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Study of Supporting Method that Spanning Tree and Cotree are
Designated Using Rigid Water Column Model of Analyzing Slow
Transients in Pipelines

TANAKA Yoshikazu, NAKADA Toru and TARUYA Hiroyuki

Summary

The rational water management which coincides with water-use plan in proportion to the change of recent water
demand has been required. Numerical method for analysis is important in order to examine the plan which carries out
improvement of the elastic water management method and improvement of facilities. Rigid water column model -
closed circuit analysis for slow transients in pipelines are one of effective numerical hydraulic analysis technique. In
rigid water column model - closed circuit analysis, the state equation is obtained shortly, because independent variable
and dependent variable of flow rate are automatically obtained, if to separate system graph which modeled pipeline to
the edges of spanning tree and cotree is possible. But the work which separates a system graph to edges of spanning
tree and cotree is not easy for engineers. Then, computer program which supported that work has been developed.
The method is an algorithm using spanning tree search and Ternary network flow method. By the benefit of this pro-
gram, it is expected that automatically deducing the state equation in rigid water column model - closed circuit analysis

is possible.

Keywords : pipeline system, graph theory, state equation, unsteady flow analysis, Ternary network flow method
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Expression of substitution using by the syntax tree
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public void replace(VarNode key, Node node, boolean recursive) {
for (int i = 0O; i <size(); i++) {
if (get(i).getType() = OPERATOR && recursive)
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set(i, node);
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Expression of transposition using by the syntax tree
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Procedure of transposition
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Expression of expanding multiplication using by the syntax tree
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HMLRICHESNTIREARAE, ol z ik
1) A b eqFromEnergyContCond |2, 720 % #fE 1) A+
eqFromEnergyContCondLHS (Z4&#H 4 % L HIC L7z, ¥ v
7 nonStateToStateVarMap (X, (7) X o= (23 % JE
IRREAH EREEH OB %, FFRELEHO 1 2%
YAEF—IZ, RBEBDA VA Y ARMEIZ LYY
THEETH Do T— FHIZH T AELY edges (X734 7
TAVYAT LR T T THE TR LZRONE 4 >~ A
FUALLTHMLIZEDTH %o,

1\ 2T

MEZBWTRREL BN AT 224 7T 20
MM 7o s3Iy Ve JavallTEE L, €07
077 5% MHALTFg2lIRLINSATI4 0T AT
AZonT, REHFEALEN L flaeid, 22T
Fig2 D/3 4 754 ¥V AT LI BT LK & EBOGH
JCld Table 2 O Y & L7z, 72721, iiE g 1 dKFE
OEFNEO WY B LiE e L, DS HE M ¢ 1I2KAT

public void expandAll() {
boolean doneSomething = true;
while (doneSomething) {
doneSomething = false;
for (int i =size()- 1;1>=0; i) {

doneSomething = true;

-~

if (get(i).getType() = OPERATOR)
if (OperatorNode) get(i)).expand)) /EEFA VR 2 Y XA Dexpandt v FEIFUHT,

NFDEEFTUTOFIEERYRT,
NENEEFAVRE VRATHRIE.

Fig.13  OperatorNode 77 7 A D AV v I expandAll (2B 1) % Fifie X

Procedure of expandAll method in OperatorNode class
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public boolean expand() {
boolean bb = false;

for (int i = 0; i <size(); i++) {
if (get(i).getType() == OPFRATOR)
if (((OperatorNode) get(i)).expand())
bb = true;
for (int j =1+ 1; j <size(); j+1H) {
if (get(i) = get (i)
continue;

if (get(j).getType() =— OPERATOR)

bb = true;
if (get(j).getType() == OPERATOR

&& get(i).getType() = OPERATOR
|| get(i).getType() =— OPLERATOR

&& get(j).getType() = OPFERATOR) {

VarNode v = null;
OperatorNode o = null;
if (get(j).getType() =— OPFERATOR) {
v = (VarNode) get(i);
o = (OperatorNode) get(j):
} else {
v = (VarNode) get(j):
0 = (OperatorNode) get(i):
3
for Node 00 : 0) {

mul.add(v);
mul.add(c0);
add.add(mul);
3
bb = true;
3
¥
}
return bb:

NEDBETUTOFIEERYET,
NFIBEEFAVAREVRATHNIE,

VBEFA VRE U ADexpandA )y REFUHE T,
MEDFICUTOFIEERYES,

HFDNEEFA VU REVATHNIE.,
if ((OperatorNode) get(j)).expand() /EHFA VAR Y ADexpand A Vv FERUHT,

&& ((OperatorNode) get(j)).getOperator Type() =— ADD

&& ((OperatorNode) get(i)).getOperator Type() = ADD

OperatorNode add = OperatorNode.gerOperator(OperatorNode . ADD);

BRITD—DOAEEFTHL
L5RANEBLEDEETF
A VRBRVRTH1=15H
UTOFIEZEITS.

IR LEDEEF
N DR REERT %,

BREETDA VA2V ADSEE
FNEN, véok LTHES,

IERFA VAR VADEBE. FORETUTOFIRERYRT,
OperatorNode mul = getOperator(OperatorNode MUILLT);

VN TEOEEFA VRI VR EED,
IEBVERITEREFOFITEMT %,
/IBRoDFEHITEEEFDOFITEMT 5,
/RLEDBEEFOFICHITEDEEFZEMT 5,

Fig.14 Multiplication 7 5 A A v K expand |2 BT 5 T &

Procedure of expand method in Multiplication class

public boolean expand() {
boolean bb = false;
for (int i = 0; i <size(); i++) {
if (get(i).getType() = OPERATOR)

bb = true;
¥

return bb;

HFDBEITUTOFIEZREYIRT,
VFNEEFAVREIVATHNLIL,

if (((OperatorNode) get(i)).expand()) /&

BEFA VRZ U RDexpandA Yy REFUHT,

Fig.15 Addition, Absolute 33 & UF TimeDerivative 7 7 A X v K expand (2B} 5 Ff &
Procedure of expandmethod in Addition, Absolute and Multiplication class

THRTH 2720 AT =% T, Wike &Kz dgE
LC, Table2 ®i4it% 5 27> (Fig20), ANF—4 D
LS 2 fTHFEFCIX, TE1H ¢ OFMICED VTR
L7277 T 7HEICBT A1EHRTH 5o 147 BIZHE DS
THTHDHIEERLTWAS, 21THIZMDOIEETDH 5,
—ROMPO T — & 13hH L T OFS B L OHiR»AH

RIRETH T I 7OUHVPTEL TS, EHAROADY;
EN1T, MiROBDOGEN2 L L TWD, &I 1TAR
DBDOTF—%%h < () TRY > THEFMEIZERT
Whe ZNLUEDITIE, /514 754 v AT AN K
LEBROFEICATR LD D TH b,

AT =5 ORFATPHEZTTTAPOREATET
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W, R g, R T20IEM L2010 OfE#HRT
Hbo MEBET g, [ IKFELE) O, # =M TELT
Wi BlZIE, (26) ROXHIZEKFTIENTE S, A
NF=#Tlk, ¢% 05m’s &£ LT, ZOKREELEH Q,
D3\ % Functionlmpl0 &\ ) ZHID 7 T A|ZFEFE L TW»
HIEHEFLL TV A,

0, = ‘11(1 + 0.5 sin( wt)) .................................... <26>

T 7T AL o T ENAERIE, Fig2loeB
D TH DN SN T, mEERLN2S (6) & (7)
XAEM L, A F—EmhE (14) AhoREH#
X (25) RN ENTWAZ EPHRTE B, B S
NREET R DA v AT VA&, Vor - 2y ¥ FER
EOEMS RN A MBS T ER L7 TADAL VA
y oA ES N, #HEF 2 T A OperatorNode O 1 > A
Z v AMeval) AV v REMNFUPHENEZ EI2L- T,

® &0
) & D
L ® W @

(@ (@

Fig.16 HIURIC & 2 RO

Expression of factorization using by the syntax tree

®
@ & @

A DFHMAIT DI, BHEBEIEONDET Lk b, &
DOBID X HIZ, 5 GRS 2T A% EET UL,
7T TREE DR E K L EROFEITLE AT H LI
LoT, REHEAPEHNIKE S, IH—HOK
THIRAT OVEERAT D 7201218, Zoftizd, F—% AN
LMD R FERET LUENRD LA, MIEOHE EFHHEL 2
Vi,

A

[

Alme 2L UTOX)ICEHTE S,

OmEE 7 WA ED T TIE, REBE RO
WEHERLD VL NETH o720 MRS T
b 720102, #ilim e AT = BUETH 72,
L2 L, BFMEETIVICED S FABEITCIX, AT
LT T T e BREMAREIZHBEC XL, REEE
BosEnp L, IREEH L F U720 IRER
AEONLZ EEFHBEL,

@HITEET VD CIREEFRERE, 1 TI51 0
AT L OEFBRR B R L ORBEIC L > TRE S
DT, MOMBEL AL, Fz KRB
HEWNTLVENRH DL, ML ER LTS F
7Yy MER T U YT ASEE Java 7 VTS
BERIBL Y 27 L 2 ERE LT, REHFEROEH
r HEL L 72,

public boolean factorBy(Node pe) {
boolean doneSomething = false;
OperatorNode aa = OperatorNode.ge/Operator(OperatorNode ADD);
for (int i =size()- 1;1>=0; +) {
Node p = get(i):
if (p.getType() = Node. OPERATOR

&& ((OperatorNode) p).contains(pe)) {
if (OperatorNode) p).size() = 1)
aa add(new Number(1));
else {
p.remove(pe);
aa.add(p);
H
this.remove(p);
doneSomething = true;
} else if (p.equals(pe)) {
aa.add(new Number(1));
this.remove(p);
doneSomething = true;
¥
}
if (aasize() > 0) {

mult.add(pe);
mult.add(aa);
this.add(mult);

¥

return doneSomething;

&& ((OperatorNode) p).getOperator Type() == OperatorNode. AMULT’

OperatorNode mult = OperatorNode.gefOperator(OperatorNode MULTY,  //Eit=|Z#ITEDA VAR VR ZE 5,

R=ICRLEDA VA2 VA% S,
HFDEEZFTUTOFIEZEREYRT,
NiBEDFAVAREZVRAEpET B,

} Fr T EDEREFA VRE VATHY

BIBMTEIN-ERreEEATLSHA.
UTDOFIEERYEYS

IEFpeDSBEFrHLIYKL,
VRBLEA VARE VANFPDSEBEEMT 5,

i BBDFrNSREMYKRS,

NEFpehFpDA VARZVAERBLEDTHNIL.
IBRLEAVRE DRI IDHEA VRAE D RAEBMT 5,
/BHEENS FEEDFrOSBERYKL .

IBMNTEA D RE D RANEFRpeDSBEEBMT 5,
BT EA VDRI VRANRLEA VR AV ADSREBNT 5,
T EA VRV ADSBEEBSBHICEMLTHITEZ 5,

Fig.17 OperationNode 77 7 A A v K factorBy |25} % Fiie &
Procedure of factorBy method inOperationNode class
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| TRA¥—Emsest |

v

| RALTEREBEREEET 5. |

v

| BUHEORMETS. |

v

| d0anBRTEESBET B, |

v

| doani&EhAEEEDIET,

v

| doanEFhLBLVAEEDBET 5. |

v

| REAEXESS. |

Fig.18 T4V ¥ —#iidefhh IR H AL 3 5 Tt &
n7a—Fx—F
Flowchart which deduces state equation from energy condition of

continuity
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private void processEnergyCont() {

for (int i = 0; i < energyContEq.length; i++) {
for (int j = 0; j < key.length; j++)

eqFromEnergyContCond = new ArrayList<OperatorNode>();
eqFromEnergyContCondlLHS = new Arraylist<OperatorNode>();
Object[] key = nonStateToStateVarMap.keySet().toArray();

energyContEq[i].replace((VarNode) key[j],

REFEXOELEEDE
Bid HERE ) X FDERL

FRREBERICKEEHDE

, RRAERAT B,
nonStateToStateVarMap.get(key[j]), true);
energyContEq([i].levelize();
energyContEq[i].reduceMul(true);
enengyContEq[i].expandAlIQ; [ BHIHEORMETS.
energyContEq([i].levelize();
energyContEq([i].reduceMul(true);
boolean containsQdot = false;
for (int j = 0; j < edges.length; j++) {
if (e(fgm[j].isSmteVarii?bleO && edges]il-getQdot0) 1= null) { AOADERT
if (energyContEq([i].factorBy(edges[j].getQdot())) S £\ 42
) T BT 5.
containsQdot = true;

Fig.19(a) T AV F—#lEGEGr0REFEXZERT2F:REOT—F Hi)

Code of procedure which deduces state equation from energy condition of continuity (anterior half)
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if (containsQdot) {
OperatorNode addO = OperatorNode.gerOperator(OperatorNode.AD);
OperatorNode add1l = OperatorNode.gerOperator(OperatorNode.AD);
loopk: for (int k = 0; k < energyContEq([i].size(); k++) {
Node nd = energyContEq[i].get(k);
boolean lhs = false:
if (nd.getType() = Node.OPERATOR) {
OperatorNode on = (OperatorNode) nd;
for (int j = 0: j < edges.length: j++) {
boolean contains = edges]j].isStateVariable()
&& edges[j].getQdot() = null
&& on.contains(true, edgeslj].getQdot():
if (contains) {
addo-addind: > doaAnEEND

hs = true: BEEDIET.
continue loopk;

¥
} else {
for (int j = 0: j < edges.length: j++) {
if (edgesl[j].isStateVariable()
&& edges[j].getQdot() = null
&& nd.equals(edges(i].getQdot()) {

add0.add(nd):
lhs = true:
break:
¥
¥
' J
if (1hs) { N
OperatorNode o = OperatorNode
getOperator(OperatorNode MUILT);
o.add(new Number(- 1)): dO/dh & ENAELY
0.addnd: r msEmcBET 5.
addl.add(o);
addl.levelize();
addl.reduceMul(true);
3 /
}
egFromEnergyContCondlLHS.add(addO); } ’ REEAREXERD,
egFromEnergyContCond.add(addl);

-

Fig19(b) T A)VF —dfidcfhn SRET R EHR T2 Fhioa—F (%))

Code of procedure which deduces state equation from energy condition of continuity (last half)

Table2 /SA 774 > A7 4 (Fig2) OKMELEHKOFHT
Dimension of tanks and pipes in pipeline system described in Fig.2

B F#E (m) FZ (m) BRI AR S N KA (m®) | EHEAR (m) | BHIKAL (m)
1 1.2 2000 0.0268 0 5000 60 60
2 0.8 1000 0.0226 1 5000 L 50
3 0.5 1000 0.0221 4 4500 L 30
4 0.8 4000 0.0226 5 5000 45 45
5 0.5 4000 0.0226
6 0.5 1000 0.0221
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FER CEERF el 46 212 %5 (2012)

E npoints = 7 E
i lines =0121221324352322601,161,461,462 561 i
| | A Voo 1
i point0. type=tank i i

! point0. A=5000. 0 E ; | ine3. type=pipe

| point0. height=60. 0 ; ; |ine3. d=0.5

| point0. Level=55.0 ; ; line3. f=0. 0221

| i i | ine3. 1=1000

E point1. type=tank E E | ine3. g=0. 2

! pointl. A=5000.0 i i

! pointl. height=50.0 i i

! pointl.Level=45.0 i i lined. type=pipe

! i i lined. d=0. 5

! pointd. type=tank i ! lined. £=0. 0226

! pointd. A=4500 i i lined. 1=4000

! pointd. height=30 | i line4. ¢=0.8

! point4. Level=25.0 ; ;

E E E line5. type=pipe

! point5. type=tank i | line5. d=0. 5

! point5. A=5000 i i line5. £=0. 0226

! pointb. height=45 i i ine5. 1=4000

! point5. Level=40.0 i i line5. q=0. 14

! point6. type=base | | I ine6. type=pipe

; i | line6. d=0. 5

i linel. type=pipe | | I ine6. £=0. 0221

P linel. d=1 5 ; I ine6. 1=1000

i linel. f=0.0268 5 5 line6. =0. 1

i linel. 1=2000 ; ;

| linel.g=2.3 | | |ine10 . type=divisionworks

E | | l'ine10. input=true

i line2. type=pipe | | Iine10. stateVar iable=false

E line2. d=0. 8 | | |ine10. function. method=java

; | ine2. f=0. 0226 ; ; |ine10. function. dargkeyO=gbar
E | ine2. 1=1000 | | | ine10. function. dargVal0=0. 5

i line2. g=2. 1 | | | ine10. function. className=FunctionImp|0
b _I ,,,,,,,,,,,,,,,,,,,,,, J ")tl' % L e e e e e e e

Fig20 /SA 774 Y3 AT AOKEEERROFHIC (Table2) % AJJT 57— 4% OFAX
Format of data which inputed the dimension of tank and pipe line in pipeline system listed at Table 2
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- EAORERY ML EBKKERYT ML —

RERY R 31 ad

REAY L 40 a4

HEAG LT 2l

REAY LU 8 © Al x dHI/dt

REAY ML 9 ¢ A x dH4/dt

REARY R 11 1 A5 x dH5/dt

REAYbL 1 gl

RERY R 2 q2

RERY BRI 5 1 db

REAY LI 61 ab

HEAY b 10 0 ql0

BERKBEAY ML 23 0 (L3 x dg3/dt + K3 x [a3] x q3)

BEKERY b 040 (L4 x dad/dt + K4 x |ad] x qd)

BEKBEAY ML 0T (0 +-1.0 x HO)

BERAKBEAY b 08 HI +-1.0x0)

BERKBEAI ML 09 (H4+-1.0x0)

BERKBERY L o110 (HE + -1.0 x 0)

BEKBEARY ML 21 (LT x dgl/dt + K1 x [ql] x q1)

BERKBEAY bV 02 0 (L2 x da2/dt + K2 x |a2] x q2)

BEKBEAY ML 25 (L5 x dg5/dt + K5 x [a5] x ab)

BEAKERY L 60 (L6 x dab/dt + K6 x [ab| x 6)

BERKBEBRY L 210 0 (HE+-1.0 x 0)

- REAEXOME -

FREHEHER 00 (03 +-1.0xa5+-1.0xq6) =0

REEHEEHER 1 (@4 +-1.0xa2+-1.0xqb) =0

FEEHEEK 20 (07 +-1.0xal) =0

REEHEHEL 3 0 (A x dH1/dt + 1.0 x gl + g2 + a5 + gb) = 0

REEHEEL 4 0 (M x dH4/dt + 1.0 x g2 + 1.0 x g6 + q10) =0

REEHEHERL 5 ¢ (A5 x dH5/dt + -1.0 x g5) =0

1

FRELR

q7 = 1.0 x ql

a4 = (1.0 x a2 + 1.0 x af) U5

q3 = (1.0 x g5 + 1.0 x q6)

Al x dH1/dt = (1.0 x gl +-1.0 x a2 + -1.0 x g5 + -1.0 x q6) 6)%

A4 x dH4/dt = (1.0 x a2 + 1.0 x g6 + -1.0 x q10)

- MTFI---

A1 = 5000.0

A4 = 4500.0

- MTBlO#TH -

A"-1(0) = 2.0E-4

A"-1(1) = 2.2222222222222223E-4

IANF—EHEEEL 00 (0 +-1.0 x HO) + (H1 + -1.0 x 0) + (L1 x da1/dt + K1 x |al] x a1)) =0

IALF—EHEHER 10 (L4 x dod/dt + K4 x [a4] x gd) + -1.0 x (Hl + -1.0 x 0) + (H4 + -1.0 x 0) + (L2 x dq2/dt + K2 x [q2| x q2)) = 0

IRLF—EHEEERL 2 0 ((L3 x da3/dt + K3 x [q3] x a3) + -1.0 x (HI + -1.0 x 0) + (H5 + -1.0 x 0) + (L5 x da5/dt + K5 x [a5] x 95)) =0 (142
IANF—EHEEEL 3 0 ((L3 x da3/dt + K3 x [a3] x a3) + (L4 x da4/dt + K4 x [a4] x qd) + -1.0 x (H1 + -1.0 x 0) + (H4 + 1.0 x 0) + (L6 x dqb/dt + K6 x [ab| x a6)) =0

IALF—EHEHER 40 (1.0 x (H4+-1.0x0) + (H4+-1.0x0) =0

- FREZHEREZHTER

(dg2/dt x (L4 x 1.0 + L2) + dab/dt x L4 x 1.0)

= (1.0 x K2 x a2 x a2 + -1.0 x H4 + 1.0 x 0 + 1.0 x (K& x 1.0 x o2 + K& x 1.0 x 6) x [ (1.0 x a2 + 1.0 x q6)| + 1.0 x HI + -1.0 x 0)

(dg5/dt x (L3 x 1.0 + L5) + dgb/dt x L3 x 1.0)

= (-1.0 x K5 x |a5| x a5 + =1.0 x H5 + 1.0 x 0 + -1.0 x (K3 x 1.0 x g5 + K3 x 1.0 x q6) x | (1.0 x g5 + 1.0 x q6)| + 1.0 x HI + -1.0 x 0)

- L7 -

L(0,0) = (L4 x 1.0 + L2) = 2281.7621943276827

L(0,1) =0.0x0.0=0.0

L(0,2) = L4 x 1.0 = 2078.7584403839387

L(1,0) =0.0x0.0=0.0

L(1,1) = (L3 x 1.0 + L5) = 2598. 4480504799235

L(1,2) = L3 x 1.0 = 519.6896100959847

L(2,0) = L4 x 1.0 = 2078.7584403839387 5t
L(2,1) = L3 x 1.0 = 519.6896100959847

L(2,2) = (L4 x 1.0 + L3 x 1.0 + L6) = 3118.1376605759083

KMo RKEFER — N
(a1 + -1.0 x a2 + 1.0 x g5 + -1.0 x 96) x A"-1(0)

dH4/dt = (g2 + q6 + -1.0 x q10) x A™-1(1)

dg2/dt =

(K2%-1.0%L"-1(0,0) x 2] x a2 + -1.0%L"-1(0,0) x H4 + -1.0%L"-1(0,0) x (1.0%K4 x q2 + 1.0%K4 x a6) x | (1.0 x a2 + 1.0 x a6)| + L"-1(0,0) x H1 + K5+-1.0%L"-1(0,1) x [a5| x a5 + -1.0xL"-1(0,1) x H5 +
=1.0%L"=1(0, 1) x (1.0%K3 x q5 + 1.0%K3 x q6) x [(1.0 x a5 + 1.0 x gb) | + L™=1(0, 1) x HI + K6%=1.0%L"~1(0,2) x [a6] x q6 + -1.0+L"=1(0,2) x H4 + -1.0+L"=1(0,2) x (1.0%K4 x q2 + 1.0%K4 x a6) x [(1.0 x q
2+ 1.0 x q6)| +-1.04L"-1(0,2) x (K3 x a5 + K3 x a6) x [ (a5 + a6)| + L"-1(0,2) x HI)

dab/dt =

(K2%-1.0+L"=1(1,0) x 2] x a2 + =1.0%L"=1(1,0) x H4 + ~1.0%L"=1(1,0) x (1.0%K4 x q2 + 1.0%K4 x g6) x [ (1.0 x a2 + 1.0 x a6) | + L™=1(1,0) x H1 + K5+=1.0%L"~1(1,1) x [a5| x q5 + ~1.0%L"=1(1,1) x H5 +
=1.0+L°=1(1,1) x (1.0%K3 x a5 + 1.0+K3 x 06) x | (1.0 x a5 + 1.0 x 6) | + L™=1(1,1) x HI + K6%=1.0%L"=1(1,2) x |a6] x b + =1.0%L"=1(1,2) x H4 + -1.0%L"=1(1,2) x (1.0%K4 x q2 + 1.0%K4 x q6) x [(1.0 x q
2+ 1.0 x a6)| + -1.04L"-1(1,2) x (K3 x g5 + K3 x a6) x | (a5 + q6)| + L™-1(1,2) x H1)

dg6/dt =

(K2%=1.0%L"-1(2,0) x |q2] x a2 + ~=1.0%L"=1(2,0) x Hd + -1.0%L"=1(2,0) x (1.0%K4 x q2 + 1.0%K4 x q6) x | (1.0 x g2 + 1.0 x @6) | + L"~1(2,0) x H1 + K5+=1.0%L"=1(2,1) x [a5| x a5 + -1.0%L"=1(2,1) x H5 +
S1.0%L°-1(2,1) x (1.0%K3 x q5 + 1.0%K3 x q6) x [(1.0 x a5 + 1.0 x g6) | + L™=1(2,1) x HI + K6%=1.0%L"-1(2,2) x [a6] x q6 + -1.0+L"-1(2,2) x H4 + -1.0+L"=1(2,2) x (1.0%K4 x q2 + 1.0%K4 x a6) x [(1.0 x q
2+ 1.0 xq6)| +-1.04L"-1(2,2) x (K3 x a5 + K3 x a6) x [ (a5 + a6)| + L"-1(2,2) x HD)

Fig21 A& L7z 8l s A 7 202 & 2 0

Output result by constructed formula manipulation system
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Automation Method of State Equations by Object Oriented
Programming Using Rigid Water Column Model of Analyzing Slow
Transients in Pipelines

TANAKA Yoshikazu, NAKADA Toru and TARUYA Hiroyuki

Summary

The aspect of a water demand changes with agricultural business change in recent years, and the rational water
management which coincides with the water-use plan has been required. Numerical fluid analysis technique is an ef-
fective technique it examines the plan which carries out improvement of the elastic method of the water management
and improvement of facilities. In rigid water column model-closed circuit analysis for slow transients in pipeline, it
is advantageous that independent variable and dependent variable of the flow rate are automatically got, if to sepa-
rate system graph to spanning tree and cotree is possible, and shortly obtains the state equation. However, there was
a problem in which to transform those mathematical expressions was very troublesome. Then, the simple formula
manipulation system was constructed according to the object oriented programming language. By the benefit of this
program, it would be possible to automatically deduce the state equation, and it would be possible that the numerical
analysis solution was smoothly obtained. The possibility of spreading through the engineer can be expected, since the
difficulty of the mathematical work for utilizing rigid water column model-closed circuit analysis for slow transients in
pipeline is removed.

keywords: pipeline system, graph theory, state equation, unsteady flow analysis, formula manipulation, object oriented
programming
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Fig.3 & HEHL X D FIAKRAE B & OV X H]
The irrigation canal systems of the Fukuokazeki area and surveying
sections
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Field Survey on the Subsidence of the Canals
and Its Influence on the Water Delivery and Hydraulic Functions

NAKADA Toru*, FUIIYAMA So**, TARUYA Hiroyuki* and TANAKA Yoshikazu*

Summary

The subsidence often occurs in the open canals under long-term service located on the weak ground. The phe-
nomena like overflow and water leakage caused by the subsidence of the canals decreased the water use and hydraulic
functions. In this study, we estimated the subsidence of the canals by interviews to irrigation systems administrators
and by surveying longitudinal sections of irrigation canals in Fukuokazeki and Okazeki irrigation systems. The subsid-
ence of the open canals was easy to occur in the valleys with the alluvial soil which deeply entrenched highland. The
new canals were renovated with the deeply-driven piles to the stable ground if the subsidence occurred more than 30
cm which is one of criteria of acceptance for renewal projects. The other subsidence canals were repaired by expansion
of canals walls to be equal to original design levels. Maximum expansion of canals walls reached to 70 cm. However,
the water surface in subsidence channels jointed smoothly to the renewal channels without rapidly-varied flow. By
water level calculations, it is estimated that water levels in subsidence canals declined around 10 cm from original
design levels. The intake weirs installed in some section suggest the water management methods changed to divide
water to branch lines. The check points for function diagnosis were listed based on each indicator such as free board,
water level, water diversion, and water leakage. Accumulating field survey data and defining appropriate performance

requirement are needed to evaluate how each problem decreases water use and hydraulic functions.

Keywords: diagnostic study, performance requirement, subsidence, irrigation canal systems, water leakage, free board
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Meteorological observation tower
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P ldAE, BEE LI 10 TH S,
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R, NIZX W KRERFE e, (hPa) ZEHET S,
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ea:esxRH/l()O ............................................. (2)
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KREDFEZ R oKD EFA L& &0 b3 il
B 7w, 72, WERMIEIIIT> T,

f RMSE
SR (Vaisala #:82, PTB210, [ RFTFHEN) |
SR PGA L 72Ky 7 ACHB SN TV 5, ﬁﬁﬁ(m
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17 A% S HIETh, wmEOFHITETOHZIIE
UCH 2D, Tz, WHEHIEHEZ 1 ~10H, 11 ~20
H, 2l H~AKIZH5F7-do, AKEHNEZ1IHE2S5A0
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LBITE D,

AAVMETHLY TIVE A LEZF —IF, B4
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EAOMfoR#H YAGbEL), EEHOHR TEF
DEFE > TWD, T2, IREIZOWTIIM A RE
LCHIRITE %,

m #A>—Y0mEEEFE
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1 EFEOR[RERIM S & DS
BN BT 5[ LREBN T — & OIEARN 25T 72
O, ETHINIZBIT A2ET— 5 L EEORREEICE
FAHBIMEL L, ZOMAEEIT) . HEORREE
& LT, BUNES 5 ILHE sSkm (JbfE 36° 037, WA
140° 08 ) IZfiE T 2 R/ EITmERLE (LTS L &
%) R L, &R, Bokm RIE KESE, &KA
Bha (e & Eiia) o BARFHHEIC D W C I EBRGE
1190

2 R[RETEEOETEF & & BUAEDIRGT

U - R IR, RA A S DAFERRC M
HOBINGNIHG T2 EELRREETH LA, (RIEME
EORESREETH S = L, HEMEET 5 720 O
T DRENDL T EH 5 ZDMEFMITAES TlEZ%
{, HAHEEHEY VT — YOS LEE b,
Z Tl Allen (2008) D FEIZHEVy, K HE® & Bk
BEHIEL 7 — & O EEHT§ 2 FikEEl 3.

F9, ERAHEICOWTIZENE 2 5K 0 o B
ERBT A LICL), EIHEOMEEMEZIT) o HR
HoO4RKH oM S, Mim day') 1, KR L
2B B AKFE H & Sy (MIm®day”’) (233 5k E L
THN @) 12X YRDD (ITHE, 1994)

‘Si:(cl +0.7 x107"k )(17,‘3)(1”-]) ..................... (4)
Sod

iy :0.014(md +7+210g10w)10g10w ........................ (5)
log IOW — 00312 Td _ 00963 ................................. (6)
Mg = Kyl o owe e <7>
m,,, = (p/po)sec(qﬁf&) .................................... (8)

ky =1.402-0.06 log,, (Bpusr +0.02)—0.1(m,,,, —0.91)"2- (9)

noon

i = [0-066+0-34(ﬁm;s»r )1/2](@(70'15) ..................... (10)

Fl _ 0-056+0-16(ﬁDL:ST )1/2 .................................... (11)

ZZTwidn AR (em), T, 3TESEE (T), ¢
FEE (rad), O 13R#E (rad), my,, (& HFEHREKE,
pB LV p, i3 EATE B L ST (kPa) TH Do
F72, BIIKADERERETZ ZTI30.03 (KEBH2 S
BEN 23T CBATIIREE), ref IET VR FT023 & L7

5, K& S ORI H S8 E ORI &0 BiERATIC
Bohd,

2

SOdi :1%(%} (Hsingsing + cosgeosdsinH ) -----+++- (12)

H =cos™! (_ tang tanc‘)’) ....................................... (13)
(c;_ojz =1.00011+0.034221cos7+0.00128sin77+

0.000719¢0s277+0.000077sin277 -+ (14)
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S =sin™ (0,398><sina2) ....................................... (15>
Ay = 4871 +17+0.0338I0 77 +vveveeerermeenerneeneranies <16>
77:(272'/365)1 ................................................ <17>
2 3036(M —1)+ DAY evveemermeenenieeieiii <18>

2T, Iy i EKRBER (1365Wm?), d, d) i3 KE - b
R oL Z 03, HIZHOED 5 Tol
f (rad), MIZHE, DAY REHOHATH D,

WIS, RS R, OftEMIE, kX E2HWTH
W42 (Allenetal, 1998) o

4 -4
R, 0(7‘"“;7“'“'}(0,34—0.14&) [1355;5’1"—0.35] ------ (19)

ar

Z Z T, o & Stefan-Boltzmann 7 %% (4.903 x 10° MJK™*
miday"), Towo Ton lEZNENHKRE - HEKRE (K,
eI HFHKRFERE (kPa), Sy, (4K H & 8 fE
(MIm*day") TH 5,

3 FEEHMEODEH & Z DR
EBRBUER, (=S - ST+ L =LY, BE#HT7F v
A H, Wb #dgi s G OME = 2303050 (20) 12RAL,
ZOWEPSOWIT T v 7 A LEREET 5,

lE=Rn—G—H ............................................. (20)

ZIT, o AEREEE (Ukg') ThHhDo 722U, HAHE
BN X BBHENT T v 7 ZOWMEP R L WERH O T —
FIZBEI S 5,

WIS, ZRESEE O B R C B 5 B H S W ET, D
Bl e Rm . RERREHE TPV SDH D
FHL D S OIS EE T, 151E Penman-Monteith 3\, C/%E #
EN5 (Allenetal., 1998)

A(R, - G)+900yu(e, —e,) (T +273)
A+ y(1+0.34u)

ET, =0.408 -+ (21)

Z I T, ET, 133w (mmday'), y (3G
BRER (kPaT ™), AXSERILIR ORI 3 5 2 b
(kPaT ™), TIZHFHRE (T), ulIFEE 2m 2B
LA (ms'), e \ZEFIKERIE (kPa), e, IIKFELRE
(kPa), ARKRZESTEMHOLELTH 5.
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Configuration of Integrated Weather Observation System
and Quality Assessment of Observed Data

YOSHIDA Takeo, MASUMOTO Takao and HORIKAWA Naoki

Summary

This paper outlines an automated weather observation system, which was thoroughly remodeled in April 2010 at
the Institute for Rural Engineering, Tsukuba, Japan. The system was configured to carry out stable long-term meteoro-
logical observations with simple and robust settings and to be technically easy to maintain. In addition to primary vari-
ables such as temperature, precipitation, and wind speed, the system was enhanced with the observations of short- and
long-wave radiation, sensible heat flux, soil temperature and moisture to clarify water and energy flows in the surface
boundary layer. Because data can sometimes be impacted by measurement biases caused by sensor malfunction, sensor
aging and sensor miscalibration, the observed data should be regularly checked and corrected. Therefore, we intro-
duced some simple measures to evaluate the integrity and consistency of the observed values by comparing them with
those of neighboring weather observation station and/or estimated values. Simple visual methods are able to screen and
correct biased data. We obtained some reference values for checking anomalous data by using data from 18 months of

observations.

keywords: automated weather station, data quality assessment, data exposure
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Table4 A b EINADFEHICEIT Il

Condition to calculate cost and income

GefbmEE Sl FIHT
/N 6.26km/L
S o TR 2 e H 5.26km/L 7RI (2010)
K7 3.34km/L
ekt e e BB HIAT B 0.35L/10a §e O DSFERERSE CUIE
PORBRRSL LA 1.83L/10a Gt 5 FAERBR I (KK S, 2009)
e (g | 337 T/ B
R R 2 + Bl | 366 T /&
+ ZOWER) KA M Fr/Aa WES FT s AT ay (2011) k
wE s oETE (s | D 7.5 1 /km D &IE H &R
M MR E 5 A R 7.5 1 /km
Y Ta=TR) K 9 1 /km
BhHE Sy LIOBAWE | semsenetues oos)
=R 12 [ /kWh
PRELE BT 103 [ /L FEMOKER REE A (2010)
IR AT 4,500 T /4E/ N | s (2006)
HIEH (8 Wgf / H) 8 TH/H/A RETORE CRARLZM)
ikl 180 M /kg
— ﬁ%%ﬁ%ﬂ(ﬁu%@%:ﬁ) 3119 /kg S5 b A —h
L — % 30 9 /kg
Ay =) 90 1 /kg
HERBIRSE - I A% 2 THn RETOHE CRARLZH)
A5 FEREHALRE - B A% 600 [ /t RMTOFE CRALZ])
AL IR AT 108 [ /kg RO EE S KEE B cETH (2010)
EWAL G i 20 M /kWh BT OHRE (ARSI
BT AA% 11 /M) KM TOBE CRALZI)

Ak A ENA A AFH OS2 e L 72 DT
H5bo

a FEEELSEOH%E

YFUF 1T, ONAFYADERA T —TI2BIT
BEENA T~ A (FLESAR) &% 250 HEZEEL
REE (ML) BLOEE (25 V58 2 E L7
Table 5 IZH AT — Y ONEEZRT o S ARPHEALIZ
IDFHENTHwRELTH, RESARMEROAES
DI EE I L CGREITH 5720, HELOF T
PRDSNEETH 5 Mk TIX, X & U REEOEAPIRETE
Do AYURBZIVERENDENAFHAEPFNTE
NRBEREEL, HHTAZELTRETH S, 72k 2
1, ALEETLRIT ORI TLE, S ASROR)ERE 72 L
BRI D7 O AT VB2 EA L, Bl
RO 2 EIo—ix Bt (SREDFEOEEE
) TAL LD, LA SRS TIIB W T
JEoHuLE LTwa (FHL 68 2011).

[7r—Z 1] OFRETIE, 3FDOFERETEET L 5A
JRO(U 4720 830 H) WdEk SN s 2 K121
OB S R (8.3 HHED) THEAM LS, 4
J S A7 HERE IS A T R A & MU N O S b L2 B - BicA

ENb, HRL(AT—T®) B X UHER O - #h (A
T=V@) \CERGN R, B OB R
I2HD ERE L7 (Fig2 D LX) o[ 77— A 1JOETETIE,
SARE SEER DR L, LFETHRET L 25 5
Mgk 13 25y HEI) CRIT 5, B L72AY V5
FE AL, JhF TR - s b (Fig2 o
TH)e A% V3558 (A7 —T®) B LML O
i (A7 —2Y@) % EEMESEOLRMETIT) 2L
RMELI T —ATHDH, QUEE - kAT — I T,
FERRNHE S S ARDOIE - Bk % AT 720, DEFH
BsZh - AR FEAEE T, Wiko/zonT =7
A rDOHZREFTELZ,

[7r—22] OFREETIE, ETDLHAR Q50 H) &
REICEEE (Bt L) Sh7zhitik 138 (25v F#E)
THERBAL &AL, AR S A7 HENE I3 M3 P o 12 | 2 % -
s (Fig3 @ LX), EHETIE, MEOSARE,
FEEPIICRRTE (k7 L) Sz A & > 58BEEak 1 5 (251
FHB) O B, EW L7z A% R EEMALTE, &
PaREEe 2 & b ICE A SN S s (Fig3 O F M),
| FOWIERHBDONA <~ ADERE B54) 27— h
5@OAK O - WA T — Y EF TR LREL
FZEAT—=TVOMPI AL ZORERIVEIET L L W)
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Table5 > FVUF 1 DEAT—VDOHNE

Activities of each stage in Scenario 1

ATET WA A0S @itk ik | @AY A0% | QAW OHE - | OEWY O H X
S sha AT — AT —v BFlEA T — Y F—
J— s HEEAL Jk M 133ha, W
Elr—21 s 7 L > . ,
e D ssaame | B (3 A x 33k | HROMS B sam <o e i
I He 3 53 N oo == e
% [ —2 2] e s L SR 337ha) R
- (251 H x 13%) LA RERLCHiSE)
e KZER 150/ BO . B AL K H 133ha,
A e | w 2Py R WCROME B g <o e
Py Vrxtlb—var | i Ok 468, M| (I 2 o %
Bl [ — 2 2 . Wi L 5y Hx 135) | 119a) I EER
AL CHE)
BNEREOHH 2 EL TV b, - PREBL | QUL CERMOREEE | ormmomm
Fr—Akd, REBOONA T T ADERAT— T2 {2 i .
B DHMLREIEI L, B2 E L7 GERIIEON max | s | @REER gﬂuﬁ;g?g’igﬁ N
BETRL L CHHSNTOUIEIEHTH H720), & e w;;ﬁ";’;ﬁ
1 L 72HERE O e M~ D i (DA iel) D 3% - B 2 7 — i 2
D) AZoWTE, KEH AR & TR e Ak RO & ) HERR
JKHIT 10108, 1T 2v10a & L, FEMEE L CHIEMN DK &%: WL | @R R || MBOWE W || MR ORI
M X OYICHEE - L, 2o o CHHERR D

B R BT 5 (OEBEMOFHAT—Y) Lwvwi sk
HoOT, vFUFEERL.

HBOGNS T ADEMRA T =TT, A5 V5EE
THERLINNA AT AxaT b= a VIZHHL
BREBFEEET Do TNSIMROEEIZFTT S &
EDIS, BRI b TR TR AT B B
FEBHLTEREEM & L CTHEIME LIGES 50 AL
7o A5V REEEEALIE O B~ O NG (@AM o % -
A T — ) I2oWTlE, BEEHSZN— 22
REmZRE L, M N ORI - BT 52 L &
L7zo e (O ORM AT —2) 128V Tig,
KT DO—HTIlE 2 & v 3sREH b CERILFIR %
100% T2 2 ENTE 5,

b BXF—JILEIZAXMEPRADEH
(1) N FA<2A04E (38E) 25—
[r—Z1] & [ —=22] TRABNTOHEIELR D

(QUR S % - Q@IAATAD @ AR BT BERMDFIA
- FHAT— ZBAT—S praas 27—
[ﬁ%%% wEel | | @AERE | EEOWE Bh q\
0.7ADFHH 2ADHH
NELLES
mmze | owEel | Epgle | smoms wm H— grons |
0.7 D% H 2ADFHH
[a&%% Wil | | @R memﬁ%-mﬂr
0.7 D% H 2ANDFH
HE
e #x15[E)/:8 ~ =)
EEnEEEEl REAS RE R A
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_ 3ADFHH
(mazslwasam | |\ o2o5”

Fig2 >F U410 [F—A 1] O&M#E
Condition of "Case 1" in Scenario 1

Fig3 >+ U+ 10 [F—A2] OFM#E
Condition of "Case2" in Scenario 1

25, EMlicr S &+ A4S ARE 5v H) R TH
bo T2, FRE-ETE L b, 2 A MBI OWAIL “neutral”
ThbELTo BETDHEAARDEER - B, Bk
FENA F VA 7 VIZE v AT AERETEL= Y
(2007) XD EEL, A (EAKFES6%) 1687 H, R
(ZK#100%) 7.4v H, R (HKFE15%) 0.7 HO
RBEMTH D, REMDEKEIL82%TH 5o

(2) ILEE - Hiik - FRA T — 2

[r—21] Tld, EETOEH®XIILRL, AN, I
AEBIZOMTHS, —J7, BHETIE, FEEEKIL 1S
/38, fmKFE#EGE 4t(em’) ORI S T~ T v 7 % H
WTHIE 10km OFiEZ 1T ) o HRIY T~ T v 7104
LT A N REFEIA N, WRIRL M, S
BROBENICEETNL L LTEHEET, Bk RL 5%
R &R DN OB T DA E T = 7T A MIEFE
L7z B3 BE R E HATD 720, DUERETHESE O
PONIESEA L 72 v

WIS YT N Ty 7 OFEATHEED S, REVE & ETR
%EHE L7- (Tabled X ) hRIOIESIR) . MEITHIEEL,
38 % 1510 x 51 # x 10km X 2({E48) = 45,900km/ 4E
THhbo ULELINEB LT XN EIUA % Table 6 |Z7R
T

[r—22] CTiE, RE-FELL, ONMF~YAD
ApE (B8E) AT =V E@NA F R ABWAT T LN
FUHHTCEBES NS L L, QIUE - ik - B A 7 —
VTOIAAMIFFLE L,
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(3) NAFYADEWA T —

DA 1 RETIE, A4S ARIIEEEEENICH
B SN LRGRE CAR s, HEREAS AR S L5,

[r—2Z 1], [7r—22] THBOLEME LT, il
iy, o= ) — XS A L & L7 B HE A Lt
FTHY, EMBEHEKIL365 HThb, WEMZE L
TBFLT % 40 AGIFE T & 2 B2 TIFREE b &
TERINDLLDE Lze B THEEDOEZRE L,
B TEME 0.25um’ (F BB RS, 2004) 7»
540 A OB A2 HE M L, 3m T CREA LI EEE
L "C TR B O B2 THI R A B R Bl 12 - /m® (5 3R
Brdfitiet, 1998) % e U CHM L 72 B2 T D HUi,
MRMIKIZBITHeT) Y IRERL) S THAE LT,
WA AR, HEILERROBE AL 30 4, Fii
Wi x 1245, B THEEL 104FL Lz, B0l
EROFEA - W Ny ba—F— (I A b - BEE
T2 MR ENICEENLEEZ, BT ELARY) %
vz, Ny bu—g—oRE @) HEeE, 7F
FEWER 720 7L W (G RE R MRAE, 2003) TH bo

N BEAMIGAERER & LRI L7z, iRk o midd
B, Mils (2006) X0, MiFREEE GRitEs)
D2% & L7zo

[ —Z 1] Tix, 83 HEEOMMALHEREAY 3 2553%
BENDL, MG O En e - BT, HEBsE
At (2005) XY 227 7EERASHOFED &
Carz 7RI VRANVATFLON Y07l BE %
EL720 RIEMOVERZO/NA <Y ADEE (54E)
AT =T D5SARMER (GKE) FhEroEHL, 58
MR, SME4m X 1 L— Y X B & 10mDOd— %
) — R FEEER & L 72, Figd 1235 L 2B T O 70—
IR o | MR DO ECEES 5577713 0.7 N THEMEH
L7z,

Ny ha— =2 X BIEER, BRI AR IE
SEREM 2 025 BEfd / H, FEERA, ANy 7Y — D
T, HEMEMR L AR A MEERE I & 45 0.5 R/ H & L C
WHEIE 12250 HE B L7z, BOHEEROREHIZY

FER CEERF el 46 212 %5 (2012)

oo T, HHROETEEL 04m/ 5 L, 1 H 1,
1 L— o EHEsE (106m) 2479 &ARE L CTHRBIFERH
BAAWER HE L7ze 70T —I3 24 HRR &R & L
720 UEXDEM LT AN L% Table 7 12777,
[ —2A2] Tix, 25v HFHEEOHEMALHE R AT 1 253%
BE b, HEHLHER: O, [7— A 1] 0%
PEIC, B ZIE4m X 3 L= xEZ 106m & L,
MR BRI AT — VA v F2EBEELTTr—220
258 L7zo FigS 1SRRI L 2B TR O 70— 21,
D1 HEOHELIEREEE BT 29011 A GERE
M) THbHo Nry ha—y—2 X aE¥IE, BIEH&
ANCAR BRI 2 1 R / 1, BORHRA, A b v 7 v —
FAOBEY, M AR 2 MR % 45 2 BRI / A &
LR () HEEZ 4L/ H e L7z, BN
B OEINIYG 2o T, BEROETHEZ 04m/ 55
EL, THILE, 3b—=YIiZBWCHEHREE (106m) %
179 ERE L TR 2 448/ A & Lo 707 —
V24 BEEEGER & Lo, DEX DS za 2 b
LA % Table 8 127”73

T F ) & 1-EHETIE, FLAE S ARG E TREE ([ —
A1) FoEEREEENICERE ([7r—22]) L7z25y
HHBEOX & 560 - aY 2 2 L—3 a Vi | 25T
WsND, BAT =T OHNFORMEREITELZ D
ODOEWTRHROFEMIIF L TH S, BIfEHTIE, #%
VRBEZ X VEE LN, AR HWCTES LBk
BRI, [FIREC 2 Y BEAEILR AR S NG, ERFR
WA 365 0, BAEMAFEEE, 25 V58 a2V
A= a VR OBEL AT 30 4, EfitkiEr 12 4F
ElL7ce TO1EDORAY VEEE- a2V AL — 3 Vi
RO ES 59501k 1.5 N GERER) Th b,
fHERiFE S LC, BB R CHA 3 5 G % HENE
b BE@EEFETLDDE Lz, HEAMLEE A
AT L EL, WA N - BEEI A MIET
FL%ev, FHEE LICERE T v = 7 a A Mg, FE
TR oD, REO [F—A 1] THRELLE
REALR% 1 2555 60% % 5T L L7z,

Table6 > V) A 1§D [7—A 1] OOPUE - ik - AT —VI2B0 2532 b LA
Income and cost in (2) Biomass transportation stage of Plan Scenario 1 ("Case 1")

HIMIEE 7= % HHARR
M a2 (M74) WY ST Ty o A MERFREENICZEIND EERFTEL AW
BEEa 2 b (M7 4) MY TN Ty g B MERZREENICZEINL EERFIEL AW

N (RFA73=)

MERZREENICEEIND EERFIEL AW

RV
SrZvrazxb (H/4)

AT I BE 45,900km/ 4E + (5.26km/L) = #5 KLY 1% =
8,726L/ 4F
8,726L/ 4 x (103 /L) = 899 T-1 / 4F

RIS TN Ty 7 O EE

MEREGEENICEEINDL EE G EL W

1

Y TN Ty 7 ORELDAL O EL T

HEAEATHIAE 45,900km/ 4 % (7.5 9 /km) = 344 -1 / 4F

POA (17 4) wL

0H /4




TEAKER - MLZEA - PREA -k B N AR AFNEH Y AT ADT A4 THA 7 VEGE L7 REEEORHE 61
ENBFEFOBELL
HH(7.5kW X 28 x 4.4B58) 52.8|kWh/H .
" si‘fﬁ 29|t/m SEAT0.4KW X 4 4B 1.4]kwh/ B :t‘g%;;(‘;g)_':
Qgé;\?gg;': 2;;;;(;}%;‘:*6@] 2kE 25{% SE L=y R (2.2KW X 4.4B5 ) 72.7|xwh/B &
il gH 2 oo 1 TAT—(1.5kWk2E* 2485 ) 57.6|kWh/ B ::]L/ =]
A S AR Y (97 LA ! 1 )
( &) ) ! ! !
83t/A ! L .
(5A56t/B) | ————o—— oo
(R25 t/8) REEMBEE T 0—51)—ig 4m [
(B#40.23 t/8) 425 m" L—r¥ 1=y !
Ex 106 m !
&l !
BANAE | BKE EBEEY Nryba—4—(z kBB R) L/A——— ——o
YRR (%) EFREHE® REREHE®) !
A 86 0.59 6.89 HERE] 7.4|t/8
R 100 1.44 0.00 K& 65| %
|§(¥4 15] 0.43 43.60 T-N| 2.2|%
AHl T-P) o
— iy hs o
[ mkx—
[ et s FBEUMAT SRA(ET [ 120 [kWh/E |
Figd 5 VA 1-EED [7Fr—A 1] I8 THRE 70—
Flow of composting in Present Scenario 1 ("Case 1")
Table7 > VU4 1-FEED [F—A 1] OONA AT ABMWAT =283 A M EIUA
Income and cost in (3) Biomass conversion stage of Present Scenario 1 ("Case 1")
HMIEHE =% SRS R
HEMRA LR (e 1 AR) 3 SRR 7Y (34,740 TH + 30 4F) x 3 = 3474 TH /4
a2 EE—— 2
%ﬁﬂ/ ) b HENEAL R (R bas) 3 JRid i & (14,900 T-M + 12 4F) x 3 = 3,725 T-1 / 4
B3 TR 3 B (1,856 T-H + 10 4F) x 3 #& = 557 T-H / 4
HENEA L s (5L 1K) 3 JRBEsE ((34,740 T-F9 x 0.05) + 30 4£) x 3 H= 174 T/ /4
SO A o= 6
F(;‘;FE% ) b HENEAL R (R i) 3 JRBEsE ((14,900 F-19 % 0.03) + 12 4F) x 3 3= 112 F19 /4

BT FIF RN 3 IHERR

((1,856 T-H x 0.05) + 10 4F) x 3 3= 28 T4 /4F

Fy=ZvZaxb
(F74%)

NE#

(0.7 A x 4,500 T/ N - 4F) x 3 5 =9450 F-'] / 4F

BIIEHE (KT 21kW/ 3,
BN EE 1206Wh/ H /35)

FEARFE IR 21kW % (1,100 [ /kW/ H) x 12 4 H = 277 F-H/
4/ 3%
ft & 8w R4 120kWh/ H X 12 H /kWh X 365 H /4 = 526 T

745 ) A
(257 F-F /48 / 2 +526 F-1 /4 7 #5) x 3 3= 2,349 T[]/ 4
AR GEARRT , HEKZ L) 0 [/ 4

PR (889 12.25L/ H / #8)

(12.25L/ H x 365 Hx 3#&) x 103 /L = 1,382 T-H

HIEME (BAH< T 1,059 46/ 5

1,059t/ 4F x 3 fx 5[ /t = 15,885 F [ / 4

SRS T (Bitka T 0 2% )

14,900 -1 / % x 0.02 = 298 -1 / 4F / 3&
298 T-H / 4F x 3 H:= 894 T-H / 4%

HERE IR FE k4 (A i 2,701t 4F / #5)

2,701t/ 4E / He x 2 FH /it = 5,402 FH /4 / %

A (7 46) 5,402 T-H /4 x 3 4= 16,206 T-F / 4
S ARALELR} (ZEE B A 0 /EEGEENTH H720)
BAEFEF08ELEZ)
BHL(7.5kW X 64 X 4.4B508) 158.4|kWh/ B
g hﬂ(ﬁg 86l/B FEATO.4W X 34 x4.4850) 42|/ B 2;5?;;?7':*
el v imieis aKE 25(9% ELTyR 2.2k X 35 X 4435 232|kwh/8 &
il L I e [ TO7—(1 5N x 6% X 2485H) 1728]kwh/ B va
AAESAR | I— V- La ! ! !
¢ 3) T ! ! !
PR} 1 ! ! !
(3A1681/B) | ——————  —om———
(R7.44/8) REMLEER 0—5—48 4m
B0#407 t/H) 1275 m* L—u 3IL—y
Ny A—S—|2
& 06 m FAHWHER)
BANAA | BAE EEFLY
T RER 6] EFREHE®) | BEREFE®N)
A 86 059 6.89
)73 100] 144 0.00
| Bk 15| 043 43.60
A
o= [ EEUMATSHA@ED | 359 [kWh/H
Ciztns—
[ st - e
Fig5 ¥ FUA1-EEDO [7r—A2] IZBIFHEH T 70—

Process flow of composting in Present Scenario 1 ("Case 2")
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Table8 )V 1-HEED [F—A2] ODONAFYALRAT—VIZBIF LA b ENA
Income and cost in (3) Biomass conversion stage of Present Scenario 1 ("Case 2")

HHEE T—5% B AR
HEREAL Rt R% GRS oA) 1 FE R 86,850 T-H + 30 4F = 2,895 F-H / 4F
A N (M /4E) HEREA L Rt (R fhitiene) 1 SRkt 37,250 T-H = 12 4E = 3,104 T-F / 4

BHY PR 1 2R

5,504 T-F + 10 4 = 550 -1 / 4

HENEALHE R (SR AR) 1 JEBE ey

(86,850 T x 0.05) + 30 4= 145 F[ /4%

BEgEa A b (M /4E) HEREA LRt (FR fiibese) | ShpezE e (37,250 F-F9 x 0.03) + 12 4 = 93 T-1 / 4
B TEFRE | FLpeme (5,504 T-F < 0.05) + 10 4= 28 -1 / 4
PN 1 A% (4,500 T-H /A - 4E) = 4,500 T-H / 4

BIIKE (RRET 62kW/ 3, B
1 350kWh/ H / 3E)
GOV

FEARBEIIRA 62kW % (1,100 FH /kW/ H) x 12 # H = 818 F
M /4R

HEw IR 359kWh/ H X 12 [ /kWh X 365 H /4= 1,572
TH /4

(818 F-H / 4F +1,572 F-H / 4F) = 2,390 F-H / 4

(M /4)
AR GEAFIT, #EkZz L) 0 /4
PR (Tl 490/ H) 49L X 365 H x 103 M /L = 1,842 F-H /4
RIEME (BA T 3,139 4F) 3,139t/ 4E < 5 F-H /t = 15,695 F-H / 4F
R R R E D 2%) 37,250 T-F % 0.02 = 745 T-1 / 48

WA (/46 HENRI A 4 (LRI 8,067 4F) 8,067t/ 4 x 2 T[] /t = 16,134 T[]/ 4E

A ARALELR (ZREE B A)

0 /BN THL720)

TR RDEHEIEE T T > b A= —~BEL
7o [ AY URBRFTROT AN - AV F— AR
MEEZ L LIV F VA OEMFICELETEATL 72
Fig.6 |ZfFH L -ZMTREO 70— 2R,

M R EII LT OE B TH 5,

[ZA - AL TRE)

25¢ HOFF5ARIE, H, B2 A A S,
Ry T THRMEDIBARBEN T L SN Do MW IR X
24 ERTIERETH V), FEMEIC X B TS HILE 40 % TR
W OEFER) L ORI [ BES 50 J3EmIE 4.7y
H (BKET0%) 23541, 2030 HOWTIERY 7T
AH VEBIIEE SN S, 470 H oKWY X, HEAR
1Lhiae CHERL By B, &KRFE 64%) b,

