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Studies on actual scale bioethanol production from rice straw

Summary

In recent decades, reduction of greenhouse gases has been needed to maintain the global
environment. Eighty percent of the greenhouse effect is from methane gas and carbon
dioxide. Methane gas is produced from rotting organic matter under the anaerobic
conditions. To reduce methane gas production, it must be effective to collect rice straw
from paddy field. Carbon dioxide gas is produced from human activities such as
industrial manufacturing which usually needs to burn fossil energy. For carbon dioxide
reduction, bioethanol production from rice straw must be one of the best approach. Thus,
the combination of these two technologies is effective for reduction of greenhouse gases.
However, there are few reports for such combination to rice straw in actual scale. The
aim of this study is examination of actual scale bioethanol production from rice straw,
which contain two major problems of cost reduction for bioethanol production system
and practical examination for greenhouse gas reduction.

The rice straw is produced approximately 8 million tons in a year in Japan, however,
80% of them has not been usage. Rice straw mainly contains cellulose, hemicellulose,
lignin, ash. Cellulose, which is a kind of polysaccharide, can be divided into
monosaccharide using adequate enzymes and it can be fermented to obtain ethanol
using yeast. Rice straw has high moisture when it is harvested. Therefore, it needs
drying to handle and store with long term period. The dried rice straw usually formed a
bale which is convenient to transport and store it. To produce bioethanol from rice straw
after storage, the bale was crushed and prewashed. The prewashed straw was, then,
cooked with alkaline chemicals for decomposing of lignocellulose. The cooked pulp
was subsequently washed to change slurry state as a pretreatment. The slurry state
washed pulp was treated to enzymatic saccharification, which was subsequently treated
to an alcoholic fermentation. And then, the fermented liquid was distilled and
dehydrated to obtain a 95% ethanol solution.

In order to examine cost reduction approaches for rice straw usage, long term storage of
rice straw bale in the open air was carried out. The result showed that the bales were
collapsed at 30 days and 20% of bales cannot use for bioethanol production after four
months. The cost of rice straw bale storage was approximately 12 JPYen per 1kg dried
rice straw. As a result, the rice straw storage as bale form was not effective method to



reduce material collection cost. On the contrary, the tedding-less operation during sun
drying for 151 days, which could reduce extra working time, was carried out after
harvest at experimental site in Kashiwa, Chiba, Japan, then it was realized to maintain
20% of moisture in rice straw for five months or more on the paddy field. Rice straw
collection cost became 7 JPYen/kg or less by that operation. However, long term sun
drying and tedding-less operation needed to fulfill under appropriate climate, like
Eastern Japan, Central highlands, Nankai area and a part of area near by Pacific Ocean,
where could be estimated using grass moisture drying model. To investigate bioethanol
production cost, a pilot scale plant in 1/40 of commercial scale, which allowed to treat
fifty six hundred bone dry kg of rice straw, was constructed and examined. This plant
can measure the yield of each device. Baled off rice straw was pretreated for the
saccharification and fermentation operations. The saccharification efficiency of our pilot
plant can be achieved as same as laboratory scale. The ethanol yield for our pilot scale
experiment was approximately 0.1L/kg of dried rice straw. This result was, however,
comparatively lower bioethanol production efficiency than the laboratory scale
bioethanol processing.

To evaluate greenhouse gas production from bioethanol processing from rice straw,
typical system boundary for inventory analysis was set and estimated business model
was reviewed in this study. For the calculation, a commercial scale pulp production is
estimated to 4800 BDt /y and the amount of bioethanol production is 1350 kL/y.
Bioethanol production plant operates for 300 days in a year. This plant is located at the
center of rice straw collection area. As a result, suppression of CH, emission by the
removal of rice straw was 117~567 Mg-CH,4. CO, fixation of rice straw was 17919
Mg-CO; in a year. CO, emission of bioethanol production system was estimated as
16833 kg-CO,/KL. In our model, 76% of CO, emission was accounted in bioethanol
production including of energy consumption, alkaline pulping, and concentration of
glucose solution, because our system boundary was too wide. Thus, the new model in
which steam utility was omitted and on-site enzyme culturing device was employed was
recalculated. Using this scenario’s run, CO, emission was drastically reduced and
bioethanol production cost was estimated to approximately 380 JPYen/L of 95% ethanol.
When the system scale becomes 100 times of estimated plant, bioethanol production
cost would be smaller than current gasoline price, if the enzyme price was reduced and
device efficiency was improved.
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2 T HE E #F(F)E, #t R OH B oo B m B AR, &
BoE, BHE®H, &AM, HB SR, KRB zZzR
L & 0 = &% M & L .

Z B F& (V)L , # R OB B oo OB W R R IR E
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B X L 1T 12 A B 72%, 1 A »n 68% T & 5 . &K =&
B o fE R IX, XA K XK MNZ W E T, b b R B

DK H W OB N R T h D E T DL HmE (K HE, 2008)

A % L T w b

— 5, K oo K % T — X & H W = R % o oKk S
H %k = F L kY, b b o @B Y ow B oo R &

i T X B E Z 5 N T W S5 (MATSUOKAZ2005).

