IEE ST S /. B0 B AT b R AR R B
f R, BI$0.263/kg (50%, wiw) 7=, ARIH RIS E RN 3.79 4 (F 1
SERRITRD, W% A R # N 37.65%.

AL UM R TRACHE . [ 25 A= 5 35 0 v [ 5 AL 5 R B ) VR A R R 2
5T 2 24 2 0 A0 BE TR BN 77 i BB A8 5 T K D A 6] B RV it S A IR OB o B T S IR AT
Aspen Plus ™ Jit 2 B 0L ) AR 28 55 53 1T R B 50% 1) 7 29 4 B2 4 7= it (1) Bl A A
$0.182/kg, FNYER S UR 1458 &1 B EAAE L B R R B A A T 3 1 35
5.3.3 ML BT G AR B R R

EREARZTE S UL — AN e B B 45 B R R AEPIRS T, A HE EORHE AT AL T
Bt TACEE T B AEWINieE LB WEL S R TR, “F4eRBgfEfiAer= T, 7= i Ek
TEL RKAE T B B R B TR, FRE=MiE7 TR, UERAHTRETE,
T R BN EL 6.64 1470, B2, SLhs MR L) iEARZ IR T E,
M7 5.3 fix.
5.3.3.1 AWk R EECE

BN Z G EFE KR, FTHREL N R ES R E AR R RGN, BT T
AEFETRESS, ZRIEIIE R S . a6 2 R L E R E K
J1R HF) BB 0.4 JC/KWh. S2F5_F, 2010 4EE 5 R i (T 2B R NED
Ji R FRAN A IR B AT, AR A B K FR T H 4 — AT FRAT BB 0.75 T/ T R
i, CAAEYIBUR B AN R, R RN i (50%, wiw) IR RCASKE 2 M 1,128
JE/M ($0.182/kg) FEARZE 1,041 Jo/mii, ¥ i 4650 2 3.43 4.
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xR 53 ZEFISHT
Table 5.3 Case analysis
MGSP TCI (0.1 Pt (year)  FIRR
(CNY/) Billion CNY)
Base Case 1,128 6.64 3.79 37.65%
Electricity subsidies 1,041 6.64 3.43 42.14%
Feedstock subsidies 1,089 6.64 3.61 39.75%
Selling lignin combustion ash as fertilizer 1,051 6.64 3.46 41.69%
Considering above three factors 918 6.64 3.06 48.03%
Selling lignin residue as fuel 1,164 5.07 3.34 43.39%
Purchasing enzyme at price of 144 CNY/kg 1,427 5.76 6.49 23.58%
Purchasing enzyme at price of 115.2 CNY/kg 1,333 5.76 4.89 29.42%
Purchasing enzyme at price of 72 CNY/kg 1,191 5.76 3.78 37.88%
Purchasing enzyme at price of 72 CNY/kg and 1,233 4.19 3.31 44.11%
selling lignin residue as fuel
Purchasing enzyme at price of 72 CNY/kg and 1,191 4.19 3.11 47.27%

selling lignin residue as fuel, as well as receiving
feedstock subsidies

5.3.3.2  RAEYFEFFI MU

2015 4F, LV HEA E R R RSEZR . MBEE . AP IMRE TR T T ii—
IR AEFEFT 25 &R A SR TAERIEAD), BOR S HUEWF B Bl . 4
RS OF AN PR B0 A5 7 T 5635 78 SR R T RS AR I IBGK - #5748 TR R A IS 0L,
A FH LIRS AT AN, L 22 OB SRS AT A LAl A AR 8 R AR YIRS FF R HE 54T U I
AN, WTTE E AR K 2 DL RS AT 1 RS2 B FH 2 SEEAT 23 MU, G AR K R R A PR
50 JUZi A ANFEREFTAEMIANG 40 JuE A HERAEMIREFF ISR .. Bk, SRS
MU 30 JEAE A o ARUIARTI H ] LIS 2] 40 SO/ T AEFFAANIG, T84 FE X TN ik
1,200 Jiut. HiEPERREA= M (50%, wiw) AR 2 M 1,128 Jo/mifF{K 4 1,089 st/
M, # B RIS 4E 52 3.61 4.
5.3.3.3 KArBMRIIE

AR R IRE R J5 2215 BB T BEARK K 5y, e Horh P AT K TR S = #4H
2% (wiw) . YRS R B — RS AT 5B AT = 2E 54 kg MIIXFERIZK S, P A1 K IS ETR
Ko WFKGX LIRSS B H, AMAXREYA 28, HERE I Z. BT H
A ARBAREIITE 77, a0 SR IX LI oA I =40 B0 2 A I 90 B ARG o ) A
WRIE BRI A AR ROt R (P AT KD & &5, Sk 5] LLLL 365 T/
W A% . T BEERAN S i (50%, wiw) FRIRASE 2 A 1,128 Jr/mlifE{% % 1,051
JO/, BT RIS 2 3.46 4.

HE N F R EIR =R CRANAMY . FEFFANIS AN 73 B AR I, o 6 AT WE IR
e (50%, wiw) FIRRACKE 2 M 1,128 S/l % 918 Ju/ili ($0.148/kg), #¥tlnl



#5102 7 BEEIKRSY WL¥MBT

A4 %E 25 3.06 4.
5334 WRLY4ER N

BN E B A 4 =B L) X WITEALAE ™=, BT AE Rk, . YR
=, AR T EMAE M AYEREG. W LU T3 1 £ 4 2 B 6 U A 77 2 )
SR Jl i 1 4 25 68, Bl RRACRE 23 2 35 B o B R SCHR T AROE AR 4E B B A% 31 Je/kg.
39 Ju/kg A1 63 Ju/kg, LAERMGMIEEABORKIAME M. TARYE/E iR 1/t
BAAEREHI, A% Sk 144 Jolkge KT P AGIA R AE Pk T, 2R R B A
BAEH K. WIRGEWALA g RE A FIT L KR et TR A, s KT Bar
3% SR BN A% W SE 2 24 25 g, T EL 1 2 MR IR A 1) (R s 4% B8 2 KT 0.88 127
2Pl 144 Ji/kg [ 100%. 80%FN 50%, Bl 144 ji/kg. 115.2 Ju/kg A1 72 Ji/kg T SE 41 4k
RGN, I EIRAN T i (50%, wiw) FSAR 5> 1,427 Jo/m, 1,333 s/ 1,191
JG/
5.3.3.5  RJi R iR H R 5T

FEAED R T A R AT AR o 2 TR () A RN A 4 R i A = T A5 TR S AR R T
Bo QIR AN NG SEAFYE R TR AIL TT, B0 o0 AR R AR A A b R A e R A = L /R
PR 2GR, T2 RER B RRES ST EE BN ES ), s KRB H
SIS, (PR M AR — E e R . 2RISR 2RI 1) A e #
£y 18.88 MI/kg, & T EHl IR 16.74 MI/kg. @R H AT B0 418 422 Jt/
W, MRAERVEITE, AR RRETTLALL (18.88/16.44) X 422=485 Jo/WiHiEELL K H] .
T FETEEMEMIAL (6.2 JG/KWHh . BZEFI T T ST SN 1.57 126,
N 5.07 /07G. HiGIHERREN i AR 2 5E 3 1,164 Jo/ml, (A BT EISUHR 2 M 3.79
SRR B 3.34 4, W5 P9I AR HE AN 37.65%3 R F 43.39%.

L SR [F ) 2 R 0T 21 R A AT 4 A (72 Jolkg BRER D, ASK 218 s 2
1,233 Ju/ifi, WiH SRR RS 4.19 4, T RIBOHECD 21 3.31 4, 055 N B e Z4
3] 44.11%. G0 S B AT R A AN, AR AT BRI 1,191 Jo/el, R
SRR 3 3,11 4F, W55 PN RIS 22 42 =i B 47.27%.