[ & > 58T A

Ay VAR, 1RSI, 37C, 20 ~27 HOWHH
BEL, NAFTHTR635mY H (A5 ViEE65%) %4k
B Ho A Y ¥ EERAEOINRD 72012 B 72 24 (2,464M/
H) &, a¥otxlb—aryTHARELEZEZHWS, 2
Y VSR COLENNREEX, DT O *1) + *2) +
*3) = 2,464MJ/ H

*1) FAOMIE : 120,300kg/ H % (37-14 T)} X
4.19J/1000 = 1,956MJ/ H
14T : FIOHFHERIR
4.19] - K% 1C EIF5 012
Vo7 B
*2) W 500m (R E A CREENL - BB A =)
X 02C/H - m’ X 4.19MJ = 419MJ/ H
*3) NAFHAFFLHML © GEEAT AT X B HE
RN

239MJ/ H % (635Nm’/ H /1,703Nm’) = 89MJ/ H
635Nm*/ H © B 5 ASRD A 250 HDIN A F
HAGE =
1,703Nm’/ H : {R&ER 30 H O /N A4 4 7 A
ol
[ b - ]

INAF A A LR, X & 2 5SEEMALTEAS 1950 B (5
KE97%) HER S, Ry 7 THREMIZESN, 55T, 7.5
Wi TR S 7o, IFRMCIFRE E b, RO
WL (1,765M)/ H) 132y 241 —32 3T
HAERE L 728 IV B o IR/ B 2 B lE, DIT
D *4) + *5) = 1,765MJ/ [

*4) iR : 119,500kg/ H (7§ AL =) x (55T -37C)!
X 4.19J/1000 = 1,471MJ/ H
*5) IR © 1,471MI/ H X 0.2 = 294MJ/ H
[/3 4 F 77 2FH]

INAF AL, BAE 2 @ o TR S b, BBTHENIZ
2,987kg/ FEWFE (FEAET AR L B HEFE) TH 5o
NAFHAE, HAAY b=y aZlvsn, #
(7,020MJ/ H) L &J (1,200kWh/ H) %K 5, 5
BAEIE32% & L, 24 RLEIR CHRECTE 2 E =T

(412.5Nm’CH,/ H X 35.8MJ/ Nm’CH, X 0.32) /3.6MJ/
kWh = 1,313kWh/ 0 (54.7kW)

TH AN, BAOFBEBEBOEE NS 25kW Db D%
I, 25kW x 2 15 X 24 IF[H = 1,200kWh D5 = &
Tho BRIFAZTLT ALY v 7 THREESE S, kD
DRI 52% & L, I3,

412.5Nm’CH,/ H x35.8MJ/ Nm’CH,X0.52 X
(50kW/57.4kW) = 7,020MJ/ H
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Fig.6 FLFSARORAY V5 - 2V 4L —2a BT Rl 70—
Process flow of methane fermentation and cogeneration in Plan Scenario 1

Thb. TOHH, AF VIR 2,464M)/ H,
BHEMIC 1,765M)/ H 2 JH, 2,791M)/ B Afl#h & L
TR TX %,

H S i 25kW X 24 ] X 2 5 = 1,200kWh 9 5
FER% T 382kWh/ H (X & > 58l ik 311kWh/ H, HE
JEALHEFE 71kWh/ H) A5HZ S, 818kWh/ H VR EIE
e LTlGEE N5,

Bt DR L, AW OB L B A — v
Ay NAEIET S (ML S, 2006). @ 5 ik O M
ERBRBEPBEMONE, RO ORSEE RO L9
WCETRETE 5 (REEAKEEFEBERY - VY1 7 VxR
FRBETEYI AR, 2006) 6

C, = A Wi OB

Cy = A Jtisk & A B ik OB E

Sa = AJiREDRES) (HifE)

Sy = BHiFXORES) (FE) &4nig,

Cp = Cu X (S5 S)*

X, AT —NV7 78— I, EERROE
WIZE ) RRBRANE L CBMEDS G A b D, 2T, RE
ARILFEARNT (2002) (B ENLTVBENA LT T AT T~
b (5ot HELES, MBGREAELDFEORLET L 3420 H) @
WHBRTH A B E|L, AT = VT 775—%06% LT
BH L 72

AT

{hAREESEY: (83,361 F1) + Gld@iEak iz (EH
%) 37,889 T + 2)t x (25/52)"° = 66,000 F-[1

Bl &

D (52 AN A %% 18,766 T- 1)+ ([ 8 40 B k%
19,156 T-H) | x (25/52)°¢ = 24,437 -1

QWP HRRmEIIRE, TAKRS T-%1F 230
AT =T B, MBARKEELEORRHE, AT

3420 H, KXY F U A T2030/ HE L7z

FOMERAR T T 21,537 1) + Olfe S 36 B I 3 3%
87,036 T-F) + (7 A S8 Bk 46,210 T-M) + (F A KA
7 — 517,569 T-1 x 2/3) + (Ft%% - BB - HERR
29,737 T-F)I % (20.3/34.2)* = 143,501 T-M

D+@= 168,000 M

T V=7 A A MBI D s Gt (G
fEtess) D 2%) 1x, ERELFELE L,

DEXYERLE, »FUF 1 - FHEOAT—YOI
BRABMIAN - S 7R - BEFEIANENA
% Table 9 |Z7R 7

(4) B D% - FFRA T — 2

PFUA 1 RETE, T LI Ny 7 (Im))
THiE SN & L7z, WEHEm 1 fEIZ>2& 700y
Ny 7 (Im’ 48, HERR O ZAAETE 0.550m’) X 6 8853 (K
HH3 L OYH) (28 S, S CHEPRBOR ISR LB 2
THER B (&I F CHERRECR SRt b9 v 2 ¢
kS %) TSI S,

HeME D% - fiofilE, OHEMBERHEm 3t 7 L—
fF 8y 7 mAlEG), QOHEEEAE (7 o—-7XH
=27 AT Ly s (1.81), @HEALHA i H 3
w2t b7 v s NUE) 2 1HLE LTI, Bk
B0 05 k2 N/ (ARATREF) T b,
[r—2A1), [r—22] L& 3HMmlkE L, Bk - #ichi
DD ERTIEIEFT6 Ne b,

FHEW O, ORI AEH 7 L—f Ty
7L ORI E M 2t T v Z 12D W T HA b
7 v 7 HERFEORFMFAE (T Ty I AT -3
v, 2011) BIOSHRMIBICBITALTY Y IHRAELY
@D 8,000 T /%A, @1,500 FH/HEE L, @3HE#Am
I & A TOHETD A —F —FLNGEE (7)) F 4
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Table9 ¥4 |- GtHOGNNA Y ALHAT —VIZBITHTA LA
Cost and income in (3) Biomass conversion stage of Plan Scenario 1

FHE % R
Ay v 5sEERRE CREETOR) | Bt 66,000 T-F =+ 30 4 = 2,200 T-H / 4
e X5 R R | SRR 168,000 T11 = 12 4 = 14,000 T / 4
S I R BEAE MR O 720 0 [
A8 B (L ARHEEE) 1 hBEEE (66,000 T-F x 0.05) + 30 4= 110 T-1 / 4
%ﬁiﬁ; b A SR (R | LR (168,000 -1  0.03) + 12 4 = 420 T / &

PR PHEIEA L e R B e

BEAF R IR o 72 0 1

NG

1.5 A x 4,500 FH /4 = 6,750 T / 4

R GEARE RS, 24R5ET) 226w/ 2E)

22kW X (1,100 F /kW/ H) x 12 # A = 290 F-H / 4%

B (e S

BEITEBTE D720 01

SV ARl HERE GEARFIE, HEKZRL)

0H /4

S ﬁﬁgﬁﬁm”/f 7 R E =R SsL e 103 B L = 158 TR 4

SR (BT A 2,987kg/ 4F) 2,987kg/ 4F- x 180 '] /kg = 538 -]/ 4F

R GRS E D 2%) 3,360 -1 / 4

THALTEIRSE (19.5¢ H) 7,118t/ 4E % 600 [ /t = 4,271 T / 4

4 )BT (818kWh/ H) 298,570kWh/ 4E X 20 [ /kWh = 5,971 -1 / 4E
lg\/ %) SIEHTIE (2,791M/ H) 2,791MJ/ H x 365 H x 1 H/MJ = 1,019 T-H / 4

A ERBEIE (3.1 H)

3.0t H X 365 H x 2 FM /it = 2,263 T /4

S ARALELR} (ZZEE A

0 M/ 4F (LRI H R £ 72138 ENTH 5 720)

DAM-185S, 4,148 T- /& - BlaAfiitk) & L7z, fEH4E
Bk, WX HI L 8 AE,  HERUECA B RS R o e
it HAERZ W 748EE Lze 7L a v Ny ZoOflitgi,
web ¥ A b TOMMitEFEIR (¥ = L¥ERASH, 2011) 12
X0, [JFC 7852 NS HUEHERL IM-1 BE 7 L3 vy
7 M-010 ¥ 4 7| Offitg % v, 1.3 FH /&8 Lz 1
MLz I8 e ML, HESE V124 U r )
L7

S~ OHEAL ORI &1E, BEMTOAEEE L T
E L7, HEROERERFIL22%, BRI 10% & L,
TR HE | 25D W TOK 1¢10a, 4 2¢/10a & 3252
L7zo MCB A, FO0H CEMHEO K & W»
WA, ICALA,FxXY, 13H)NAZTH) O
WA B L CE Lz, Migkh b &R F COREEL
T 10km EARGE L, HERRE S HO - kA B0 B
B DOWT, &% 12D & Bk (A 1.0 BeRT (f
TE 40km), FEAIAREEZ 1.0 HRRI O VESERER % 3% 58 L 720

st =& T v
CHENE 2% 1)

1 hFr B

F 72, HERREAT I EAT 12 0.5 BERT /102 225 & L7z
WIEIXEAR oL O D ICFHHT A EEZONL T
O, WA AERE L. 1EDH B, 2HE 3 AD 60
HEEKHE RIS, 1HBXT 4~ 12 A® 305 HIH
W Z S RICHA T 20 L Lz,

xif G2 b 35 D [ B B WA VRS R FR & B L CakE
L7z 1412472 ) OB OB % - $ifilEEDO KR % Fig.7
(KH), Fig8 (M) 1Z/R$ . ARHTIE, 1 HIZ2 AH1IC
B § %0 1 HPTIE 60a F2E2S, 2 A HTH I 30a 12 A%
FLESTHET L EEL, AFF90a/ HIZHUAIT 5o
KB 2 HEARHAT &1d 17102 TH A 7200, HEALEG
HOj I 3 M QE+ 1)/ H, HEALSUA R - T v
ZIZ2ABEQAEN/HET D, ML, 45aEICEF L T
THAT HMIEA T2 EGE L, A5 450 HISEA
T 5o 2B DAL &% 20102 TH 57260, HEAL
B PO 1 3 AR (3 48) / B, HEPRBUR AR L ~ 5 v
W VEE QAP JHET B

HEAE B s N7 o
7+ HE R

ﬂ B E L 3 BER5/60a
1 : 1 60a DKM

2 hFrE

e

1 £

> |= Bt EZIL 1. 5 B8 /30a
ZF30a DA

Fig.7 KHENOHERE D24 - WATEED > ) A %E

Scenario of compost transportation and application to paddy field
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St L= fE T
CHER 2% 1

HEAR RO B I T
7 4 HENE AR B

A ER (T 2. 25 B5fHl/45a

2

=A™
11 >

“ril 45a OAH

Fig.8 JH~OHERE DL - WUATEED T ) F 3%

Scenario of compost transportation and application to upland field

[ —2 1) ORI (8.3v HE) 3 A5 F
7203 [ — A 2] ofEEAILIERE 25y HFE) 1&Tid,
2, 3 A OKHEARIR) @ 60 0T 1,326t DHEAE D HE
FEESND, 549y HOMERD Ei% - Wil S b 2 &
5, 60 HD 9 bk - #iohi l MR 2B AL 491 B (=
50 H) Thbo HERUAHA S D KRG, 18472
) 49.1 H X 90a = 44.2ha/ ff-c 3 ML AFITIZ 133ha/ - &
hhe T, 1 ABX 4~ 120 (MBI o 305
HE T, 6,741t OHERLDSAERE SN Do &4 ov H o3
JEDSHAT SN D 2 25, 305 HD ) Hilfisk - {Ai 124
LML 2497 H (=250 H) Th b HEHAFA
ENDMEFRE L, 1/25720 249.7 H X 45a = 112.4ha/ 4F
3HAFTCIE 337ha/ EEE 2 B

WEE B R 2 BT 5720, EFHEELZED L. 14
720 OEATIEEEL, HEACERIE T, {20km (H:1E
HEE) x 3/ A x 300 F (4ERIFME 0 %0 = 18,000km/
IE, 3HAFTTIE 54,000km/ 4E & 7 B o L EOA i 2%
FHLI T,  {20km (FEFZHEE) x 2 0]/ H OKH O 4
X 50 Hi + {20km (AR EEHE) x 1101/ HUH O E) X

250 H} = 7,000km/ 4F, 3 #LAFTCIE 21,000km/ 4F & 72 5,
e IR P L0 O MR k=R, B [ 2, SRR Db o5
fT#1%, Table 4 X V) rPpRIDME %, HEAL AR B 3% ) 5
T DOIRE SR LN OfiE % 72 HERE O Si% - B4 T
BRI E LT, @FEEWOFH AT — Y DHWETH
HHFEER DS, 2T /10a DX\ %2 5,

DEXDERLE, v FUA4 1 BREBORAT— V@I
BRABMAAN - Sy 7T - BEEITANEA
% Table 10 |Z/R§

YUK 1 - BETIE, A CIsEEEILE (DL,
L) AINF 2 — ATt ESNL & Lz, B OkH
BIOYE) (2 S AR, TS T AL o 1
(% [ £ CIALTRCH B 0% F B Clifa%) 12 LB
AbN, §iENb,

A5 CEEEEEALI O &R - Hom 1k, O LN
Fa—L2H (¥ rrFmE36 27, @QEbrschte (F
BWEER - ¥ v 7 HmE 16 1A, OMLE AL s
PEFEM QtH) 1H% 1HE LTV, Bk - §iof
D7D FER5 I3 N/ (HHEALCREA) Th b,

Table 10 3 54 1 - EEODERWOHRE - FEA T —J12BT 5232 M A
Cost and income in () Transportation of generated material stage of Present Scenario 1

HIMIEHH T—5 % B R
3t L= Ty 3 REEAR (8,000 -+ 8 4) x 3 &= 3,000 T-F /4
?;fﬁ/jf; b IR (5 > 2 20 1803 AW AR (4,148 T11 = 748) x 3 1= 1,778 1/ 4
HEPEHATHRE T b 5 v 7 (2t H0)3 Bl AL (1,500 -1 + 8 4) x 3 &5 = 563 T-H /4
3t L= Ty 3 AEEER ((8,000 T-F x 0.03) + 8 4E) x 3 &= 90 T-M /4
v HERLB B (5 > 2 20 1803 FRBESER ((4,148 T x 0.03) + 74F) x 3 ¢1= 53 T/ 4

HIEECR R b7 v 7 (2t H) 3 BRER T

((1,500 T-F x 0.03) + 84E) x 3 &/ =17 T-H /4

N2

(2 Ax300 Hx8 T/ H)x3 = 14,400 T[] /4

BBt 7 L= b T v 7)3 A5

HEEATHARE 18,000km/ 4F / 15 + (5.26km/L) = 34220/ 4F-
3,422L/ 4E X 103 /L x 3 &= 1,057 T-H /4

R (HERE HA %)

WA T 156.6ha/ 45 / 73 % (3.5L/ha) = 548L/ 4
548L/4EX 103 FJ /L x 3 5= 169 T/

PR ORI RS E A b 7 v )
TV aARR

KEAEATHIEE 7,000km/ 4F / 75 + (6.26km/L) = 1,118L/ 4
1,118L/ 4E % 103 F /L % 3 H = 345 T / 4E

(M/4F) 3t L= NSy y oRER

366 T-H /4 /&% 3 = 1,008 TH /4

HENLB AT BB ) ™ Z v & (2t BL) O [l #:

337 T /4 /B % 3H= 1,011 T /4

#

3t7 L= ATy 7 3B ORE DY ELT

18,000km/ 4F X (7.5 H /km) X 3 &5 = 405 T-H / 4F

HLOEI T

HEREHAT I N 7 v 7 (20 HL) 3 B OPREL.

7,000km/ 4E X (7.5 1 /km) X 3 3= 158 T / 4E

A= AR/

1845 /X3 X 1248 /4EX13 TH/4E=842TH

WOA (F 7/ 4F) HERLHR% - O (FROEHION)

20 T-H /ha x (ZKH 133ha + % 337ha) = 9,400 T-FJ / 4%
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1 ALARARLC X D AT D 728, Bk - A O 72O\ LB 57
NEEF3IANER B,

FHEW O IL, OFELRHES ¥ 2 — 25 L @b
TEATRRE D b T v 2 ICOoWTIEHAR M T v 7 inass
DOFEMMEIE (WS bS v s AF—Tar, 2011) BE
wﬁ%ﬂﬁ"Ték?Uy7%*;b®5mo$H/

. @1,500 FH/HE L, QLB T L N A
ﬁ7x77/bf@ﬁbfwéﬂﬁ%7@$ﬁ@%ﬁﬁ

WA Z#I128,000 TH /B & Lz MHAERZ, EeH
B IE 8 4E, WAL EAT R A T AR o0 2 i T AR 5

rHWTEE L7,

B ~OE b EH = @R ToATrEEL, T

LR AR AU o F 22 R R = (K 3.5kgN/10a, i
15kgN/10a) OHIPHN TREE L 7ze MIZDOWTIE, FHH
WOFELRBEEM THLIEVI A, IZALA, FrN
Vo AEINAF D) ORILEFZERE (6 ~ 20kgN/10a)
OF e MO E TR L L. ML OE R
FIHHNA <A 75 2 MBI AFEZEME L) TN 2
2,800mg/L, NH,-N 7% 1,400mg/L T & %, NH-N (7 ~
EZTRER) O TTERGEEEHICAEDYE,
mAEPE L7, F72, WLIESEICHMA T2 & T
TaAc LAAES, RmmMERS LTl 24 L
L7z, HifmOLBR%E 51100 EHRERICE ) &L
T2 TORER, KR FTIE, KHT25¢/10a, T
5t/10a ZHEMH 95 2 & & Lz, Bk o &% mihE T
DHHEIE I T 10km EARGE L, HALEEE N F 2 — A
- AL SO B 2 I O W, K 1 HICD &,
%LcﬁﬁlwﬁWhﬁmmm%&ﬂ&ﬁﬁﬁuLo
BRI OVESER R 2 758 L72e 72, THALIEECm B I

FER CEERF el 46 212 %5 (2012)

ML AR L LCHE S 5720, k% EEo
HME & ERE, 14EMO B, 2 & 3 Ho 60 HFEZAKH
ERRICEA, 1 BB L4~ 12 AD 305 0%
HRICEATT 5 b D& LTze A5 HIE o B 35 MR R B
MVEERNE A2 Z R L TG L 72 1 /472 ) oA LEL

MVEHEDNR % Fig9 OKH), Fig10 (M) 2R3, K
HIiX 86.4a 3% & £ o THAET % LIRGE L, THILBEAR

PREE ML 1 EE/ B, Ny - 2HIE3AEE/ A
X 2HT, 1 HIZ864a llHA T 2k CTH D (IHALIK
Bfif 216t/ H)o T7bb, 36t NF2—2H1HY
72D KH 1442 IZEAR T &, KHOZEFEERE (L)
3.5kgN/10a 12/} L THALTEIZZ D 100% % LT & %,
T 4320 23F & F o TIAET B e L, AL ECH
PEEmE M A B, NF 2 - 2B 3 A B

AT, 1 HIZ432a CHAi T 535 TH L (LK
B 2160 H)o 3.6t NF 2 —AH 1 B Y4720 M 7.2a
ZHA T &, Mg Bk (FEE) 15kgN/10a (2% LT,
ML OB % 51/10a % LR &4 5720, sEHAER
$47% & 7% 5,

TF) A 1 ORBEICBVTIE, 2, 3 KA
) @ 60 H T 1,170t DAL ER S LB 1 HIZ
DX 21.6t DAL EE - Wi SNA I ENE, TO
HMoBRBHBIZ42H (555H) Thb, A5
SEREALT AR S N A KRS L, 542 H X 86.4a T
46.8ha. 72, 1HBX U 4~12 H HEALE) @
305 HIE T, 5,948t OFEA LIS AR SN b, 1 HIZD
& 21.6¢/ HOHALEA % - i SNb 2 b, T0
WM OBEH %t 2754 H (5276 H) THh 5, {HILIK
AV S B MR 1, 275.4 H X 4322 T 119ha & 7% 5

ARSI, A 5T 0.5 FefH /10a &3 ﬁbto WEE TR A BT 5720, ETHEEZ I L2, &
N o — NH e
L o7 T AL BCA TR 0% P R T
J— ({Mﬁf.—_—?é@ o \ +(¢i1t«5z*§k;ﬁ1%%
en G GO GO mR
| 3 i | (L > BV (3 4. 3 B5R/86. da
seny Loy deny
a | > t>> 1 B ARt 86.42 0 A HIT B
Fig.9 KHNOMALEOHRE - WA DT+ )+ Fft (54 1D
Scenario of digested liquid transportation and application to paddy field (Scenario 1)
N a— Al N . A
(L iR 26 1) ﬁkﬁ%ﬁ%aﬁgﬁm
= ) = = y MEKI (6
|op GORY  36pL ATHRL
A |5—§ U:? S 1%2 > A 2. 2 B5RE/43. 22
3 1T
) HE B6EL  B6Ln  36Ln Aﬂgg%%%g7
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Fig.10 JH~OH AL O ik -

WA+ A5 (FU4 1)

Scenario of digested liquid transportation and application to upland field (Scenario 1)
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ATHEBEL, HILEHE N Y 2 — 230 ClE,  20km (A48
PHEE) x 301/ @Y % (55 H + 276 H) x 2 & = 39,720km/
A, WAL A PR L B T, 120km (FEAEEEE) x
1A/ HE x (55 H 4276 H) X 1 & = 6,620km/ 4 & 72 %
INF 2 — AHOWRER)E, B EER, WELYLOETT
L Table 4 X VRN 5 v 7 OfE%, WAL R HE R
PEHIET OBRE D ZIT/NEL N 5 v 7 D% V72, H1E
T DB - HiAT RN & LT, ©EEIOFH A T —
POHWFETHLPHERDS, 3T M /10a DLW E
ZF 5,

DEXDERLA, ¥FUL 1 HEOAT— V@I
BRAEMM AN - Sy 7 aA b - BEFEIANENA
% Table 11 |Z7RF

(5) EEWOFMAT—

YF U A1 KREETIL, /KH 133ha, 4 337ha % il
WHELize INHOEMTIE, HEERHTAZ &1
L DALFEHERATEIR T & 5o KEHOIEIIZ BT 5 EEHEE
R (TERMGEEEICHES X 3.5kgN/10a) (2XF LT
HEPE 1t/10a % i35 726, 0.77kgN/10a HSHEAE C & A
bbb AL HEEFHER 273 kgN/10a 1, {LFALE (3
ALK 8-8-8, ZEF KA 8%) % 34.1kg/10a fitifl 35 &
LD T, IR A ERTSkE (T3
EL AR SE e 12 D & 15kgN/10a) 126 L CTHERE 2¢/10a
RS 5728, 1.54kgN/10a SHEE T E bl b,
AT B 2T 13.46 kgN/10a 1%, ALFAORF (L
8-8-8) % 168.3kg/10a fiH T 52 LIZX DI

SEIR O 728 O JREFL: %ot o A3 R REE R AR B B
“neutral” & L CEFE L2V F72, HEALRGHIC X %00
BB, EEYOMEN EIZawbok Lz, Bk
DEM L7, YUt 1 REBOZXT — VORI
AL FrZy AR - BEHEI AN EIUA % Table
12 12759,

HEICBWTH, FRELF UmfE (KM 133ha,
337ha) ZFMERNRET L, SNSOEMODH B, KH
46.8ha 2DV, {HMbiK 2.5¢/10a = fEfH L, ZEFHEK
& 3.5kgN/10a @ 100% ANHLIL T E b b, ZOH
AL A T, IWEIBTHE L =200 w» Cko
BN % 550kg/10a & L72) 25, e L7-kz [HEylHES
K] &L T20 M kg B\ MlitE THIBTE B &g L7z
(T3 2011), BHERFIE, ML OIS - B T4
BRE LT3 T /10a 2k - BURIERER I23HA) 720,
IR AR L B L 102 24720 4,500 HAFF L3 2. 1L
Wx M L 72 vk 86.2ha I\ Tk, FEIEIZBIT S
ZHFIRE DT RT (3.5kgN/10a) % L2 AUE (@ L)
43.75kg/10a Z il L C E 27\, INE OB 4 W
Offitgm xR b o35, EEIHRLTIANELT
10a 24720 4,725  ({LZAEEL 108 P x 43.75kg/10a) %
E1 S

JH 119.0ha (DWW, {HALK Sv10a 2 FEAH L, &
FHRE 15kgN/10a D 47 % DSWHALTE T E bt b,
N B 255 8keN/10a 13, 1LZFIEE (@b k)
100kg/10a Z FE FH L T £ 2% 9o MR 2 B AT,

Table 11 5V 4 1+ GHHO@ERM OHE - FHA T —V12BF 532+ A
Cost and income in (4) Transportation of generated material stage of Plan Scenario 1

HHTE H 7= 5% SRR
INF o — A2 Rl (5,000 FFx 2 &) + 8 4F= 1,250 T/ 4F
i LA 1 220 A% 8000 T+ 7 4= 1,143 T/ 4
TH AL RO B I 1 Al A 1,500 T+ 8 4= 188 1 / 4F-
INF o — AL 2 REEHEE (10,000 FF x 0.03) + 8 4F-= 38 T[] / 4}
(o LR | Feset (8,000 T-FIx 0.03) + 74 = 34 T / &

TH AL B Ao F T 1 3 BESE 2

(1,500 T4 x 0.03) ~ 8 4= 6 T-H /4%

NG

(3 Ax331 H /4Ex8 T/ H)=7944 T/ 4F

BN (N 2 — 4B

W EATHEEE 6,600km + 33,120km = 39,720km/ 4
39,720km/ 4 + (5.26km/L)=7,551L/ 4£
7,551L/ 4E % 103 M /L =778 F-H / 4

WREEE (AL RAT %)

Sy aAb

AF i A T R (0.864ha/ H X542 H)+(0.432ha/ H X
275.4 H) =46.8ha+ 119ha = 166ha/ 4

PREHIY # & 166ha/ 4F X 18.31/ha=3,038L/ £

3,038L/ 4FE x 103 1 /L=313 T-H / 4F

(M /48)
PRI (T A IO H % FF F )

FoAEATIEEE 1,100km + 5,520km = 6,620km/ 4F
PRERE R 6,620km/ 4E + (6.26km/L)=1,058L/ 4E
1,058L/ 4F- x 103 [ /L=109 F-F / 4%

INF 1 — LNHL ) BOREEE

366 TH /4 /B x 2H= 732 FH/4E

AL BT B o P HE I 1 5 [ 7

337 FM /4

INF 2 — HHL 2 R OIRE LIS 0BT

39,720km/ 4E % (7.5 FJ /km)=298 - / 4E

T AL i 2 FH H TR > R} LLA R D AT 4

6,620km/ 4F- x (7.5 [ /km)=50 [ / 4

WA (7 4) AL - #of (FREHUL)

30 T /ha X 166ha = 4,980 T-H / 4%
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Table12 > F V)4 1 - EEBOGOEBRWOFHFAT—IIZBIT5 3 A ENA

Cost and income in (&) Utilization of generated material stage of Present Scenario 1

HHIEH T—Y % SRR
a2 (17 4F) KA - BPSRAERE MRS A 7 TR - BT neutral
BEgEa A b (9 /4F) KA - BPSRAERE AR D A 7 T - BRWER OBEZE R neutral

KA - BPSRALRE 12 FR D 57

neutral

AL FE DL D 5 & HENEIE ALY (133ha 47)

2 T-F/10a x 133ha = 2,660 T-H / 4¢

IR RE D FENED ) HALAMEENEATE (133ha 77)

3,683 1 /10a X 133ha = 4,898 T-1 / 4

ST aAARb

B3RO D 9 B HENERE A (337ha 47)

4 T-FJ/10a x 337ha = 13,480 T-1 / 4

(1 /4E) PP 3EA DO TCHE D 9 BALS RN A (337ha 45) 18,176 1 /10ax 337ha = 61,253 T-H / 4
e i - 20 FFJ X /ha x (7K H 133ha + /il 337ha) =
HENC % - WO (FEESCH) 9.400 -1 / 4
KA - BPSEAERE IS A B B IEIERLE B L UM A neutral
[ INT !
WA (P / 45) KA - BFSELEFEY) O W TE AT 01/
Table 13 >V A |- SHEOGOEFYOFHAT —JI2BIF 53 A P EYLA
Cost and income in &) Utilization of generated material stage of Plan Scenario 1
HHIEH T—5% B R
M 2 - (7 48) IRAG - BFSRA AR A A VT TEORRY - AR neutral
BEgEa 2 - (H/48) KA - BSRAEFEICAR DA VT T - WE OB neutral

KA - BFSEIERE AR B 7 )R

neutral

(WAL e 7K FH 46.8ha 43°)

IKRRLEFEDIENE D 5 B, AL AL

(2.5t/10a x 600 M /t) x 46.8ha=702 F-H

(WALt K I 7Kk [ 86.2ha 53°)

KRRAERE DD 5 &, LA MEHE AR

4725 1 /10a X 86.2ha = 4,073 T-H

Sy=vyax b (WAL 6 M 119ha 43)

WA REOLID ) b, HLHEAR

(5t/10a x 600 [ /t) X 119ha = 3,570 -T-H

=N A PEDH 3 o

(F/%) ﬁ;ﬁggﬁg%ﬁga@) LIRS 16,800 [ /10a X 119ha = 19,992 1)
PSR O RO S B, (LR A _ B
(40 AT 21 ha 53) 20,250 [ /10a X 218ha = 44,145 T-1']
THALI O Hi% - WA (FHoESCEA) 30 F-F /ha X 166ha = 4,980 T
KA - B AR B BRI & O o T R A A neutral
i A

A (T 7 4F) RIS K o B e a4 L5 46.8ha X 5,500kg % 20 [ /kg=5,148 T-[

10a 24720 16,800 % &5t L9 %, {HALEZHiH L 2w
M 218ha 12OV T, FEEICBIF L ERERED TN
T (15kgN/10a) % Afb2pfEkt (mfbig 187.5kg/10a) T
EN% . FOROEICELEHE LT 10a %720
20,250 M % EF L3 % MEPIZOWTIE, HILEOREH
[IERER I 220 &, IR ORI, A EEY Ok -
Fewbob L, FEMEEIRLA 27T - BWSE
OMAT AL, BEEI AN, FEEB X OEEEEE R
o p 3 A E M N E 1S "neutral” & L, 5HE L 70V,
DEXD&EWLA, vFUFd 1 HBEOAT— YOI
HOMIaAN - Sy 7 aA b - BEEIANENAZE
Table 13 |Z7R77

c BHER
TFUAIICBITAERE Q7 —R) LEE 27—
A) OIAAMBLOCRAOK KSR % Table 14 |2 F &

W7z, RETIE, [7—A 1] IZHRT [F—22] OB
INA F < ABHA T — T TOI A A 6,000 T-H /48
&V, T 8.3 HEUE O L IERY 3 2512 T,
25t/ AL OHERLIGRE O 250 a2 A b & Z3U e
BEHEIAL, BTy 7T A NDSH B ALV
SV Thb, STE T — A & b 257 HEED
AL UIEERAEME LD, [F—2 1] TE3FAD
MEREPOFSARTEET L7200 EAEFT R L7
O, [7—Z2] 1THATH 1,200 TH/FEOTAMEE
Lolze EDOZ EDS, HEikx TEA7207H3, A
=V ANy N DBHBINA T AR ERING B 2 L8
PFEFLWEFZ D, T2, Mr—AEd, ERBICHKLT
S TORALHED L TWBH, A57—Y0), @THa
ARDPNEL o T XY VEBETHRELLET AR
A7 58BIC L D HGENE D OBHEPHIREE 725 LT
Whe T, AT —VEOEETIE, HLEIZXL YL
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Table14 5V A 1ICBFAEREFEOI AN EPA (TH/4E)

Cost and income in Present and Plan Scenario 1 (thousand yen /year)

N < . ; D .

CEr s ok | @~ | CEETD G o o

Gy | i R At oo | A i
HEMAL 22 b 0 0 38,029 24,986 91,691 154,706
g | =2 A 0 0 16,206 9,400 0 25,606
B e 22k 0 0 31,986 24,986 91,691 148,663
(r—22) A 0 0 16,134 9,400 0 25,534
Xy s 22k 0 1,243 27,826 13,219 77,462 119,750
¢ | U—AD LA 0 0 13,524 4,974 5,148 23,646
LI - 22k 0 0 27,826 13219 77,462 118,507
(r—22) A 0 0 13,524 4,974 5,148 23,646

RO o> F i % BIIC & 727200, 075 B T RS O S Al 2
A NASERT 14,229 T/ EHRR E 720 KT F ) 4D
EEL, AT VOOHNFETH L PEERICE - TR
BN A Y M HDLEERE 25720

2 BAAREEKERIFUSL (DFUF2)

FHICTHT CTIEIK 97,478 86 (FHLY HIMERK 10,329 B, fil
MEWR 3,231 BH, AEHIK 83918 H) ML SN THY,
244393t/ SED S ARDFEET Do 2D B, FHOHITE
HEBE~OLT) Y7L YBEMH SN TS 2 LDV
RENTZIRIR 36t/ 4F (AW EUC X AR L & il )
BLU3467.5t F (BAAARDODEERE) %Hhviz
240,800t/ FESFIHTTRER & 2 b BIKTIEIZ DKL A
JRIZTEEHEAK & & b IR #E S, BRI HEEAL
T T AMLER R L B S T o BT B
REMH (FEEFERGE, 2009) T, HANO—ifHig T
FERE S 72 WHR IO T BE O R IR R S R B & OV iR k22
FIZ X DT KBGO RN D —2 & L THEGKA IR
ENTBY, LHEIELRRESAROLHEAKD 5T
Wb, FZC, YA 2T, BHIK 170 ~ 180 BEHFBLR
(T-EEFIG L 12T O—ERREERER 10 7124
L9 B IRS AR 47,6741 4F (TN THEAT 5 K5 ATRF
TR D 20%) &, [FEEICFEET 5 HiEHEK 49,064t/
FExIMZ 72 96,738t SEDHES ARIEKRZ R E T 5o

a FEHEECEHEORET
T F 2 OFERETIE, HIBANO—EREOBEKER

e

(1 F572 0 BEIK 170 ~ 180 BEHHE) 10 A 5384 5
R AR (B AR 50%) & PkiEHEK (&P 250y H) %,
FRERRRICBCCREN L, EfRs %R (22
T DAV, ARG % e LA E AL L TGRS S o
EHEClE, TR MM OBEFRER D OIET L K5
AR (BESAFE0%) &PEEHEK (F266t H) %, %
BRERICBOWCHEES R A 5 V58BET 5o B LT
NAFH AR 22— g VICHH L THEZESR -
BUL, AEMERN TR S & b1, AREILBGE
5o FEAESIEHEEAL (2 25 208), WAbiiL, Hhisk
WM OKHB X OM) 128k - #ofi L <, EFss
DI E LTHMT 5. KHTIE, ML TEFEILFIE
B2 100% BT E D720, 33 L 72KRRI 3Bl K
&L CEAIMIE CIRFE T E %, Table 1512351 4 2
DHEAT =V ONEERT

b FBXATFT—JICHWIBZPAEIXR NDOEH

(1) NAF<TADERE GEEAT—)

U4 2TIE, ERE-EELD, FBETL5ARE
IKROMEIR - B L, BMOKENA £ )1 7 uilkge [
AT NERETEL=y b] (2007) BEIUOEREEII 2
= =3 ryX (2002) LYREELA 1420 FE
WX 25y [, &Kk 983% (HWHFE17%), EZeEh
K (BEN—2Z) 130302%, mREGEE (REN—2R)
130.789%, V) Y E&AHE (REN—R) 130.184%Th 5,

KRR LETE TS ARORENRL L7208, KAAIR
PEOKOFERIIE L LD, BEAEARLIA NIV AT

Table15 ¥+ ) A 2DEAT— TV ONE
Activities of each stage in Scenario 2

AT=T | ONA F < ADHE . )

g o ONUE -k - BF | QNN AT RADE | @ Y O i % . N

U %%E)XT AT —Y Ry — Wiy | OERUORAAT =
e - . e 7K Hi 620ha, #H 1,574ha T O
g | BAARIRORE | ) PRILER - JBUK |y PR HS (Tl

H b BRI
- " g AL oliR% - # | ACH 620ha, 4l 1,574ha T®
s | RS ARIROR | g LTIEMAT Ok eona, | BEWEE CFREF6S
H 1,574ha) AL R CTHESE)




70 SR TAARFSEAT R 45 21275 (2012)
mEs A 275247ke/ &
ey —4]  14.965|ke/
Hg/—=)|__ 12009|ke/ 5
T
B AR & & BH  WAGRS-ERA TR  SNEEER L2 L2 B
S AHE50% ! 1 1 1 1 1 1 1
e s |- ) -~ [ v+~ _ v
BOD 84 ke/B 1 1 &
Ss 137 kg/B | B 0274 |t/EI | ﬁisl%ﬂe(al%ﬁésﬁe)l 3.3|m“/E| |
T-N 75 ke/B | BKE 80[% | SkE| 98.5|% |
TP 46 kg/B THE
! ———— KBT0%(0.17m!)—FitR(14E)  —BIKEI%
R RT ©15/8)
A6 L)
% fib . BRI BERIEE 2 (%)
e 5 22 273 B I T (T

Fig.1l > ) 4 2 - ERICBIFAEHRTHET 0 —
Flow of wastewater treatment in Present Scenario 2

DAL LEFE Lo, RAT—2IRB a3 A - L
AL “neutral” & L7z

(2) IUEE - Bk - PR T —

TFUF2TIE, KR EEL D, KERBRRANTL
H B IND DR L 2T EnS, T AN A
EboMEL

(3) WA F T ALWAT—

T L2 ORETIX, SERERIHE KGR
RIS B 720, [T 10 & 7 B o Fi5 AL R T,
K5 AR DS 8 S A, R IR ¢ & %
KEF CTHALLEL S NG, [RGB L OREGRIZHER
b3 2 ML TREL X OSRRETEROELEE: - HEA L TR
AT 20 LCRIELZ ), DUFCIE, 1R H
MOFTEAERE RS,

KIS O BRL S\, 75 BE BRI MR  (1998)
BELUTT U P A=T—=~FEE LT [ XY V5ERERGT
P A b - ZANVF-REHES] EFEEZL LIV FY
F O EHE TR Lz, REHNIBWTIE, BEML
PKE % T-N120mg/L LLF, T-Plémg/L LLF & L7ze &
D HEAE L3 EBE AL RS > © OB 78 i A B i &
DLEELVIEETH L 75, SHRKERBEREICH T HE
KOEE DL LIIMEVLZVOT, IOt EREIZH
58 L 720 Fig 1 ISRERT L 72K TR O 7 1 — %773
BARMICIE, FHERBEEMEERE (1998) TR NTw
% [RHIK 150 SEBUE — B E, IR AIRTGZK 24.75m’ H J
OFEFEHIC, TATHOBBIIMER L CEH, BR
BEB LA % AN 2.5 fECHI L7z, B EE (PR
IRENG) CTHmE SN DS (1 ERE%472 ) 0.2740 H,
G 80%) X, MEREFEEAIZ L ) BHEHCTOEESNK
SAE—ICEEAE R CHIEfL I NG i L7z (&
AT D E R LEFE L2V, BHbLsiE iy, fiss
T+ B AR + IR CHERR SN 5. B LLHEE & C U,
pHIREBE D720 MY — 5% 41kg/ H, BEDO 2O DK
FHEHEE LTS ) — V% 3285kg/ H, U YkED
7o MERREEAER] (R ) HEESE Z#ki) % 754.1ke/ H
BHRAT B EALLER S MR L, B ST
235 5 NBALEL L CUE S b Tt 1l 72
D 21.43m" A CTH 5o HALRHEE L D Fl &

SREI. (1 MiRE4720 33mY 0, 7K5898.5%) 1%, &
BLCEKREL 97% 2 L7z, 2 AMEE (0.17mY H,
KA370%) L, ARG L —IHERESEEAC £ b HERL
ENB (YAT LYY ARG O F MRS H %03
365 H, {HKULERIESE Sl 2 KR E A T b L % 75,
EER IO 72D 5 N 5 L E 2, 1 figk47:
D07 AND5) (GEMER) %EIL 72, HRMLE
oW, BAEMAELY WY, HEBBisimiiss
(1998) 75 £ h%ss - HEOMHEL AT IH L7z,

THEKALER i RE DR B & OV 28 OAlits 13, HiEsR
B fEERE (1998) &b LICHEI L7z, BEEOMISE
(&, BEET L7 KGR OB e I O X, Bl
L URISHE 2 155 & LCRRE L7z Milsh%EE T
bID L RFITRICRTEBREIZ oM E Lz, PLEXD
HHEN7/za A N LA % Table 16 2777,

UL 2 OFETIE, FEFERKIIASY V3EEE - O
VA lb—aviiEarHiET A0, kL L
2 ho KHiix Tl 26.60 H DRSS ARIEKRDS A & > 558%
BEE T EN, B LA T AR 23y 4
L= a2 X DB EBDERSNS EFEEFRHI A S &~
SR AL A R S D o R L G E T4
AT A E LCRIELZRV) 4, B ER-
PR 0 50d 365 0, SATHHFERIE, 25 V382 =
L= a YRR OB ART 30 4, iR T 12 4F
& L7, MEREGEE IS 297001, KRR L3501
Migk4720 1.5 A5y (GERMER) 2SLZEE %5, D
T, 1 MR AL ORISR AR,

Wik OEER S, Y F )+ 1 oFEE D L1,
BAFREEIZOWTIE Y T ) 4 2 OFFIZEbE TR
L7 Figl2 |[ZKFHL 22RO 70— %R,

(52 A - BT TAE)

25.56t/ HORSAREEK (5A 3020 H, R 9.97¢ H,
VEHOK 13470 H) 1L, FEEDBLABE TR S, 0.20¢
HORMEY (KT T0%) H5ET Do RMEWIE, BE
ik CHERESSEAIC L Db s s (AT 4408 L
TRFEL ),

(2% > 5T 4]
26270 H DML, By T TA Y VISBAICR % S,
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Table 16 ) VU4 2+ EEOGNA A Y ALW|AT —VIZBIT 532 M ERA (1 R)
Cost and income in (3) Biomass conversion stage of Present Scenario 2 for each facility

HHEH T—Y %4

GRES

15 L i 7% (ZL% oK) Bk

17,320 F-H + 30 4= 577 -1 / 4

137 5l 8 1 (ST ?EEJJET)

700 T+ 10 4£ = 70 T-1 / 4

i %’f\%%

6,750 T-F + 10 4= 675 T / 4

o | EHEL = b

850 T-F + 74E= 121 T/ /4E

B mkey bRy

100 T+ 54 =20 T /4

i | HKEAR YT

100 T+ 84 =13 T[4 / 4

2| iR - RELIBIEERR > 7 (1 KR
a2 b # 1ty h

2o &E2H)

300 T+ 54 = 60 T /4

(1 /48) B | pEEkE

150 T+ 54 =30 -1 /4%

B | iRk 7

150 T+ 54 =30 -1/ 4¢

L EEEAR Y 7 iRIC2& 4B) 1y b

300 M+ 54 = 60 T /4

i 2 (1B )

1,500 T-1 = 7 4 = 214 T/ 4¢

Lo et 2 (0 T, Y- B
i B Z DM

(1,800 T I + 3,980 T [ + 2,700 T 1 ) + 30 4%

CHMETE, B | =283 T/

(REZBEOLOHLATH Y, [FELAR] LE UM
AR E L7co BEEEIIHED )

15 LHEL i % (RS 1K) BEsE T (17,320 F-F x 0.05) + 30 4£ = 29 T-1 / 4
&1 \%ﬁ B CERRED i) BE3EE (700 F-F9 % 0.03) + 10 £ = 2 T[]/ 4
- Sl (6,750 T-H1x 0.03) + 10 4= 20 T / 4
{7

| BB = b BESE

(850 T x 0.03) + 74E =4 T /4

% HRE y bR TEEER (100 F-M x 0.03) = 5= 1T /4
BT A b B | AR TR (100 T x 0.03) + 8 4 = 0.4 T / 4
(M7 48) = | e - U S T 1 £ R (300 T-FI x 0.03) + 54 =2 F1 /4

Wi | ORGSR

(150 FF x 0.03) + 54F= 1T /4

st | AR v TR

(150 FFx 0.03) + 54F=1TF[ /4

WWEAR YT 1 v b BT

(300 FF x 0.03) + 54F=2F[M /4

fH ke (BBl k) BE e i

(1,500 F-H x 0.03) + 74E= 6 TH /4

T, G (BERER 2 L)

0T /4

N 0.7 A\ x 4,500 F-H / 4F = 3,150 T-14 / 4
FEARTE S F 4 36kW x (1,100 F /kW/ H) x 12 » H
GEAL S = 475 F1 /¢
(FE¥yET) 36kW/ 3, FIIHE = 526.6kWh/ H /&) fit 18 )k 4 526.6kWh/ H x 12 ] /kWh % 365 H /
F=2307 TH /4
AGE R GEARFI) 03/ 4
Tr=r7 0 - 754.1kg/ H % 365 H /4F = 275,246.5kg/ 4
(ijqx/;m SHN T (BERSRUEEA] 754.1kg/ 1) 275.246.5kg/ % 31 1] fkg — 8,533 T/ 4
" R 41kg/ H x 365 H / 4F- = 14,965kg/ 4F
JEAIE (I — 5 dlkg/ 1) 14,965kg/ 4 X 30 1] /kg = 449 -1 / 4
a _ 32.85kg/ H x 365 H /4 = 11,990.25kg/ 4F-
AT (£ 5/ =)V 32.85ke) 11,990.25kg/ 4% x 90 [ /kg = 1,079 T-F / 4
P15 523 1/ 4F
PRAF R 0 M /4
A .
(17 46) L 0 M /4

BN - S NS, RO 72012 E 2 B 3,138M/
HTHhYH, "M FAH AV o rb—3 3 v THEELE
FHWE, ERTANATHA (AT ViBEE65%) 1
434.6m’/ HTah V), [FKEIZIHALI 25.8¢ H 2 ERLT o
[T LA - 7]

AL, RECRE (55T, 7.5 KM) S,

JE& LCRH R IREE (2580 H, &/KZ98.9%) T
BRI O N D R CUE 2 BaEE, 2,332M)/ H
THhbo
[~ A 7 ZFIH]

INA F A ANLBARA, 19.3CH,mY H % 3N1 & HAKRA
S —TCHMM, 2632 CHm/ HENAFH AT 4L —
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EKNAFIREFEDFHED R 77 1)L xlsxFig12
----------------------------------- > momEm [ sisslvu/a
1
BRSABRBEK !
BSARETDT, £BEASRBBIATE) !
2656 /8 R 5277 il - 7 - — |
(3A 312 t/B) [l [ Il
(R 997 t/A) S 27 I 7 ) SAFHZ] m/B
gk 1347 /A) 1 % ! reumEl 65|%
HBECRT LI [atemsan | 1
B MJ/ B 53 1
REBORRE | I
FEHH R
A 1
! Hibw| 258 |/A EE
' akEl  09l% !
! 1
i !
! 19.3 CHim® /B
: - HHHHHHHHH - HHHHH BeERE kg/g
i [
i T 1
i ! 2632 CHim/Hl
| L
| 1
i . I—7 N I 1
: T I VNG L P I— AV
1 1 1 1
H ! ! !
SO UUUUURUNUUSUURUS S meERat | seer | gemesm [ soefwwa
EERMFA | 5470 |MJ- B REEAN kWh/ B
BANAFIRME [EKE EEE LY
®K _ _ (ONEEFE0N REEHES) DR ESD) REIH [ 17]my/8
%;xﬁﬁﬁ(ﬁ 96.7% 0.284 0.742‘ 0.173
A
Cmm [PHEETMAT SRAET) I ~ST3]kWh/EL |
 — VP
| — A
Fig12 VU4 2 GBI 2T 70—

Process flow of methane fermentation and cogeneration in Plan Scenario 2

vay (25kW + 9.9kW D2 &) THHS 5. N1+ H
ARA T —="TlL, 587IMI HOEDAEFE S NS, /N1 F
HAAY x4 —a VEETIE, #4900M) H, &
77 838kWh/ H A FEE N Do NA F HAKRA T — &N
AFHN AT A b—Y a VEBTEESNLIBOER
5487MJ/ HD 9 5, 5470MI/ H A5 % 7 ¥ S8EEAE & 54k
WA CHHEINL 720, RREBIEE LW DL
T 5,

i A% B B S B 2 BRI 324kWh HTH Y, N A F
HAAY 2 A= a V TCHEEINLBENITEDOTT
MO ND, FRIET) 513kWh/ BIZAMHRICITE S 5.

