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Abstract

This study has showed experimental trials to expand the feasibility of fermentative hydrogen production from biomass-waste.

Difficulties of fermentation of biomass-waste that is impossible to use as animal feeding stuff or compost, so called “unutilized biomass”,

must be need for material pretreatment because of variability on its quality and generation, and complicated operation management.

Effective hydrogen production from biomass-waste with simple and easy management of fermentation must be indispensable for

appropriate biomass utilization process. Several countermeasures such as feedstock combination, ash addition, dry fermentation, and

inoculums development must contribute to expand the capacity of hydrogen fermentation of biomass-waste.
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Table 2 Organic acids detected from material for hydrogen fermentation

Propio | iso- n- iS0-
acetate| v | butyrate| butyrate| valerate] V2ICTR1E|CaProate
Food waste | 218 24 7 11 4 8 ND
Chicken
Manure A 551 89 ND 80 ND | ND ND
Chicken
Mamme B 949 | 283 69 136 75 ND ND
Cowmanurey ND| ND | ND 4 ND | ND ND
Composta | ND| ND | ND | ND| ND | ND | 20
Compostb ND| ND ND 17 2 ND 23
Compostc | ND| 2 1 11 | ND| ND | ND
Compostd | ND| 3 2 3 | 2 | ND| ND
Composte 69 14 9 21 5 4 ND
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Figure 1 Hydrogen production by dry fermentation
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Figure 2 Sequential batch fermentation using inoculums
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Figure 3 Effect of incineration ash on hydrogen production
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Strive for Zero Emission of Foodstuff Wastes

Ryozo Mitsuishi
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Abstract

Co-op Kobe Rokko Island, a consumer cooperateive in Japan, installed a waste treatment system in order to

estimate the possibility of terminating thermal and landfill disposals and to recycle various wastes generated from

the Rokko Island Food Factory, which produces a range of approximately 500 different products. The system uses a

methane fermentation machine and a bean curd refuse drying machine.

This paper not only introduces the background of the installation of this waste treatment system and its

configuration, but also gives specific operation results and details the economic benefits brought about by the

system. The paper clearly suggests effective future use of waste-related biomass from food factories

Key words: Environmental improvement liability, Obedience of regulation, Foodstuff wastes, Effective use
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Table 1 Waste amount before introduction of waste treatment facility (ton)
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Fig.1 Composition of garbage
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Fig.2 Basic framework of waste treatment
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Fig.3 System flow of waste treatment facility
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Table 2 Actual result of waste treatment (ton)
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20044 1,596 360 | 4460 102] 6,519 211 17 229  6,747| 96.6%
20054 1,422 360 | 4,253 93| 6,128 208 24 232| 6,359 96.4%
20064 1,444 360 | 4,269 78| 6,151 202 24 227| 6,378] 96.4%
20074 1,445 360 4105 76| 5986 194 26 220| 6,206 96.5%
X2007 EEEEIF12AKRRIHEN SO FBIE, =, HKBRIFO2FEER KT —FDERLESEEEMELL -,
Table 3 Actual result of resource utilization
AR FARER ABA R IEFE BAEREELE
rsogmin| HokEE | & B | #ES 28 ER ala]
(N m) (kwh) ® ®)
20045 267,795| 119573| 387,368] 194,690 192678| 452,789 2,562 797
20054 248295| 102,983 351,278] 175.325| 175953 493,387 2,510 663
20064 275,908| 104,408| 380,316] 190,938| 189,378| 504,112 2,518 699
20075 301,286)  112,699] 413,985] 206,066] 207,919] 527,858 2,764 647

X2007 EERMF12ARRFHEN O FHIfE,

Vol. 55, No.2 (2008)



Table 4 Actual result of energy consumption

BS MEAR | 4TE AR FE
rsugmRn | sromems | B BMDEIRRE RER ENg
(kwh) (N m) 0) (kwh)
20044 300,050 274,235 574,285 140,930 77,771 452,789  -121,496
20054 287,654 275,718 563,372 117,605 39,961 493,387 -69,985
20064 273,885 313,257 587,142 164,328 0 504,112 -83,030
20074 257,517 276,454 533,971 142,774 0 527,858 -6,113
X2007 FERMIS12ARRFHEL 5O FRIE,
Table 5 Unacceptable items for separation facility
& B REA K
21V E-Z—ILCHITRED 7L/ S— 5B DB TRIEG
Rihgs EZ—ILCHITRED IILIR—EBOBINTHIE
B A Hh NS <EMNS T ILEBL IILISA—EBEDEINTHS
NEENRR/BEETSFRATA4vY) [INSKEINESHITES S FHREIZED D
= HELHYBBINECHITESS | FHEEICKSHH
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Tebled D20064- 4 7 AT T R Er L e o T D
DIF2006452 A 1Z N —F—Z 0 L AT a FEH AR L
7272 Th D,