Bl 5, Murray ® X (& & v, H ¥ ¥ A HEHOE L
il oK A K OJE es BomoL (B % H W s 1997), e

o

%
s B L OV H E¥HW W E H»™LH kW Adqg % K O, xF G4 H
o J| o#w U, ki Aqg, Wb b o & KKk B (3.2)K

i X v Drying constant(a)a ®H H 4+ 3%
a=16.5-U+ Ag/M+0.0223 (3.2)

72 77 L, a: Drying constant (h- 1), U:¥ ¥ A &H
(m/s), Ag: b 8 es-(100-H)/100, M:f b & O &
Kt (glg), es=6.1078expifat/(t+b)} (Murray ® =& ),
H: M & % EZ (%), ¢ 8 ¥ % %X\ (C), a=17.2693882,

b=237.3
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BB Ty (3.4) (22.1) (23.8) (27.1) (12.0)
. [h/hel 008 1.1 119 119 0.96
RESAE Ty (3.5) (22.1) (23.8) (27.1) (12.0)
| g [/l 100 1.78 147 1.04 195
%] (42.0) (33.0) (29.4) (23.7) (24.3)
oo [hha 097 097 0.93 0.85 1,65
BERA Ty (40.8) (18.0) (18.5) (19.4) (20.6)
. [nhal 012 0.26 0.23 0.25 2.4
RoLER Ty (10.5) (4.8) (45) 270 (31.1)
pezwer s [h/hal 225 5.39 501 452 5.01
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o N E o NE = 2 8N KE DB K E L 835 M /BDkg

W
Kt
%
—
A
[y
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IR R~ (M/BDkg)

OREIXH A EXFFAE
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1 40
A " y=0.0002x+1.7728 3
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I ) o
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of R? = 0.7548 1 20 #
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E E N A4 A B B o K g A E E WE K 51-11.

Ehrman, T (1994):Standard method for ash i

i

e
i

+

n biomass, Laboratory Analytical Proced
ure #005. (https://engineering.purdue.ed
u/LORRE/research/LAP-005.pdf), (2013 & 9
A 1 B M &),

5. (2008) . & B & B A& L A& W N A F R OB,
A& L fF #H — Issue Brief 627:;1-6.

oo ot oo - Ul - - Ak B oE (2013):
RO B e A N R KRR oo i B A
EOE N M M O ¥ M R v 2 — W E 59
75 39-44.

9oz - B W o ML OR R - W BRoE - I O’

e
i

£ B OH OE FEOR O 3. W oE kR (2012):
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N

H B = > A o LM OB’ OB I O 2 MO L

= Wb b I E KRR E E KM ¥ S 74(5);343-3

& ¥ - 1o oMo - ®oAa o (2012):kF L B — 2O
o R OBk T 5 BB o s HPLC 4 #r ,C
hromatography 33(1); 35-39.

B/ K - F KB (2008):f b b F N A A v X P
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N F v 2 WoR o o bl B E (F 1
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o o— B ¥ M % ,40(4);249-258.
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iomass and Bioenergy 18 ; 369-389.

Jrool Rk o K% 7 — Z B oF o, T ¥R R R 7 ,htt
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SUOKA Nobuhiro, HOSHIKAWA Satoshi, D
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4.2 M HE B & UV A E

4.2. 1 B #H 8 b s

OB, 2009 F 9 A F AW T ¥R M LR OR
X oo B % N T /RO DY K KEE SR e Y
O f b b L 2. K 3% HXHBERL, £ 0O F#
IR D ff N — v W " L e (S B F B 0.3x0.4x0.
8m, % A4 F L b U A4 U R) N — L o ¥ ¥ HE E
i 12.5kg/f , ¥ ¥ K 5 IE 16.2 %¥WB T H o 7z

B #F iz r 53 — (7 7 & L LV — X F 2
-~ v b, A v AT v A, KRKk)EMHEH L, =
o — v B B E kR o N BERECFEY = F
A4 — A+, VUV = v X v ER, HR)EMHEHAL L
4.2.2 N A4 & T 42 /7 — )L & E JT o+ X

4.1 1 A B @ AL AN A A = x 7 — L Bl
7 r kX T . N — v E L T, b b

oAk, & B oo BT B TR IWCEKE AT D Wb b x M

R /T R N DR/ /A U ' R O (o 7o Y R OE &
oL L B WKL, B OWEE T D b © g
B ox 1T o & %k, A MOE S B E H VWL LT
B K B ML, Hib®R Exr ¥ ) — VR B L T, XK
M, Bk 3+ 5 2 & T 95 % ¥ J — L &EH S5 )
N A4 F ) — L E e kv xBTS R T R
4 v vy b7 7 v P (T ERM BT Mo E KX ICHEE

- 100 -



FA4E Lo ZHERERBELIENAMFITEY/ —IILEEORINETIRICEY &5

®OE )T OFE M OL 2. % TR A E AL oMM E
# 4.1 + . ¥ k-, N A4 v vy 7T T v b O FE
mEE B ER R OFT HEH K 4.2 28 T . 7 onm
A O WoE O X o, A (M k)0 1Ny F Y
O fg b b 4 B OB 200 BDkg & K& K L L T & G L

Bl oA (R v A ) e & 2N K 4.1 & FH U FE K
Ny 7 8o T Tk, 16 t/id o X v T EE O OFE
N HH (H Ty 5 8 0 F 1985), K W % © X 4 ©u

7T o bR, MM AN N TR E TS

1/40 @ % & — Lo M % F 5 % i A B E&E T b B

LLF o, B TR L o B OG5 E R L
1) 8 % 8 - ®x %
ok B b b & | ik L 7 v — KA o F o kv

oy — (A4 = F 2 v, K E, M) MHEH L T

Bowe - ¥ oL o= . A E B T X, B R S5 500 BDk

g h-1, ¥ 80 0Oo» iR K % # K L 72 2N b #

e

S
b oo M B R E AT Y N T X DYy v
— &% B v = . H B M SR b b (K 4.