BIGGRE OB, ¥ ) 4 1 ORI RICED &
B TR DOV TR A1 L CBE L7,
AT —=NVT 778 —=IZ2nWTHEERIC 0.6 & L7z, %l
B IZOWTIE, Y41 EREE Lz,

DEX DB LAY F U2 BBEOAT—VOICHR
LAY - Sy 7 aA b - BEEIANENAZE
Table 17 |2777,

(4) Y OE% - AT —Y

TF UG 2 OFREBIZBWTIE, {HARMLE S 7 KIE
MR E N7z, RAF—=IYTcoaA b - WAILFE
LZevy, BHEICIE, W b (1 figk4720 2580 H) %
NF 2 — LABTEM OKHB L O (2L, W¥%T
AL BUA BRI LB 2 T 3 %o AL Bchi i 11,
K5 F CIHALHOn PR 0% P B Clifi% 3 5, BUT,
BHRHGERE 1 ER AL O R ER R A R,

AL U EEEEHALI O - WO, 1R (ERER

17) 1I22%, OWILEIENF 2 — 2 (5 v 7w
3.6t) 37, QO biE#cAisk (BmNEEN - ¥ > 7%
w1.6t) 27, @ LEAARE XA RN QtH) 1&
REL, W - B OO 25003 5 4 (HHAL
OEM) ThDHo Wk - Wi FR D S O,
EBIETTFIF 1 ERUTH L. KENOHE - $ifilz
DT, RIS ORE B, BB A DDA
5, 1A 20T Lo KHICHAATALDEL
720 1 THTHIZ 86.4a, 2 WATHIZ 4320 °F & F o CTHF
HETDHLDENE L. T2, MIZOWTHRERIZ2 7
FricicfiTsrdbos L, 1| #FTHIZ432a%% 2 A FTH
X 21.6a25 1 BSGH LT E T THERET L EWEL
Too WYL - WATRhER % B A 720, AL B A% T
M, 2 7TOBGIZHAICHET20TIERL, 1H
FHAE S D, HAiEES EEA N T v 2 EiEE HE
92 L IRET L7200, HALTEEA RS X 2 Bk (F 3
X, D EOTH L0 /10a A b bok L (¥
T 1D2H)s ZOMOHELHEEA D> TV 4 iE
U F 1 ERBETH Do PLEoS% Figd3 OkH),
Fig.14 () (2R3,

T A 2 0FEICB VTR, 2, 3 A UK
) @ 60 HH T 1,548t DIFALEA LR S D, 1 HIS
D& 324 H WAL A % - B S b 2 b
OHIHMOBEHEIZ478H (548 H) THhb, T7/-0H
AL SHAT SN B K HEAEIL, 47.8 H x 129.6a T 62ha
Elebe T2, 1ABX U 4~12 H (MBI @
305 HI T, 7,869t DEALIE AR S b, 1 HIZD

-
—
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Table 17 ¥ F U4 2 - Gl
Cost and income in (3) Biomass conversion stage of Plan Scenario 2 for each facility

INAFYAFNGEH Y AT ADT A 79 A 7 )V a5t & Lo

DOINA FVAEHRAT—JI2BIF 53 A M ENUA (1 i)

73

SHIEH F—5 4% HHERE
A Y TR (L AR ik 68,400 T-F + 30 4 = 2,280 F-F / 4
W 2 A b PR HAG i I 168,000 T-F + 12 4F = 14,000 T-H
(P{[/ﬁ) =% ZJu ZJu ZJuL
é&/ S T Hte i A e it <i‘éHE1tﬁm %) HERE © 2T AHE LR E LA
Ay a5t RE (R TAR) BESEE (68,400 F-H x 0.05) = 30 £ = 114 T-H / ¢
BEFE I A b A5 R IERBEE R (G imtkas) (168,000 F-FJ x 0.03) + 12 4F = 420 F-1 / 4
(H/4) 7% : =1L g
%7/ FERA G AR A IR R Rk (HE AL R RY) B 3E S AT A E LCERE L 2o
NG 1.5 N /4E % (4,500 T-H /4 - A) = 6,750 T-H / 4¢
BIHRAE (FEARBE R4, TS 23kw/ 3E) | 23kW x 12 # A x (1,100 I /kw/ B) = 304 T-H / 4
Sy rax | BIEEGEEEIEE) EHIERTES72H0H
(F1/4) AGER: AR, Bk L) 01/ 4
SR (BEATH 2,044kg/ 4F) 2,044kg/ 4F- x 180 ] /kg = 368 -1/ 4F-
RS T GEImPEER TR 0 2%) 3,360 -1 / 4
WAL e 9,417t/ 4£ % 600 [ /t = 5,650 T / 4E
(Y /46 AR EE I (514kWh/ H) 187,610kWh/ 4F x 20 4 /kWh = 3,752 T-F / 4
A BG5S 13 AERRRRNFET 5720, kL& L
S ASRALEEL (ZEEEIUA) 0 M /4E (BIFFREHNTH 5 720)
X 32.4¢ HOWALE A Ei L - i S NLAZ &b, 20 DFTINEZIT Do
W OBEHE 2429 H (=243 H), ML EAG DEXbv&EHRLZ vFUF 2 5HORT—I@IC

ENAMMEAEIL, 242.9 H X 64.8a T 157.4ha TH 5,

PRENE B 2 ST 5720, EITHEEZEN L7, &
ATHRBE L, LIS N 2 — A TlE,  20km (745
E%QX3@/E}XMSH+2%H)X3A—SmemMﬁ
AL AT R SE H HE I T, [20km (AR IEEE) < 2 [
JHI x (48 H +243 H) X 1A— 11,640km/ 4 & 72 %0 4%
U OPRE R, PRRMERS, e B X ORI o E
THEROKEZ, Y FI)F 1 EAKTH B, 72, Wb
D% - WATTHEII AN DWW T S AR, OO
FIHA T =V OHNFTHLHHEER S5, 3T /10a

NR¥a—LHE

BRABMIAN - S 7 aA N - BEFEIANENA
% Table 18 (27" 7,

(5) EEWOFMAT—

TFUF 2 DORRETIE, N F < AHROA I %
WS, EtEIE ORFIE D728, JKH 620ha, 4l 1,574ha %
e LT, §NTOmEMETEME LTI ls % 4
L7zaoax b EIRAEZEL L7z, KH - HIZBIT 2
HEOEREREIE, Y FIF 1 ERLETH D, sFAMixt
SKH (620ha) TliE, B E L TIL2EAEEL 43.75kg/10a
(4,725 19 /10a) %, EFAflixd S (1,574ha) T, ZE

SHAE Rk 6,325/ 8

OB 43285
10838 | 21600 @?5?1(&?5)1.06#%‘1
ﬂ ﬂ m edn QS 4+ 1.085R8
A H2.5t/10a
t) 02 o  10.8y/38 86.4a oCH
> ETDHERE
i 17]. - S———

SHAL B H R R 2EIS 181,085 R x 2 =2 0B5R8/H

BG WG e |

N/

SHAL BB 4.16F5R/0

Orifa{EZ2. 1605 M
Q%8 (1£15)1.085 R
10.8tMD QL F 41+ 1.085R8
SHAE &R
43.2ah%F EF-TH
ETHEHEE

Fig.13 KHENOHLE O - WA D>+ 5t (V) 4 2)

Scenario of digested liquid transportation and applicationuse to paddy field (Scenario 2)
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SHiE BB 4.1685M/H

%’é&*ﬁﬂi#ueﬂ%ﬁﬁ
m m m 10.8t/3{# 21.6t0 ?ﬁﬂ(ﬁ?ﬁn.oﬂ%&ﬁ
5ﬁﬂ$iﬁﬁ1ﬁ' @—Eﬁ%ﬁ{#(floﬂ#ﬁﬁﬁ
{list/10al
go b gﬁ b 902\ 10.8t/3(F

SHAE BB PR R Y - 2[5 {3181 OFF R x 2=2.08% ¥/ B

SHAE KRR 3.0885M/H
DR #1088
@ E(1E15)1.0850H

et ’ S ool 5" 10.8tM Q{17 1.085R8
. 3 3 4 3 10.8t/3f8 [
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TEIHERE
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Scenario of digested liquid transportation and application to upland field (Scenario 2)

Table 18 5V 4 2 - BHEO@A KD Olifizk - FFEKA 7 — V12 B1F 5 T A b ENCA (1 fife47:1)

Cost and income in (4) Transportation of generated material stage of Plan Scenario 2 for each facility

HHEH T— 5%

RGIGES

INF 2 — SHE 3 Bl

(5,000 T-FIx 3 3) + 84E = 1,875 T/ 4E

e TR 2 BT (8000 T x 2 4) = 7 4 = 2286 T/ 4
VAL PR 26 F HE 0 1 A A 2 1,500 M+ 8 4= 188 T/ 4F
INF o — N3 RBEFER ((5,000 T-F x 0.03) + 84F) x 3 5= 56 T-H /4
v TG 2 Eres s (8,000 F-F1 % 0.03) = 74) x 2 41= 69 T/

THAL AT b 2 v 7 1 BBEEEL

(1,500 T-F1 x 0.03) ~ 8 4= 6 T-1 / 4F

N

SEFHIRRME £ 48 H UKH)+243 H () = 291 H /4E
(5 Ax 291 Hx 8FH/H)= 11,640 TH /4

B ONF 2 — L H)

52,380km =+ (5.26km/L)=9,958L/ 4F:
9,958L/ 4F X 103 J /L=1,026 T-F / 4F

PR E: (AL ECA B
7 v =y 7 aAb

AEFAR A% (1.296ha/ H % 47.8 H) + (0.648ha/ H %
242.9 H /4= 61.9ha + 157.4ha = 219.3ha
219.3ha X 18.3L/ha=4,013L/ 4F

4,014L/ 4 x 103 [ /L=413 T / 4

(F74E)

TR B (T A B 2 P ) }182‘;‘{%; <16 623615%11:91 o A /ﬂa 3

NF 2 — AH 3 AOEER 366 M /4 /5 x 3 H = 1,098 T /4

ML AR E N 7 v 7 1 BOFEEE 337 FH / 4F

INF 2 — NHL 3 A ORE DAL O 8T 52,380km/ 4F- % (7.5 [ /km)=393 T / 4F

T AL BiAR B F T O WO LA AT E | 11,640km/ 4F X (7.5 1 /km)=87 F-11 / 4
WA (F 7 4F) AL % - B (FEOEHN) 3 T[4 /10a x (62ha + 157.4ha) = 6,582 T-1 / 4F

& LT AR 187.5kg/10a (20,250 1 /10a) % JitiF L,
WL R DI A EY OMME ) Fid e vwd ok L
7oo F2 VEEENCARD A VT T MO A b,
BEIET A N, 7B X ONBIEIEEE e o 23 A e
FEEEE A X "neutral” &L, FFELZW, DX D&
WL v FVFd2 REOAT—VOIBRLTANE
XA % Table 19 |Z7:73
SHE T, 10 OEHERE CER S N2 L % i

3 % /KH 620ha, il 1,574ha xR &3 5. KH - M

B LWL ) O LR, SRERE, MR

TREPRZABWVERELM D 20 OLEER (EEfk
1%, 8-8-8) DX, ¥ F ) A1 LR L TH Ao /KH (620ha)
[ZOWTUE, 1024720 25t L7z biic X b, &
FERED 100% 03T bt b, WEIZILFEER % H
WEATIES & EN R WS, R L 7RI TR
Kl & LT20 M /kg DF Atk TWIETE 2 LMREL
Too FEARICARD 2 A M, 10a 2720 (THALTEREAE 2.5
X 600 /) + (Hiradk - §cA FROR A3 T 1) = 4,500



AEM - LA - PRI I B N A R ARG AT LD T A 74 7 VRS E L 7RO R 75

T b, M (1,574ha) (22T, WML 5t/10a %
W22 8128, BRERKED 47% RSN 5,
MRS HEFEIE, LA IEE 100kg/10a 2 HEH L THi -
HIBIZRS T A ME, 102720 (GHILEEAE @ 5t x
600 1 /t) + (lfisk - §of FECE=ZHL 3 F11) + (b
FHURHEE A ZE - 100kg X 108 I /kg) = 16,800 FITH %o
JHVEPIC DT, DGRBS A W Ot m) b id 22 v
bDEL7ze FTho, 1EMFIEIREA 27T - B OF)
Wlazx b, BEFEa R b, SrE# s X ONEIEIEEE o
BESEA EEM SR AR L “neutral” & L, FFEL 7wV,
DEXY&ERLA, vFUud 2 HBEOAT— YOI
%A~ ENUA % Table 20 [ 2773

c HHER
VA 2IIBITLZREBLEEEOIAFBLUTPRNAD
BHHEZ Table 21 I2F L0720 A7 —V@TIE, £
BEoERKMLEO 3 2 (187,373 FH /4E) 12T,
ETECONEL (A — 3 2 M)IF 181,940 FH /&% D),
INA FRABRAT =V OREIY ST, SHE* %

552 LX) HEARLE T 2 N 2% 5433 -1 / 45K
T&ELZ LD, L L, AT — YV ODOMEILHE DR
BAi A2 2 A MDKE L, 94 794 7 VTOIGEIE,
FREICORTCEECRF E o7 T2, FUF
1 LR, A7 — Y OOFETIEHEIC L ) LA
OFHEZHIRTE 72720, FARERBEFORME T A b
MEETI6%HIKTE 2 RS, AF—TYE0HN
FTHLHHELEIZE - TiE, SHEOFHIIRIFIZ A
Vo bEb7257,

3 H£ZH - EEEKNMEFE BRMIEINRS
FUF (FU43)

D)k 3 TIEAET A, AETREALEER, AT
HREDIFEDONAF~Y A5G e Lz, FROITIE, X
ELETA (THAATF—aryChllEnhs) -ty
57— \ZH R N7 TADFBGAT & 1 ILIR) 3,428t/ 4F,
FHERETAH (BRAEIERBIENE, SN - KA - #
HIER EPORETHET A, FEHAN) 1,088t/ 4F,
FRERERS (FRTNGEELY Yy —e T ¥ 7 )

Table19 A 2 FEOGOEBEWOFHA T —JIZBIT 53 X b EA

Cost and income in (&) Utilization of generated material stage of Present Scenario 2

A 54 AT
f{ﬁi’;j b KRR - A TE AR £ > 7 55 - WA neutral
f’gﬁg b KA - MEMATE R 4 > 7 5 - B D Besett neutral

KA - VEDEEE S AR B 57 B FY

neutral

53)

IRFRAEFEDFEML & L TIREZERRHBR 5 e H Gif 57K 620ha

47,250 [ /ha X 620ha = 29,295 T-[1

F =y 7 aAb

4 Ve A RE D RN & L AL RN 4R 2 2 H (OF S0
/ =
(M7 4) 574ha 47) 202,500 M /ha X 1,574ha = 318,735 T
KA - HIVERD AR PE 1 4R 2 B B ALEL R 5 & UMl o0 T FE it 45
At neutral
WA (Y / 4F) ARA - MVEY) D W58 B BER U 0 M/
Table20 )4 2 - SHHOOEFWOFHAT —JI2BIF 2 T A b LA
Cost and income in &) Utilization of generated material stage of Plan Scenario 2
HMIEH =5 % F AR
v KA - BB AR £ 7 5 SR - WA neutral
%Mﬁ/;? b KA - MVER AR D A 7 T - BMEEOBERE neutral

KA - BPIEALRE L2 bR B 57

neutral

%7K 620ha 45)

KIHLEFEDHKEILED S B, A5 FEREHALIIC AR 5 B H O

(25t/ha x 600 ) % 620ha =9,300 F-H

Sy =y ax b | %M1,574ha 55)

MEMEFEDFENLD B, X & ¥ SEEEHALRIC R 2 2 H G

(50t/ha X 600 F4) X 1,574ha=47,220 T-H4

(1 74¢) MIEWAERE DD S 5, ALFIEN AR5 8 H HALTH | 1,000kg/ha x 108 [ /kg X 1,574ha = 169,992
JAHH 1,574ha 73°) M
HALE OH% - §ofi (FROR L) 30T /ha x (620ha + 1,574ha) = 65,820 T
IRFR - MR A V24 2 JB HEAE AL 35 X OV o0 71 4 o S5
A neutral
WA (F 7 4F) FERIHREE K 0 e A 620ha % 5,500kg % 20 M /kg = 68,200 -
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Table21 5 VA 2128 AEREFEOI AN EPA (TH/4E)

Cost and income in Present and Plan Scenario 2 (thousand yen /year)

O ok | @ aav | VERIO on o N
Gedy | B A R "
- N— Ik 0 0 187,373 0 348,030 535,403
KRE {37
A 0 0 0 0 0 0
I 0 0 275,960 196,645 292,332 764,937
FR | x & 5w
* YN 0 0 94,020 65,820 68,200 228,040
Table22 ¥ 74 3DEAT— TV ONE
Activities of each stage in Scenario 3
AT—Y . . . y -
ONA F < ADARE | QI - Tk - 17 | @A Y ADE | @F WY o i 3% - ~ -
s () 27—y | EATF—Y WAT—Y Fgxr—y | OERNONEAT -
H T H - AT BEIKAL S b 2 U 7K [ 21.3ha, /i 54ha T O
SERE | EGR - AT | 5T U BRI | R L RAEPHE (AR
Yo% s = FEALFIRT)

T RN | g R
MG - fLA TR | 0 DI
S5k =

Ay VEBRE A+ O
YAl —Tar

WAL o B - B
fi (7K H 21.3ha,
il 54ha)

JKH 21.3ha, 4 54ha TP 2
e FEE: R ERN S %
(LA CHESE)

84t/ 4, ke - MR RS AR S (N M HEHIE
HAT 0.56kg/ H - FR) 200t/ 4E, DA R 4,800t FE D E T
RIFET Do

AT BE ARG 1L, FEUTH N T T KGR 1,700t/ 4F,
U SRALEGJE 1,3510 4F, JESEREHKIGIR 2380 fF O &
A 3,280 SEDFEEA T B (FEGTHELT R/~ 7 »
TRERER)

AT S & LT, FROIN TR EESE, i)
B 7202 - fRHESE (LTI O BRI RR S A
43510 5545 %

INSIIERETIHEHEI N TWDED, GKRENE W
O BB R R P T A M DR & 72> TEBY
BRI A OMEE BIET ETh, AP ZE E N,
ZITYF)FOMGE, OFFIEETE 2 LE L7z
HETHBED 40% (1,920t 4F), @EFPAMELH RO
39.4% D 1,296t/ 4F, QBEWRAYIEIE S & AN TES &
"L, 209 bIBIHEKEINE EGE L 72 &N
TR SHBEOR 10% (4341 4E) xR E Lz,

a FREEETEOBET

YFUA 3 EETIE, ATH (FER+FERHE
Ak S Et) (5260 H), AGBEKLEGR (3.55¢7 H),
BRI S (1L19y H), &3FF 10y H % & 03Uk
L, 1 HATOBERIRE I 3B\ TRERD - BEEIK OALS % 4T
9o

A3 EETIE, FEofIh - AR KL
5 - AMINTHE S 2 3EEPPUERE L, 1 Z 0%k
Hidk (A¥ U5 2o L—3 3 ViR 12BWT
BE LB - B BE R A ¥ VBT b, A Y VEIETA
WL7ZNAFH AT 2 L—3 3 VICHH L TE:

WA - BU, BN TR A & b, RIS
WR5Ed 5o [MIRRICA R S LA THALIIE, HulsiN o g iz
ik - Bofi LR EE 0B e LCHIHd 4, KHT
1, AL TSR E 100% T E L7200, HiEsL
ToIKFRIE R RIRRE R & L CEfh il ClGE T & % &R
E L 720 Table 22 123 )4 3 DEAT— T OHNEZ R
KD

b FEXF—JILHWIBZPAETIXRFNDEH

(1) N4 I~ RAO%E B8E) AT—

VA 3T, KR -EEEL, AZXT VRS
WMo AN, BEEIALN, oy rax b (%
FERE, ELTECED) (23D “neutral” & L7o, F
ToBEFEPLIR & AT iE O GEAMIEE 2 ), AR
0MTH 5,

FET HETHIEKREI% T, BEGHEIILY
RN, REAETHT14%, FERETHRT3.9%,
MRS 31%. EGHRIGWER YY), REEA
THh, FHERETARVHAEZI LD 4% TH D, £
TEEEALETG PR I3 5 k% 83 %  (FHUTH @ L pRALELTG 8
P RMGE), BEEHETRIEWNLD 47%, RESE
BHRITEW Y720 38% TH B AMINTHE S L EHKE
90%, EBEEHFIITWYD 39%, REGHFIIE
W70 2% THbH,

(2) AR - Hhisk - HFRA T — D

TFUA3ITIE, EEE-EEEL, AZXT-TVICRS
WA N, BEIAN, VTR ML, EEE
HEHFE U EEEL, WD “neutral” & L7z, F 7o,
A (HEHE 2 S b 2 RS TR s e
L7



TEARER - Al -

HATELA - ke

(3) WA FTADEWA T —

YU 3 ORETE, WHRAORH
TR, ARBKLER,

LB L E’E%’HF I Hi:

it 7% O FLAEE,

A, AT
AN THR S & AU THE
BN THLD LTI 24T 9 o BESD

BB B & VR T, EEART (HBRR,
BIR G, LR, PR SRE, BERKHE M -
) I FEHCHZBER O BRIt ik
)Y TREIC L B HHIE

53 %
(70t HH#EE) oe 7
&, HAKIZRS I A N H

fii 25.7 1 /kg (¥, 2009) & {H#EE (1550 4F) 5

Koo, FEHERE,S S LOWT
ROz, FORER,

, EMERICHRS T A b

RIS 2 A M % 8,333 TH

[, SRR E R S RO 5 IS HiAlilx 757.5 F /kg &
otz Ky F) ﬁ@;@%a«m/w * < AL 10t/

HT®» 2720

, RETHD 15

FRRoOKLIaZX b0 177 %

v%u%3@:xthTﬁLLt@MA®ﬁ%$ﬁ
— I 72 JFEH iR @W%ﬁ%#l&vmﬁténfw

7o

O, 1548 Lizo BEH % o 4 B S 3 0% 250 H

Thbo UEOTFI)AGHLIYER IR AL
A% Table 23 |27,

EHECIE, HsN IR

BENTRXY VR 2V %

INAFYAFNGEH Y AT ADT A 79 A 7 )V a5t & Lo

77

b—vaymﬁﬁ,ﬁﬂﬁér&,iﬁ%m%ﬁﬁ%
ARIMTIR S % Z AN TERS 5, LfiizkT 10t/
H@ﬁ JEBL SR AL B s TR - BV %éhé |
Koy (BfE) (IHERRAL 5 (HERRML AR S A 7 24}
tbfﬁitmwoﬁwﬁux&y%@én,imt
INAFH AR -3y rb—Yavickh@EhE
BAERR SN DB X &V SEEEEAL S R S 5,
PR OAETIRRME H 5% 365 H, AT AL, A
FUEEE - Yo AL — 3 VIR OEE L ARE 30 4,
RIEHERRE T 124E 8 Lo CORAY V-2V 2 AL —
Toa ViR 1 HRoOMRGERICE T 597 01E 1.5 A (4R
BH) Th b, B0 mingE, )41 -5
Bz d &, HABFEREIZOWTIEYF ) F 3 D%
AW TkEI L7ze Figd5 ICRET LR TREO 70—
ZRT o

[ZA - AP T A]

10t/ HOREER (A TA 5200 H, AIGEEKALELTS
Je3.55¢ H, i ik s 119y H) (&, #ifsss e
JEURELSE A 2 & R ¥ T IR AR B IC R S D o Ak
W AKBECIE, 0420 0 (B7KEE 70%) OFHEW 235844

Table23 7 )4 3 - HEOONAF Y AEWAT—IIZBIT5 T A LA

Cost and income in (3) Biomass conversion stage of Present Scenario 3

HHIEE T—45 % SRS R
Mz A b (H/4F) BEHVG R AL (1/7 &dH) 414,503 T-H + 15 4F = 27,634 T-M / 4
BEFET A M () /4F) BeaiR BE e g (1/7 fid) (414,503 FF x 0.05) + 15 4F = 1,382 T[] / 4}
FHE (A\GEES) (177 &) 14,170 1 / 4
IR (1/7 fafd) 5,713 T / 4F:
o TR (177 B14H) 173 T/ 4
G SR (177 B430) GEPER: - 757.5 1 Ag) 569 T/
K2 (177 AH) GEAIXK @ 25.7 1 /kg) 1,190 T / 4F
PRAT RO (177 B3H) 11,387 1 / 4F
BERNHE - Loy 2e (1/7 BdH) 3,382 F-1 / 4F:
He & AMLEE (ZEEEIUA) neutral
A (T 7 4F) AT BEA ML e LB} (ZEEE BN neutral
SN TR S LR (REEEIUN) neutral
------ > BONRR) MJ/’ A
1
aERn 1ovA — R ——~ﬁ>7~~ . : :
526(t/H @ |o———— 1 1 1
I . a:um—1 o] ) :i«tﬁx-ﬁnm“/a
[ aemzmal  tove  |-———— F73 | — ) | EZS; 1 m— )
| Y — (L 3 Eﬂ%(:tf>7>
SRT LS : 1 l
A YRR apcmen ‘ sty :Li:;ﬂ —~—~~ wan | 28 kg/i
_ EREEE0) | FRAAED|
;gi\;{gh gg ;:; :: 362 Nm’CHs/ B
HRES 90) 3.1 44
E ER K LIET R 83 47 38 1 1
BRMTES 90} 39 42 s _easomu/E ®H[__To8olkwh/B
o VDL jlw/a ERAFIA kwh/El
E ;;;;Tﬁ-_iiﬁ s#Em [_aiwa ##En [_eslwhAa
ABIYMATIRA(EM) —915 |kWh/H
Fig.15 >+ )4 3 - GTHICBIT LM I 70—

Process flow of methane fermentation and cogeneration in Plan Scenario 3



78 SR TR FE AT

L, Y A7 AY ORI TSNS (VAT A
e LTEFE L ),
(2 & > 55T 4]

9.58t/ HDiisr, Ry 7 TAY VISEANICH % SN,
BN - BRSNS, RO 72012 E 2 B 1,208MT/
HTHY, NAFHATY 23— 3 v THERELE
D, ERT DN FHA (X T ViEE60%) X
603m’ HCTH Y, [EEITHILEZ AT %0
[H b s - ]

HAL Y, BEMCRE (55T, 758 sh, i
fi e UCRIFWREZIRAE (8.85¢ H, &/k3E 95%) TlF
BICEONL, REMTHLELREEIL 80IM) HT
Hbo
[/34 F 77 2FH]

INAF IR, NA AT AT A —2ay
(25kW X 273) CHIFI T Ao NA A H ATV 2L —2 3
Y TIE, B 6,480MI/ H, FEJJ 1,080kWh/ H A4 B
END. HEIEA447IMY HIE, YHTICIRE T Do gk
LS ESIE 164.95kWh/ HTH Y, /N4 F A A
ATV A= a Y CHEESNLENTEOTTHIE
bbb, REE 915kWh/ HIZIMRIZIRFES 5,

B OBRE, > ) 4 1 ORBERICES X,
B RN DWW IR FURM A B AHIR L TR L 72,
A= T7 7 7F—=IZOWT L EBEIZ 0.6 & L7ze 2l
RREFE IOV, BELARTE LERRICA T — VY~
L7214, BNl S 5 B % 15,000 T, 3§
REIHAEZR 2OV T 5,000 T-H & B L THIL 72,

5oy AR MNIBLINIEEL, R
(FEMEE) D 2% & Lz LEX B LY F ) 4 3-
SEOAT—V@OIRA MM IA - T =0 7T A b

55212 % (2012)

BEFEa A b LA % Table 24 27K,

(4) RO - AT —

TFUF 3 REICBWTIE, NS A AR
Wi wize, RAF—Icoax b - WAIRFFELZ
WO BHEICUE, 1AL (8.85¢ H) & /N F 2 — A HLT R OK
B LU 28t L, B CM oo R LE
TS 5o WAL RRIZ, &MY Tt
e F I TS 5 o

AL EEEEEALE O - Hom L, O bk
Fa—L2H (¥ r5FE360) 15, @Qufbirschitk (F
BNEER - 7 v 2 HwE Let) 11H, @M HAm b
W QtH) 1 5% EL, ik - ool ngE
5 E 3% (HEMORMH) Thbo Bk - §ofm iR
L E W O, HAEL KH - Mo HEALTR G
WO R, WO S, (EERIFRIE U4 1 LW
FeCTHh Do AKHIE, 432a03F & F o THAET S ENE
L, b Ecfh s I 1 A8/ B, N2 — 24
FIZ3HEE/ BT, 1 HIZB2 8T AT TH D
(HALEHCA & 10.8¢ H)o ML, 1 HIZ 21.6a lZEA 3
5 (AL & 10.8¢ H) o Ll ED4efi% Fig.16 UkH),
Fig.17 (M) (2R3,

U A 3IOEEICBWTIE, 2, 30 OkH# Y
) @60 HHTS31t OEALEPER S NS, 1 HIZD
Z10.8t DAL AL - S NDH T b, ol
MOBBAKIE492H (=50H) ThHb, A5 U5
P AL S A S LB K AR 1S, 49.2 H X 43.2a T
213has 72, 1 HB L4~ 12 A (JHEAAIRK) o
305 HIHITIX, 2,699t DHALBEANER N5, 1 HIZD
X 10.8¢ H OHALIEAY % - i S Nb 2 s, 20
WM OBEH %3 2499 H (5250 H) T 5. HILKE

Table24 )4 3 SHHOG/NNA A Y ALB|AT —JIZBIF 5T A P LA
Cost and income in (3) Biomass conversion stage of Plan Scenario 3

ST E T—5 % SRR
FIL BN X5 2 EERE R RS A 1 B 38,100 -1+ 30 4 = 1,270 T / 4
(7 4) Ry IsEERR (R itk | JRER 116,900 T-F = 12 4 = 9,742 T-1 / 4
BegEa A b A5 SRR (B R) 1 HEREdE Y (38,100 T-F x 0.05) + 30 4 = 64 T-H / 4
(M 748) Ay R (G itk 1 JEBESEH (116,900 F-F x 0.03) + 12 4F = 292 F-F / 4}

PN

1.5 A x 4,500 T-H /4 = 6,750 T-1 / 4%

HIRLG GERE R4, 22T 14kW)

14kW x (1,100 F /kW/ H) x 12 » H = 185 F-H / 4F

IR G (D= IR 4)

INA G HAFETHRTE L7200 M/ 4F

7 Y= ST AN ek GEAR, kR L)

0 M /4

(197 4)
TR BUTHMTE B 720 01 /4
SR (BEATH 2,836kg/ 4F) 2,836kg/ 4F- x 180 [ /kg = 511 F-[1] / 4
RIS e Rk R e GReAmbas) ©2%) 116,900 T-F % 0.02 = 2,338 T-H / 4
THAL IR SE (3,230t 4F) 3,230t/ 4E X 600 9 /t = 1,938 T[4 / 4E
AT JIHE (333,975kWh/ 4E) 333,975kWh/ 4E X 20 [ /kWh = 6,680 T-H / 4
A BT (1,631,915M)/ 4F) 1,632 T/ 4F

WA 4 = A LETR (ZRE R neutral
A T BE K ALHR 5 R AL} (ZRREER LA neutral
AN SR S ALERRL (REERE A neutral
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Scenario of digested liquid transportation and application to paddy field (Scenario 3)

INF 2 — NHL

A e 2 T AL A ok A
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| 3 1L 1 (£ LLLIZ 2 P77
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Fig.17 JH~OHALE Ok - §m 0> 7)) + 54 (504 3)

Scenario of digested liquid transportation and application to upland field (Scenario 3)

PSECA S NS AR 1L, 249.9 H X 21.6a T 54ha & 72 %,
PRENE B E 2 BT 5720, EFHEMEEH L7, &
THABEL, L% N T 2 — 2 T, 20km (FE1E
PEEE) x 3 [/ A x (50 A + 250 H) = 18,000km/ 4£, 74
AL B AT Bl 26 P AT T UL, [20km (AR BEEE) x 1 [a]/
At x (50 H +250 H) = 6,000km/ 4F & 72 % o £HLH DIk
Bih, BOEMIG, FEEEB L BRSO ETE 0%
ElX, YFUA L EFAETH L, T, WAL O -
B TN AN DWW T b AR, @R OFH A
TV OHNFETH P ER DS, 3T /10a DI
WE izl b
DEXD&EWLZ, Y7 U3 - BBEOAT— @I
BRAEMM AL - Sy 7 aR b - BEEITANENA

% Table 25 27”7,

(5) EBWOFHAT—

TFVUF 3 RRETIE, NS AT AHEOEEYIL A
WS, ETEIE oxtlt o7z, JKH 21.3ha, Ml 54ha % %t
HE LT, TXRTOMBTIELE L TR % ]
Lo a A s ENATEI L7z, AKH - 2B
LMo RE ks, MHT A2/LFAEE (@ bk 8-8-
8) DL, VFIUF 1 EFUTH D, FlixyGokH
(21.3ha) TiZ, RO & L TILFAOEL 43.75kg/10a (4,725
M /10a) %, FRMMxTGH (54ha) Tik, FEALE LTk
AL 187.5kg/10a (20,250 F9/10a) = fEHA L, W3 d
PR DI AL EY Ofitg ) Lk wvwb ok L, F
7, EE R B A v 7T - oM o 2 b, BEE

Table25 )V 4 3 - SHROOERY OFizk - lEA T — V1B 532 F A
Cost and income in (4) Transportation of generated material stage of Plan Scenario 3

HHIEE F— ¥4 R
INF 2 — AL BEEAE 5,000 T+ 8 4£ = 625 T-1 / 4
M A WAL | Bl At EAR _ e
(9 / 45) THAL A% 1 Al A 8,000 T-1 + 7 4F = 1,143 T-[1 / 4
AL A PR L B 1 SR A L 1,500 T-F + 8 4F = 188 T-H / 4
INF o — NH | BB (5,000 -1 x 0.03) ~ 84 = 19 T-[ /4F
’fﬁg b LTS | et (8,000 T % 0.03) = 74 = 34 T/ 4

TH AL AT B T AT 1 B BEEET:

(1,500 T-F9 x 0.03) ~ 8 4= 6 T-F /4%

NG

(3 Ax 300 H /4% 8FM/H)=7200TM /%

PR ONF 2 — LH)

(3,000km + 15,000km) + (5.26km/L) = 3,422L/ 4F
3,422L/ 4E % 103 M /L = 353 T-H /4F

WRELER (AL RAT %)

J =y aXb

AE AR 7% (0.432ha/ H X 49.2 H) + (0.216ha/ H X 249.9
F) = 21.3ha + 54ha = 75.3ha/ 4

75.3ha/ 4F- x 18.3L/ha = 1,378L/ 4F-

1,378L/ 4F- x 103 [ /L = 142 T /4

R B2 (A A 2 1 ) OO0k S0k 6L ) = 98U
INF 2 — KO EE 366 T-H /4%
S P55 Af i 2 R HEL I 0 [ 2 337 -1 / 4
INF 2 — KO DS O ETE 18,000km/ 4F x 7.5 [ /km = 135 T-F / 4
THA LT SCA 1 2% FH B 0 0 PRRE DR o 84T 2 6,000km/ 4E- % 7.5 1 /km = 45 T-1 / 4
A (7 4R) WAL - WA (FEEHUA) 30 T-F /ha x (21.3ha + 54ha) = 2,259 T-1J / 4




80 SR TR FE AT

IR, R L OB et o) B SE AR RE A A
AL “neutral” & L, FFELZ2v DIEXDEHL
72, VFUF 3 REOATF—V®IEL T A N EIA
% Table 26 |Z7R 7

ETETIE, AL % fEH 9 % 7K H 21.3ha, Ml 54ha %
&S5, KH - MBI BT Y72 ) OMEALHHEH
B OBFERE MLETRINRAGVEZEEEHD
72 DL B 8-8-8) DAL, U A
1 EFELTHAB, KH (21.3ha) I2DWTIE, 10224720 2.5t
JEAH L72HABIIC & 0, BRIERED 100% 2 E 0% b
N5 PEIALFEIEEE O BT3RS & B2 LS,
HERE L 72oKIE THRERIRREE K] & LT 20 [ /kg D\l
MCTHRIETE 5, HBBICHRE T AN, 1024720 G
AL A 2.5t x 600 [ /t) + (s - WAl FRoR =4
3FH) =4,500 1 TH L, MMl (54ha) 12DWTIE, H
1L st/10a Z 55 2 L 1c kD, @EHEERED 47%
PGS NS, AET HEFZERIE, (LFEE 100kg/10a
R L CHiO o MRS T A M, 10224720 (GH
A e A2 5t x 600 F /) + (g 2% - B F 50k 2

55212 % (2012)

o3 FM) + (LR AZ  100kg < 108 FI /kg) =
16,800 I CTH %o MIEWIZOWTIX, IEBIICEEY
OMEI LiZ e vb Dk Lz, T72, 1EWEIICRL A
V7T - BROMMaA N, BEEIAL, FEHEBLO
ENEAEELE o> B SEA A SEME A 1T “neutral” &
L, fthLlZzwv, Dbk y&EMLA, U4 3 §5E
DAT—VBIFRAB T A b LA % Table 27 12777

c HHER

PFIFZICBTLRELEBEOT A B X OIUA
DOEFEY % Table 28 |27RT, EEEO A7 — VBT,
KNEOBAGEOM I AN, BEEIAINBLIVT V=
Y7 3R b OEBERE R R B AETEN T
THoH0, ETEOAT —V@DIZBIT5 3 A Ma kL
Th, 94 794 7 )IVEKRTIZEEORMIZ X Y RTH
B SN DK E oz AT —VEIZBWTIE, ML
WOBAERED/NE V2D, Y F ) F 1, 212 THE
FEERDAY) v MIZIUIERE LB N LD 72,

Table26 ) # 3 - EEOGOEBEWOFRTAT —IIZBI17 53 A N ENUA

Cost and income in (&) Utilization of generated material stage of Present Scenario 3

FHE S R R
ﬁﬁiﬁ“ K - MR TRV A8 £ 7 55 - WA neutral
ﬁﬁzj“ K AT D £ > 7 5 - B o Bt neutral

KA - A 5 R neutral

gy =r 7 aRb

AKARAFEDIE L L TR 42 5 B (6 57K H 21.3ha 45)

47,300 [ /ha % 21.3ha = 1,008 -1

(1 74F) HIVE A BE D FEIL & L TALZA RN AR 2 2 (i 54 S4ha 437) | 202,500 [ /ha X 54ha = 10,935 -
KA - SRR A E AR 2 B IR RN B X OO T #Ean W A | neutral
WA (7 47) KA - JAEYD O BTE AR 53 0 M /4
Table27 54 3 SEOGEFRYOFHAT — 2B 5T A M EA
Cost and income in (&) Utilization of generated material stage of Plan Scenario 3
HIEHE T—5% AT PSS
1
e KR - HIVEALTE AR £~ 7 5 SRR - WA neural
v KFE - AT (55 1 ¥ 7 - B OBt neutral
KRG - BPSEARE AR B ST E neutral

g v =7 aAxb

(4 /487)

RFREFEDIMD ) B, A & VIEENALTICFR 5 B H
(X %7K H 21.3ha 53)

(25t/ha x 600 M /t) x 21.3ha = 320 T-H

MVEMEFE ORI D S £, 2 ¥ ¥ SN AR 5
G5 54ha 45)

(50t/ha x 600 [ /t) X 54ha = 1,620 T-H

TEAEEDIEME D 5 5, ALZEAREHNI 4R 5 2 (1L
i FH A 54ha 45)

1,000kg/ha X 108 [ /kg X 54ha = 5,832 F[1]

AL O % - Fom FEokk (3HL)

30 T /hax (21.3ha+ 54ha) =2,259 -1

KA - AVEIEFE AR B B IENEEE 5 X OB THFEah
A

neutral

A (1 / 4F)

B R K 0 W56 & FEH I 45

21.3ha X 5,500kg x 20 [ /kg = 2,343 T
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4 BIESAHLL - BRINIEINERIFUAL (0F
1)+ 4)

FRCHOH L x A HEAE 1$ 1,690ha (K 18 4 FEAE
Wit Th Y, HFRHAT L & EEIZIEV 84500 F
(0.5t/10a) DOFMEIMIAFET Do b, LIATIXHE
BT AWM CTARARRE LTS CWw2s, T
BRI, MR IURICBEES NS £ 912> TET
Who YFUE4TE, BHEAHL LD 17%ICHE T
% 1,500t SE R FRHEH O G & Lze £72, fanin L%
S (PR S) 09 b, YU A 3 ORGSR E
W< 39170 4 (FBUHNCHAET 2 ERIMTERE O
90%) EREL L7,

a EELETEDRE

UK 4 FEEETIE, HIATIET B AEMINLE
& (39170 4FE) wEHDIERE L, BEAF O PR %
B TRERD - BERIK DML %179 o HRAE L & A
- THAET 2B/ L X 3 ei 2 U312
Wik,

TF) A 4 FEITIE, ARSI EBRMNE L &
DREFHRZFRMLT 5 F )+ & Lz, fkMbizY 72
D, BRESNHL 2 L oRAEREEER L, HISNTIA
TAHEMSMIESIIMZ T, #iEslr s amniEgs
(3,2831/4F) ZlkET 52 & & L7z, HlE D &% &
B EAINTH S I3REES F ) 4 Tl g b e s
ENDBH, THIZOVTIEV AT LA ELTaX b aE
L Ze v, MU AR & DRSS L - AN AR & %
1 A AT OFEMETH 2B TR L & (1,500t 4F)
AR TR - BEEL, KM & RA LT
TR O @A i feH 2 L, WRFE5 %, Table 29 |2
VFNFADEAT =V OWNEERT

b FBXTF—JICHEWIB3PAEIXR FNDOEH

(1) NAF<TADEE B8H) AT—7

TFUK4TIE, KR -EEL S, M TAMINLT
s (107¢ H), BESHEHL & (9~ 11 A1 1,500t/ 4F)
BEAT Do MBS TIREMINTRR S (v H) 23%84E
T 5

I FEAE S O BRI TAR S 1%, AR RS o RE N T
THRETIRETDEEY TH L7720, EIRLEM a2
b, BEFEIZX M, WAREIELZV, =07 aA R
DB, HIRNEGEIEE L) DU TR L, R
BE - BtEI & D “neutral” & L72. F 7o, ek (RRE
TIXBERIMERE, STEICILETEMERERY) (23040 ) MG
BHZOWT Y, MHFHRIIR 22 05HEE L, 22Tl
it % BH7R L 72 o

WIS E G OB TIR S IZOWT L, AR S
M AN, BEEI AN, WAEFTEL 2w, =
FaAX DL, EEETIE, MBSO &I T3S 38
ik COWmBETERE LTB M/ E2340) (KR
TIHE I ED 2 WA, BB L THEINT %), §HE
T, FAEMETI F COMBERENREL 252 L0 0,
KB M/ AEICNAZ, HEEERSOBMIA N a [/
FEETIDRITIUI R B\, 7272 LARHTIX, BINEE
a ZFRMETED [EERO7-0ICBHT 5] & ik
L, A7 =228 250 amn g0 aH s
LAV $2bb, ST B M/ FoHL
25728, “neutral” THhh, TOBINIT A a xIE
(st o i THEE) E8S)BE1E, &
BioL BHIGEINT 2VENH L, F7o, WAL
BHE, FEER AN TR S OFFHRL IR X 82 595,
WIS OBEAI R TUBL S N A (REE) b, fkML
MR UBREE T 234 (BHE) b MEE L, 4L

Table28 VA 3ICBIFAEREFEOI AN EPA (FTH/4E)

Cost and income in Present and Plan Scenario 3 (thousand yen /year)

O T ok B @5 v | OERD O | OERBo |
(%GE) o 19_% ° E?ﬁ X&'ﬁ& iﬁl:é,ﬁ?ﬁ *”fﬂ "
- - gk 0 0 65,600 0 11,943 77,543
- ) IUA 0 0 0 0 0 0
~ I A b 0 0 21,152 10,692 10,031 41,875
il | Ay s
IYON 0 0 10,250 2,259 2,343 14,852
Table29 ¥ FUF 4DEAT—TVONE
Activities of each stage in Scenario 4
AF=V | QNA F < ADLE (38 | QUUE - ik - I | QN4 T AOEWE | @FERW O - | OERY ORI
2k ) AT—Y AT = AT =Y WA T — 2 AT =Y
| U SSEEIL | e o Tae x| g g TR = 0 B ) )
K| REosE B o e H - B 7 mL mL
L X DFEH: - A ’ -
ISP - HBIEAR AN T | MUY - MR A | AT S kB
AT P oA, BAEAH | TR SO - | AV L X oRAEE %L %L
L X o5k - 4551 % 1t
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LTIk “neutral” TH A (/z72L, EHEDOAT—T@T
EEEMERERE DIUA & LT 20 F-H it ZIKE L 72) 0
BEAE L £ 1%, SRHAEL s EETRECRET S
EWTHDL0, I AN BEFEIXMIFIEL RV,
7, REBCEZ0EIMAATNG 2D, =
FAABLOWAIZOMTH %, BEITIE, EEE (5
R) OFy=r7aAbE L THEEMETHAOET
B 0FHr 2&IHT L, —J, EEETHENE L &
e fRME I CB5E L7200 (17,500 T /) 24550 #H
HAVH L x o FEEMIS S, TEBEANOBBEIH L x 27
B L7 T ~oe 7)) v 7Fiikax b L IZREL

720

PFIVFADAT =TV OIBRLMH AN - 5=
JaAXN - BEEI AN EIUA% Table 30 (278,

(2) ILEE - Bk - IFRA T — 2

TF U 4 REETIE, HIsMSS A O AN &
1, BEZEMIAERT ] & 15 72 DU R A SE 12 & D HuIsy o
BEHisk  CEHm%IND (FEa L), 2720, &
SN T2 0 & BERII R £ COoMEE, AMinTEED
SERHMLIR E COMBEE ML e L, PUEEEREIC MR
HOMIaAN, BEEIAL, Ty aA b - JUER
EFEEHUAE “neutral” & L7z,

I IS A ORI TR S 12DV T, Hilgshics
WC, IUEERRSER T L) BERIGRE £ CIUE - #ak - B
e NS, T 2T - ik - IFEICRL 0 o 2 b
BEHEIA S-Sy 7 aAME CH/ELMET B (K

HCIIE T ED 2\ 2s, LES CCHEET %), L
EETERNA, 27— YOI, BH/ETH 5,
BUEHVE L x OIUE - ik - B3 iTh v, ko
PFVAEMICBITLE YT UL 4 REDOAT— V@I
8% a3 A N LA % Table 31 |Z/RT

SHETIE, MRS A S o AN LT & o AR ik
(BB L) \CRamMiax b, BEaAL, =
7aA N - FEEHANE, “neutral” TH Ho HlHA3E
A5 OB INIEE S OYLE - Bk - BRI AR 2 40 a2 2
FoBEEIAN Sy AN, EEEEIEES
#MAT (C+a) M/EE LD, BEEEERIZHED
Bt A &, FEMETY 3L ) (FRHERD 7200
B FEAME AT BRI R 2 PE S Bk
IR M, DFOEZEICE SV TERN Lz, hids3sE
3O E LR & Ok BEE A il S0km & AHE L,
WA= om’, AR 3,850kg O PG 2 E R HUNEL K
Sy 3RTHEETLE L (120 H)o EROBEST
BEEEIL 109,500km TdH Do b T v 7 RKIRIZDOWTOF)
Wazxr - -gr=vr7azxto) blEESE, BEEIAL
W CH/EIZEL LD E Lz, Bl 254538 (1,000
FH/H) oW TiE, BlEst L7z, REEE s i
T AL Ty 7 DIRENEN20%ETT 5
ERGEL, NN Ty 7 OBREREE (Table 4) % FEIC,
Skm/L & L7z, F72, #IsFMEEE 5 o i Tr% S o
IR AR, CH/EICEDD LTS (RETY
BENBE DD 5720), INHICL ) BEH I

Table30 3 F ) 4 - EEBLUSHOONS A~ ADLGE FE) A7 —JI2BIFAa A b LA

Cost and income in (D Biomass production stage of Present and Plan scenario 4

iR
FHHH 7= % :
’ 1 i

HIRPIA O SN T A S AR S £ > 7 B .
R SRR - A fEL &Y
(F3/48) BUEOMT L & BT 1 > 7 7 S0 - SR L

LN e

MO EEIN TR S AR A~ 7 B k
BeEE o A b T - B OBERE ArE LA
(F/48) BHEIMEL X BB A 2 7 T - B 5

DB PR L7V

HOIIA 562253 0> FL I T 3% S 124 B I

BEFHOR L (ORI £ T3 — % neutral

$#)

IR 5255 O LR AIL IR S 1247 B LI

FERFSEAL CHur Sl L3 — %05 © B neutral

gy =r 7 aRAkb

(H/4)

iRz - FHE SURMURERS)

A S8 0T O BRI TSR S 12 4R 2 Ui
R T HOR AL (AL £ T3 — %
EH)

BH/HE+ oM/ (72720 ol
fRML LB O 72 O R A
F—UTIR0 M)

B M /4E

IS/ 58 2 43 O FL LI 3% S D4R B ALF 2%
ORI (Mg A TS —~ SR
AVEERIRERE - ST R LR

3,283t/ 4E x 20 T-H /t = 65,660 T-F /4F (= neutral)

%ﬁT&y*HLliféb:ﬁééﬁ =V aA
(B3R, - L)

FEHELBZWZO0M/ | 1,500t 4 x 1 TH /4 = 1,500 T
Eis M /4E

BOA (F 7 4F)

BUESMT L 2 WEEIUA

FHELRWZO0M/ | 1,500t 4F % 17,500 [ /t = 26,250
P T/ 4R
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Table31 ¥ )V 4 - EEOOWE - Hik - WA T —VI2BF 532 M A
Cost and income in (2) Biomass transpotation stage of Present Scenario 4
HHIHHE 7 — 5 % S AR
A WIS FELE S O BRI S OPUE - ik (e L) 16RE A > 7 750 - ik
= A b e neutral
M/ - -
() oI A DL - ik - BriEU PR D A 7 TR - AR CH/EILED
B A b BN B 5T D BRI TR S UL - ik (K L) 12451 > 7 750BER | neutral
(3 /4¢) HIBVIE 5 O SN TR S OUUE - sk - USRS 1 ¥ 7 T ORER CH/EILEt
5=y razx | WEHARAESOERINTESOIE - % e L) ISR 7 =0 73X b neutral
(F3/4¢) MBSV S O SLRITIE S OIUE - % - BEICRS 7 v = v 7 ax b CH/fFIat
IR FELE S O BN TR & OUEE - St TECEHDA (s f i il T3 —~ ik 3 neutral
)
WA (P 4) — T — T
HIFAVIELE S O BN LR S OPUE - ek - BT ERIUA G T3S —~ B/ 4
i)

EWEEIEE ST A b ald, 3463 TH/ETHE, 2D
SR, FRHML T2 SR ICE b S,
BUEHME L £ 13, %ﬁm #%ﬂﬂ%z%ime
Na, HEAHL r ol 23BN T v 7 (10t 3 >
7 H, FAEA = 20m’, rkﬁﬁinwwylA%%
Vb, KELN T v 7 OEEAMME GHEP - BB EIESH
&) 13, ) HA N 7 v 7 BEOFEFME (VT
FFv o RATF—=ay, 2011) £V 12960 TH/HEL
720 WL X £ HERE 2 S fiEHME T3 £ CoEid )&
10km & L 720 1fEIZD X 10t OFET, FRMLIGEEE D
Hri il BE & (20t) 2 £ 58 L C 1 H 2 4EH (40km/ HAEST),
FHTI50EE T 5. BEFTHEEIL 6,000km/ FETH 5,
MNFFIZDOWTIE, FEE 1 H 1 HH7-D 243.86km T K
FAN= 14417 EEE 3,624 TH/EMT S by
JATFT—3ay, 2011 &) ELSGEA H21 4456 1
WEEHEEFEA) Thhlzo, FIA4N— 144720
2T % 562 T (=3,624 T-F x (40km + 243.86km))
EL, F/ EfTHEEICISUA-ZEE (18.13 M /km,
WIS Ty 7 ATF— a3y, 2011) #H1Z77.
A<, AAT—=I Tk, ML LG TORMES B
;Uﬁﬁkwﬁﬁﬂﬁti%ﬁmtmw%ﬁf IonT
DEF LT 20 B SN D IR O BT & KA iR
i@ﬁ&u7#%1mWﬂW%&LLﬁﬁ$ﬁiF%
B 720 SO ETRHRE SE R ] oWt A (10
) L L7z, W GEBET kW, A 0.5) O
B, 4R 270 Hox 24 BT & L, {HFEIIIE 3,240kWh/
Feeh, DEDOTF)FEMHIIBITATFY F 4 5
BOAT—Y @485 3 A b EIUA% Table 32 |[Z7R T,
(3) WA FTADLEWWATF —
TR 4 REETIX, AT S I3 BERIGRE Tt
e, BAESVE L 23S #A T N5, IS S S
DEFINTIER SIZOWTIE, HIICRBE S 5 7208
xR E L, AXF—UTld, HISNFEES O,
INTHFEEAHS, BERROBERER: CraRI S, BEHIK & F Rk
N THN L35 3 A MZDW TR EL 72,
BEHERE OHIBL - BB B L OB R, Rl (F5

Rty IR, BREVE: RSFARUCE, BREDAHEML - AL
) &, v 43 REBLEE FIGINICEERO
Btk (700 HHED) ov 7)) v 7Vl HES < B
FREEE D 1 H Y72 0 s (70y H) 2k 5 Mg 3
SO EFINTE S O® (1077 H) OBG2 6, ik
R A 15% & L CRF L L7z BEHIGER 0)1%
MSERE, YT )A3EMRISETHL, ELIDE
WML72vF )4 4 - REODAT—VOIRLMH a3 A b,
BRIEIAN, T 7 aX b, JUA% Table 33 | 2777,
STEICIX, FRMEIS IS - #Isyhcosd L2 &
TR S (AEINTEE 2 ST HEROT L WE %
F5) & ERE LTIEA (17,500 It % A pEE 230 )
LB L x 2RE L CHol: - BBEL, REMB
W (A3 FERE s 3 VR EORMA, 30 TH N
N2 CERHA OB I EF RN RS 5, #Esn
7ofRHE, THRE L ClE (RSEHUG 41 TH A 35,
ﬁ?ﬂftﬁﬁ ROBRY, SMAEEE, MilS (2006)
2X b FERIBE N EIL 300 HE L, BATHERE
L LA RIS T2 2N TE R o270
204F & L7ze BHGREOMEIR S E L, TREENOHE
SR L x 2 FERE LML T~ e 7)) v 7t x
’&ﬁbtowﬂﬁﬁtgﬁé%ﬁuzAﬁﬁﬁﬁﬁ>
Th b, EIMEEEIE, IR (v RERHIEL, 6 R/ H
@E,iTEﬁ3mw>2A FERAALIIRE (4.8t H B,
24 BER / HaEdz, ERRET 1IKW) 6 BB L OB 3
TROREEIZHCAEBE 74— 20 7 bS5,
HbIFN O £ N L3 E DS R b L35 (2503 5 LT 5L
BHZ, KB (BEHD) L [EAED 7z “neutral” TH D, b
WAVIEE A O LI TR S O MUBLFHokHE, REETIdi
WAL A A, B TR ERM R DI & 72 5o
Wk & By, LRMINTE S OFECHERIC X ) 0T
BHRHIZE D> TL B, Z2TId20 TH it &i%EL.
DEXWVEHRLAZYF YT 4 SHEOZAT—VOIRD
MW A - BEFEIXLN - T TaA b UAE
Table 34 2737,
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Table 32 > 5V 4 4 - GHEO@YUE - ik - lEA T — V128153 A P LA
Cost and income in (2) Biomass transpotation stage of Plan Scenario 4
HIHIEH =5 % R R
HIs A 36 A 45 o0 FE I T 5% & IR 5 (P72 L) tral
BB A Y T THEOREE - AT et
HIYVFELE 53 O FL i I LR & OWUER D 728 D/ R
WES o s 3 Dl AK NL CH/FIEL
a2 AN R A 57 00 FE ST TH S DIUEHIFE D 7286 D)
(197 4£) S o R B A (0 12 B s) - (1,000 F-1 + 8 %) x 3 5= 375 -1/
BUEHIVH L 2 OIUE - BRI N 7 v 7 1 BiEA | 112,960 T F X (40km/243.86km)} + 8 4F = 266 T
# / 4E
Pk BE oD HE R 10,000 FF = 10 4 = 1,000 F-[1 / 4
I N TS D BN TR S 1R 5 A 7 THEDEE
HE neutral
A 562 5 O BN TF% & OPUEEERE D 720 D/ P,
B F Ty s 3 HORER CH/FiEt
BESE A | MRS 55 O FE I T A% & IR 0D 720 )
(/) 5 7 RRHEIE 3 ORI (a 1A L) (1000 T X 0.03) % 8 > 3 7 = 11T
BUEAMH L 2 OIUE - AT N 7 v 7 1 BOBE | 112,960 -1 X (40km/243.86km) X 0.03} + 8 4 =8 T-
3 M/ 4
W e D BETE (10,000 FFJ x 0.03) + 10 4= 30 T / 4
HIs N 56 A 45 o0 FE I L5 & IR 5 (BFi 72 L) !
NP =S neutra
gﬁﬂ%kﬁ}mﬁ&miﬁéé@ﬂl’%iﬁ%c:%% N CH I Ets
HIE AL S84 05 O £ T & O NI E IR S b ey
597 (3 ) OREER CHIFIEE
h;ﬁ/& ?é{j 2\?@%%???52\%?1&%%%m'%;“’ b 109,500km + (5km/L) X 103 /L = 2,256 T-H4 / 4F
o IS 5 O £ I TR X O NUE#IE IR S b -
7T AR 506 ORI ORI @ D) 109,500km x (7.5 P Aen) = 821 F71/ %
BIFASHIT L X OIUEHIEN 65 AfERE 362 I/ 0000k > IS5 F k) = 071 FF
gfﬁﬂ'u L & ORRBEE LRI T 7 7 OFUE | 44 203 45 x (40km/243.86km) =73 T / 4
g:ff%l/m L+ ORRHREI RS KB R T > 7 ORF 6,000km + (3.34km/L) X 103 [ /L = 185 F-[1 /4
gﬁﬁggéguz%m%u%%ﬁﬂ b7 7 BB 6 go0kms 46 x (9 3 /km) = 54 TR/ 48
Wy e L (2 R % BE B4 3,240kWh/ 4F- x 12 [ /kWh = 39 F-[7 / 4f
oI S 5T SR TR S OUREEFRHRA |
(HBIA F N T3 — B8 !
H I £ N 5% & o AR 2 T BORHIOA (g ot B /4 (= neutral)
A (P / 4) PN T3~ W% ) Y
%§§§§@1%50W%%%$ﬁﬂﬁwwi% o /46 (= 3.463 T/ 4E)
BUETMH L O 2 FEoEHA 1,500t/ 4= x 1 T-H /4 = 1,500 T-H / 4
(4) P OE - FEAT— B X UEEYOFH c EHHER
AF— FVAAIIBITLZREBEEEOIA FBLUOPRAD

)4 4 KEETIE,
Wi, KAF—VTOIA b - WAEFEFE L2\, Bt
BT, AW TH AR LEEL THIEENA 20,
ik - BFEIAT D R e FIEOFIH (BIK) 122w T

INA F < AR AL 7

13 RRE

FHAERZ Table35 12 F L/, A7 —VOTIE, A&
m N LHR & DFEER TH 5 M TEB DAY T A b
BB L LR U THh B, EHEITIE, #2560
BN & 2 REBOFAME L ) b EGEEEIC S 2 i

RETIIIY ST 72\

FHERGR %3 5 720 |80 3 A b A5 B,
RHCHZOTA bR AL EET 5 L L
Foo — 7, BIVE L £ ORBERICE o TIE, BAESMH
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Table33 )44 HEOQLRAT—VIZBIF LA b EYA
Cost and income in (3) Biomass conversion stage of Present Scenario 4

HHIHE F= 5%, CHTEE S
?gﬂ/f,g ’ BEHIG R R (15% £448) 435208 T + 15 4 = 29,015 T/ 4¢
%ﬁi? b eI R FETEEE (15% F1iH) (435228 F-F % 0.05) + 15 4E = 1,451 T/ /4E
N CRBREE) (15%#8H) 14,879 T-H / 4
BIEHE (15% AH) 5,999 T-H / 4
o BERHER (15% £148) 182 -1/ 4
Gy 77T e R (5% ) GRS 7575 M ke) | 1250 T/ 4
| - (R (15%AH) QEAIK @ 25.7 M /ke) 598 T-1 / 4F
PREF TR (15% &3H) 11,956 T-H / 4F
BERNRHE Y - Aoy (15% Fa4H) 3,552 F-H /4
I A 38 AR 45 0 £ I T S ALER T RORHIUA (Hhus
AR/ %) AT S — B neutral
Table34 )4 4 - FHHO@EIRAT —JIZBIF 53 A M EIA
Cost and income in (3) Biomass conversion stage of Plan Scenario 4
SHIEH T— 5% SR
‘JJ,\ jx ]\ ﬁﬁ PN [: "Iﬁlh %gﬂh' } £)§:§, AN I <1 2 -L\‘ & }LIE 4% )
e Sh Tl S | 0000 TR 204 25000 )
st FRMLH RS (500,000 11 x 0.05) +20 4 = 1,250 -1 / 4
N 2 A% 4,500 F-F /45 = 9,000 T / 4

=y aAb

TR IR (EAORHG) 74kW

74kW % (1,100 I /kW/ F) x 12 7 J§ = 977 F-1 / 4

Wik Bk (PEEEH4) 389,484k Wh/ 4F

389,484kWh/ 4 X 12 [] /kWh = 4,674 T[] / 4F

T —=21) 7k 2G2NyF ) —HEIEE (GEEE
4) 8,640kWh/ 4F

8,640kWh/ 4 x 12 [ /kWh = 104 T-FJ / 4F

(7 4¢) JEURHHE A (HASHME L & 1,500t/ 4F) 1,500t/ 4F X 18.5 -1 /t = 27,750 T / 48
TR A (Hbsi o £ D 5% & o0 LA s T k) _
(L L~ 8355 5)) “ I a6 TH IS
BIEEH (53 £ 8 3 VEL EIRINA 288y 4F) 288 T-1 /t x 30 T[ /t = 8,640 T / 4F
MRS E 4,500 T-HJ / 4¢
AN LER & (HN3S &4 3,917 48 ) MLER ZE 2 kML
A neutral

A (F9 7 4E) ﬁﬁ'zbﬂ]ﬁ% K (AL A4 3,283/ 4E) LR ZREE R

A

3,283t/ 4F- x 20 F-1 /t = 65,660 T / 4

fa R FE R (5,760t 4F)

5,760t/ 4F X 41 T-M /t = 236,160 T-H / 4F

Table35 < F VA4 4 IZBIF2EBLEFIEO I A M LA
Cost and income in Present and Plan Scenario 4

ONA F< A | QPUE-Tipt- | @A F <A | @EEWO | ®4 o F) .
DHE (FEH) 54 246 % - B H g
. a Ak 65,660 C 68,882 0 0 134,542+C
ZRE JEAN
A 0 B 0 0 0 B
T Ak 67,160 5,789+C 89,858 0 0 162,807+C
s | fARHML
A 26,250 4,963+B 301,820 0 0 333,033+B

L & DE%EFER X - T, REEHELS VD
DxEWRTHIENRNTEL720, WAHELRDL, T2,
AT —V@ODFH T “neutral” &7 5 7%\ A b 5,789
TH/FEDH L, ML EIET 2 3 A M 4,532

1745 (Hudghh & O L RINLH S Ok a A L i
BEIA N Thb, MATATF—V@TIIZLH (Fk
k) 12425 3 A FAY89,858 T/ 4F & %2 o 7248, kML
M DRAFAT =Y @, @TOIAPERE EE-
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720 FD2D, T4 THA 7 VEETONKIZTT T A
Tt olre KMOMGEIZBWTIE, HBIWH L L EEEs
L OFIRHMEREREIC & o TREFBEIZA Y v bOH D iER L

&Of:o

5 AR FUVL (VFUT5)

FEIC BT 2 WP R L, SRR
3£ < 2005 SEOBWMREHK KT — ¥ N— A (LE R
SRR, 2007) 12 & AL1E 386.25ha TH B KIS
AT, EREMOIEHTREME L TRITse] [
H %M Cgel, [Zoffi] o3BT Cnd, [
AT RE ] kB AKENE, Th 527 & =Tty
b 2L CHElEOREWERE SR IRE] ThH Y, [l
Al 2REkEE, T2 7 =S T
PEHEL72E LThH, HEOWEIEL L2 LS
T, FH R FIE R 24T 2 Ui o B s )
TELRWIREE] &SN b, RITIE, FIGHOAPKH
WO > B, [HERATEEME] 25 [RITEE] (34.56ha) B
LU [l % %8 Cl g (231.94ha) & HIIKE S 7z
& (266.5ha) AR ET D, O RIEEIL, FHGH
RFEZK L 0 70% , FFHCT7K AR A 7,820ha @ 3.4%
MM T 5, R F)FTlE, IS OREIAKHIZE
T20a FREICEMEN TS EE L2 BT, [EHET
REME ] 2% TRNWTBE |l OEKHTIE, BB
LA BESERR e A HHEKIEO RN TE 5 & LTz,
T 7 TSR ie] ofREKE T, Bikd % H
WeRERE T A 5 2B MM E e L, i THRICHEE D
it 24125 b DL Lice BEREMERET L L7-8
Mg, FHEHIS o B RK T oREREE Gk, 2011b)
OB, BERTHE T & 2 KSR AWIE T H o 7ok EER D
5THbo

a FRECETEOHE

)45 - KRBT, RFFKH 266.5ha 128 L, £
FAA DG % BRI IRARBR OAERE (B A 1 111/ 4R,
BERED BRI 4 0] / 4F) %2479 b D& L7ze KHIZIZMD
BAET, MHFLHS v,

YUK 5 BHETIE, AR DRBKH 266.5ha &
6, NERAREM] 25 [1T8E) @ 231.9ha 121Xl % 7%
TG A AT, AR 25 TRV EE] @ 34.6ha

XAB N 7 B B & 51, BUREY ONA 4 IRHERER)
RS L, EESINIHMAEXK (3,870 ) K EMEE: -
g (W) LT, NFTy = VAR
k(24480 4E) D HNA F Ty J —)b (750kL/ 4E) %
AT B Y — VERKRS (981Y 4F) (L HTEHEE
E LTS A, Table36 123 F ) F SDEAT—T D
NEZRT,

b FBXF—JICEWBZPRAETIXMNDEH

(1) WA F<ADERE (J§E) 27—V

T UK 5 REEICBIT D MERFEEEE (B A1l
[AE, BERERRE 4 [@] 7 4E) 12DWTIE, 2007 EEICES
LT o 7R ERERB O R (FKD, 2009) 123D
&, A MEEML 7z, MEREEEE D720 O RERRM
FERAROLOEFHATAEL, Mz A - EED
A ME “neutral” & L7z, KEYEEEHHTE OMEE
1d5km & L, 1EEDZ0OBEL &0 72k EE % 51
L7z #9 Al 27PSDO T 27 % — 28O — &) —
wEERE L, PRBHE T 7330/ MEsEREI & LT 0.75
i /10a DIEHETH 2, AEDPLHEGO T 7 5 —1
B (F1% 10km) (SFR2 PR (B9H) T E1E3.57L C
Hbo MEMERRTL, #&0E 0.5 B OEREE L, AL
PREE B 3R A 0.1L/10a & 72 o 720 HED S H
T TOBEIIRE R (V) ¥) 1km/L DFE b5
7 & Tz, MERHESE A NI, OGEEID R OREHCR
LEM), TR UK (AR, FEESO
RFEBHERR O 72D T A N E AT, W (R
EHWESEICE L2 (2,75 BRRT /10a) LSRR Huls o0
W7 BAESE TR R4 (1,500 P9 / IR % 3 U Tk 7z)
IZOWTCENEL, ZoMEHAMEIEDOIATTH
L7zOFEL VWL DE Lz, UEXVEHRL-TA D
&A% Table 37 1275

A5 BHETIE, JRETHRBOKEHT/NA
PR R 2 B9 %0 IR AMEELRM P T R b,
&, §5 572007 SEEIAT 5 2L iMEDOE I 1
< v OFIEFAREE (GBS, 2009) OREFICEOEFE
U720 s, #o A (BED), i (27 58
FEHAL % 40102 i), 9 A - et BEREEOE,
WA CEEE, 2K, B0, #HE BmEE),
&, WES, WM, MR BREAIECH, BEMEER

Table36 574 5SDEAT— Y DNE
Activities of each stage in Scenario 5

DA 2 ADARE (3k) | @IUE - ik - BilkA T — | @A deae | VERIOE | oo
SRR o - N % - HF el A N
. AT—=3 Y TR T — 2 = AT—=
A T—=3
FRE PRFEH 266.5ha O R T L L L L
kB HH 266.5ha T D N A | B — SRS GE R DR D
. FBRHE R KRR (O B | fnk, WS W Nty — 2L 2l
. 231.94ha TIXATS 2 ab®s | Maik - NA T8 2 — % | VA *
it FE i) Hht R O il %
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Table37 74 5- EEOONA T ADERE (54) AT —VI2BIF5 3 A LA
Cost and income in (D) Biomass production stage of Present Scenario 5

HHIEH F— 5% R

A FH (REEE) ISH82 4 v 7 TS - WA B R

(1 747) RHF RO 720 O P M S O s A% ERKO L DEFHT 2729 neutral
%‘ﬁg b FRERITERR 00 74> 0 B335 |- 4 B T EIIH0 b D% FIFIE 2 729 neutral
?Piji ;)/ st Zﬁg%ﬁggﬁgggééﬁ;;;: Ah CERBIIR, L4 91,140 [ /ha X 266.5ha=24,289 T-[] / 4
A (7 4F) L 0 [ /4

BOKEH, R -BETH L. FERNSAKHO D B,
[T REE] 25 [WRE] Z2fRFEH (231.94ha) 124F L
THER RN ER T 5 (i 5 72 RHVEENR 12D W Cld, BUKA
HHWIRRT O BA RS- ) OB E L, AN
FISHEELTIES YOI A NFEIEL, N4 F
PRRHEURIR IR RS | C B 7 RESERLE, BEfF O BEHRD b
DEFMT D720, BERMOMHI I A - BEFEI AT
I$ “neutral” & L THMOBRESE DT v =0 7 a X M&
P9I, MO EORE T V= 73R
M L7z SNHOGEEEITINZ, T, R
B ORESERE, ZOMOFEMEE, T B OVKH)
BRI ORE, FEIEEETRER CoOMEME L H v
7oo WBIN OVNRERE AT, AEREEHBII O VW TR, P
21 SRR AR R AT (RMOKEE, 2010) Ofii% H
Wizo rEEE, SFERERRET R TS O N EAESE R

12, RRHIBOREFERR~OLT) v THRETEO R
oBEERA oM EAL (1,500 /) 240K
D7ze NA FEREEERR &, K5 25%) (&, ¥
NTOEBEIZ BT 1,452kg/10a DIHEHE S, 45 1
kg (REIEFHEFHOR % & &Mlits) TN+ 8 ) — )
AR IRFE T 5o /N1 A IREHER K o0 BRFEHA 1,
19 FE L DFBIRTA REEANA Ty — Vi
I RS ATER LTV B3 TR IS AT > F 1) o+ 5
HHEE BT AMIEESEICRE L. DEXYVERL
ey FUF 5 EHEOAT—YOILBITL3 AN A
% Table 38 |Z7R 7

(2) ILEE - Bk - WA T — D

VFIA 5 KT, ATF—YOTHEE (FE)
HNA F < A F iz, FEEL v,

EHE T, R#EFKH 266.5ha THERE S L7z 3,870t 4E

Table38 )4 5 EMiOONA F~ADEE F54) AF—JI2BIFHa A M ELA

Cost and income in () Biomass production stage of Plan Scenario 5

HHIEHE T— 2% B S

+H (KB 266.5ha) (24R 5 % - B A NI TN
PRBFINZ BUF 23 A F BREHECREK RS O 720 0 23 v )

TJ@;@/Z:? k N T ERKD L D% FHT A 728 neutral
(S REE ] 25 [WRE] Ze KRBk (231.94ha) 12 | (1,627 T /ha X 231.94ha) + 15 4= 25158 T[]/
B B85 7 AT AR B R - WA X 4
PRFFHNZ BT % /34 FRBHECRE R R 0 7200 0 3 . .

