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1.1 BATRBZ XLV — 0 HARE
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1.3 + BB FORBREL AL LTRBEFA O BRMEA AR

+ WX de vE E R W IS AL & L, 25.5 7 ha @ HF o A
AT H22aECTCbLEFOREME TH L., B TIT,
T O JR R EHEJR AZE L OKRBEETRAE RIS
LDAEEMHOEVWEEIEBEIA TS, 2EFHTIE, 1
FoM e o E B oE OB A 5 ha kK DB E
b D H, B oo B BB R K P Hik, 30 ha MOk
O D BEFIL 3467 FC, 2K D 52.6 % E 4 H T
W BH (K 1-2), BFE — F Y%= o H s m T 38 ha
o TRV, dbiEEFY 20 ha DK 245, 2EHF¥Y
1.6 ha ® 24 fFH B & 7 o> TW 5,

F e, NESIZCZWWMHERE TIX, 7 8r v 7 r —
—va vy iFiRXNowmERZENINMHEESL L, a3 F, T v
A1, 28 (¥4 X, TXx, 40T ), N A
a2 O WVWbwWwHME4 BT, ZTNRNENLDNEEOY =T
#aeho s (K 1-3), BF0REEHBITLIHEMI
2,500 fE AT HZICOIEV, &2HE O 23%, 2HO 2.7 %
ZEw Tk Y (JdbieE B %R H KB 3 & & &, 2009),
N E O EBE R AEE KM E L TMHE ST B T
WD,

—F, T TE, L ABREICEH-> TW D ERORZE
AESFRNERBEL, ETLH2HEL S E > TWD, +
B oK THNATCEAANASA T~ 22T UHERAEPESR I
TEBYL, TN AL A~ XAHIEHICET % ER
NEBBIZIT DN T WD, il 2 X5 EE T, BH#o
— B ME R EM A AE AL CEOEFHE L, Z

EIH%

&
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oE BB BDF 2 8l L T % B2 % B 2 fEE MR
AWM T LD LT, ABRBICEKSEL 22V REEENKSR
O & BT RMANSRITS R TWwd (dEE S
Wy 3§ ,2007) .

|D 5haskiii @ 5~20ha O 20~30ha 0 30~50ha @ 50hall k]

+Hs (7.1 13.4 20.7 39.5 19.3
JeifEE 27.1 34.4 12.6 13.8 12.0
0.6 0.5
0.4
A2[E 93.9 4.Emi/
0% 20% 40% 60% 80% 100%
B 1-2 R B Hom R B BB R E R0 B S

%
HoB Bk ¥ v % 2 (2010) X v 1E R
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#2-3 g 65 FFH D CO, HEHFEAL (-COJ i )

i il

] - B B ! N B B
F ilieEs 1=A) (I=a=MA) = A4 1—A) ((1—A—M)A)
=2 72

1 BHPHREEZE 3.74 1.61 34 SREM—UEL 6.17 497
2 FERAHMERESE 414 173 35 IR AL 11.65 5.10
3 &E 6.29 2.62 36 AmiLi 8.76 501
4 BEEV—ER 3.86 1.82 37— 8.79 497
5 ME 347 1.87 38 EEXUEIK 10.28 5.04
6 ik 3.68 1.39 39 RS 11.46 4.90
7 BB 0.00 0.00 40 FEESR 0.00 0.00
8 IERIW 463 1.97 41 ZofthofhE: 10.63 5.29
9 kR - i - RIRATA 0.00 0.00 42 FAEEPRENY - AR 11.81 6.57
10 &% - - R 10.27 6.53 43 R 484 1.94
11 JKPEERAEH 8.80 5.44 44 EERAHE 5.04 1.85
12 fEzk - 5y 8.50 5.64 45 tK 439 1.92
13 ZOfho kN 9.26 6.00 46 E 36.06 34.12
14 1k} 8.05 5.23 47 A - EMiEG 36.82 34.01
15 falkh - AHEEAEE 9.94 6.13 48  JKiH - FEFEALEE 3961 37.26
16 7%z 0.00 0.00 49 pE¥ 2.17 0.85
17 ke TR, 7.35 488 50 4xfl - R 1.70 0.65
18 AR « O OMEHERLE, 8.43 485 51 e 0.89 045
19 HBF - RELE 8.75 5.85 52 i 12.70 10.35
20 FH - i 9.33 553 53 iEE - Mok 1.81 0.79
21 LT HK 13.37 6.75 54 G - fEH—E X 2.62 0.67
22 AT 10.70 5.40 55 N 2.75 0.98
23 Flipll - SR - IR 8.24 5.06 56 #AE - AT 255 1.33
24 {brReEt 10.45 5.23 57 [ - ORf - AT ORIE 337 0.95
25 AT EEmLE, 13.23 6.32 58 Ik 2.27 1.06
26 bk 0.00 0.00 59  FDfoadt—e R 2.12 0.68
27 AP, 9.31 5.28 60 XIEFFEFT—EX 243 053
28 L, 5.35 467 61 BRAY—EX 315 1.37
29 L, 0.00 0.00 62 AL 4.66 211
30 =L, 0.00 0.00 63  ZOfMOXHE A —E X 408 2.21
31 R . R 0.00 0.00 64 FEH 13.36 5.12
32 ZE¥ . il 8.55 5.76 65  JyXERAA 2.98 1.20
33 Shek - N 0.00 0.00




#* 2-4 CO, HF M ¥ L @ &
(H AL : t— CO,/H H [H)

. % W A S A R B i AN A
””j M 4 B AEx B A EX
o Gy B - ¥ fE 5y B - ¥ fE

1 T OB R E 3.74 2.52 1.6 2.04

2 HE M B MR ¥ 4.14 2.52 1.73 2.04

3 # PE 6.29 2.56 2.61 1.82

4 ¥ — B A 3.86 1.96 1.81 1.69
Gk b E BT DR ER O REMEE XD CO2 H KR
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% @ AN 4 E BN 3.84 t-CO,/ha, B @ AW A& 28 1.65
t-CO,/ha, F & M #F # 2 (1%, B dm A5 A& &2 1.13 t
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RPN R I ) Al

¥ m B Y720 O COo, HkH R H L

. TE A+ M 4 4= PE B Pt R B 2 (t-COz/ha)

i (ha) (F M) B AL B AN ED
=0 OB Rk 127,558 130,941 3.84 1.65
' OB MR 119,600 32,584 1.13 0.47
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K2-62FHoMMEREXOmMESE LY O CO, #k HJF B L

P H B AL (t-COz2/ha)

WM 4
(1-A)"* (I-(1-M)A)*
Zx H 1.621 1.242
VWb A 3.379 2.621
o JH 0.881 0.674
b BE JROEF 1
7.648 5.812
Y
& B 1E 2 0.397 0.301

Hie B RE 2RI T 20om@MBEY 72 0 REA MWK
B, oS ms5 (2011) X v 1F K

1,000 -
900 - WBrPYS

kN

800 -
700 A
600 -
500 -
400 -
300 -

(+ t-co,

538

279

200 - 384
100 A 78 211

- = i

RES—E R & E FERFIBIRE R E TR

CO, #t H =

M 2-2 + o REBRE ABMICE T S CO, 0 d Pk H &
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2.4 %X & ®

MBI BT D R A ENE B S M o RE R
ChkE T REBEEEEEICHM T DO 0 KBET — X
LT, T+ o#mEx#EREER2HNBHALT, £EBY
0B LOHEYSY Y O CO, HEH A2 H#HEH L,
HFH®ERIUTOoOBEBY THDH, 2B, K RITEDIH
ERPEOL2ETCERIAET D22 TR TH DN, %M
kBB W TERZSEDHEZEoO EZERMH 280 T <2 iz
0, EHEMEORMED D WVITMHEOERMPBAICD LN
Db 0 EFE XD,

1) + B o & 8B ERE, e MR ¥, & E,
XV — v 248 MBI L5 AEERYE DB @ ANAE
(B Ah +880 N ) CO HF I I A2 13X & EfH L v R & v,
2) —F, RA MR R ¥, R AR REICS W T,
o AN AR (BN ) CO B R B AL E, A EM KDY
N e b, B o ER XL, B ToO COo,HE
NS ELIMEEAMIFR IV LRSI LENIR
VR (T

3) MM R ¥ mBEY 70 O CO, #H B A Tk, /M
B4 EER o & MBMERZEDL, @8 EFEEKOIERTH
MR EZ 3fF L B EE oo e

)+ o REBEEA4AHEMICE T S CO,0
mE, EHHMERE, FREHHER X,
DOMEIZK X<, TN b 50 EiTmAICE T D K&
e T d D,

e

e

[

"/

&

0¢  EE

5
@
s
EE
o
e

TE
M
&
I
)
N
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- || =
+ oM EICIBIT 5 BDF BE&FIAH © 7 BB #

3.1 AE D B

AE TIETREALAEIRSLICTE W TS BDF © 4 E —F
VAT ANRNMELELZEZ, Ty rsm—F7 — 3 Uk
T EZAT 5 MAEERE OB o —fIic BDF Ji B A
T EFEE L, 2 b /B BDF &, R E DL,
FTHKRAMBABT 2RSS ANRBZBERBELZMRE L, &
B O B B2 CO #FHI (MU, EHEEH LRI )IEL LV
H CO HEH (ML, MEHEM LTI )EE ML L,
MEBEHEHIZ DWW TIE, 2 EHOE @B X2 L ICRE
110 48 H IZ > W THEGE 2 1T » 2 WF %8 B (R B & ,2011)
, db v E IS BT D EE M B CO, HE R BT & #E B L T
& w L 2arsEfl (W6, 2011) &5, &6
FEOAEMBICKDD, TOFEEKRKZTLHEMNT S
- M ks M BERA B E R 2 LT,
(2004) & X 2 + B M 5 o E EIMAEY L E O R K E
FEAm O, S (2008) I KD T YA 0RO
WIiZ I 22 x 1 F —IWXB LY CO, i & 0 g
TN D, BEEETIEIHERE - BM2ZH WS
N, mARgE L b, HEE R EE S I EEE O
sk EELLED D RERK, BE, LFERZA
ODAEFEICHE BREAHWPFEHEO AL L WD, £,
o oZEIiE, WIhbd DB oHREZR#RLEL
b DT dH 5,

mOE S X

g
P inf

H

¥

i

\
)

i
b}

/

o
=

g
A oA

pa S S N~

(Y

40



%

/

&

E S

N

]

PE
%
Sl

Bom &

S 3 # ®

%

2y

Er-N
AJL

Ty s u—F5F — g ryrhFAXomMEmERZE TIE, B
T E Lo wm B M TIABNICH WS LD S E N
e rwnw, e, BMWIIREFH NSO N EE T

L0, BEEI TORRMITEMEICLY RS, & 612,
EmBICITE EXMEERLE NS 72 228 LT
FBEBEXNMEEREDIDDYD, BEHE O A, WHMELELAR
FHEPRBRIEHMOMAEE LY LR D, MHE O
MHEEbHE TR, L2rbHEICLYE®HT 5,
MEEHEIXT, RENWICETAEAEBERS L H DHWVITAE
EY TV oRKAME E L CTHIF IS, — BB
IO D AEE Y AT AR OBEAMLELTHR I,

EDO ST, W/EDO 1 X285 1 50O FEETRAT A

&

T
5, Bl 21X, 4 4F0E AT 4 FT 1o YA
ABNEREST DHOT, AT AORE BT 4 EHE
T U TR EEYRAT AMEO KN A
o T DIz O L, BEME X o WM %AW E oG
R WT, Bl 7 mwmFoR#EesRBTEDLAE
72 FiEBNBEERDL, AL (2013)1F, 7 v v 7
— 7 —YaryrhFXNowmEERKRITE T DR EHEMKIE
ks M EBEEAT X LF B X OME CO, #
W B 1 ME-1ha7cv ~0omyHFikrzRELT
, K I o FEEBEBELEZ, KFET, &
EmE LK EHEL BT 5561, 1 FH - 1ha
D OB EE AT X ALFE — B L OMBE CO, #il & &
A D N T E D,