5.4 #5i8

PLEKFEFF A ERE, it T 20 IR AL B A [E S A e 85, A SR E
(10mglg £F4EE) HH4T 30% (wiw) & [ & S B AR, ASIEAT [ 40 85 75 7 e

Gluconobacter oxydans DSM 2003 i3F47 %] %) BERR/IAHERR I 3L K B . 72 il iAsE (50 LD
(R A=) s B8 HR SIEIAL T 118.13 g/ L 11771 4 B TR S AN 64.27 gf L R AN B 4 v R i A Tt &

T I L E KV G R R bR 7 AT MO 2 BN BE 23 AT, UESE T 41 4 22 3 A B IR AN AR
R BR ANV A 7 it 2L A5 R 7 b g I 26 R TR 0 ™ ot (R bR PR G2 O R, DRI A T 25077
HAREFHIN ).

PV ) Aspen Plus it FEASALLANI 28 5 73 A1 3 BH 15 A DI il 52 AR A 7= 4 4 2 i



BREAIRE WHlyMig 5103 1
PR ELAT (R B R ACRE AU R A I 5. 50% (wiw) 78725 W S/ AC B R B 9 25 2 S 1)
B A5$0.182/kg,  FHVE M VB 131 2 MR 40 AH LL LG 3R K IR s A R i 3 115
M BN HMI . FEFTRMISRIAR 23 B SN, 7 i BB AR B A0 7T M1 55$0.148/kg -
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E6E ETTARBRFAALENERTARIREMGSEMRFER G
%

6.1 BIE

AP A S ) SR I 2R G R 52 A (R A AL I R BT 3 B R A, AT A |
FEAR K I = AL BT T I 9 B 2Pk . B R ARl ) i A AT A B4 1. $0.2-0..3/gal
[RILT o4 25 2L RRASTT™Y . AR, R ) PR X 8 90 A 4 B PO AR S5 2T 44 25 A 0 R R AT
Wt AT A HNE R T TR T, fRERENTEESMATIN . ED R
FE B EREAFIRE R, DURZZETT . RAGERZR ™ H AR, RIS
AR It T R A 38 i T R 1 7 2T S KR R R T K R S SE A T
HLH AT R AR 5 80T (R T 21 4 3R Rk R P e 37 B 5 A S D 8% 1) SRR 5
JEORMILRE | 5 e e 20,

PAA o7 21 4 2 A= W I 9 SR () B8 —ARAE I IRRL B lAs s IR SGAR 2 1 35-50%,
713 B4 A U 5 38 JUR R AS 1 50-759%%%0), e AW U E Ty T, H AR A A4k e
HH i SR P 5B B A5E 2 X 3anh s i 4 19 5 3K (Regional Biomass Processing Depots,
RBPD), H[¥t /N [ S48 21 1 A= 4 Joit JEUREFE 25 A il s AT 60 Bk (pelletization) 21 s Bk
(briquetting), KRR RIABORES R 10 500 EF @SB HSE T, (A
— 7 S B AR B FEAR P2, Ak, Dale ZE4R 1 — i et ) IX gk a4
Tk, BIKs A= Pt il i A B 8 4 20150 2 DX 3t A, AR 0 0 e 4T 4 I T Ak 3
J&, AP 2T BRI B IR KP4, 8 TR s ER 3G el 2 5 J5 P Ak
RS M E AR T, BERT T RN R A AL AR P2 S Al
R EOR T B AR R K HE S RAERE. 2 T/NEL, P G KA. M I
ETREAFL, BEAE FTAT (T BE 5 508 & T 2 e 2 9%0, AFEX J2 5 T
I ERTTAL B R B8 — AN R, HIAFAE— 2L 8. AFEX TUCERY MmN, KA f
A AFEX TRALZR 5 AT 75 K BT BB A AL BEIE IR R RL B BE s OBRAK [
(R R AT R B2 S s T 0/ B 0 PB4 A B e 1280280 Sy A Tl
AT Rt IE & T i AR B 1 55— P8, FLTIUAR BRI ) ] 75 & 2096-50%,
AT EACIRAS N Sg e, (H2 BRI, R REREFE, T FL A B R A 5%
E PO HE WU EOR, IR IR TRACEE . FRBR (B BRI Tk, thiE Rk
S5, U DAL KR PR K HE RO R S (A, ANE & 0 Bl 2 A5 20

TAMER T (DDAP) 2% & UM R il Al B4 H 1) — PhSodE Y, SRR T 1)
BN LE (2: 1), TAbERYIRL R e 2 B 1) T BHATEAS, PORHHERR % e 5 £5 A L,
{6 H g 7 IR E F RSN AE 3 A JE YR B 2P, SRR K B
FEIR R P U DA B AR O B 4% T o, B 4 BRI B B R 020U 5 g s A= 4
R BE R ARAE TR FERE RERE S TR AR IR 1 3005 et B A R A e a0 2920 e
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5 5 1 v [ B PO AR A B B T S T A i 1) LA AT LR R ik P 9% 29, 1=
FRTTALFR R AR 58 IR T AFEX FI 2R 558 FOUAL B () 471 (AR 28 i Al A7 R o 8t 46 RS 1)
)R, o B B AR AL T — Pl I B ke
AR EE DLV B AR S B, DA [ RN S [ AR AR RS AT RN T i AR A

YRR 0T &, 75 Aspen Plus VAR T- & EXT DURAVEMIFE A N R R AE 24P 4R &
BE I S AR AT IRARE LI E AT S BP0 o THE LU T8 F T UM R Tl AL BT AFEX Tiikd
TR o3 5 QA W o A B R FE A LRI AT M RIS LR T B AR M AR U7 K

( DEPOT, distributed preprocessing ) #H & it i) £ b 0 A= 4 Jig Wic 46 77 0 ( CENTRA
centralized processing) FIJERMECA . B T FUSE L™ i AR I 22 R, FR 40T BRI T H
3o 2 S T B A AR MR RSN 2 B AR R 52 o 5 SRR B, 8 T UM IR T A 3 1) 23 B
A RS T 2% 1 AR o b 5 AR T I FH A S L R RS A= 4 e ) s 9 % 1)
&
6.2 MELEHE

6.2.1 R ARSI AR E RS

A3egiit 7 EKEE (Mainland China) () 31 NM&TH (AMUFEGTE . BT
A 48 AN CRIEBTHLNHAT BERMD [ TRAEFT . DEREATRUKRE AT
=R BRI AT AT AR R R 7

RAEA X 2013 S FEM A (FoK. D B K7 E (p, O MMM ER
b (&), Al RIS A XA EAE BT ORIAREYIRA B SRR R I 24
VR R ARAEDREAT LB €, T AT BIAS [R] DX 30T - 2E MR A AR AR D RG 7
X B SR R RAEYARSAT 18 B 1), K ol F T A0k i) R AR A E DR T 7 B B
PLAEAN X I TR (S, km®) 1T LA 30 AT AR M0 R AR AR RS AT O A 25 B (tkm®),
W (6-1):

P%  (6.1)

o=

r

HEFRERE B R AP EE KSR (www.stats.gov.en/ D, JLFESE 15 i
5 E ok B S E AL E (www.nass.usda.gov), ANFEIHLX ) EK. N FERUKFE K - &,
TP e FRFERT . /NERSFFRUK SRS FFI A LG & 43 HIHK 1.25, 0.95 A1 1.3%%1, H
AT A L AR AR DARE AT 2 B T AR AL FRDRE S A LR Tl SO sl 4 R 77 Gt A e,
B T3k 205 & TSR, &N X R AEP RS RIS AR AR A] F . A3
K Qiu SFFHHE, (B T FAE AR B AR AR RS FH 6048 12 35 003 43 0 — 21 H i1
FAFHRB A AR AT, S [ AT VEAR AR S S8 T8, i AT 36 [ %M 3
ANHH (o) HL 36.8%17,
6.2.2 RAEMIFEFFERHAS B g 7 =

THEARAE YR AT IS AR, RSSO R, APt T T [t X
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A SR ER RACH 04, BB A AR - 510 A, SR AR AT P Al ] o [
BB DXIR A A EYREORL SE 4, InAEMI R )

AN E PR ) AT YR B B AR A E RS AT e A B ARAE R AT B SK A Cpn 38
A Co AL E A Coo

WSKA Cp ($): Cp=CpiQ, Cpi AHLLTRAT W ($/). Q = mR%*a, N
Pl LT S s va B N T AR R ) B R A RS A B (D, Herp, R v R
P42 (kmDo o AT F ARSI RAEFEFF 0 A B (Ukm?),