(M7/47) &Rt 5 TAAE] Z K8k (231.94ha) 12

B 55 7% IR AR 2 BERELE

Lz

gy =v 7 aRb

(M 7/4F)

A

93,280 [ /ha X 266.5ha = 24,859 -1 / 4F

Nk (X5 > FEREHALI O A)

24,000 [ /ha X 266.5ha = 6,396 T / 4

FREEIEHIE (B aA], A, BImA BREH)

31,780 [ /ha X 266.5ha = 8,469 T-F / 4

JEEE ) H

98,350 [ /ha X 266.5ha = 26,210 -1 / 4F

TOMmOFMHE (L)

35,900 M /ha X 266.5ha = 9,567 T-1 / 4

T e B ORI 35,780 M /ha X 266.5ha = 9,535 T-F / 4
ERER R Ok 46,000 M /ha X 266.5ha = 12,259 T-H / 4E
LRy QNN S =EiEl 11,930 I /ha X 266.5ha = 3,179 T-H / 4E

EWE, HBEE, REEE

RO DEFMT H720FEL 2w

HEPEEHE (FEME - 450 F/10a)

4,500 4 /ha X 266.5ha = 1,199 T-H / 4¢

55 B

378,600 FJ /ha x 266.5ha = 100,897 - / 4%

SRR LT RO (G4

3,870t/ 4E % 25 F-H /t = 96,750 T-H / 4%

A (F 7 4F)

I & ZORIE (A% 45 H /kg)

3,870t/ 4 < 45 F-H /t = 174,150 T-H / 4

ML (BUKM 2 HWRET) B ORI (RIS TAmiem - B Teigesi) 1282 (GRA%)



88 SR TR FE AT

(KR53 25%) ORI & Zk%E, EEE DS S w21k M
iR (AHOMEmZR T FH) FCl%d 5, Mk
BELX 10km & L, 20a (1Y) 22X 457 MT v
7 TUEET D, I EZKROERELE 07 &£ LT 1,333
/4L L, BT 26,660km/ £ TH 5o Bk H
DYy T NIy, ERAEEELHEEZ, M2
ANBIOBEHEI A M, BEEHRIIFI RS, AMHEICO
WCHEEEPFELADLOE L TOHE LKL, TV =
YT AA M, Ek AR D IR L R DAL O AT O
H% Tabled L O HEIOfEA & & IZFFEL 72
HRRBERR L, kO Y M) —T L N—% (1
BRI 0 2AEL, A MBI UBERET A b
A R, EERICRLEEE L EMRYE (A5 605 1/
YK 60kg) DA x EMOKEFME RIS (1999) 55
I L 70 BEERBiaRCxT L b N 2 i 8T
ek (1,500 I /60kg) (&, T % / — VR ASSEA D
bOE LT T/, BRI CIRAET D b Ak,
1,200 1 /t THRFE S N5 (RZJERR SRR DINA & 3% 7%
RFENZ DOV TIEE R E L) B0 - wel Ok
G 15%) SRk (2,448t 4F) 1, BAEEN TS ) —
VALK F Tk 3 50 BBEREMEZ 25N A 418
J = VAR F ORI 20km & L, KB (100)
T Ty 7 1 BTH®RT S, EEALKROERT

55212 % (2012)

% 0.7 & LC350fH /4 (AEREITHRE 14,000km) & L
7oo WRREREmM O A N, BFEI AN, FEERIZE
g BRI DAL OB T O A R EN R L 72,
BRI B9 %, Ky T 1HE47:0 148 L, H
1A O FEEAT (M1 01 HY 70 ) BT
143.86km (KH)) (23D CHEMB H % 58 H /4 x 30
TH/BELTAGELZFTE L U EXDEIBLZ
LS EEOAT—TOICBITAITANERARE
Table 39 (Z7R9

(3) WA F~YADEBAT—

TFF 5T, RATF—VIRETEOARE Lz, H
WNIZEZR SN T8 ) — VERERIZB VT,
GRPOENAFT Y ) — Vol T b, N F Ty —
VR OB T IC OV, FURHE A& 25I3IZI
LCTHoIAEEDONAF Ty ) —)VEGERT (FREHR A
22500 4F, NA A T ¥ — VA 1,000kL/ 4E) D
VA =5 & S ok = e B Nl 11 < o N R Y
TE Loz, AT HERIT 15 F (915 - £k,
2007) & L7z. MRk D4 MIRRMIH %03 330 H & L7z,

INA KL E ) — VMG OB AL, RS
FEFARIIZEAT - W Th RS (2010) ICXBHEMLT—
yERH, 18— VEHRR)E R 0306kL/ okt & L
Too 72721, CBMETIE [Z4 ) — VERE - TARASR

Table39 )V A 5 FBOQ/NA F ¥ AONEE - ik - WA T — V2B 532 M LA
Cost and income in (2) Biomass tranportation stage of Plan Scenario 5

WA Sy T
ST R B - AR SR b D& RIS 5 7205t L
v I = ZRWE 4 7> 7 R 5 v 7 AR KD b OEFT 5707 LT
ERH R A LRBETAE Y > 7 b5 v 2 WARE | FRO b O &R 5 7 dt E
i T T ALy SRR b OEFIF 5 707 E
st I ZoRBE 4c 5> 7 kT v 7 Bl KD b OEFT 5703 LT

VOB A ORI RIS > 7 s T v 7 BESE R

EHRDOL DA 57205 BT

() 28

A S ZORIETRIZFRD 405 > T T 7 Ok

26,660km + (5.26km/L) X 103 /L =522 FF / 4F

AR DS oA THE

M & ZRIEERIARD 45> T N T v 7 O

26,660km X (7.5 [ /km) =200 T- / 4

P & LRI\ AR B NP3

REFRLALR DIz 0 1 /4

EH

W & ZRDEER AR D 452 T b T v 7 DI

RO DR 57205 L&

Su-vrazh IR B A

2,448t X 10,083 M /t = 24,683 T-H / 4%

(M /48)

FERRER B RR > DN A F 18 ) — VIR £ T O
SRR AR D NEEE

58 H/4EX 30 TM/ A - H= 1,740 T-H /4

WRREGE R SN, Ly ) — VEBRER T TD
YKEGEIARD KIS > 7 N5y 7 OFER

BEHADOb OEFHT 57205t EL 2w

VEREER B 2> DN A & T8 ) — VAR F T
LREENARD KIS > T T v 7 QW () 2

14,000km + (3.34km/L) X 103 1 /L =432 T-H / 4

VEIRT R > SN A A T ) — VAR £ TD
YREENARD KA Y > T T v 7 OB LSO
HATH

14,000km % (9 1 /km) = 126 T-1 / 4

A (7 4F)

LR LT R (IUA)

3,870t/ 4F- x 25 F-H /t = 96,750 T-H / 4F

b Aiiiiae (UA) (71317 4F)

713t/ 4E X 1,200 [ /t = 856 T-1 / 4F




AEM - LA - PRI I B N A R ARG AT LD T A 74 7 VRS E L 7RO R 89

(ZK, BWiFEAZK) - DDGS LEFEA Y | OF — & idi/h
HIETH HFEARE 100t TH Do RMOFEICBWTHE
BN TR T E 281 FRBER K IZ 74V A CTH S
720, BEICETLI—T 1) T4 (B - AF—4 -
AK) BXUOEIERZTRT114 & LCHEHMLA, Mk
Y, NAF LY ) — VBRI A S NS Tk (UK
3 15%) X 2,447¢ 4E, ERMWIE T Y — )L T50KL/ 4,
SEEERIFED) 981 4E & 7p o 720 BIEEL (BE7)) offitsid,
WA NE 2 BEE L7275 v MMESED 2 oSG
(=% 7 — VA 30,000kL/ 4F, MR 40 % D 4t
T 65,000 -1 /4F) (TBEIREGERE, 2005) %3 L2,
IH 7 — VA RFREL 750kL 4 (BREIEE 90%) & L TH
WL7ze 72, AMEBIZIAEEONA STy ) — )Ll
EITOVEERRRE D L2 13 % x 4 BE 3 53106 &
L, 134720 250 H/EDE B L LCHRE L, 2
Wik O s E, TEEIRERER (2005) X b, B
BED15% L Lz B ENA Ty 7 —)lix 100 /L
T, FEERIEY % fFAEER E LT 10 T A TIRGET &
Hb0E L7 UEXVEBLAYF YA S5 ETEOA
TR LZMH I AN, BEIXLN, Ty
A b, PUA% Table 40 |Z7R3F

(4) AW OBEE - AT — VB L A B ORI
AT =7

YFUF 5 RETIX, NA T AHEOEED L%
Wik, KAF—VTOIA b - WAEFEFEL 2\, Bt
B CHEBEWENTNAF LY ) — VOUKER T VY Vil
&, WHEETEICOWTIE, ¥ AR A AR A A
Bonlroiz. 72, EEREWOFHICOWTHHE
FERBRDED SN TV LR TH Y, SHROFEE L
Vi

c HHER

F)ASIIBITAKREBLEFEO A B IOAD
AR % Table 41 12 F L7z, ¥ F ) F 5 TIXEHHE
DAT—=VOEBIZBIT L TAMPEFIZKEV, A
T =TT, N FIREERR OB 1R 2 MR R
ek, -7 171 (BWEHEEL) ZHRL5 T AL
WHI39%, FEEIP3IN%E HDIZ. AT —T@IIBIT
HAAL - PRI OV TIIAEEEERED L W 72Dk
HEL DS, A IR O R & 7 B & IREY Ok 3 X b
HENRERBETH L I EHRMTE D,

Table40 > )14 5 - FHEHO@LRAT —TI2B1F 5T A b EPA
Cost and income in (3) Biomass conversion stage of Plan Scenario 5

HIMIHH T4 % B AR
?;?3/2; b INA F LY ) — VISR 1,600,000 T-F + 15 4F = 106,667 T-F / 4
’?ﬁ%ig b INAF LY ) — VA R B (1,600,000 T-F x 0.05) + 20 4F = 5,333 -1 / 4F

NEE

12 A x 4,500 FH / 4F x (250 H /330 H) = 40,909 T / 4F

1,016kWh/ H)
J =y aXb

FEARTEIIHRE 43kW % (1,100 H /kW/ H) x 12 7 H = 568

IR (S ED B, B R R | TR E

it 5 T R4 322,929kWh/ 4 x 20 [ /kWh= 6,459 T [ /
4F

(M /4F) Fo BRI A S AL (PR~ 3,870t/ 4F % 45 T-M /t = 174,150 T-H / 4E
FIECRM A (K] a7 35—+, 7o
TIT—¥, KBILANVY A, W, R, | 3,668 T-H /4R
KEEALF b ) v o, EERE)
FsE (RO 1.5%) 1,600,000 T-FJ % 0.015 = 24,000 TF / 4
WU 1 46) INA F Iy ) — VI5E (750KL/ 4F) 750kL/ 4F % 100 F-H /KL = 75,000 F-H / 4F
FETR EY IFE (981t 4F) 981t/ 4F x 10 T-H /t = 9,810 T-H / 4F
Tabled4l ¥ F VA 512BIFAHFEREEFHOD T A LA
Cost and income in Present and Plan Scenario 5
DA~ ot | @it < | PEEID L o om0 i}
A D jE T 2L iPES I i
(3t =R = i
a Z b 24289 0 0 24,289
FERE | AKFHHOHERE
N 0 0 0 0
ONA SRR EREL | T A T 324,478 27,703 361,754 0 0 713,935
A | OREREE LoNA A
Ty = VIR | A 174,150 97,606 84,818 0 0 356,574
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V. IAARAFMERYFTIVADSATYAL I
TORRAMEHE

1 aAX bk - PRACDWTDER ESHEDHEE

BYFVIDFTALTHA 7N (BEATF—Y) DTA D
AR Lok % Figd8 10 F L7, REE( L)
BXUEE (FH) 1220 IRAZEZ, 228 (1)
Hlax b BEEIZAMNBICS U7 ax o4k
AR L TWA, ZOMIE, HIS4ETORFINE
DEEEZHFTL2OICEHTH Ao “neutral” DEG %
AWML TRV LICEELET 5,

TF) K 1T, K500 HOFLESAR 250 H, &
BT 2 ARFIHTTRER O 26%) Z ARG & L, FREE
TIIHEE %, EETIE A ¥ U REIC X D ER - 2 L
WEER L7z T4 79 A 7 VEETOIE A -2
A M) 1L, REED 7 — A 1 (3 FORE R AME R CTHEALAL)
TIRIHEIH/EO~Y A F A, =22 (1 FORKER
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Consumption and production of fuel, electricity and heat in each stage of Scenario 2

wrmanr | DR o s | @ 1 | VEET D o o o | oot
e % - B AL e FI (tCOy/ 4E)

| T AnF— Bl (kL 4F) 0 0 0 0 0 0
g 1t B (kWh/ %) 0 0 1,922,090 0 0 803
ﬁ oL — | Bl kL AR 0 0 0 0 0 0
| R ES (kWh/ 4F) 0 0 0 0 0 0
~ R L ED) 0 0 0 158 0 408
% ;§W$_ w1 (kWh/ 4F) 0 0 1,182,690 0 0 494
2 B (GJ %) 0 0 19,966 0 0 1,198
4 | (kL) 0 0 0 0 0 0
% ;g”*_ B (kWh/ 4E) 0 0| 3,058,700 0 0 1279
i (G 4E) 0 0 20,028 0 0 1,202

¥ [neutral] 7313 0 & FR

% HTAVFE IO CO, HEHVREN, BEBEE - RIFEEE (2010) 12X 50 1) WREOMEH ) © 2.58COKL, 2) AR SR
ENZZEHOME CGRRES (k) FEHEHARED 1 0.000418(COAWhH, 3) AL SHHE S NBOMEH (FEREHZEL) © 0.06tCO,/GI

BHRYURTOFMRR 2 S, FEH ORI S & 2 58
AFTAFRE L7z0 RIZ, WHRNA A ADEFE (5
) PHERMOFBETE 5 O2DATF—JI20T, %
AT =T OWEOREREE O FKTEREY S
CETE S ) F ERVER L 7o SN DN A I~ ZFiE
DIALTHAT VL, TO5ODAT—ITHREND
ErHi, HEAT-UHNTH R - Bk EE EEO
3EBEDTA THA T NDPERESNTND, TNLHLDT
L TP A7 VaHE L LT, REEEEOY F )+
EIWR> THEAT—VIZBIT A3 A MBLUONAZE]
L, KEELEENCBT 2 sk TOE RS % I 5 A
[ZL7z0 2L C, REBLETEZ B LA L 720 S0
BT, SHOREBLEHEOY ) FERER L, £
FOFTHGRE LN T~ AL, fLUESAR (Y
T 1), BAARIEK (FV 4 2), ATH - AEEEK
LRV E - ERINLES (U4 3), BEAHL &
EESIMTES (704 4), KT S ha N
A FBBEEK (Y704 5) Thb, £ FTIVFOE
BEIL, PRI OBURE KL 2> ) ke s L, Bt
ElX, ¥ FVUA 1, 2, 3TIEAY VEEEE TAREIZL
HEEAEL L OHILEO BIFIH, >V 4 4 Tk
KR OfRER, ) F 5 TIRERZERE LiznAg
Ty ) — VR ERE L.

FHI OSSR, BAEIE L X - AT S ok
FUE (F) L 4-FEH) BT RTOIF I AT,
FATHAZNVTORE WA-TA M) Z~vAFRE
Tolze LL, FURSARMSR (70U A1), ETH-
ATEHEALEE R - BN LR SR ()4 3) @
EE (X% V5 Tk, IWAPESNAD T A A
WEN7zDTHILICE->TC, REICENTTIA THA
7 IWVTOFRFEDFENENTZ0 FTz, BKSARTEKRDO 2 &
VIEE (V) A 2) 1ZBnT, KERE EHAI

CO, HIEIC B3 2 AR B R R 2 S LN L 724
IRTDHENE NIz BEFEYRNA < ADFNREHIZB W
T, HWIEHEAL CORTINE NS NG &) T & IGFHHE
ELTEEND L,

R CIATZFHMG 0L, WITHEIC B A0+~
AR 7 ERESER O - FEMOBICERTE S 0
DTHbo FFEWEZTTRL, WE7a—0@lE»5 2
DIATHAZNVEE) T EIZED, NAFTAIZED
Ll GHETH) O CoFTEL A, IS ERE
ST 2 ENTE D, T2, ABMOFFMBI T, M)
DATF =T TOWLBT T AN b, $hbbEDA
T—=YOHEWFIZE 5 TIPS NS 1) & bR
SNTze VAT HAOFHRN S OBIE N HIE, AT —
VOEHEES I EL 720, KGR E [0 k)
2] EET D0, BRAT— Y ORIFIINE D S ME
HTEWTED,

T A THA 7T OREFMIEEHE, RESNDNA F
Y AFER Y AT ZEAOWEEE 2 HIWT 5 L CEE
Thb, RITORBHERZOL DI, BEHHRE LT
AL OPFELRTH L, HL, 7 FHOME
FMRe ATJT =213 T 7 4V MEE Lo TW7z7217
LD Thb. FIMTOBEMDISHE LTiE, #ilhaEo
WEH, HER% - ARWEE O SO BT & 2 K EEfRAT 72
ENEZ LN,

P

1) FEER] - EREHH (2007) @ HAIZBIF 581
FIE = VOEET A N E CO, Bl T A b,
PEETMTRAW IR NA T < AfgEt v ¥ —F 1 A

2007 4E 7 H, 1-14

Vo F3IT7 - ZHFHE - MIHEE -

By g =N —,
2) XA~y b -



94

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

SR TR FE AT

EEES - N T4 T AY - T~ — - BAREFH -
EiREE I (2009) NS A ALY T L OBUIRDETE
fifis & CFHIRMED Y — ) & L TONS F < ALF]
DFZE, HARI A F -5, 88, 1081-1094
NAE Y b -2 KI5 - LY (2010)
WNAFRAZRE 7+ =L DX =27, EFEFHTE
EWTEFTNA A< ABGE v ¥ =N F AT A
7 LH AT — 2 (2010 4E 5 5 1 H), https://unit.aist.
go.jp/btrc/systemteam-kaikeihyou/systemteam_kaikei-
hyou.html (2011.11.2 FHAERE

TR (2011) 1 BIFZ I BEHFRAT - a >
(2011.5.6 EH7), http://www.pref.chiba.lg jp/annou/eco-
jouhow/index.html (2011.12.6 Fci#&HifE 72

THEEENGH (2009) @ BRI ERBEIEATIH, P 1
214E3 H, 1-126

HEBR RS (1998) @ K S ARLHE - FIH
OF51E, I, 1-202, FHEBRBIEEMERAE, O
HOE RS AR (2003) C FHBRET Py A
W— s & [HERALHERR DR R - B AFA],
1-253, BRI, O
BB REAE (2004) K 5 ASRILEL R O
AR AN, W, 17, E R AR, T
FHHERE R (2005) @ KE 5 ASRALELHE %
WWEETA N7y 7 GEIECRE R, 86,
92 B LU 130-133, FHEERBTEMAAE, O
WITRES - AREREBEEW R IFIEER Y A 7 A0F%E
SR (2010) @ FEERIUAE S DBEEY) R NA F < A
~FERFERD D200 > A7 2 b—, 8 1,
44-50, BRIEHTEIAL, L

VSRR - BEEOC - WE R - REAfE (2010) ¢
INA F < AFNER & A 7 2 OB Fxsh R ONRER)
BT AHNERN R, RFERA LS EHIGER e &
FOCHE, 6, 131-147

WIS Ry s AT—ar (2011) 1 T v 7§
EOFEE B, http://www.isuzu.co.jp/cv/cost/keisuu/
index.html, (2011.11.2 A4 2

WA (2010) : P21 4 Ta K54 7%
FEhE IR UL A A &, http:// www.pref.kanagawa.jp/up-
loaded/attachment/13376.pdf, (2011.11.2 F#&HERE
B3I 2= —3 3R (2002) @ AINEEIEEY
PR S 4R, B RIESHRS R~ =27
WK, 5, 121-140
ERIMAREERREY - ) A 7 )V KEREERY
Xt HER (2006) ¢ BE W ALPEfE R R THE D A
- ZHOTFF] &, 2006.7.18 226, http://www.env.
go.jp/press/file_view.php?serial=8285&hou_id=7331,
(2011.11.2 AR

BREEE - RRREEA (2010)  [IREREF A HEH
wHE - MEY =27V Ver3 CPEL2246 H)J,
pp. I -1- 1L -228, (2011.3.11 HA%HERR

%212

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

7 (2012)

R EEEREER I AN F—AEST = AV F—
e - BRFEESHSEHNEENZHES (2011) ¢
[FATREDAVFE -2 HIHEICBIT %5
MK ERERHIC O W) BRI E N Z B SWmEH
(2011.2.18 Z43%) http://www.meti.go.jp/committee/sum-
mary/0004601/houkokusho 110218 01.pdf, (2011.11.2

IALTHERR)
REARELEE AN (2002) @ FEARNT #bfidr = 4 L ¥ — &

VaviRESEE T -V ) T 1 AY T HER
&HE, 22

FHELHEYQ011) NAFHTAT TV MOV,
BT 4% B 35, < http://www.machimura.co.jp/gas_index.
php > (2011.11.17 HAHEFR

MEPRISE (2009) @ ZABEHIRGERL BT 2 ikl 7 ¢
W =L B A I A NEOHEIZE T 5 F
B, BREEFEAMTARES, 134, 89-92

FRARTE - LI - R ALERA - JUREER
(2009) : /NA < AFE ARG EHIEE 7V OBI%E &
ZOWME - NA LAY CREEAE 38T %
MR ELT—, BNETHAREE, 27, fslisEs
317-322

BFROKEE N A F ) A ZOVIFgE [ 27 2T
o=y ] (2007) : T7Y) - NAF ALY T K
FApTuu—7r, 1-163, B - A EEFITE
ETRFERERE AT T2 28, K.

EMOKIER KB EAENT (2010) © SR 21 4523
Wilife % (2010.6.22 253%), 1-24

MK EERATIE RIS (1999) @ = 3 )b F — 5 HLA
BEERE Y A T A BHESFRAT G 10 R = AV F —
BRI R E Y A T A BRI RS,
R 1143 H), 23-77

KAGRK - 75 BIFIE - EREHT) - LA fZ (2010)
FUESARTFAONA F A5 VEETS 2 NEAZ
X BIRMERRA AL & Z OREEPELIZET 5
GINT, RESERA TAEOCEE, 270, 43-55

BB (2005) @ A REEEIROFNGH % RHE T 5
12O DFIEH — A AROHEL & L C ORI %25 &
LC—, BT 203, 47-56

THKER - ALZEA (2010) 1 0 )V F — L - RR -
WHEAMM» O AN T AFNER T TV + OFF
fili, BASRHESEAEE 28, FOURRES, 243-248
HEKER (2011a) @ N4 F < ARG = O E T E,
INAFTAZ YT RNAF—FHTF AN (B
TREEAR TR 22 AFFE I RE /N A o RS AR 2
55 5® 2, 375-394, HAGRERIS, Wt
HARER (2011b) © T 4V F— ZIEW O FIEH» S
INFEIZ S A T A V¥ — DOFERE L FRE, BRIEHIT,
40, 345-350

HARIE - HABEA - AREER (2003) @ B
£ 5 B0 BTG - HEEREORE D E DR A,



31)

32)

33)

TR - AsEA - PRELN - if B S AR ARG Y AT LD T 4 794 7 VE G E L E kO 95

=7 ay 7 [R¥E - BRHIROFRO SRR
OFFNTFE], BT HEUIZEN - BARSHE v 5 —,
9

¥y = LKA Q011) 1 ¥ =Ny FHIEL,
http://www.tani-k jp/bag/bag. html, (2011.10.24 1 #fif
2

T R EAERE (2005) © dbHEE T IS oo B A1
BIEY R O BEN LEREMRHIC BT 2354 + 8
J = VEY AT AT DR REME R AR
# OGP 1743 A), 80

WKL FERATIZERT - W Th B A (2010)
INA G AFNEH ¥ AT ARG - BRIy 7 Y <
T AR (55 150 M @A v 8§ — 7 — 2
vav T INAF~ ARy R Bl E Y — v
OB TE AN [N A< ZAFNEH & A7 2%
Y 7 Ny =T, 1412, FEEARRE Y S — -
JEZE - AR ST A T TR R AT T 22

34)

35)

36)

37)

38)

LFHGEC (2009)  EEENA TRV F A FED A
T AOREYE - 3 A M 2 M, Wi
AN, RIS AT — A 12, 1-54

MLFEN - AEABER] - ANREE - MR - RTEA
(2006) : /NA F~ AFEFALIEAM OVERE - T A MEF
fili, Wi, 204, 61-103

MLFEA - LR - AR E A - FARER (2010) ¢
T A THA T VI TN A T = ARG I O
M, BREE, 266, 71-76

MLEE N - EKER - LREE - RAE A (2011) ¢
AVESRE RN R DR A EFAMG I & B 23 A~ AFIEH
DI, R EA LA B IR BRI TR 2 3R SCER, 7,
67-79

A ESEAFEAT (2007) ¢ 2005 4E AR 2 MR R T —
Z =2 (2007.11.12 BH8)



96 BN TEERFJEIT el % 212 % (2012)

Lifecycle-basis Evaluation of Profitability
on the Biomass Utilization System

SHIMIZU Natsuki, YUYAMA Yoshito, NAKAMURA Masato and YAMAOKA Masaru

Summary

Biomass utilization system is consisted of 5 process stages of 1) production or generation of feedstock biomass, 2)
collection, transportation and storage of feedstock biomass, 3) conversion of the feedstock biomass to demand-oriented
energy and material (products), 4) storage, transportation of the products and 5) use of the products. Each of them has
3 time stages of 1) initial installation/construction, 2) running (operation) and 3) disposal. This paper tried to show the
methodology of calculating lifecycle cost of designed biomass utilization system to contribute to the Municipal Bio-
mass Utilization Promotion Plan under the Master Plan for the Promotion of Biomass Utilization.

To show the concrete procedures of evaluation, Katori city of Chiba prefecture was chosen as a representative of
suburban agricultural and livestock industrial area. Five scenarios of biomass utilization system were designed that
represent both present condition and planed condition of biomass utilization. Each process stage is considered from
both needed hardware and human activities. Scenarios involved methane fermentation, composting, animal feeding
and so on. Externality was counted in one scenario as an example, because adequate evaluation of externality drives
promotion of biomass utilization.

The evaluation results clarified the structure of cost and income for designed biomass utilization scenarios and
will provide ideas to choose suitable biomass utilization plan in terms of profitability. The lifecycle-basis evaluation is
important to ensure the sustainability of biomass utilization system. The person in charge of preparing the Municipal

Biomass Utilization Promotion Plan can apply this methodology for their own plans.

Keywords: biomass utilization, lifecycle, running cost, scenario, externality, methane fermentation
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=y

223 EAGEHIE 0.00198 | 2

R R A R h o

247 N w 2z - NZ - FOHD 0.0520 L2 34 JV—=UfFENT vy, R - AR N T v 2, N
HEpd ’ e Fa—2H, BBRIAHL EEHRTNT v
284 ﬂg%T*L TOMDE 0413 3, 4 VGEl) e i

289 F Do - AKRERE

0.0428 1, 2, 3, 4 5

i’EHEﬂ:ﬁE (A R, B2 TIPRiERER, & 5
Hore CHESEtoA) ERE, 15 KLBE iR (RS i?ﬁ)i%"“ MLt B
B, NA Ty — VAR R

297 BEFEWILE (KNE) 0.0583 | 3, 4 }%tllﬁm SURSE RO, BEERHRIE - sy

298 BEHEMALEE (i) 0.0345 | 1 A5 APREAVESE, BN % S Wik e

312 EREYES BRERE%) | 00528 | 4 BUSHVH L x Bt fE3E, oK e

337 IR —E 2 0.0142 |5 INA T WRARHEUR R A i o A i PR R

344 N () 0.0185 | 3, 4 BEHi R BT

376 HERASE 00361 | 2 KRR FEMAE 2 A1) LB L O - BA - MELHE, HRm

ft e AR S

TN L 720 KBS N — 2 DJFHEAL 2 VB LB S 5
2, AKERTIEIFHO LR S 2EEL, T XTOFET
HEFEB AN — 2 D JFHAL 2 F\ 7o, BEA B & AR
HAMME OER (RSO CIRET LY —Y v E) 12
LEOVTHEEENSE A LVF—HEIZOVWTIE, Y
5 (2007) #ZE12, fLBSEOBE TRE Lz AV F—
LR LT,

H LA F -V B MR OWTiE, R ilf
T L CAT o 2B O (FK S, 2012) I2BWT
IAMBIORAL LRI B AR L T b,
[TEAKS (2012) @ Table 4] | IR TEHEE R B L O'2
A NOEMEMEL, RLILBETH L,

a FEERAIRILX -

FAT — T OEENARD Wik - R - IO - #
DDA ENDL T ANVF—TH Y, ik,
%%%Aﬁﬁ’ﬁiﬁ%%ufﬁbtoiﬁfmw
3EID 121%, #hii% R HRER ELE 7 & O e B AT
e ﬁ7l$w$—ﬁ§iain&wo%®tb,5$
HESL (2006) O L), EEEBEEOMNTE (F%E
ERT M) A) RHWT, ZFHM»SOFAIES)
AINF—RENT L HEDND D RECIE, FHAMAOA
FOLRT S LSO LR TS EML, MiskFo%-
Behi - WAL & HEHAERCHE - 22T (H/4)
RO, TN AINF PN EZFE LT 1IEHSZD D
WAL AV F— (MI/4E) L LTHEIB L, koD
% 2 ) CIREAL & V72 EHIEICZER S (2008) 258 %6
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K TlE, FHEBOEBIIHNIGT 5720, ftix D%
BIXTTRE R Y TSR] & [Refiitdss] (2o Cat
kL, #hEhRkdiivEZEZ LN LFEEAE HvTn
% (Table 2),

b fEREH

FEBEEOFHM & FAR, HEERC iR OREEW 12O T
PSR Z D B 2 LN TERWVIERRIZDOWTIE,
INA F % ARG IS, T SIS iR S E ) 72
BHEE P TbN T OHERE LT [RANHE
¥l wRE Liz. [HREATHER] &, UERE, N1
F v AL - B A — 1 — R EE O B
DTy FEICLYPE LT, RSOk Rk
IZ2WTIE, Bk EoOREEEREDMHFESZ b > THEH
L L7

c SLZLUIRINKE—HE

GV T ANVFE -, ErHfE LTENL
oo TV T IANTFHEIL EEIALVF-L
HELALVF -5 oN5, BEFETAILF 1, %
MR HL 22 & COL AR B ORI ) = 4
F—TH Y, BEHI DOV TITHALL 72 0 88w (BRIEE,
2011) & Well-to-Tank (— KT AV F — DERIE A & ok}
SU7ICHBEENLET) O AVF—{HE=w (b3 ¥
HEpE RS - ATITIEHRTIR S, 2004) 2 &
FILZZRHEAL 29 DOk iz, BHIZOWTIE, BAT
AV F—fiat (RREEREEER ANV F—TREG T 4L
F—WEMESFHR, 2007) LV, WBAEIZOW
TIHHERISABE (3.60MI/KkWh) & ZEREIGHEABE
(9.63MJ/kWh) DEFHEZREALE L, BHEEIICOWT
ZTH S AEBEOA T FHAL L L, HETALF—
OF W38 #E B X O Well-to-Tank @ T4 )L F—
T2 % Table 3 IZ777

AL F =1, FEMRCEIEM OFE - @k, 7
FHREE, T, BREZRLFOT — EAFORMIC
Y LbAT AT — L AL, FEMERGE), fefs
N5 —CAFEOMERCHE AR, €5, 3ED LD
FUH L7223 )V F—FHAL A W CHEB L7z, [—0F

flis ) A THES HE - BeFHT L (AL F—
ES) BAThL, TALE—HlE TRV E— 7
NENERL, ZANVF PO THEE NS,

d IXIX—4%E

@NA F Y AERAT — VTR, BB NEOTH
HATEBANTF—DHEESNE, KARTIX, oo
IANVFE—IIMR, NAF AR T — I ThHEEE
BEIZOWTH LA T AV F—PRBRTE 55413,
FOREE R T AV E— AL LTEFE L7z KRR
T, HEB IR BB LB o F &
LT, BMEL & - AR E 2 e L LR s
LTy = VEBERIED & AR oRFRE LT, e
N A F—ApgErat E L7,

L IEEHE, B LB IEE (8-8-8) & Az L, itk
rEMOKEA KB ERES T (20100 XD 108 M kg &
FRE L 720 Table2 205, M L IEE O BT 4L F—
% 133Mlkg L EHTE 5 ElBfLB LRI & EF N5 4
FEERIISUTH A, EFlkgEMHAL L) & T
Hih, TSNS MBEL AV F—13 166.2MJ/kgN &
%ho TNICHDE, WEHOERERFELER YD
22%, BRI 10%E 5L, 1tOWEIREBTE L4
FEIL0.77kgN &7 0, FBIHEL AL F — 13 0.77kgN
X 1662MJ = 128MJ & 72 b F72, A% VSEEEHILT
TOBEREEELZEEYD 0282%, R S0% & T
L&, 1t OB TE 285 =IT 1.4kgN & 72 1)
AT HE T A OV F—1F 1.4kgN X 166.2MJ = 233MJ & 7
%o

FEHZDWTUE, NS F v AEHIZ LD AR S NS
BB X OSBRI EY) O — R 2 kg B & OB & H A
PIRTE otz TD20, BmEEzS, ¥ 5 U4
T L 72ilitg 12 3EID O fHE M oo i % 3f U TR
BT A NVF—& L7z,

e BEIxILX-—
BERET AV F—1L, MR OMECHE, O fES
WX TRESCELRY, LN bII/NA F~ AL ZFEH
T AR OWVT DA YN b F— 7 3 S h

Table 3 [T AV F —HTIZ W 7238 HE 5 X U Well-to-Tank O L)L F — (i &
Calorific value and Well-to-Tank energy consumption for calculation of directly energy consumption

s As BT AR OMUIL) R )| it AL
Lzl 37.7 2.769 40.47
) v A 34.6 5.635 40.24
PSR 36.7 2251 38.95
A FEl 39.1 3.531 42.63
W) TH B IR FE A 2 3.6MI/kWh R AR 9.63MI/kWh 13.23MJ/kWh

*RAWMET VYV ERLE LT,

#2 0 S I A e MY BRI B 2 AV F - EE TH 5720, KB ORISR Z VT IL 4720 O 24 )V F =i

BRI L7
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TV, KT, —AICHIIRAZ AL F—I123ED
WTBEEI AN -2/ L, IAMEH (HKS,
2012) L [EEE HEERIZOWTIZEEEE (SR IOfE
IR AN F—D 5% L EHR GRS 12D
AT AV —D 3% L L, ZOMOHM - FEizss
WKZOWTIEMEIEAL AV F—D 3% EE L TEHL
720

I NAFYRAFERAYRATLICHIFEDIRIV
FoHBEIRIVF—4E

1 HAESARVERIFUA (FUF1)
WRETENA T AOE - HIRE EO&EMGB L UE
-SR0S ) L O, BFEEOFM (EKS,
2012) &3LETH 5.

a BAF—JILHBUBIRILFHEEIZXIL
F-—4ENEH

(1) WA F<TADERE B8H) AT—7
[7r—21JE[7r — 2 2] TIHWT-O BB R 2 573,
FHli R &35 v AT AR TOSARSER (257 H)
BRI THE, F7-, KR - FHEIE b, WHIFA - Bexe
IANF—-BIPT = 7T AV F—HE1L “neutral”
ThHbE L7,

(2) IUEE - Bk - IFRA T — 2

[EK S (2012) @ Fig2l WZRTLHIZ, [Fr—A 1]
ORETIEEZIITDL R0, T3 )VF—HEIE oM
THb, —Ji, EHEITIE, TRy T Ty 72T
FriE 10km OUUEERIEZ 1T 9 2%, BEERAH HAT9 729,
B 6 F B VA G AR N CIRES N D L £ 2 b, Lo
T, BRI MPEA T AN F— LERELALVF -5
L O (AR & 0 ) (CHBR T A T A L
F—ITEMAET, PUERRIESE M ) R HDR OB
AOVF =, EEAEE GEATE L AL (CHskT A M
IANVF—DAR%ET V=TT ANF =L LTt L
L7

WIS YT N Ty 2 OEFTHEE (37 x 151 x 518
X 10km X 2 (FE4H) = 45900km/ 4E) 7 5 FHEE L 728k
FHHEEICADE, ZAVF—HELHIN L7 (Table

4), M AV F— DM 72 3EID FUEALIZ D W
T, #M%EMNETZLTW5 (Table2 ),

[WEKS (2012) O Fig3l IZRTLHI, [Fr—A2]
Tk, KR -EHEE D, ONNA A~V ADERE (54E) R
TV @A G AL A T — T LS U CHE N
ENsEL, TARVF-HEIFTEL RV,

(3) WA AT ADEMAT =D

NAFRADEWWA T —JI2B T, TAVF—H
B2z, 2SI ) AR EI N A F =8 ICH
KT DI ANE—EEEZERT 5,

T -KRETIE, [F—A1)-[7r—22] &3,
S ARITEE BB E IR E Sz a— 5 1) — B8R
i x i & L 72 BRI AR LR RE T S, SRS A
S b, EMZ L CTHEED A SIS0, EHRK
B HEE 365 H& L7z HELORIEM TH 2 B2 T
HMCTHASNLY, ZITIIEEDZAHTLI DL
ZZ, IANVFE—ITGFEE L v T2, BB O -
TN W B8 v b0 — & — (2B OfE R E C
ENBEEZ, WMPRALAVF— - BELILVEF—%
FPEL v, [ —2 1] (831 HHBEOHEAR LiGRE 3 &
BT 7O —122o0WTIE, [HEAKS (2012) O Fig4]
ZH) oW THEB LA A VF—HEE AV F—
M2 BE % Table 512, [ 47— A 2] (25t H#HLEL o 3 AL HE
FEE BRI 7O—I12o0TIE [THKS (2012) @
Fig5] Z28) IZoWTHEB LA AV F—H{E L T4
)V F —EJE % Table 6 |27R 9, ML AL F—DBEHIZ
FH\ 72 3EID JEHATIZOWTIE, FRENEML 25
LTw53 (Table2 Z:),

TF ) & 1-EHETIE, FLAE S ARG E TREE ([ —
A 1)) FAAEEERENICEE (-2 2]) L72sy
HHEBED X & V38 - 2V o A L—3 3 Ufiak | 2 TE
s NnNb, FEMARZIITREOSMZ, HAkS (2012) %
ST 72 & T2, SEMBRE H B 365 H & L7zo [Ffk
DAY UIEERETH HINHNS F AT T~ (k)
5, 2010) TiE, BRORTHMO 72O IZEIFR / F 0
EiEH 2 b DD, 365 H /4F O kRIS A I S T
Voo TIALHELEE R C o83 4 A & HERUAL 3 2 2 1%
MFEOZMEEHT 2 & IREL, AL VF— -
BEET AV F—3EH L v, T2MIELICRE T v =

Table4 >V 1-FHHO [7—2 1] OOPUE - ik - FFlA 7 — V12810 2 = 400 ¥ -1
Energy consumption in (2) Biomass transportation stage of Plan Scenario 1 ("Case 1")

HHIEH T8 %

CRES

WA T OV F— (MY 4E) LY T 2 HEA

it R NRRED 72 ORI & L w

BEIE L 3 )L F — (MJ/ 4E) Ry T2 HEA

ff AR NFED 72 OF M & L aw

(P o AV 28 —) SRt (I sk

#EATHIHE 45,900km/ 4F + (5.26km/L)=8,726L/ 4f:
8,726L/ 4F x (#8111 40.47MJ/L)=353,141MJ/ 4E

A= A Vo
M1/ 4F)

(P = AV 2 —) a2 ok (HE)

344 T [/ 4F (ligy 26 ) 310 58 A7 2 ) % 0.0345MJ/ [
(N0.298 BEHEWMLER (FEZE) ) =11,868MJ/ 4F

(%= 4OV —) Eak gk (57))

it R NAED 72 ORI & L aw
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Tables > VU4 1-

FEAS 2R TR

55212 % (2012)

ERED [ —A 1] O@NAF Y AEWMAT —IIZBIT AT A VT —H{E L ANV F—

Energy consumption and production in (3) Biomass conversion stage of Present Scenario 1 ("Case 1")

HHIEHE

F—5%

HAE R

1(34,740 T-F4 + 30 4£) x 0.0428MJ/ 1 (N0.289 Z i1

HEIBAL AR (R EE A 3 LR DHAH)| x 33 =148,687MJ/ 4
” e . o gt o {(14,900 T3 + 12 4F) x 0.0484MJ/ [ (No.204 £2 3¢
WA T AV F— (MU AR | IR R (R fiib¥de) 3 2R ek BB x 3 35 —180,200MJ/ 4F
TV o 1(1,856 T+ 10 4) x 0.0428MJ/ ['] (N0.289 Z Dl
B FREAR 3 R AN x 33k =23,.831MJ/ 4E
HeMEAL b (SR L AC) 3 JRBETE 148,687MJ/ 4E X 0.05=7,434MJ/ 4E:
BEHET )L F — (MJ/ 45) HEREA LRt (G fiitiens) 3 HhBesE 180,290MJ/ 4F- X 0.03=5,409MJ/ 4f-
B TR 3 RBEHE 23,831MJ/ 4E X 0.05=1,192MJ/ 4E

A=A SIVE T ¢
(MJ/ 4E)

(T A 3 — ) BT R

(12.25L/ H % 365 H x 3 #£)=13,414L/ 4%
13,4141/ 4E x (57 40.47MJ/L) = 542,865MJ/ 4

(BT A V¥ —) Ik

(120kWh/ H x 365 H x 3 #£)=131,400kWh/ 4
131,400kWh/ 4E % (FE 77 13.23MJ/kWh)=1,738,422MJ/ £

(I A )V 2 —) e s B o ok

10,344 T-F /4 (NP2 + S5 2 ) x 0.0455M1/ H
(No.21 34 — ¥ 2)=470,652MJ/ 4F-

(P AV ¥ —) BIEM 553 < 1k

BEEMFIMCTH B 72, THANVF—3FHEL W

I AV F—EE (M 4F)

HERE (2,7011/ 4F x 3 77) 12 & A ALEEREAEHME
7‘;5}'&

8,103t/ 4F- x 128MJ/ i t = 1,037,184MJ/ 4F-

Table6 >+ VU4 1-

FERED [ —RA2] ODONA I ABEBRAT —VIZBIT BT ANV FE— L TV F—

Energy consumption and production in (3) Biomass conversion stage of Present Scenariol ("Case 2")

FHIEHH =5 % RS
(86,850 T-FJ + 30 4E) x 0.0428MJ/ [ (N0.289 Z D>
HEIEALHGR: CREAE LA 1 R R FAHEERE) =123,906MJ/ 4E
L 5 e Lot e e n (37,250 F-F + 12 4F) x 0.0484MJ/ M (No.204 f=3E H B
AT AV F— M/ 4F) | HENRAL R (R kb s ) 1| AL ik ) -150.242M0) 4
(5,504 T-H = 10 %) x 0.0428MJ/ M (No.289 Z D i1

BH U 1 2%

TARREE)=23,557MI/ 4

HEREAL bt (RS AC) 1 FE B 123,906MJ/ 4 X 0.05=6,195MJ/ 4£
FEFET A )V F — (MJ/ 4E) HEREAL i 3% (R ER) 1 ﬁ%!&'&% 150,242MJ/ 4E % 0.03=4,507MJ/ 4E

BA TR 1 FLBEE 23,557MJ/ 4E % 0.05=1,178MJ/ 4E

(EFHE T 5 5 ) B R 49L/ H x 365 H =17,885L/ 4F

PR I Rk
M/ 4F)

17,885L/ 4 x (#%7H 40.47MJ/L)=723,806MJ/ 4F-

(BEH AV ¥ —) BTk

359kWh/ F x 365 [ =131,035kWh/ 4F
131,035kWh/ 4 x (%77 13.23MJ/kWh)=1,733,593MJ/ 4F

(P = AV F —) ik A B o sk

5245 T H /4 (N2 + a5 ) < 0.0455M1/ 1
(No.21 34 — ¥ 2)=238,648MJ/ 4

(P AV F ) Rl B0 CFHR

BEEMAH TH S 720, TANVF—I3FtEL%&w

IOV F— (MY AE)

HERE (8,067t 4F) 12 & A AL IR

8,067t/ 4 x 128MJ/ HE t=1,032,576MJ/ 4F-

YT ANVF—HEE,

DEX &L,
TR AR T AV F —

I A F - & TR VX — A % Table 7
BRI F— DI H 2 3EID JRHEAL 12D W T,
ERFI 4 2450 LT\ A (Table 2 &),

FEHT B R OEN S, T
D [r—A 1] T L2 bR 15
U7z HEEL AR D RIS b 720, HEMEILIESEH
DNy ba— Y —OMENEE L, 420/ H ERE L7,
PHE % R E L 22D WnW T
EawbDERZ L, TAIVF—HEL

5D 60% % Bl

I3, AL MR R
RLELZV

(4) AWM O -
DAl I
Ny 7 CHE M ISR S Tt S D & L7z, i
®EB L BRI O O5ME
THbo LHMOIHEN S, FIIFEA T 2V F— % 5HH
L7

AT —3
EKREICBUT L EROHEEIE, 7L av
L EKS (2012) EEL

F72 7L aroNy FIEEES Q%0 18

VA1 EEOAT YOI Wi, %1 AEHTRH) Lakl T, =V
CBREEIANF—- TS JIANVF—HEEREL L7,

IR TFUL 1 REORT — VOIR A MFEA T OV

Fe BEIANF— - TV T IAVF-HEE

Table 8 12753, ML AL F—&EH 27 3EID &
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Table7 VU4 1-

1115t

H D@L+~ ABHAT— |

BN AV AREN Y AT LDT A THA 7 VEGE Lz 3 Or ¥ =IO
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B LT A F =L T4V F—EpE

Energy consumption and production in (3) Biomass conversion stage of Plan Scenario 1

HHIEH

=5 %

AR

x5 25l R tA) 1 ARidRe

(66,000 T-FJ + 30 4£) x 0.0428MJ/ F§ (No.289 Z D i

T AR =94,160MJ/ 4F-
A T 4OV F— (MI/ 4F) XY SRR (R AR | M %%52)0)0:06;‘; I?OO—MI; g) X 0.0484MJ/ [ (No.204 f2 3 F
YA R | R AR A O 7z 05 L 7w
Ay AR GRS TR) | JEREE 94,160MJ/ 4 X 0.05=4,708MJ/ 4%
BEZET A )V F — (MJ/ 4F) A5 VSRR (R fitins) | B3 677,600MJ/ 4F- X 0.03=20,328MJ/ 4F
FAEMHEALAL % | FEBESE AR A O 7205 L 72w

PR A DI R ok ¢
(MI/ 4F)

(E#Hz AV F—)BEIhR

382kWh/ H X 365 H =139,430kWh/ 4
139,430kWh/ 4F- x (H#EETT 3.60MI/kWh)=501,948MJ/ 4

(EFE T AV F—) Bk

4,220MJ/ H x 365 H = 1,543,585MJ/ 4F

(BT 7 L F —) SRR <7 o b
| — 5 — Rk B e

421/ H x 365 H =1,533L/ 4F
1,533L/ 4F x (83l 40.47MJ/L) =62,041MJ/ 4F:

(I AV 2 —) BERR I 2k

538 -1 / 45 (BEBEAI ) X 0.0813MJ/ [ (No.157 Z DA
DEEZE - L) =43,739M/ 4

(P9 A )V 2 —) iR B o ok

10,110 T / 45 O fF 2 + Hlifs it ) x 0.0455M)/ 1Y

IOV FE— (M AE)

(No.21 E3H — ¥ 2)=460,005MJ/ 4F-
- (1,200kWh/ H x 365 H) x (& JJ 4 2 3.60MJ/kWh)=
wh 1,576,800MJ/ 4F:
# 7,020MJ/ H % 365 [ = 2,562,300MJ/ 4
THALIE (7,118 4E) 12 & AL AEME R 7,118t/ 4F X 233MJ/ {HALIE t = 1,658,494MJ/ 4

HEE EURENE (1,1320 45)

(LR = 3 ) ¥ — 143 L L R

Table8 VU4 1-

FERED @ KW D% -

e A 7 — 1

BUF DT A F—H41

Energy consumption in (4) Transportation of generated material stage of Present Scenario 1