(A))ix B E I X 2 W K % 4947 o 7= %, 1m3 » 7 L

RN oy = R, 7 v v A 4 — )L (CASTON
0.5THA, =T A - =T A - /7 — B ¥ g H , T ¥ )T

e &8~ 82 L . ¥, XA EICEANT LZEHE

Db b o kT B, fw EH B, Ko & & E

- 101 -

2

=

I

i

ar

Alj



BA4E RWbhoZHEMELENAAFIE/ —ILEEQRLETIEICEY 51RE

7= % 2, 1050 + 24 h ® B L 7z
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4.3.2 Yy — 5 % #

M 4.5 %, 7T v AV KM LB ToOoMHEB®BD L&
A B (200~ 5600 BDkg)E A fit X v 7 O W £ B X
™oy N — i o 8K E T . X A4 m vy MT F v b
W kB D KB NV T ORI D oy N — fli A 32~ 3
4 © &t X 1T 66~ 68%T v , H K HDLLEANEOD
% L b s PR E LT, HE W E RS L N
kB, o R F, R U A v X — i ® M TAT o
= 7 K A — v O I KX 60~ 62%(Yang et al.201
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4.2 OB e b b ok Kk U AT &4 H

oo fb % MK

L 7= X 7

FHRE (%) Iw=E (%)
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B O—Z ~Aztro—x YF=y w5 FOM GHREEbD, EB<—2)
PERAN 201210 213210 134230 24830 11480 1000
HY R3S 270210 165x15 153+40 234+20 178%85 95.0
Y—&%#E 51105 17110 505+05 239+05 29+25 63.8
MNILTHESE 515+05 17105 1.7+20 255+1.0 4.2+40 60.1
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. 3.4 M oe - R 8

4.7 1%, v ¥ X v & AN & (200~ 3600 BDkg)
7y v oa — 2 R E o B KR E R T . OB E NV T E O
moc ot v, oy 3 — 2 R OE (24h KR OE )T o3 K
Zom A L,y oy % N & 1500 BDkg ML E T
20% & 7 o 2. Z o R, WML E®AV»I — B E
H L7 & 27— 1o £BRICB T 2 KK ELH
B T H oo o (M BOR K & KR ¥ ¥ — 2011).

Ao A4 v oy AT — O P K T IFE, T
Wow (& 8 R E 5%) B %X L, ¥4 v 27 b F JF A
o B (F # % 30 rpm)ic X OV OB O# L 2. L ¥
— o W &£ 1T M 2.5m, NV T K oo K E T A O#EE R E
(BH-1, HR ® # &)l X v» ¥ 0.002 Pa-s & E
h iz . s o5 H Cc — FKiICHWSLH T W D H
A4 7 v X ¥ NRe X (4.1)KX i X v 1640 & ® X

NRe=p-n-d?/pu (4.1)

=1.05x0.5%x2.52/0.002=1640.6

p % E (kg/m3),n:% F 4 % (rps),d: b ¥ ¥

% (m),p W 5 E (Pa-s)

NRe ©» # H fE » o , W% X v 7 # A& 200~ 36
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4.3.5 BB & UV KB

4.8 X, OB b b & A & (200~ 5600 BDkg)
X 7 — I L (95 %= ¥ J — N MR )0 B R %
T /OB b b BN R OBy, 95 % T X
Jo— v WE ok Kool Lkl KR o N Ao
vy M7 7y T E, OB MO L B AE X 2000 BD
kg # # % 5 &, 1000 BDkg % 727 v § 100 L » 95
%~ % /J — N & # & "o < b DH Z & N e @ T X
Z . L2»L, Z O BEFITE XTI — Lo xR TR
HE X h T w b = % o — bR I R T o

(Brodin et al.2013).
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F = X ) — v OE W T Y o= o BOH OB

y
N

521t H = x v F — & A B 25 A BB T b D

[y

il
S

(B s 2009)7 Y, RN A4 F = H ) — M E S 1n ok

2 O 8 #FFE N OB S LT WD F R, Wb b F

s
3
5

= 2 N A4 F = 2 b N A F = K ) — ) B A RE

5 % A& F R E = 2 b, = x v F - X, A
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o7& % Sl DR N 0)
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o
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N E L S

& E %
5
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< W 5 (% 5 2009, #H & B 2013).

N A4 o x ) — vk, B o CO2 I X i x L
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T ofoS BB AR T D, N A4 F = X
Jo— v A E LR TEFifka =z xVF — 2 KBS HE
LT s . bty — 2R FE B DL DO N A4 F
o — v 8o a2 b XA YU v i S kN T
T H DH N ML T WS (H RS 2008).
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X 5 N a4 F = F 2 — NV A& E FEFENIT LT BL,
2014 4 B £ b — # o W FE ff i B OB N E H 5 h T
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184 o
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mWoE L T W b (M| 2014a). F 7=

A

A
=

(@ 71 ), K Fl J (5 ), e B (R &

B
X

a s N 4 v B X W™ N T 72 (H
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2)

e

i

43

%ﬁa

2009 4 I EH L - N A4 2 v b T v k(T

—

Mmoo ¥ H# KX )IZE W T, Mmb b5 & M Ww e FEG

T - T E LT — % % Em B L. XA

7 v b f b b oxv 7R S IE, &K

b

BDkg T H» v , #E FT 2 79 ¥ B B © 1/40 I

%)

(=

HE

(Sekine et al.2014). X A4 v v + 7 Z
e b 6 o X v 7 A &= B LB L F 5 N o
— Vv A E 7 e v 2 2 — KK ICHK R T & 3

4 PE

b

N

13 825.00 m2 T H v , F O HF |

.96 m2z2 o flt 2 M o #EH (W T & SRC & )

h T W % . A E S e ok Rk MEEE T 5B
WL 25 kT OKE, H G TR KT EKXMN
T w 5 . FEMMoE B X, e ok 2T KA
g R (M Yy — %, R B Y — %), BFE, p
O Fi B, B o B & (kg): = x L ¥ — (M