BRI RA Cr ($): ARAFWIRSA & EERUIK, @5 R i pleAs 1 2R F AR AR A
JE R, G BRI AE R RIS R AR RAEREFT (I8 5y 200 i A

B FONE G R R ARAIEDIAE RIS R T7 20 (CENTRA)D,  BIERLAED ki TN
52 Lo B IR DX 435 P WSS AR AR RS AT JE0RE, Gl 6.1a B o WOk XN LR MR T2
% Cu (&) WEAER Mot L. HEiEMmmEANEL, SIANHITH T B BT
ik, A

2

Cy= j;z;zr(l— 0)a AP, dr = 3 R3L-0)eP,, =-QL-6)P R (6-2)

Hep, P, =P, /[p,—w,)] NEALEEYIFEF R RS ER ($I(tkm)), P, FRik
SUBHI PR ($/(m>km))o py N KFEFF T 0.2 FE(Um®), wi NIT RS RAEYIREFT &
KEZE, 0 Nisfnd R R RIRE. r AREVREFREL i b s (km). 2GR
B (r, km) MR RIS EATWE R RAEMREFE A, HERIITUEEKITE, I
2 BIFR AR A 2mesdr (km®), T B3R _E A USCEE (R AR AE MDA AT TR B (2mrdr X a X (1-6),
t) FeLliz$iE (g, km), FRLITEIEHHZE (P, $/(tkm)) iz 2% Cu.

5RO EERAE AT U EE T7 X (DEPOT),  RILKE /N X 35k Py USCAR 2 AR AE W A
A DX el pid 22 5 iy A BERRV i Aok B2 5 166 AR AE DR AT s S B T SRS P 3 i 21 A W0
il )20, Wi 6.1b s . FETHE /DN R AR YIRS FT 12 i AR i U B 96 el
AT S BIERTE, PRHAS [F] XS AR VS AT Re = A U . IRIEA X (6-2)
THE/NX BT R KRR RS S 9%, PO T PrE B9 O XECR AR YIRS A i ds 2t
AL (6-2) 1HE. 2B i AN/ G KRR 2 A A T s 9.

Cpi=QpLP,, (6-3)

P, =P, /[p,Q-w,)] ATRAEL G A AEDIREFE I BREI8 50 3R [$I(tkm)] - p2 AT
REFRJEAEFF AT AL (M), wo T B SERI I &K QNS | AN NX I AT i 4
BIPARAEMREFTE®), Lo | AN/ Y T KRR B (km)o T 43 SO Ak BEAR
A MR RIE TR

C,= Z.n—l(z Qi (1_ e)ﬂpmlRi + QiIBLiszj + %Qc (1_ e)ﬂpmch (6-4)

BI colro

3
HAR, = /5, /7 » N IA/NXIRM U2 Um®), Qe AL DX Isl AT YSL 4 3 (¥ A AT
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Re O XS (R LB 2142 (Km) o B n AN/ N X3k Y R AR P As T35 27 %Qi 1-6)P R, $
S AR JE RS S B A H L) i s (QALP,,» $) FIEWIKE T Frfe/
X 3k K AR AE PR 112 (%Qc(l—e)ﬂPch, $) AR A o B R A E RS FT AR T

Hiz#iH Cp.
HABRA (Co): BIFEREENH . ANJITA. G, XA SRR
BT p U LT,

(@)

B 6.1 RIEMBEFTBEREE
(a) SErhAEY AT, (b)) B EY R CRERM Y SBEEXE, BENILIEN
A Jo A Bl SRR X3, A A R N AR T AL, R T A R e AR o Ak Bk A5
ENIE, WEEENRIEDFRITZ P, A aEEk A G RS S R
Fig 6.1 Schematic diagrams of crop residue collection.

(a) centralized biomass processing; (b) distributed biomass processing. Black rounds are total collection

scope, black dashed hexagons are biomass processing depot’s collection scope, red five-pointed stars are

biorefinery plants, black five-pointed stars are biomass processing depots, Blue arrows are crop residue

flows, and red arrow are pretreated crop residue flows

6.2.3 T ZMHER A FE K A PE I &

FKFEFT RS S o B SR 3.2.1. TR HULIE T ES 6 3.2.2,

AT AT L AT AR S, e TR 272 mL (R ES, B Tiab
G KFEF M 15 om miBEEAVE 25 R, FRETHE G5 BITAL B S kIR S % R
A 3 P, A IR O v E AL B R OR RS AT IR 4R S8 N 0.743 UmP,

6.2.4 LUER OBEA”

VIR EE T ES IR 2.2.2. 8 G RN T AW AR =R OB . 1 i )G
FIVRIE 30%0E & & 10 mg B R /g 214 3 460 F TRk 12 he 2R 4k R BRAE A 12
WidEfS CTech2, JEAREENS 203.20FPU/ML, HH & &4 87.31 mg/mL. FREL/E 0k 2
WA, HEFEAAE SRS 92 g/L 1 60 g/L. RGN KELHEF Saccharomyces
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cerevisiae XH7 AT [ & 58 30% 1) Rl BEAIL A& B, [R]BR) B 7K v Hh 1) e 20 R AR
B, 96h J5 LEEIRIEIAH 85.1 g/l ta KR4I KGN 7y 0 i K 15 BUA R
99.5% IR 2B . A=Wk FE o Z BE I B 1550 85.04 gal/t T-R5FF (254 kg/t), WLER
3ENE
6.2.5 I FEAA A BE U Tk

BLANIRAL A I ) o 2 A 7 T T

— 2 DX AR FE S e KNG AR B AR VAR AT B B 2R J5 AT T AR IR T AL 3,
TIALFE Ji5 $ s 4 2 P S R R VE RS AT 25 2R e i B O A AR Ik ) 1) gt — 2 n 1

TORAER OB LT AR IR A B 16 A o R R B R ()DL
RSG5 B B IR E GRS R TR AT 19 25 W TR AN - s Bt /K U 75 38 R A
WPE N 99.5% I BRKL L BEF= o KBTI AR =R A KRR IRE . 20 [ 5y 1
G, PEKIENBE K AL F B T HEAT AN, AbFR S K FTAE N T2 AKIEFR R o AR &
VS [R) R K A B 77 A (R R RS T 1 e T3 N [ R A8 e st IR Lo B T3 A2 2E A Ik il
T AT R R R RS, 2RI HEEENAE R A

KR L ) AR P £ 4 5 2. Aspen Plus i RN B2 2 55 -0 77 1k
S 2 . T ARZNRFW LBIEEIZE, BT O 81578071 A KB 58 4%
HE 2011 4F NREL fr #1345 1169,

6.3 SRSt

6.3.1 AT Ak A AR AT 0 A1 2 FE

FRAEAT . AKFEREFT AN ZREAT 5 2 2010 48 o [E AT o 21 BB AR A R #2001
41.38%. 22.85%711 15.73%%), AE4) R B R 40 A 43 BIORNZE 5 U AR M RIS S IO P
FEAREE, o EEICRAR TS I 2 BRI TR X AT DAl 2 A4
SRR AN 2 X AR K. A E KR COAEFEEE . FEAETD 5K
FEFES NEREFTERUKREREAT =R AEREFE /T T AE R R R, AR (i
B A0 EFATBUX I, (CFlas0An) 34T 7 gt or b, FFRZEE G T 7 — Lk
oo BB = FRAEMIARSAT 5 KR FF A RIFE LT 4E R C B AR P M BE

M 6.2 T T A B KBl b DR AE YRS FR 07 . BRI TR AL R R VE A RS
FFEEE MBS IR, 225N 6,944 J5Ii, 5,942 J5IHiAN 4,705 Jimi, HAl& 17, Wik,
Lo 28 Wi DA I R AEY RS AT S 2 AT 1 3,000 ik, {H72 Tt
sk e S M RN 5 R R FEE R[], AT F T A bl AR VR RS AT A B 2= s k. AT T
A AR VE RS AT P2 B 22 I8 0 & BB RV, oA 3,480 J3 s LB Ak V2T 7 » 2,306
Jiis AR, 2,050 . FORAEFE. ANEREAT ROKREREFRX =R £ ERIEDRFT (s
§#) 65,368 Jilli) Hn] H T ALY IS B2 24,998 I,
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Fig. 6.2 Mass output of crop residues in China at 2013
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@) (b)

0-10 ton/km? 0-10 ton/km?