@CO o Pkt F DN

HEZDBDAR R L >THRONTZ AR T AEZA
A TE S 71&; (1) 2T &V 9508 ton,AEDCO, HE
H I SR 23 & ZOHMEIEL, Y THCO, HEHED
3.1%¢:$H%a“éo

A BT AR (275,908 Nm®)

XERH AT AR (8,570 keal 9,820 keal)

X CO2HE %%k (2.108 1)) = 1,000 (1)
LinL, ECHBEHEZRE LA REANEHTH L
THIR SN2 B2 5N 5C0,DEE A X 3B
DENGHFRLE L TRDOLNRNT LD, B0l
fif 7 HHEH &3 5380 tonDCO L, 2AHINNT AFE R L 72>
7= (Table 6),

Table 6 CO, emissions from drying facility of

bean curd lees (kg)
HEE CO, %% | COHt=
EhH 83,030 0.387 32,133
#HHR 164,328 2.108 346,403
KT 0 2.490 0
378,536
5. BRIGEEADE
SEOBMIT. 2 —7 2 9 X A 158,600 1

L EFEB LA 151,400 11 (EARKEE OB Y A 2
NVETIVELEFEFIE) OREBMEMA (XX R
fEF3,0007 1, 3205 i fEAi7,00005 ) T20034F12
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DOHTE4T 577, Table TIZERIHEEE N HE % . Table 8I1TAL
FEERAi DT FH OWNERZ . Table Q7% (iU = D NGER

%/J\Aj—‘o
Table 7 Investment effect of facility (1,000 yen)
A2 REERBENOEIEHRME &5t
BAREAR 47,100 42,340 89,440
B E3 -109 -6,297 -6,406
iR ENR 46,991 36,043 83,034

Table 8 Expense before introduction of
waste treatment facility (1,000 yen)

ETH-HKERLEE 45,900
ESE HKER) 1,200
EENLNEE 42,340
&Et 89,440
Table 9 Expense balance before and after
introduction of facility (1,000 yen

A2 FERRE N OIERIE At
BAIRILTH 12,678 3,016 15,694
FAFHMEIRA 0 3,497 3,497
WAEE 12,678 6,513 19,191
HEE 3,787 9,510 13,297
HEE 9,000 3,300 12,300
X HEE 12,787 12,810 25,597
FERIRZ -109 —6,297 —6,406

BIFE AR (200245 92448,944 5 1) ZIXA L LT
P 5 & AEREI8,300 5 [ DRI E RN R HiAD, B

CLA A 158,600 )7 [ 4R A O AT (5 21 2

Ik L

7o FE AT, Table 1012789 X 9 1220064 B H 2 58

L7,

FRARE AT DS B 2 bR ST~ A T ATENR,
Table 1112789 X 9 ICBEIEM tond> 7= W OULERE FI34E
ZHD60M,ton, EBMNH 1,475, ton T, T HD
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JLERAR F % BLAE D IS 2 B < EZEBEE LB LA
L% & Table 121273 X 9104 2 740%1/833, 4
BNBILI2E 720 A X U FREERAN OREF DR K Z W
ZEDIND,

7235, 20054 B ARE DG N RABFAHAD LTV D DT

Table 10 Depreciation (1,000 yen)

e an (BHE | RAVE | ArBEs
20034 186,000 8.655 21,975 172,680
20044 172,680 19,455 87,900 104,234
20054 104,234 17,025 82,200 39,060
20064 39,060 14,905 83,034 -29,070
20075 0 13,053 84913 71,860
20084 0 11,437 83.000] -71563

B EHNB I —TISNBEBOEERIRICLD
BAERE12. 7% (175 EH SIREEX31FEEEL)
2007 EREHRLEBII1 2 AREEN SO TFAIE

Table 11 Treatment cost per unit amount of waste (yen/ton)