HH B8 I1co>Ww Tk, HB ®

Ko, B W - oW B, Mk ROl RO OE K
v A& U 2 = Mk Rk F, K HEE KR OHE =R
F ¥ — (MJ) % % 3 L = . & B, BWE,
oo HE oK - B O T P R L T OF K Bout b L
BEOE M L L T H M ¥ K LM e £ L,
B e &k S5 w T ®i B L, i kL&
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5.2.3 BT E X T F )
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S
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1% AT

S B

Mmoo 5

H © M

(B

£ H o B

X, AR o = x v ¥ — Kk OV CO:2 &
o~ 3 . ¥ 7 7 v b TFxEHE R
OO Ok 2 AT 9 % BN b D (T

A B O R 2008). F 7=,

o
<+
=
=6
o

feome A M X W % T H vV, 3 H »» b 8
= A2 b A M E S B oE R OB o F
5 (B AR 5 2014c). = © &= ® , 3 H »
65 H o — F & W 5 Ik & 17 95 2 & &

B B ¥ % 300 H & L 7= . H & %= ¥ =%
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*

i

D 95 %=xT ¥ J — ) MO8 OE & 1T, P O¥E BB o

30 kL &

(= — )i

= . — J,

D (5.1) 3

¥ v U7

L = . F O = i & 5B L 5 K OB R
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.1 = X L ¥ — K L W CO: ®H & F ¥ £ 7

B8 R wE
EEEM4 BEPH 300 d 38 ~8AC6SHMDEREEERELE.
[FHIFEE FEhsINEDS 1800 ha FEnAINESXINE 5.0 BDt/haTERLTEHLE.
FEhAIES 9000 t/y 3B ~BANEEIREZ20%ERIAD.
(BN E SR DEE 2.4 km FEDAINE IS (km3BEE) 2 MEETRLZEDFE TR
FHEEEEE 1.6 km (BRSSPI ) D2 02/3
A LEFROEL 7711 {HE/y BT oL B 5 (FrUTh 1 SICER TERA-EE)
2} B FERFENS(-IL) 8000 t/y ER(IEA )L . 385554
TOB/ULTESEE 4800 t/y JTA Oy b — LA Ui (R RIERISE).
95% IS /- IEHES 1350 kL/y FERITY /- T 0.169 kL/BDt KDEE.
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5.2.4 4 X v Yy - 3R bR E
1 A vy rv - g@m - FES - W AR
CO: #F H & 1T, % & # H & 0 F X H & 2 £ 5 &

R AT 2o P HEOREEICH T DA S CE KR 18

uh

£ 3 H 29 H R ¥ E X% - BE AN HE = 5l £ o
% £ H L =2 . &8 o= 2 X, T ERMT O
OB i K &2 L 2. F YU »vix 130 M /L, #®&
X 113 M /L(2010 # 3 A A W & #® & v % — @ <),
B AT 24 M /kWh(R = & H ), # H & 2 1F 145 M /
m3(x ¥ H =2 )& L 7= .

2) B E BB (R E)-K M KEH (HE)-F R #E#H (R

1|
Ha

&) - B M (&) B E (R E) - #H & &

CO:2 #F H & 13, [E > & 5 o %8 pr © pE ¥ @ B X
X 5 B K AWK ¥ MT — % 7 v 7 (3EID)D & ¥
- S P S N U (A S ST 3 SRR SR
O JE B AL (kg-CO=2/T M )%&E 8 H L =2 . % & B o i #
X b b oo MO OE R BRI LT W e w e E
¥ 04 E BN (K B 120ha & % )o E A fii & , HE T Af
B, 10a % 2 v o fF & - ¥ &% & 24 M & It v, &
ML = .

3) K

CO:2 # H # 1T 0.2kg-CO2/m3 & L 7= (K m M &

a2

H2009). Kk E B 4 X 35 M /m3 & i B L 7= (#M HH K
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H RO ).
4) T K &

CO: #F 8 & 1% kL Kk & - i 5 K #E o J§F B fif 9.14kg
-CO:2/m3 % ff B UL 7= (H > 8B & #F % pr 2005). F XK
B A M & X 190 M /m3 & L o= (M oKk E R HE ).

) BE Y L OB

£ 5.2 11, N A F = J — o EFEICHE W HEH
T 5 B K % o sy o KR AR R T . 4 EOE o B
K%E o 5 6 TH Kk T HEHE D =E» L, EEEE
Wy W B A2 AT 9 M OB B H . CO: HE OB X E E B WL

O(E 2)0 R H i 7.67kg-CO2/m3 % f H L 72 (H

s o OBF %2 g 2005). = A b HE B W T 3, =

<
i
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oo e BOX OB 20,000 M /m3 & fF H L = TR &k,

OB oo, ML R OB o W Tk, B AR AT — B
B L TR W TR & E XL ML

mek o, K E o KRG g, B s R K 2V
T,KE , EHEB LUK WEAXRZIT - L

i, A UE WM &2 H vw T HE E 4 oz o B L, &
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® HE ok B B K ¥ JIS K 0102 I # #L L < , T
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R B o JIS Z 7302-4 12 L L T K 4 o b ZHE
x W oZ® L =
6) BT B Y 14 F (E B)-F 53 v b (B xR & U E RBH)

CO: #F H & T & £ W © B & R & F i ~= = 7 1

™
o
=

5 SRC & o L % o % % = £ M L = (78 & &

7 F 7L /O WS R 2010). i oM v A4 F B X
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S S
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200 H M, & H F X 24 F L L 2. b b X —
48 A B oK RS, 8PP 5B 480 BDkg O
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R B

1 m2 & L 727 (B 5 2014¢c¢).
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7 7 v KK o % fF 2 2~ X, 4 v v b7 T
Y b o % fig & (1.5 & M )Iic 400-6 % F L T 13.7 f&
e L. 7, BEAA97 — FMHoEHE LS
7 v b H®BE O 13.TEHELE.Z L 0T T v