10-20 ton/km? 10-20 ton/km?
20-30 tonkm2 20-30 ton/km?
30-40 ton/km2 30-40 ton/km?
40-50 ton/km2 40-50 ton/km?
50-60 ton/km2 50-60 ton/km?
60+ ton/km2 B o+ torvkm?

(c) (d)

0-10 ton/km? 0-10 tonkm?

10-20 ton/km? 10-20 ton/km?
20-30 tonkm? 20-40 ton/km?
30-40 ton/km? y 40-60 ton/km?
40-50 ton/km? 60-100 ton/km*
50-60 ton/km? 100-120 tonvkm?
60+ ton/km? 120+ ton/km?

(f)

- B e
0-1000 ton 0-10 ton/km?*
1000-2000 ton 10-20 ton/km? AV AR Ty Y
\ e N oSN
2000-3000 ton A 2
20-40 ton/km? < }

\ 2 ) { .
3000-4000 ton - 2 40-60 tonvkm? ~ v
4000-5000 ton 60-100 ton/km?
5000-6000 ton 100-120 ton/km®
6000+ ton 120+ ton/km,

B 6.3 HEAMSEE R T A5 K REM RSV A6 1B 5
(a) MEHE -FEMMERE; (b) PEE=FLIMEL; (o) PEEBNFEIMEL; (D HE
2013 FFEp A s (@) RE A 2013 SERAEMAEAT & (f) EE &N 2013 SFERAEMIRAT 70 A %
i3
Fig. 6.3 Distribution of crop residues available for biorefinery in China and USA.

(a) Distribution density of available crop residues at second quarter in China; (b) Distribution density of
available crop residues at third quarter in China; (c) Distribution density of available crop residues at fourth
quarter in Chian; (d) Distribution density of available crop residues in China at 2013; (e) Mass output of
available crop residues in USA at 2013; (f) Distribution density of available crop residues in USA at 2013
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RAEVIRERT (S E B AR AN R T I 23 (B o0 A1, e T L e 2t (] 23 A o
6.3a-c JE7~ 1 A KBl s X RS FE RGBT R 0 A o T3 —2R (1 H~3 A) T34
428, B BIRA LRI, BBAREDFRF 4, Frbax B AT EIX AR
WERAEDREFF P & oy Ao 26 7R (4 H~6 H) RmiEHhX ChEAER) &/hE
I RCARA, RAEVIFEFT FER/ N EREFT, Fodh a2 o] T A R A E RS o0 AT
W, N 7123 tkmP, HE=FE (7 H~9 A RER MR R, %4
B4 1L X 7] AR W) B AR VE DR AT 20 A 25 FE #1720 thkm?. BB DU 2R3 (10 H ~
12 B RLAEDFREFE 3 B AR A X 0 M RE RS AT AN AR 2R 1 X () FOKAE T, HAoss
AT FH T A 0 B R A E DR FT o0 A 26 P e, i 62.21 tkm®s v LR AR MRS T 0 32
BRGEAT 7 H~10 H, MR REMAREF R 24 1A H WAL ERER DU T H ek
PIRIRIAE, BRI B (R R A E YRS AT U EE A AL ER R F11R K. B 6.3d AN X A4 m]
B 21 1 T A R B R AR RS FE o0 AT 5 B o P B R AR RS AT B U £ A TR R
R RALHLIX, HAPyT o5, RS ORI AR AT F T A b R A RS AT o A %
FE B E, N 177.18 t/km?, 138.09 t/km?. 117.71 t/km? 1 109.38 t/km?

5 ] F T AR B AR RE AT P 8 e oy A % FE ] 6.3e-f BT . SR RAEVIFE
FrEgEAERER PR, HopmAEEFM (llinois, IL) KIRIEMFSFES T Bk, N
6,478 Jifi, HUCHLEEIN Clowa, IA): 6,462 F5l, WATHHINM (Nebraska, NE):
4,969 Jimti, BHJEFRiAM (Minnesota, MND: 4,071 Jiifi, AR EARE, & &M K47
WUHAR L — , By LA N AR E RS AT 20 A % 2 5 77 B R AR — B, o LB FL M Clowa,
1A, FERITEFM (linois, 1IL). EFEE 224k 1 CIndiana, IN) A AEH 80 (Nebraska,
NE) RAEWFEFT AT 25 43 BiA %) 7 163.175 t/km?., 158.93 t/km?. 124.56 t/km? F1 91.28
tkm?. X = ERURAVEMASAT (B R EY) 50,549 Fm WA T AR R EL
o 18,602 i, FHorp EOKFEF N 16,158 JiMf, T 86.86%-

AR EAAL, EFREDFRFT S EMIET HE, H2 3 E PR EDREFE = HAe T
e, BERITE R . HAESEE R EREFT R AN B —, TR R R
86.86%. K T AFEMAT 9 H~10 H, MAEMES T FEEFEEBIT, Wil
R E A B, 78 38 [ R AR VE VRS AT EAT A e 1) e 2 5 K 110 6 fiy 18t Tt LA 473 BEAR G
FEREEIN (9 H~10 AD BREARKIEDFEFT (FRFEF.

6.3.2  FrEEAE o A B R RIS o

FEAS FH A X AR P o e £ 07 =, 75 2 o A A0 P DX 3 A 3y i A . A1 %
SRR TA R AT 2 BRRAL BRAR A, V1 SR0AN [F) 25 4 5 A R i FIUASE S AR B 5 TR R AT
(PCS) MIALFRMA . ikl 6.4a Fian, TOKREFFEIMR . BRAFNARY 5 T AL BRI JS
BT TR, PCS IRLFEMBIAYER O/ T o WA EL S S FEN
JIMAN TGS, FALBEZEVAK Bk S AL, RIRSAE A okl . X 3aah 2235 55
TR FHAL R 5 FORFEF I S I 0 1 52 LI 6.5
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Electricity: Electricity: Natural gas: Electricity:
@ 19.84 2136 24068 40.76

v
Corn stover to . Pretreatment Store or Biorefinery
the gate of RBPD _’[ Grind ]_’[ (DDAP) l il Disc mill I { Transport I > Plant

b Electricity: Electricity: Natural gas: Electricity: Electricity: Electricity:
(b) 18.95 60.64 325 13.23 330.76 8269

Corn stover to . Pretreatment Store or Biorefinery
Syt —{ o | l (AFEX) ]_’m_’-_’[ e ] [ Transport ] Plan

B 6.4 XIRACLBRLE /R AW AL BRI AR I BeFE TR K
() TSR (b) AFEX
Fig. 6.4 Flowchart and energy consumption (kWh/metric ton per dry corn stover) of decentralized pretreatment operation in depots using different pretreatments
(2) DDAP; (b) AFEX.
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37 1
36
35 1

34 7

Processing cost ($/metric ton)

3+

Biomass processing depot scale(Metric ton/d)