%

HAN L LTHMIT20oNEY THDHDLEEZLLL, 2
)
)

g m o ¢
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Exkg LT, FHBICBWTa AFX, T YA,
41 va , A4 XDWbwdME4LI HET v Yy 7 0R
— 7 —va vy TwmETLIEENRHEAE O E T L
B ELEZ, FMEVWOBBEIT, MEALNEMLRHT
VoY XN FEI I L e, RS E <,
Mx o REMHEZWHZLZHEDOmMBELRIZHK-> L,

A

A

Pl
N
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3.2 FH ik
3.2.1 CO, #F H & @ # & &
3.2.1.1 E#¥ CO,HkHEEHE

E S I B T D E B CO #FH & 1T, B %W RE %
RBE LB ICHEAET D CO8EHE TH O, (3-1) XD
ol mBEE Y ORBEEEICRKR 3-12006 BIRL K
EHMAEZRLC TRODLZ, BEYS T OKREBWNHE R
EXRM LV OBRBHEEERL X OMFEERNDL K
Wl W —FEPEENB D56 1F6E K% ELC L,

N

(\‘y

=Ver (3-1)

Iz

(Y

B: B MM i H B CO,HH & <$>
Vi Bl io R M ESE (L/iha)
t: CO, HE 1% % (£ 3-1[A1H) ( kg-CO2/L)
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# 3-1 CO, HE 12 %
[A]E £ &

E % CO, # i &

57 M
B OB 3 W
s i 2.619 kg/L
H v 2.322 kg/L
e 2K B PR 3.4 g/

g o B = x v ¥ — %R, 2005, N A A~
ANV K 7w 7

[BIH £ 8k i &

Ml # CO, #F i &

57
BE 14 -
B ¥ 3.4 g/ M

Ho - e m s, 2011, el E BT 2 B2 EB
L OVEEBEEE DO CO, 8 H JH B A I oW T
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3.2.1.2 M ¥ COo,# el & o # i
N EXREERZAVEEEZIC LI 2B E COHE
— K iC, dorH Mmoo EERE AT X LI —1L(3-2)xX7D
HECTETLIN, ThzmEERKROPR THERSN D E
L ICY Tl w D e, (3-2) R T BEBBKEEET D
TR ASINLIHER A X LF — 0L HER
50N HY THDLH, EEFHO= XX —RREEE
Ao T Ao E, TomEILICHAE T, H
E, IEZ LIS T DL EDND D,

v

W O

o
N

i

R=P -¢ (3-2)

(
(f
%

R: M o Bl & A= F L ¥ — (M)
P B oA K (1)
SLMg O = kL F — KU ()

%N

* 3-211c, Yy s u—F5—3ariXomERK
THEMH 228 EAMFEEBRBICLIHEER AT XL F
—EZEM L, X 32100V T, QlF, &H jE LI
SAEET A ICHE AT S B E KX EEKIToMERA
T XX —F o T, HAEXIEEKUIME B O EER
LA H S, FE,BENICHHAIND L 2B E L,
(3-3)&% L v k » %,
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Nij Nij

Qi=Ri Piﬁgi (3-3)

YA

Z Z Iz
Qi pHaEAEEHIionHE itk T 2 1ha M7= v ¥

AR R BE BN T oL X — (M)

£ - ha
R 4 i o BB A= 2 L F — (M)
Yii Y EEE OB ST L DA EK (F)
AT M RE B R 0 T R R IE S E B (ha)
it UMM IO & H I BT 5 R (%A K
P M LB IO A (1)
e EEM R O T R X — F A (2
g EEMBEK O T XL X — K (T

B-3) XTI, WwMEFO 1XKFEHREEHABETEHELWVDE D
EEEL, 1IERBOM D E 1HFHBOK S LEZHHIT
WH. LS ARVE AR, Q0 ¥ E i, 4B &
Cnjz 1EH 20 OF AIE~mFEL LT 1IERLL O

T EEEKRCE TR LD LD E T D,
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IF] A%
D K DT E ¥ H

AL

2

HAEXEXHKOMBE CO, #F M
TZE 5

Nij
=Ci—

Nij
Y.A.

(3-4)
YiAiéa
Z Z iz

%
B &£ » 6 RO B D CO, i H
Dij:

HEXNIFEEERIioOR AHEMK ZEL TRD D Z

(3-4)
HEXMEEK i oM B jJIgoEB T 5 1ha ¥ 720 FH
o kg-CO,
OB CO, HE (ﬁh)
Ci: B %M io M $# CO, ki & (kg-COe)
b B EH BB O B COp HE MR M (K529
(3-3) ¥ % ab L O (3-4)K 5 ek, BB
JTn B xR S L7 1995 4FpE X E B R 2 R /FEk &
TREAMWMBNT — % 7 v 27 b LKL (KR 3-1[B]
) (m 7 2002) e N AN AN i ¥
(= =R VST S PR = A N A T o G | A
&, 2007) B WL 2, K EIT,
W EME 2 FBHE DA B DR In A
=R I L o T O FE Bk L

=]

==

¥ o T2
A — F — N

e
=27

Br [k
e i A& T B D,
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#3832 7mysm—F—varhFRTHVLLRD
B O R BB AT R L ¥ —

A
MR 4 i
i 1 2 3 . . . m 2
1 Qu Qwn Qis . . . Qim ;1 Qi
2 Qu . J
3 Qs
. . Qij
n in
= \ i 3 ii=RilYi
+ So b
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))F B EREXZBRBZAVEERZCKSIHEE CO,

=}

B
I
H
t

HELXMEXKRICL2MEX0o LSS, (5)X o0 &k 51T,
A ERMBEIC XD 1 ha B 720 FWyERMBBE CO,
B2, B3-4)yX»rs/Fond k77 22 K%5 1 ha
DS ¥y AR T R CO. HEH OB & Y K AE ¥ o | KU

CCH¥SYLEEZMNREST S, 2B, B# COo, 4t K

Ei=Ci—+Ct—e—=R—0,+P,

-
—

Eij:

Ci:
Yi:
A
Ny .

P::

X, B CIEMEEKE NT 7 X OXBIN WO T
DR EHEM O CO, HEHE R H AL 672 H W 5,

nij ng  Ni nij i
YiAi YA ng YA YA 2 (3-5)
-
FEFBHEXNEEKIONEB jITBIT %5 1 ha Y720

NS Y2 E kg-CO,
XA R [ BE CO, HE Y & (ﬂ)

NI

k 7 Z O [ # CO, ¥k & (kg-COe)

NT X OB ST XD E K ()

N oY ERAMME ST E (h)
NT 7 4 oM B JICB T DY E M EE R K
NT7 2 o ONFE MK (M)
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3.2.2 ETNEBFERORERE
ETAVRFEIFHBOEENRBIERER 2B E L, +
st o — F M) oY HMEsTd D5 38 haz A
L, +B# 7o X Tddasnx, 704, &
A4 X, Nb A4 vaOME 4 E TR Yy 78 —T — ¥
THMEL WD L ELE(ME, BITEKR), =L
T, K3-1oXks>ic, Z0oRBFEOMEG O —HIZ BDF H
EWm TdhH s ¥ xEHALT,ZEI b BDF # & L,
RELEULBICEXR THEMBMAMNME T 24 EKR2MEEL
7= (LL % , BDF A & I 1k %),

BDF H A Al iK% 2 EH T 2101, BITHK R L HF
DWW WM/ TEDIENEMHELERDIN, ZT0OEDHIC
X, BEOEESZMHICH > W &EE S @ 5K MH 202
THEN D DH, HHE L (2014)1F, E T LT Y X A
(genetic algorithm, L F GA & B 9 5 ) O F £ IZ
Vo, Bt Hhm fE, BDF A PE R, pr 2 7B R B K OV F
EE M ICEHTOIEMNSFHEEEZ2WH 2L, Ho, ILKMN
Rehr2mBomBELRLER2ZETHLLEZ, 2o/ KX
3-3» X 9= A% 17.0ha, 7 % A4 5.7ha, ¥ A

\

L
i

.7 ha, XL A4 ¥ 3 8.9 ha, = % % 0.7 ha Tl 5.
P98 Tk, 2 nx BDFEHWBAHEKR O ET VEZRLE
B - M COoO, HfHE=xH#HIFLEL., & 561 BDF
TR R SR o I AR CHLOI A - B )L 1,817 M, %
if M 1,393h TH 2, BEAITHE KR O I HIE 1,932 5 W,
5 8 W M 1,331h & b X T H T, BDF H # Fl H & %
BT RICHE ST, EHTRBLRAEENRRTDH D L F

I O O !

=

=i
o>

e
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z 5

B, aAXFEIKEZT, T A FTEE, S AT
s X CABmKEEBMHELRE, TR0 MMET, BE 4 &
WO BFEICL TR AEST A XGEX T U AR (I
B 200 kg/10a) #ZE L, 7 UV KT ARMKE X
FTExMECTCHL LN, EFORBRKRRNTL ., A% EKFEE
TWEMELIEWVWEEZTILONLDDLLDODEMHEL L,

+HoETLER

BE# 0 7% 38ha

=SV T v A

REERBFZEBEEHER O <:: BDF
B # Fl A o

3-1 BDFEHEMHMAMMBE T VEZROME
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* 3-3 +HICBTLMEME4HOEMNRE EET VE
Z I\ BT DA IO

+ B HE R X
3 (T TR B (R b I RSN S WO TI i S (R O T
e (ha) ( % ) (hal//) (ha)
o A ¥ 47,700 45.1 17.1
F v H A 29,400 27.8 10.6
N LA Vg 23,600 22.3 > 8.5
Xz A X 5,140 4.9 1.8

105,84 100.0 38.0

0
B - de vl E R A IR B F, 2010.

2010 F + s o R EE R 6 B R EOHEFFEREZEZ D 2
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3.2.3 4y AT & H

¥ 3-2 12 R#FJEIT BT 5 CO, % £ & 0 4 #r 4 %2 /R
T, oMMt RELEFEEFTIRENICBT 2 BEEICR
EL, BE»roBELETCoOBEMERBS LR ED O L
BofE R E T oo E MR DL OMEE TR L, 20 BB
HIC K » TIRHEREOLHEESKLHEIZEST LHZREAT
AN F =D REL ERDZTEDTH DL, Bl xF, 7 H
A IFREFELTLHBICHEMAISAL, B LW EKEER LIRS
FTLHANTRLHEEINRD, LL, A4 XX a3 b %L,
W MR, B LEAZMERANTIT S b o, £ IK
B L TEbico THICHmTEENS, £, TAH
BB X, £ 4 X a2 & F X0 (2~ %ML Z2RE
%, WMTHEEELTHo THICHFTESRLSE, Th =X
OEWH T xALX —H EALD 4 N ERYICHET D
DAL, TR 2 RS NICRET 52 LN HEFEL
z 07w, 3-2 T Xk 9l a A X o B ®E YT
M Y% 4 TAIT o 2 & & L, FEAMl o5 BRSA L T2

K341, oI BELEEESL, BXOHWDL
DEREBRMBEZTOBBE®RE T T, B EEMBRITIRE
BMlic@E AT 282 RBIR L, 2oKWBRE®RTIEE
¥R GE MR E 3 K (2005) &ML L, FH X
BB R E CHHEN T OMEEEIT,MIE 4 W TEMNT S
¥ CTX IS T E D20, MEEME O HE R AT EL,
3-3 W2k W T, BE A MM, ¥ EA N LS
B ELXMEEK LYY, BREIWBE 52 87 27 %1
BPWTHBINLD, -, MEAMAE, v=2 7 X