Mo fEOR O BT, T oy oy 70 M X E M & g
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HL =27 (h 7 ¥ =~ 2004). FH FE = 2 b 1T F B M K %
i H L 7=
8) Xk B v — 4 - K B

CO:o #F & &, M 7 4T B & AN H v & & W % ot O

<

FEO¥E M OB R Ik 5 B OE A W B B M T — % 7 v 7 (3
EID)» v — &% T % #@l & o Jjg ¥ ff 19.48 kg-CO:z2/ T

Mz H L 7z .8 & =2 2 b X % 8 M #% 2 4 H L &
9) B R - B B

Mg #F o CO:q #F H & T = K & o J B i 2.75 kg-C
O2/T M % f£ W L 7= (H 2 B 5 # % fr 2005). [ &
» CO:2 #F H & 1 16L 7 7 — * v % % & o 1 H 4 I
v oo W E E o H W T &E A O R OB AN R E

L 2 (A V = v % VER 2009). 7228, B F - BB
O G OE X b E B oK &2 O L

10) 7 5 v b B8 X 6&K 6 (N #® &)

77 v o B ¥ T, F ¥ B ®E N 94 TAH S L

L. N B

-

D,

X, B &% 1500 M (8 B B % @ )%

il

— 2 |2 B ®E L -~ . 300 H o ¥ ¥ % @ U T, f{F %

v
/

i x % 5 A #

=6

w kX 32,400 F H & & B .

P{r

., N 4 A = % 7 — v B B N 1350 kL/y o & &,
N A4 F = X J — ) 1 L ¥ v o N FEIXT 32.4 H &

BN

o oTox 5
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# 5.2 e » 5 5600 BDkg % H i £ & L &= 5 = X4

Jo— v A E O HE K K o %

TEH By Hizh il il HELIEE
pH - 4.9 9.6 9.7 4.3
TOC mg/L 7100 20000 6600 33000
T-N mg/L 630 760 240 560
T-P mg/L 85 76 24 58
K mg/L 630 700 180 220
[T s | % 54.7 43.1 56.1 31.8
Efng % 40.5 24.7 25.3 236
H oG M1/kg 8.8 11.9 8.4 12.6
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5.3 HES LU EE

5.3.1 e o o FFRHICKEK 28R ZFH R H XA

o
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Q
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K OH T X RO

ok FE B i X oo T OK

A
+
[
S

i

b 72 Y o I E TR L SRS R, RB KO
Do T T A Y D, AW I K o T
S h, oKW XK D A &M T T CH2IWZ A BT 2
(% H b 1995).

1) €0, B %* £

b b o I HiC RS D R FE R T, L
M T 5.43 t/ha & & T B VW, CO:2 T #H H ¥+ %
& 19.9 t-COz2/ha & 72 2 (& ¥ B B £ iF OF %8 Fr 200
4). KW % o F ¥ ® 5 L TE, NA F = X J —
1350 kL o W & 2 # F 5 W b 6 o KL @ H & 180
Oha & L 72 (£ 5.1 & B ). BE1E o @® &% 2 & 25 »

X 35838

il

T®R AR L KR, WMo CO: EOE
Mg-C02(19.9 Mg(=t)/hax1800 ha)dt 72 % . H &
e o b o H &k &2 B E T 25 &, b b o CO:z @ &
B |3 35838 Mg-CO:2:® 1/2 1 % ® 17919 Mg-CO:
BoE L E S h A . 2, Z o B E 17919 Mg-
CO2 1, N A & = % 7 — 2 1 kL % 7= v 13273 kg
-CO2 (17919 Mg-C02/1350 kL)& & & & h 7=
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e b &2 K IC & ®E L kB E,
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KRB — AE

40

O CH4+ % & & 13 190+£125 t/ha & & 5 T W 5 (B ¥

b

BE o ofF ®F %2 Ar 2004). — K, H OE
B 5 5 W b b I % @ fF (1800ha)iz »
Z FF b WL 2 2 &l kX b5 CH4 H H
5 L, 117~ 567 Mg-CH4(190+x125
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AT B Y, CO:2 1T x ¥ % iE B b 2

T oM Bk OJE OBE b R % AN 21 T H» D (H EK

X T 7

B oo b XK

WO e A

He # 1 B 3+ 5 % M e 1T 5, F oK 11 4 4 H 7

G ®E 143 &5 ). £ -, Kk B E EJFE L+ B CH.

B3 & PR E L LT WD E WD
an et al.2009). & & &, fg ®» N A

HoE B & OB, kB o F L H L Z @

IR I SO

F =z

C T CHu4

JVZ
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5 (Y
— Jb

#E

= oo H o B R A E W E S E L H D (Koga e

t al.2011). Fk % o CHa4 #  # # =&

B lC BB + 5 L, 2457~ 11907 Mg-

e b 65 o XN 4 F = % J — v H JE B IE

K OH OB JR o CHa4 HE H Hl B %2 R 2 8

2 b k.
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5.3.2 R hbh b 2HESHSFELEZENAG X T H2 /7 —
L & E ® CO0, 8 H &

# 5.3a T H E F ¥X £ 7 LI BT DH CO:z # &

oW R R &2 T CO: # H & 1, N A4 F = % J
— v % & 1 kL Y v o B E T H DR B GH E
N A= x ) = v B R R o Ky DT,

i

£ L B lc® AL === x Vv X — % o0 HE, H#E
I COz HF H J{ 8 iz 2 3 U T H H L 7= (£ 5.3b % B ).
v A T A DO CO:2 H H B X, #H 16833 kg-CO2/kL
P - N

f L B o N R (X 5.3a, & A %)% X & 5l |

%
il
[

Lo E oo B OBE N 7T6 %E K X A EAE 2 5 ® T oW
5. 0 F =, L EMMICAE B L, #EON, VY — ¥ &K
g 1, I B b B M) o &8 D 5 HE A& NN KX <, KW