6.5 ANFEXBACEY SHET PCS BN LA
Fig. 6.5 Processing cost of PCS in different RBPD size

M 6.5 7T LAE H, TIACER 5 08I0 T AR il 2 [X 5k Ak B 3ty 5 A (1) 186 i g B A1
EFFARGNE . b FAUE AN 50 t/d 3K 3 300 t/d I, PCS HHN T iAs T B B2 42
Ko T Z4AEFE R A 300 t/d 3K F)] 500 t/d i, PCS LA N1 Fg. Frbl, Xf
TR T OB R FRUAL 38 1) DX el A 3 53 (1) B AL BEMUAR S 1% 9 300 t/d, ST TH B AR
Yo AL BR S SRS AE A 300 t/d, M Tl A B S T KR FE IR AL BN T A B A
$30.16/t T-F5FF

i 6.4b Fn, {ERA4EENG-RERMEFES, JREMm G M F KRR T AFEX
TiAbHE, AL G IR I e s AT IR T8 ANE, E— DA A dEAT kb Ak B
53118 10 B v A R 8 5 1 A Ak SR 28, 33k B B e T SR R A B ) X 35K
AbER S RSFNSF AFEX TRALHE 1 X 3k AR BERE RN 5 14 o PR 1) 1 B IX UAE T AR IR
FRALEE 5 IRl AT DL B B 2 B AE MR T, 0 AFEX T BEE T AL R 5 i 75 B3tk —
R, TERAISIRIL . AFEX TARER J5 T4 A0 sk 4k 430 75 B VH AE 330.76 KWh/t F1
82.69 kWh/t (K HLAE . W21 A T H s AFEX TRALHE 5 RS FT S e 2, 5 eilE (F
RN RCERAG) [P HLFE o5 S B FEN) 82% . 2SR 75 15 AFEX Tlb B FEVHHE T
64.64 KWh/ t FJHLEE. TP O ARSLVEFE T 32.18 KWhit, W &5 2@ BFER) 6%. X1
TR R TRAL R VR e RN B R B AE JLVE#E T 30.63 KWh/t, 5 B FLFERY 59%. e kil
& AFEX THANEE (1) A= 47 ot b B i i oAb P — IR RS FF 75 2271 FE 506 KWh £ 325 kWh [ H
BE S KRR X R T4k B 114 [X 3 Ah B3 433 6 1 81.60 kKWh £ 240.68 kWh [1)
HLAE S RIR e HUFEAN R AR SIHFE 70 0] R b A AFEX X I0AL Bk £ 16% 1 74%.
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Table 6.1 fFHTBHERTALIRA AFEX FRACHE ) XIS Ab Bk i LR
Table 6.1 Comparing the biomass process depot of DDAP with AFEX
DDAP 1 AFEX ¥

Temperature, pressure and residual time of pretreatment 175 °C, 0.89 MPa 90 °C, 1.72 MPa

for 5 min for 30 min
Biomass processing depot scale (metric ton/day) 300 200
Tapped density after pretreatment (metric ton/m®) 0.743 0.253 1°%!
Solids content after pretreatment 46% 4202%)
Tapped density after pelletization (metric ton/m®) Not conducted 0.700!2%%
Moisture after pelletization Not conducted 91095 14
Electricity consumption (kWh/metric ton) 81.60 506.27
Natural gas consumption (kWh/metric ton) 240.68 325
Total capital investment (3$) 3,323,090 8,215,488

W 6.1 o, PR PAL BE D7 AL B 5 R KA AT [ & B AR =1, 700l 46% A1 42%,
{H2& T AFEX FUACEL S I EMBBiRs , 43 HARSEHE (0.253X42%) R+ MR
TRALEE FORFEFTHR L (0.743X46%) 1) 31% (T35, TERSHBENNE. TR
IR A A 4R 2 5 1 R [ 20 ik 3 0.7 t/m3 AT 91%, A4 T TFH5 % J¥ 0.637 t/m®
(0.700X91%) . {H 2 it 1) S BR AN I A% 2 {5 30 73 AR BB AN 17 S0 5 K o 3R A IO
T 3 37 R A2 S N TR A SR AR08 SREBE A I S8R (OB /K A I R P AN T 25 R 92 1 B, Tl
UL R IR AL B 5 £ BRARAE W SR T R R R 0 BP0 TR R AL B S Mk
IR A 0.743 m®, SEPRT-HIUA N 0.342 tm®. & 7K E Ny 15%[0 FRFEFFHT
LN 0,417 tm3B0%, 0 ik T AR T R S TR R IE S SR T 3.44 1%,
AT B — P (TR IR AR TR . VAR R PIAL B3k m AN BB 12 i A P ot i B} 12
g R, T HLAE RERE AR B 45 Bt LK T AFEX AL, A T 2URi R AR EE G 53—
AR AR, BT AV ER pH B RIE (2-3) T B A A0 43K 49,
FEIS B AE DR T T nT U~ S A 2OH B — A R A B A s, B
Z KIS 5 B2 K A — B AR P, T Bkl B2 0 8 v R A 4 A 1
NS T PR TB AR AN E T, TLFRIRMEMK. EIRB ]
PASE I AR TR AN B i i o P A, A P - M R T4k 2 1) DX ek BE i i A I e
RAKHE . KB B RUA BE R AW RIS Y B AN BRI TIA 22 5 S5Ok A A i IV R 25 1)
Fr DLRE T K A7 S5 3
6.3.3  J3 BUTRAL BRASE 2O AR P ) o 0 KBS B 2 B d AR A R 52 i

KIRBE VIl B B Br AR 35, (B BE AP R A (R 34 0, R VB RS AT U
EIB R RA 2 SURIBE N, PR A) ()P4 T LUR s B0 0 2R DR A, IE B (1) T A
RO A o AR R] FH T A0 B AR AR RS T 534 2% FE X JEURL s AR 22 7= AR AR
KEmi, HEmRmArgE R ZBERBREN . W/ 6.3.1 Frid, AFEMLX TFH R A
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PIREAT B AR KA o A7 38R T 53 BSOS [RIA AR RS AT 20 A1 8 X A W ki dme D R
RN L AR B2, LA 45t A v 561 0 56 AN ] 1t XRS5 3 B 2 0 | A AT
FARL [ 2R AR

AT AR 951 B BEAS R AR AR RS AT ST B A 3 B A S 10 £ mh (AR AR D RS AT IS SR A5 5K
A7 B AAE P REAT AR AR 2O JFUREBRAS . e L ) A e LB B AR O 52, s T
MEESHIEK 6.2,

Table 6.2 REARKFESH

Table 6.2 Major parameters for base case

Parameters Value
Coi $12.9/metric ton *°"
B 1.5 1297]
4.94% #°
a 109.38 metric ton/km? ?
Py $0.07/(m®km)
p1L 0.117 metric ton/m?* 3%
Wi 15% B!
P2 0.743 metric ton/m®
W 54%

i 6.6 Frw, BN RIEVIFEAT S AR B L MU Rmsgm, &
PR AR . 5 e M £ 77 AR B i, DEPOT [Py sicAS bl 1. #iAs
B0 G AR B 255 CENTRA, 1 HAHRF L) BB T, DEPOT Mg ¥ A i i
fik-7- CENTRA. CENTRA [#) MESP Fifi T.) HUEIE s TR, HAvasl it id 2,000
t/d 5, MESP 2| b, SRILH BRI A Z GG, X PP R 7™ i 2) 7 R
AN, EPIERS RSN 2,000 td B, ZEEEAREN A$1.97/gal, TR IEVIREFR
&3 FHN$0.39/gal, 5 ZEE AR 20%. BEI AL T TR %, RAIAEMRSFF
(RIS 4209 44.06 km. X645 AN 2 B SCHRIRE (K 3 Ay 109,

XIT DEPOT, ZBEmARENEE T AU e thid R I%, (H2 2 T faE
it 5,000 t/d J5, ZRESARE B DR T HUS R KR B 3G A AUk, LA g
AR, AR RS RN AR A 5,000 t/d &7 %] 30,000 t/d i, EARALAE
YIRS FT 012 2 M$0.33/gal 14 1 %1$0.59/gal, {H MESP XXM $1.72/gal 34 in%$1.77/gal.
RIE TSGR, A SRy 10,000 td I, Z B &HIREN &K N$1.70/gal. Al
CENTRA AL, AMEBEIGIN 7 ARG, 10 HAT CRE s BN FEIK T 14%.
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w
ul
)

18— CENTRA: Transportation —&—DISTRI: Transportation
]-O-CENTRA: MESP —@-DISTRI: MESP

Cost ($/gal ethanol)
= = N N w
o ol o Ul o

o
o

o0 0 5060 10600 15C;00 200]00 25600 SOC;OO
Biorefinery Scale (metric ton/d)
B 6.6 CENTRAUET M DEPOT W Jy A\ T EKFEFFE R A AN AT MESP FE T #IEAR
GA
Fig 6.6 MESP as a function of biorefinery scale