Bk
EOE S

S

Moo

N
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Ty XE NI 7 X EED 10 EEITEEZ O S B M
TfHE LN, 7T — L AT L —FYBIXY®KINTZZ XXM ABIZ
X o THHEERZNEL > TV DH,

FEA LS (B 55 9) P 524 (B354 =
EPZ - [l 3L — 3 JOVEHE - MHECOHEH & I D /NN ) B
R RE Ok
TLF - FEHRXTUY A RN Afa FAX
( S A )
SRR OFH
BHF (R, Akt f3E)
HENE A HERE A il
% . ) C,j]
Bk ‘ -
—r— ALK (HEHRHRD)
+Hk B S T YA (S )
. [T _J A “(a (kT35
| i - A ) "HAR (HEAR BRI
| | | | ’%&Z\(BDF IJ\%I:&E‘
[ e . . ] B T85)
T )
_ it 7 L ok
(i) (b L) 1 l
T )

3-2 oy Mok & #E I
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*3-4 EEA, HEWA B X OB H

B b1 Ve
==4 e, BREREE  BIMEEAER (R WOERDRAR WA Sa¥  ForHg N Agvs HAR
L/h ha/h m E 4 ]

il =5 A oA RSB WA > 3.0 2.8 — 5 1,974,000 1 1 1 0
53 Tu— K&y AHF 8.5 45 16.5 5 415,800 2 0 0 0
HEAE BicAr ~YoaT AT LK 8.0 1.4 3.0 5 2,205,000 1 1 0 1
A=A N=EEP 4 12.0 — — 4 735,000 1 1 0 1

ki VNR—=VTNT T 15.0 0.7 1.4 5 1,102,500 1 1 1 1
THE R &M FA LY T — 45 0.8 3.0 5 393,750 0 1 0 0
b/ 3 o—4 Y no— 13.0 0.6 2.6 5 991,200 2 2 2 2
JERE - FEfE LRy 5.5 0.8 2.5 5 1,183,350 1 0 0 0
TR it % T A 5.0 0.5 2.4 5 1,512,000 0 1 0 1

KT hT T4 5.0 0.3 1.5 5 401,100 0 0 1 0

%158 T =LA L —F 8.0 4.1 16.5 5 2,478,000 6 8 7 6
ok - BREE HNF_—H 5.8 1.0 3.0 5 280,350 0 3 3 3
g 1 Wi = S * 25.0 1.7 45 8 15,225,000 1 0 0 1
E— b —2 & 75 0.2 0.6 5 2,635,500 0 1 0 0

KT hN—_ZH 9.0 0.2 0.7 5 3,328,500 0 0 1 0

P S4B Z hr—F g w8 8.6 1.0 2.1 5 981,750 1 0 0 0
Mg e 1542 YTIAT 17.0 0.6 3.0 5 241,500 0 1 0 0
— NI A — — — 8 10,447,500 15 20 15 15

TR 13 A B
R 2: 87 7 2 OFERREIEIE B ERXEEE O G FHERERE

TEE 3 RZEBAR DN AT AR 20 EDOBLHIIEIZ KV 7 HRITHE— STV DD, AIFZE TIIMO BB OIERAER & DA IEZ RO 7= FReHi

R S AT AR R 2 IV T

HHLPESEA, WAL, SPGB, VR SERIE AL RS AN ARG R S S B M 42,2005, ALl R e AR sE RO ASR AL E R BUH RS 3 Il
2007.3-5% 19 (2007 48) [ EM R & 1 TS U A S/ oAk &

HiE R VAR R N A SRR T,

-
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33MR KV E &

# 351, WMIEKFZTOR TITbh o RBEBFEEICKL DL
fE 1 ha 720 oHE®E COHHEEL 4 & B OBEITHEKRER
(L%, BITHKRR)BXLXOF X200 A/ 58 B O
BDF H # FI A & % (LL % ,BDF H # Fl H £ R )8l i = T,
VRO ERBNL, W—MBICBIT D2HE—F¥o0HE B
CO, HFHEEEIEMTHARZI»BHMAEZE22CHK DL T
— Th D, HE CO,HHEOEMEZLH DD MEEIT, A
VA v I, W e B, T I, D
HETH, toBBAEMNES ZLALEBEATH D, M
HBllcH D E, 1 ha$/=9 o@EECOHEHEIX, T
A4, N A4 va, XA X, FHEFx, 3 hFODIEI
% o 7,

# 3-6 I, BIEXICXbH1 E1 ha ¥7-0 o
CO, ¥l & 2 BT K %, BDF A Fl A1k % Bl R® 7,
Wl # CO #Fh B o K& WEXIT, £ % H 0 IHEMEET
b, TOEBIT, NEHKEOBAFME L&V LI
ME L, WHa2 v AN vidasxe X0 3
rEELEICOLEDLDL K KER - T, EHATHK R &
BDF B A HAKRZLE RS L, A —&BICBT DR —
fE¥( O MHE CO, HFH & X & F XAl &H L 0 #2012 K&
W, ZThiE, R FEEL LT IO MBE O K MK
RhEBE xRS, 8B E22EB O BB ERENZEH L
ks, MAMICHED E, BAITHRZ TIZ 1 /F1
ha 4720 O M CO ¥FH &1X, = 2%, ¥4 X, 7 v
A4, Vb A va DIEICE o=, BDF B # Fl H Kk %
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T, TooY A, FE R, X, XA X, NL A

a OJEIZZ o> T,

FI3-THEHELBEEELEG DY 1 ha e o CO,
HE O &, E#% - HEHFHEREZ2 RS, £ 3-7 &
W, lhai =V oRFHEIXT, BITKZTTET ¥ g
1,130kg-CO,/ha, == A ¥ 1,044 kgCO,/ha, # A4 X 1,015
kgCO,/ha, ¥ 1L A ¥ =z 950 kg-COj,/ha ® JH IT K =
BDOFH M AKX RICEBWWTS 4 OJEA TH T T
¥+ A 1,324 kg-CO,/ha, = A ¥ 992kg-CO,/ha, #

961 kg-CO,/ha, N L A4 ¥ a3 945 kg-CO,/ha @ JIA |

(B
A NN
S W N

W, F &% XX 1077 kg-CO,/ha T, 7 v % A4 & a A
Mg iz 250 51 b,

oSk &b, M CO #F & 28 E# COo, ¥ & & &
bl > 7=, #CH, =z AXFFIMBERAOEENNE L, H
o M B YEMH R IT, 0.42~0.45 &, REH TH D A
L' 4 ¥a, T vvH% A4 058~0.78 Ik XT/Hh &V, H
B MgEFHERTIEZ LA ETCRLEE TV, £
DME N /NESWIFEEFEHATBT DK AN LR HEHTE

N WAEEFANTH L L2 EWKRT L, B CTMHEMHI
Ha A X R N WSS A SR D
R TH oD, Wi -fmx @ BRICEIT D5 CO, # M
NEELTWVWDLI DO EZEZILNLD, £, KEORKRE
b, EEEANEO A ER W BRBERZEIMTITA T
THdHENEMbN D,
#£ 3-8, +t+HBoETFTVER -F YT HBmEL L
wRpl, EEMEM CO, k& DKE 2+, £ 3-8
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X, # 3-5 K V% 3-6 O HEH Z L ofEICYEMNHE OIE

fmEERLT, B AE Lo booTdHDH, £ 3-

8

B W T, BHITHK R T — B x5 1 £ R IC 14,518

O CO, | #HEP WM s 2., BDF B & #l A K
13,820 kg @ CO, L fE T A 2w, Z o B W3

Gl

L7k sicmMBEH R0 ZEFTIZHE BB oOBEM® mMHE

EE#Iic L 20 ThH D, & D % W IEE T+
wofE, HEEXSE, toB®EEMEEL DO TH S,

e

a4

Iz
kg
e

ré{;

S

f@,

Wl 2 CO, HF H & 1T = > DK% THEEK O I A FH

WMITFE LT LD, £H O CO 8 &ITH — T
M # CO, #FH &2 F BT A 2 &, EAZE MK O
WRE R D 2 BN R E S, IR XIS K D] &R
o T %

HEECMHMBEEZAEH LE COHEMHE T, B 8 MH
ZIWZ XV BDFEGAMBERZR® O FT I, %

&
N

R

=R

==N

g

o HE B - M EHEHREERL, BITHK RN 0.58, BDF

fe M H KR D 0556 LIFERAKETHDH, Thb

D

2 o
&
%

il

LD, 2R E2E AL EICXABEEZE T CO,

OHHENSLRLIR)EWWEF R D,
R3IQQWCEFE+HBoETrT VEFR - FYhicmEA
i H OBl CO, #E i & o #ata =~ ¥, & & EIXTE 3-8
BT 5,
# 3-9m 6, EHE CO, #F M & 1X, B M E K

L, BiITHAHKZTClITasrsx, oo % 4, NL AT oa,
A4 XDJE & o7, BDFEABKAMHAKEKSZ I, 7 v %
4 XA XRFAHEBEBICODRE DL TERRDL N DN,
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i
o
[EEN

s

(\ra

S

l_R:.
S
P2

b

R

X 1 ha 720D @D CO, #FH & (F 3-5)n" /A D7 T
LD, M CO &R UIMEMFE R o 2, WKFR
bica saxXxodHEBEBEOE AN KT W, Z o HAIZ
YR A O AFEMBE DR ERNEREL T D
O ThHhDH, ZTORKRK, ETFTARFICET LHE MHE O
%7, M#E 2 55 L7 CO &1L, 2K % 100 %<&
e, EBAITHR R T, 2 5 F 44.9%, 7 % A 30.1 %,
L' A4 v a 20.3%, ¥ A4 X 4.6 %& 7 -7, BDF H #
MR T, 2 4% 42.9%, 7 > &+ A4 19.3 %, N L
> 2
o
&

= 1.8%, ¥ 4 X 14.6%, 7 % % 1.9%& 72 o I

[e]

X ®D 1 ha 720 ® CO, M &EILT= A FIZTKW
(% 3-7)», BHMAT 57 DI & F e F K
B8 LD, RSB HEN THIEZ CO, HH
<, P2 xBBALLILLIBEEEZEEOOAMHE T/ IV
b b,
AR TR, BFEO N T VAR ABERE 1L A
L, LrL, ZL ORRERITNT 7 2 & 8T
BV, Z o E M kN o BT LA
YD, A%IE, VT XAETH BB O FEREEER
Hllbvbilo, TAEBHEERBR T D L O R EELTHE
LM BN DD,

B oA

il

>
93‘"

SIS
A e o v
GIAN
&

S

(\y

iy
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#3-5 WEICRT D REMMIESEIC X D 0R0, dnB B, SFEFER, 1ha 272V OEHE CO, HEH &

EHE: CO, HEH & EHE: CO, HEH &
(kg-CO4/ha) (kg-COq/ha)