T OB oW - fE R 7T o ('R )I N K& 7 E

o

Z 5 v T w s . A RERELLCRD L EMHE B LT

5 N A4 F = & J — A& E T X, R oW BB - Wk

e

B Y U v T o CO:2HEH B o W E M 327
kg-CO2/kKL(® % & ¥ 4 2003, B BE 4 2010)D 50
MU ko CO: ™ HEMH N 5. &6 T, = % J — )
O ¥ R X 23.9 MJ/L, H YV U v O ¥ B E X 34.6
MJ/L T & 2 72 (&K > x VX —JF 2007), W b
5 b ® L ey s — o Hoyy v R B F A
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NAFITE ) —VEEVRATLOFRMES S CEFEICEY 51RE

.3a HOoOE HF ¥ 7 i8I B CO:2 #H M
ROE O R
e - COHEE Cok g
Eds) MEE HEE I#= (kg-CO,/kL) (%)
EHRFRE  f@hs 6.67 t EHIBEE 570.6 3.4
A FIbEE 218.4 1.3
AAD 68.4 0.4
EDBIRE 373.5 2.2
R—)LEE 71.7 0.4
r—)LER 53.9 0.3
E#lFE &t 1356.6 8.1
TN ADA(A=IL) 5.93 t fEHE-%E 35.8 0.2
PEES: 2567.8 15.3
wBIULT 356t JULTEE 34.9 0.2
&k 969.3 5.8
e 8335.9 49.5
R 695.7 4.1
95%I4./—)l 1.00 kL =8 291.4 1.7
& 5t 129321.0 76.8
- HEE fEDS 6.67 t IkFIHESE 321.5 1.9
J2 A 128.5 0.8
BRI 5.93 t NiESEEHR 359.9 2.1
R— L ETEER 40.7 0.2
95%I4./—)l 1.00 kL FSrh(EH) 32.6 0.2
T MEE) 1662.8 9.9
iR iEET Bt 2546.0 15.1
&3 16833.6 100.0
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==y Al A 27.8 L 645 z

alz2a! Al A 13.9 L 22 z

SR EFH A 42 L 109 =z
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N—ILETEL EER Eolla—bE i 13.0 8 71.7 vy
~—)LERE FUTH— EFH A 206 L 539 z
B EE vy 5 {ER 98.0 MJ 314 z
7k A 223 t 45 x

V—HERR HhEREE AR Rl 5027.9 MJ 2564.2 z
7k A 178 t 3.6 x

a4 A 0.001 t 0.001 w

B4 A 0.1 t 0.024 w

JOLTHER BSABSEREE ER =R 71.8 MJ 23.0 z
7k A 59.6 t 11.9  x

&b Ebsv— o Rl 216.6 M] 69.3 z
#HHZ &m 1752.4 Ml 893.7 =z

7k A 23.0 t 46 x

Bz =B 0.4 t 1.0 vy

FRE =B 0.1 t 0.7 vy

BLEER TJ)URL—4 o Rl 549.8 MJ 175.9 =z
#HHZ A  16000.0 M] 8160.0 =z

i FHEI— o A 49.0 MJ 157 z
#HHZ &m 1333.3 M) 680.0 =z

R =B 0.1 MJ 0.02 vy

=8 AR Rl 571.3 MJ 2914 =z
Too(ig¥) ER-HESEE EX Rl 101.9 MJ 26 z
TkFI R FHekeE RS i 20.8 M1 204.7 vy
v T TR i 28.5 FH 116.8 y

AMD LS % B i 34.7 8 1285 y
INESRWR I L+ {BiNEE ghs 34.7 A8 1285 vy
"=3 B i 55.6 FH 205.7 vy

~=L57 B i 6.9 FH 257 vy

AoVETERMEE ERVY-+ (EFEE i 42 m? 40.7 v
Too M) B it 170.4 F/H 1662.8 v

7 BERLEO SR EE - A5 BT RS 20 B0 BT M 5 &5 (FR18E)
y EEEMEICL ABIEATEENT — 550 (3ED) 20055 FH bR
X HEEE ST BIG SR LSBT O M 2 B B EEH (F 54 (EARER)
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£ 5.4, REFEXE T AV BIT DN A4 F =X
J o — N 1 L % v o ®E a2 b & ox 7T 0 BB E,
B, WMo, AN M #H IR D 22 E R L EW
=R R, N A= x s — v EoE a2 X 625 M/
L ¢t REBE 2. HEBHB® L O a x kX, AN
A4 4 = % /7 — N 1 Lz @®EF 5 DI %8R WED
5 & f 5.93 BDkg 2 BT o W EH (M MR 5 2014a)
kBT 52 W b b WHE 22+ 7TH /BDkg # ® U T H
oL 2. WU < B o @ E(EBESLS 2014a)ic B 17
5 ff M = A b~ M fi 12 M /BDkg # H W T, 3 A ~ 6
A ¥ o 4% A M o fir K= 2 bz &ML E. BE

H X T FT L ITB T DML L XN — DO 1 MO

e

Be M ox, B %o % B OBE 1.6 km (/o E )& K OE 40 k
m CT 7711 1 #& & 17 L = &% & ,616.9 h & & H & h
. M #E W o R #FH A 3.6 L/hE L, N A4 F x X
J — 2 1 L % b o %+ 5 &, 0.000 W /L & 4 #