HHIEH

=5 %

HHAE R

B A T AL F — (MY )

St L= Ty 7 3REA

{(8,000 T-H + 8 4F) x 0.0520MJ/ P (No.247 ~ 5 v 7 -
INA - ZOMO BB X 3 H =156,000MJ/ 4F

HENUHAT B (& >~ 7 % 1.803 Bl A

{(4,148 T-H + 74F x 0.0484MJ/ [ (N0.204 235 FHEEML) )
/7 4R % 3 5 =86,041MJ/ 4F:

HENEECA MR b 7 v 7 2t H)3 Bl

A

1(1,500 T + 8 4 x 0.0520MJ/ [ (No.247 b F v 7 -
INA - ZOMMOBENED) X 3 15 =29,250MJ/ 4

BEEET OV E— (MJ/ 4E)

St L= Ty o 3 AR

156,000MJ/ 4F X 0.03=4,680MJ/ 4F-

BT 3 &

86,041MJ/ 4F- X 0.03=2,581MJ/ 4F-

HEREEAR B A N 5 v 7 2t HL)3 &

29,250MJ/ 4f- X 0.03=878MJ/ 4F-

Sy T IAVE-INE
M/ 4E)

(E3 T 4OV — ) it F e (RH) H

7 L—UA N Ty 7 RELTHEE 18,000km/ 4E /-
(5.26km/L)=3,422L/ 4F- / &

3,422L/ 4£ X 3 5 =10,266L/ 4

HEAR AT R IR LT b 5 v 2 0 FEAT BEEE 7,000km/ 4F /
A+ (6.26km/L)=1,118L/ i} / &7

1,118L/ 4E X 3 15 =3,354L/ 4F

(10,266L/ 4 +3,354L/ 4E) = 13,620L/ 4F

13,6201/ 4F x (17 40. 47MJ/L>:551 201MJ/ 4

(L% = A OV 5 —) HE RS A 18 35 1 okt

(EFHH) FH 2R

HEE EAR 1A% (3 & 51 133hal 4E + 337ha/ 4F: =470ha
470ha x (3.5L/ha)=1,645L/ 4
1,645L/ 4E x (#%9 40.47MJ/L)=66,573MJ/ 4E

(P AV F =) sk - W RSk

3MEF:

114,400 T-H + 2,109 T-F + 563 T-F (AFF2 + Bk E

T ] 52 3 + AT ) X 0.0455M)/ P (No.21 24—V
A)=776,776M1/ 4

(MEELRVF=)T7Lar Ny 7Flk

13 TH/48x1848 /filx3 4l x12 » H =842 TH /4
842 T-14 / 4F % 0.0579MJ/ I (No.138 7°F A F v 7 B}
=48,752MJ/ 4E
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BANZOWTIE, #M%AEAFE L Tw5 (Table 2 Z),

TFUF - BHENC BT D EE O 2 & SEEEHALR
(LLF, WMbi) &, NFa—2HTH%RSh, AT
AL A % (%5 B F C T A LA 1% 0% P B C i
%) B LEBExONTHMSNG & L, kB LR
HTORA DL, HAS (2012) (ZFR L TWw5b,
K B OATiRE 2> H WA = AV F— 2 HH L7z,

TF U1 BHEO R T — VORI T OV
Fe  BEEIANY— - TV T IANVF—HE
Table 9 |25 ¢, M AV F—DFEHIZH 72 3EID J&
HALIZOWTIE, #M%& %2 F L TWw5 (Table2 ),

(5) HEMOFHAT—

IV I OEEMOFE AT — YT, KH
133ha, /il 337ha Z &Pl G & L7zo Z4Lid, EKREET
Hef % FiF 3 2 CH %o BRI, SR
DI EERLCTIE L. KHBLOHOEEIZBITS
FERIORE > THEREILAEIZHED &, K 3.5kgN/10a,
JH 15kgN/10a (BT O £ 2 k55 W o FL AR 48 K 2k =
DY), F7o, FREAIEREICIE S EHELGE A, K
Hl 1t/10a, JH2t/10a & L7, HEROEHREGELE 22%,
JERh=ZR A2 10% & LT, AETDERLEM ) LA
B AmA B L7z TEFES SR A HER - 80, BIED
72 ONERRC AR O AL EE M A HR T B AL
F—iL, WA ALT— - EEIALF— - T =
VT IANVF=JEE LD “neutral” & L CTEFEL 2w,
F 7z, RIS X A2NE0INEzwdbo b Lz, L
FEOHEBLE YFUF - REOAT—VOICRS
AL AN F— - EELALVLTF—BLFT =7

T AV FE— 4% % Table 10 (277¢, HEL A LVF—D
S W72 3EID JEEAT IO WL, P& %2 MR L
T2 (Table2 £R),

EECBWTCYH, REL[HE UEMA (UK 133ha, /M
337ha) FEMIiIHRET A, CNOOERMD ) B, KH
46.8ha [Z DWW TIE, ONA F Y ADEIA T — I THE
L7-{HALM 2.5¢10a 2 i 95 2 £ 12& 0, SFREKE
3.5kgN/10a @ 100% % AT X 5o {HALK CTHRETTREZ
I AV F =1L, lha Y4721 5,825MJ (25t/ha x 233MJ/ 1
fbitit) TH 5o AL Z K L 72 K H 86.2ha (22w
T, RSB L EREREDO T T (3.5kgN/10a)
AL REL (M LR 43.75kg/10a TE A7) 2 &
SALFARHHROMBEZ AV F =B SRS,

JH 119ha 122 THE,  [FBRIZIHALIE 51102 % it L
L2 FURE 15kgN/10a D 47 % DHALIE T E b b,
RIET 5 a2 E 8keN/10a 1E, L AEH; 100kg/10a % fiti
AL THI D o LI TR REZ AV F—1E, 1ha Y4
720 11,650MJ (50t/ha % 233MJ/ {§1Litit) TdH 5. F
7oA & B L 7 WAl 218ha 12D WL, FEAR LS
B 2@EFREREDOT T (15kgN/10a) % b A0E}
(187.5kg/10a) TE 7% 9 7280, ALFHE sk o R =
ANF—=DFEEEE NS,

EFEMHEIIERE - SEE LR L TH Y, Hitiho
ARHEE TR AW E L iR AT T, AL (i
%) AEWHEIERIRA D 5 (A, 2011) 729, JKHIZ
BWTOHMIIBWTYH, HALBORH / FERA I Dh
S5TPRNEDEII VDD E Lize WS R 5
%M OMEIIEA AV F—, BREIALVFE—, 57E

Table9 > A 1 - FEOOEBY) Ok - WA 7 — JI1281 5 T AL F— {4k
Energy consumption in (4 Transportation of generated material stage of Plan Scenario 1

F— 54

FHRR

INF 2 — AHL2 BEA

(10,000 T-FJ + 8 4£) x 0.0520MJ/ [ (No.247 T v 7 -
INA - Z DA HE)EL) =65,000M]/ 4F

AT AV — (MI/ ) | AR (8 > 7 B L6 1 &

(8,000 T-FJ + 7 4F) X 0.0484MJ/ I (N0.204 f235 FH B
=55,314MJ/ 4

LA AR 7 v 7 QuE) 1 &

(1,500 T-FJ = 8 4£) x 0.0520MJ/ ] (No.247 b T v 7 -
INA - ZOARO BEYHL) = 9,750M/ 4F

INF 2 — N2 HBERE

65,000MJ/ 4E % 0.03=1,950MJ/ 4E

IHALHERA I 1 FBEsE

55,314MJ/ 4F- X 0.03=1,659MJ/ 4F-

BEIEL 2L — (MJ/ 4F)
BE3E

HALEHAT AR -7 v 7 (e H)1 &

9,750MJ/ 4F- X 0.03=293MJ/ 4F-

A= i Ve R (R e

(L A )V 2 — ) gk FH R () H >R

INF 2— NEL L RGEATHLEE 39,720km/ 4 + (5.26km/L)
=7,551L/ 4F

AL AT b5 v 7 0 BOBITEREE 6,620km/ 4F
= (6.26km/L)=1,058L/ 4F-

(7,551L/ 4 + 1,058L/ 4F)=8,609L/ 4F

8,609L/ 4F X (#31 40.47MJ/L)=348,406MJ/ 4F:

(MJ/ 4E)
(B9l H R

(BB T FOL 3 —) LA (S IR

AL AR 1 F4 46.8ha + 119ha=165.8ha
165.8ha X (18.3L/ha) = 3,034L/ 4%
3,034L/ 4F x (& 40.47MI/L) =122,786MJ/ 4F

(BT 3L 2 — ) 5% - oA (e isk

7,944 T-F1 +1,069 T-F + 348 T-F (A2 + 8 3% o
T [ 52 2 + 8T E) | X 0.0455MJ/ [ (No.21 39—
A )=425,926MJ/ 4E
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B L BRSBTS ISR T S R
FAIVF =1 “neutral” & L, FFELZwv, DLEXDEEN
L7z, ¥ FUF1-HEOAT— VORI
ANVF—  BEIANF-—BIVT VTR F—
{H# % Table 11 |Z/R 3, MLV F—0HHIZHW
72 3EID JFUHALIZ D W T, #9442 fi5e L T\ % (Table

b HHER
PFI)ATIIBITAERE Qr—A) LEHE 27—
A) DI ANVF—HEL LT AV F—HpEDE R
% Table 12 (I2F D720 T4 T7H A7V TOILRIF—

Table10 > F VU4 1 - EEOOEBDOFIH AT —II2B1F 5T RV F -4

Energy consumption in (5 Utilization of generated material stage of Present Scenario 1

SHIEH F—5 % RS
TR T A L — (M 4E) ;g':ﬁﬁgﬁﬁj{lmi’%“%%ﬁﬁ& RO neutral
BEZET )L F — (MJ/ 4F) TIHT - KE A P (PR B ik - A D BESE | neutral
(BB AV —) KFE - ME A 12 A% neutral

A=/ S VE
(MJ/ 4F)

B PR} oR

(I8 = A v ¥ —) K Fiii ££ 7 (133ha) O
AL 9 HHEAE TR S B EERE M
(22%) HI3k

133ha % (10t/ha) x 128MJ/ HEHE t=170,240MJ/ 4E

(F398E  A V & —) KA A P2 (133ha) O 3
JED S HALE B R (EHEERED
78%)

1b 22 B} it & 341kg/ha X 108 F /kg X 133ha=4,898
TH 4

4,898 T // 4F x 0.1232MJ/ [ (No.104 1L 2% B %} )=
603,449MJ/ 4F

(3 = OV —) JEY A (337ha) O
Ao ) HHEL TR S b BRS
(10.3%) 3k

337ha X (20t/ha) X 128MJ/ HEE =862,720MJ/ 4F

(M98 A v 3 —) JE 4 A2 2E (337ha) O
HIED ) BALEILE R (ERERED
89.7%)

1L AERH G 4 1,683kg/ha X 108 F /kg X 337ha=61,255
TH /4

61,255 T 19 / 4E x 0.1232MJ/ [ (No.104 1L % B )=
7,546,616MJ/ 4E

(P A )V 26— ) KA - IR A PE U 7
L BIEAL IR, B X UMD ER - —
U2 RTE Bk

neutral

Table 11

FI A1 FEO@EEW ORI AT — VIZBIT D T A F— i

Energy consumption in (® Utilization of generated material stage of Plan Scenario 1

HHIEH

F— 54

FHRR

KA - VR AR AR B iR - BB

IR AT AL F — (MJ/ 4E) il - A neutral

BESE T L — (M 4E) %@fﬁ - SR R VAR D ERE - BRI O BE neutral
(BEH AV F =) KA - JVEY A L2 AR

neutral

T T ANF -
(MJ/ 4F)

% IR

(B9 4 L —) KA A 7 (133ha) D 3
fED 9 i T S5 2K H
sk (744 LI bt I T RS 46.8ha @ 100%)

46.8ha X 25t/ha X 233MJ/ {HALIE t=272,610MJ/ 4F

(B = A v F —) KA A 7 (133ha) O 3
M 5 A2 BB A (5 1 b3 B i ) i
7% 86.2ha @ 100%)

437.5kg/ha X 108 [ /kg X 86.2ha = 4,073 -1 / 4
4,073 T- [ / 4F x 0.1232MJ/ [ (No.104 1t 5= B %} )=
501,794MJ/ 4F:

(M98 A v 3 —) MVED A2 B2 (337ha) O
D) BELE TR SN D EBHRBS
FH S (744 L3 it I RS 119ha @ 47%)

119ha x 50t/ha % 233MJ/ {H/LiE t=1,386,350MJ/ 4

(F$z = v & —) Ve AR i (337ha) D
FEE D 5 BALE IR R (TH AL h T
& 119ha @ 53 % & 4 Jifi I i & 218ha &
100% )

1,000kg/ha X 108 [ /kg X 119ha=12,852 T- / 4¢
1,875kg/ha X 108 1 /kg x 218ha=44,145 T-1 / 4%
12,852 -1 /4E + 44,145 T-1 /4E x 0.1232MJ/ [ (No.104
1L R =7,022,030M)/ 4F:

(BT AV —) KA - EYD A |2 A%
ZiBIELEIE B X OB g - —
ARG B ok

neutral
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Table12 > 7Y 7 1ICBF 2 FREL GO T3V F -t &L T2V F - (Gl )
Energy consumption and production in Present and Plan of Scenario 1 (GJ /year)

DSAES R O | @ AR | QERHON | GERHOH .
¢>" 54 24 7% - B H 8
W 0 0 3,149 1,722 9,183 14,054
HERAE (r — 2 1
e ) HEE 1,037 1,037
& bER= 0 0 3,006 1,722 9,183 13,911
HERAE (r— R 2
) HEE 1,033 1,033
Ay 5T bEE= 0 365 3,408 1,031 9,183 13,987
o (r—=21) HEE 5,798 5,798
PR 2 i 0 0 3,408 1,031 9,183 13,622
(r—=22) He i 5,798 5,798

21, “neutral” & L7z a&Ehawve LT, ERE,
SEOVWTNOT —ATHE~Y A T AL L 57 FETI,
[ =2 1] IZHRT [F—=R2] O@/NA F~ A%
AT =TV TOIANF—HED 143G FF/N S o7,
g, 83y HEBEOHEMEALRE 3 & (r—A 1) 12k
T, 250 HEEOHEIEALHERE 1 28 (7 — A 2) O FW
Wis e E - NEBRICE D SR A T AV F— %
IANF—BLOT V=TT ANVF—HEIVNS W
OTHbh, T2, AT—VODAIIERT L L, KEIZ
HARTEETOL AN F—HEITKRE 2575, EET
EE AV s RS S PR IV P QY i O = S
FEWZLD, BMTRICKELRED - v AfTcas L
L2, TALVF—OFEFLA T2,

2 BAAREEKWERIFUL (VFUF2)
WREFTBNAFTADR - R EOFKMEB L O
B-STEOL Y ) F O, EFEOFm (EKS,
2012) &£3LETH B,

a BAF—JILHUBIRILF—HBEEIXIL
¥—4ENEH

(1) NAF<ADEE GEAT—)

KRELEE CHRSAFRORENRL 720, Ke5AR
PEROFEAE ST RR D, BAAIRS TRV T —HE
FERE RIS LA L w0, RAT—= VIR 54
WHEA - BEIAVF—BIOT =V ST A VF—H
#1X “neutral” TH5HE L7,

(2) ILEE - Hpik - PR T — 2

TFUF2TIE, KR EEL D, SERBRRANTLR
H- BN, R L\, TR0, TAIVE—JHE
lZOMJ TH %,

(3) WA F Y AEWA T~

NAFRADEWWA T —JI2B T, TAIVF—H
B2z, 2SI ) AR I N A F =8 ICH
g b ANF—EETHEET S,

T A2 REETIE, FEKERITEARMLEL G

BT DML Lz, MRBIE 10 &b, £i5K
WLPRFERE T, RS ASRFER DS 0B S AL, iR
R T & 2K E F CHEALLI S N5, BESB LT
FREGRIGERL S NS (EES OB LRSS X 0%
RGO BERE - HEARAL TARIE R R AL D 720 = 2L
F—HEIHEHL W),

WA GRE O BRR S, R B X UK EE Ofifits
i, [AKS (2012) @ Fig.11, Table 16 ([Z/RENTW
B0 ZHUTHEDWTHINIFT AT ANV F— BEHELAL L F —
RN L7z Y=V S IAVF—HED D LB A
VE—E, FIBERICESEEN L 72, MRS ETAT
bid I L EZFFISRT HMRISR D AV F— 1T oM
L7 DEEWER LAY A2 - FREOAT —
OIZHRD 1 R4 72 ) O A T AV F— - BEFEL A
WFE— Gy IR NVFE R A NVF— R
Table 13 (278§ M#FE T AV F— OH I A 72 3EID
JFHAIZOWTIE, WMAEZMNFLL T3 (Table 2 2
B o

UL 2 OFETIE, FEFERKIIAY V3R - 2
Vrdl—a ViR ERET L, T020, KL
B, MERXENIE 10 & e B0 KR TIN5 ATRPEK A A
SRR A SN, R LINA T T AE W
AV A= a VI DEDEAPAER I NS L FEEF
12 A5 U BEEHALT SRR S A o BRI HEIE L3 5
(7272 LHEBAL TR IEFA AL E §5) 0 X & 380 -
IV A= a VR OEiRSE, BB LUK
EOMIEI, [FAKS (2012) @ Fig.12 B & O Table 17)]
IRENTWE, THIZESWTHEB LAY F Y F 2
ETEIO AT — D@5 Misk 1 k472 ) O A~
AINF—  BEEIANF— - TV T T RIVF—HE
L LAV F — M % Table 14 (2R3, BT 3L F—
DOEIMIZH V72 3BID FHALIC DWW UL, #HMA %A
LTw5 (Table2 ZR),

(4) HEEW D% - FFRAT — 2

TFUF 2 OFREIZBWTIE, BRI E 72K
MR EN D720, KATF =T TOITRVF—HTEITFT



WEARER - ML - PRI - WL N AR ARG Y AT ADT A T A 7V ERE L7z ROV — I O FH 109

Table13 F )42 FREOQNA FVAEMWMAT —JIZBIT LT A VF—H{t b TV F—HEE (1 ik

Energy consumption and production in (3) Biomass conversion stage of Present Scenario 2 for each facility

HHIHH T—=5%

FHRR

THAALEL Rk (3 oA TR

(17,320 T = 30 4£) x 0.0428MJ/ [J (No.289 Z Db
T ARERR)=24,710MJ/ 4F

(700 T-FJ + 10 4F) X 0.0484MJ/ I (N0.204 f& 2 FI %K)

DR T L E% HRBEAR YT

I 55 R 1 P R Bh ) 3388 M/ 4E
o (6,750 T-F = 1042) x 0.0484MJ/ F (No0.204 235 I #hk)
AR =32,670MJ/ 4F:
e (850 F-11+ 74F) x 0.0484MJ/ [ (No.204 23 F i)
= HRL= =5.877TMJ/ 4
Kol e e, (100 -1 + 5 4F) x 0.0041MJ/ 1 (No.196 & > 7 UV
% HRE Y PR T Hitk) =82MI/ 47
i (100 -1 = 8 4) x 0.0041MJ/ P (No.196 K > 7 B U

k%) =51MJ/ 4E

F— (M 4F) s ﬂ%()éLl_ WAL ER > 7 (1 fidklco & | (300 T+ 548) x 0.0041MJ/ [ (No.196 K > 7 Jt OE
T A1ty k Hiatk) =246MJ/ 4
i

[ ARk 5 | R > 7

(150 T-H + 5 4F) % 0.0041MJ/ M (No.196 & > 7}t O£
MEEE) =123M1/ 4

WA 7

(150 T-F + 54F) x 0.0041MJ/ [ (No.196 > 7 K O
Hiak%)=123MJ/ 4F

(300 T-F + 5 4F) x 0.0041MJ/ FJ (No.196 & > 7" K O+

HRIEAR Y T A WRIZDE 4D E Y b | e oy 22
T (S e b (1,500 -1 + 74%) x 0.00198MJ/ [ (No.223 FEAFHI%E)
I A (9 B g ) —draM) 4
S e e (8,480 T + 30 ) x 0.0361MJ/ [] (No.376 FM 15 )
PR 2 A0 L3, BAE - EA ML) —10.204MJ/ 4

B i
BESE T L — TR QLB A R (RS TR g 5iE

24,710MJ/ 4E X 0.05=1,235MJ/ 4F

(MJ/ 4E) TH AL fti % (R ibiesie) BE Be

AR R I P A = 4OV ¥ — 51 (43,231MI/ 4E) X 0.03=
1,297MJ/ 4

(EHET AV E—)EHH%E

526.6MJ/ H x 365 H =192,209kWh/ 4F
192,209kWh/ 4 % (%77 13.23MJ/kWh)=2,542,925MJ/ 4

Sy—vryIaL | AY /=K

(P AV 2 —) 3550 (IR g4, Wity — 5

(8,533 T-F + 449 TH + 1,079 T H (% ZH %)) x
0.1499MJ/ H (No.109 Z O i > 4 % 1L 52 T3 35 )=
1,508,144MJ/ 4F

F—E%E (M )
(1B = OV 5 — ) Jili ibe 5 33 P R

3,150 T-F / 48 (AfE2) % 0.0455MJ/ T (No.21 fE3E9 —
Y 2 )=143,325MJ/ 4F-

(FF% A v 38 — ) Bl s H ok

523 F-H / 4F (B 12 %) x 0.0361MI/ I (No.376 HAik
IEFE)=18,880MJ/ F:

IOV F — G

7a
(MJ/ 4£) =L

oMU/ 4

1) BEREOHOLATH Y, [EELAR] LFE UMEHFERE L, BEEEIAVF—13EbLRV

FL7Zwv, FHETIE, bz N F 2 — A H00C R
2L, AR CHLEBARICE L g T T 2.
EB LR TOBMOFML, HKS (2012) O F
)4 25t (kS (2012) @ Fig.13, Fig.l4] &)
ERLTH A,

TFUA 2 BHEOA T — VOIS 1 kL7200 O
R ATANF— BEIANVF— - S0 7T
)V F —{H% % Table 15 |Z/R 3, HEZ AV F—DHEH
\ZH W72 3EID HEALIZ O W T, Szl T»
% (Table2 =),

(5) HEMOFIHAT—

FIVA20EBKYWORH AT — YT KH
620ha, 4l 1,574ha Z &l S & L7z, ZALiE, EEIT

WAL (K 2.5¢10a, 4 5t/10a) % i H 3 5 HfE TH
5o RETIX, NA A~ AHKDOERWIZ A, B
B & OO, T XTOMMETHEME L TILEiE
B (B L LR 8-8-8, K 8%) E M LM
BEOTANF—HEEHEB Lz, KH - 2B 5%
oK RElX, TV F1ERALETHL, £EHR
ZoRm A 729720, Al RKH (620ha) TlX LA
KL 43.8kg/10a %, FFAilic M (1,574ha) TlEALEIE
K 187.5kg/10a ZHEMA L, Wb IEOBEINE 2RV
DE LTz Tz, TEHES AR D MR, EIED 72
O O FEERAB O 3 A B S O AR T 5 = A

F—1L, WAL LT — - EELAVLF— - T =
YT IANVF-HEL D “neutral” & L CTHEF L v,
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Table 14 + S 4 2 -

FEAS 2R TR

55212 % (2012)

FHEO@NA Y ABWAT = V2B B TRV F - E TRV F—EE (1 ik

Energy consumption and production in (3) Biomass conversion stage of Plan Scenario 2 for each facility

HHIEHE

F—5%

AR

B AT AL F — (MJ/ 4F)

A5 > S et ) B

(68,400 T-F + 30 4) x 0.0428MJ/ I (No.289 Z D fild
TAREERE)=97,584MJ/ 4F

Ay TR (R i de) Jd Rk

(168,000 T-F + /12 4£) X 0.0484MJ/ I (No.204 j%3E H
) = 677,600MJ/ 4F

HENEA LR R R At D 7z OB L T

%y YR 2 e AR RREAOBE | o) Sgann 4 x 0.05-4.879M1 4
BEFEL AL F— (MY 4F) %57 VEERE - Y x ARk (R i dr) B 677.600MJ/ 46 X 0.03-20,328MJ/ ¢

HEREA bR SHfix AL D 72D FH L v

VA=A VE N k-
(MJ/ %)

(B AV F—) W HR

324kWh/ H X 365 H = 118,260kWh/ 4F-
118,260kWh/ 4 x (H AT I 3.60MJ/kWh)=125,736MJ/ 4E

(B )L ¥ —) Bk

5,470MJ/ H x 365 H = 1,996,550MJ/ 4%

(2 = A v 3 —) Bide ) sk

368 T-1 /48 (BiHh#I 2 ) x 0.0813MJ/ [ (No.157 # D il
DEEE - THEV) = 29,918M/ 4

(P A Y 3 —) iR B o o

10,110 -1 / 4 (NP2 + A5 SRt ) x 0.0455M)/
(No.21 23+ — ¥ Z) = 460,005MJ/ 4F

TRV — HERE (M) AE)

838kWh/ H X 365 FH =305,870kWh/ £
305,870kWh/ 4E x (B ] A FE 3.60MI/kWh)
=1,101,132MJ/ 4F

5,487MJ/ H % 365 H =2,002,755MJ/ 4F-

WAL (9,417t 4F) 12 X AL IR B

9,417t/ 4F- X 233MJ/ {HALIE =2,194,161MJ/ 4F-

Table 15 1) 4 2 - GHEO@A W) O ik -

AT =2 B 5 2 V¥ =88 (1 fEdx4720)

Energy consumption in (4) Transportation of generated material stage of Plan Scenario 2 for each facility

HHIEE

F—5%

RS

B A T4V F — (MJ/ 4F)

INF o — L3 EREA

(15,000 T-H + 8 4F) x 0.0520MJ/ FH (No.247 F 5 v 7 -
INA - Z DA BB H)=97,500MJ/ 4

THALH A% 2 A

(16,000 T-FJ + 74E) x 0.0484MJ/ [ (No0.204 23 FHHE k)
=110,629MJ/ 4F

AL AR - Z v 7 1 BlEA

(1,500 T-1 + 8 4F) X 0.0520MJ/ 1 (No.247 N5 v 7 -
INA - ZOALO HEE) = 9,750M/ 4

BEFET 4OV F — (MJ/ 4E)

INF 2 — N3 HBEHE

97,500MJ/ 4£ X 0.03=2,925MJ/ 4E

IHALHE BT 2 FBESE

110,629MJ/ 4F- X 0.03=3,319MJ/ 4F-

AL EA R -7 v 7 1 B

9,750MJ/ 4F- X 0.03=293MJ/ 4F-

Ty ANF I
(MJ/ 4F)

(B AV 3 — ) ik PR () 2R

INF 2= A H R GEAT B EE 52,380km + (5.26km/L) =
9,958L/

WAL ST N T v 7 ¥GEITEEEE 11,640km +
(6.26km/L)=1,859L/ 4F

(9,958L/ 4F +1,859L/ 4F)=11,817L/ 4F

11,817L/ 4 x (& 40.47MJ/L)=478,234MJ/ 4

(B T A )V 2 —) THAL IR RIAR AR S IR
k() Hh sk

AL T FE 62ha+157.4ha=219.4ha
219.4ha X (18.3L/ha)=4,015L/ 4f:
4,015L/ 4F x (87 40.47MJI/L)=162,487MJ/ 4F-

(B A OV F —) ik - HOm RS R (O
P + B B 2 - B A T X 1) )

(11,640 F-H +1,098 FH + 337 FH +393 +H +87 FH)
X 0.0455MJ/ ] (No.21 FE3EH — Y A)=616,753MJ/ 4f:

DEXDWER LY FYF 2  REBOAT—VOIERS

B (A mAL R EE 8-8-8) D&M, Y FUAF 1 EEL

T AVFE— 4% % Table 16 (277¢, HIETL ALV F—D
S W72 3EID JEEAT 12 OWTIE, &2 ARt L
T3 (Table2 ZHd),

SHE T, KH 620ha, M 1,574ha (2 L % i3 56
K - M B B TR Y472 ) O b=, SRk
B, LTI 2 e WEERZH D 720 0LFIE

THho KH (620ha) 2DV TIIHILIHICL Y, &EF
PORED 100%25F bt b, AL TR REZR =
AV F—1%, lha 24721 5,825MJ (25t/ha x 233MJ/ {H1L
Wt) TdHDo M1,574ha 22V TIL, HALHE 50tha %
MHL, SBRERED 4TV E b b, AR
I AIVF =1, Tha 57210 11,650MJ (50t/ha X 233MJ/
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Table16 VU 2 - EREOGEBEDOFIH AT —II2B1F 5T AV F -4

Energy consumption in (5 Utilization of generated material stage of Present Scenario 2

HHIEH

F— 54

AR

KRG - IR LE VAR D AR - PR D

WA T OV F — (MJ/ 4E) - A neutral
Bt T L (M) 4E) 7%@;5 PR R AR B R - MR oBE |
fﬁﬁiﬂaﬁ%b ) KRR - ERAEE AR |

ALAA Rt

TV T IANF—iHE
(M 47)

(M3 AL —) KA 7 620ha D H0
& LT o bR sk

438kg/ha % 108 M /kg X 620ha=29,328 T-H / 4
29,328 T- M / 4F x 0.1232MJ/ M (No.104 1t 2 L ¥} )=
3,613,210MJ/ 4F

(BB AV —) PEY) A B 1,574ha O
HL & LT O ok

LA MR 3G P i

1,875kg/ha X 108 M /kg X 1,574ha=318,735 -1 / 4%
318,735 T [/ 4 x 0.1232MJ/ [ (No.104 1k % B # ) =
39,268,152M1J/ 4F:

(P A U 28— ) KA - AR A BE U2 A7
ZBEEE S L OO EN - - 2R
(LIRS

neutral

ML D ThH Do RETDHER (BRERED 53%) 1,
1L 1,000kg/ha % K L CHli 5 o AKEIZBWTH
IZBWTh, LKA /B b 53, IR
DEF VLD E L, FARWEREE RS M - O
AT AN T — - BEFEL AT —, 5B L UHER
RUBF R At o> B2 3 A BE M S IS SR 3 A BB o L F — 1
L, FfELZzw, DiEXD&EBRLASTY
T2 BHEOAT —VEIZHR2Z T A )V F —{§# % Table
17 1289 MiET 3V F—0EHIZ 72 3EID FHAL

“neutral”

IZ2oWTiE, M4 LTW5 (Table2 ),
b HHER

LT AN F—AFEOH K% Table 18 (2 F & ® 7,
FTATHAZINVTOIRIF=ILZIE, “neutral” F5
AEERVELTY, KB BEELIIYA T AL
72o AT =YV @O AN F—HEDERE & EHECTH T
HASRRLDIX, HHBBETOREIZLLHETHD,
PN SN LRSS 5 =R OV F—{HE I LT
HbHo BTEICIE, HE SN LK 42,900G) FEDH B, #
50%1F AT — V@ THR SN HILEH RO T L F—
Thb, T2, BHEDOAT—IY@TIE, WHPHEAZ RV
F—  BEEIANF - IREBICHETH 0L RKEN
W, T T IANF—HBIEIEEBO 0% HEETH
Bo ZDIz, AT —VOOEETIE, THIVF—HE

CFUA 2B ARELEHEO T AV F B

Table17 > FVUF2-

BRELD /NS RD,

FlIANF—EEIZL 5T

SR OOERYOFHA T —VIZBIT 5T AV F—HE

Energy consumption in (5) Utilization of generated material stage of Plan Scenario 2

HIHE

T84

RS

IRFR - VA FE VAR B iRk - BRI D 3%

AT AV F— (MY 4F) - A neutral

BRZEL 7L F— (M) 4E) 7%@@ - JEW AR BE VAR B BERE - BRI O BE neutral
(B AV F—) KA - JHCEY A L2 AR

neutral

VA=A SV
(MJ/ 4£)

B PR R

(H ¥ = v —) KA A 7 (620ha) O 3
A& U CEAIbE Tt s b @Rk
sk (AL b I TET A% 620ha @ 100%)

620ha X 25t/ha X 233MJ/ {H1LE t=3,611,500MJ/ 4

(R = A OV & —) MR 42 22 (1,574ha)
O S b TR s b 8%
1% 53 F Sk (5 AL 116 56 A T A% 1,574ha TO
47%)

1,574ha x 50t/ha X 233MJ/ {HALiK t=18,337,100MJ/ 4F-

(¥ = OV 3 —) MIVEY 2 7 (1,574ha)
DIENED 5 5 AL IR R G AL it T
A% 1,574ha T 53%)

1,000kg/ha X 108 [ /kg X 1,574ha=169,992 T-1 / 4f:
169,992 T-H / 4 x 0.1232MJ/ 1 (No.104 1t 5 I %} ) =
20,943,014MJ/ 45

(P = A )V 2 —) KA - JEPEY AR E 2 A
2 B LR B L OB B - -1
A RN B ok

neutral
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Table 18 7V & 2 ICB I ZEE L O A F -l & TRV F—EE (G 4F)
Energy consumption and production of Present and Plan Scenario 2 (GJ /year)
v 2 . . - :
O A | Ot | @5 a AR | QioN | GEmhon |
ey Mk 24 % - WP H 8

g |, HH 0 0 42,940 0 42,881 85,820

28 | THAKALER

= e 0 0

= . HH 0 0 37,126 14,819 42,892 94,837

Al Ay 5

L * e 52,081 52,981
PR LIANF -2 HHBETEHELEHIT, =R BIINA, 2L ) AR SNz 4 F— R8I H

F—ORFSEL,

3 &I EEBEKLEFSRE - RRINTEZIMNRY

FUF (¥FUF3)

WNREFTDENA AT ADR, kG EOFRMGB LUE
BEB-EE %Y ) A OFEIE, BEEEOFHE GEKS,

2012) &IHETH Ss

a BATFT—JILBUBIZLX—BEEIRIL

F-HEDNEH

(1) NAF~ZADHEE Gsk) AF—v

F ) F 3 TlE, ERE-
A - BRI AL F—B

EEE S, KAT—VIRS

T ry=v 7 F—

HEIL “neutral” THAHE L7z,

(2) 4 - dik - BPEA T
F )+ 3 TlE, ERE-
LR EIREL, KRAT—

—v
EHE & b IR,
SRR IA - e

AINVF—BLPT = 7T A VF—HEITIND

“neutral” & L 770
(3) WA F < ADLEHA T
INA TR ADERA T =2

-
ZBWTIE, ZALVF—H

F LT ANF—HEETHT 5,

Tk 3ORETIE, HIRN OB A T &,
ATEBER LR R, £ SN LhR & & 52 AU CTREAILIR L,
BEHRK IS FERE CHD LTI % 4T o T AV X — R
IEOMJ TH %,

BERIR R DR, MM, EAKS (2012) 1
FER LTV B, FEHNARS MBI AL F—1F, KEFD
i w3 L OSSR 2> & SR 7= i GH AR O &
X, 70t BEE OB~ 7 ) v /i L) 1557
4, Hfix B (2009) X0 257 M kg & L7zo MR
AT L, SEFERE,S S L WTRD ) 12 3EID
DG L& AN YT 2 MO AL % 5 U C
KD7zo R FVFTORNGEE T HNL G~ AEEIT 10V
HTHh27:0, fFICIDBEONZEIANVF—DOED
V7% FVF 30T ANF—HEE LCEE L7,

DEXDER LAY F U3 REOAT— VO
LA LAV F— - BEELANVF— - T T
FNVF—HE & T ANV F—AFEF Table 19 123§, [
BrAaVF—of w7z 3EID FEAIZOWTIE,
M4 2 TS LT\ 5 (Table 2 1),

EHETIE, 100 HORAERZ LT 5 2 5 5 -

Table19 3+ F V4 3 - EREOONA F Y ALRAT —JIZBUT AT ANV F—{HE L T AV F— R
Energy consumption and production in (3) Biomass conversion stage of Present Scenario 3

HHIHE

75 %

RS

AP T AV F— (MI/ 4E)

PNt 75 B A% (1/7 F3H)

(414,503 T-H + 15 4F) x 0.0413MJ/ FH (No.284 [ JI| -
IRl - E DDA E)=1,141,265M)/ 4E

FEZE T 3L F— (MJ/ 4F)

BEHIfERBERE (1/7 F4H)

1,141,265MJ/ 4F X 0.05=57,063MJ/ 4F

(E# AV F—) &N (1/7 f3H)

393,389kWh/ 4E X (B 77 13.23MJ/kWh)=5,204,536MJ/ E

(EFET AV F—) A FEh(1/7 aiH)

701L/ 4 X (A il 42.63MJ/L)=29,884M]J/ 4%

(P AV =) i PR sk (177 F3H)

569 -1 / 45 (i P i A2 ) < 0.1499MJ/ 1 (No.109 Z
DA R LA T 38 ) =85,293MT/ 4F

T T AIVFE I

(FIF A OV % —) T ATk R (177 FiH)

1,190 T-F / 4F (38 A K Wi A %) x 0.0813MJ/ H (No.157
Z oM ZESE - 1) =96,74TM]/ 4E

(MJ/ 4£)

(I A Y 2 —) PReF sl (177 F3H)

11,387 T-H / 4F (P57 s 82 ) % 0.0583MJ/ 4 (No.297 BE
FEP LI (235) ) =663,862MI/ 4F:

(B 4L —) sk BB EH (/7 &

H)

14,170 F-F / 45 (F58H) x 0.0185MJ/ [ (No.344 25F5
(#75) )=262,145MJ/ 4%

(P = A OV 8 — ) RBEIRHER L5 (1/7 &

#H)

3,382 - H /4 (BEH K - L4532 ) x 0.0583M/ H
(N0.297 BEFEWPILER (2378) )=197,171MJ/ 4

TRV — HERE (M) AE)

nL

oMJ/ 4
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IV AL =Y a Uik w 13k, HUAICEEE T S, 2
sk Tk, 100 H OERAERHE, BB R Toif -
BB S, B84 A R (FekfEdn) (ZEFAm S
b (m AV F—HEIIEH L 2v) CHEIMb S NS, ]
I Ay VEBESN, ER LN A% Hvwi-a
VAl =2 a IV ENEBIER S ND, FEEC
AL UIBEEALEAER SND, XY V3R 3V 2
L — g Ui O @S, EERE B X UK E Ot
&, MK S (2012) @ Fig.15, Table 24 ] [Z/RENT W5,
CHUCEDSWTHE LY T UL 3 HEOAT V0
WARB AT AN F— - BRI AV — - T =
TFIANF - E T AI)VF—EFE % Table 20 2777,
M3 AV F— ORI 72 3EID FHALIZ DO W T,
WM& A2 LT (Table 2 2HR),

(4) HEHWOW% - BFA T — 2

TFU A3 REBIIB WL, NS F Y AHROA R
WixZe Wiz, KATF—I TOILVF—HEITFEL
7\, EHEICIE, WAL % /N 2 — A U C RSB L
HE CIHALE R BRI R LR 2 TR 3 % Bt B £
U TOH OS5, HKS (2012) Y F1) 43
SEEFEUTH B ([HAS (2012) @ Fig.16, Figl7]
ZM),

YUK 3 EEOR T — Y DOIR L IR A AV
Fe BEIANF— - T IANVF—HEE
Table 21 (277§, M AV F—H HIZH 72 3EID
JFHAIZOWTIE, HMAEZMNFELTw2% (Table 2 2
M)

(5) AEMOFHAT—

SFVFIOEEWORMA AT — Y T, KH

21.3ha, Ml 54ha Z&FAlixT S & L7ze 24U, EHEITIH
1t OKH 2.5¢/10a, M 5t/10a) % KiH$ 2 Wk TH 5o
KRBT, N Y AHROERWIZ VA, EBEE O
LDz, §TOMER TR L LT bR (i
LR 8-8-8, EEFEM T 8%) %L 2HAEDOT
WEF—HEEZEN L7z, KH - BT 2 B0 EFE
KEWE, VF A1 ERLETH S, FHMRSRAKH (21.3ha)
TR} 43.8kg/10a %, FRAiXF I (54ha) TlxAk
ZENEL 187.5kg/10a 2 fi ] L, W& d P (X EHE & 2
Bhwbor Uiz, 72, W5 6% - FEb
Gy L OBIED 720 O JER AL O 3 A B FE D%
ANCHRT 2 T3V F =1L, IR A T AL F— - FEE
IANF—=R, TGy TR INF={EE L L “neutral’
EL, FtELZ2v, DR D&EMBLA, v FY 43 - F
BEDOZATF—VOIRD T 3V F — % % Table 22 (275
o MBI A IVF— DIV 72 3EID FHEALIZ DWW
Tid, EM%ENFEL T (Table2 2R),
ETEICTiE, 7KH 21.3ha, il 54ha IZHALE %SG 3 %
KHT - BT B RIS 72 ) O L &, 2Rk
i, ML T Er R A WEZE 2O 720D bFIE
B (B LR LR 8-8-8) DL, YFUF 1 ERLD
THbo KH (213ha) 1I22WTIX, MLz T 5
CEIkh, BEEREDO100%2RETE L0, H
1L T 2 T A OV F—1F, Tha 2472 1) 5,825MJ (25¢/
ha X 233MJ/ 1L t) TH bo Ml 54ha l2DWTIE, ¥
1L Sotha Z i L, BEBHRERKEDO 7% VL% b
Bo fRETTRER T AV F —1Z, Tha 4720 11,650MJ (50¢/
ha x 233MJ/ ALt TH D, ARTLHEHR (BHEE
KEmD 53%) 1%, fLAAEEL 1,000kg/ha % JitiH L THE D o

Table20 VU4 3 - FHIOG/NA + Y AEWA T — D2 BT L T AVF—HE L LA ) ¥ — A
Energy consumption and production in (3) Biomass conversion stage of Plan Scenario 3

HIHE T %

RS

B A T 4OV F — (MJ/ 4F)

Ay g R A ik

(38,100 T-H + 30 4F) % 0.0428M1J/ H (No.289 Z D fli
T AR %) =54,356MJ/ 4F-

Ay v EERENER (ReMitken) Rk

(116,900 T-H + 12 4F) x 0.0484MJ/ F (No.204 23 FHHk
W) =471,497MJ/ 4E

Ay UEEE - 2V xRk (LK)

54,356MJ/ 4 X 0.05=2,718MJ/ 4

BEEET AV F— (MJ/ 4E)
)

AL UEERE - Y x ARk BEEE (R

471,497MJ/ 4F- X 0.03=14,145MJ/ 4F-

(EHT AV ¥ —) Bk

165kWh/ H x 365 H = 60,225kWh/ &
60,225k Wh/ 4E x (FI 8 T) 3.60MI/kWh)=216,810M1/ 4i:

L AL ) B
Sty T AL (BT OL 3 —) B sk

2,009MJ/ H x 365 H = 733,285MJ/ 4F

(MJ/ 4F) (P = A v 3 —) i he ] H s

511 T-F /48 (BLAGAI 2R ) % 0.0813MI/ 4 (No.157 Z Dt
DZEFE - THB) = 41,544M)/ 4F

(FFE = AV 3 —) s A B ok

9,088, - / 4 ( N % + siMeti iz ) x 0.0455M1/
(No.21 f3EH — U ) =413,504MJ/ 4F

TRV — HERE (M 4E)

1,080kWh/ H X 365 H =394,200kWh/ 4F
394,200kWh/ 4F x (8 7] 4 B 3.60MJ/kWh)
=1,419,120MJ/ 4E

6,480MJ/ H x 365 H =2,365,200MJ/ 4f-

THALHE (3,230t 4F) 12 X AL

3,230t/ 4F- X 233MJ/ {HALIE =752,590MJ/ 4F-
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Table 21

FEAS 2R TR

55212 % (2012)

A3 G O@EE O - A T — P28 5 T AL F— T
Energy consumption in (4 Transportation of generated material stage of Plan Scenario 3

HHIEH

By

HHAE R

INF 2 — L BEEA

(5,000 T-FJ + 8 4£) x 0.0520MJ/ ] (No.247 b T v 7 -
INA - Z O HEhEL) =32,500M]/ 4

IR A T4V F — (M 4F)

AL AR 1 A

(8,000 T-F + 7 4F) X 0.0484MJ/ [ (No.204 £ 3 FHi)
=55,314MJ/ 4

AL EE b 7 v 7 1 BEA

(1,500 T-H + 8 4F) x 0.0520MJ/ F (No.247 b 5 v 2 -
INA - ZOMbo HE)EL)=9,750M]/ 4

INF o — L] REEE

32,500MJ/ 4 X 0.03=975MJ/ 4

BEHE T 4OV F — (MJ/ 4F)

THALHE AR 1 A5

55,314MJ/ 4 % 0.03=1,659MJ/ 4

HEEHAT g EH b 7 v 7 1 BBE%E

9,750MJ/ 4 X 0.03=293MJ/ 4

Ty T IANVF—IHE

(I3 o AV 2 —) S PR (R H o

INF 2= L RRSEATIEEE 18,000km/ 4E + (5.26km/L)=
3,422L/ 4

AL AR b2 v 7 BOETTHEEE 6,000km/ 4F
+ (6.26km/L)=959L/ 4F:

(3,422L/ 4F- + 959L/ 4F)=4,381L/ 4F

4,381L/ 4E x (%71 40.47MJ/L)=177,299MJ/ 4

(MJ/ 4E)

(I A )V 2 — ) BloAm FRORE () H 2R

AL BG4 21.3ha + 54ha=75.3ha
75.3ha x (18.3L/ha) = 1,378L/ 4F
1,378L/ 4E x (&1 40.47MJ/L)=55,768MJ/ 4

(P AV F —) ek - WA Vet

8,083 T P (N - + iy 5 FH ¥ 1 [ 22 ¢ + AT &) X
0.0455MJ/ I (No.21 34— ¥ 2)=367,777TMJ/ 4E

Table22 > F ')A 3 - EREOGEEWOFIHATF — VBT 5T AV F—HE

Energy consumption in (&) Utilization of generated material stage of Present Scenario 3

HHIHE

75 %

5

KA - HIVEDEERE AR 2 ik - BRI D%

A = AV F— (M ) i - WA neutral

BESET 3L F— (MY 4F) 7%@1‘5’ - VR AR AR B HERE - BRI O BE neutral
(EFE T AV — ) IKHE - JHVE A P 12 AR

neutral

B PR R

A= e S VE R SR 4

(B = AV 3 —) KRG 7 (21.3ha) D 3%
BB & LT o baEAnE sk

b 22 JEE 1 & 438kg/ha X 108 F /kg X 21.3ha=1,008
T /47

1,008 T- 4 / 4F % 0.1232MJ/ H (No.104 1L %2 I K ) =
124,186MJ/ 4F-

(MJ/ 48)

(¥ 4OV —) JVEY) P2 (S4ha) D3
JE & L C o bR sk

b2 AR HI &= 1,875kg/ha X 108 1 /kg X 54ha=10,935
TH /4

10,935 T M / 4F % 0.1232MJ3/ M (No.104 1t 2= ¥} )=
1,347,192MJ/ 4F

(2 A U 3 — ) KA - SRR A FE 12 4R

LB LR B L MO &R - —E | neutral
ARG B R
KHIZBWTHHZBWTS, MR / IR 12 b HHER

PHhbLT, WEOEIFZLZVWL DL L, F7-/EmiEsc
125 ik - A O A T A F— - BEED AL F—,
S B X OB AR o> S RE A S ISR T B
BT AIVF =1 “neutral” & L, FFELZw, DlEX
DEMLAY T L3 BTEORT— Y ®IFRE T4
F—{H%E % Table 23 (IR 9, MIBEL ANV F—DRIIZ
V72 3EID BUHEAZIZ DWW, M Z MR L Tw5b
(Table 2 2:[i%) ,

TFVAIICBIALARELFHBEOI AN -HES
LT ANV F—AEEOH AR % Table 24 12 F & 72,
FATHA 7NV TOIRINVF=IEIE, “neutral” #po
EEDRVEETIE, RETEIANVT—HEOATH
%728% A4 F A 9209G)/ 4 Td %75, EHEITIL 415G/
HEDTIFIAE R olze AT —VRTIE, FREIZBITST
ANVF—HEDETEICH L TREL, &I r=07
IANF—HEOK 8% % D LE L AFEMMHRD
EHEIANVF—-OBEPRKE W, STETIEET - BUcH
KT AEFEIANTF—II/NEL, FEESINT TR
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Table23 ¥ ')+ 3-

HEOGEF W ORI A 7 — 12 BT AR F— 4T

Energy consumption in () Utilization of generated material stage of Plan Scenario 3

HHIEH

By

FHRR

KRG - IR LERE VAR D AR - PR D

AT AV F — (MY ) s - A neutral

BESET 2L — (MU 4E) 7%@16 < SRR A E AR D iR - BRI oD BE neutral
(B AV F—) K - IEYAERE L2 4R

neutral

% IR

(B = AV 3 —) KRG 7 (21.3ha) D 3
& L O i TR S SR
e (AL e F TR 21.3ha @ 100%)

21.3ha X 25t/ha X 233MJ/ {H{Li t=124,073MJ/ 4E

TV T IANE -
MY/ 4)

(B3 = 0V 3 —) JVEY A= P2 (54ha) O 3
JE S b L THLE S b EHEESH
sk G AL e T 54ha T 47%)

54ha X 50t/ha X 233MJ/ {HALIE t=629,100MJ/ 4E

(B AV 3 — ) JIEY A (54ha) D3
JB o> 5 B AL AR SR (TH L it F 18 R
54ha T 53%)

1,000kg/ha X 108 [ /kg X 54ha=5,832 T- / 4F
5,832 T M /4E x 0.1232MJ/ [ (No.104 1L % It ¥} )=
718,502M1/ 4E

(P = AV =) KA - JBPEY AR E 2 4R
% B LENE B L O &M - H—1

neutral

ARG R

Table24 > 74 3128 2R EFITTO L)V F—H# & T AV F—EHE (G 4)
Energy consumption and production in Present and Plan of Scenario 3 (GJ /year)

O A | OISt | @5 | QEBHON | GO N
) Ui 2 % - B il !
% | e GESS 0 0 7,738 0 1,471 9,209
[ H e 0 0
=t ) H# 0 0 1,948 702 1,472 4,122
Ay v 5ERE
] v SRt e 4,537 4,537

FZX D ZOFTRTHVHMGEN Do

4 FEAHL & c BRNIEIMRIFUE (0F
1)+ 4)
WRETHNA T ADE, WIRE EDOEMB L UR
B BHEO K ) F ORI REE O (FK D,
2012) &3LETH B,

a BAF—JILHUBIRILF—HBEIZRIL
¥-4ENEH
(1) WA F<TADEE B8H) AT—7
RIS IZOWTIE, #IRNEEES (1070 H) -
Wit sEE S (v H) owdnd, kS o8
TTH GHlixr R CTHETIEFEW TH L0, K
AT —=VIBFLIANF—HEIAN L2 DL L
720
BB L X (9~ 11 A2 1,5000 48) 1, HFHRATL &
HETHRETEATLIAEY TS Y, RETITMHAD
B, WRAARD DD T AN F— I EREM DL (GHiR
RIVICEENDL E AR LTz, T2, BHEITIE, EEE (2
%) DHTREL, EMHZEDP S RAT — 3 TOREIC
B3 275, EEWIIERO/ESE & FFHZ TS & A

L, TAVF—HEETHEH L2V, 72, RAT—IT
AERESNAHMBAH L o, bz A v F—RFL LT
HEHEINZHOTIE R RBTHATN W2 D (B
YL AnT) ThbHID, THRVF—rgEr LCidst
EL7%wv,

(2) ILEE - Bk - IFRA T — D

HIENFEA G ORI TR S IOV TIE, RAT—
(AR B B RO R A, EasEiEElY, KEE - EHEE DML L
L, WFEA - BEIAVF-—BIOS v 7oL
F—HEITITND “neutral” & L7,

IR AL FEA 5 O I TR S 122w i, REETIE,
s/ TR A H 12 X 0 BEERR & CTHRE S LB,
COWE - Bk EE LR ROV L L, RPN - BESE
IANVF—BIOT =0 VT A VF—HERIZEH L%
Vo BV L & YU - Eink - IFEI T bR v, D
T, EEE - §HE T “neutral’ TZWH O (FHE[IZOWT
BIMIZEHTREIHA) 122V TRT,

STEIC B\ CIE, HIsoE a8 4 55 o BN 5% & % fi g}
(LTI Hik 3 % 72 0 Ot H e R 53 & fRHECRL & L
TOREEE % R0 720\ CHM | IR A R (I
MHEOLOEFERT L EREL, BHRE L) 12
DWW, BT ANV T =HEESINL E L7z, Huil



116 SR TR FE AT

AVFEEE S O LI L8R & Ol A FEEE R % % Fr 18 S0km
EFREL, 3BDNT Y 7 T365 H/EMKET D0,
EM OB REARIEBEIE 5313 109,500km & 72 %o PG HEE
EREBTAZEICED T v 7 ORERIEN 20% KT
TAHEREL, MNT v 7 OBERFEZILIZ, Skm/L
ELTHRENE B R R EH L F72, HEEEIEES SRS
FMEATEIZOWTIE, WAV F— L LCEIEL 7,
PRGEEEIE b T v 7 FREEIC 3 3L, gz A - —h %
O 7EEL) 1,000 /288 LTl A L F— -
BEET AN F—2E ML 72,

HHEAVE L X k07200 KE N 5 v 7 O AMMitE B
T OERESL, HEAKS (2012) DY F VUL 4 - ETEIE
FLTHDo bT v 7 MMiE IS SR A T AL F—-
BEREL AN F— % F 7t S 30 S PR Bk
DERZANF—, AR - EEEE - T
OB AVF -2 HML 72,

F/2, RAT—U T, kML IHToLMmEEB X

55212 % (2012)

UHEELAOHEINE L $ O 72D OFFEEIZOWTD
[EAKS (2012) @ Table 32 (2R Mlik& St - i &
PRSI AT AN F— - EEIA VT B LT~
ST IANVFHBOERE I AV -2 R L, L
EEY, YFUFAEEDOAT - VOIS TR F—
5% % Table 25 12773, BB AL —EEICHW
72 3EID JEUHALIZ DWW I, 94 % F5E L Cvs % (Table
22,

(3) WA FYADLEWRATF—

INAFRADERWA T =2 BT, TRV F—H
BIZMA, ZHICE ) AR I N AV F— R8I H
FE LI ANF—EELHT S,

TF UK 4 OFRETIE, HISANISAE S ORI S
BRI GRE TR S NS — T, My Es A 4 o BN
THE S EHE s s n, HRAHL XL, AT =Y
OTHIZHAEFN TS FEAELZ) 720, FFliS
WCTHb, LoT, RAF—TY T, HIBNRESOLE

Table25 <)Y 4 4 - GBI O@INE - #ik - A 7 — 12813 5 T4V F —HH
Energy consumption in (2) Biomass transpotation stage of Plan Scenario 4

HHIEHE

F—5%

R RES

I AT 4OV F— (M) 4F)

AN L5 S (A SR A5 ) o AR i %
(i Ze L) IS AR B S A

neutral

BRNTER S (hFBEA5)) IR % O
T2ODN STy 7 3 BIEA

FHI SA D 72D F L 7w

BN TR & (YL SeLE00) oYk O
72D b Ty 7RG EE 3 BlEA

{(1,000 T-H =+ 6 4F) x 0.0409MJ/ [ (No.195 @ aib - i
AR ESE) | X 3 15 =20,450M1/ 4F

BV L 2 ONUER%EARE 5 v 2
1 HBIEA

(12,960 T-FJ + 8 4F) x 0.0520MJ/ ['§ (N0.204 k5 v 7 -
INA - Z DA HE)HL) =84,240M/ 4

R ¢ T

(10,000 T-H + 10 4E) % 0.0409MJ/ F (No.195 #5 Hi b -
IRIE R 2 E ) =40,900M]/ 4E

BEHE T F U F — (M 4E)

TIN5 & (38 55 ) O U4 ik
Bz L) 1A % B S BESE

neutral

Fa TR S GAMEL ) OISR O
T2HO/N Ty 7 3 BEEHE

FHATRS AL D 72 0B L 2w

BT R & (THLSeLE00) O YR EH % 0
7200 Ty 7 RBIREEE 3 BB

20,450M1J/ 4 X 0.03=614MJ/ 4F-

BUEIMT L 2 ORI EMRE N F v 2
1 BBEZE

84,240MJ/ 4 % 0.03=2,527MJ/ 4£

My TR BE 22

40,900MJ/ 4F- X 0.03=1,227MJ/ 4f-

PR I ek
(MJ/ 4)

(e - FiFe = A OV —) i sk s (7
WFEAE o) DL sk (B 7 L) VRS
£

neutral

(B = A OV F —) fmn T8 & (7458
PEG3) O WUSEER 52 AR B PREH TR

FIESTIEEE 109,500km + (Skm/L)=21,900L/ 4
21,900L/ 4 x (#%7140.47MJ/L) =886,293MJ/ 4F