= aLX TFUYAL AN Afva AR aALX FUHA RNbAfTa HAR F xR

[AiFE(ha) 17.1 10.6 8.5 1.8 16.9 5.7 9 5.7 0.7
i =5 Al AT 2.49 2.49 2.49 0 2.49 2.49 2.49 0 2.49
sy e 9.89 0 0 0 9.89 0 0 0 0
HEfE 5y A 1497  14.97 0 14.97 14.97 1497 0 14.97 14.97
poiin 56.12  56.12 56.12 56.12 56.12  56.12 56.12 56.12 56.12
T B &R 0 14.73 0 0 0 14.73 0 0 0
et - FHh 113.49 113.49 113.49 113.49 113.49 113.49 113.49 113.49 113.49
FERE - T 18.01  26.19 43.65 26.19 18.01  26.19 43.65 26.19 26.19
1153 30.66  40.88 35.77 30.66 30.66  40.88 35.77 30.66 10.22
ok - R 0 4557 45,57 45,57 0 4557 4557 4557 30.38
I HE 3851  98.21 117.86 38.51 3851 9821 117.86 38.51 38.51
7 S LB 22.52 0 0 0 22.52 0 0 0 22.52
T e 1 2 0 74.21 0 0 0 74.21 0 0 74.21
Xl 306.66 486.86 414.95 325.51 306.66 486.86 414.95 325.51 389.1




# 3-6

W R d 1 2 RSB ESEIC K D4R, BB, XM, 1ha 2720 OfEEE CO, HEHI &

fi#z CO HEH &=
(kg-COq/ha)

fi#z CO et &
(kg-CO2/ha)

124 as¥ Fr¥A4 Nz AR aA¥X TFTr¥hA AN ATa XA RX FEXR

[ fE(ha) 17.1 10.6 8.5 1.8 16.9 5.7 9 5.7 0.7
i =5 Al AT 37.08 37.08 37.08 0.00 41.56 41.56 41.56 0.00 41.56
oal 30.79 0.00 0.00 0.00 31.62 0.00 0.00 0.00 0.00
HENE S A 86.26 86.26 0.00  86.26 88.14 88.14 000 88.14 88.14
Hhkd 26.86 26.86 26.86  26.86 27.17 27.17 2717 2717 2717
T B &R 0.00 32.39 0.00 0.00 0.00 54.42 0.00 0.00 0.00
et - FEHh 31.99 31.99 31.99  31.99 32.63 32.63 32.63 3263 3263
MR - FEFE 54.18 90.04 39.22  90.04 55.06 92.42 37.75 9242 9242
IS 82.00 109.33 95.66  82.00 85.84 114.45 100.14  85.84 2861
R - BRI 0.00 30.50 30.50  30.50 0.00 31.47 31.47 3147  20.98
ygics 342.36 176.20 273.41 342.36 277.71 321.86 258.93 277.71 277171
7 S AL 46.17 0.00 0.00 0.00 45.38 0.00 0.00 0.00  45.38
O LA 0.00 22.62 0.00 0.00 0.00 33.10 0.00 0.00  33.10
At 737.68 643.26 534.71  690.01 685.10 837.21 529.65 635.37 687.69




# 37 HWlEIZR T 2RI LR, d BB, FEHER, lha H729 O CO k&

TEITIRR BDF HGHI AR
(kg-CO4/ha) (kg-COq/ha)

(= asX FTUHA NbAfra AR aLX TV, RNbAfva AR FHR
Bz CO, HEH & 307 487 415 326 307 487 415 326 389
fi#z CO, BEHH & 738 643 535 690 685 837 530 635 688

Aat 1045 1130 950 1016 992 1324 945 961 1077

[EREFIEIEES 0.42 0.76 0.78 0.47 0.45 0.58 0.78 0.51 0.57




# 3-8 EWEIZI T 2 BEEMAEZEIC K DGR, 1EZER, 4R CO, HEH &

TE AR
(o [EREZ 4% Al [EReA kS
(kg-COo/ )7 + ) (%) (kg-CO./F + 4F) (%)  (kg-COA/ 7 - ) (%)

il A oA 90 0.6 1,342 5.3 1,432 3.6 0.07
e 169 1.2 526 2.1 696 1.8 0.32
HEAE > AA 441 3.0 2,545 10.1 2,986 75 0.17
Hhd 2,133 14.7 1,021 4.0 3,153 7.9 2.09
T B &R 156.16 1.1 343.3 1.4 499 1.3 0.45
et - BEH 4,313 29.7 1,216 4.8 5,528 13.9 3.55
FEAE - T 1,004 6.9 2,376 9.4 3,380 8.5 0.42
1S 1,317 9.1 3,522 14.0 4,839 12.2 0.37
HRRE - BREE 952 6.6 638 2.5 1,590 4.0 1.49
IV 2,771 19.1 10,662 42.3 13,433 33.8 0.26
7 S AL 385 2.7 789 3.1 1,175 3.0 0.49
T e 1 2 787 5.4 240 1.0 1,026 2.6 3.28

At 14,518 100.0 25,220 100.0 39,738 100.0 0.58




#*3—8HO%

BDF H #H] AR

(o [EREZ 4% Al [EReA kS
(kg-COo/ )7 + ) (%) (kg-CO./F + 4F) (%)  (kg-COA/ 7 - ) (%)
il A oA 80 0.6 1,342.32 5.3 1,423 3.6 0.06
e 167 1.2 534.38 2.1 702 1.8 0.31
HEAE > AA 434 3.1 2,555.96 10.1 2,990 7.7 0.17
Hhd 2,133 15.4 1,032.61 4.1 3,165 8.1 2.07
T B &R 84 0.6 310.19 1.2 394 1.0 0.27
et - FHh 4,313 31.2 1,239.83 4.9 5,552 14.2 3.48
FEAE - FEAE 1,014.04 7.3 2,388.5 9.5 3,403 8.7 0.42
1S 1,255.08 9.1 3,513.53 13.9 4,769 12.2 0.36
HRRE - BREE 950.91 6.9 656.69 2.6 1,608 4.1 1.45
IV 2,517.9 18.2 10,635.59 42.2 13,153 33.7 0.24
7 S AL 396.41 2.9 798.62 3.2 1,195 3.1 0.50
T e 1 2 474.91 3.4 211.87 0.8 687 1.8 2.24

&gt 13,82003  100.0 25,220.09 100.0 39,040 1000 055




% 3-9 fRfEICIIT D AR IC L AR, SER, 4ER COo, PEH &
BT IR R
i H 4 [fiFH [EXEZ GikEA Al Rk
(ha) (%) (kg-CO//7 - ) (%) (kg-CO./F + 4F) (%)  (kg-CO»//7 « £5) (%)
SIS 17.1  45.0 5,244 36.1 12,614 50.0 17,858 44.9 0.42
F U A 10.6 279 5,161 35.5 6,819 27.0 11,979 30.1 0.76
NA = 85 224 3,527 24.3 4,545 18.0 8,072 20.3 0.78
HA X 1.8 47 586 4.0 1,242 4.9 1,828 4.6 0.47
FH xR — — — — — — — — —
aE 38 100 14,518 100.0 25,220 100.0 39,738 100.0 0.58
BDF H #afl AR
i B 44 i F [EKE2 [ S [ER:AUEERS
(ha) (%) (kg-CO./77 - ) (%) (kg-CO/ )7 + 4F) (%)  (kg-CO.//7 + ) (%)
I AF 16.9 445 5,183 375 11,578 45.9 16,761 42.9 0.45
F YA 57 15.0 2,775 20.1 4,772 18.9 7,547 19.3 0.58
N A3 89 234 3,735 27.0 4,767 18.9 8,501 21.8 0.78
ZA R 57 15.0 1,855 13.4 3,622 14.4 5,477 14.0 0.51
AT 07 1.8 272 2.0 481 1.9 754 1.9 0.57
S 38  100.0 13,820 100.0 25,220 100.0 39,040 100.0 0.55




3.4 F L& ¥
asx, T A4, NV A Ta, A4 XDWbWb

MIE 4 &2 7 v v v —7—v3a iAol Eick
W/ PET 5 38had T VEZFTOHM O~ EHIZ, BDF
JREH o - % 2 &2 L, 226 4%%7% BDF &2, &
FELUERE, BEXTHEHGAMNMHT 2 E25 A K EFHBERERIE
B E L, AEFRF O CO,H#EPHEL IO CO, M ##
PR B A MR L THEAITHR R LKL,
SEW O BEBIZ, BB T LI U X A FIHEICELL E

L, mrx o RBEMFEE2WEEL, WEMEDKDE

K 251w o m Ml R - T,

AKE TIE, LTORERDZIIAL NITR -T2,

1)E # COo gk & 1X, Tt o8& 245 #H > AL, O+ W
e, RXBEINHESE, LToBE L ET LHMFELETK
Twolx L, MERA - HHITEANZMEO SO
IR E 2 HWDIEERKE W,

2)1E 4T & %, BDF H fa Fl & % & & | B CcO, HE
ENHEE CO,HHEZ LRl o7&, B CTH, a b XX
M B A o & A& BN | <, BERBEREAMNDKE WV,

NS X XD 1ha¥ /729 DCOo,#HEF2 AXITHKWT
RKZEWHR, BHAMHET 57202 % H 72 38 mmHEiT
1.8 bk, RBREBEBMTHE CO, i & X
1.9 %& # ) Th 5,

4) BDF BH#H A HK RICBT 2T VEZE1LFNNL
BT BEEAMODEB L ZE 43 % 2 4 X MEICXD L0
Th o, TOoOBHBIX, EMHmEBEOZ I L INEREOM

N
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A REEL CH#ZEAMNMZ KESLTWDZD T
%

SYE M M BN AEAIF LEET VEBR LT Y
W o COp 4k H &I, /AT K TIX 39,738 kg-CO,,
BDF H # Il H & % I 39,040 kg-CO, & 1F 1F [ K %
ThY, FEXEEEMZ D LICK D COyHEHE

~ O BT RV,
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FIVE
TR ICE T 2T RO B KF A O R

41 REDOEMH
AKEOBHMIX, LEE B ics WY T, NaFBREE
M N cHRYE - MBS DS ERBEL, EEEESNK
D ZTOREDRE CO8FHEAZHFT 2., BB, =
LAXEENLRET IHES T LT EZEBIIAAAL T F )
— VBB (BEF) 2 ET 256 &, HlkET 5% x
MmN AFT 40— ALK (BDF) z2®-ET 25H 6 L 0w )
2 o0 F IV FEEEL, TND XL,
dkEE O+ T A RRT D RBEMIERE T
5., ZOMB TREINDIIMEDZIRE L LTS T BB %
AELMEANTHETLIE, BREAMORKRBO &2 6 3,
EMAEERTEOHE K, NA BB REDMOAHRICE D H
IR W O IEMEAL FE WA T E D,
EMHRERORKRBH LR ANAL BB ELTIE, YU ryrofk
¥ L 7: 5 BEF (Bio Ethanol Fuel) &, ®i o A& & 72 5 AN
A4 45 4 — B ¥ FE BDF (Bio Diesel Fuel) 28 % %,
AATRDODOLN TWDLBEFO AT VY v ~DRARBERIT
Rl el 2Bk & 3 % (E3) ThH2d (RFEEHER = XV
¥ —JF, 2014), + B Tk, BEFOFEE & A D T ¥ A4 =
LAXPNAEINTBY, BRI THITIT NS4 =X
J=NVREDORRT T MR RSN, T A X OH
O 2 A X 2 HRBICHFTHNRFEMABRI TR TE 2 (+
b5 18 4R BB A%, 2005),
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BDF Z g ICIRE T& 2 LEREAITHATIT S % (B5)
EO b TWD, BDFOJREB TS %%, ©~U U %0l

BIEBEN, THBTEEHELTRESNL TV DO HRT,

BOF I B H & LT oFEEFEIROTIETAELNL R WY, L7
L, +BicikERMmAEZREIR L, BDF & L CH® - lKiE 7T 5
RMast»P»dvEBEFELo0LEEZzES LTS (HHDL,
2014), £ 7=, L F oAb A REHl A& O & s O BR B~ O BB 7D
5 BDFOHM HIL KA 6, AETEND X957, H
WAEW b EHE BDF B 2 ®HE T 2 BER R £ > T D,