PA IR TSR3 B 70 Dy 2R, xed w1 R0 58 AN [R] 4 X8 A= 40 o | BRAS R A 2 1) 2 T
BAREN AT IO . T E RSO E 6.7 P, BE X AT T A YRR B R A E RS AT 4
AR FEARAL, B AR W N 500-15,000 t/d AEAk o A= 4 bk AR At A ) 3 [X AT
LS I AR P 1t DX3gf e A S8 A A MR T A1 85 P v BRI X o AR A= ) KA 1)
432 /NI (150-1,800 t/d). AHEERIRE (1,800-3,900 t/d) AIRHIEE (KT 3,900 t/d)
BOUTT 0, BT M. WEE. VORAETEACAIAE LA W R VR B = X A, A

- PR 7 A B BSOS B 7 ANV AR MR AR, B R 73 b X AT DA ST A5 R R
BRI T Y05 TR S AR BRVL. 2B WL AR AN ILER nT DL S AR
10,000 t/d HAEDEREI T, Hr L os DL Sy B AT T AR P Bk ] B AR A E RS AT o0 A 2%
B (177.18 ttkm?), AEWIHEH T BT IA 15,000 td. IR ) 2. BE BAR S 2347 WL
6.7b. METHIEE 10,000 td [MLFYER LEEAYIERS] T B, YLAR . TR R B
CEE AR EM K T-$1.70/gal 735 ~4$1.61/gal . $1.65/gal F1$1.68/gal. & [F 4% it 1
6.7¢ A1 6.7d BT/ o 244 FH 2T X0 I T A 21 19 73 S50 A= P I AL T ORI 32 AR el
FORIS, AP BRI RS R I 10,000 t/d B)AG BR]SE B EL N Clowa, TAD L AR /4 Cllinois,
IL). EREEZgh M CIndiana, IN). WA H 80 (Nebraska, NED. B JE 75344 (Minnesota,
MN) FIf&Z M (Ohio, OH). ZEEHKEM KT $1.70/gal KA LETLM (lowa, 1A).
FRTERN (Nlinois, 1L) FENEE 224N C(Indiana, IN), Z%4$1.62/gal. $1.63/gal F1
$1.67/gal .
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(a) (b)

0-1000 ton/d

$0-1.7/gal
$1.7-1.8/gal
$1.8-1.9/gal

1000-2000 ton/d
2000-4000 tonid
39 4000-10000 ton $1.9-2.0/gal
1 10000+ tond $2.0-2.5/gal
$2.5-3.0/gal
$3.0+/gal
(c) (d)
£ (. pa \ T
: A~ / &
(“‘ 1\ \\/ /h\\ / N TT——
T V‘” / \,\XK}J‘
) / T § / 7
9 [ [ L 4 / [ 1
: / ] Lo / I
T / o / |
\ / \ / [
\ — \ —
< A=l
< / /
= . p
L~ ~ L r—— ¥
0-1000 ton/d ol Q . A
1000-2000 tond :2;1 27 | AV SRR Y
& ) -
2000-4000 ton/d o 1-9/ga| N 5\
[ 4000-10000 ton $1-9-2-0/g:| d )
[ 20000+ torve -9-2.0/g
$2.0-2.5/gal
$2.5-3.0/gal
$3.0+/gal

B 6.7 ALKV IR AR R MESP 4345
(a) B L) HE: (b) FE-MESP: (o) EE-RMAL B (d) £EH-MESP
Fig 6.7 Biorefinery scale and MESP
(a) scale in China; (b) MESP in China; (c) scale in USA; (d) MESP in USA

HAT, g AP AL 13,600 t/d (&K 100,000 AR, ENT &N
450 Fimti) B2, Sk gmmkag, JE T 2R BRTRAL B0 75 BTRUAL B3 S AR S AR
T AR I AR AR 20 A A= 7 (R A ek ) T A, AR DRSS 1 A e P A
AT RE . AT A ERR UL, R AR T &S @ AT AL RIARIEHX,
1M 3% E AR VG, TN, XEIE IR A RSN S CGEED 1
ATBUX S, SEbr b HCBCHRBS AL A3, BA— R i, M5
i, AT EEK, Hh A BN SRS AL =88R, JEHE A B R
AR T AH 30 S 3 T MR o I R AR 1 N SRR, SARRAE YIRS o A %
FEARAR, 225 7 B MU A T e o an SR B S /N B — AT X R Ak
WAREF G 8, MR 2 . (HH BTRESAR AR, A ek R4k gl

6.4 b

KA gER AR TAMRIUEE 5, HTENERERERR 3~4 5. T
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T UM R TRUAL 2 1) 73 B A 0 o A Bt il FOA IR REAE L IR BT plAs . AL B B (18 5
B AN ARAEIIREAT LRG3 05 BLAGE TR I A7 S0 . AL SIS A4
JRSCER T AR B, 221 2R R T AL B2 ) 2 5 A 0 o i B T s RE S I S8 P R PR D RS A
gk sA, BAEYIERRIUE, XS LR R AR 174 14%. X RS, K
ML AE YR T &S @I R AL AP, S [ AR th e ph . AEIX
et X Rl T S SR LA A P 1A i R A ) RURAR L A AU R 10,000 td 1 AR R
"o TAREMIBRI SR BIE ], (73R KR L W PR RV AR L A 7= O RT
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FTE HrE5RE

7.1 GR5IFEA

H—&R7 ‘F KLEEAR, ORI TR A A w A0 2 2
WA S R BRI, DA B FE REAEFN /K FESCHIL 1 /8 8 B I 2 44 35 A= 0 03 ) A= 0 il
AR AW SUKHE TR ARSI L 20 s A CREA I R EME TR Aspen
Plus 1% 37 A8 F A T 20 4 3 AR BERLAE P2 AR RRL OB ) FIR SRk 22 i (L-3L
PR A BT HI4 AR, @it Aspen Plus “F- & b [ FEBIURT o FER 20 e, %ot
HFETZEIF S, QSR 550IE. BRATHIFN 500 & S5 ik % )
R RHAT 7RGV, SCI T TR B AR KHER KR &, £
)= b BRAS (R R MG BRAG 9 P AR OR R B v i 7 AN AT 2 i) T H R0 2 B ] 4T
PEVRIE 775
711 4w

(1) KFRFgERLT T MR BACE. AV 5T & B S 'R E DS
ICREESCIL T e 540 101.1g/L, Bl 12.8% (viv) I OBEREFIRIE . X LA T2k
LRIV ERREE (12~15%, vIV). TYEAEYIMREIER (DryPB process) A2/ 1 W44
KO LR LT 4 5 2B FE 262.95 KWh HLAERT 8.67 GJ 7815, KK AERE
771 t, WHEMTHEEDHEHSRE, PEAERPBNETERIZE (AFEX) I/
(529.19 kWh Hi, 43.25 GJ 787K, 18.95 t J&7K); it Z W HEA UK EE 2% (DMRO i 7% (1,028.57
kWh Hi, 18.60 GJ Z&<, 107.39 t JF/K); LA DAP i 7% (324.56 kWh Hi, 11.21 GJ 7
Ko 1391 t R, H—7, TIEEARA” 1 T KORE, %O FEHFE 34.46 kWh
Hi. 7.83 GJ Z87AFH 8.33 t [ /K o T ARkl 2 A 2 7= A K& ] TP~ 0Ok LI AR
FORIE, GE T H AR T, VRGN OB BRI . 2RV REA R
K= B AR E K LBE M FRAR AL T [F— /K P [R5 B8 20 AR ANIG . RS AT SRR UG AN K
YRS, CREMERAREN (MESP) Rk T-$1.50/gal. WA R B AR LR &4
KL AT DUKOK BRI H 4% %8, {2 MESP & — & f2 B I i .