AR RBERE | A ORRRE | &5
FRNEE (1) 1,804 4269| 6,073
FRZH (FM) 109 6,297| 6,406
B QLEE (F/t) 60 1,475] 1,055

Table 12 Comparison of unit price of waste treatment

ETH EHBH5
DRI B (F/t) 60 1,475
QBB (F/4) 50,000 18,000
D:©@ 1/833 1/12

Table 13 Unit price of facility
AR R | B ORERIE

ORESETH) 230,000 70,000
Q& fEmIBRE S (t/8) 6 13
Q& i Bl (FH/t) 38,333 5,385
(OBl 7.1 1
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Impacts on the World Food Problems of the Use of Bio-ethanol as Energy Resources

Toshimi UMEKI

Former Professor of Tokyo University of Agriculture and Technology,

Abstract

Against the soaring the price of crude oil and global warming, the expectation for renewal energy has been
increasing in recent years. Bio-ethanol is one of the biomass fuels which are made with the raw materials such farm
products as corn, sugarcane, etc. The materials for bio-ethanol and that for food compete with each other. The
increase of demand for ethanol give impacts on supply and demand for human food and livestock feed. In the U.S.A,
with increase in the demand for bio-ethanol, prices of corn have been increasing. As the results, the decrease in
production of soybean and wheat and the increase in the process of these crops take place against the background of

bio-ethanol boom. The increase in GM (genetically modified) foods takes place. The change of international grain

markets produces tight supply — demand situation.

developing countries

The supply — demand imbalance induces starvation in

Key words: Biomass energy, Global warming, Bio-ethanol, Agribusiness
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Fig.1 Trend of supply of bioethanol in the world
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Fig.2 Trend of production of bioethanol in the U.S.A?’
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Table I  Trend of production capacity of bioethanol
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Fig.3 Flowchart showing change of the price level

from crude oil to grain and food
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Bioethanol Production from Wood by Using Hot-Compressed Water Technology

Hisashi MIYAFUIJI and Shiro SAKA

Department of Socio-Environmental Energy Science, Graduate School of Energy Science, Kyoto University

Abstract

Bioethanol production from wood with hot-compressed water technology was studied. Four different
yeasts were selected in this study such as Saccharomyces serevisiae, Candida shehatae, Pachysolen
tannophilus and Pichia stipitis. The fermentation test of the water-soluble portion showed no ethanol
production with any yeasts. Various furan and phenolic compounds derived from carbohydrates and lignin as
inhibitors for ethanol fermentation were found to contaminate the WS portion. Wood charcoal could remove
these inhibitors without removing the fermentable sugars. Furthermore, all fermentable sugars in the
water-soluble portion could be converted to ethanol in the binary fermentation system of Saccharomyces

cerevisiae and Pachysolen tannophilus.

Key words: Wood, Hot-compressed water, Inhibition, Fermentation, Bioethanol
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Fig.1 Fractionation of wood treated with hot-compressed water.

Table 1 The concentrations of inhibitors and sugars in the water-soluble portion from Japanese cedar

untreated and treated with wood charcoal prepared at 900°C.

Concentration in the water—soluble portion (mg/L)

Untreated Treated with wood charcoal
5-HMF 378 n.d.
Furfural 240 n.d.
Vanillin 818 n.d.
Acetoguaiacone 3 n.d.
Guaiacol 33 n.d.
Coniferylaldehyde 94 n.d.
Glucose 1.04x10° 1.04x10°
Other sugars* 0.92 % 10° 0.94 x 10°

5-HMF: 5-Hydroxymethylfurfural

IhaFEBRICHE LT,
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ERAEITST,

Saccharomyces cerevisiae (IFO 0233) . Candida
shehatae (NBRC 1983). Pichia stipitis (NBRC 10006)
B L WPachysolen tannophilus (NBRC 1007) Z FHNTC.
NERACIERR 2 DR PIEEIC DN T2 2 ) — /L3
EAT o o, FEEHREIZ28°C & L, RBIRITIT, ~T b,
A —A Mt v MU OIRSE R E W2, BT
EWREE Z &7 U o 7 &7 HPLC (Shimadzu
LC-10A system; %7 2, Bio-Rad Aminex HPX-87H;
s, RAZJEITRRRID) 5 B#EIFHE, 0.005mol/L H,S0,; i
JE, 45°C) LR LY ) =V OEREIT 572,

88

*The total of fructose, mannose, galactose and xylose.

n.d.: Not detected.