CThETAEBLELTCAEESR CEEEDZRE L L TH
HLzvo, REBEHOEDEHHICEET DI, Y
EHERROEE, BEHRELHOES RE, 2 0EERN
VHEWZRY, ZTACHESISRELCEMNBIORE~DOEE L
TOTHMITL2ILENPEETHL, EFEFHO = XL F—IL
XRREEZE LM T L5 HFiELELTIE, £ X MU S

Kfh 95 LCA FEOHEMBAN BB IZR D 2DDod D N0,
ThooFERAEAERB BT 2EERA, BEHEHZ E
REENZLLTEBY, —HOAERHDIERLT D Z

SO EETM A0 W KRB EN R REREEBIIHR
TOMBENERDIENZ W, KRR TIE, +BHE TR
B lfEmhro AT BB 2 AEEL, BN THE T D
NBREBE AR ONREBERELTCRHATLZZ E2MEL

COEENMMBY AT AN BB ORE S COHEH & IZ
PO X oOnEELE LMo WT, BE¥EEBES I
E R R i 2R BT
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4.2 5 ik
A2ANA TR EEDOZDD VT U F

+ W Hid®k N I BEF, BDF Zhv 2o A& E L % & L,
s A LT YY) B IXORMICEY, BEF 2D
X E3EL%Z, BDF 2L X BB 2R ET 52 L2 EL
oo WEEBITITBENTHE ST LI YU B X OEMIZAR
BETEsrREEL, WEATORBIEIITDODREVE O L L,
#4-1ICBEFB X OREBEY O AEEEICEAT 5 5KMF %R
T, F& 1LIZHB W T, BEF & Z & 9,490 kL I, 2005 2 + W
Wi CHRE SN YU > 210,300 kL O ¥EE R A R B E
3% A B EEM CHME LM TH DH.BEF DR E L L TIX,
T U AT AMmENZMm T, KoWHEBERIALTWD
DI RMEICENLD BB, A X Z2HELL, KBNS L
FiX M REMBERRZICBIT 2 &N LETEAEST D, + B
g X 1 ERMICEB L% 27,000 t AT S, 27,000 t D F

Ry

RO S H 22,090t % BEF A & L THt 4 1 X BEF & & =
9490 kL Wil 7= ¥ Z & "N T& 5, 7L, B TIE, B
Hha LFXFOREDFTEEEASORE L LTHBEALTHD
DT, ITHNbHEBEAICREEIE, F& A2 M S
AT D0, i a AXAERLEICRDL, AR TIEIZ
ODHERICES T, BELZ 4 & 4000 15 H o i ks A % 17
> Z &z MBE L, BEF © R HARIEX, + B2 W THK
HhabhXFno BEFZRESTLZ 2B ELE (M) +BE
B (2005) X EMELHL 2,

# 422 BDFB X QR BEW O AEZICEA T 2 & F %R
3., BDF F % & 6,646 kL %, 2005 4|2 + B M < Ik 5¢ &
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7o B H 125,150 kL D IEER A B R 5 % 4 & BV E 5
THHELZMETH D, BDFOJFEE & LT F ¥ %8BI
HETL ot EMELE, ZoHMBIE, +BoMEEIS
B xEMBIAAL TS, FHoREEERBSOKHO N EN R
< (MEHB, 2014) REOAH TV VED TH D, T X
T FEU I AL M E S+ B R K BRI (2009) 2 FE i L 7z,
MEET X2 xrx0oREEEFAEICBIT 2WIATOHERSREH”
5 350 kg/l0a & & E Lo, MW EIZ/ITH L (2007), % &
(2009) ol 2= &I 30 % (EHIE) ERET D&, F
A X T 572D % B e B AL 6,329 ha & 72
e ZHNIEFTHBoOBMEMEON 248 %ITMHY L, BFE 1
FH 720 TIEMNLZE 0.9had R FmAE &5 n, MiglEoE
TR ZREZ LRI XS BEFER, #BBEMR, NEH TEBROD
BEMICE RS2 (MBS, 2014), BDF O K 58 H i 1%
+ N O RMAEEICTE WY CTREEE R DEEE AT Z X
A LKERIT LI 2B ELLLMEBES (2014) 12 & 5 &
BEE2 MWk, N A BRE T ERICEE T D kI TRE
BrofbagptoRE™ TN, BTEOKRE R Z v FiC
BEINAMRIEESNLD S DL LT,

T, REAMEOEZDICHELEILETHDL, £ 0K
CIHERBELCENZE T 20, AR TIETEECEO T, %
B2 0L COAEICKRDLDIRBEDOD AT HERN L L L2,
LHERICKRDLIAMEFMIRICED 2 DI E, &E
R E AR OB E AT 2 EEHBERICNBR ST D NHE
N DN, TOLLDIZITIhbomMMERZER T L0 HE
NHY, 5%ZOHBFETH 5,
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* 4-1 BEFBLIUOFEHBEWICHT XM

+ B sk U v k5 & (2006) 210,300 kL™!
BEF & % & 9,490 kL™
RN A X ERHEEE 22,090 t"2
BEF ik 7¢ Hi ffi 98 H/L”e

*1 KRESH (2007) *2 3 &E 12 X 3
*3 + b5 B I BB A% (2005)

#* 4-2 BDFB X UOGHEHBIEMIZET 5 &M

+ W5 o g 2 i ik 52 & (2006)

BDF 75 & =
7 H RN &
P 2 i fE

BDF ik 5¢ B {ff

125,150 kL™
6,646 kL"2
350 kg/10a™?
6,329 ha™*

125 /L

*1 ROk EE A (2006),

*2QFHEICT XD
*3 db ¥ JE L B R R B
*4 4 W5 HEH E S O 2.48 %,

71
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422 T la EREBE R O MERK

4.2.2.1 R EEXERB R

AAFSE TIL, HIOETHK L 2005 F -+ B E S K AR
65 MM E L Lk (LR, +HEXLELT) &L T, K410
L oI BEF iEHMEL BDF ®EH M2 M2 287z 25
D 66 MMEXERX (L&, i +HB X BEF B LUK+ B
X BDF LRET) Z2fE L, +HBREIT, 5EBICAEXIH
LDEZFERBAROBE SICEBT D KAMTH O, HEEEE
XL LTREXEZRERbBMOILLL TWVWD, 656 BMD I b,
REMERHMIE, SHAMERE, FRAABERE, $E,
B¥Y — b 20 4HMTH D,

+ B & (65 #8F9) o+ s FR (66 & M)
= MR B H B R E
£ B
£ i L E>7fyuy, W, =M
BV v, B, EIH BEF #l &
7r F8 A~ H 7 FA A~

4-1 NAFTBREZH L WVWEMEL T+ BER
(BEF o )
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42228 AN - BEHEBR OB E

NA TR M o AER EFEHERLIT, LT XD
WwE L, 0¥k, BEF, BDF 1 ho#|iEBETAEL D
W IIRSOEEE L TCHHAT 2 RENH D08, BlEK
BTz oMESHKBE XD EE CER WO, 4 EILE
FEM L L TERXEBRICMHRE AN o T,
DN A FREEE M O & AHE K

BEFIZDOW T, Bk X2 HE & T 5 BEF 4 FE I
HELRBEBANBEORNRIZ O W T+ FERMERE (2005) 28517
STMEB N H D, A EGIZ, FEEoB A, @k, "G
TEoOMTEHED L FHEZ 4B (BKS=Fx, B,
B, E4) o ABHICTOVWTHAEL TBY, K% TIX
oA EXEERICKRKBILE, R 43 ICEKNESEHEEZ R
T EREICE, Z2hb 4mBHUHAICEEZ O AN LEL
LN, MR EXIRETCHLDL, £ T, oFHMIZo
W TR, B (2009) @ FiE L RARIC, B RICE W T BEF
DREXIZETCHL TV IY OB T HAHBLEMOE AR
EAhx#EMH L, BAKRKITIHIC L s CTHEERLZE > LTIz, &
AR BAT HNIL B AR AT S & 6 FE I L (R B4, 2005), &
LM O 1IHENOEEICKLEREBMALLHEAINDEM
Bro &4 2RI, BAKRBATINIE, & 28 0 & EHE 2Dt H
IZ B L TbEb b, I8 H 8 & #E AL
FOVREOEESIHOLDODAERBEN LT NIT, 20 %
bl ElT D,

MEklC, T2 2x%2REE T 2 BDEFAEEIZOD W TS, §#E
mic k2R EH (@M, 2007) 2552, £ 4-4 1277

|
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T EAMHOKR AN ZEEHERE LRI KBRL, ftoilMIL+
Wi oo B E M o & N BE IS o TR AR BAT A I &
o> THEBEEHR S LI,

el X Hic, AWK EEHB AT +HEO L
HEHMMOMBESZICH S LR, ST HREHME A
MR L o M B e M E D B Dy K R R
boFiEeEELRE, BAEMICIE, BEF 5 & " BDF X 3 #f
oo, Bia&ldtEta b L (BT - WHB=E, 2011),
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* 4-3

BEF A DO O ET-2HF AEHEH & &AM

- QUNE %

E U NI = BB 4 B A
(&5 B M)
WA= X TP A EEE 20716 M/t 459.3
G 7T & 11.12 F /kwh 49.7
H (i B T 19 /L 36.4
b fh Tt E oM Rk 27.2 ML 64.3
2 21 609.7

*1 - b5 B IR BBk AE (2005),

*3 40N Wt Y —

*2 de e E 7 /1 (2005)

# 4-4 BDFAE OO E2EEANME & B AHE
B A H H 5 4 W HARE
(a7 M)

> x AN AR EE¥ 101.2 H/kg 3002.4
B VAR W) 11.12 [ /kwh 10.8
7K BT kA 80 M /m?® 0.8
g fY T ofA kS 75 ML 94.7
= G 3108.7
*1 i H 5 (2014), *2 Jb#FE & /1 (2005)

*3 H A K B E

(2014)

75

*4 ERC = (2012)



Q)NA T HREBBPAOBZTEER ORE
FEHEBERORE HFEICTHO W TIE, NA L RE O L ER%
AR E O T EMRITE > THMOICHNERTM L KK
THEMMICE > TS T 2% (5, 2009) &, K
TEMBMOBRICE ST DR N H D (b, 2010), &4 %
T, AESNTEAALATRENR T VY b L ITEMICE
alLTHANTHRZEIN, oG oME L LY, it~
Bl dstzflELTNRNY, EoT, £0O
LEHEE R, REKEBFEMMICBT 2 FH44HE X, REMN
B MR ThH, K (2010) OBFEH & REEICHBEREO
AR O R KT EBM ORI > TS LT,
THBERXRCTREEEBMABAB,A T LFEWMAT D L0 ICK
FEEINTWD, ZhicxLTH++BETIE, SEFMD
DDA TR RETMRHEAEI L FEHEAT L L9
CEE L, ZOFEHMOFTEREICH L T, #ici b
Bt A 2 & & L7z, BDFICBE L Tik, 7 & 33 M I3
T LD, RAMERESMICSI X 20N MATEE 30 &
200 h M &ZEMLZ, BEF, BDF offif Hic k24 Y U v F
FTO®BoORESIL, BAMLLBBEL -,