T H o . T h b o a2 A ko OE R NS, JEH OB K

o

W %R 5 2 A bl 65.2 M /L & H#HE X -
&l % | o =2 2 KT ¥ 2 2 F ® 58 %% 5 » T B
h , = o 95 b [ #HLH H A (16.5%)) [ B F - B & (2

8. 6%)) I L /XK E(7.9%), » & » 2 #H & 28 K & v .
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5.4 N4 F = % J — v 1 L % » @ E a3 =z k

(B : m/L)
E
TIiE . 1747k FEES B = . EED  REEH AfE =
I — FAGE
B & BTHA RUFE: B B TS
= 41.5 237 0.001 - - - - - - 18.9 - 84.2
1B R - 0.6 - - - 5.1 3.8 18.9 2.4 30.8
b23:4 - 01 124 128 - 4.1 - 18.9 6.0 54.3
SO TR - 0.5 - - - 13.7 - 18.9 4.0 37.1
bi=i(n - 11.0 4.3 - 1622 258 - 18.9 2.4 224.6
T RERE - 2.8 305 - - 0.1 - 18.9 6.0 67.3
FE - 0.2 3.3 - 16.3 0.2 - 18.9 2.4 41.3
bz - - 43.5 - - 0.1 - 18.9 4.0 66.5
T5/-I3hH - - - - - - - 18.9 - 18.9
&5t 41.5 237 0.0 151 103.0 12.8 178.5  49.1 3.8 170.4 27.2 625.1
6.6 3.8 0.0 24 165 20 286 7.9 0.6 100.0
1&Ak(%) 27.3 4.4

10.4 58.0 100.0
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5.3.4 R T LB EICCEAIT E Y )T

i b b & H JFE B & L & NS 4 = & ) — v EE TV
AT AW B W THE, HE B MHE®R DS B EE T D C
O: L v v £ < © CO: N W & h . — FH, = %
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4 R AL U R o B W T E, = x
— W & &, CO:2 # H & o K & 72 K & ® & 2 & 2 &
i %= s & b 3 2 (B H & 2012) % R G N
<TE, 77 v b o &E 2 XA b A& 30%M B L, B #
H® o7z o #MzHx+2. L, 77 v 8o
# R 2 K a2 X o 777 AR EBRE DS
2 %' L, K & 0 B & FEN R ORE e ¥V ox — 77— R

]
o
w
[

v F
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=
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o
<
I
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—
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BE X EF 2 b oz L » L, B #FFB ® X % M1 &
BB o d o, = 2 F B O 77 F B O
S T » BH MK, fto = 2 bmEH IO W T H B O
BB M xR R T DN EEE XL N D D
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CO,BFL & (ke-COy/kL)
0 5000 10000 15000 20000
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5.3.5 AT LOREMHERIZCHET S K

w2 — v o ko - HOfi &I, 77 Yo
oy b AN S D E K= X — v (HBE T LY a —
) o i k& oA B R OE B b b . ki, fli & & 80 M
/L E L T 5 L, KWK o R K 380 M /L(k #
vy U Ao a)Tc o "W E--K R TIE Y AT A B80%
o MY ¥ L o T L X 5. — K, KX ORAT
LA T UE, 95% = % /J — L & K pE T DK ICE W T
i o b X 7 FEL R DN EE S D (£ 5.5 5 M)

wE YV 4 A2 E L S E, Wb 5 T o @

(o
t
N
_
+

80 M /kg, ¥ & (R E 20%)D ® & =
Z F X 140 W/kg ¢ E L 2. 2 2 T, @b b
Ny 7o B e - H O B &2 50 M /kg BOE (L T E
— v K K R 2 L), B W o R OFE - B Ofli & & 200
M /kg(h 0 H 7 v 2 — 2 K )& + h X, §i #F & 35

% D B K, % E T 43 %o F N H BH L E 2 B N
ES

% B 5, 4B D v FE L ], R ob b oo v D
% R A2 om D A LTk o T, ¥R T A O E M

MM % £ B(%)ix, (5.2)X 1 &L - T

<
N
N
>
N,
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ptgte=1 p,ge >0
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(5.2)X o F w o T % F E & K DH -,

WX BN E & 2 D p,g,e D B i fE A

b

T T 5

5 A2 M OE OB & L 2R 4 4 = F ) —

HF

E I B

3

s
T
=
[aY

W = % o — v oo fF E DN B E M W R
W T AHSEE bR E. 7T ALY DO N A F X

E L % o & 7 % »nwE Lz x  — v & ff

<
o M

b, T h T h oM il Ik o~ T HEEE

[

N
4
RE

W b M AN S LT B L (NR20
T h o' L S DR EE XL N

B, & IiCo W T, HB#AHZ VY — 2K’
T o e LA T b, LR 2 O L T A Al
oW A R oo B E 21T ) 2 b W E T D D
BB R OB LA o W e = 2 — v (RS
95 E F L — ¥ 7 L B E X2 J — )N K K H

H H b X, = O Bl A A MK osE ffi % 1000 M /L

T Hh T, 380 /L T H o T b B B M N + 5

Tk T x % L F 2 b D

-159 -



E5H

NAF I/ —VEEVRATLOFRMES S EFEICEY 51RE

ES

5

.5 Fii

b b XN 4 F = % 7 — v & E o F H W

B oL A E R W

B4 B BESh2H® I#

PRDE |FEH5 VLT | BURER A EE, #a8, L TE-ILFF 1WILT kR
R Lim FILa—2 ER, FEE LR ED SIhF B1LR AR

BIERLD (HEAk W37 2 Pt 8 AP
IR ,, U —H R
R " PLTRE
BLEE fE# RSO EE LT RS (V) O EEABS L
RER 02 AL THHIA iB1LiERTE
ERRER ” =3