(2) Wi TZekit, FEREsGE TR P. acidilactici TY112 PLE KRS AT A JE R SZH
T 104.5 g/L W L-FLER KB FN 7T1.5% M35 . N 1% (viv) WEMLERIS, fildk 7
Ty Ris iy 55 7R 2 b 2208 L R A TG SR DT 0 i 1 A TR R FE MR T T B T PRIR T DL 2R
R, GBI X R MRS, — A 10% (viv) (3R E 2 DLSEEI LR =
1) L-ALER &% . 0.8 vwm LB 2SS 28°C. & 12 h #ii#F 1-3 min FIZAF T HIPuIE i 54
A B EE T I ER R R 6 RAREE S 2 K. T o) Aspen Plus JEFRH 045 AR
SR BMERA R AR 25, L- AL R(CENK4$0.559/kg, L H A
Y FAER T L-FUER. AL, 4ERBERUAZ) S L-ARBICEN N2 —, £
DL 4 Z A T R A FE R 5 nT AT AR R BN 2 —
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(3) DAFAKFEF AL, Gad XM EE Tiah A [ A A i 55, {8 10 mg &
Fi/g 24 3% IR AT 4 3R 5 FH 23k AT 30% 1) = [l & Bl K Al 465 RS ANIEAT [V 4 B 4 b
Gluconobacter oxydans DSM 2003 4T & %, SC8L 1 118.13 g/L 1175 % BERR4A I 64.27 g/L
(R AR TR BN e A P R TR 225 TR o 1 4 3% 1 2 W R B R A W T BN 7™ ot LA R 7 oL ey 1% 7 2
PR AN it [RIRE F R PR G2 R o B ARG B VTN 3R B T35 AR W MR i R A 7 4 4 35 460 2
RN B AR BRI 7e 4 11, 50% (wiw) 8 25 R #N/ A HE BR A TR & 77 i I B IR
RA$0.182/kg, Ay By KU 1) 78 % BE R A AH Lt B 355 KA % . 4% e
HLA AN« REAF RN AT 20 B P~ B, 7= BB AR S A0 T 22.$0.148/kg

(4) X FH s - 20ORR TR T4k 382 S TR R RS A6 2 M 1) S R IE B R G AT T 48
RUHET . BT UM R TRAL 31 73 B M ot AL Bk il A (KRR FE . KR S liAc ., Tilsh 2
Ja B S B AN ARAE YIRS AT RS B R R A DA ROE TR R S LA A
eI b A S S T AR LG, B T UM R TR AL B 1) 23 A 1 U B T S RE % I Yk B
RN EDIRERT (RS S A, S AE D ERf UL, X1 OB B PR IS 740 14%. X
W SR, R R A s L) & A @R R SRdb R R R RbIX, 1 3€ [ ) 4E H 7E
HPEHS . 7R IR Lt X ] f N7 5 AR 2 A0 AR P (A M ) RS USSR 10,000 t/d
I AEPIRR ) o RO A, 84508 R A P i A A L £ B
A7 BT RE
7.1.2 BIHA

(1) BT TRAEMGEHIHARLE Aspen Plus 74 b4 FEL, A48 R AT AL
L, PACEE . AW SRR RBEAEALAE S MRS R PR B SR R AL EE
KRR TRB IR R L = i A7 DA S A F T RESE 10 > T.BE . Aspen Plus #5788 A& 4L 1)
Ao R PRI AE B MR AE 7 (L-FLER AN & B ) . [ 7 & A T [ [
5 B TR AR KIS TN J7 % . TUEAEYERIE R Aspen Plus & £ 55 PEAN 77T
DL SRS A 1) L2 2640 R0k R aT I8 B L 2K T VR A esdt, 2B Tk ik
BT IR AT SRR o

(D VAR A LR N IFRIBEAT AL A0S — IRSEBIL T 4 4R OB KA kI 100
g/L (101.1g/L, FHYTARFRIEE 12.8%), L HAT 12~15% (viv) BIFK ORE KR BERE
FHIF . SEE R, AR, ZVTHFE. KA B AR AN oK R
AT [E Ko AEP7 1 AT 4E 2 2 BE W HE 262.95 kWh HLAEFT 8.67 GJ 2815, KK L&
RA 771t OFEsRENIKT$2/gal, BHEBART HEEYIEHIIRE . XM EK R #
CBEM 2, 5 77 i T FE 34.46 KWh HLF 7.83 G 787, A4 8.33 t JR /K, T3 & Z1$2/gal)
ST A — 7K o ARREFE S AR K7™ A B DA AR AR KR IG5 1 AR Wit P ML A B PR B
SUERIATYE,  REIRAE A R A T A T it A 56 3 1 kR K

(3) I T2Mdut, AR S0E TR P acidilactici TY112 DL KFEF AR
BIS2HL T 104.5 o/l Bk EE L-FLI KA 71.5% 0 S E4b 15 2. B IRAE Aspen Plus -
& BT T TR A 4E R L-ALRR A~ AR i AL, HAR4E B EAE TSP
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HIFARA = L-FLRR AT H ARG T

(4) DAFRFEFF IR, 283 0 IR TRAC B AN [ A AR M 2 3 PR ARG (1 2T 4
ZH= (10 mg/g 21485 #E4T 30%[ & &= I BE /K AR, A 3E47 [ 7 B 82 Gluconobacter
oxydans DSM 2003 @47 & B%, SCHL T A BREN IV FE =iih 182 g/l (118.13 g/L [ %) bl g
FARN 64.27 /L FIARKERREN) MIREEL K. B IKTE Aspen Plus P& B T Tl B 1)
21 Y 0 A R R AR 7 ) A AR AR Y, SRR r [ [ 7 0 1k AR R R A 7 A A B IR
KRBT T ARG TN

(5) XA TR T4k R F R RN B B . BB EREIE IR A, DL 2
RAGERZ P E LR, FEH T8 T R R A EE N Al T it 2%, 18
JEOR TS 1 N7 A A7) 0 A B Sl it R TR AR R B R G o 7R AT AN AT 2 4 3R R
AT AT A FEAN T AR TALEE, K KIEm T RS2 B . SR 5K AL 35 1 J5Rk
B E O T AT PN, RKBRR T RIS R AR o XX i o3 BT AL 34 1)
BN RGEAT T AR . B T 7E A RN 52 AN [F) 1 X 1) e 0 A ] T A
FOFE L) CBE B AR o IR AT 27 4 2 JEORH BB R G0 nlKs A= il 1) 1) e A ASE
PR BN AL A 7 I R ) BUBAR I ) 10,000 t/K

72 JBHE

B TCLE Aspen Plus AR & B8 S TR AR BOR AR, B Al

s M A ) = D AR R %) s A R A ZR A5 R R AT R A A o 2t T — S8 S
PR T2 00, R T — L8 0] J XX L o) AT T Rk, (BEARTE R AR AR R
LAt BRI I

(D FEAYE AL E PSR E 1. X B Aspen Plus #7122 %4
SRR T 5250 2 AU R H0 o PR ORI B s, AN DR S TR OGRS T2, A
X B AT BUORR & 2 72 K S (R A BRI A2 B (PR TR 41 4 2 AR kbl Sk it , &
SN IEE R I A A A AR D, T B ARE AR . VR AR AR L kAL
LTS, (R Y) R B — B 5w B i iUR T B 7 Ak 26 B 1 S bR A 72 B 12 1A
i

(2) AW = S AR R ANHE S o TR E AR — M B MR ER,
W AT A1 24t 25 R B I A O TR Y T BRI R BB, X SRR RR TR A R S
L-FLER R A MR AL, BT LLAEFS D-AR . M BIR. B, 4 . WIS . X9
fRSLas O IR F5 I R, AT DUE FH AR SC ) v 8 S AR DG 1) Aspen Plus 43 #2184
FARE TGN T772

(3) TEAEDIEFIH A A= Ay I WAVEAY (Life Cycle Assessment, LCA). EARAR
LG TEE IR R R KRN B B VAT AT PR I A T B, (R IR W KRB
W ) R R = SR HE S B ) . ©R BT TR ARG AR 1) Aspen Plus 4537
FEBLAUL AT SR AL IR 3 VR PRI A e E AT S HAE , X9 A A BAVPAS ST R 1 i IR s ) ik
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fiffo