3. BEBIUEE

3. 1. RNEALWZE W= FEREH E D EOWA - BrE
AR B OIRFEERIKE T D HPLC oA OfE R, 7 v =
— A TR B ORBVEORSE T TR < BEOMN Y TH
HTINTT—)b bt RrX T AF )T )NTT—)Ln
ST T ALEW ) = BREAMTH D=
TENITATay, syT7Ya—)L, a=7= YTV
TE RREOE—I B3RS, TS IKAEIICE
FNTWDZENGholz, ZNHOWEIZTY ) —L
HEACB T DEDE L LTl ZERmbhTRY
KATEEERN I R MRS D, & 2 CREEINEYE
DO - BrEE HEE UCRERICDAIR OB 217 -
7=

Table 1 (21X, 900°C Ci#d L 72 KE RALIZ TUFE %
1T 2 T2 DK AR NS B 1 2 B LA OWE % 7~ T,
FIZEUFLO KA CORE L EDETRL TN D,
TN h—=RA R =R T FP—=A Fu—A
X HPLC 00T Tyl C& 2o Taizth, —2 D —27 L L
TERL, TOMOERE (other sugars) & L TRLT
HBD, KERCHEIZ X 0SS 7= Bk

REERIF



Table 2 The concentrations of inhibitors and sugars in the water-soluble portion from Japanese beech
untreated and treated with wood charcoal prepared at 900°C.

Concentration in the water—soluble portion (mg/L)

Untreated Treated with wood charcoal

5-HMF 352 5

Furfural 299 2

Vanillin 38 n.d.
Acetoguaiacone 10 n.d.
Syringaldehyde 104 n.d.
Coniferylaldehyde 51 n.d.

Glucose 0.90 x 10° 0.88 x 10°

Other sugars* 0.83 % 10° 0.83 % 10°

5-HMF: 5-Hydroxymethylfurfural

*The total of fructose, mannose, galactose and xylose.
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Fig. 2 Changes of the sugars and ethanol concentrations
during the fermentation of the water-soluble
portion from Japanese cedar.
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Fig. 3 Changes of the sugars and ethanol concentrations
during the fermentation of the water-soluble
portion treated by wood charcoal prepared at
900°C.

0:Glucose,
m:Ethanol

A :Fructose+mannose+galactose+xylose,

INI N—=RA+~= ) —A+ T h—A+Fn—2R
WRERED L, =& ) —VREO ERABR T2 ) —
IVERIEHENTND 2 L3005, £, SR 6 KF
MHRICBN T a—2RAIT0 &R0 | ZOMOREH
DRE B 0. 2¢/L T 2L/ —VRESL—ELRY
FEMITITRT LTV D EBZXbND, NER{IEH TR
B L7286, Table 1 05 5537005 K512, REFILEWE
DA - BRESNDIZD, BEEENSE ST /) —L
WERLIZbDEBZ X BND, EOMOFEO R T, ~
XY —ATHDLINT h—A, vV ) —A HTJ F—
AV Saccharomyces serevisiaelZ KV =X ) — )L~ LI
BENGLOT, I 2 THEEE TR LT LTV DR
NP =ATHLFIR—ATHD EHESND,
WIS, FRRICAE RALALEL 21T > T K TS S0
T, SHEEHZ AT Y ) — VBT T2, AR5
THWWTW B Saccharomyces serevisiae I DIFERET 72
W Pichiastipitis, Pachysolen tannophilus, Candida
shehatae X, v h—RIZF TR Fr—RAbxTH )
—VHBETE DWMAEM TH D, Figd IZI%, BEEIZBIT D
X )= VREB IO ) — VRO E L EZ R LT
Do TH ) —NNRTITNa—A TNT h—R <