- 160 -

=



FOFE NMFITH/—ILVEEDRATLOFEGES K TEFEICEYT &5

5.4 i =E

b b o2 R OB & Lo

Iz o> w T, =

A o — )L iz X

X v ¥ — A gE

z o R R,
(1) & #F % o
Oha)lc B J 5
2/10a & & #H

(2) & & F X

~ 567000 kg-

N

D &moWw A AT

R o R T OMOEK

o HE O Of =

0~ 11907000

2 7 — N M K

B o

5 N A

oy

75 A&

T i @

fii o

7 =

N

L T

8 lﬁ;

HoE F ¥ =%

fa b b ® CO2

=

£+ 5 1 ®»® CHu

CH4 &

»H v,

S

O

CO:2

5

%

—

5

&

Iz

(- G

Z CO2 #H Y4

kg-CH4+ ¢&

R G

i B

g OHl B R &2 Ol T oz

(3) W » b % M J& B & L

v A T A D

{

E R E & 2

76 % x® N A A T K

o fE

CO2:

LY A

7 5 v b (&

>

o =

VA

=N

==N

7R

|7

73

7=

Ea

A

A4 4 = % J

LS

/

r %

ST e

v (Fig

e

[EE

AR

V%

9D

PEH B0
CH:

i

i
HOOM

N
o

—

I % m & 180

=

=N

g

21 T » %

Iz

%)

i

rer

.

i

LS =

AT

A

(=

(S

— v

& ))D CO:2 H H

-161 -

Pt

#

#

j‘

EAA)

)

7K

7

8960 kg-CO

I,

117000

R = % R

b

i

&

S

&

&

/

)

bl

B oo

i o CH

245700

o 4 =

®» CH4

v A pE

16833 kg-COs2/kL

D CO:2 # W

& (Y

—

5

=]

2N

D9 b,

A M, B L

=

==X

N



FOFE NMFITH/—ILVEEDRATLOFEGES K TEFEICEYT &5

B BT D Wb b N A F 2 F ) =

Febe

2 M 625 M /L & & H S h &

%ix , W E KR D a2 b (#H H

F)N 5 O 5 & B 2 b

L O CO: #F H & 8 & O A

&

=

IR I S R S

e
i
3

=

A

H

pe

e

S
o

K (RN s S

D B R < (U DR

% o X v, CO: #F H B T 37

Gt

CO:2/kL & E £ T #i B o & E 2 bk

(Y

=l
He

=

VAR ook R b b oo [l E § 5 CO: A

o

" IZ

E @D H N w = h = 7= 77

e
™

-
W
/!

m

Ste

sy

b

&

i}

® M
9

o
-

5
h
k2 380
(»~n 7,

e ]

tk N F B T b

-162 -

BE oAb W,

A

T 5

A S

5y

G
N
oy
)

o

anj
o

%

*x =,

ZF =

H /L T & - T & ,

= 4

=]

B

&
AN

(Y

S

— JL )

@

b
<z

=]
a]=)

V%

N

djm

/'L



FOFE NMFITH/—ILVEEDRATLOFEGES K TEFEICEYT &5

LA =% 7 — il b B 2 THRREMEZS

FHE L E XL K

-163 -



FOFE NMFITH/—ILVEEDRATLOFEGES K TEFEICEYT &5

5.

A

ilF

R

5

Bl B X @t (7 )L 7 7 R v + JE)

A A BB Ol OE OB B o = (2008): 8 A A K OB &

1A

i H #H B B ,http://www.meti.go.jp/committ
ee/materials/downloadfiles/g80326¢c05j.pdf
#search="%E3%83%90%E3%82%A4%E3%82%
AA%NET7T%87%83%E6%96%99%E6%8A%80%ES8%
A1%93%E9%9ID%NAIUNEG6%96%BO%ES8S%WAS8%88%

E7%94%BB'(2014 4 3 H [ & ).

2 41T - M B MW f1 (2008). N A F =~ A - B OH A

Z W& B k2 /A W - o x v ¥ — 8 A g
7t WOROH B OB OB ¢ OMF %R BT £ W 2008:75-78.
oz - BREE - - PR - EMNIEF(1995):B
1 H#t Bk R OB b I R D = W (kb Bk OFE wROF O OBR I
M3 2 #F %8, B ¥ 4 B KR Ik T DK FE K E

I % o E B B Mo, @ Kk B IZ B F D K FE MR
B I X o E® B OM MO, 28-39.
XK — ¥ - F HBH X & (2008): " 4 F = % /7 — L R
B o kT 5 = x v F — K. H
B % = F . F 77 % (B 5 1):356-357.
oM OWE B - b AR F (2009): 8 4 & B K E A I
X 2 % » R o E &0 FF M, H 2 ®E LCA 5 #r i
X5 R E MR T XA B MR o W, B KK E
BOR OB %R BT, BB 7 e Yo s MR ERE 1
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koo F KA K (2008):f b & N 4 F <~ A M»
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Z (2010): 2 4 & K B o | £ 20 B U X H W %
XM 3+ 52 LCA # 4 K 7 4 ¥ Ver.1.0. http
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I

H (2012): N A4 A H 2 B #H F ¥ o LCA T M
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E ¥ A (2003): 2 4 4 v 2 BB o CO2 H H %
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AN ~o LCA # H iz X 2 & &H & % ~, B &
E R - 2 v ¥ — @ AE AWy B S A MW s B

9 | B OB B K /N ZF B & B OAMAE B 51-33.http://
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- 165 -



FOFE NMFITH/—ILVEEDRATLOFEGES K TEFEICEYT &5

o, A K PEE Bt K OMF 8 BT OAF %R oAk R W B & (201
1 8 A )& K

Koga Nobuhisa, Tajima Ryosuke (2011): Asses
sing energy efficiencies and greenhouse
gas emissions under bioethanol-oriented
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