(4 THEEVFRIE RN RERES . KR SR TR AR AR 1 e Rt
rootir, K FRGRAGEEAT UL AC ek, PRI AR R, PR ARV PR R i g

(5) A ZR TR I BOH o AR ST S 21 81 7 i B AR AR 5 2K i A o
KA P BIBERRIK 73 o AR BRI RBE G 2, AR 7 rl AR AL AL B AR o 3
S, ARBUER SRR A 2 i 38 (10 30 i B B AT e e B E 2 T R PR KB DT B IR &4 A
PIREEEPE . e BEYE, REERGY Z MM RFGRAER KAE, F%
il b 2B R B BB RBEEAE R, IR RRE S TR BE IO B YR
o ARPURIXLEHIEHIME ZHE K TR IREIAE B A

(6) KK (18]S o BEREIK 7 & AW IRHIL RS TP K 55— Fh a7 o JLE &
KA P YA KT R Z M oeR, WA B AR B I R AE . (B4
AAEYIR S H R S A Ca #h, X0 5 2 HAR LRI R R AT K SR I8 IE -
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China Province Areaof  Corn yield Wheat Rice yield Theoretical yield  Available yield of  Theoretical yield Available yield
region (10" ton) yield (10*ton)  of crop residues crop residues per km? of crop per km? of crop
(10* km?) (10 ton) (10%ton) (10*on) residues (ton/km?)  residues (ton/km?)
North Beijing 1.68 75.18 18.73 0.13 111.94 29.35 63.30 17.47
China Tianjin 1.13 102.14 57.28 12.92 198.89 61.50 167.21 54.43
Hebei 18.77 1703.92 1387.22 58.76 3524.15 912.31 178.37 48.60
Shanxi 15.63 955.47 230.72 0.67 1414.39 316.43 85.97 20.25
Inner Mongolia 118.30 2069.71 180.40 55.99 2831.30 837.85 22.74 7.08
Northeast  Liaoning 14.59 1563.18 2.72 506.89 2615.52 744.18 170.30 51.01
China Jilin 18.74 2775.74 0.00 563.27 4201.93 2049.80 213.01 109.38
Heilongjiang 45.48 3216.42 38.88 2220.56 6944.19 3479.91 145.05 76.52
East Shanghai 0.63 2.54 17.64 86.83 132.81 63.59 200.27 100.94
China Jiangsu 10.26 216.43 1101.31 1922.26 3815.72 1817.90 353.31 177.18
Zhejiang 10.20 26.76 27.83 580.20 814.15 430.03 75.83 42.16
Anhui 13.97 426.00 1332.00 1362.30 3568.89 1644.37 242.69 117.71
Fujian 12.13 19.26 0.68 502.02 677.35 193.04 53.05 15.91
Jiangxi 16.70 11.97 2.49 2004.00 2622.53 1251.93 149.19 74.97
Shandong 15.38 1967.14 2218.80 106.63 4705.40 1311.98 290.65 85.30
Midsouth  Henan 16.70 1796.50 3226.44 485.80 5942.28 2306.05 338.03 138.09
China Hubei 18.59 270.75 416.80 1676.63 2914.02 1269.27 148.91 68.28
Hunan 21.18 185.00 10.96 2561.53 3571.65 1163.82 160.20 54.95
Guangdong 18.00 81.62 0.32 1045.00 1460.83 639.08 77.10 35.50
Guangxi 23.60 265.95 0.26 1156.20 1835.74 868.49 73.90 36.80
Hainan 3.40 12.09 0.00 149.83 209.89 118.44 58.65 34.84
Northwest  Shaanxi 20.56 586.73 389.80 90.95 1221.96 282.09 56.46 13.72
China Gansu 45.44 571.50 235.90 3.81 943.43 257.23 19.72 5.66
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Ningxia
Xinjiang

13.27
3.16

Qinghai

Chongging
Sichuan
Guizhou

Yunnan
Tibet

0.18
49.02
19.77
17.94
16.90

0.05
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us State Area  of Corn yield Wheat Rice yield Theoretical yield Awvailable yield Theoretical yield Available yield per
region (10* Mg) yield (10*Mg) of crop residues of crop residues per km? of crop km? of crop
(10" km?) (10* Mg) (10°Mg) (10*Mg residues (Mg/km?)  residues (Mg/km?)
Elr?;\;an d Connecticut 1.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Massachusetts 2.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Maine 9.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00
New Hampshire 2.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rhode island 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vermont 2.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00
The Delaware 0.64 73.37 13.59 0.00 99.45 36.60 154.26 56.77
Middle  Maryland 3.21 168.56 47.41 0.00 243.11 89.46 75.66 27.84
Atlantic Ny jersey 2.26 28.25 4.26 0.00 37.41 13.77 16.56 6.10
New York 14.13 240.12 21.28 0.00 304.54 112.07 21.55 7.93
Pennsylvania 11.93 404.23 28.69 0.00 506.23 186.29 42.44 15.62
Th_e Ilinois 15.00 5335.23 153.17 0.00 6477.91 2383.87 431.87 158.93
Midwest Indiana 9.43 2621.15 86.42 0.00 3192.63 1174.89 338.49 124.56
lowa 14.57 5436.32 2.97 0.00 6462.39 2378.16 443.41 163.17
Kansas 21.31 1280.21 873.91 0.00 2310.41 850.23 108.42 39.90
Michigan 25.05 877.99 120.43 0.00 1152.02 423.94 45.99 16.92
Minnesota 22.52 3287.55 182.76 0.00 4071.48 1498.30 180.82 66.54
Missouri 18.05 1105.45 152.80 49.75 1513.03 556.80 83.81 30.84
North Dakota 18.31 1005.88 743.93 0.00 1867.06 687.08 101.96 37.52
Nebraska 20.03 4099.59 108.59 0.00 4969.41 1828.74 248.04 91.28
Ohio 11.61 1648.58 121.9277 0.00 2069.03 761.40 178.22 65.58
South Dakota 19.97 2039.24 211.08 0.00 2613.75 961.86 130.86 48.16
Wisconsin 16.96 1115.99 41.83 0.00 1363.85 501.90 80.40 29.59
The West  california 42.40 87.33 88.45 216.10 450.69 165.85 10.63 3.91
Colorado 26.96 326.10 112.91 0.00 489.46 180.12 18.15 6.68
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Idaho 21.64 52.87 281.94 0.00 317.43 116.81 14.67 5.40
Montana 38.08 21.91 548.77 0.00 521.61 191.95 13.70 5.04
Nevada 28.64 0.00 3.55 0.00 3.21 1.18 0.11 0.04
Oregon 25.48 17.19 146.71 0.00 152.91 56.27 6.00 2.21
Utah 21.99 13.39 14.93 0.00 29.38 10.81 1.34 0.49
Washington 18.47 57.34 396.07 0.00 425.82 156.70 23.06 8.49
Wyoming 25.33 21.61 7.84 0.00 32.76 12.06 1.29 0.48
The South  Alabama 13.58 110.15 53.52 N 179.22 65.95 13.20 4.86
Arkansas 13.77 411.04 102.93 366.90 1034.78 380.80 75.13 27.65
Florida 17.03 26.35 3.05 0.00 34.07 12.54 2.00 0.74
Georgia 15.39 206.70 58.79 0.00 298.70 109.92 19.41 7.14
Kentucky 10.47 617.50 124,51 0.00 846.19 311.40 80.85 29.75
Louisiana 13.43 294.42 40.25 136.69 555.12 204.28 41.35 15.22
Mississippi 12.54 371.06 60.77 41.62 547.23 201.38 43.63 16.05
North Carolina 13.94 310.20 143.50 0.00 498.18 183.33 35.74 13.15
West Virginia 6.28 13.44 0.99 0.00 16.87 6.21 2.69 0.99
South Carolina 8.29 109.77 38.95 0.00 165.61 60.94 19.97 7.35
Tennessee 10.92 320.97 111.11 0.00 481.73 177.28 44.13 16.24
Virginia 11.08 140.82 48.93 0.00 211.52 77.84 19.09 7.03
The Arizona 29.53 22.93 22.72 N 47.76 17.58 1.62 0.60
Southwest  New Mexico 31.49 18.34 11.98 0.00 32.61 12.00 1.04 0.38
Oklahoma 18.10 114.18 286.86 0.00 394.72 145.26 21.80 8.02
Texas 69.56 673.63 185.48 50.55 1030.42 379.19 14.81 5.45
Total 48051.71 17683.03
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