76



VHEXZEPBROBELENT VARE

CTy#CTy

@ Input  =Input +(CTy - CTy)*A

@ Import , =MxFdregiony_

® CTy- CTy=:0.1%CTy

CT : MW 4 FE %A Fdregion
H g9 o Input

Vv g T Import
A &N R N

M RN E

7

N xR R
SN |

% i A %
i



UEDEFEICHY, EXEBEROHM LMD NT 2N H
Nlld, MEBMOBMNAEERDO EZN 2 TOREENDFICE
WT+0.1 % OFPHIZ A, 2 OoOBEAB{LEITHIZTEALL 20V
Iyl ELE, KFRDOLF IV FHRETIE, N4 FHRE
MM OFHRICIYVRBFES OB IZTE D DN, HBHOHEI
BATHFICLERONEDBEBABREITIIIELL 2 NS O L
LTHRBELE AT U AHFHBEO RN Tk E2K 4-2 120587,
4-2 128 W T, Ot & B 0N A& ER O EHEZ & AR
AT HZ 0 THE 5 m (A M & fF 0 i i 8 f ) itk oy L
AWM 0T 5, TH2EMIMONEFTENED DL DT,
@ZLLTERNAEAFTEZM T L 5B AKEATIICH-
THEBMABEEEZD, THICE-> T, HOMHEHEICEEN
BT DR, TOEBIVIEIMIASND, ZOHBRMELHD K
L, OfMEMOMNEEBRDO ZENET20.1 % OFMICTAD
IO ELLE, NT U AG@MEBEOHEL LT, £ E
Mozl Lic®mES6 (K6, 2009) 28dH 250, KT
T, MM EESMEET TR EARKTHICIE T THAE
HMEBwMATMLAENR LT D20T, BARKITI S
FOBBMAREITI N ED LW E WS AN H D,
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4.2.3 53 BT F ¥
4.2.3. 1 A EFRBE O HE

B L 72 22 0P ¥
MZRKO, BlmANER LI v F =7
AWAER L X v F = 7475 (1-(1-M)A) !
+ BN TH D, WAL
x5z, K

BENMNLBEAREITI AL X OB
17 4l

ot

i AN £R % 4T S
i

(1-A) & & @ A
MLz, ZO0%HAD0HA LI
T+ B & bR < OHPE R B K OVl A & fE T
(4-1), X (4-2) 2% > T, N A T BB M IC & & FTFER

ECEHAOLEFRBEBRMASNER, NEBZLZA

oW THEHE L &,

Py=(I-A) I'Df (4-1)

Poy=(I- (I-M)4) ' -D; (4-2)

WA, WA~ K EEZMD DT, X (4-3) DX DI
Pyt P,k O %KD, T 2o EEREBP,~7 bl

L7z,

Pout:Pall'Pin (4'3)

Z Iz,
I B AL AT S

Ao ANBR AT A

M B N BR EAT S

B NN ETL R PERE R N7 R

all

79



I PN RN T E T DY
Pout: iﬂy%/\{gﬂi&j—éﬁz}éﬁa%‘%%%ﬁ/\ﬁ ]\/]/

Dy WM BB BEAN S b

F72, X (4-4), X (4-5) kv, EEAEFTRDIREPL
gL EFRDREPE RO 2, HEEEFED L IT, A
TR OEKTFEELZO O X EET L7720 0N O EER
O¥IMsGs Th D, MBEAEFREDRIT, BN EZHDT,
BEHENAEEICIVBEENICEFRIND AEHEEZ =T,

P=Dy(I-M) (4-4)

P=Py- Py (4-5)

> > ﬁr
N— N— —

Py, (L BEAEPEFHEENT F IV
P W BAEPERH EBE N7 b
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4.2.3.2 CO, ¥ B/ B 4z
® (4-6) B LUK (4-7) 129> TR AN ER, W&

Mo >R ¥BEAMNEZHREL -,

Car=Cy(I-A) (4-6)

Co=Cr(I- (I- M)A) ' (4-7)

EXDOCz o> T, +BHBHMEBOHMB © CO, H £ ki &
B4 2 1RT—ZF RS0y, +HBEHBIRICET D
TOEXZRFEEEFEICLIDIDTIRAG - XV F — kit H M
I LD 10 HMiIc KL, TAENOEBE CO, #F i &
FRHAELEERMAARESNANTVS (BREBHRAEASHERERK
WM T, 2005), AR T, FieE = X — e M
DHEEXHEBERXROMBM o BE O KRB L > TWDH H KRB
PE Sy B & o kF s B AR (B ¥ EE € MFJE AT, 2010)I2 %t - T,
I b 10# M EEEHEBARORDHE 34 MM IXE 4-51C7R
TRCEBRICH D AR LE, T LT, X 4-5ICHKSE CO,
E#EEMHELH X BEF B X OH + &KX BDF IR T 5
MM AEBRICK L TS L, ZFEHE 100 T H S 2D O
MAl CoO, B ENZ P& LT,

WA W M T D CO#E AL 2 %0 5 72 iz, X (4-8)
DX, Cyul CDEZRD, ZNZHI~H KT H CO;
EHE~X”7 bVvCe,E L,

o

&
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Coutzcall' Cin (4 -8 )

Z 2z,
I B ALAT 4

A BN R AT A

M B AR AT S

Cu: Bl AN AR CO HEH AL L
C,,: Blag ANWNZAER CO, HEH R B L X7 h v
Cy: BEBHAEA TV O MH CO,HE#ZHHEZ L

S bHiT, CB ILUOCUIDAEFR L T, AN - S THESN

5 CO & % 57,
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# 4-5 HP CO, #EH &

WA S E 1% CO, #F i & s 9 % PE € B R K ) A

10 [ (77 t—COy) (34 B 11)

- 25 863 B/ B AL, MEHE R AL, 4 16
i

I 18.903 OB K PE ¥, PR3, Rk

R % e 26.301 ama vz mme,

BAEEH 16.594 fit 12 #6 F9

T RO K — 0.051 BT

[ B o ) 29.663 N

fit 22 7l 1.178 M i

Z O 1.26

T¥ 7010 & &

0 -
BE 3 W) 1.261 Kl - BEZE W AL B
& &t 134.074
i (REABBHESEBRKI I, 2005) O &FE X Y 1E K
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413 RBILOER
ABLEEFRDR

# 4-6 |Z BEF, BDF AL h o B « M I X D4 ESH
FEEMABA, WAL T T rRT, FEHEAITHAYE LD O EGE
FHHRBE DL, BEFOBA - D EE N 243 TH TH D
Olx L, BDF ® &7 784 7 H &, BDF i BEF ® B B
XTEx32 o EKMIRENLL Z EN RSN, OHE T,
BEF TITHMKIIa A F L BICH L, ik s FRIE%
LR WVWATRE LDk L, BDF TIEHH O F ¥ % 3,5
WXV RBEBLIERMLLL, RELRQEEIREPELCLZLZD
EBZxbhb, BEFIZOWTH 2 AXFNT U 4 % HHIC
HET LS LERET AT, BEDRIFTI IV RS D5
ndH D,

#z4-6 NAFTRBREIZLDIAEEFTRE (BT M)

mEBADATMAHLY O OE R EIC LD
A EE i A £ i 5
s e o4 &t s g ot # at
BEF 1.54 0.89 2.43 1,439 828 2,268
BDF 4.32 3.52 7.84 3,500 2,928 6,518
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KABGICBITLHIREFTHIZLDDAEFEH L IL, K%
THIfE E LeFmE (X 4-1, £ 4-2) TXVFHEINDEE
¥Ax o L, BEF O AL A T 14 € 3900 5 M, 4 < 8
5 2800 F M, AF 22 6700 FHLBXFEREIND, Z DK
X, ¥k 17 FE O+ O REETMIT KT D EEBHOR
0.3 %lcMH¥ T 25, WA, BDF © B# - FIH T X 5 & %
& AT, MN T 35 (& 9000 K M, k4T 29 fE 2800 4
MThv, AitlEt+HBOoOREEBMITBT 2EEHON
1.0 %1l2Y 7= % 65 f& 1800 WM EH#HEIN D,

BEF, BDF & b i A A B2 HW - AT 52 LITX
Db b aN2FFIF, WAL BHATRETWI &R
Shic, RATIWZIFTEEFBHEOEMME & 2 WA, B
MIZaR 3, BEF O3 6, SN AES BE O S IL 2 EER
KEOBELZE 635 %&E D, 207 bLHMEEIEM~0
Wk RIIEEEFRBEDO 146 % % 5O 5, BDF O A
BN ~OFEREDRIT, RAEEFHEMEDO 55.1 % TohH O,
fE R EHLMA ~0 W LK RIT 329 % & RKR&EL, BEAEAED
EMHibicoR N D EEZLN D, 4-3 21X, BEF, BDF
ThEnhoda#H - FACE2AEFBHEZEE, MENIC
AT, EEECMBOMIE, £ 46108 DEN, 4O
AEiEE % T D5, AL, "ALBREOBK - FAHICE
DR T ORMBEORAEAEFEIRTIEERALDD B RE S,
BEF TII# 1.4 f5TH o7, BDF TIT & HIZ K&K 6.8
FThHhsrehb, TZXZHHARET 22 L1280 M
R KRNI RESLSBRDZENRRINT,
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LEEFHTERE (BAH)

7,000
6,000
5,000
4,000
3,000
2,000

1,000

w R

BEF

BDF

M 4—3
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kB, RA-TOHBERETMOEHA ~D W L3 RIZHOW
T, BEF TIiX 146 % D 5 b K# 5 @ 14.0 % 7, BDF T X
32.9 % ® 5 H 31.8 % 25 JE B K 0 20 0 E L E R %)
RTH D,

* 4-7 MBI AEERE EEEOE S (%)

BEF BDF

f N A & E f N o 4% &
=M B R E 14.6 7.2 21.8 32.9 15.1 48.0
OB R 0.0 0.2 0.3 0.1 0.5 0.6
% JE 0.1 0.1 0.3 0.2 0.2 0.4
BEY — b 2 1.4 0.7 2.2 3.3 1.5 4.8
Z O 47.3 28.2 75.5 18.6 27.7 46.3
& &t 63.5 36.5 100.0 55.1 44.9 100.0
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Fl, "AFBBEEEAT L ELITEY, VY, B
WS IX D 8, R Vi BEF, BDF # it 3§ 5 2 & IZ
L, WMANOBREBRZEENM/ NI DI LT Ry, K
L, Ay Vv, BmMzEALPBATIEEMS?D TCEO
B IHDH, TZT, BV rEENANDL 100 FHYEE
AT HEREL, TOERBRLLOBREINEE L, BE%
K A4-8IZm- T, R A4-8ITEFHIR (B F) TIEBENIZ 1035
Al WAkl 7009 M, AEF 1744 TH OB KRN D
L, Tk L, BEFxHBHNHAT LT VAo & TH
YU WA~ 97 T H B AL, BEF & 3.6 5 MR
T2 (RE23 7 YI)oraslHnEFELY) 458, BA
\Z 105.9 LM, A4 72.0 M, AF 177.9 M O L GE
FRENDODL, TbbL, YUV UrOBAEEWDL L, %
fili B¢ & 7> © BEF 2 BN 2~ b i AN 3 2 7 28 NS ~ o 4 5 55
BENETRELL L, BREBKRZEOM/NMNTIREREBEIHM
Rl B0 &R oR Sz,

RABNANATREBREDP BB REE~BLETER(TH)

+ B &K B+ B £ BEF
kEFEORE H YU (100) VY v (97) +BEF (3.6)
I N s 4t ! a4t
105.9 72.0
B PEFE D
) 103.5 70.9 sV y BEF # YUy  BEF
N B LA
100.4 5.5 68.8 3.2
&t 174.4 & 177.9
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4.3.2 CO, #EH & 0 H #

BEF G M o CO, #F i B Az 1%, X (4-6) 7 b A
5.97 t-CO/&H M, X (4-7) 2> 54 3.93t-CO/H M &
725 7=, BDF O ¥ & (X3 AN 9.157 t-CO,/ & 7 M, 3k 4 10.78
t-CO/Ha T & 7o 2,

