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Bioethanol production from wood using paper mill facilities

Wood to ethanol project at North Carolina State University
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Abstract

Department of Wood & Paper Science, North Carolina State University (NCSU) is carrying out an
exciting project on “Wood to Ethanol”. The project is aiming at converting an old paper mill to
“bioethanol mill” by introducing some facilities required for the production of bioethanol. Produced pulp
is enzymatically hydrolysed to glucose and then fermented to ethanol. Then, the ethanol is distilled and
dehydrated. The whole process was evaluated using WINGEMS, a process simulation software specialized
for the pulp and paper industry. Production of ethanol from hardwood without paper making is found the
best feasible. The simulation would be more reliable by applying experimental data like the relationship

between lignin content in the pulp and the yield of glucose.
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* 2006 4FE T A ) A KHE M EEED (State of the Union Address);
http://www.hitehouse.gov/news/releases/2006/01/0060131-10.html
“We’ll also fund additional research in cutting-edge methods of producing ethanol, not just from corn, but from wood chips and stalks, or switch
grass. Our goal is to make this new kind of ethanol practical and competitive within six years. (Applause) Breakthroughs on this
and other new technologies will help us reach another great goal: to replace more than 75 percent of our oil imports from the Middle East

by 2025. (Applause) By applying the talent and technology of America, this country can dramatically improve our environment,

move beyond a petroleum-based economy, and make our dependence on Middle Eastern oil a thing of the past. (Applause)”

*x 2007 T AU A KHEH AR EEED (State of the Union Address);
http://www.whitehouse.gov/news/releases/2007/01/20070123-2.html

“We must continue investing in new methods of producing ethanol — (applause)

to agricultural wastes.”

- using everything from wood chips to grasses,



BT A LT 21 A5 ) — VR 73

RN D 2 BN B 59, 50°CHREM
DHIEFTARETH 5, IFBER D SIS KA
b, BRELIC X DEFERER I TE /I, Ll
Bos, AMEEKT 5 MR, wbid, &b
O—ZM5HETIL—LT =71, NI&lo—
ZEYTZ UM b)Y v 7 RELTRBEES NI
BELTEY, BEL L o— TR B
SR BLOOFNESBLETH 5, HEET AV A
T, I—VAb="= (EHHAILOFEER
WicERsy) OEEFRMIKS R D 723 O R LB D K
HDBEAIIT DN TOBS A, Kb, FRICEHEE
R Iod U T AR I F e s TH 0D,

3. Wood to Ethanol 7O 7 b

J—=2hus4FHILRETITDO TS
“Wood to Ethanol” 71 ¥ = 7 ME, EF{bhtE
AP I MBI THAFBNLT, =57/ —VAE
EETEIETEHDTH S, BETETIE, K
MF v 72757 bER OCSVEYT) ITX-T
PVT (MO BEAR) L, BEIIGUTEA
Likcob, WRIEERT, WAL EINSD
(Fig. 2), B 7ot 2izk i 2 & MO HIIL,
MR LA RS LT3 ) 7= VR LRI
WHERELT, BMEERT I ETHD, VIV
TRBHALL THBDT, EhOo—ZDBEENE
{, BERMKSRSRETH B, DED I T T b
IR AR RPLRUELE LT, AME L THE,
Honfo VT OBENKFRICEID LY ) =)L
BEETH &M TEB (Fig. 2), 777 bikid,

AHF

_ ; Y r=y
757 KR £ DT ELE-R

Ohob e eI R [~ i
B

REL LT
(zLm—REE)

\
=n \\@%nwkﬁ%
EBIZBY 7=2) \
\4
LT B
|
| seme
o I
v

#E s A i

Fig.2 BT ot X & V7 OERMKS

FEAEORBEORMMAFIHGETH D, BEXL
Ih7e7ovZAThHb, B THE T, KHHE
WERRS TR I KBS SOV FIkE h, & h
3 ERPINOBITAMICHNFAI TS Z
Eho, WHEOROCRBEEL SIS ) =)
BEEANDIGHICE LTS, Fh, KMEFHER
DO HOMNHITEN, FEITEAR—ZPF v 7
IR Z2 G952 E6HETH S, FAHBKLYE
ERAT A ELICLD, 770 MEEF X b
RIS 5 2 Ea[RET, AMOHERIC
LOUMB, 2L, Vr=vEEBIL, NItE
Vo—z20% MEHL, Elo—2b—HE—
VUSRI ETRbN S I, 2 61 AHEIED
PRETFTE2ONRETHB, EEE, A7ov
7 MIBWT, FELTT o R3HliOkHD Y
Talb—va UHEEAEY L, BRO—IEHK
ETp b, BRICETAEERICH N5,