(% 4O & —) Bl i T & Gk

FHER RO D 72D L 72w

HE53) DT REESE R
(B = 2OV F —) SN TE% & (AESs | 821 -1/ 4F (B o6 B 34T 2 ) X 0.0345MJ/ [ (No.298
A7) OISR A ESE R BEZEW LA (FE3E) ) =28,325MJ/ 4E

(BT AV =) I L & 0L
PR D BRI R

HeEATHEE 6,000km/ 4 + (3.34km/L)=1,796L/ 4F-
1,796L/ 4F x (¥ 40.47MJ/L)=72,684MJ/ 4F

(F# = AL =) BUESHE L & 0L
BRSO 2, W EE, H
AT LD A

1671 M /4E(ANEE) + 73 T/ F (ERFEEE) + 54
T-H /4 (HHGEITE) X 0.0528M)/ F (No.312 SR
Tk (B AR E) ) =42,134M)/ 4E

(T A OV F —) By s )

3,240kWh/ 4 x (&7 13.23MJ/kWh)=42,865MJ/ 4
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SN TS & OBEHVILEE  BEHIK ORI 2AR D TR )L
F—IZOWTEIE L7 BETOT A ILX—AEIL OM)
THbo

PEHVG R o R, EER SRS, KD (2012)
DOYF)F4-REBLERLTH L, [HEKS (2012) O
Table 33] IZHEDSEHH LY F )4 4 REDOAT —
TOIRAE AT AN F— - BEFEL AV F— -
VT I ANVF—HE & T AV F — A % Table 26 |2
R BT AT — OB HIZH 7 3EID FHALIZD
WTIE, B EMNTEL TS (Table 2 22H),
HETIE, FRMLTIDS, M - s cIsE L2z
NI S &, FRE LTHBA LB L 2 2R
ALTHSR - BEEL, REMBTINY (A3FLES 3
Y EOWRINA, 2887 4F) IMA TERH O
R 2R 5o Blah S L7z RN 13505 L CRGE
T 5720, Meollfdgzs{f&srsdol L ct

v

fi Rt R O B E R EE L1, KRS (2012)
OYF A 4-EEERLTH L, [HEKRS (2012) O
Table 34 ] 1230 & B L2 F U 4 4 - BHEO R T —
VORI A T AN F— - BEIAVF— - T
SV I ANVF—HE L AT — A % Table 27 |2
RY . MBI ANVF—oHIIZH 72 3EID KHEALIZD
WTIE, M EMRE L TWwA (Table2 BH),

(4) AW OBE - AT — VB L A BRI

AF—P

YFUF 4 RRETIX, NA < AHEOEED L%
Wicw, AR OE - AT — VB X ORI OF)
MAT =T TOIARNVF—HEITF L LW ETETY,
W Cd L FENE T L CIRFE S b 720, ik -
BrEl3ATh e v, SEOFH (EBIK) 122w Th, K
F) & T HIF 7R,

F— AR R L7z

Table26 > ) VA 4 - EEOQLMAT —JIZB 2T A VF—{HEE 24 F— A
Energy consumption and production in (3) Biomass conversion stage of Present Scenario 4

HHIEHE

F—5%

AR

WA T AV F— (MI/ 4F)

BEHER LR (15 9% F41)

(435,228 T-F + 15 4) x 0.0413MJ/ ] (No.284 i JI| -
Kl - Z OO AIEFHE)=1,198,328MI/ 4

FEHET 2L — (MJ/ 4E)

BEHERBERE (15% F14H)

1,198,328MJ/ 4F- X 0.05=59,916MJ/ 4F-

A= i Ve R R
(MJ/ 4E)

(B A )V ¥ —) BT HI R (15% FiH)

413,058kWh/ 4E % (B 77 13.23MJ/kWh)=5,464,757TMJ/ 4E

(EF A F—) A Hih (15% F5H)

736L/ 4E X (A H{Hi 42.63MI/L)=31,376MJ/ 4F-

(B = AV 2 =) iR (15 % F3H) Hi ok

1,250 - /7 45 Cif 14 e i K #) < 0.1499M/ 1 (No.109
Z O MR b T 38 ) =187,375M/ 4F

(FIH = A4V F =) IHAIK (15% B 4H) H1k

598 F-H /4 (JH A K HE A # ) x 0.0813MJ/ P (No.157 Z
DDZESE - L) =48,617TM/ 4E

(R AL 2 —) PRAF R (15 9% B )
¥

11,956 T-F / 4E (BR5F k) X 0.0583MJ/ 1 (No.297 B
BEY AL (248 ) =697,035M/ 4F

(F3% = AL & —) il e B B SR8 (15 % A1
#H) Hk

14,879 T-H / 4F (HE#E ) X 0.0185MT/ 1 (No.344 575
(M) )=275,262MJ/ 4£

(P A OV 3 =) PRBEIR YR AL 53 (15 %
FH) fik

3,552 T 11/ 4E (BEEN IR 10 - AL 53-8 ) X 0.0583M/ 1]
(N0.297 BEZEWMLEE (/3E) ) =207,082M/ 4

TRV —HERE (M 4F)

=L

oMJ/ 4E

Table 27

FUA 4 FIHO@ERA T —VIZBIF D T AN F R L T AL F—

Energy consumption and production in (3) Biomass conversion stage of Plan Scenario 4

RS T4 % IR S
. N R — (500,000 T + 20 4F) x 0.0428MJ/ I (No0.289 € Dl
WA T AV F — (M 4F) | SR Ut AR 2R T AEEE)=1,070,000M)/ 4
BEFET AV ¥ — (MJ/ 4F) R LR B3 1,070,000MJ/ 4F- X 0.05=53,500MJ/ 4F-

TSV T ANF—HE
(MJ/ 4E)

(ELH T AV F —) FiRE s 7 )tk

389,484kWh/ 4E % (& 77 13.23MJ/kWh) =5,152,873MJ/ 4E

(EHEZANVF—)EBEH7+—21) 7 k2
BONy 7)) —HEH R

8,640kWh/ 4F X (#JJ 13.23MJ/kWh) =114,307MJ/ 4F

(R AL & —) el B (5§
ERE Y I H SN sk

8,640 T / 4F (S22 4 Bh A i1 s A %) x 0.0378MJ/
(No.126 [Eih) = 326,592M1J/ 4

(P 3 L 30— ) i 2 B 2 o

19,000 T-H /4= (AM-2) + 4,500 T-H /4F (igeiins 2 |
X 0.0455MJ/ ] (No.21 Y — B A)=614,250MJ/ 4

IOV F — A (M 4E)

kL (5,7600 4FE) 12 & BALH T AL F— 1%
%E}la

5,760t/ 4 x 41 -1 /t = 236,160 -1 / 4
236,160 T M / 4£ x 0.042M)/ FH(No.69 fil #} )=
9,918,720MJ/ 4F
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Table28 7Y 4128172 FRELFHHO T3V F -t &L TRV F - (Gl )
Energy consumption and production in Present and Plan of Scenario 4 (GJ/year)

DA | o | @ orex | otmpol | Otwmon |
ey sy 2 % - B H :

% HE 0 0 8,170 0 0 8,170
| Bk

i | IEiE 0 0
| e HE 0 1,222 7,332 0 0 8,554
m | FHE HejiE 9,919 9.919

b HH#HER BEHEE R SERI AN F - 28I L7z, MR R

PFVL 4B ARELFBEOI AN -HED
LT AN F—EEOHE KR L Table 28 |2 F L O 72,
FATHA 7NV TOIRIF=ILIE, “neutral” Fp5-
EEDLRVEHFICBWT, KBTI, ~ 17 X 8,170G)/
(AT =YD ANF—HTEOAR), BETIEITI
A1365GI LT olze AT —YVQODEETIX, FHE
TEEEL VI A NVF—HEDFT LS/, 2,
TIAVEE A BN 5% & O fRMURE R £ CONLERE (R
WHECHREOLE) BB L x oIS
HETLEHDOTHL, LHL, AT—VODEETOHOL
ANF -, REBICILL NS, FoARshe
BRSBTS 2O ANV F—F TRV FE— R A
T2, FREICHARTEHE T AV F IG5 &
NAHRERE 2572,

5 HKHEMNKIFUL (PFUF5)

P& &3 D ARBK TR e A BSOS, BLOE
B BB KD ) 4 0N RE BTG GEK S
2012) LML TH 5,

a BAT—JICHUBIRNLX—HEEIRIL
F—4ENEH
(1) WA F< A% BEE) 27—
UK 5 - RREEICBIT DHERFEEESE (B A1l
JAE, MERERREE 4 0] /4F) 12DOWTIE, 2007 fFEICEEE
5 DT o 723G FEAERER (B7K 5, 2009) OFERIZIED &,

HDT-DDEFERWIIEARO S DEFIHT 5720, #)
AL AN F— - BEZEZ AN F—IL “neutral” & L7z,
BAREEROREMICYY), KA LIEREERELD
BiEt % sSkm & L, TFED7ZDOBEL &0, #) A
QPSSO+ T 7 & —E#T— 5 ) — %) 1L, 20a
LHEALE LTHI L2, b T2 % — OB R
73U/ VESERER, 1S WM OfESEE LT, MR (8
Fre i3 11L/20a, FEERHE2OEBETOLNT 7 5 —
BBy (15 10km) (2472 PR (BE9h) M= 1 3.6L/
[ /202 & SEH &AL, 20224720 OREIE L OHF ) A%
AR DKL (Bl HEEIL 1461/ 4EE o7z, F72,
WML, & 0.5 BRI OMESE L L, M3 OBRE )
FIZIRAM02L/20a & o720 HENSHEYF TOR
BIFREE (VY V) Ikm/L OENT v 7 %
Wbt L, UEXWEMLZYFY 45 KRED
25—V OIRLIAHEA T AV F— BEEL AV F—-
T V=Y T ANVFE—{HE % Table 29 |Z7R 7
A5 BEETIE, WRETZRBOKEHT/NA
PREHEURR 2 s 3 2 0 BB IR B 1EESME, THKS
(2012) IZ/R T F ) F 5-FEOO/NA 4 < ADHE (5
) AT —DERLTH L, FHIEHEAKHDOI B, [1F
FTTREME] 2% [T8E] Z2KBEH (231.94ha) 12K L Cig,
VRN 5) 70 e B0 % 2T %0 2 O R HEE A 12D
WX, BUKM & V2R T oA KL ) O 4
W —HEEFERNE Q5FELIRE) THY, 1E47
D OMPFRAT AV F— L Lz B, s

Table29 ¥ F )% 5 EBOONA F Y ADERE G§E) AT —JIZBIF5 A VF—HE
Energy consumption in () Biomass production stage of Present Scenario 5

HHIHE F— 5% AR R
- H (B 266.5ha) RENPIEEAS
R AT L —
PRHEATA VT MV s & FRKD b DEAT 2 72 neutral
JRHET AV F— (M) 4F) L SERR S BRI BHKXDO D D% FIHT 5728 neutral

(T ANVFE=) T2 5 —0BE - #
A ANV AR 2 R (830 B 3k

(266.5ha + 0.2ha) x 14.6L=19,455L/ 4%
19,4551/ 4 x (¥ 40.47MJ/L)=787,344MJ/ 4E

UV IANVE (T

M/ 4) (Al sk

(B T 4OV F —) BERE R 12 4R 2 R

(266.5ha + 0.2ha) X 0.2L x 4 [a] / 4E =1,066L/ 4F
1,066L/ 4F X (JRATH 40.24MJ/L)=42,896MJ/ 4F-

(BT AV F =) RERFEREAEE D 720 O
BN ARDIREL 7V ) ) sk

(266.5ha + 0.2ha) X 0.91L X 4 [A] =4,850L/ 4F-
4,850L/ 4F X (#71) >~ 40.24MJ/L)=195,164MJ/ 4F




KSR - MILFEA - PREA - Lk B NS A Y ARG AT ADT A THA 7V E G E Lz T OV F— UK OFH 119

T EMERE AL, BIELAVF -G EL 2w,
INA F PRBHEURLR BB | T 7 P SE RS (LEREE A
HHORWE, ABIEE, BEEE) 12owTd, BT
DEMRKO L D% FHT 5720, WHHFRA T RV F— -
BEHET A )V F — L "neutral” & L, EESEREHE O MRS
FMO7DDT v =0 7T AV F—HEITE L3I,
PR OB S E SN2 EH I AV —DAh %
L7 SV TIANVFE—HEDI L, N1 Tk
BHERRR R (P A SNDEH - - E AR L BT
FIVEF—%, [HKS (2012) O Table 38 12759 %Al
k& KR Table 2 12775 3EID O FHAL 2 W CTEH
L7zo 2NA FHRBHECERR (I &, K5 25%) &, ¢
NTOMEBFIZB T 1,452kg/10a DIFHEDTE S D &AL
E L7z, KiX, RV FVFANTTY ) — )VEEE LTHI
Hanszo, LA ANVF—REOT ANV F— L

LTiEFtbEL v, DEXDER L2245 5HE
DAF =T OB B IRV F—4% % Table 30 |21
o MEFETANF—DOEHIZH 72 3EID JFHALIZ O W
T, #HM%EMNZTLTW5E (Table2 R),

(2) IUEE - Bk - IFRA T — 2

YFUA 5 RETIR, ATF—YOTEE B§E) &
NBENA T ARG W0, TAVFEF—HEIEIEL %
W

SHE T, AR T A R S L7z 3,870t 4E (K4
25%) ORI ELK%E, EEEFEY D ORI ER
(AR OBEAZZFE) $CH%L, RN 5,
BREIZAR D S, RS (2012) DY F ) 4 5 - EHE
DI - Bk - AT — Y LR U TH B, Bkl
YNNGy ZI ARk EE L, WERAT S
VE—BIOBEEL AV Y —, HmREEL - s A

Table30 YA 5 FHEOONA F~ADENE (34E) AT — V2B 5T 4L~
Energy consumption in () Biomass production stage of Plan Scenario 5

HHIEH T—=5% B R
s (ARHE 266.5ha) BRIFIEYAY
SRR S A ERKD L D% FHT A 728 neutral

B AT 4OV F— (MJ/ 4F)

[ A RedE | 2% [l Be |

7 K HEH
(231.94ha) 12 BV % i 5 7 2 H A *1

(59,870MJ/ha + 15 4E) X 231.94ha=925,750MJ/ 4F

SRR FE I

FTHKRD S D% FIH T % 728 neutral

BEEE T AL F — (MJ/ 4F)

[ 5 F W BEME 1 AT 1T RE ] 20 ARHEH (231.94ha)
V2B D5 7 A | 45 5 J3e e

AR L 2w (R

22 R (BEh) >R

(BT AV —) VRS R Ok - B

(327L/ha X 266.5ha)=87,146L/ 4
87,146L/ 4 x (#E71 40.47MJ/L)=3,526,799M]J/ 4E

54.3L/10a)

(BT 4OV F =) (EE R OV - BB8)
AR BB (T ) )ik v ) >

(543L/ha X 266.5ha)=144,710L/ 4F:
144,710L/ 4E x (/77 1) >~ 40.24MJ/L)=5,823,130MJ/ 4E

(A7 0.4L/10a)

(BT AVF ) EHEICR L% | (4L/ha X 266.5ha)=1,066L/ 4

1,066L/ 4 x (Y& A1 40.24MJ/L)=42,896MJ/ 4E

(0.26kWh/10a)

(T AVF )R L EBIIHE | (2.6kW/ha X 266.5ha)=693kWh/ 4

693kWh/ 4F X (&7 13.23MJ/kWh)=9,168MJ/ 4F.

(Ml = A v 3 — ) R H

93,280 [ /ha (FETG %) X 266.5ha=24,859 T / 4F
24859 T [ / 4 x 0.0223MJ)/ FJ(No.11 & 1 )=
554,356MJ/ 4F

A= i i NV = PR ik

(MR AV F =) 2 ¥ 2 FEREH AL (1L

266.5ha % 40t/ha X 233MJ/ {41LiE t=2,483,780MJ/ 4F

(MJ/ 4E)
H sk

(FIHE T AV =) A - BRI SF 35

31,780 '] /ha X 266.5ha=8,469 -1 / 4F
8,469 T M /4 x 0.1054MJ/ FJ(No.132 & 3 )=
892,633MJ/ 4F

Hid) Bk

(= 4L —) £ Do G

35,900 1 /ha X 266.5ha=9,567 FH / 4
9.567 T- [ / 4£ x 0.0406MJ/ [ (No.70 5 # B I ¥} )=
389,420MJ/ 4

FH2%)

(BB 00 3 —) 54 o BB EORA R
(i 13 T ORFIRE + SRR I OO 2

81,780 [ /ha (L b FL & OSKF 2 + & 5B I OV k&)
X 266.5ha=21,794 T-H / 4F

21,794 T-F / 4F x 0.0455M1/ F (No.21 ¥EH — ¥ 2 )=
991,627MJ/ 4E

(B = AV 28 —) 3 o F BREHECRRR By
(BEWE, ABFE REEERFR)

RO L DT 57205 E L 2w

(A FEE PR )

(P T AV 3 =) /3 A A BREHEUR R ey

4,500 [ /ha (A BEEFRE) X 266.5ha=1,199 T[] / 4F
1,199 T / 4£ % 0.0142MJ/ P (No.337 1 HiH — € 2 )=
17,026MJ/ 4E

1S 72 D O R AR B T AV B — EEALE, AU (RIS B T geiT - R Aty To2mfgeaiis) 12 &£ 5 CRAF)



120 SR TR FE AT

WCHRT ST v = 72 AV F—HE (MED AV F—)
RN R, B HRENE B R ) IR AL X — Lk
RS OEATE RO AL F— 2 FAKS (2012)
WD EH L2,

WIS, BHKEEHON v bY) -2 L R—% (JEBRA
W) THESRRE SN EMEL, TAVF—2H
L7z REIRBEGER IS AR E I H o720, WA
IRV F—B L OBEEL R VF—IEF BT, @I 4%
BIREL - BHHSROE T OV F — L E I RO M
IANVF—%EKS (2012) ICEROTEW Lz BN
B CHAET L O RIS NL Y, REWTH D
TeOIA T AN T =2 RET L AT~ L 3A L
S,

51T, WBRFAIEAO L KOS (HKS
2012) IZHEDE, Rt HEROMIFE AT AL F—B &
CBEFELANE —, EWEEEICHETL 7y =07
PVFE—HE (TR VF—) 5T, Bk
BB BT AL F— L A B X ORI
OEFTEHEOMBLANVF—FFE L, BEXDY
HHLAZYF )L 5 HEIOAT—V@DIZBITH T4
F—IH# % Table 31 |Z7R ¥, MEZANLF—DR I
FH\ 72 3EID JEHAZIZOWTIE, #M% 2L Tw5
(Table 2 &),

(3) NAFTADEMAT—

INAFRADERA T —DIBVWTIE, AV F—H
PN Z, I XD ARSI TR )L F— R8I
kTt LI ANEF-EEZHEBT S,

YF) A 5T, RAT — YV LUBRIIETE O RFRE L 7.

55212 % (2012)

IR IR S NFBIR R S BT, ZRDHNA F
IY )= VaERT b, AAT—JIZBIT AT ANV F—
HE - TAVF—HEOFNGEMEE, HKkS (2012) 12
kX Twa,
HERENBENAF T8 7 — i, ¥y ) — VEGSE
BE22MIL WA VF el Lz, 5
BRI E DTS RE R & L TIRSES 5 e L7z
B, WTEO T =y BATTE LD o72720, BH O
B AR L L RE L TIRETEME 10 FHa 2
53EID #HWCZ A NVF—AEEER Lz, XD
BHL2YF )4 5 BHEIO AT — @245 0P A
IANF— BREIANF— TV T ANF—7
BB LT AV F—EPE% Table 32 |2/R8 9, ML &
Vo EF— DB V72 3EID AT IZ oW T, #M4%4
T L TWA (Table2 ),

(4) AW OBEE - A T — VB L A ORI

AT =7

YFUF 5 RETIX, NI AHEOEE L%
Wi, B O - FFEA T — VB X OERY OF)
MAT =T TOZANVF—HEITF L L 2w, EEIZS
WTh, ERENTNNAF Y ) = VDTSR TV v
BA, WlBEGEIZOWTIE, ) FERIC o AR
PERONpolze £, EEREDOFIHICOWTD
FREABESHED SN TV LERTH Y, SHOMHELE L
72\,

b EHER
PFUFSICBIFARELEEOLALF-HED

Table31 <9V 7 5 GHHOQ@/NA 4~ ZADWUE - #iik - FHA 7 — VI2B1 2 2 40V ¥ — {1
Energy consumption in (2) Biomass tranportation stage of Plan Scenario 5

HHIEHE T=5%

R RES

Wl B

BHKOLOEFHT 5705 L %ew

M & oK 48> 7 b7y THEA

BHKROLOEFHT 5705 L L%ew

AR A T OV F— (MI/ 4E)
v 7 A

VORI LR A oK T 10t 77 Tk

BEHARDOLDEFIHY 57205t EL 2w

H IR R R BE A

ERXOLOEFAT 7205 EL 2w

BEFET A )L F — (MJ/ 4F)

W S ZREEH 45> 7T 7 BE3E

AEHXDOLOEFMT 7205 EL 2w

B SRR A LR 10t 57 T b
T v 7 R

AHXRDLOEFMT 7205 EL 2w

Sy IANVFE -
(MJ/ 4F)

(EF T AV F =) I & TR %O
D&Y T Ty s OBE R
H sk

#AETTHLEE 26,600km/ 4F + (5.26km/L)=5,057L/ 4f-
5,057L/ 4F X (87 40.47MI/L) =204,657TMJ/ 4E

(B = A )V 3 —) B2 Bt e 0
(T Hk

28,391L/ 4 x (XT7H 38.95MJ/L)=1,105,829M]J/ 4F-

(BT AV —) R SR (R )
Hik

140,978kWh/ 4£ X (%77 13.23MJ/kWh)=1,865,139MJ/ 4

(EfFET AN F—) ZKIED 720D 10t
5 TIEREL O L () FH R

MEATHEE 14,000km/ 4E + (3.34km/L)=4,192L/ 4
4,192/ 4F x (87 40.47MJ/L)=169,650MJ/ 4F

(FHe A )V F — ) SR SLE 75 B i ok

24,683 T-H (FHE) x 0.0455M1/ FH (No.21 B+ —

2)=1,123,077MJ/ 4F

(R A OV & —) TR 4 1R S R (2

RIS R —~ A

1,740 T-F /45 (NP2 + IR DAL OS84T ) % 0.0528M/

M (No.312 R Wi 5) =91,872MJ/ 4F
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Table32 > 5V 5 GHHOG@ZERA T —JIZBIF 2 TRV F—HB L TRV F—
Energy consumption and production in (3) Biomass conversion stage of Plan Scenario 5

HHIEH T—5%

AR

B A T4V F— (MJ/ 4F)

INAF T8 ) — VSRR %

(1,600,000 T-F + 15 4£) x 0.0428MJ/ 1 (No.289 Z Dl
DK ) =4,565,333M]/ 4F

FEHE T 3 OV ¥ — (MJ/ 4F)

INA Gy ) — VAt R BEHE

4,565,333MJ/ 4F- X 0.05=228,267MJ/ 4F-

(BT 0% =) TR

322,929kWh/ 4F x (B 77 13.23MJ/kWh)=4,272,351MJ/ 4

(BT ANF =) 2T — L1k

12,626,000MJ/ 4F:

(P = A OV —) R TR

AT =V OTHESINZ RO 72O L

A=A | Vb <

M/ 4F) (I A V2 — ) REURH R

3,668 T /4 x 0.0378MJ/ H(No.126 [£ 3 i )=
141,952MJ/ 4%

Wi s + A2 & 0 S5

(P A U 2 — ) it 5 S i 1 58 R (e

124,000 T-F / 48 (R A5l 15 %) +40,909 T- 1 (A2 |
X 0.1164MJ/ F(No.119 Z O & A B b 5 13 3
=7,555,408MJ/ 4F

INA F T 7 — )b (750kL/ 4F)

750,000L/ 4F- X 21.2MJ/L=15,900,000MJ/ 4f-

IOV F— (M AE)

LB AV F— R

FERERIFED) (= flR & A7 9) (9811 4F) 12

9,810 -1 / 4 x 0.042MJ/ '] (No.69 Fil¥}) =412,020MJ/ 4F
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Lifecycle-basis Evaluation of Energy Balance
on the Biomass Utilization System

SHIMIZU Natsuki, YUYAMA Yoshito, NAKAMURA Masato and YAMAOKA Masaru

Summary

Biomass utilization system is consisted of 5 process stages of 1) production or generation of feedstock biomass, 2)
collection, transportation and storage of feedstock biomass, 3) conversion of the feedstock biomass to demand-oriented
energy and material (products), 4) storage, transportation of the products and 5) use of the products. Each of them has
3 time stages of 1) initial installation/construction, 2) running (operation) and 3) disposal. This paper tried to show
the methodology of calculating lifecycle energy balance between energy comsumption and production of designed
biomass utilization system to contribute to the Municipal Biomass Utilization Promotion Plan under the Master Plan
for the Promotion of Biomass Utilization. Energy consumption consisted of direct fossil energy and indirect energy.
Indirect energy is fossil energy consumption to produce material and supplementary material or to provide services,
culculated by price and the Embodied Energy and Emission Intensity Data for Japan Using Input-Output Tables.

To show the concrete procedures of evaluation, Katori city of Chiba prefecture was chosen as a representative of
suburban agricultural and livestock industrial area. Five scenarios of biomass utilization system were designed that
represent both present condition and planed condition. Each process stage is considered from both needed hardware
and human activities. Biomass utilization in scenarios are composed methane fermentation, composting, animal feed-
ing and so on.

The evaluation results clarified the structure of energy comsumption and production for designed biomass utiliza-
tion scenarios and will provide ideas to choose suitable biomass utilization plan in terms of energy profitability. The
lifecycle-basis evaluation is important to ensure the sustainability of biomass utilization system. The person in charge

of preparing the Municipal Biomass Utilization Promotion Plan can apply this methodology for their own plans.

Keywords: biomass utilization, lifecycle, fossil energy comsumption, methane fermentation digested slurry, alternative

chemical fertilizer
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Distribution between project areas that have installed hydropower plants and those that have not by unit construction cost per kWh
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A Study on Planning Small-scale Hydropower Generation Projects
with Irrigation Facilities

GOTO Masahiro, UEDA Tatsuki, NAMIHIRA Atsushi and HIROSE Yuichi

Summary

Economic feasibility of implementing small-scale hydropower generation systems installed at irrigation facili-
ties has been anyalyzed in this study, using information from project areas that have undergone relevant surveys. The
study also reports the results of interviews to project areas that have installed such hydropower plants. The results are
as follows. (1) The average output is 850 kW for the 26 project areas that have installed hydropower plants as of 2007.
(2) Construction costs of the existing hydropower plants are roughly in the range of 500-1,500 thousand Yen/kW, or
150-250 Yen/kWh. (3) If the selling price for electricity is raised in the future, hydropower plants could possibly be in-
stalled in project areas whose construction costs are less than 1,500 thousand Yen/kW and though more than 250 Yen/
kWh. We therefore evaluate feasibility on such project areas, and found that, at a selling price of 10 Yen/kWh, only
30% of potential projects could be pushed ahead with construction no matter how long the redemption years would be;
at a price of 15 Yen/kWh, more than 60% could be pushed ahead at the redemption years of 25; and at a price of 25
Yen/kWh, the same 60% could be pushed at a shorter redemption years of 15. (4) According to our interviews, mem-
bers of Land Improvement Districts possessing hydropower plants have such opinions as: a hydropower generation
project can ease financial burdens of maintaining the Districts; such project however gives them some extra labor such
as clearing debris in pipelines, restoring facilities from lightning damages, and water management; it is sometimes
difficult to prepare funds for rehabilitating the plants; and it is necessary to simplify red tape concerning the projects
with various government agencies. (5) The interviews also implied future directions for further promoting small-scale
hydropower projects, such as: development of micro-scale hydropower generation technology; proposals for alterna-
tive frameworks of regulations; building consensus for water resources management; putting hydropower generation

forward as one of major objectives of watershed management.

Keywords: small-scale-hydropower, land improvement project, cost analysis, unit construction cost






[%Iﬂﬁﬁzu]
137 ~ 156, 2012

137

WAt O EER Y L 2 FH L2/ IIEERT 2 v )V O EH

I 7’["%& % ...................................................... 137
I KHEEER & A B 2 RBIRE L
FEAT > ¥ VOFHi 138
1 7‘*7”1% ............................................. 138
2 T_yﬁa\%ﬂﬁ(f ....................................... 138
3 ﬁ@;‘:ﬁ—;’%% ................................................ 141
4 F LD 146
I BER O REM 5 A BRIV S B 312
j%bj’%)%@ﬁﬁ]ﬁ .................. 148
I #& 8

3HUAORARKERE ST, #H-nE s
DD EDEBEEN TN B, LI TROLN TS DI,
O EFSERNZE IR BBIART 35 ) A7 &4
T2, MEE - SEIIOZEERIEOHR, @4 HENM
1Zb725 ERGAENDEFIFEED S ORIEIIIT % Hi
EL, BIES - AFOY— 7 FEIZHIETE HN—2
BT O, OB EETr2RER R A%
PR L 2 WREBRE O, cvwoBlbTh b, BE
KRN AT LD, TYH, BT & F o mDSEEN
TREZ kit (5 24) RESERFIIERRIZ BT 5/ KIT5E
|IL, TnooEEr Rz 2o AV -G —R
i) e MfEs LD,

Z ZOARMIRE, BRI FIRER S BT B /K
NEBIZELEZHT, TANVF—IRERZHHTL L
*HMET 2, I, KEKICIZ2BIAEP AL T
HRIbH G R R L LicniiadrH. 22T, FELL
BINIIERIZRI (Y v F) ~FEST L L2 M5E
T b TOYEIIE, BEEBIEOALLT, YO
il ENVTEHEIY - ZEN R B TRETH 2 25 H
B FMIEHE L e B, 5T, MY L O—FA R
ENE, BEOFEIS U RERKOMRTHL Z &
BiaxE o ve Lo T, Ihs 200k, &

* G PRIE IR LW FE s A L ¥ — 2 A7 A3HY
SR 23 45 12 H 15 HA23
F—7— N KTIEE
RER, REEERH

AR 5 4, FRATRET R L F—,

RV - Bole—
K
1 T F YU 148
2 é)ﬁﬁ;’%% ................................................ 148
3 F LD 151
IV BALHTT DI T 2 2 v W OFFAli oo 151
T L BT e 151
2 gﬁﬂﬁﬁ(ib X U‘;"fiu:% ................................. 151
Voo B e 154
BB TR e 155
SUIETY -+ +e-erseeerereasserersariransesseresnasienennens 156

EHE DS/ TMILSEL T EDFHETH S,
INFET, RS (1984), #ES (1987 1988) 7%,
BERS AIBWIREXIT)HAEICTIHSNHERS
RF vy VEHEFT L2 FEEHE L, 22T, ¥
LIER TR WL OO — AHEL, Fb &M
XOHEBNGEHTHZEI12E ), ZNEFhor—2128
WTHELN L FEER OB E BANIZHS 2L
2o LL, ZXTHESLSNIEEE, KBORESTHE
WCEBTARMIT IO TRV, —F, &FELA
WV COAFRERAAL S LT, I ITEBR T AV F =7k
P& ERBERAKIITE] G4 )vF -, 2009)
B, FAEEOBREICE SR, R BEEMAKER S
AIBITLMAREZERL, HILH G TR 3.7 kW O
FBASESEEINT) (MR E &0 5 L4777 kW) 25
HIEERHME L, LL, £ TRERMOR-A-
EEF R I SN T v, F72, BREA [HE
T A VF—EART V¥ v VAL (BRIEE, 2011)
T, WIIFHR S 2T L 2R LA 2 £ OtEHR»
5, IR BT BIRNFEERT v v Vel L7z,
LAL, 2ok, A3 75 kwW B Lol KR
B TIFEFEFT TR L T A JIX R LA o 4T o
JIREEIZ BT, W)IKROEZRT >y vaFH LR
L7 L 2B EDRTF Yy VEIRRLTHEY
PR D BRER Y LR 7238BRT v ¥ v Ve et d 5
BLED S O PITEKFHIiCTH D & & b1, FEMT
OH - A - #E8 R ELREF STV,
ZFZTAMIZRIE, # TT, HEAAHE 258 i
FERAA L VEER Y LB A Y LB OFEREZ FH)
FRL, FNFNOFLIIBNT, HiTOEM, +4b



138 FER CEERF el 46 212 %5 (2012)

B RS FKE ORI & B5E S R 78 217w, FK
WO IS L7236 T o 72 A I E SN A HEMN T
DOREFNETB L OB FEORFEL M 5. T
X, TCICRBEBREIMAA TN T L EEH - ZHIY
FLZBTHKEHRE L OREFEOEREY FHEIHA
L, BIROFHliAGROZ L EE AT 5. VT, ki
TS NZFHIE T - F55FZ2 B O fthod E3EH 577 2
WS A 2 L2 XY, KR EERRIERIC B 5,
N DAL F—REREA AT L L bIC, ZoRk
BRI B % 3PS % o

KIFFEOTER - 77— F WEIZH 72> TE, TILRER
KA RR, WLPPHEMER, 7 AT, TSR XKD
HBED) 2 DL R Tk iciiviz, T 2ICHE
*ET Do RBAMETIE, [BEHS L L, RS
M5 LroR%6T, HEMEZHNO—D2LTLLHANY A
*EUILEOERTHV S,

I KEBEERFEAYLICBITDEMREEEHEE
KT 22 v )LD

1 F—2&
FALRBUSE N O B RKHE (FRlrkE 1T
m’ LLE) THhOBE S TIIEEMmR T A L7\ EER
FLADHH3IWMXIZBWTHMALL X OERINEZ
To720 %ed, ZN6 3HIXIE, KHHEZZmIcd
L, HEMEHND L VIIELHNTH - THHEMEE-5
HET L ATHDEN) HIZBWT, HILHAICE
AWM RIER S LA TH b, KADY L EEFHT 5
o RS RN, FARFKA - AR - MitEk L
DHBOKER T -y BIUY LETERE AT L7,

2 F-afRAEE
a REFEATEKE
T -2 T, BEFEDEERY LK B k% 8
INCRRE LA ICTHEEINLEERT V¥ ¥ Va5l
TLTEERT S, BEMY L2, @, FKBRD
72O DR LK % L4 T &8 5 720 0kt
FEENTWD, AWFRTIE, AKDIEEMRRIE, FIK
TS DRIV N A A R T CRRE L, R
T OGEERAKDED, Bk, TR, mHEER %
L) B LAEEEZIT) oL L, DEEFAKRRE
MO ORI R FEEFERATiE K= E LTHI. LaL,
T T 3XIZo>WTIE, [Falisl 77—, 7
T b BRIKIGE 2 5 Ot e & kit 6 Ot o
EHEBELPATCTE R0l 22T, BERT Vv
VREOWRE LT, Falltimo) b, FEEMEH T
K&, b BRSO ORGHE E M 5 L5
Wb, TDRODOTNEEUTIRT B, Zhoo
FHEE, & 2BEHRICH > TITb LS & 2B %
BT 57:00LDTH b,

9, FaRutmds [RBUKE] (FIKBRE % it
TTELRANE) #THLHICBWTIE, ftEDE
EVFAKMREZBH L TR EINTE D EALL

EREARBIFHTELIDET L, T, ¥4
Bei AR KUK &R % 8 2 5 KB 1E, 7 2888,
(e ERIAR ] GATINERTZESS, 2010) (284, FITKik
T D & DR DV TIINH] F 72 1B OB E R 1T D
T, Bk S ORRBEICHE&T 2 2 BV, £2
T, TO&) HHEEE KWL D OHMAL L 72k OIGE %
BITAHZEIZT A, Thbb, ¥FAlKEI» RAHUKE
B2 7-HIZIE, TOHORIRED S oftiie GEEM
MHEKE) &, BiH (ThRbBHKE) OFhEEL
WERGEL, FNEBR 7 AT 13 FEARMIZHk
M7 — b2t snbs AL, EEIIIHEHLZW
Kb 2, LLEORER, Figd ITBEMITRT,

30

A —— 4 LIHE

25 BREUKE —
/ \ e REEEAKE

20

£\

o LN
VZ?KJ Sy

o]

R (m¥/s)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
B
Fig.1 #UKFFOIEEMAKEIET E BESE)
A schematic diagram for estimating discharge for electricity
generation

L7223oC, SERMEAKEIL, R Lo TSN D,

Qp ()= o, @ if Oy <Onas
(1)
Q,0)=0,(=1 if 0,20,

O,()) - i BB 2 FEMAKE (ms)
O i HIZBIT % % Al (ms)
Oua - TKHUKER (m'/s)

B, T-2dTHETL LI, HEICTHET S
IKEOFBNS U CIHERE 2tz ICHrs b, EBE
WZHBICMEHT Ak&Eix, FRiTHiibL72kEn) H—
HTHDH I LIEEI NV,

b FEEN-HOEMEE
I -2-a THRGE L 72 S BMink DR B E IS HERD X, 5
BT 20EEE, & LI & s Bl
EEOREET D, 512, BEREEZ, —HEREED
15% L MGET B UKD FIRHEER RS, 2006) . & o T,
HRHEEIRRICL VKO HENS,



IR

<JiE

-
H
I
u
»
JE

h, (i) =[h, (i) — h,]x 0.85 (2)

h(i) 1 i HIZBU 5 HR%EE (m)

hi) - i HIZBUF 2 5 ARFKAL (m)

hy B A OEEE (m)
EBIE, HREREL, REFOLEIEVET 2
DT, THFHEMESINIACETH 5,

c KEWKXDEE
KEDOERIZOWTIE, TOFENRS L DFEIEH D
MR SN BIEMITAKE B X OEREEOLEH (£
NZEN06~93m/s, 19~48m) IZBBLRAMALT
WhHLEEZONDL, 75y AKEERCS EIGET 5,
COKRFLL, [FFBLO/NKIIFEERMHICB VTR DL <
WKL THWDLKETH D,

d KEMNER REWIRHLIUREHH, EHE
i3}

RERNE, SEERAIFE LI, ZNEIUKE, EERKIC
BOWTHELLHEEZAVE—2MET 5720 DR T,
FEEREIN N OHGRHEBEH T 5 2R’ T, 2 2T,
M & KB 3712, AKERD R X ZEEARRN RO A BiRh =R (e
GRhE) B, 70% EMGET A UNKITFIRHEE R RS,
2006) 0 L72725oC, RS, EEFEERORKE
WoiZ, BRI 07 2R LR TREINS,

F,=9.8x0,xh,x0.7 (3)

P, ik, AR ERORELT] (kW)
0, : FEEMAKE (m’s)
h,: H#Rh%EZE (m)

B, AEEKE, BEAEMEE LI HHBEOKE
IZOWCKERFESI BB AR L 7 b idEKE - A%
HEOZETHL (Fig2 ),

51, FEEAKHIE i m R EEOZ Iz &
bR WEEMEIBRT L0, ZTD L) RREBHEOLE
Bt %, TN TN RIS X OEE =R L I8,

11
1.05 (a)

095 -

o.és pd
0.8

075 /
0.7

0.65
0.6

EHENE

0 0.2 0.4 0.6 0.8 1 1.2
ER (EEKE-1 7,

TR - R AL OB S A 2 R L 7NKIBEE AR T 2 v v OFFH 139

TN x, 77T AKEEZFINIIR LIS DA, Fig2
Thsb Gt VF—0H, 2002),
Fig.2 Ol % ZHA T T 5 & RADPES NS,

7, =-3.04497" +7.657r) ~7.4317r% +3.628r, +0.1711

R*=0.9997 (4)
17, =-0.9313r +4.5696r; —8.5793r +7.2r, —12577
R*=0.9998 (5)
0
r =
O
r,= hhe
estd
n, B RhE

n - ZEVE AR
Oy - KT (= IRFEEMAKE) (mYs)
howa = FEMER R TEZE (M)

FRAZ DWW TCIE, KREBZIERERT L3 KR DL Lo
FHE R Wz, Fig2(a) 120 &, E#EKRFEILTO02
~10DMICBVWTORIEEP TR THL AL T, L
7eh o T, HEKEDVRKBEMEHKETH L. A%
AT DOWTIE, KE L EEERN O/ ED S IZHEZ L
BRI EEO DT\ 720, Fig2(b) DM 2, (5)
KxHWCHEANCHMT L, A% EILTos5 Dk
WBWTRENTETH DL EALT, 72720, XX
D, HEIDPBLZF 22 %82 5 LEAEENEIEAHEE
HYVERTERVOT, F0OL) HMEIZRNT 2, (%
B, I31BnT, FHEELIVHAENLEZOND
FLHENEL R L2 — AT, AWEEOLEE)Z
Fig.2(b) IR SN-#HPHIC B S F 5T d,)

KIEOBIEL, b bik#kE B X OEERNEED
guEshs e, @), )R W ERERERE L OE%
ENRPRD SN D, SHIZINLRHE, SLikE
AR HE OB P(3)RX) 1ICELLZ LI
I, ERoKE, FREE (Q,h) HBOFKELID
foon s ((6)K)o

(b)

THEDE
e
N\

SN

0.75
/

0.7

0.4 0.6 0.8 1 1.2 14 1.6
BEL(REENEE-)

1) Fig.2(a) 1&, HEE Ns=104 (m-kW) D7 — 2 ZR$ . Hit - o 2 v F - (2002) XY 7EK
Fig.2 ZimER L OEEZRBEEI (77~ 2 AKH)
Relationship between electricity generation efficiency and discharge/ effective head (Francis turbine)



140 R TR ER 56 212 %5 (2012)

e, = (Ifi# DFGHO) / (It DD BO) % 100 (%) (9)

Pt an © e, : BRI
SEIMT) (kW) e, VLRI R

(6)RNOFEEH DA ERMICOIZVEETLZIEIZLD, (8) ik, FIKKmE % @HT 5 &M= 5, 38E
EMRERAEEIIERROBY RKOH NS, WCHHTZAitE a2, — ey [I7R A E]
E=§meﬂ 7) tﬁiﬁé%%<ﬁ1%w5fwﬂ!mg>uﬁML
par TWABY, 22 TIEEFIKIRGEAKRD ADIEEDOK L% D
E T ResEE)®E (kWhiy) T, Ihx Rk FR=E] 55, —h, (9
772, 9B)EDHIBHIH QA2 H) IEER it I AN AE ] % 9E Bf%‘?‘%ﬂ(%%ﬁ%% BE L 72 KRELAS
5 <, 100% %M@ L 72361209 5, EEoRERMAHED

B, AWETIE, SEANNEEEDE (HRNEER) ﬂA%TLFﬁ;&ﬁﬂﬁ+ﬁt%iﬂécﬁl%w¥—
BEHEOZOER L, wWhwa [3ER] HhB X OE W, 2002),

HEIZOWTHERT S, (2) B, BH=ICHET 5 IEE
HDLHEOKIEE HWTERESED 5 [k (5E)
e KEFEDEEICET 2FHEIEE W 3D L) ICEFRS NS,
120 Chfe ) 12, SMAARL, SRR P =980, xh. x07 (103
VEAMPHICIR D BB 5 ) 212, fim - HEOBIICE D
BWIRBENEIBE S 2. LD > T, BEMFLOX P BRI (kW)
I - FFARAL O ZFEIZALATR & VW7 A2 BT O - 818 L 72 KO R A&
KUEIEFEE 21T ) Wi, ‘f"ifbtcﬁﬁ@ﬂ(ﬁ%i%%ﬁ?‘ (=K E) (ms)
LIEDHETH L, UTI 26 TlE, FDDICL By BRI OB R (m)
BLL bW ODOFHMETRIE A FI L, Hiﬁwkiﬁa‘% [FEBEEMAME] (—BHEIC [RmRHZE] &
DFEFITT -3 TIT ) o I 25, 22 Tld [Esmf =Rl X572
(1) ZEEMHKEICET 581 HIOEHIER) 1L, ()N TEFR L FEM T RESRE
Fig.3 1%, —fl2 IR i bl ] &I 2 RBUC WD, FEEBMORAKMTIAVE Rk T L 72556 O
v, T -2-aTHI L7z THREMHATEKRZ] 4 MESEB =T LHTHY, kN TEHRSN D,
HKAl 5 B2 b D TH D (SHE B [ )= 100 (1)
M) $vd), 22T KEOHELY b1 D-D " P x24x365
MO E-E Om#PTREENESE 2SI HICKEL D BEERHAI R (%)
72T hHh, ZOYE, MENDEBATEAEIR, N
IS %l U CAT o3 % S LK ELLS i% X9 & DDk (3) FEEOREFMEIZET 5 FaiE
BEIT—H, WENE T T - 728813 58BN E 0Tk, BEFOESERY 2K 5EE MR % BINT
T 2%, LehoT, EBICHE ﬁﬁf%émg BT 5L EMEEL TS, LA -T, T2 Tl
DFGHO TPl E N /-HifEE b 22T, (k@zodﬁa Wiz, AINKISEEIH LI 20 ER (%
TEASE IS o B, [HANKIIFERTA F 7y 7 ) G v F— 1],

= (JHf% DFGHO) / (Ifif& ACBO) x 100 (%)  (8) 2002) 2\ [BEEATEM THE | [HmcRe et 15

r (KD

H %
Fig.3  FIKBGHIK ORI & K - it RO HE  (EIX)

Schematic diagram for dam discharge distribution and discharge/ plant factor



RHGED - REEES R BEG— LT O RSER Z A R FIH L7V REEAR T 2 2 v )V OFF 141

%H%ﬁ@%I%%(KE”@%%@MJ@&&&
o (¥ L38K, Wi &, BFEobor#
DFEFFHHTA7-0RBBEIIPO L VEEL, F
7o, SEEATEYIIH E, KFIET T VY AKEEE
L72e TNHREOT T, ERBEHIZK0MY g S
na FHrvF—HHE, 2002).

Y, =0.084x (P, )" (12)
Y, =0.0595% (0, . x b, xn"?) (13)
0.648
Y =12.8x Lo (14)
‘ V hemax

SEEATEY T (HH)
Y, : Ml I TR (A
Y, EERMERTHEE (M)
n: BERER (=1)
FERB I OFFMERTF M ORI TN 20 d B 05, 22
T, 2N 6D ) B b MifE R T b 2 B HLMG T G
IAVFE -, 2002) 28T 5. BERRHEAMIZIE, T
71 (kW) H7- 0 HAliE AT IE (kWh) &7z 1) HAl

D2ONVHY, T TIREENEFNRD L) IZEFRS NS,
Y, +Y, +Y)x10°

CkW:( (s b; E)X (15>
6

Conn :w (16)

CHD (kW) 72 0 EBEEREA (M kW)
QW.7%£ 5% (kWh) & 72 1) L EAM

(M. kWh)

3 MER
o-3Clx, £9, IEWENMICHS,T7— 5257
JAWERE R T T 2B AR R 2 HE & L CFEL

i, WIS, FRROGHT 2> 57 A 2DV THEMA L,
%%%ﬁﬁ&&?éo

a THLIZHTBER

(1) ¥ Lol

[RT 720k, KHEHEICZHEE 4265 hax DT
HHEMXI MK MG 2 RER S L TH Y, BT
FABEHIZ TR T Tnb, Huiskis LT, AL
K 9.3 m'/s DRI E B L O & 5.5 XIE8.0m @
BRI — F 3% H LT\ 5, ARIFKAERIL 23,257
Tm’, BWEEHKOIEEC BT 5 A% 38.25 m,
WME4H20H0~9 10 HTH b, IMAT, Tt
Moo FAKERAKE LT, #0.1mYs Z@BERKLTW5A,

(2) F—=F oMk

FRATIZIX, 1989 ~ 2010 4 H it & - IFARAL T — %
%%, Figd |2, Fig.3 27 5\ 22 £/ o H FIZK ik
MEICDWTHIA 2L 2, Figs 12, 22 MOk
KWZEALZRT, SNbT—7 &0, RFEMEL T2

EMoFIEZ, 1 H1H2S 12 331 HEFT1 HEIC
K> (Figsd, 5I1RTEBEH), DO THW 2,
w2, INHHRET— 7 2T, 1 -2-d, e Tik
N7 ZHEOFHMIEDS, KEHBEDOENZ L > TED X
INZHEK T B w2 MFE S Bo T -2-d T L 72KHED
BEEHICHED X, BBOREUTMICZLE b s,
T OKBERBEOHPIZ B TRESH ZIT )0 £
HMEREIZOWTIE, ENPRKIUKEIZFE LW —
Ak e L, MU, BEMAKE (22 £ O HJfH)
WZOW TR (Figd O Bk ZER L 2Bo
10%, 20%, 30%, 40%, 50% (HRfE), 60%, 70%
BBERREICSE LW — A2 kT 5. B, N5
wmiE, 14365 HOH B, =2, 37 H, 73 H, 110 H,
146 H, 183 H, 219 H, 256 0 (§ 7+ % Fig.d @ x i
1055 LEAM» S BA-HE) TENWE@Br 5L
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AKYNTIE, FEEIHHTHO 10 ~ 11 B EO RN RS i&ﬁﬁﬂﬁ%?ﬁw“(wéo
ﬂ:fﬁ']I—J\/‘(luifﬁﬁl‘umﬁ‘ﬁhﬂ“(b\ bo FEFE LT, A2, Table 112, KHEHADFEE & K FEIRIE O B

Fig.d Oz, BB 80% kM (292 H) % IR,

flidh7-0) T CTHEMZZEMETL, 20BAICED 9, BHEWHICET AIBEICOWT, kW H7z )

Table 1 T % AIZB1 2 FEEMHEZR I ) HEIFED SHTHR
Estimated performance indicators for power generation facility at the T dam
(a) W71 (kW) @7z 0 HZFEAM (1 kW)
O 10%ile 20%ile 30%ile 40%ile o 60%ile 70%ile
299,934 311,283 320,872 337,109 349,985 366,850 385,647 410,314

(b) ZEAE® (kWh) &7 0 EHHEM (19 /kWh)

O 10%ile 20%ile 30%ile 40%ile Ll 60%ile 70%ile
Ropx X 1.0 140 123 112 101 95 92 93 98
P X 0.9 136 119 108 97 92 89 90 93
P X 0.8 133 116 105 94 89 86 87 90
P X 0.7 131 115 105 93 88 85 86 89
P X 0.6 135 118 107 95 90 87 87 91
R X 0.5 162 142 130 115 108 104 103 107

emax

(c) wmAMT (kW)
O 10%ile 20%ile 30%ile 40%ile Ll 60%ile 70%ile
2,440 2,128 1,908 1,603 1,409 1,202 1,018 832

(d) 4FHAAEsEA = (MWhiy)

O 10%ile 20%ile 30%ile 40%ile DA 60%ile 70%ile
B X 1.0 5214 5,384 5,462 5,374 5,185 4,774 4,202 3,499
P X 0.9 5,370 5,559 5,656 5,572 5,384 4,968 4,386 3,664
e % 0.8 5,510 5,712 5,806 5,730 5,546 5,125 4,532 3,792
B X 0.7 5,568 5,759 5,855 5,798 5,609 5,185 4,586 3,840
B X 0.6 5,431 5,615 5,716 5,662 5,487 5,078 4,495 3,760
R X 0.5 4,505 4,658 4,721 4713 4,584 4259 3,794 3,191

emax

(e) FEWHMAAER (%)

O 10%ile 20%ile 30%ile 40%ile ol 60%ile 70%ile
B X 1.0 24.4 28.9 32.7 38.3 420 453 47.1 48.0
R X 0.9 25.1 29.8 33.8 39.7 43.6 472 49.2 50.3
R X 0.8 258 30.6 34.7 40.8 449 48.7 50.8 52.0
P X 0.7 26.0 30.9 35.0 413 45.4 493 51.4 52.7
R X 0.6 25.4 30.1 34.2 403 44.5 482 50.4 51.6
R X 0.5 21.1 25.0 28.3 33.6 37.1 40.5 05 43.8

emax

(f) B AR HZE (%)
O, 10%ile 20%ile 30%ile 40%ile b ] 60%ile 70%ile
96.7 95.0 92.5 88.0 0.4 71.9 61.3 457

(o) mERmWFHZE (%)
O 10%ile 20%ile 30%ile 40%ile Ll 60%ile 70%ile
38.8 48.8 56.5 61.2 65.6 69.3 722 75.8
1) O - BRIUKE: § --%ile: -- % HBIERT R | hopere X -+ WIFHR A O A EZED - 4

FUJTIEN F e, ATTIA) _¢Q‘Eﬁxﬂ%?%7‘@“o
nb, EEANTEROBRENA SN2 WIREIZOWTIE, EEFESEZRL TRV,
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Hfifilx, R#EKELRAME RATUKE) B L7
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DFEBEITTIE kWh 72 ) HAfiz 2 2 EANELTH
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Z 2T, LEOKkWh 70 BAOER/N — X123
&, RS IRNAENEED 0.7 51 L7z
Glo, RMERBEOBREISFEEMNI O QLTS 2 % 52
%, Fig.6 |Z7R 9o kWh &7 ) BERRHAGA /N & 70 B [ 5
e = Pl ] A — A TIE, TR BIAA H TR A
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Y— 7 lie (bbb = 73T/ 254 v b &R,
TR mE -~ D EES BB RIS
TWAEIERDLDE, DT EDPS, BEH~HH &1
OFEBHDE =7 1ZHET 2 L RBIEOSEE RO
FE, BRERHOBEIS IR BAEEE L) )DL
MR END, (B, AWERTIE, WIRLSRHMIETH
B Y 7 O — i 7 ARG R A, A 2SN
D1~ 2P ARBEOREN Y ARARDOL VI, ik
WIEFRT A2 L TREH LR, BRI
BRI - FTECER D, FoEEMEERS
Wahid b LIZHESINIV,)

— /T, H#EKEENSCTLHIIE, BEWRBR/NG
/NS BB 720, IEREIEI OB R A 2 W IR
BB REMB 2SR 2 5% (9 %&b b Fig3 TEE
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Relationship between output and size of power generation facility
at the T dam
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WIRIZIZE A LML TBES T, 20X ) RahRiE, K
FHETIXRENTH D Z LD b 5D, Figd Otz
ATH, AFFITIX, AR L 80% BRI
DToRitEEDENIRKEL, 2089 2w % 58E
T A2 EDPWEETH D Z EDbhb, Lo T
RFEG T, FFEMH OSBRI oOBnEZ 26 - T,
VEP R R A/ NS CRRET S L, RFEEOBIT
MoIE, BEHEAPCRENUEL ) 9 5 T EATRIE

Y

Table 1 OLOIRIED 5 &, Fe R, FRHWHESEE
TR, WHKFHRICOWTIE, HEkEERAICL
T2 —AF R FNEW TS — A TR EE Nz, L7z
2o T, BIKOFOWHP T AN F—%, FiljZH T
THRABRIEH T2 2 L 2 BT 5752 518, Hh#KkeEidi
KEUKEMN TSR ET 20D BBLRELTHL I LW
bbb, &by, EMREFEAEEEORKILE B
T oIE, [HEKE = 20% @ MEFERE, LEGR%E
FE=ARAENEED 0TR] OFr — A0 REE %5, i
WY, D7 — Ak T A MEAMEDER S S 13 R
TlZ 7%\ LA L7%AS, Table 1(b) ® kWh & 72 1) H
flild, WTFNOELEHETIZBENTH/IKNEEBIZBNT
WEMOBHLZ L SN D [HEE 250 1, kWh] (F
2010) Z T TWD I ENS, AFEFIZBWTHEMT
REFEAERNEORKEEELESE D 2 Lid, HAETRL
ANVF =2 X BEBEREIIOHN &) B A S AU,
—EDOGHENH L EEZSND,

)5 C, SEEZMATES L OTHEREAZRICOW
TlE, HHEKEZ/NE T BT ERHEDIE L & B EMD
A H7z (Table 1(e), (g))o L22L7%AAH, Fizkod 3 A
FMr/MEDER SN S, FOL) T —ADNT L LR
WEITWVZ Ve COA—FOBAE LT, —H#kIZ, %
BEHSLIIBWTIE, WHERRY —4FE 28 U CiitE
%L R (T2 b5 Fig3 THI AC Z K FI2ED
), FE - mEEREAARET RO L Z ERFEET R
WL EEBENTHDZ ENL VD, BERYLICE
T BRIKGEIRSEE TIlE, 0 &) 1Ciiim % W E S
LI EIEFELEATRETH L7720, @I HiEkEZIE
M OB = I SbhET LT ) &, KBEHERI N
LD IANEELHS>TLE) I ENEZB NS,

(4) SEEMT OELT)

PLEO# L, SEAEIE A (22 R R o) o -
BRI EE D T TH o 7288, BIFEIZIZ Y L=
X, ZDEDKILARFALEG U TREFICEET 5,
2 TWIZ, FTIRo [kWh & 72 ) BERBHAT RN — R
IZBSBERAR OB % E5E L7223, it 0EL8 08
Hhb, HAxORBEAVPENL SV OMERTIRIE SN
LODEFERT Ao FIHE LTIk, FILEidosr—Al
SUEBEELL) 2T, 2FBOBY AR E - #F
KO — %6 HSEER 2R T 5, WIS, 1H1
H25 1231 HFC1HE, 220 58 EL 7 —
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57510, 50, 90 % EIEIRAE 2 ke, [ % [k
RS LEFRT D, b, ZOPFEL o [#H
e STV A, [EBEEERE] 251 ERO
MmO HEEPSHEONIRETH L0 L, [
TR ], HEEICDhb T — 5 OELH*ETIE
HCHhDb I EZEESNIZ v, Fig712, 10, 50, 90%
HEMERE 2 VEMICDZ VI T O R nWEb 0%
ZNERS

Fig.6 CHEICA 72X 912, [kWh & 72 1) B3 HAlifR /D
r—A] T, BE - R EHICBLUREO Y — 2
LSy P LEO—HL2EEICHEHL T 2wno
T, ZORNIB VTR S ZEE LT OELE /NS
FEFEUEDE L oTWwa (FigT). & 512, 10%#8:85E
WP L Y, BKEIZBWTIE, JEEEICD R RLH)
B LW —EREORBEIYEFTE 5, 5T, 90%
BEMERE X ), EBREICBWTIE, BEARAIN
O TR I~ FEREIENC IR S5 9 202, R
B cLRrEMrME L L2750 EERDOEEIK
&L, MEUDPETTLLEZOND,

b SHLIZHTBER

(1) 7 AOW%E

S & a0, JKHHT 152 28 THI 7% 3,890 ha % #5702
¥EHFLATHY, BAESLEHITS TS BIX 2 %E
LTWwW5b, wABUKE 7405 m's, AxhEF/KEE 37,600
T o', WREKAIC B 2 EREEIL 46.95m TH Lo
FEEAME, 4 A30H~9ASHTH A,

(2) T— oM hikB L OHR

F= oML, T 3-aDTFAH#ETL, 77—
& WIEZ, 2003 ~ 2010 4ECTH 5o

Fig.8 |2, #EH L -RE MAKEOMILMRE LRI, S
F AT, #EEAKE X OBEHOWKRAT O 720 O
TELASHE, (TR R O A DR Z 17> T b,
ZO0, T LAERBELT, mEiEssstafi
fis (183 H) 22 CTEIZKTL, ZhlBEiEsBtna
W HERERGT R TRV & 2o T B,
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IZ, Table 2 (2, KEBILOFEE & SR O R
ZRT o ARFEFITIE, kWh 720 BERHAMAY, [HiEK
= 60% MR E, HEAEE =RANENEE
DO08fE] Or—ATHR/NE D, 2T, 2O —A
WO &, RERREELRANAEDTEZD 0.8 f5IZFHE
L7288, ke o el a0 AZEI G 2
LB R Fig9 [IRT,

Fig9 X v, JL#EKER T A Mg/ — AD 60%i8:8E
R EICE CIRT S8 &1, (Fig3 @ GH 29512
ATARFTLRRICED) MOTEH (11 A TH~3
H_EA)) O JIHERRGR S £ AF8EPSRe L 2 5 2 L8
bhb, Thbh, KRFEFTIE, FBEHROBEEL /NS
DIZEEE L, FINMERIGE % & o EM % 8 U722 3E AT
)T ENTA MERBIZDORA D Z EHIRENTZAMITT,
COIAR M= ZATIE, BEERE T OB E s
IZEARBBHAOBEMIITE A CHHETES, BELD
A, BBGh7Iy Mehizbeb (Fig9), 4
MTRESSEE =2 A TYH, A (3,134 MWhly) &
34O 1LIZHiM 7z Vi (982 MWhy) L2 B TE %
W (Table 2(d))o L7225 > T, Il -3-a®d T ¥4 &l
REFTH, FICECBIT 5B - BN
ERTLLHE, REMOHLTH D [HEE 250 1
/kWhl I E L DD, & LHERERZOBEB LY K
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Distribution of discharge for electricity generation at the S dam
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ELTHIEIE, —HEOBRHELHLLEEZ LN, K

AR RESSE BB ORI E HIET 7 51X, ARFHH

TUE, [FHE#EKE = 10% B EMERm R, EEFR)%EE=
Table2 S ¥ AIZBIT5H3EHEMi

— B DR 7 2 F R L 72K SR T

¥ X VO 145

WRENEEZD 0815 O — AhM i & % % (Table

2d), B, MoOIBEIZ-O VTR, BBDAT AL
[FEEDEA) 35 5 172 (Table 2) o

PR D BEIREO DA R

Estimated performance indicators for power generation facility at the S dam

(a) H71 (kW) BH7- b EEEM (F /kW)

O 10%ile 20%ile 30%ile 40%ile H 60%ile 70%ile
282,954 314,812 326,360 352,813 378,611 442,696 631,847 651,891

(b) SEAETNIE (kWh) 720 EEEHAG (9 /kWh)

O 10%ile 20%ile 30%ile 40%ile 2aBrAS [ 60%ile 70%ile
B X 1.0 231 166 153 135 129 127 118 118
P X 0.9 228 164 151 133 128 125 116.3 116.6
B % 0.8 228 164 150 133 128 125 116.0 116.3
B X 0.7 231 166 152 134 129 126 117 118
hm X 0.6 241 173 159 140 134 132 122 122
B X 0.5 305 218 199 175 168 163 151 151
(c) wARET (kW)

O 10%ile 20%ile 30%ile 40%ile Ll 60%ile 70%ile

2,387 1,630 1,440 1,108 879 535 180 164
(d) FHWREFAEE = (MWhly)

O 10%ile 20%ile 30%ile 40%ile L 60%ile 70%ile
B X 1.0 2,924 3,095 3,081 2,903 2,574 1,863 967 906
B X 0.9 2,958 3,131 3,119 2,940 2,607 1,888 980 918
B X 0.8 2,961 3,134 3,123 2,944 2,611 1,893 982 920
B X 0.7 2,926 3,097 3,086 2,910 2,581 1,872 972 910
R X 0.6 2,804 2,969 2,959 2,793 2,476 1,800 934 875
R X 0.5 2,213 2,350 2,355 2,240 1,978 1,450 756 709
(e) FEEREMFIHZE (%)

O 10%ile 20%ile 30%ile 40%ile bS] 60%ile 70%ile
B X 1.0 14.0 21.7 24.4 29.9 33.4 39.8 612 63.0
P X 0.9 14.1 21.9 24.7 30.3 33.8 40.3 62.0 63.8
B % 0.8 14.2 22.0 24.8 30.3 33.9 40.4 62.2 64.0
B X 0.7 14.0 21.7 24.5 30.0 33.5 40.0 61.5 63.3
B % 0.6 13.4 20.8 23.5 28.8 32.1 38.4 59.1 60.8
B X 0.5 10.6 16.5 18.7 23.1 25.7 30.9 478 49.3
() HemARRAE (%)

O 10%ile 20%ile 30%ile 40%ile AP 60%ile 70%ile

86.3 86.8 71.3 67.1 473 24.0 225 12.2
(g) TimEfmFIAZE (%)

O 10%ile 20%ile 30%ile 40%ile o 60%ile 70%ile

20.7 344 39.8 43.6 50.5 75.6 77.9 98.4

) O - IKRIUKE 5 - %ile: % BB IHEZRTE R © hypey X —
FUTTIA R e K, AT 7T &_—hgéﬁ)dj%z%%/j—‘j—o
i, HERWTELD

IR KA R D F R TE D - f

BB SN WIRBIZ O W TR, BERREEEZRL TV,
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c MALIZHTDER

(1) & LD

Y EM Z a0, KT IZ 52 5 10 R 9,040 ha % FFD
BEEHLATHY, BESVLAEHIZY L BXA%
LTV B, BRHUKE 8777 m's (9 HHEEREHIZK (L
&) 8.279 m¥/s, LAKGEIZK 0.324 m’/s, T3EM7K 0.174
m’/s), AMEFAKER 30,500 T m’, EHHmKMIZBIT S
HAEET47.94m Th b, EHHHIZ SH1IH~9
H10HTHA, —F, bk¥ESBIOLIERKZ, EH
il L C—EmOMiE1To T\ b,

(2) T— oM LB L ORR

F=F oW hiEE T 3-adT¥AIC#ESTLE, 7—
&I, 2001 ~ 2008 £ TH 5.