89



J—A, ATV F—A I —AOTTNEGERIGEE
Ty )= WIER IS NI L EDIEE 100% & LTz,
Saccharomyces cerevisiae Tl, 6~8 BEfifRE T X /
—VIREEDHY 0.88g/L &2 D, T — XTI TV
B, ZTOBRICHEHE SN TWDHEFEIZZ v a—2AnK
1. 04g/LC. Z OO HHEA 0. 73g/LTh 0 (AFFL T7g/L
BB SN TS, BT 100g OANF Y =205
51.1g DT/ —ANGONDL I LaExL L, HAS
NIEHBEDIZE A EN TS ) — L~ BERENTWDH L E
ZBiLD,

—J5C. Pichia stipitis., Pachysolen tannophilus.
Candida shehatae TlX, T4 / — VAW B 2RI
FNENRR DN, WY Saccharomyces cerevisiae
XD RERERITRE W, £, =& /) —VAERIIINRD
SHOPTREREIRONT, 0.4g/LBBETHoT,
F 72 I T O HPLC ATV T/ v a— 2B LW
ZFOMOEIEOE — 7 IXHE L TBY, ¥ r—R%5
LRTORPENHE SN TV, LR s, =& )
— )VAPE R Saccharomyces cerevisiae . 0 HAKL< 7o

12
10t 1100
a ~
o 08F ? S
- ® 3
§ oer ’ 50 >
€ 1 )
S 04l @ A—aa e 5
e [ ~, e 5
o | | | w
O 02 @ / * /
0o} _‘_.4:/:/. 1o
1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160

Fermentation time (hour)

Fig. 4 Changes of the sugars and ethanol concentrations
during the fermentation of the water-soluble
portion from Japanese cedar with various yeasts.

e:Saccharomyces serevisiae, m:Pichia stipitis,
A :Pachysolen tannophilus, ¢:Candida shehatae
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Fig. 5 Changes of sugars and ethanol concentrations
during the fermentation of the water-soluble
portion from Japanese cedar with the mixture of

Saccharomyces cerevisiae and Pachysolen
tannophilus.
o0:Glucose,  A:Fructose+mannose+galactose+xylose,

m:Ethanol
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Fig. 6 Changes of the sugars and ethanol concentrations
during the fermentation of the water-soluble
portion from Japanese beech with various yeasts.

e:Saccharomyces serevisiae, m:Pichia stipitis,
A :Pachysolen tannophilus, ¢:Candida shehatae
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Fig. 7 Changes of sugars and ethanol concentrations
during the fermentation of the water-soluble
portion from Japanese beech with the mixture of

Saccharomyces cerevisiae and Pachysolen
tannophilus.
0:Glucose,  A:Fructose+mannose+galactose+xylose,
m:Ethanol
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Ultrasonically Driven Process for Biodiesel Fuel Production

Hiroshi BANDOW

Department of Applied Chemistry, Graduate School of Engineering, Osaka Prefecture University

Abstract

Physical and chemical phenomena driven by ultrasound irradiation to liquid media have attracted much attention due to

their unique nature in these few decades.

Among them, extremely high temperature and pressure reaction fields provided

through the formation of cavitation bubbles in a bulk solution under the normal condition and micro-scale vigorous agitation of

solutions by ultrasound are of chemical importance in the practical application point of view.

In this talk, fundamental aspects

of sonochemistry will be overviewed briefly, and one of their application, sonochemically driven biodiesel fuel(BDF) production
from vegetable (waste) oils will be given. Higher efficiency of ultrasound-assisted trans-esterification of triglycerides, the main
component of vegetable oil, with alcohols to yield mono-alcohol fatty acid esters, will be demonstrated compared with the

conventional mechanical stirring method.

Key words: Renewable energy resource, Vegetable oil, Fatty acid methyl ester (FAME), Alternative diesel fuel, Ultrasound

irradiation
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Table 1 Comparison between conventional and ultrasonic method
for BDF production.
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Table 2 Various vegetable oils and their average yields

SHAEHEY e EHH S FHURE SRR &
(%) (t/ha) (t/ha)
TISVY R 20 20.00 4.00
TISV PR E. IEEL 45 1.20 0.54
g 4 X R = 17 1.88 0.32
SvhtA SETEE 25 0.80 0.20
7 E = 16 0.99 1.58
773 E T 35 1.37 0.48
eE<xoy & F 35 1.39 0.49
aav s a75 64 0.55 0.35
Pada=IAY iE T 35 17.5 6.00
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Fig. 1 Schematic representation and some applications of
unique reaction field stimulated by ultrasound irradiation.
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Table 3 Comparison of various chemical reaction

EhH iSdi IRILF—
{L2iB5e (Mpa) (s) (eV)
Bk 102 10-6~1074 1071 ~1
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Fig.2 Setup for fundamental experiments on
ultrasonically driven chemical reaction.
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Fig.3  Schematic drawing of conventional and
ultrasonic BDF production.
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Fig.4 Laboratory experiment for continuous BDF production
by using an ultrasonic cleaning bath ( Freq.= 40kHz)

FigSb  Continuous BDF
reactor equipped with Horn-
type US transducer(Fig.5a).