4. 7ot R5EE

7ot ZOFHMMIZIE, BT o XKLL
EHIREY I 2L —v a7 b WINGEMS
(Metso f1) ZH v, Z2KDIF LA FOEKS
t, MERKFETHEREISNTWAN, BEATHES
FOHHESN TR NWESITHS, /—AHhoT
A FIMIZRFICTEHETALRKRLE O
WINGEMS ¥ 3 ab—va i, M4 x1dy ) —
JVBIYED 2D IZAFEL, BiNAKS R (Pretreat-
ment), BEHEMKSE (Enzymatic hydrolysis),
%% (Fermentation), 7Z&%§ (Distillation), T %
) —JVBi/K (Dehydration) D= b AEH7IT
BIMU T, ANk EE, BETRKbhEANIE
o —ZEZBENIEmE LTy ) — VRS
THELDTHDB, (LFRIGEME) = v TR
REACTION K v 7 2 (LR IISE) 27,
AT, HEERL, TRz h T hic >0 T,
757 MR T8 2 MBI IS4 50E U7
BEFR 7K R0 R BE ORI, RISUGO I,
NREL (& % 32—V 2 b=/ "—DBER MK
7ot 2O IZB T BIREICHE - T2 Bl
vIlo—2Z, NItv)o—2OBEMKGFRC X
2HMEER (RO, ROQ®) oElRIVLITND
0.9 &&E L1,



74 L8

Eha—ZERRENSEEANIEILO—Z
(C:HO)n + n H,O = n CH,,0 D

RN S BENI IO — R
(C;HO)n + n HO = n CG:HO; @

REEICIE, BIATEACK D TR FH] Asa]
BE &7 - 7o 7V 3 — IV REEHIW Zymomonas mobilis
DHMADBBE SN T B, NEKHE, TLIRKEO R FE
It % Table 2 IZ/RF o HED —ERH Z. mobilis D
BEICHEBESN I EbEESh TV 5,
Dissolved wood solid &id, & oW 3 RFEIRED
1A mE LT WINGEMS 5O EHTH 5,
WE, AMTHERTHRBSY LTS, WK
7ot ZIAHE LS OIRALRERYE, flZdc
5 ) —IVRRIEBTH 2RO T — 7 35
FNTNEL, ZD7H WINGEMS ETHEfES
Ly ) —VEEIZ Y FORIEINEE D,
HWHxTy ) —VREPLERBRDT -5
NREL"IZHE - 72, 28R B O BaHO K MBS it
BZ1d ASPEN (Aspentech #f) * Proll (SimSci
) BERHToERY I 2 Lb—F—MARTH
b, 4%, ASPEN THEHRLH > Ialb—vav
FEELTLLIWKES S,

Fig. 3127 — AR 7 4 DI %ERT, HEDAD
s A A — 2 (1. Base case) & L, Hiflizk
SEDOH M (2. Value prior pulping), HED fifpE
OFM (3. Half repurpose, 4. Repurpose), JF ok
DENEEEZAIETY I 2V -V 3 VEFT

Ut ILERMZERE LT, MOMEREYS, T
NTELY ) —IVITEMRT B —2T, 104 b
(Hedz) ORMMS, 26 b DTy ) —InES
H, ROBRFEEIENS SV EREET,
Sl MK 3 R bR & U CBIE A
fems, HBRIE, I— VA M= N—&FELBL,
B VTR ) r— v BICbEBSNE, 7
57 FERBERMBEL T o RD—ELTEZ
ol &, MERETLBRIES VT HREL I
RS0, —IIC SV THho ) 7= o GH &M
ZFE, PINRIINSLSBEE0HIBERLES
5200 YIS v EBERAREOVR VWV T AR
i3, ZAMREERIAEM, ok, EATLE
MH 5N, R OVTIRENE T, Kbhb
o — ZWEIL, K470 ORISR
LTLES, ThoxERMICKRIL, BEL
TRETHIEICLD, JOEEEOSEWT oL
AFHHAE[REE 755, ¥ ) — VRN KIZH
BEMERMTIRITHINL, D ULOEE EfHHE
REAMETHRETH 5, LML, TatxLhkoy
Sab—VvavEBELETTAILE, Yot
ANDE L=y FOREIEEEWEFEICT E/KT
18, L) —IVilE, RIS, BRRMlRE, BER
mmme — BRI 0D, FIIHEITEREITK
GoltHf OB (Fig.4) #IELLFEMT 5
twk,#muﬁgf@%%%ﬁo

Table 2 NEHE, FURBEISH U TIOE S T 2 RIS ®

Reaction for hexose Conversion
CsH .06 — 2C,H;0H + 2 CO; 0.9

CsH 1,06 — Z. mobilis 0.04
CsH:0s — 3 CH;COOH 0.015

CsH 1206 — Dissolved wood solid 0.015

(Unchanged: 0.03)

Reaction for pentose

Conversion

3CsH,wOs — 5C.H;OH + 5 CO;

CsH,05 — Xylitol
CsH10Os — Z. mobilis
2 C3H1003 — 5 CH’;COOH

C;H1yO; — Dissolved wood solid

0.8
0.05
0.04
0.015
0.01

(Unchanged: 0.085)
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