Fig.10 12, 8 L 72 BEMHAKE ORI LR T,
REGNE, FEFAKE L RS OBKFET O 720 0H
FAZMA T, Bk EAKE - TEEHRMHE D 7230 O M
ZIZIZHEMZ B TITo TV DOV TH D, 7D
7o, S H A LR TILHIARATHRYE (183 H) 122
FTRIET LTS5, ERDREE, K - T3ERK
MG MR L 72 1 mYs B OBRE TBBLRELEL T
W5,

WIZ, Table 3 |2, KEHBL O E & KMIRE DR
RT RFEFTIE, S &4 LR, kWh &7z 0 ik
filizs, [2EdEKE = 60% B, HEFR)EE =
HRENEZD 081G Dr—A TR/ b, ZZT
Dy —AEDE IR KA EED 0.8
R REE L 7o 8Eic, Km0 ENEEIIOA%E
5 2 558 %, Figll IZR9,

KRFEF T, FEBHOLE LK EORE
(Fig.10) 12X, ik % 20% @B EfERTE F TR
TEE/E XL, TCICEMZBEUEEIREE 2D
ZENbH,L (Figll), 512, A MR/ —20
60% BB RTi R T CIRT &85 &, EME@ELTIEIT
—EOWNEZHAFT L WL D ZD720, [H
r— ZOREHRMAFRIL, oy oL bl TEw
78.89% |23 L (Table 3(e)), kWh & 7= V) EEFHL(HiIZ, b
DY LB L T 70 ] /kWh Td % (Table 3(b)) .

TR (mY/s)
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2 %

Fig.10 M ¥ A28\ 2 3BEMHKE (HER) OGP

Distribution of discharge for electricity generation at the M dam

55212 % (2012)

X512, b L 60% MR F CHMEKE T T
ELChH, SEMITRESRAEE DRI, IAME (4,196 MWh/y)
D 64% (2,701 MWh/y) 23 L (Table 3(d)), Wit /AH]
AL, STAIHELTEWV51.9%I2:ET 5 (Table
3 ERATND, T, EMTRSERIEDI K
KembDI, [HHEKE = 20%BBMERGE, MLiEf
Wik = KERNEZED 0.8 5] O —ATH %S (Table
3(d)) .

4 FEH

OICl, #EAAPEENTHS LWV ) BEIRIZBWY
T, WAL EER T L TH D 3 DOFFIMIX 2515 &
LT, BERT VY VOFMZITo 720 R LT,
BRRT V¥ - TA ML, BEBEROBE b
VIR (RRSEBEMAE) OEICKE K
B ENHL L R o7, BARMICIE, FBEMRRER
D/ — A (D T3 & Mr/hr — 2 1) (& [2E8EK
&= P~ 60 %8 EiERRE] THho72DITR LT,
EMTTREAEBNIEORKT — A (LN BB RERAT —
A ) [ E = 10 ~ 20%BBMERRE] THo 72,
— T, HELANEEIIOVTIE, T A M — A,
BEERKNT—ALD, [IRKHEEED 0.7~ 0.8 5]
HEIETDH - 720

[TA MRANT—A] 1, BEFOFRTMRD /Y —
VICkoTEEHLZLO0, FHEBELTCBBERAT
F v NRBEEMIINE =T, 200FHF (SFL M
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RHGED - REEES R B B — AL O RSER S A 2RI L7 NK ISR T

T/ME (v LB OFEL) & B RRKIEOM
ThL— R4 72855 EHOEnE Lo, (B
DI ML= FF 72T 2HRGTHEO—D2 L

T, WRHMNORZLBHAOEHREREL, ThT WCHEEE A b 5.)

Table3 M ¥ AIZ51F 2 FERMRAERAZFE ) SHEIGED AT H
Estimated performance indicators for power generation facility at the M dam

(a) 171 (kW) BH72 0 BEHEAM (F /kW)

V7w )VORHI

TTEPEH], JEEMICH WA 2 L 2 5B 7,
TR E L TWAEBLT oK IS E iR TlE, 2
A MNDOHMS, O L) RBEHOFEERORE T

O 10%ile 20%ile 30%ile 40%ile o 60%ile 70%ile
267,271 310,931 327,568 352,129 408,070 451,384 486,417 494,666

(b) ZEEE (kWh) &7z ) BEEEHAG (19 /kWh)

O 10%ile 20%ile 30%ile 40%ile ol 60%ile 70%ile
R X 1.0 286 133 110 97 82 75 72 72
P X 0.9 282 132 109 96 81 74 71 71
R X 0.8 282 132 109 96 81 74 70 71
P X 0.7 285 133 110 97 82 74 71 71
P X 0.6 298 139 114 101 85 77 74 74
R X 0.5 376 174 141 124 104 94 88 88
(c) AT (kW)

O 10%ile 20%ile 30%ile 40%ile DA 60%ile 70%ile

2,887 1,664 1,391 1,092 677 493 391 372
(d) FHEEsEETE (MWhly)

O 10%ile 20%ile 30%ile 40%ile DA 60%ile 70%ile
B X 1.0 2,700 3,878 4,139 3,951 3,354 2,977 2,647 2,554
o X 0.9 2,737 3,923 4,190 4,000 3,398 3,017 2,689 2,594
e % 0.8 2,738 3,926 4,196 4,007 3,406 3,024 2,701 2,606
e X 0.7 2,704 3,879 4,148 3,963 3,370 2,992 2,677 2,583
B X 0.6 2,589 3,720 3,985 3,810 3,243 2,880 2,585 2,496
B X 0.5 2,054 2,981 3,230 3,102 2,661 2,380 2,157 2,091
(e) FEHERLAMFIHE (%)

O 10%ile 20%ile 30%ile 40%ile ol 60%ile 70%ile
B X 1.0 10.7 26.6 34.0 413 56.5 68.9 772 78.5
P X 0.9 10.8 26.9 34.4 418 57.3 69.8 78.4 79.7
R X 0.8 10.8 26.9 34.4 419 57.4 70.0 78.8 80.0
P X 0.7 10.7 26.6 34.0 41.4 56.8 69.2 78.1 79.3
R X 0.6 102 25.5 32.7 39.8 54.6 66.6 75.4 76.7
R X 0.5 8.1 20.5 26.5 324 44.8 55.1 62.9 64.2
() BrmAFHEE (%)

O 10%ile 20%ile 30%ile 40%ile gLl 60%ile 70%ile

64.1 93.6 87.5 74.1 61.7 54.7 51.9 50.7
(g) FaMmRAAE (%)

O 10%ile 20%ile 30%ile 40%ile AP 60%ile 70%ile

15.0 42.8 52.5 68.3 84.5 92.6 92.9 97.0
) Opa © KUK D= 90 B FEEET I | Aoy DR AR O G R EAED -

BTN Fe e KR,

PN R A 2R o
B, HEFMTEREOBEI A SR WIS

DWW,

FIEERNFEAEZ TR LTV,

A
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Who LA LS, R, TIio RN
FAK & MG 2 7oy Zee L7z (387) 37
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Daily and annual variations of actual output at the G dam
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QAEMAZBL CLELTBY (Fig14), FEERMmFIH
Fh 84% LD THEIV,
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MUE A ¥ 2E, AhErKE 13510 Tm® 24 L, it
IR, FERE, FIKMEEEEEZHNETALHNST AT
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FCHEL T2 0T, BEICHEKEEZIY) Ao Tk s
fToTWho SERITHERAAK - AIMER o\ feE L T
BY, wmAHUKE (K2 EH) 9m’s D) LA 2 mYs
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(2010 4¢)
Dam discharge at the Y dam in 2010
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Output at the Y dam in 2010

BRI BB S OB 7 4 & R L7 AVK BT > L x L R 149

¥ xRS,

Fig.15 12, A % 2 O fijiit m ORI AL (2006 4F) 2 7R 5
[ — Miia ] &, B L 2RI %
RL, AFEEMHAKE 2.0 m's & L0 2 Bt E s nE
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Fig15 A% A28 2 8EMAKE - 5 A o2k (2006 4)
Dam discharge at the A dam in 2006
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Monthly electric energy generation at the A dam in 1999-2007
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Distribution of dam discharge at the A dam in 2006
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REIZTE WD) [FEERATr — AL 1L, R
WOISEM IO (721488 EBIBEORAIL) *
INEHRLBEDV L ENTwEEVnZ L),

d Sh&LICHTBEG
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AT 3,700 kW Th %o S8HEL-EINE, BHSH
125 LT\ b,

M B RIX LD, 2009 ~ 2010 FEOKEHT— 5 %
ELZz, LaL, RN - BhHET 41, 4k
AFTEhm»o7,

Fig.18, 1912, ¥ A5 E L UV 4 i = O REREA
L& Rd, EEER G A TH~s 3 L) 12, #ik
W 72 B K B REAR O 72 9 B K AT A3 B K AT % A5 o
TWA IS 5 (Figd8) 725, ZOHIM O & A A it
D% < (5.0 mYs &z D) (k2 & i S

55212 % (2012)

(Fig.19), Z8EICIIMHHTE v, Mh T, Fi < HEREH
MIZBWTIE, FAGRA T O3 HFAMXIZIENS &
A b s, F 2o e o KE & SERATR O i
(Fig.19 OF W) 2 EO TV D 7280, HERHT oK
T WFEEICERMA SN TwL EEBDbNLZDT0D,
WK FIHE (A ¥4 & FABEOFIRTHR) 1289% &
B EWEE 2R LTV 5,

S5, FaltmeEomiiiiig (Fig20) 2B\,
A Y LOFH (Figd7) LFEERIC, RAFKEMHK=R (5
m'/s) T THREIAT 7 5 v M2k A EBAHR LN
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Reservoir water level at the Sh dam
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Dam discharge at the Sh dam in 2009
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Evaluation of Hydropower Generation Potential Using Agricultural
Dams in Tohoku Region

UEDA Tatsuki, GOTO Masahiro, NAMIHIRA Atsushi and HIROSE Yuichi

Summary

This study aims to evaluate the electricity generation potential using discharges and water heads available at ma-
jor agricultural (irrigation) dams in the Tohoku region, where the electricity supply has been tight as a result of major
accidents at large-scale power stations caused by the East-Japan great earthquake in March 2011. Since the agricul-
tural dams are designed primarily to supply irrigation water to paddy fields from late April to early September, the dis-
charges tend to fluctuate throughout a year, with peaks in those months. For this reason, when hydropower generation
is conducted using such dams, there would be a trade-off between maximizing electric energy generation (by install-
ing a larger hydropower station) and minimizing construction costs per kWh (by installing a smaller station thereby
smoothing out outputs across a year). Nevertheless, as a result of our case studies on three representative dams, the
above “electric energy maximization case”, as well as the “cost minimization case”, is supposed to be at least profit-
able. We therefore apply these two cases to other dams in the region, and estimate that hydropower plants at the major
agricultural dams in the region would collectively generate around 155,000 MWh/y (electric energy maximization
case) or 97,000 MWh/y (cost minimization case), which roughly amounts to 55% or 34%, respectively, of the electric-

ity demands for operating irrigation facilities (such as pumps) in the same region.

Keywords: small hydropower generation, agricultural dam, renewable energy, water management, cost analysis
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FLTWDEZERHL IR ST,

MEATIX TR A L7270 v 7 ORI X fifa < it
IEWHPEE SN0, Tay Z EOMEBRIZED
A~E®D5 7 )V—TFI50F T L7z (Fig2), a7
V= 70y 7O TFHMNCEEE T M) & AHHER L
NI AT S N CHE T oo Tz, BATIX S
TNV —THIZBWT, iE 3 WITOERGE), T
Tl (x ), MEETT S (y#h), FRE (x
Bl y SO ARTE), SRETHE (28, KiEkLOY
HPEIZOWC TR E ST 21T o720 ZORER, &
M omFIIEHEEREN LS (F(4,27)=5.049), Tukey
RV SZERE T2 25, BCHB LU CD
[T COWMBEPHEIIINSWZ EDVHL IR -7 x
HINZOWT HFREEDF S IL(F(4,27)=9.740), A-C [H],
B-CH, CDMBIUPCEMIZBWTCHAFEREIZ/NES
WZ ERbRotz, & OIFEHE (x oy oAk
) ICHEBEEFRD LI (F(4,27)=5.260), B-C, C-D

Table 1 GXBRDCHE: D P35
Average velocity of Meandering section and Control canal

(A7 T m/s)
WEATIX i B X

Wy | R | P | B
e 0.277 0.109 0.287 0.132
P THT  H 0.242 0.097 0.276 0.125
it A 0.203 0.095 0.268 0.119
REWT A * | 0.102 0.087 0.055 0.057
EZATIERY ey 0.094 0.109 0.051 0.071

T BRI A B (p<0.05) 283D b L 7ZHH ST

WAL 1h) 13 -1..-.2._I 13 L_%._.S..

2 3
7 -9 =-0 -
A=

a7 Y—h

PRBUHLRE 5 (72
L2, 6-2)

’
$

=
]
(o]

w

it | e

o U —T 53T

HEAT X STHEX
Fig.2 RIS O i
Location of sampling points

Fig.3 JKEKECEET %M
Algae on the canal bottom

MIZCOMEPFEINI N ENDbrotz (Wih
b p<0.05), y HlAIB L Pz FEIZDOWTIE, AEid
HONTmolze ENSL T V=T Cldlin i &
FHAMBO 7N — T LN INE N E D S22 577,

2 EEZEOER

WHLZZEEOY 798X, 7 b)) ¥ 2A%MA Tl
AR T 34 & o7z, MRBRIXE & B L7723
80% L LffIE, MHBOE P72, T4 T Mg
(Diatoma sp.), ¥ % K 7)& (Synedra sp.), A% 75 A
MV g (Staurastrum sp), 7€ 27 FJ& (Navicula sp.),
T h)F X R T AL RE (Scenedesmus sp.), * U
v & (Melosirasp.), 77 I NUlg& (Spirogyra sp.) 725
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Table3 Tk OFIgHHE
Average quantity in order of the algae appearance
LrBRIX HEATIX xit X

&4 P & 455 P J& 45 P
TR E A 2.5 FTR)EA 2.2 Th)F A 2.6
PN 22 A RTIE 2.0 TANT)E 2.4
7147 MY 1.8 FA4T Mg 1.7 F4T7 hYE 2.0
A0 T 1.6 T7TAINOE 1.5 T IR 1.7
743 Fulg 1.6 A0V IR 1.5 A0 IR 1.7
T I 1.5 T IR 1.3 T4 Fulg 1.6
=TT 13 —vF TR 1.3 =vFTRE 1.4
AF T ANVLRE 1.3 AT ANIVAR 12 AF T ANVLR 1.3

726 STOHIHLTATIYIE, VARTE, AFTTAN
VABIETRCORAEME TR S Nz, REBXEC
IR 80% UL FOff & B WIHICET 5 &, fTIX T,
PARTE, TATIYE AYTITANVLAE, Th
VYR, AudIE, Fer I, AT ALAE, T
A3 bFulg, EXTE A RFIE, 747 h~E, -
Yo olg, AYYITAMNVAE, FI)YA ELATA
LA, A0 I)E, TAIPNOEDIHE ko7,
Wiz, MBENEOM % Table 3 27”33, SERXMTH
Byse, b3t (FrNUFA, VARNTE TAT
N<)E) DNERITHEERIX & b [E U725 7278, 4 fnidie
TP 7TA I Falg, HRXIEFEY FEIZo72, 61
X OWFESANEDLY, WITKAFE 7 T8, HERIX
MW7 AIROEE 7, WHEX b LI T AT 4
B CPFl—21 v FlEE, Ward k) 21772825,

Fig. 4 |Z7R9 7Y FuZ g Anfi 67z,

IS T 5 BRSO Cl R ER X B T Mann-

Whitney ® UM %E % 1T o 72 & 2 5,

i %%, Shannon-

Wienwer DZHEEIRBIC BV THEEIIALN - 72
A%, HBEO#EE (U 362.5, p=0.02) HEEIFHO

Y (s

HRIXND 3 7V — FIZonTid, Ml SRR
HIZOWTHEZIZR SN - 7278, BHEOKRE (F
(2,38)=3.76), = v F 7J& (Nitzschia sp., F(2,38)=5.31)
BXU 743 FulgE (F(2,38)=3.80) THEEDH Y,
WEN SR RN LR E Rl R R Lize AT

XIZoWTIdER$ 5,

AT X O WMBEHEONEALIZDOWT T )V — T/ T
Kruskal Wallis B2 & 75722 A, V2 FF (p=0.019),
FEZ I (p=0.023), A5 (p=0.029), 7+ ¥ A
(p=0.032) BXO7F 3 Fo (p=0.039) (22 CIEAL

BV H LT ENHS N5 7,

L HBlEOREDOMIZIL,
=0.86 (171X : p =0.81, X : p =0.89) DA E R
EOMBA®H o7 (p<0.01). HBEOKE L LHETR
HOBIZ S 2T p =0.76 (WEATIX 1 p =0.73, KFHAIX :
p =0.80) OHEZIEDOHBEDH 572 (p<0.01),

WA AT p

BRAREhLEMZ SATRE
A M R

AEYFABMNVLAR

—]

TEIFR
T4T7 bR _J
AR

TAIFuR

YA RFIR

FhYUZA

=y FTR
Figd FEOMBEICLLZ7Y Furs s
Dendrogram of cluster analysis of algae quantity

ORI TIB - EM AR T L FHLT, B
WHE 7 T AY =G L7zDs, Z0 L) RENIZAL N
MNo7z,

Fig.5 ~ 7 IO A b 2775 4 %75F . Shapiro-Wilk
MEDAER, & (p=0.192) K ORREIX (p=0.539) T
ZIEBL A 2 7R L7228, AT IKIZIEBIME 2 R & o 720

3 R ERROBER

ATk TAD &, R EFEBOMIZIE p =049
DIEDHA, FERIX, T THENEIp =0.53,
p =0.42) RSN (Wb p<0.05). L& LiiH#
ESRRETRBOMICIE, P, ATIX B X ORI
XOWFIIZ b HFEMABIEASN o572,

A Wb 5 AR & i E 0.2m/s R (2 V—71), 0.2m/
s YL b 04m/s i (Z7v—72), 04m/s DLl (7 )LV —
73) o CliBlEfE, B SREREEO—IT
WEMN 2T/ THABEITRO SN oz, F
AR MBBES % Fig8 ~ 10 (RS, MEEE L,
FAT7IYE, TAHINUE, AU IECIRAEEER
L, =v77& (F(2,68)=3.12), & FI/& (F(2,68)
=431), A% I AMVLE (F(2,68)=470), T h1) %
A (F(2,68)=3.40), 7 Y7 )% (F(2,68)=8.44) |27 )V —
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Histogram of species number (Meandering section)
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THOEEEN D> T2e LELBMOEE, = v FT7EIE
TN—=T3DHPTIN—T2 L0 Eho7z0 ZOMOF
BTN FIEDNE R 7N — T DTN % Do 720

ThHLLEYARIBIEIIN—T 1> NV—T2 A%

TRUHA

ZDAh, )
\ HRT)E

TAT Mg

=TT R

RETGANL
LJE

FEUTR
TAINE ARV TR
Fig8 7V —7 1 OLBLEE (0.2m/s i)

Appearance ratio of algae in Group 1

7 hUZA

a2 '

\

TAINEE

TARTE

TAT A

=TT R

25&7;< % AT T)E

FEIT)E
Fig9 27\ — 72 OHHEA
(0.2m/s PL_E 0.4m/s i)

Appearance ratio of algae in Group 2

TRRTJE
T RIEA
20
=vFT)&
TAT <&
ABT T ANV
LR -
7 AR A7

FTEITE
Fig.10 7 )V—7 3 OEBIEE (0.4m/s DL L)
Appearance ratio of algae in Group 3

TITAMNVAIBRBTIN—=T 1> V=72 TV—"1>
TNV—=T3, TIN)FRAGTN=T 1> V=73 F
V7 I/ TIEIN—=T 1> NV—=T2 T IV—=T 1> ) —
VARD ALY AR

MHEET M) Y AEOMICHEEZAOHE (p
=0.51) 7%, $REHREE T ) ¥ ADOMIZ p =-0.64 DH
DS (Wgiid p<0.05), F7-, i EEREOMIC
13 -0.88 (p<0.01) DHEWHEDHEDH 72,
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MEATIX 4 5 7V — 7Ok & ZAFEoO Mm%
Figdl ~ 18 |Z7R" 3o &7 NV —TDFHFEEL, A5
FAMVLAE (p=095), FrUFA (p=091), ¥
A FIE (p =090), F¥ 7 F)& (p =090) &DRIZ,
ENFNEELZBAOMENS - 72 (p<0.05)e TNHD
ML, Bk L20iE%E 3 IV — ST e s v —7
MICEEENELFE, v TF TR 2BRVWT—% L7,

FHEIMOFHEL D LI L2V FAY =55 (22—
7)oy R, v — Nk oF >y Fur g%
Fig19 127" 3. A, EBXUBAEML, 7oy Z7ET
MO CHENTHMELTBY, DL - & b IThE
BHLTWh,

5 7V — T OWIGE IR, A 25238, B AY2.33,
C7H242, DA 245 EN3234 70, WFNoMIZD
HEZIR N7 (UBRE) .

5 70— 7 C—IoBliE 5 T 2 4T o 7oA R, R
O#s (F(4,27)=3.708), ¥+ FJJ& (F(4,27)=4.085),
7R % A (F427)=3.636), F ¥ 27 & (F(4,27)
=3.921), 743 Fujg (F(427)=3.245), 20> J)& (F
(4,27)=3.673) THEENAOLNTe = v FTE, T4
T IYEBLIUOAY YT AMVAETIIAEEZITIRON
Lhotze LEIEOMER, FEEND7-MOETIC
BWT, D7 V=TIl L C V- TORBEEIEL W
ZEDHB NI 57,

4 EEBEORFBERERMAE

I TN OV FEERNMAR I, -20.0 ~ -22.3%
L7 o7z (Table ), §°C &% & OB OMELLAH R
B ERDIZE A, TEDOMIZ p =045 (LT,
T p<0.05) DAELRIEOHENH -7, 6°C &
HeEofsE s dMIZp =0535, Th)FALDOMIZ)p
=054, 7HIFOEE DM p =045 v FTIEE
D p =-0.48 DAL DH - 72,

T N— T TR ESH 2T 5728 TAHERBEDE
DN (F(4,27)=5337). ZEILEOMR, 7 Vv—7
C D §CHMD 7 ) — FIZHRTERNZ &2 S 02
o7

v £ £

1 FE

MEATIX & ot IR X O I FE B LA AR 2o 7295,
TN T TIRAEDE L7z, FIZT M) 7 A& L
B OB D B A $R1E 710 O Fit I AL EE O R
H2 D HeMsd 5 2 LN o7,

X B XA BRI Y 72 7 18 O3 X ) OB R I2 7
BH7ze Thb B PEILE U & 9 %5t UAEE O it A
B L-—, BEEIZITWERNDENSL Z EI2L ) IE
Wi & 2 L7ze SR 72 KBRS D> - 72 72 6 B
HOREPHIEE N2 L EZ LMD, BEOKE K
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Fig.19 WTX 5 7 )V—7O7 >y Ku s J 4
Dendrogram of cluster analysis of 5 Groups in meandering section

Table 4 FAKIO IR LEF AR
Stable isotope ratio of organic matter

(HAZ © %)

TN—"7 A B C D E

e -20.9 21.1 223 -20.0 -20.8

BT OHRERICH Y 3 BN DS 6 B EI A DS 1

WZHIL, HRMIZEROTRNDOZEEEDE T 3 5 15
W3 % o

IBATIXIZB W T 70y 7 OETFiEl (C) DOF#EDIVN
S B TFHENTZD, CNPEENIITMITS
N7zo WATKIZBIF S 5 7V —TRloj#EE, 7ay s
DOETHIIMET S C TR PRI (Tuy 7 &7
Oy 7o) I2ET 5 DOMT, CHAEREIZNS o
720 SOEDOFHEBSTTH C I/ S it AT &
Nize 70w 7 5FALIZZEIZED, EOLERED
R SN2 EDTEPD BT,

2 E¥E

A OWFFECHEL L 7238 I3 )1 72 & ok
WA B BHINTETH 5o EEEEREE ORI X4 BT
WX oTELZLY, WETIRFErIE, —vF TR
ENL otz v KIE (1998) s & AL Tw
Do FIALHS (1966) I EZFMNOH S| X o TiiED
60 ~ 140cm/s % 5L, 15 ~ 60cm/s %Pl L7295 2 T,
FE 7 FEIRED/NE AT E MBI B E DD
B ERRTNVGE, ZOFFITEZNE, RFEBRIT IR
L9 5,

Fig3 07> KOs g4k, =y FT7EFMHOME It
NTEZLZBBENDSEH L EE2R LTV, T4abb
7 M) & AR TE DR Z I S E DT
LMD B 05, = v F T, REBROFHES AN
B THRAEIAFTOHRBRERIZ 2 S o7z,

R (1994) O BRI L > CHEZDHEL, 20
LN TWIEIZSCERT 2HIE, O THEEIZK
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SEHENCATAE L, G5 2EERE % 3 5 E 5 A
B (Fers g, =vFTREEE) LEMATEHFIHT
REINET A BREPFWIKTEZVWE LTWE, T
WD & 9 AN ERIGIT CIIRE AR OF) & R IE
HOEH % EVRE % 3 G, 1998) 20
5THhb. NENTDOFHNARIZET A=y FTETI,
REBROFTHRNORAITHHOHIBRERIZR S 2 ho
2o COEMELT, FHLUAROMTH BN
HAHH, =vFTEOBHEEDMIE L Y H T & HE
AbNb, MEDPLRGERE T, MEICETOEEL
AT B, HFE D ZIT VL Lo BREE R S,
KEEIZ BT LR H T 5o

BHEHEOBRBIIWEE L LR EEZ T 5,
FHIHEE AR AR a0 = — % Bk L7214, 8
FER IR 2 TR & e BR 2 TER, L = ROCO BRI 0358 % 5
bho TLTC, REIHIROmZ[IESETCOE Y RO
WERZEL T I FOUBO L O 2fl, RGO % Ml
PHME L CTHET LR EAMET 5 Gl 1998) 6
SR 2SS L 7 SRR & AR L ARl C 2R Lo AT
ETHAHBO 20 Y FEPHI L7-DIIHR OB
HEATWZZ EZRBL TV D, B2 2 EEFEE O
FREEHAS WA, RICBRIDHEBT S 2 L2 BH°
Kz cilo oz BEIZa Yy 2414 A)E (Cocconeis
sp.) WELHROENT=ORTH o720 TORMKE LT
S BAXBRE O 72 5 72 fetk, FERSES O BN E
ZbN5h,

T B OMICIEOMBERA SN2 &1, N
(1999) DL L B DGR E o700 TIUTAERIIZEC
B A, KRERidx&tmlo L) 2EETIE
e, FHBICEERS T AN S WIREIPH 7 5 2220 h L
Nz, $hbb, lAH 5L B2 5 &ML
PR T BH, NS RWHEDFNL ¥ D TUE, DN
A OERHEE, BWESFICEEL S 2, EIkEn
EEFEEDBEINT A2 WEEEDSH Do L LEBEITIX 5 7
W= T OBEREICEEENA LN R P22 LD
RIFFED X 95 /NS L OHIPATIL, G I3 L%
W 2BV E L S wnwE E 2 72,

—7, HBlE L RBEITE OB A S L7z RO
PRENT 5 &9 BiEOKE 2B CILREREICE S
—WAEFEIIZ 5N LD, HEOBEVESZAINT 5 2
ENRTENRREREFOREOIED AD S G -
FAF, 2005) 0 AKERICHEED /NS RIGIT R FERT 5 2 &
KB OMTH L EELHRT H720ICEETH
bo S BITARWIZE CIRTHE & A IEOHBE A S - 72 2
LD, —EOFEL Y VO T TRFEELS/N S WIT &
EDFEDE 53 2 W BB RIE S 7z,

IEFTXOFEE Y A b 75 AWM % R E o 7z
ZEpD, BEOABISHELZBRESZT TR, HFD
HLTOWaWEREDAIN SN/ 8 WvwR B KIIZIZHE
FEDSZ W IREEMIC & > COMGERBEZ T HES NS
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Diversification of Water Velocity Provides Biodiversity of Producer
in a Food Chain

MORI Atsushi, WATABE Keiji, KOIZUMI Noriyuki and NISHIDA Kazuya

Summary

Important factors for aquatic lives in canals involve water velocity, water depth, substrate of canal and plant com-
munity. We can control only water velocity to conserve ecosystem in canal when land improvement project is put into
practice. As water velocity affects environment through succession, variety of water velocity might help us to create
diversity of ecosystem. Algae and detritus are most important producers in ecological pyramid. We analyzed relation-
ship between ecology of the producers and water velocity using an artificial canal.

Water velocity correlated with number of species. On the other hand, velocity correlated inversely with quantity
of algae. Though attach mechanism of Nitzschia sp. is common to Navicula sp., the quantity of the former was not
been influenced to water velocity, but the latter was negatively correlated to water velocity. Quantity of detritus corre-
lated with water velocity, especially vertical velocity. 8" °C of samples collected from behind concrete blocks that have
been set in order to emerge diversity of water velocity was lower than the other samples. The samples were considered
to include more detritus that was derived from terrestrial plants.
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KD EAERD NP a v Misgurnus anguillicaudatus 13,
EEBELTIT o 2 BOKES - RELEO [HAIZO
Az b oA (2001 ~2009 4F) | TR L CHERS
(MU BRI > & — RASBREEES, 2011), BATARER
B FEMFEL o TV D, LAL, HEOERR
BE D AR, B R A IR, R EIR I TR
Ly F7F—=%1) 2 MIREBMENLFOEL =D LT
WA IS D (BRI A - IR IR T,
2011) 0 —7J7, —HBOKHAITIZFY a L ERL T
R, KREDPIRE WEOMARTA QR R 5
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IO EYMEZIZLO & T HTEORANIEIZL S &
(&R - L%F, 2005 : ik S, 2007 : HIZK S, 2009,
2010 : 7K - WK, 2010 ®mARS, 2010), BIfE, 7 F

* R BR LA S s A R LA

e = ey N

ook SR SRR SR AU R R T HE 24

SR 23 4E 12 H 13 HsrH

F—T— N ERERICREY, SEEMNT, T8 —VEE,
TR HH K38

B KRIE e

PERRRECH] * - ARy s e - PEH— 4l *

IV 3 i 171
1 IR DR oo 171
2 LIRS X D TAEEPEIT <o 172
3 LT L B BRI v eeeeeeeerrrrrrrrreeeaanne 172
Vo B 172
S T L LT T 173
SUMMAIY *# 7+ e e 175

B a7 QA RAC~ U EH T I2 2 T 23 T2 E
TRATVD,

O L) IZEEES L EINERT AT KY a T
oL, BEEIEFEICL s THEAEEDR, FVa
TOEBENRYTHI L, TR LS ClElE
FRHEREINLZ EFOWREEY B L, A% EE
BAVREWICIREL TWb (RIS, 2011). FEE, &
WENZBIT AP T FYavofBREFERL Y ay
EDEBHBIZOWTIZM A R L 2272 < (&7 -
¥F, 2005 5 AN S, 2007), RATARERANOBEDE
FEIIHIS D ThW, 2512, FYay EARTEIHEML,
HAMTOZER KRECZ EhE (- & 2006, F
Tav kAT RNV a O X PN T 7 il 5
3 % MIHRAER 85 550 R AR L oD R B i 4 K
(unbranched spinous fin ray of above caudal fin) % 434
TWEOFHMNS B L %25 (Yangetal., 1994)

JTAE, DNA ST ORI L D, SHIERY] 0w
M SMFEDH IS EE L 72 o 72 UNHIZK S, 2010:7F7K -
B, 2010 ; WAL, 20100, LA L, DNA ZGHTICHW
LEMSE B, MESE2HETL L F 2T
T\, DX B, EK - EAR (2010) (X DNA TH
AL 72 EERIZOWT, FHIDE S e BRRIREFE O AL
Il U2k, ISR 5D 2T Vasileva (2001)
THEMINTVLIE —HT 5 L 2R LT, 20O
BRIE S FEIEE R DNA ST 2RI L 22 < T, &AL
FRAGDEDLZ EIZL 5T, PURK RO R B %
RAEMEIEETEL L AR LTV D,

N TR 2 g R, <
I L A Limanda yokohamae & < 77 L A L. herzensteini
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(hnig &, 1974), ~ ¥ A Pagrus major O R & N T
Wi RE S, 1984), F 3 w4 ¥ 1Y Coilia ectenes
D E 1K #: (Cheng and Han, 2004), 7 7" A #H Leuciscus
leuciscus burdigalensis @ il /& ¥ (Poulet et al., 2005),

N 7 7 F F 48 Mastacembelus mastacembelus @ i 14 #
(Cakmak and Alp, 2010), /N2 L ¥ Hypophthalmichthys
molitrix & 37 L Aristichthys nobilis (Yu et al., 2010),
KVWHS T Gadus morhua ORI & N Tt (Uglem
etal, 2011) SFTHHEM SN, T 5 OEHHIII
67.1% (X5 5, 1984) ~ 100% (Uglem et al., 2011)
EEWV, —h, FPavbkhg FYavizonTiaal
(RFEFR) LAWY MA L2 %L, BARIZEE->Tw
2\

FEHOIE, KPEORERBNERREIFRICDZ-
THRELFTZI1CE, 7T FYavilonTHERRIC
T T THEOEREZHS L, ZUie Uz 20t
KaeH LD EDWREEER L, LoL, HESPL2
(2> T LTI, MEATENRE 220 LRSI
Bl z1E, #|EFHR, B2, 77 FYavodgik
WaERAEL, ZNLESAIIERL VL), #ETFH
SFRA T I FYave) Aizwy, ETRw, 117
vy (BREEA, 2011) ] &M —ARICE RS TIT 2
EWVEEHIWNTT B, ZD/DIZIE, FYavehI N
Ta vk 5T A7010, KEERMENIFERREE OW5E
FHZT T, HAZDOEEZLOMEFLERL T2
TBURE, RE =% vs v b, NPORIME, OwTid
HWICRRIZL o TH BT R FHEZ S L 74 <
T 7% 5%\, REFFETIX, DNAGHTICE Y HIBIL 72
Foawens FoaryafvT UhKs, 2010),
B OFALNZEED < MO I 2 E L7z FHIIL
72BN DWW TR 2 ARt I e L, PR S 7z
MO, RS, =5 7 —)VEZEIC X 2RO
FEIZDOWTEREZMA /20

nB, AFEEFLOLIIH2N, AT HEBHOESE
BROBPEIL—RIET > 7V, BE R A
DA BRI > ZOVERING, KR LA geaiid o
Z ERERIIEEEREO DATERIC, SERRAIZE
B4 ZERIITEEICBIT A FY a oI
2, ENENTWH vz, FUN—KEO T W.
Quinn 12X LIS % TRV 27207z RKEF5ED

(BE) KK

— IR e B e (WF 2R FR R AR 5 20580270,
22380133, 23580340) OIExE T CTHEML 720 T I
FELTESHOEEELE I,

I #MEESE

1 EHElY 7

/NHZK S (2010) O DNA 3 HFic & D Bl sz k
VawdMEkEn T FYaw 2R Y T
ELTHW. &EEIL 2008 4E 7 ~9 A2 T, 5
ARULPY 45 #23.0 RESETR BRI C & B85 12 & 0 319l
s, dEK (995%) TF J — )V TREER, — 30C TH
BENT. DNAGH TIZI P2 FJ7DNAD Y b
sa—Ahb#FEFMBL UMMIKS, 2010), 512
AR O MR 1L 72\ 2 & % 4% DNA O protein kinase C
substrate 80K-H & ribosomal protein S2 @ 2 i#fm1 12 X 1)
FERE L7z UNRRS, R,

2 EHRIERMAL

SR (i) KE, WHE, K5 RBWE 2H
£, BEOFI6 EIIlconT, FYSN ) FAEHWT
0.1mm HAZTFHI L 72 (Fig.1) o 304012k (Yang et
al., 1994 ; Park etal., 2006 : i&/K - B, 2010) %%
12, RYavihs Py avogestillory 4%
ERELTHRESIN, BBRIZOWTIEIRED LFHE 3 5
EHI L 72,

3 TR
a FHElIF—42 &FEET -2

AT CIE KA OFHI () 77— LRRISED 5]
B9\ I L 7oA 7 — & 2 wize BREELT— 2 13
BEREORESIHEHIRY ) &, #HMICBT 2
Mo#Z AL S S 2 720108 L7z, AR TIRETLE
L7 — % Z /B 2 LTI A L THV, BRI
BB 2iRAFLTERRL (Bl By, B0

b ERfrtbER
FHll 7 — % LT — 5 # HWTC, RYavens
FYawilonToERVOv A 7S5 AEERT S &
MR, RaFatm CFY, BEmEE sh~kk) %

S-S
3 F%’, i
e

Fig.1 #Hll 6 &167

K3 Misgurnus anguillicaudatus BWE

Six parts measured in this study
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Kz, B OEIZOWTEHDOEDKE (tHE) %
7V, HALRE DA HT & 17 - 726

c  HIRIIER

FPawens FYavryfmikiEy (ZnEh, 0
E1), B AMIERX &2 4EEOH YA A ~
D R L7z HBIE A, B TIEXEHIT— % % v, H)
A A, HKXBIEAT Yy T4 RkI2LD
BRIN SN BRAr 2 25 s L7ze HBIE ¢, D TlaiE(l
Ty x@A L, R Cixeiar, s DI ER
SN ZRUC L D0 155 N725H B D% L4112
DV, HEME, MBI, FRpEE, BHEE L
770 EIROERMIILED 0T, SHEHENT Y 7 M2z
LVHERE 2010 (TR — Y R) & w72,

m # R

1 BRALLEER
a FtAlF—%

FRllF— %12k B FYav3REEkEr I RYay
2AEFEIZONWT ORI O A 75 A, sk,
(RERE ALY T LOTFig2l2R” T, BA NS T4
T, BRABRIKHVOMICL 2EADPELNT, £
ERFYavl s P avolirnEnEnch s,
FPawekho NP avozhnZno¥y £ ik
(mm) 1%, KK T600 £ 19.7 &£ 552+ 140, HET
106 £29 &£ 102 £ 1.8, K& T7.7 £29 & 87 =25,

EET6.1 £22 & 68 23 BFHETS3 £34 k8.1
27 ®ET34*13L53%13%&7%-72 (Fig2),
FHOEIRECTHEEICEO O, FE, K, B
WEHETHOERELE 272 (p<0.01),

SRl — #2 X BEA oM~ b)) v 2 A % Fig.3
VR o MfEIE 24T ORI T\ IEDOFHEE A E # 12
BobN7z(p<0.01), HEARKLFEBRETHY, N3
7 T0.732 (B -%E) ~0974 (kE-HE), #
7 FYavTo0798 (BHE-5E) ~0976 (k- &
W) &7%o72 (Figs),

b ZE#&(TF—%

FHAOBEENT -5 (KRISEDZEHE%) 12X
LHRTavehI KTl avoeANrT L, EEERET
W, (MR A A Figd IJHL) £ L TRT, FHll T —
FIWZEBEA NI AL LT (Fig2), K&k,
AN s, 5oy CIHMEIC L 2EVEHERTE 5,
INSHDO eI KT aTOFEBN T FTar i b
HEINE L (p<0.01), BEH (Yangetal, 1994;2=-
#2006 ; Park et al., 2006) 2312 RfF L —3F L7,
RYawenT FYyavornehol = REikEFE
1, R e TI127 £ 14 2156 + 1.3, BHIE jpe T
10.0 £ 1.0 & 12.1 £ 1.5, BEgp,T56 12 &£ 9.7+
12 &% o7z (Figd)o FE juo & B 0 (2 DI 22 Fl
BT RSN 0AS, MEMRIEmE & b I FH D
PEERZEERLZ (p<0.01),

FHEALT =S I X MM OME~ M) v 7 A%

Bz fAfKmm BE&{mm AEmm
i Koam HhSKTay Koam HhSKRPay Koa HhSKRPay
FEH+HIZERE 600£197 552+140 106+2.9 102+18 77%+29 87+25
/N~ K 22.3~1400 29.0~910 51~224 6.2~15.1 2.1~209 40~148
HRTERER p<001 p>005 p<001
40 20 60 20 60 20

20 10 30 10 30 10

N ~

F !

o 0 0 0 0 o .

- 20 60 100 140 5 11 17 23 2 8 14 20 £

) #

g EBfEmm EBfRmm FRmm %

= Koam HhSKTay Koa HhSKRPay Koam V2l %=Ly o

"—;1 6.1%£22 6.8+23 83+34 8.1%27 34+13 53+13 N\

N 20~148 27~124 1.1~206 3.7~16.1 06~79 3.1~82 3

9 p<001 0>0.05 p<001 'E

5 60 20 60 - 20 120 (20 m

B 5

1 i

30 10 30

0 0

0
2 6 12 16 1
Fig.2

7
PRl T =2 12E 2 PP aven I R a7ilonToORMUO A N7 T 4, Hiflgate, HoEkd

Histograms, basic statistics and results of t-tests for six parts of Dojo and Kara-dojo loaches based on raw measurement data
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X3
- 0.974%%
BER 2 s meve
0.952xx LEEHF  FOaOEMFES (n=312)
4 TERHF  ASFauOREBRM (h=72)
o 0.954%% 0.953%* **: p<001
. 0.958+x 0.9415x = ER: EIRER
=]
i
= 0.954%% 0.953%*x | o 0.967%*
R 0.953%x 0.930%% 0.976%x
L b
D
0.932%% 0.901%% 0.880% 0.894++
B 0.95 T+ 0.902%% 0.921%% 0.918%*
b b
2 [0.820%x 0.855%% | o 0.865%* 0.848%* DJeaes
Fig3 FHll7T—%1CLA R aveho Y adilonToMEOME~ M) v 7 A
Correlation matrix among six parts of Dojo and Kara-dojo loaches based on raw measurement data
ER S 15 m 06  BERupew - KBrrw - EBWSBuee
# koam hokoaw roam Hhokoam koam Hhokoaw
THEFERE 18.1+17 189+19 127+14 156+1.3 10010 12115
/N~ K 14.1~247 151~230 54~16.7 11.2~180 7.2~147 9.1~153
HREFER p<0.01 p<0.01 p<001

EH(BFoao@ERS, n=312)

20 100 40 120
J i‘ [1050J 'D[ZOSOm

==X T SN BERus%

Koa hokPay Koaw HhoRTay
13624 144+16 56+1.2 97+12
43~193 114~189 1.8~90 6.7~126

p<0.01 p<0.01

20 120
J i [ 10 GOJ - I:l [

EH(MASEOaoEFE, n=72)

Figd EHEALTFT—FIZEBFYavENT Y aTIZonTORMMEOL A N7 T4, R, (RERE
Histograms, basic statistics and results of t-tests for six parts of Dojo and Kara-dojo loaches based on measurement data standardized by standard length

Fig.5 (2773, HHBIBILRI i%ﬁf’%@ﬁf?&& D, FH
T=FIZBWTHLNZLS % (Figd), #i— L7-f&m
IRERE S N7 o 720 MIBIEREL D 4 1R1G1 J&w;x (g2
V2l U TR g, — SRR gz, T D RV IEOAHRS (FH
MRS K2 a3 0706, 715 K2 a7 0.733), HEHE e,
— iR e, THROO VB OB BRI FYa
0419, 1 7 F¥ a7 -0.479) 2SEIFEE IR & 1172 (Fig.5) o

2 H5IX
e E N7 B A ~D & 2 0HEMS, ML,

EHBER 2 L) £ &0 T Table 112789, 245 OFF)
R, FEFAEEROFHN F 72 1 E LT~ 5 2 ATIL,

FHESNLHPMEY D0 UTOREIZFYay, 04D
KEWVEEIIHI I KV avirE FHWLZJ FIH L 4T
FHICAEETH Y (p<001), HBILLIZ0.790 CHIFI
B) ~ 0.806 CHIBIF C), IEHBIZ% 4T o51 CH
M C) ~958 (HHIHA) Lo, HHINDENZ
ENENOZEEII s, HHIEA ~ ClE 5 ~ 6 2L,
HHIX DX 2 ZHTHER SN Tw2% (Table 1), #HEGIL
RIEHRIFE ENDB A L, EAVhE o, £A0
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BHRusw
LE&F Foay0EBEER (n=312)
s -0.011 TEREF: HFFOar0OHEBRE (h=72)
=K% -0.094 *%: p<0.01
B EinER
-0.063 0.706%:*
EWSus0s [ .
ke _0.376% 0733%% B AAE pmos
E' e o
BIiE p | —0.419% 0.166%+ (US| 0.222%*
% " -0.479% 0254%+ [P 0391+ EHRE g%
%E 0.199%* 0.503%* 0.416%% -0.015
&% 0.358%x 0.103%x* | -0.050 -0.194

Fig.5

Correlation matrix among six parts of Dojo and Kara-dojo loaches based on measurement data standardized by standard length

BHALFT—FICL B R ameh T Ry a vl onTOMMEOME~ M) v 7 A

Tablel #fL7—%%2HW/zR T avbkhI NP avofystA~D
Discriminant function A ~ D between Dojo and Kara-dojo loaches with part measurement data
IEHBIER %
" - 2R HAX Y (FYav=s0<hIFyay el &tk (n/384)
# — 2« ' R !
R 7 BN |y ISR, * 1 p < 0.05, ** 1 p <0.01) AR | R NV aw (n312)
TihoFYay ()
Y =— 0.117 k£ ** — 0345 HE ** + 0221 1k *
A h | AL (- 2.187) (= 0.941) (0.626) <0.01 0.792 3§'§ ggggfgi
A +0.213 B +0.220 BAFE ** +1.184 £ K ** +0.189 ’ ’ 95'8 (601 72)
(0.467) (0.731) (1.574) )
Y = — 0.115 fK$& ** — 0.337 B ** + 0.335 R **
B AT »HY (= 2153) (~ 0919) (0.945) < 0.01 0.790 3?3 ggggfgi
e + 0.239 BHRE ** + 1.208 F£E ** + 0.192 : ' 05 3 C69/72)
(0.792) (1.605) ’
Y= —0.017 B g0 +0.059 Ry, +0.175 R sz * 95.1 (365/384)
. (= 0.030) (0.080) (0.199) '
i 7;
¢ RIEIE ) wL + 0.030 AR iz, + 0.714 B2 iz, ** — 8.288 ool 80 iiéﬁy%?
(0.067) (0.876) ’
o . 95.3 (366/384)
= R &2 Lo, Kk —
D siefl | By | ?ﬁ;;ﬁjmﬁ’““ +<gé7§;>”“§“‘“ 8.140 < 0.01 0.804 95.5 (298/312)
: : 94.4 (68/72)

BEHIIT SN0,

D L) BREEEMETET IV

BHPTLE GBE) 2% 25 &R0 CHMEEEHIKEL R
L2 s, R omERE: 2 RO72DI11E 2 BRI &
LHPAD D4 FHEHOPTRLZ Y EHB I NS,
HR D TIERBE o & BB pno DL BT RIN X
n, IEHIBIERIE 4R T 953% 2% L 72 (Table 1), 12
URBDIEIZ XD, 25y (0.884) 13HBI D 0 F
WYL Rad I epNTE, ZOEMMIBME gy, (0.273)
D32RIAIB T B0 S SITEE jp TR H B 28 X212
CWHFTH BB, Fige ([ZH PR D I2HB1F 5 HRIE &
A o S OB oo & DBIRZ R T HIFIA D Tl
FYaw3REED) b, 14EE TS KT ay, &
FRYay kD) B, 4k KD a IR
ENDo BHIE SN EAEOHBIME (- 0467 ~1.217)
WXL, ZAUSKHIE T % AR e, & BE R pee D RRHI I

XM (K& E) ZHEBT DL, BN TS DY
TO9.1~125 (3.4), BFyuyld72~90 (1.8) %&b,
By SR OL R WRT L LTIRAZ AL ZEDNTE
% (Fig.6) .