LA BRI R s & B BERFIC CO, B R AET 5, B o
COo, ¥ AR, mEHEMELZ AV TR (4-6) B8 XX (4-7)
ik A BRBRETM O, RATHZELETRD LN D,
HEKO CO,BARIFIHE R LIREDR T X O 8 HF HAT
b RDODLZENTED, =, NAFTBREE L —&K v
—a2a— I NVTHLIZTED, BRETHEAET DL COITER &I
TN TE D, 4-4 ([ZAKM I OREIC LD N A T
BicfBESsns2RAUEBMED T VYU & BEF, [ L < 8&H
& BDF @ CO k& & S, ARl IZ R, N o F kR
EIZMED CO i &1, b BRRECLI2EHEL X
<, BEF TX# 1.5 f, BDF T 2 f ¢H 5. BEF » #l
EIZ XD COxHE M & x4 L v T% v, BDF X ik 4
~ORBRFHEEDENRKE VIO, CO, O HEDL ®H TZ
Wik R Lo, L L, NAFTHBEBOHEHEIZXDHEHE
FTErm T, WECLII2HEHNELHBEICLII2ENHEZ A
AT 5 &, BEF o5& X8BAITO N Y Y DK 50 %, BDF
OHFEITHEBOK 81 N OHWLWICHEEY, BE~0AHEN
DI D T EDRH O NE R o,

F, AFETIE, 66 FHM D CO, g & O NIR = M
HIZ M TED, AN AFBRERIEEMIC BT DB R b
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O CO, HEH EBEOE A ZHHE LALMBE, BEF TIRHREANL O
63 %, W5 D 62 % NIEEBHEHKD CO, TH D Z LN
T EN T R AR BDF TIE, KN4 @ 63 %, 445 0 71 %
NWIREHER R TLI I EBRRENT, XA FTBEHAEES
2t AT, FREFERO 2 2 R COHEHENRE Y
=4 b2 HEDDLIEWVWIERN D LN (CEHL,2008; Fk H IR,
2009), AWM E L b RBEOMELHB LT IT D TR,
ZTORBITIHEBEBRNICEAICLESZ EDBRENT,

25,000
mIHEICHED DRGEICHES ()

mALEICHES ()

20,000

5,000 -

VA N BEF 23] BDF

4-4 CO, HFH & @ ki

90



4.4 F L ®

b E +BHmK I cBs YT, 2 AXFAEEICLY EET D H
A2 A X BEF 283 L E3 BB E L TH AT 285 4A
E, BiH KR TSI T b BDF 2 E L BS R ELE L T
FIRT 2% 60 2 oy F VA 2B EL, REHWEREL
COoO, Bk BEZEEXEMOM 2L HEELLE, REE T +HBE
NTHBETL2H Y I ryrBIOBMoRERLE L, 4T
DIREIFTITLDRWVWEDO L L, HAOMEIXITRLOEBEY T
» 5D,
i~ > U A b B AL D RENER KR I
E0EANTRE N,
Q)R PEFE BT, FHAKRBFICLIVRFEEHDHERITR D
BDF @ J7 7 K & W\,
3)BDF o B & - FIHIC X 2 A EFHEEA DK 33 %X N D
BERE R EMM ~E KT 5,
NN A FBBEBRE T RICE D COoy e &1, B gE
DEBThaRBRELIVZ VS, HHEICII2HEEHEI L
PThoHr, BRELWHEROYHELEGH T 2L, HHE
T AR RN - AT 28K XV s BEF THK 50 %,
BDF TH 19 %4 < 72 %,
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BEVE K

5.1 X IFEDOE L&D

b g B o 4 B s B K 2 RER T D R E

mThHd, TOHMIB THREINDIHED NS AN A F BE

%
{155
X

-
—

T

™

AEEL, HEATHE T L LXK, BEAMNOD
W, EWMAEAEREOHE K, N4 KRB REHMOA

RICL 2R FEoEmMELLESHNSFTE DS, L L,

nNETREELLTAEINLTETLEYD 2K & L
FHLEY, "M Fzx X —HoOo&ERED Z H K
AET DD, EMAEERERFZTOEE, RE RE
BOEERE, ZLOEERLEICRY, T hHhITH
RELEE ~ORBL2 TOHFT 52 &N EHET
5. R TIX, EL L TEEHMPESNFEIC LY
nooMRraerERMICHIT T L2 &2 HMLEL KL,
% e o &L LT, FAE A
P, MWW Hm kN4 A~ 2 F M o 8K
ws T b I o BEAE o BF S8 Rk
ARFREAEEHELE DO X T, K
D%t G E WL L R, BLTFIL, R Tdh
EKN T D,

S R
=H m & S
F ¢ I & ¥
o~ Mo
AN S OB
R —
B A N M@ Fl}
S A
=3 9:

il
BY:
=

% =

i
}iﬁg

SIRANR
R R A

,  BE K %t

[
A
a;
i

B M oo KkOBL AR MR M R T, K
Bt EZEHTABNEEL TEBY, KXKIZ
WATHbh TWD, —FH, B orx

& &
<
gﬁ

il

filh
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&

MAA R TH DT &, MEHTICEY TIEZTREN b
g2 KDL BEHLE KB THDZE, T B A, A
4 vaEoMRMFETIMNEIZE WY T L &Y E
THEHEXDILBE LR D LR LE, BEY T OEA
T XX —ZEZEHRIEL2ERIALI N T WD, o
T, To0oREAMWMBEIMTR RS EEZE LMD
MWEHEMITH L2 TIETR Y, 72, ZThHh b 0 FEEZ FEH
AT 5 Z T A E A R & D ) 8l ER TR
MW, X T, oo MR R E B R (CFE K 1T £+ B
ol E Sl R R R 65 M ER)EZ M MA L, EEBELE LB
KO Y 720 o CO, B R B AL & #HE L

e Gt/ o> T, CO, O E # P HE T T,
T M BN o BV E B R T D M o~ o WY
AEICLMBEMNHFEEHESRES R & L L, kxR
ELTEMNRKEENARL TWDH IEKBER O E
PE ¥ b L EXHEHBER) DO 2EYYMHEZHSG
L7z,

fERITLL TFTo®EY Tbh 5,

D+Bo & B /mR¥(E, JERMBERE, $E, B
=t 2 4 HMITB T DAEERES DB W AN ER
(B 4h +86 P9 )CO, HE MY LB A2 12 2 E fE L v k% v,
2)— ., EAHMEER X, FEMBEREXEICO W TIT,
Bodm AN AR (BN )COo, BE R B AL X, 2EHMEX D D
Wz s, B o MMEEZEXIL, B TO CO, HEH
S L Em AR IS RET WL NS
y (VR e

<N

(Y

i

=
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N B X o mBE Y70 O CO, HEH JE B AL Tk, M fE
A EFROEABEREY, MEEEEROIERH M
B E L2 35 Lk koo e

A+ B o B EREE 4 HMIcB T 5 COo, 0 EIT,
mE, THAHHERE, FEAHFEREX, BXYV — b X
DIFEICRKELS, WF b 5002 LTk ics i 2K
MEEH T o D,

® M =

+ BB WWTaAsAX, T A4, NV A Ta, < A
HoOWbWwbMIE4LILEZ 7 vy a—7— v 3 r kA
OEAEIWC LY EET DHETVREZOHM O — I,
BDF(Bio Diesel Fuel) J B H o 7 % x %2 &K L, £

(Y

™ B i3 BDF 2, WRHE ELURE, ExX CHBKAMNHHT 5 B
BAREZE/BREEL2MBEL, FEKOBEE CO,HH &
B X OMBE CO, $FH & % H 5 L CTIEAIT A R & i+

52 & T x oM EFEAM L,

Ml 82 CO HF M & OHEF Yo TIE, 72 v 27 mr —
T —variFRomEKRITE T D2EME R MFA,
Mm%, A EXIEER LA EXIMEEROE W, F
R EBomMEHRELZEEL TCESE LE - 1lha Y720
~#S L, T VEZOMEMNSEBEIITHBEOFEYTDH
%5 38 ha @& & L 7=,

BDF A # Al K %2 & 2B & 2213, HATHK R L FFE
DWW Z MR T D LPRMELRDIND, TORDIC
T, # M B o mMBEREETNEESRE OB K MH, &
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W A2 BSEL TRDDIMLEND D, RFR TIT, #&
7TV X0 FEIWCELY, EAAmE, BDF 4 G
B, TETHEBHB I OCEMFEFTEEOZD O~ O
A S E%S 220, Ho, WEMNKKERDHa L X
17.0ha, 7 » % A4 5.7ha, # 4 X 5.7ha, N L A4 ¥ = 8.9ha,
J % x 0.7Tha l2 &% & L 7=,

AETIE, UTORDZIHEAL MNITR - T,

1)E 8 CO, #kth & i1x, T oB&H 25 H 5> A, O L6
o, MEXBENHES, LToB®H 2 EST LHMEELETK
EWVWolox L, MERA - HEHITEANEMEOS W
W R E 2 HWDIEERKE W,

2)E 171K %, BDF B & Fl & R & & 12, M # CO, # i
N HEZ COfH&E %2 EH -7, f#TH, = A F T
Ml R A0 &P mEm <, BEMRRELRAMNMMDKETW
)T x® 1lha¥Y 720V @ CO,HHEIF=2 L FITKWT
R&Ewn, BB T 272010 &% FE R r I
1.8% L MWl ®, REBAMTAHL CO, #H &I
1.9% & & 7~ T dH 5,

4) BDF B KA AAKRICBIT L2 ETVER L AN L
BT BREAMOB XX 43%E 2 A FEFI2 LD H 0T
b o, oMb ix, FEHNEHEOZ S & NER DMK
ML CH#BEBAWNMEZKESLTWD D TH DH,
SYHE B HEH CMEBEHRELEEHF LEET VER LT Y
D > CO, HFH & X, HWAT /KK CTIL 39,738 kg- CO»,
BDF H # F] A & & TI1X 39,040 kg- CO, & T I1F [A K #E
ThVy, FERIRAEEELTMR D LI KD CO, HEH &
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~ DR BTV,

B IV E

MEICE T 2BSNREABRBELILEL, + B
TR TR RAEY D N A A RE & EE L, MR N
THE T LO2HNBREBEHNRBEOMRBTRBE L L THMHT
L2 MBEL, ToOAEEMNMMZAT LN+ B EA
DORFEFEL CO, kHEICED X5 R EEEZ L 2250
DWW T, EEERBOMNICEIDEEN R SN 2R BT,
HAEMBMIZIE, =2 A FAEICTEDD AL D HEKEINa &0
5 BEF (Bio Ethanol Fuel) % # i UL E3 B K & L T AHl
MT 2856 &, iR MEST L)% %7256 BDF # 83 L
BS kBt & L TH HT 2% G50 2 >0 v 7 U 4z fE
L, MEHEEL COHH &4 EB »ic kv i
L, O EAT DT, ERR 17 R B R5 KK
* 65 MM E(FHBEX)Z otk L L T BEF HEHML
BDF & H M 2 N X =¥ =7 2 > @ 66 # M E 2 &3 B
# (F + B £ BEF B X O# + B £ BDF) % fEpk L 7z,
NA AR oR—EREIT T+TBEANTHES LD VY~
Ol oM EELE L, A~ R EITITD W
» & L7k, BEF, BDF oM HiZ X 2 U YU vk LT
ODRESET, BAPLBBELE, + B X TIX&EE
NH S 2 A F 2 WAT D EIICHRESNLTW
B B £ TH BEMMOR DY ICAN AT BB
HEHMIBEESS 2 2 F2EAT LRI EHEL L,
NICEX->TAELLISHETMOFTEARRZMO> 2O,

oo o
= o

D
Py T
P2 J

(Y
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ol B x @ AT 28 E &L L7, BDF ITB L Tix,