Fig.5a Horn-type US
transducer.

= ;
Fig.6b Emulsification of
oil with alcohol by US

Fig.6a Continuous BDF
reactor equipped with

irradiation
production.

push-pull
transducer.

type  US during BDF
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Table 4 Concentration change of reactant and products by
conventional mechanical stirring method
for BDF production:. Triolein/MeOH molar ratio = 1/6

"'l:ime Methyloleate | Glycerin | MonoOlein | Diolein Triolein
our
1 93.18 0.17 041 2.57 3.64
3 95.13 0.27 0.25 1.90 242
5 96.09 0.23 0.20 1.54 1.92
7 96.69 0.06 0.20 135 1.67
10 96.96 0.07 0.24 127 145
96

Triolein:MeOH=1/6
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Fig.7 Time profile of BDF(Methyloleate) production.
Reaction condition: Oil/ROH molar ratio = 1/6
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Table 5 Comparison of the performance for BDF production
among various ultrasonic methods including conventional method.
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Fig.8b BDF produced by
ultrasonically assisted
reaction. Note: Clear

separation of BDF(upper)

heavy saponification. and glycerine(lower) with
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Lignocellulose — Potential in sustainable human society —

Masamitsu FUNAOKA

Graduate School of Bioresources, Mie University, 1577 Kurima-Machiya, Tsu, Mie 514-8507, Japan

Abstract

In order to achieve the cascade-type flow of lignocellulosic components as functional materials, a new type of

structure-controllable lignin-based polymers (lignophenols) has originally been designed, and the selective conversion

process (phase-separation process) of lignocellulosics to carbohydrates and lignophenols has been developed. This process

has been termed “Phase-separation process”. Three types of system plants for the conversion of lignocellulosics through the

phase-separation process have been constructed in and out of Mie University campus. A sustainable industrial system through

successive functionality control of lignocellulosics is proposed.

Key words: Phytomaterials, Lignin, Phase-separation system, Lignophenols, Resource circulation
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Design of Biomass Energy Utilization System and Evaluation
for Plantation in Tropical Area
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Abstract

The paper presents the results of a material flow analysis (MFA) of agro-industries such as palm oil,
sugar cane and cassava in Indonesia and concerns with the aspects of those productions including liquid and
solid wastes, residues, wastewater and possible GHG emission. Based upon the MFA, procedure to design
appropriate biomass utilization system both in plantations and agro industries by the use of life cycle
analysis (LCA) is proposed. The MFA clarified that abundant GHG discharged from lagoon which is
receiving high strength mill effluent, especially in casaba and palm oil industries. Entire energy in the
casaba industry is supplied from outside using fossil fuel. Beside the excess electricity, abundant excess
biomass is available from sugar cane and palm oil industries for power generation.

The procedure will be released as program software for plantations, ago-industries and in the regional
area surrounding plantations. The software can also be utilized for the LCA of imported bio-ethanol (BE)
and bio-diesel fuel (BDF) in Japan. It can also be utilized for the appropriate improvement of plantation with
agro-industry to reduce the wastes and GHG emission and to increase the power generation which can be

supplied to the surrounding area of plantation by establishing local grid for power supply.

Key words: Material flow analysis (MFA), Plantation, Biomass utilization system, Sustainability,

Green house gas
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receiving palm oil mill effluent.
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Fig.7 Organic carbon flow in a tapioca mill.
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Fig.8 Organic carbon balance in lagoon receiving wastewater

from tapioca mill and use of biogas for energy.
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Fig.9 Material flow in sugar cane processing mill
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Fig.10 Discharge of organic carbon from agro-industries.
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Fig.11 Supply of excess electricity and energy from plantation to
local city and other industries.
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