Vv £ £

1 HBIR 04 EFIR

AWFETIE, FPavkns KD avyoipfirlbmse
MR OBERIRGE 2 ) AA, WO R4 2 41 B X
ELCRMIE gy & BR o 22K T 243X D (E
FIBIZR 953%) = HRZE L7z (Table 1), FHll 6 FALO I
BT, FYavohdbhI Fyav i) SRS ..
A E ey, REapa WEZINSOWEOIEH (Oliva

and Hensel, 1961 ; Vasil'eva, 2001 ; )2 - L%, 2005 ;
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76~90 EHF(n)
| ®:FYay—Foa(298)
L | 0 HSESaY—hIKa(68)
18 [ B$15(n)
' @ K a—h5KEDa(14)
@ HSETaY—KDaY(4)

) Imn~mn

¥IRIfE Y
(FPam=s0<a3Foan)

4 —0.467~-0.106

i 11 17
%mE#E%

Fig.6 HI5I5N D 12513 2 H50ME & A e, (F2) R UEERps, (1) & OBIMR
Relationship between score of discriminant function D and caudal peduncle depth (left) and length of barbell (right) standardized by standard

length

Park et al., 2006 ; JIAN 5, 2007 ; iE7K - BAR, 2010) &
T DO DIFRAER S N2A (Figd), BE
RV ER BN 3 EATH TR 2 & AR
IRENTze TNFTH LW E ENTEZMHEOHFIIZ
OWTC, HBA DI ENEEZHIITESLY—LELT,
SHROFHPHIRES NS,

F72, AKX D OFHICBWTIE, FHIEEOKRE
75223 ~ 140.0, RBWEH 2.0 ~ 148, HEAY0.6 ~ 82
(ZnZi mm, Fig.2), B E 40,75 7.2 ~ 15.3, By,
18~ 126 (ZNFN %, Figd) OHEHMIIH LT &,
HIBE Y A5 — 0467 ~ 1.217 12 5 A L5 Bl o W] fE
Pedsd 2 2 EIZHE L UL 5 % (Figs) o

2 1 BRMLIC & B FEASHIR

KO HIA D 1L 2 ZE L 2%\ 25 (Table 1),
FMEDOE T8 3 VS OFHEES NI & 7 D FERE,
FEERHEOFHNBISIMHER L LTWDE 2 ENE L, 7
BEANDFHNF— % D ANIZ—8 ) OFHIEER#Z 5
VENRDH D, LoL, HNADORFErohELEE
ZEHI L 72T, 20EREL 50D d 51
BEFETHIELTE D,

B g TR D OFER T 20, TOAMNT
F L CHIE & O BRI Fig2, 6 IR EN TS, #
Fprg 7.2 ~ 9.0 O, B D EFH G 2 # < TR
H25% % (Fig.6), ZOFBILFTRHOES S EEL T,
Bz 3R L REL NG, REOFHIMEIMERED 5%
UT%6 R ay, 10%0D 60T NP aw &P
REFAHE L Bb b, EE, ok RS0
&, BRI DS K& 7 356 %° DNA 08T H 2 A
KORXZ ) —=v 7L LTHATE 2, RIFFEOFHI
TAEEIZH 100 ISR STV B, Sk, RIS 15

P & 2 PH B OS2 M 5 121, 51,000 ~%%
10,000 MR~ L FHT— 5 2 BRI L DL EN D,

3 EEIC & B AaEINE

ARIFFE TN BT 5 DNA D51 % B
Crzols, FAHERICEK (99.5%) =5 /7 — )V CRE%E
L7z vz, MAERHEAORESICL o TR
BH, EEBROBAMKIITZSY ) —VORBIZE>T3~
10%FEEE L, ZOIEIZN 17 ARETRET 5
Z EDHERR E TV % (Hjorleifsson and Klein-MacPhee,
1992 ; Fox, 1996 ; Kristoffersen and Salvanes, 1998
Cunningham et al., 2000). L7 L, FI5I=N%VER L 7-BE
Tk OmigEs, 1974 =5, 1984 5 Yuetal, 2010 ;
Cakmak and Alp, 2010), & 5 (1984) TL2R%E L
AR DOYGHEIZ DO W THER I N TV R,
RIFFETIEZ D L) ZAEONGHEE ZE L, BERY
6 MARBLE N Yavt I RYavrihllL7z, &
BIXEEZOIGRRICOWTHHEL, ToFEELH
LEMNICTHTELRETH L, BIEDO LT A, HHIHA D
DOIEHRIZR 953% % WFFT 5 720121, AT IVIT—)L
THEIER, 17 AR L 2ME% v, oz
HRTORNESVEEOFMAZHEEIZIT) S EPFETH
5o

A

[

AW TIE, D E DML B AR O RAIZINT
T, EEBICREMICIRESNTYE AT FY a0y
MHPLR L v &) HE—#kIZ S T OFEZ RS,
THEDEELZLEZHBELLTWD, T Y ay
IR a7 EAEHEBLL, WA FII A EE L ST
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WA, RIFFETIEMIRE T TR, HARROAES
b OMEF L ERMT 2ITEREE, RMa vy v b
NPO Hfk, #HITCEREHEIZL > TLHBHIHEETE B
A A BHEE L 720

FIFEIZBWTIE, DNAGHTICE DHI Lz FTay
3SR2MEfRE T FYay ke T, JEfko 6
e (FE, HE, R, BWE, BWE, HE) ot
W7 — & 125D Ml FBAL i & B S AER & 47 o
Too RHAL (FE) 75— %12 X % BB Ll < I FE 12 IR 70
IO NL o720, BRICEOZEEW%IHRE L 72
LHAL T — & T, R Egry, B grg Rl
BWC R avohnhIa Foavlhb/hEnroiz,
ZMBRWHEOH RN E LT, ROBERIES N :
Y = 0241 BAFE oo + 0.721 F o, — 8.140 (Y = 0:
Fyaw, Y>0: 479 KVaw)

2oL, MEBICEFHIEG OB LT — 5 &2 AT L
FATEESNAHHE YL TORAEIFYay, 04k
DREWHEIRD T FYavE2ERL, RNoOIEHYIR
XK awT955%, HI KV awT9o44% (&KT
953%) &7 h. ROFMHIZBW T, FHIMEEOKE
P322.3 ~ 140.0, RBIEEH 2.0 ~ 14.8, HEA70.6 ~ 82
(FnZnmm), BWE DS 72 ~ 153, 5 pne?t 1.8
~ 126 (ZNEN%) OHPFIZHDZ &, Y25- 0467
~ 1217 DA EERH O RetED S 5 Z L ICHE L %
T B %2 HHR oKL Z M5 121%, 41,000
~%010,000 fEAAOFHI 7T — & 2 HfET 5 2 &, IEHB]
F953% & HITFT H121%, MR TV a3 — )V CTHEER, 1 4
AU RS LA WS ENEF L nwEELERL
720
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Simple Species Identification between Dojo and Kara-dojo by
Discriminant Function Analysis for Conserving Rural Ecosystem

KOIZUMI Noriyuki, MORI Atsushi, MIZUTANI Masakazu,
WATABE Keiji, TAKEMURA Takeshi and NISHIDA Kazuya

Summary

We performed simple species identification between the Dojo loach Misgurnus anguillicaudatus and the Kara-
dojo loach Paramisgurnus dabryanus by discriminant function analysis on body parts, to conserve rural ecosystem in
Japan. Each of 312 Dojo and 72 Kara-dojo loaches were prospectively identified by DNA sequences, and six body
parts were measured with a digital caliper. These measurements included standard length (SL), head length (HL),
body depth (BD), caudal peduncle depth (CPD), caudal peduncle length (CPL) and length of barbell (LB). The means
of CPD/SL%, CPL/SL% and LB/SL% in the Kara-dojo loach were significantly larger than those of the Dojo loach,
while the means of HD/SL% and BD/SL% did not remarkably differ between these species. The following stepwise
discriminant function was selected as the best model when considering significance, correlation ratio and discriminant
ratio.

Y=0.241 CPD/SL% + 0.721 LB/SL% - 8.140 (Y <= 0: Dojo loach, Y > 0: Kara-dojo loach)
The discriminant function allows for the correct classification Dojo and Kara-dojo loaches 95.5% and 94.4% of the
time, respectively (95.3% in total). It therefore provides a valuable alternative method for species identification that
relies on just three part measurements, without the need for other morphological or DNA sequence analysis. Because
of initial shrinkage of specimens stored in absolute (99.5%) ethanol, measurements should be taken after at least one

month of storage.

Keywords: caution needed invasive species, multivariate statistics, ethanol preservation, rice paddy field
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FEHR & AN oB 2 i T L CHREBIE CHINE
138km, VLIF I 1,240km” O —#A I TH B0 A
WCIBREBLOBEREELSDE A ERDGAET S G
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Sampling locations of specimens in the Tama River Basin. The number of specimens is in parentheses.

ANFECld mtDNA @ D-loop % f##T L 720

% 3", Dneasy Tissue & Blood kit (QUIAGEN) ¥ 7= (&
Gene Prep Star PI-80X (KURABO) IZ L > CTH v 7)) v 7
L 7-BE7 5 DNA Z 3l L 72 ¥KIZ MyCycler Thermal
Cycler ¥ 7213 C1000 Thermal Cycler (& % (2 BIO RAD)
v, filih L 72 DNA % %1 & | C Polymerase Chain
Reaction (PCR) |2 & V)% eI % i L 72, PCR T3,
94C, 1508EN 57C, 1507==1) 7, 72C,
1 OMERIGZ 30D R L7, 7I94~v—& L
T Pro S (5- GCATCGGTCTTGTAATCCGAAGAT -3'),
Phe AS (5- GGACCAAGCCTTTGTGCATGCGGAG -3')
M L 720 PCRIZ X 2 BEMREEW O K53 1213 AMPure
(Agencourt) % v 7z

K58 L 72 PCR EW % il 5 C, %M 1K D mtDNA O
D-loop D 3 FEBCHI % 5t AL o 720 FEA MY FUGIZ 1
BigDye Terminator ver 3.1 Cycle Sequencing Kit (Applied
Biosystems) B £ UV, 75 4 ¥ —& L TProS, PheAS
I 2 T 296S (5'- ATATATTAATGTAGTAAGAAACCAC
CAACCAG-3) %L, KISH D542 1% CleanSEQ
(Agencourt) %\ 7z, ¥ — 27 T H—121F3130x1 ¥ =
T4 v 7 T FF 4% (Applied Biosystems) % i/ L 72,

b NTO%1 TORE &RGEBROBEN
Segscape ver.2.6 (Applied Biosystems) % > CHEILEL
H% 74 7V 721, CLUSTAL X ver.1.8(Thompson
etal, 1997) I2&~>T7 54 %> L, DNaSP ver5.1
(Librado and Rozas, 2009) (X o> T/nT7T 0% 4 7%k
EL7Z. HELZNTO Y 47T EDNAT —F N— A
DDBJ/EMBL/GenBank (25§ S LT W27 ¥

A 7% &b+ T MEGA ver.5.05(Tamura et al., 2007) %
W TIRFIC L ) R 2B L, ENAT—icB
VF % RARBAFR E R L 720 AFED mtDNA 12DV Cld 4
A 7 — )V COBIEAEREAHH S 12 SN TB Y (Sakai
et al., 2003 ; Mihara et al., 2005), EtfionN7av 4 7
ERET LI L TIBIH - RO - U - T - dbRE -
Hbe O A 7 — IV TORKBEROILIES T FETH
bo BHIEDIIE N5 — 2 12DWTIE 1000 M D 7 — kA
kT v THE %47 - 72 (Felsenstein, 1985). HEHIDNT
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ver 3.5 (Excoffier et al., 2010) {Z & - C Mantel test (Mantel,
1967) % 47-72,
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MR DL 7 WIEREE (T1, T4) 2B L2E %
EARBED T T ¥ 4 745k h % DNaSP ver5.1 12 X -
T¥yy 7H2FELCHEB LA hiZo~ 10z LD,
EPKE VI EEENSEREDS T E BT S E, —i%
V24 W DA A 72 /AMEREED h 13KVl 2 759 (Frankham
etal., 2002).
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4266 fHRIZ DT 915 ~ 925bp DIFILFEHAE 5 N,
BEHZIE 16 B 4 MIZBWTHA - REDA LN,
ZFEHIA S 30 DT T A4 7 (Hap 1 ~ 30) DSHRH &
7z (Table 1), 26 D/N71% A 7% DDBJ/EMBL/
GenBank |25 $% L 72 (Accession number: JQ410356-85) o
NTay A THBBEIIHE TR 572 (O 4 2k
%€, p<0.01, Table2),

Hap 1 ~ 30 B X BRI N7 0 ¥ A 7% JTI R H0H

e 9 5 &, Hap 1 ~ 30 IZRGRAH4EN] (Mihara et al.,
2005) @7 L— FIZJ& L7z (Fig2). MBEHRER 7 L —
FWIZBWT, Hap 1 ~ 29 13 Z B OEI DN
0y 478X, ZEINOEL G, ZEIEFEIC
B AT 28R (Figl) onTay 4 7 LH
CLH727VL—FBIZEL. —77, Yo ORIZHHBIL
Hap 30 A KB NTOa s 4 TER LS 727 L —
FAIWEL7:. &8, Hap30 LHLH 77 L—FAIZ
EnsnTay A7 [INFURZEAS ] (AR TR
[N e N RN s el 9 b s A N (VA A 29

2 EERMEER (FY

F AZoWC, A AT (v-y i), #d - 30 -
7 v FEAREER (Y-T B), Sciit- 7 > FEARER (T-T B)
ZNZNOFIME = BT 0.43 £ 0.25,0.39 £ 0.27,
0.16 £ 0.11 TH Y, TNETNDOi/D~IAfEIE 0.09 ~
0.97, 0.00 ~ 1.00, 0.00 ~ 032 TH 7> (Fig.3), #rid
AT % & O 2 AR (Y& Y ) o F, &,
EE 5L - T v NMEAREER (TR o F 2k
THED o7z (Steel Dwass test, p<0.05), 7272L, 15D
ENKRE L, BIEER - 7 v FEEEER (T-T 1)
OE% T LM AEHE LD SNz, i - 7~ M
REER (T-TH) O F (3K EEHEE & o R IE O AR B
AR 57275 (Mantel test, p<0.05), Z LAt
R CIERRO 5N h > 72 (Mantel test, p>0.05)o

3 NTO%ATSHEE (h)

hIZDWT, SEEEE (Y1 ~8) &3 - 7~ FH
RIE (T2, T3, TS, T6) T IL-EN DTGl + IEHEAF 71T 0.48
£029, 073 £0.14 TH Y, m/h~wmAEITENEN
0~ 0.76, 0.55~ 0.86 TdH o 7> (Figd), Fift - 7 F
TREED h 12 0.5 LEDMEZ R L7Z2DIH LT, B
FHEOHRTIZYS 02K, Y1 & Y8A70.5 LT fE
ZnL7zo L L, A &S - v v FEGgEEO
27N —THD h DFEITEETIE 2D > 72 (Welch t test,
>0.05)

v £ £

1 ERIT—ILIZH T3 R5MEE

EN A7 —)VIZ BT 5 mtDNA @ D-loop DFFATIZ & -
T, RN FY a7 - B0 - - JbkE - R
D6 DOOEMIGIND LIRE SN TS (Sakai et al.,
2003 ; Mihara et al., 2005). =415 @4 140~70 /5
EFNZBALG L2 ARG BB B 1IROERIC X > TH
I L7z & 352 E TV % (Mihara et al., 2005). ATf3E
T, 9, MEHEBOKR N FYa oo itizn
Ty A4 TEBAONT TS A T % TR % R
L, @EAT7 = VTORMEREHRL 2. TORK
ETCOHONTa Y A7 (Hap 1 ~30) ZHRAREND 2~
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Table2 HEEREIZBIFANT0s A TORBEE N7 0% 4 7OFESIE Table 1 & [Alfk.)

Haplotype Frequencies in each population. Haplotype numbers are defined in Table 1.

AR IR

- T v RE AR

YI Y2 Y3 Y4 Y5

Y6 Y7 Y8 T T2 T3 T4 T5 To

24

—
—
—_— = N

23

29 8
30

7 19 4 11 6 6 14 1

W = W W

ot 26 17 24 17 23

24

12 23 5 26 21 6 21 21

L—PFlZg L7, MEAREMDZ L — FOHTIE, Hap
1 ~290O1N7 0% A4 FTIZBEMOLEN, #RINKRD
NTay 4 FERUES T2 L—FKBIZE L7, BRI
WLENOBEERL, CHELDHREEICHRALTEY
(Fig.1), & 7=, #ESCREAEERIM (R 1 U7~ 9 F4FHi) 121,
IR &G L TW bR SN TWA (IR,
1994)c DL oML SEM2 Mmoo R br 8P aw
DOBIEWAERIT/NZIVEHERE SN, T2, SO LR
WFE D R BV CEEE) B RINAKRDONT T 5 1
THREBIIT T L - FBIZELZE2THT 5,

Hap 30 1ZBI7FB9 IZBEFTO A IR N7 1 & 4 7
ERUEY 727 L —FAIWZEL7z. Hap 30 2515 5 L7247
AN (Y6) &, ZEENI &3 Bl & o5k RO
JeflicfiiiE LT b (Figd). F72, Hap 30 23572
BENAI & e b 3B S0 & O AR Tkm L
NTHbo BIONTT Y A4 FIERHTH DA, B)IIZ
FABE)I & AR IS A LB Y (Fig), HIHE
] (89 10 ~ 3 TAERT) (ZIARB) N 2385811 it %
RN TWIEHRI N TWAEZ E2 S (BA, 1981),

B MBI OB DK M r RY a7 OBENAERITNS
WePHENL, L7225 T, Hap 30 285 b 7o 4t
AN, 0S4 (REOES I Eikils
A I EFiR A B S ORI A A LIER) FI2L-o
THEINGRIA S L BT AR FE N7, FE
TILD AR N W23 7 3L BENGIS O S 3% d /N
CRELZWTRESEZ NS, TOORME T,
Hap30 2SHHIENI I ONT 0 8 4 7 (Fi)l] & BRI ZEE AV
SWEHEREINS) LRET 77 L—-FAIELE
Mg sn b, W ERIBICAERT 2 MoffEicond
WA & BRI ORAEDRE SN Tw5 (Bl
(X4 7 F Salvelinus leucomaenis Tl Kikko et al., 2008) o
73, Hap 30 3% 5 - md/ il (Yo) & FEE %
JE I g3st & )11 5is & oK oz firE L, 51152
e OBEAMEHEX Ikm INTH 5 Y7, Y8 Tld¥ 772
L=FAWZET N7y A T3t s zrorzl
L, NSO & B0 & OB CldssE
WIS EDRE S o/ HE SN L, LAL,
NEBZIENHRONT TS A4 TONER L 72054
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Fig2 WAFEIZEVER LT 08 4 TORGH k7 — A Mo v 7SR (%), N7'0 % 4 7OF 514 Table 1 & [ffk,)
Maximum Likelihood tree based on the genetic distance estimated from the mtDNA D-loop region sequences. The number beside each internal
branch indicates bootstrap values based on 1000 replications. Haplotype numbers are defined in Table 1.
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/}140 1 o o o 5
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Relationship between F-value and distance between populations along water course
- ZBWTRER Y b7 =2 & 20y EIRIEE - £
= ﬁ@~%zé%§ ST A Z &L, RN & S
I 5 MO, ZNE R L OB INA R AT M kEE
%’;0.6 - DIREEI EOREREWF T 212 H 72> THI T
Nl HAL D BB LER Do
N RGN BT B B H/NII T, 1940 £ 5 B
2021 H mENANEE GEE, 2010) 12X > THE/NII &
<o |_| HE NN OFAFN E DFICEEZDPEL TWE 72D
YIY2 Y3 Y4 Y5 Y6 Y7 Y8[T2 T3 TS5 T6 MDD S DEEFOWA (HEDOFA) 5% < 1
A Xifg - v R FoNTWD2, RTRICZSTWwhe LM, 4
Figd N705 1 TERE NI O TG SEBI L 5 =Hia > 27 ) — b
Haplotypes diversity of each population RO EAR, A B~ EREICRS L TW b 72

R, BillHFoONTO s L T 2G5 DEEI T v
TENG o I HEE D E T E v,

UboZ &ms, RFFECTHT LA N NP avid
M)A R MK o TEBNRIBIC A U EH N
0y 4 7EFEOMEThHo - EHEREND, 7277, K
TENIZ BT B 7~ YR ¥ )V Luciola cruciata TIX WP ER
RFEHARONT TS A THS, BERFIZBITE A5 HT
AR AR IO NTT F £ THBRIH SN TE Y (#A,
2001 ; 1Ak - R, 2002), AMEIZBWTH AL
FEER S & TV RREEIX S E TE R v, LA L,
HEAEDRFFE 2 381 5 AFED mtDNA fRAT Tld, RKEZD
IR AT LW EHIFT S s 7o s 4 Tt &
T 72\ (Mihara et al., 2005 ; Aiki et al., 2009 ; /)N
Kb, 201000 KU IERFIVRAT I & o P FEETE
WARTHIZBIZ WARETIE, ABAWZRBIO T ML
E W ETRENGE D, SRIEBET 2 iz &0
Te A = VT ORI 2 R 2 LB 5,

2 MR —IVICE B ERHIEE - SN

BB O ER A 7 — V2T, fddE 7232 LT o
AT —VIZBIT L EIZEEC SISV iEH S
CTThholzlze (B - EL, 2005), KAOERKIX
T TiE v, Lo, WiEEIEENUTORTr—

W, KMTr Y ayOMEET A XL TwD L
HEIND, 20720, i - 7 v FOfEEER (T-T
) ACHARCTHEEEREE 2 & AT (Y & Y-T
f) O F, B@Emvae, @R EEED b S RWEE D
BNzt EZ BN D, % DNA K L T mtDNA 1
BRERY A X314 AT 5720, BIZINTEE) (7
KRB THEOZ) 2RI Led v Uhil- 239,
2003)o Pergams et al. (2003) (%, #7% 50 ~ 150 4R D
LD ER EWAT LT, 07 ¥ X I Peromyscus
leucopus ® mtDNA OBIR T L 722 & 2 L
Tv: 5, Hirota et al. (2004) Z £ BEHIH O T 7 A X 3
Apodemus speciosus ® mtDNA % T L, i LIC L -
THM SN MEER O F, 2% 20810 )| Hidk 2
Lo Tl AR O F I RTHELLIEL,
72, B S AR D h RN EERELTEDY,
O EITARWIZER R & v, 72720, KWL TG E
TR & MAERN (VY EY-TH) OF, THho
THMNELZRTEER, AEEFHEOh ThHhoTHE
WEZRTHENRDO LNz 2O EDJERIZAHT
B D, BIEINFEI OB L o TH, B THEED
MLz, F720%, @EOBETFIRE) O RN I
B BALE, BAEESF A ZDOKRARE DIV E Y 7 O
HREDPEELOND Lz,

AR S (2008) 13, HEARILETHCER O ZEANA I A
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B o ARMEDO~< A 270455 14 b DNA FHIS % f#AT L 72
FER, B BRI ERE L BN SO T IR
BOLNLE o122 ERHEL T 5o xSl e fiaT
BN E 7 B 7200 Z O & ARTFSE 2 AL IR 5 2

CANFTERVDS, SISO SHEIISIC BT 5 RO
B SR SO S, BT LD AT IR
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EN T2 (Frankham et al., 2002), ZAL5HD—HDH
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Frankham et al. (2002) &, ¥&38I5CHL 0 2B RS2 I A 1R B
WZHE 720 1 ERLL E DR A DS AUEKIR ISR S
HERBLTEY, ZOZ L IFEIFERICL - TS
T3 (Fl21E Bryant et al,, 1999)o F, R h O H A
5, DR TIIERES I X o THRIEFHREHR 1
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T EENZIREOIRT 255 <720 OB EER (fES
DIRIG Ay DT — 7 O X BRI AR O
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FEAT L 720

B oEEONTTO Y 4 78 & HIHER L 722 T
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Mitochondrial DNA D-Loop Sequence-Based Analysis of the
Influence of River Basin Connectivity and Fragmentation on the
Genetic Structure and Diversity of the Japanese Eight-Barbel Loach
Lefua echigonia

Nishida Kazuya, Koizumi Noriyuki, Takemura Takeshi, Watabe Keiji and Mori Atsushi
Summary

This study aims to analyze the influence of basin connectivity and fragmentation on the genetic structure and
diversity of the populations of the Japanese eight-barbel loach Lefua echigonia in the Tama River Basin, Tokyo, by
analyzing their mitochondrial DNA D-loop sequences. A total of 266 specimens were collected from 8 habitats in
tributaries and oxbows that were perhaps linked by the Tama River and from 6 habitats in streams that were located
in hill-bottom valley (yatsu) and were perhaps fragmented because of the installation of drop structures and concrete
lining for river improvement. Thirty haplotypes were detected in the 266 specimens. Every haplotype from the Tama
River Basin was identified as an endemic haplotype because these haplotypes were classified into a clade of the South-
Kanto group and almost every haplotype was closely related to known haplotypes from the Tama River Basin in this
clade in the phylogenetic tree. Several coefficient of genetic differentiation (F,) values between populations, including
those for populations in the streams in the hill-bottom valley, were high, and several haplotype diversity (%) values
of the populations in the streams in the hill-bottom valley were low. The F, values between populations in tributaries
and/or oxbows were low, and showed significantly positive correlation with the distances between populations along
the water-course. The / values of the populations in the tributaries and/or oxbows were high. These findings suggest
that 1) the populations in the streams in the hill-bottom valley were segmented and reduced because of the measures
implemented for the river improvement, i.e., installation of drop structures and concrete lining, and this segmentation
and reduction probably decreased genetic diversity; and 2) the populations in the tributaries and oxbows constituted a

metapopulation structure, and the gene flow between populations probably preserved genetic diversity.

Keywords: Japanese eight-barbel loach, Lefua echigonia, Mitochondrial DNA, Drainage basin, Paddy fields on hill-

bottom valley, Genetic structure, Genetic diversity
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A Dynamic Computable General Equilibrium (CGE) Model for
Analysis of Rural Development Policies

Yoji KUNIMITSU*
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I Introduction

Japanese rural development policies have changed many times during the 21st century. For instance, asset man-
agement measures for prolonging durable years of irrigation and drainage facilities, drastic reduction in agricultural
public investment, and direct payment to farmers for income support have been decided as new policies. In addition to
these policies, the agricultural trade policy may change, because Japan has expressed an intention to participate in the
meeting of the Trans-Pacific Partnership (TPP). These policy measures definitely affect agricultural production, prices
of food and farmers' income. To evaluate policy measures, the degree of impacts must be quantified in view of eco-
nomics.

The influences of changes in the rural development policy are not only confined to the agricultural sector but
spread to various fields, such as other industrial production and employment. These influences are complicated. Fur-

thermore, economies change according to exogenous conditions, such as a rise in the petroleum price, a rise in the im-
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Keywords: Dynamic CGE model, optimization behavior, first order condition, policy evaluation



190 FER CEERF el 46 212 %5 (2012)

port food price, and a decrease in population of rural areas, which simultaneously affect the real economies along with
policy changes. As a matter of fact, it is difficult for researchers to see exact effects of policy changes by separating
exogenous changes. In order to evaluate the new rural development policy, we have to quantify and designate the exact
effect of policy changes before and after (or with-and-without) the introduction of a new policy. For this purpose, an
economic model based on the economic theory that can duplicate real situations is important.

Actually, many models have been used for policy evaluation. Among these models, the computable general equi-
librium (CGE) model can deal with all markets related each other and can measure the ripple effects of initial policy
changes. Also, this model is based on the optimization of economic actors subject to a restriction of resources such as
labor and land, so the trade-off effects caused by a policy change can be easily taken into account. Trade-off effects are
realized in the real economies if an increase in resources of a certain sector decreases resource inputs in other sectors.
Therefore, the CGE models are useful and applicable for policy evaluations.

Several previous studies analyzed the impacts of agricultural policy reform with CGE models. Kilkenny (1993)
used an interregional rural-urban CGE model to show the effects of farm subsidies in the USA and reported that cou-
pled farm subsidies were not as effective as decoupled (nonfarm) income transfers for promotion of rural prosperity.
Taylor, Yunez-Nude and Dyer (1999) also examined the effects of the agricultural decoupling policy with a village
based computable general equilibrium (CGE) model. Their results demonstrated that agricultural policies decoupled
from price stimulated staple production in Mexico. Philippidis and Hubbard (2001) and Gohin (2006) also used the
CGE model to show the effects of the EU's common agricultural policy (CAP) including decoupled support payments
and partially decoupled support under cross-compliance. These studies showed that the EU's CAP has a marked effect
on increasing the diversity of production through expansion of domestic food processing sectors, but the effects of this
policy on both arable crop and beef production are negative.

As for the Japanese economies, Saito (2002) analyzed the effects of a farmland consolidation project as agri-
cultural public investment. Kunimitsu (2009) measured the economic effects of irrigation and drainage facilities in
Japanese agriculture. Akune (2010) analyzed the economic linkage in the green tea industry. The CGE model used in
these studies were static models. The dynamic CGE model was used by Son et al. (2006), Shibusawa et al. (2007) and
Ban (2007). They respectively analyzed transportation policies, environmental policies and regional effects of policy
change. The application of the dynamic CGE model is ideally suited for evaluating public capital stocks. For evalua-
tion of the public policy, the common CGE model used in the previous studies needs to be modified in its structure by
introducing policy variables.

The present study develops a dynamic CGE model for policy evaluation and explains the structure of the model in
detail. Features of this model are to introduce special structures for agricultural production and food consumption and
to install a recursive dynamic structure.

Following this section, how to derive the equations in the model is presented based on the optimization behavior
of the economic actors in the next section. The third section explains how parameters used in the model can be cali-
brated from real data. The fourth section shows the model closure, Walras' condition and the recursive dynamic struc-
ture. In the fifth section, we show examples of outputs calculated by this model to show how this model functions. The

final section provides the conclusions.

I Model

1 Outline of the model

CGE models are the non-linear simultaneous equations that estimated from actual economic data to duplicate and
simulate how an economy might react to changes in policy, technology or other external factors. The equations are
commonly based on neo-classical theory, often assuming optimizing behavior of producers, consumers and govern-
ment.

The equations of the CGE model in this study are based on the course materials of EcoMod (2010) which is the
world’s leading research, advisory, and educational not-for-profit network dedicated to promoting advanced modeling
and statistical techniques in economic policy and decision making. The equations with “*” are the same equations in
these materials.

Tables 1 to 4 explain the parameters, coefficients and variables of the model. Some local variables are explained
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just after equations. Hereafter, the suffix, 7, j, and k show the industrial sector and i, jand k=1,2, - - - -  n.

Table 1 Parameters for which values are established based on empirical studies

Parameters Explanation
0} Initial value of Frisch parameter in nested-LES (Linear Expenditure System) utility function
n Initial income elasticities of demand for commodity (sec)
oH Elasticity of substitution between food consumption and other consumptions
o F2, Initial elasticity of substitution between farmland and capital-labor bundle in the CES (Constant Elasticity of Substitution)
function (second nest)
o F3; Initial elasticity of substitution between capital and labor in the CES function (third nest)
g4, Initial substitution elasticities of the Armington function
oT; Initial elasticities of transformation in the CET (Constant Elasticity of Transformation) function
Table 2 Parameters for which values are estimated by the calibration
Parameters Explanation
mps Household's marginal propensity to save
oaHF Budget shares of CES household utility function in food consumption (CES-function)
oHLES, Power in the nested household utility function (LES-function)
H, Subsistence in the household consumption quantities (LES-function)
ol Cobb-Douglas power of each commodity in the bank's utility function
alG, Cobb-Douglas power of each commodity in the government investment function
aCGT Cobb-Douglas power of the public consumption in the government budget
aCG, Cobb-Douglas power of each commodity in government utility function
io,; Technical coefficients for intermediate inputs (first nest of production function)
yE2; CES distribution parameter for farmland in the firms production function (second nest of production function)
VF3, CES distribution parameter for capital in the firms production function (third nest of production function)
yA; CES distribution parameter of commodity in the Armington import function
yT; CET distribution parameter of commodity in the combination of domestic output and export output
aFl, Efficiency parameter for capital-labor-farmland bundle in the firm's production function (first nest)
afF2, Efficiency parameter in the firm's production function (second nest)
aF3, Efficiency parameter in the firm's production function (third nest)
ad,; Efficiency parameter of Armington function of commodity (sec)
aT; Shift parameter in the CET function of firm (sec)
Table 3 Coefficients for which values are estimated by the social accounting matrix (SAM) data
Coefficients Explanation
ty Tax rate on income
tc; Tax rate on consumer commodities
tk; Tax rate on capital use
tl; Tax rate on labor use
tm; Tariff rate on imports
tv; Tax rate on value added production including gasoline tax
d, Depreciation rate for the firms capital stock
growthz Initial steady state growth rate
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Table 4 Variables used in the model
Variables Explanation
Price
P, Prices of composite commodities
PD; Prices of domestic commodities for producer
PDD; Price of domestic output delivered to home market
PK, Return to capital for firm
PL Wage rate
PA Rent for farmland
P _AKL, Price of farmland-capital-labor bundle
P KL Price of capital-labor bundle
PE, Export prices in national currency
PM, Import prices in national currency
ER Exchange rate
PCF Price of food bundle
PCM Price of other bundle (not food)
PCINDEX | Consumer price index
Quantity
X Domestic sales of composite commodity (imported and domestic products)
XD, Gross domestic output
XDD; Domestic output delivered to home market
X AKL, Demand of farmland-capital-labor bundle by firm (sec)
X KL, Demand of capital-labor bundle by firms (sec)
E, Exports
M, Imports
LS* Labor supply
AS* Farmland supply
K; Demand of capital stock
L, Demand of labor
A; Demand of farmland
G Demand of consumer for commodities
CBUD Total expenditure for consumption
CBUDF Total expenditure for food consumption
CBUDM Total expenditure for commodities other than food
Y Household income
SH Household savings
1P, Demand of private investment for commodities
1G, Demand of public investment for commodities
CG, Demand of public consumption for commodities
SF* Foreign savings
SB* Primary balance in the government account (+ : debt from households, - : debt from government)
TAXR Total tax revenues

(Note) Variables with “*” are exogenous variables and others are endogenous variables.

2 Production of firm

Figures 1 and 2 show the nested production function representing the decision process of a typical firm. According
to the empirical research on Japanese agriculture, substitutability of farmland and other input factors such as labor and
capital is limited (Egaitsu, 1985). For example, if the farmland areas are fixed, the production level can hardly change

by changing other input factors. Considering these findings, the firms' optimization behavior is described as follows.



BAED  BREEROFEOLOOLH—BEE T 7V OER

XD;
| | |
X1 | X; |4 X, X KLA
4 X KL
K L
Fig.1 Structure of production in the agricultural sector
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Fig.2 Structure of production in other industries
a Optimization at the 3rd level of the nested production function (K and L)
A firms’ decision on selection of capital and labor for optimum production is defined as:
min Cost =1+ }PK,-K, +(1+4,)PL-L,
1 )
oF3,~1 a3, ~1 =
st. X_KL = aF3,[,;3,. K@ +(1-F3 ), ]"F" ’

From the first order condition (FOC) of Eq. (1), demands derived for capital and labor are:

o3, (M1).
-3 Py o (XKL )
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(M2),
+(1=3F3) {1 +4, )PL}‘"“”’F;“? (X KL anj

Equations that have “M” in front of the number are used in the CGE model, and others are formulae for stages on the
way.
The supply function derived from the zero profit condition is:

P_KL-X KL =Q+k)PK K +(+4)PL-L, (M3),

b Optimization at the 2nd level of the nested production function (A and KL-burdile)
Firms’ decision on the selection of farmland and other input bundles are defined as:

min Cost=PA-A, +P_KL -X_KI,
2).

1
a2~ l:ld?z.—i

st. X AKL—aFZ{sz 4m +(1 H2)X _KL @,

From the FOC of Eq. (2), demands derived for farmland and for the KL bundle are:

4= :'ind?z& CPATTE [}'Fz.d:z‘ . PATEF

M4).
+(1-4#2, yFu . p KLl-d«*z,];—de (X AKL, aFZ’,) (M4)

X _KL, = (1= 2% - P_KL |2, %% . pA™*
a2
; 12, l,W. - (X AKL,
+0—7F2;)°F1’P_KL5 7, ( - an,)

The supply function derived from the zero profit condition is:

(M5).

P_AKL-X_AKL =PA-A+P_KL-X_KI, (M6).

¢ Optimization at the 1st level of the nested production function {Intermediate inputs and AKL-bundie)
We assume the Leontief-type production function is:

X_4KL 10, 10, &J (3)*

XD min| —=—«771 , et e,
aFli ’0]‘ ioh ioni

where JO is the intermediate input for production. aFl, and io, (i, k=1, - - - ,n) are the constant technical coefficients,

I0
Assuming that the output XD, is produced at minimum cost, so that no waste of inputs occurs and the ratios ia—a

are the same for all i, we can rewrite the above equation as: ’
XD, =—X;;’;I’IF’« =%=...=%=...= f" @,
This equation represents the familiar input-output relations for a particular firm:
X _AKL, =aF),- XD, (M7)* and,
10, =ioy - XD, forik=1,"+-",n 5)*.

The supply function derived from the zero profit condition is:
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PD,- XD, =(1+t,)P_AKL -X _AKL +> (P, -io, - XD,) (M8).
k

3 Consumption demand of household
Figures 3 and 4 show the structure of household utilities and the decision process for household consumption.

In this model, we assumed that changes in the consumption level of food are quite limited even if the relative price of

C u

/

\/-\_\\/

C, C, - C, Coit Coz en Cy

Fig.3 Structure of utilities of a representative household
(Note) CF and CM are total consumption for food relating commodities and non-food commodities.

CBUDF CBUDM

-

KS LS AS

Fig.4 Decision processes of a household
(Note) KS shows nominal capital stocks owned by households and equals total demand for capital stocks in nominal value represented by PK; * K.

food decreases than other manufacturing products. Also, the basic consumption level exists in consumption behavior
as defined by the Stone-Geary utility function (Neary; 1997, Sadoulet and de Janvry; 1995). The concrete equations for
consumer behavior are derived as follows.

Household income comes from capital revenue, labor income and asset income from land.

(Income definition)

Y:ZPK,.~K,+PL-LS+PA-AS (M9).
Consumer saves a fraction (mps) of his/her income, so his/her nominal savings are:

SH = mps(1—-ty)Y (M10)*.
Consequently, total budget for consumption is:

CBUD = (1-y)Y — SH (M11)*.
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After reaching the above income, the household decides how much budget is for food consumption and how
much is for other consumptions. Next, each commodity in the food bundle and each commodity in the other commod-
ity bundles are decided.

Using the above budget, the household optimizes their consumption for each commodity as follows.

a Optimization at the top level of utility
The household maximizes the CES utility function, subject to budget constraints as:

1

gt ol 1\ Yo
aHF -CF ' +(1—aHF)CM }

max U =

st. CBUD = PCF-CF + PCM -CM (6).

Here, CF and CM are total consumption for food relating commodities and non-food commodities. From the FOC of
Eq. (6), demand functions for the food bundle and other commodity bundles are:

—ofl 1-of1
PCF -CF = CBUD, = CBUD 1+(1_“HFJ [PCFJ (M12).
aHF PCM
—oH 1-off
PCM -CM = CBUD,, = CBUD 1+( ol j (PCM] (M13).
: |- aHF PCF

Here, suffix /' and M show classification of the food relating sectors and non-food sectors, respectively. Note that the
total expenditure for food (PCF- CF) and for other commodities (PCM - CM) correspond to the total budget for con-
sumption within the income (CBUD,. and CBUD,,, respectively).

b Optimization at the 2nd level of utility
In terms of consumption of each food commodity, the household maximizes the Stone-Geary utility function de-
fined as:

max U, =Y (C, —puH )"
if

st. CBUD, =Y (1+1c,)P, -C, .
-~

Here, if', jf'and kf all show the sector classification of the food relating sectors, im, jm and km show the sector classifi-
cation of the non-food sectors. 4, is the minimum required quantity that the consumer purchases first. In these func-
tions, C;, > pH,, >0 forif=1,---n, aHLES, >0 and ZaHLES,f =1. From the FOC of Eq. (7),

i

aHLES,

- LA 8).
(I+1¢,)P, -C, = (1+1c,)P, - uH, +m(l +1¢,)P,(C, — ) (®)
Income restriction in Eq. (7) is rewritten as:
CBUD,. = (1+1c,)P,-C,+ Y (1+1c,)B, -C, ).

K K #if

We substitute (1+1c,,)F,, -C,, in this equation for the first-order condition and derive the demand function for the if
-th commodity in the food sector as follows.
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1
CBUD,, =————(1+1c, )P, -C,
" aHLES,f( o Cy
1-HLES, (10).
7W(l +ic, )P, - uH +;(l+tc,g,)Pkf - pH
(Lt1e, B, -Cp =(Atite, )P, - uH
1n).
+aHLES,| CBUD,, —(1+1c, )P, -C,, — %:(1 +ic, )Py
(I+1c, )P, -Cy, =(+1c, )P, - uH , +aHLES, {CBUDF - 2(1 +ic, )P, ~,uHS/} (M14).
sf =Vsf

As for commodities other than food, a household similarly maximizes the Stone-Geary utility function as follows.

max U, = Z(Cim — pH )

im

st. CBUD, =) (I+t,)P, C, (12).
From the FOC of Eq. (12), we derive the demand function for the im-th commodity as:

im

(I+1c, )P, -C, =+, )P, - uH,, +aHLES,, {CBUDM - Y (+ee,)P,, - #Hm} (M15).

sm=Y'sm

Demand functions shown by Eqs. (M14) and (M15) are a linear expenditure system (LES) for the consumption func-
tion.

4 Export and import

Figure 5 shows the firms’ decision on export and import.

Fig.5 Firms decision on export and import.

The firm chooses domestic market or foreign market to sell its commodities. It maximizes its sales under con-
straints of the constant elasticity of transformation (CET) function with the domestic commodities and export com-

modities as follows.

max Sales = PDD, - XDD, + PE, - E,
st. XD, =aT, [VTI 'EI(UT' -1/ of; + (1_ 7T,) XDDI(GT,—U/GT, ]GT, (eT;=1) (13)*.

From the FOC of Eq. (13), the functions for the domestic commodities and exported commodities are:

o7, /(1-T;)

XDD, = (1—yT,)™ - PDD; ™" [nyT' -PE"" +(1—yT,)" - PDD™" ] (XD, /aT;) (M16)*.



198 BN ORI B22% 2012

and
E, = yI7" - PE/ " [ - PE"™ + (1= 4" - PDD" [ (xD, /aT) MI7)*,

The supply function derived from the zero profit condition is:
PD,- XD, = PE,-E,+ PDD, - XDD, (M18)*,
The firm produces a composite commodity supplied to the domestic market by using the domestic and imported
commodities. According to the Armington assumption, the optimization behavior is described as:

min Cost=PM,-M,+PDD, - XDD,
st. X, =aA,[7A, 'Mf(“""“"”" +(l—74)XDDf“"”'““}”"("’”'D (14)*.

From the FOC of Eq. (14), the import function and the function for domestic commodities are derived as:

M, =y - PM ™A™ M+ (- pt Y - PDD (¥, fad) (M19)*
and
XDD, = (1- A Y™ - PDD, “* [a™ - PM- + (- Y - DD ") (¥, 14 (M20)*.

The supply function derived from the zero profit condition is:
P-X,=PM,-M,+PDD,-XDD, (M21)*.

5 Public spending
Figure 6 shows the revenues and expenditures of the government.

CG, G, cG, 1G, IG; 1G,

SB

Consum
ption tax tariff

Fig.6 Government's decision on consumption and investment subject to revenues
(Note) CGT and JGT are total government consumption and total government investment, respectively.

At the stage of taxation, the government levies taxes on the consumption of commodities, on capital and labor use
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of firms and on the income of the household. In addition the government obtains revenue from tariffs. Consequently,

the government tax revenues are:

TAXR =Y (P, -tc,-C, +tv,- P _AKL, - X _AKL, +1k, - PK, - K,
; (M22).
+4l,-PL,-L, +tm,- PWM®, -ER-M, )+ 1y-Y

Here, PWM" is the initial world price of import commodities.

For expenditure part, we assumed that the government decides the share of public consumption and public invest-
ment according to public opinions expressed by the national election. In other words, due to political reasons, the share
of expenditures on public consumption and public investment is fixed at the constant ratio against revenue. Total rev-
enue is defined as:

TAXR+ SB - PCINDEX (15),

Expenditures of public consumption and public investment are:

PCGT -CGT = aCGT(TAXR + SB - PCINDEX ) (16),

PIGT - IGT = (1- aCGT\TAXR + SB - PCINDEX ) (17).

Here, CGT and IGT are total government consumption and total government investment, respectively. Total govern-
ment revenue denotes nominal values, but savings from the primary balance in the national account, SB, are defined as
the real value. By definition, when the primary balance is in the red, SB becomes negative indicating the government
savings are negative, and vice versa.

After deciding the expenditures, we assumed the efficient behavior of the government. That is, the government
optimizes each expenditure by maximizing the Cobb-Douglas utility function subject to each budget for total public

consumption and total public investment. Optimization decision of the government is defined as:

max U =[]1G"
st. PIGT-IGT =Y P.-IG, (18),

and

max U=[]cG "

st. PCGT-CGT =) P.-CG, (19).

Here, z alG, =1 and ZCXCG, =1. From the FOC of Egs. (18) and (19) and former Egs. (16) and (17), the demand
for each commodity in public investment and public consumption can be defined as:

IG. = alG,- P -(1- aCGT)(TAXR + SB - PCINDEX) (M23).

CG, =aCG, P -aCGT(TAXR + SB - PCINDEX) (M24).

6 Commodity demand by investment
Under macroeconomic restrictions, total savings is always equal total investment. In our model, total savings con-
sist of total household savings, SH, the savings from the primary balance in the national account, SB, and trade surplus
in the foreign account, SF. Note that SB is the real value. The agent “Bank™ maximizes the utility defined by a Cobb-

Douglas function subject to the Investment-Savings balance as:
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max U=[]r™

>'P,-IP, = SH — SB- PCINDEX + SF - ER (20)*.

Here, Z(z[ , =1. From the FOC of Eq. (20), we can derive the following demand function for investment commodities.

P,-IP, = al (SH — SB- PCINDEX + SF - ER) (M25)*.

7 Market clearing conditions and price definitions

a Market clearing conditions

In order to meet the demand with supply, the market-clearing conditions required in each market are:

Labor market: ZL,. =LS Q21)*.

Farmland market: z A =4S (M26)*.

Commodity market: Y io, - XD, +C, +IP, +1G, +CG, = X, (M27)*.
J

Trade balance: ZPWMO,' M, = ZPWE(),- -E +SF (M28)*.

Here, PWE' is the initial world price of export commodities.

are:

b Price definitions

This model uses the composite price index to adjust nominal variables to real variables. The indexes used here

Consumer price index: PCINDEX = Z(l +1c,)P - C,./Z (I+12c)P" - C" (M29)*.
Price of food composite: PCF = Z(l + tc,f) C,f/ (M30).
Price of other product composite: PCM = ; I+, )P, / 2 (M31).
Price of import commodity: PM, = (1+m,)- ER- PWM", (M32)*.
Price of export commodity: PE, = ER- PWE’, (M33)*.

[l Calibration

Using the data shown by the social accounting matrix (SAM), we can calibrate the parameters of each equation

described above. The supply and demand in the SAM data are always balanced, so a model that uses calibrated param-

eters reaches equilibrium in price and commodity in the market. The equations for calibration are indicated by equation

numbers with a “C”. The variables with “0” over the right shoulder indicate the initial values for each variable shown
by the SAM data.

1

Production parameters
From the FOC of Eq. (1), the technological parameters at the 3rd nest of the production function are calibrated by:
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1
73, = o o\,
1+ (+#)PL | K, (C1).
(I1+tk)PK’\ L
0
aF3, = X KL, .
o3 -1 371 o3, -1 C2).
{7/F3, (KOYas +(1- 3, )= } €2
In the same way, from the FOC of Eq. (2), the technological parameters at the 2nd nest are calibrated by:
1
"2 = Vel 2,
P KL A (C3).
l+——= 5
PA” | X KL
0
aF2, = X _AKL, .
o2, -1 2,1 |z, 1 C4).
{sz, (40 + (-2 X KLY } ©4
From Eq. (4), the technological parameters at the 1st nest are:
X _AKL;
afFl, =" - ADOI (C5)*.
io,, = 10°./ XD": (C6)*.
2 Consumption parameters
From the FOC of Eq. (6), distribution parameters at the top level utility are calibrated by:
0 o \ V!
aHF =| 1+ PCMU CLO (C7).
PCF" \ CM

From the demand functions shown by Egs. (M14) and (M15), we can derive the income elasticity for the demands

for commodities as:

_dC, CBUD aHLES-{(1+1tc)P}" - CBUD
T=acBup C, C

i

(22)*.

Using the empirical results of previous studies for the value of # allow us to obtain the parameter value of a HLES as:

{a+1c)p.["-cuD,

oHLES =" o (C8).
where #=F (for the food industry) or M (for another industry).
In case of LES, the Frisch parameter ¢ is equal to:
b= di  CBUD _ CBUD
dCBUD 1 CBUD = (I+1c,)P, - uHd, (23)%,

(Blonigen, et al., 1997). Here, A is the marginal utility of expenditure and shown by the Lagrange multiplier in the
optimization of household utility. The Frisch parameter indicates the expenditure elasticity of the marginal utility of
expenditure and also indicates the money flexibility between essential and non essential goods. Using the empirical

results for the value of ¢ and initial values for variables, zH, can be calibrated as:

piH, = C°s + aHLES -{(1+ 1c,) P, | - CBUD", - ¢ (C9).
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3 Parameters of export and import
From the FOC of Eq. (13), parameters in the export function are calibrated by:

7, =1/|L+(PDD". / PE* )(E®: | XDD°))™"'*" | (C10)*.

aT, = XD", /[yT, BT (| _ ) DD, ]ﬂi’("’a'” (C1)*~.
From the FOC of Eq. (14), parameters in the Armington function are calibrated by:

w4, =1/[l+(PDD 1 PM®,)(M", | XDD®,) ™' | (C12)~.

ad, = X°, /[y, - MO 4 (1 ) XDDO A D (C13)*,

4 Parameters of public spending
Substituting the initial values of variables into Egs. (16), (M23) and (M24), the values of aCGT , adG and aCG
can be calibrated as:

aCGT = PCGT® -CGT*/(TAXR® + SB® - PCINDEX®) (C14).
aCG, = P, -CG", [\aCGT(TAXR® + SB® - PCINDEX® )} (C15).
oG, = P" - IG"; /{1 - aCGT)TAXR® + SB° - PCINDEX® )} (C16).

By substituting initial values into Eq. (M25), &/ can be calibrated as:

al, =P - IP" | (SH® - SB® - PCINDEX® + SF° - ER®) (C17).

IV Model closure, Walras’ law and recursive dynamics

Due to Walras” Law: when there are » markets of which (n-1) are cleared, then the n-th market is automatically
cleared, and we have to fix a numeraire to solve the model. We chose to fix labor price, PL, to be 1 and eliminate the
market clearing condition of labor market in Eq. (21). To check the Walras’ condition, the following equations should
equal zero.

walras = ZL, -~ LS (28).
i

The recursive dynamic structure is composed of a sequence of several static equilibria. The first equilibrium in
the sequence is given by the benchmark value at year, ¢1. In each time period, ¢, the model is solved for an equilibrium
given the exogenous conditions. The sequential equilibria are connected to each other through capital accumulation.

Capital formation is based on the Putty-Clay assumption. Under this assumption capital stock can be converted
from flexible capital into durable goods, but it cannot then be converted back into re-investable capital. Consequently,
the amount of capital stocks by industries is fixed within the year, but investment which will be transformed to the
capital in the next year can move from sector to another sector by searching more revenue. The endogenous determina-
tion of investment behavior is:

INV,(f) = INV®, [P__K(t)] (M34),

where INV({) is the investment in the i-th sector at year ¢ and its initial value is INV’(1). PK(7) is the average service
cost of the capital stock among sectors at year t and PK(¢) = —{ZPK,.(f). The power coefficient, 0.5, is the elasticity of
L

the change in investment with regard to change in the service cost of the capital stocks. Total investment to sectors cor-
responds fo total investment demand calculated at the equilibria of the model, so investment to each sector is rescaled
as:
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=25 1p

2NV () 4 : (M35),
where INVI(f) is the summation of INV(f) in Eq. (M34).
Capital stock at year tis:

K(6) = (1~d)K,(t- 1)+ INV,() (M36).

V Outputs of the model

Figure 7 is future predictions of several variables for this model. In order to solve the model for simulation, the
GAMS (version 2.3) is used. This software is developed by the GAMS corporation (http://www.gams.com/). To cali-
brate the parameters, we used the the SAM data on Japanese economies in 2005.

The growth rate of exogenous variables was set to zero and no technological progress was considered. Hence, this
prediction is seemed to be the pessimistic case on Japanese economies and agriculture. In terms of values by sectors,
we aggregated each sector into 3 groups, i.e. first industry, second industry and third industry to save space.

As time goes by, the total production of agriculture decreases because most of private investment concentrate in
non-agricultural sectors which have relatively high productivity and high price of capital according to the basic as-
sumption explained in Eq. (M34). In order to balance the demand and the supply, price of ist industry goes down and
consumption for mainly agricultural products also goes down. Also, the exports of the 1st industry decrease and the
imports of 1st industry go up because of a rise in domestic market of food. Of course, if technological progress can
be realized in the agricultural sector different from the settings of exogenous variables in this section, the decrease in
agriculture can be avoidable. Since there is not enough space in this paper, such analysis will be conducted in the other
paper.

In total, total income which is measured by the nominal term rises because of above changes. Prices of food and
food relating products make comprehensive price index, PCINDEX, decrease. Also, the nominal tax revenue goes
down as shown by the last graph. These changes simulated by the model are realistic when we consider actual situation
in Japan. Hence, it can be said that the model captures the real Japanese economies.

VI Conclusion

The present study developed a dynamic CGE model for evaluation of rural development policies and explained
the structure of the model in detail. Features of this model are as follows.

First, the nested production structure was used in agriculture by considering farmland. Each nest for production
was determined by the constant elasticity of a substitution (CES) type function and had different substitution elastici-
ties. Especially in agriculture, the substitutability of farmland to other input factors, such as capital and labor, was
assumed to be low according to previous studies. This indicates that if farmland input is fixed and other input factors
are changed, the changes in agricultural production are limited. Such situations are possibly realistic in Japanese ag-
riculture where a set aside program is mandated and possession of farmland is relatively unchangeable. Using such a
production structure, it is easy for researchers to consider policy measures that affect agricultural productivity in the
future.

Second, the nested consumption function was used by assuming that the substitutability of food consumption and
other consumptions was low. At the bottom nest of the utility function, the Stone-Geary utility function was used to
describe consumer behavior within the food sectors and other sectors. Because of such a structure, if the price of food
becomes low, a decrease in food consumption seems to be low as compared to previous models used in other studies
where a simple utility function was used. In Japan, consumption of rice is continuously declining and the price of rice
is decreasing, so the above structure can be accorded with this real situation to make the model simulation more realis-
tic.

Third, the recursive dynamic structure was introduced to consider the chronological accumulation of capital
stocks. Asset management measures that aim to prolong the life time of capital stocks are deeply related to the capital
formation process, so the above dynamic structure is necessary for evaluation of capital stock policies.
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Using this model, the chronological changes in production and price at the market can be predicted by sector and
the situations with-and-without policy changes can be forecast. However, there are several issues remaining. Concrete
rural development policies need to be evaluated by this model and real data. The model structure also needs to be im-
proved to consider the oligopoly situation in certain industries. Furthermore, improvement of the CGE model structure
by considering a forward looking process and overlapping generation structure may be useful to evaluate future situa-

tions.

(Note) Each line shows the ratio of the annual values compared to the values in 2005.

Fig.7 Predictions by variables
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Appendix

Table Al shows the value of each parameter for simulation on Japanese economic situation. These values are

based on the GTAP (Global Trade Analysis Program) database developed by the Purdue University and most of them
were estimation results of previous empirical data.

Table A1 Parameters for which values are established based on empirical studies

Parameters Set values

0} -1.1

Sec 1-7,15: 0.5
n

Others : 1.1
oH 0.4
o F2, 0.1
o F3, 0.8

Sec 1-14: 2.0
g4,

Sec 15:3.0

Sec 1-14: 2.0
aT;

Sec 15: 3.0

The sample data of the social accounting matrix (SAM) for the dynamic CGE model on Japanese economies were

composed from the Input-Output data of Japan in 2005. The SAM data are shown in Table A2.
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Making Arrangements for the Procedures of
GeoWeb Implementation and Its Trials
on Information Sharing in Rural Areas

YAMADA Yasuharu

Summary

The GeoWeb is a sort of the modified World Wide Web interconnected geographic information sources and
processing services by using Open GIS Consortium's or ISO's standards. But its procedures of GeoWeb implementa-
tion have not been well known among irrigation engineers and staffs of land improvement districts, especially using
only open source software and operating systems. The author made arrangements for such procedures of GeoWeb
implementation and produced some copies of the manual CD-ROM. A land improvement district and an area for the
Higashi-Nippon disaster restoration support were selected as its trials on information sharing in rural areas. The author
found some obstacles and difficulties, such as informaion network ~ security, personal data protection, its maintenance
expenses, for the Geoweb disemination.

Keywords: GeoWeb, open source software, information sharing, GIS