FTEFEHFRICEE TS0, BB EE XM

XX O B HEEBEEEBML R,
MROMEITI TR OB Th 5,

DM >+ UV A &b Bk - FHICE2®RENEKRD R

A k0 BN TR E

2)E PERE OB B X, B M B R IC X 0 R E IR B SR ORI A

%2 BDF @ J7 K & W\,

3)BDF ® H# « Al H I X 2 £ EH REOH 33 % I3 Ik

No B RETMA~SKET D,

A4 BB BAA TR X D Co B &k, B

WiE OB Tl ABRBRE LY Z 0N, HWEICKDHE

HEEITEre THLDD, HiELHEOHHELZAF T

Dl , P EBEEFIHRARBEHEA - FAE T DLIEKR I B

BEF T# 50 %, BDF TH 19 % 4 7 << 72 %5,

el
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5.2 S % ORE

ARG L, AL E o B ¥ 0 R B 2R O ICE ¥ E B
fr FEZ @ H LT CO, #FH & o BIC oW TEE
b O TH D, KR OMRRT, BBFORELEEY
T oA O Kkt oAl Re Mo FEAM O, B2 e A& E X &
fli - BN ST 2700 KEERELLTEMNTE L, K
o ER PO T ERIET 22 & 1T HNETDH
FEMICE W TEZSEHEOER[F E2HL LT
w < Z Ey, FEHMEOmEITSDZRNRND L O LEE X

%

N

A
L
A

ot
g

)
<

palll

B, Ao ERIT, FELLY ST IU FIT L DHE
T T A5 ThHhY, N A FBRE D% K A2 T

3
=

T

e

ZowTiE@m b7k, LML, VEIZEWTIHE
RSN ¥ xH KD BDF O & i # 1% 125
IL &R o&EMOMmBME XD b EC, & 61 BEF
i # (98 M)L Y & & Wi, fli #% m 2 5 BDF © ¥
NiED LT E LT, REICAWE2 5 2 20w A& E
22 NOH B FEOREDILETCHL DL, SXxH KD
BDF # & = 2 h © # 83 %X i £ A&, B &, FkH
XA PR ED TWVWDLEDHREND DL, LK - T, =
A MBI O F =5y PIEHETHD, KRN E W
fricmzx 220K ROBETH L, bilgE BT DT
X 0FE A FoRN, 2L 2505 0 3R R
27.6 %, 2 H & 20.1 %, M E 18.4 %% (=2 KEH,
YR 23 E)T H D, BLR X0 b M A AR BRI o
EM, b L E AR RS S DI o %

BF

X S E
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WoRBEh D, £, W RombE, B EYOD
Mb B+~ Ths, &b I, Bl 2 F, &
BEEwH»ROLALTWD KO, +THBEANOA
BFARH A CEBEREZ2#FLC252%F0EKDL AN

7 .
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1+ BRBDF (16239 I#ES)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 15 A #Z B A
s ZFDHth |/ A . ER | vman s N 2 "
Pt | mE | e | ex | wx | wes ) mmw ) Aws wee 200 wx g 05| an | U070 FER) TET | nese | penm whan | e £ e
AR

1 |HEEER 6318 | 23548 23 0 0| 39021 0 3002 556 0 43 0 15 16 530 1676 0 0 74747 6498 121231 -36805 | 165671
2 |&E 14569 | 21237 2 0 0| 33512 0 0 0 0 0 0 2 1 148 511 0 0 69981 18513 81078| -3147 | 166425
3 |#REE 18 0 3639 0 1 3841 0 0 39 0 0 0 0 1 10 148 0 0 7697 1954 6852 -1545 14958
4 |#E 0 0 0 152 0 3487 0 0 0 0 0 0 2 3 170 736 0 0 4550 1019 2401 —1341 6629
5 8Lz 0 0 5 0 7 1558 1096 0 4131 1620 0 0 1 2 9 1 0 2 8432 731 3644 -4307 8500
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5D RHEBEHUEN ZF 1S /3 A A L —APEO RN & BRBE s B DN T
On the Potential of Producing Bioenergy in Large-scale Field Crop Farming Lands of Tokachi
Region and its Environmental Impact

Summary
1. Overview

Plant biomass, which is renewable and carbon neutral, is an effective source of
environment-friendly energy, and has been recommended to be introduced as an
environmentally compatible source of energy according to Kyoto Protocol in 2005.

Tokachi region in Hokkaido is a wide cropping area that represents large scale cultivation in
Japan. Producing bioenergy in this region may imply achieving high outcomes including;
reduction of environmental impacts, increase of the demand on crop production, and creation
of business sectors related to biofuel production.

However, these changes mean that portions of the crops produced for food consumption
would be used for fuel production. Moreover, new types of crops known to be good source of
bioenergy may be introduced to the region which would lead to massive changes in the crop
production system and the administration of biofuel production mechanism. Therefore, it is
necessary to understand and estimate, in advance, the economic and environmental impacts
that might be accompanied with these changes.

In this thesis, the objective is to conduct a quantitative estimation of the efficacy of producing

bioenergy based, primarily, on the method of industrial input-output analysis method.
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2.

Estimation of CO, emission rate in Tokachi region

Firstly, the CO,emission per both; production value and land size, were estimated by using

industrial input-output tables of Tokachi region. This was used as basic data input so as to

evaluate the economic and environmental impacts of the agricultural production activities

taking place in the region. In these calculations, not only direct CO,emission were included,

but also indirect emission which is the overall production from other sectors; stimulated by

the economic activities in the region.

Following are the results:

1)

2)

3)

4)

The rate of exogenous CO, emission (including both within and out of the region) per
production cost in Tokachi region exceeds the Japan nationwide rate. This was calculated
by including the emissions of 4 sectors which are; cultivation for food production,
cultivation for other purposes , livestock, and agricultural services.

On the other hand, looking at the CO, emission rates produced by the two sectors of
cultivation (for food production and for other purposes) showed that it was less than the
nationwide rate. This indicated that cultivation in Tokachi region tend to increase CO,
emission elsewhere out of its own region more than cultivation in any other province in
Japan does.

The rate of emission per land size in the same two sectors of cultivation showed that the
operations required to produce the main 4 field crops had a rate three times higher than the
total sector of livestock.

The total amount of CO, emission was the highest in the section of livestock, followed by

cultivation for food production, cultivation for other purposes, and agricultural services
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respectively. Also, in each sector, more than 50% of this amount was exogenous CO;

imported to the region.

3. Potential of biodiesel fuel self-sufficiency and application in crop rotation farms in
Tokachi

An area inside a 38-ha model farm, which applies block crop rotation to produce 4 crops, was
used to grow rapeseed which is a well-known source of biodiesel fuel. From the following
year on; assuming an agricultural practice of in-field carbon cycle that applies the biodiesel
fuel self-sufficiently, and estimating the direct and indirect CO, emission during the
production season, the system of consuming the biodiesel produced from rapeseed in the farm
was compared to the common system of consuming fossil fuel bought externally. The acreage
dedicated to each crop, within the farm, was chosen so that the optimum profit of each crop
can be achieved. This was decided by fulfilling the different agricultural administration
conditions which were derived by implementing genetic algorithm.

The following outcomes were found.

1) A big amount of direct CO, emission is generated from operations that require soil
disturbance such as ploughing, subsoil crushing, harvesting of root crops. Likewise, big
amount of indirect emission is generated from operations that include running big and
high cost machines such as harvesters.

2) In both, common and biodiesel fuel self-sufficient systems; the indirect emission of CO,
was higher than the direct emission. In particular, the production of wheat has high
consumption of indirect CO, emission with high impact on the environment.

3) Although rapeseed ranked second in the CO,emission per hectare, it did not contribute to
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more than 19% of the overall CO, emission in the farm. This is because it occupied an
area which is as small as 1.8% of the farm size.

4) In this model farm, where the system of biodiesel self-sufficiency, the cultivation of wheat
contributed to 43% of the environmental impact, approximately. The reason why, is
because of the wide area of cultivation and the need to use expensive harvesting machines
which has big influence on the indirect emission.

5) The overall amount of CO, emission of both systems was very similar as it was 39,738
kg-CO, and 39,040 kg-CO, for the common and biodiesel fuel self-sufficient systems,
respectively. This shows that introducing rapeseed production did not influence the

amount of CO, emission.

4. Potential of biofuel self-sufficiency production and application in Tokachi region

In order to understand the impact of applying the system of using biodiesel fuel produced
locally in Tokachi region on the local economy and on the CO, emission, a quantitative
analysis was conducted using the method of industrial input-output analysis. Two scenarios of
systems were assumed, each of them uses crops that can adapt to the local environment of the
region and produces alternative to the fossil fuel wused in practice for
internal-combustion-engine machines. The first scenario was to produce bioethanol fuel from
the unmarketable wheat sorted out after harvesting and to use it as E3 fuel. The second
scenario was to introduce rapeseed as a new crop and produce biodiesel fuel in the shape of
B5 fuel. It was also assumed that the biofuel, in either scenario, would be consumed locally in

Tokachi region in the shape of alternative gasoline or diesel and that no sales of the fuel would
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take place out of the region.

The main results were as follows:

1)

2)

3)

4)

5.

In both scenarios there was a bigger influence on the local economy based on the
self-sufficiency and application than on the external economy.

The amount of induced production was bigger in the case of biodiesel fuel which would
activate the economic activities being a new crop brought into cultivation.

33% of the induced production by the introduction of biodiesel self-sufficiency and
application influences the field of local cultivation.

Although the amount of CO, emission in the manufacturing stage is higher in the system
of self-sufficiency and local application of biofuel, in comparison to the system of
externally buying and locally consuming fossil fuel, the overall emission in the former
system is lower as the amount of CO, emitted at the consumption of biofuel is null. The
comparison was made by combining the amount of CO, emitted through the processes of
production of the fuel and consuming it, and it was found that the scenarios of bioethanol
fuel and biodiesel fuel had emission of 50% and 19% less than the system of buying and

applying fossil fuel

Future perspectives

This research work is an investigation of the effects of CO, emission in which the

methodology of industrial input-out analysis was applied to analyze the environmental effects

of agriculture in Hokkaido. The output of this research can serve and be used as a basic

material to evaluate and select between the possibility to sustain the conventional agricultural
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production system and the new systems. Although verifying all the results obtained in thesis
was difficult as many of them were estimated, it is thought that supporting the assumptions
with actual measurements of emission obtained from every sector separately would contribute
in improving the reliability of the assumptions.

The main focus on this research is to predict the effects of the scenarios which were set,
whereas the policies needed to spread biofuel were not discussed so far. However, the
biodiesel fuel derived from rapeseed which showed superiority in its impact as explained in
Chapter 4 has a price of 125 JPY/L. This is higher than the current prices of diesel in the
market, as well as the price of bioethanol fuel, which would be 98 JPY/L. Therefore, it is
necessary to develop low cost production methodologies; provided that the methodologies
themselves have a minimum impact on the environment. It is already known that 83% of the
cost associated with producing biodiesel fuel from rapeseed is, in fact, the cost of buying raw
material; i.e., cultivation cost, which means that the sector which should be targeted is
determined; that is, how to control the cultivation cost. In Hokkaido, this cost of rapeseed in
Hokkaido is occupied mainly by the cost of fertilizers, machine price, and labour fees, which
contributes to 27.6%, 20.1% and 18.4%, respectively, of the cultivation cost. Moreover, it is
necessary to develop techniques to increase the rapeseed yield by, for example, developing
new varieties or improving techniques of extensive production.

At manufacturing, methods to improve oil extraction and recycling of byproducts should be
also considered. Moreover, there would be need for policies of giving privilege to biofuel
users within Tokachi region similar to the current policy of exempting tax on diesel for

farmers.
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