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Abstract

Developing various green energies is important in Taiwan because Taiwan has
very limited domestic energy resources and the reduction of greenhouse gases has
become an essential national pressure. The biomass energy is thus currently promoted.
However, most local biomass energy studies were primarily based on foreign
experiences and overlooked Taiwan’s specific natural environment and climate
characteristics. As a result, the benefit for developing biomass energy crops in Taiwan
was not properly assessed. Furthermore, energy crop development should not affect
regular food supply. Therefore, this study was initiated to establish a method to
evaluate the benefits of growing energy crops on long-term uncultivated lands in
Taiwan.

The proposed method includes five major steps: district division, energy crop
selection, benefit analysis, optimization model establishment, and scenario analysis.
The entire nation is divided into three major biomass energy districts based on the
Kdppen climate classification and administrative boundaries. For selecting suitable
energy crops to-grow in each district, various geological and meteorological factors
are evaluated, including soil, rainfall, temperature and sunlight resources. Expected
harvest quantities and biomass energy yield rates are also evaluated for assessing the
suitabilities for raising wvarious crops. . The benefit analysis is implemented for
estimating environmental, energy - yield and economic benefits. A two-step
near-optimum model is applied. The first step relaxes the minimal demand of
biodiesel and gasohol by 5% of the total demand. Then, the growing area determined
in the first step is set as the upper limit in the second step to find the solution with the
best benefit.

Eight possible scenarios for various.-bioethanol and biodiesel demands were
analyzed. In each scenario, the optimal growing area of each energy crop and
associated benefits were determined. According to the results, scenario 6, 100% usage
of B2 biodiesel and E3 gasohol, shows the best unit benefit, about 2.35 million ton
eCO, decrease per hectare.

K eywords: biomass energy; uncultivated land; optimization; scenario analysis;
sustainable environmental systems analysis.
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241 % - % H L pER AR T i e B

i & fee SRS ARIER H o iR s Ew(r) Py
& A #(kg/Ha) A E(L/Ha) (L/Ha/M)
X E(W) 17%~24% 3,200 853 4 213
EGH) 35%~40% 2,600 1,156 4 289
A () 48%~54% 2,451 1,471 5 294
v P () 48%~55% 1,906 1,165 3 388
# FE(4) 46%~57% 2,560 1,621 4 405
4 (1) 11%~16% 104,000 7,273 18 404
SRR 6 65% 4,800 1,595 4 399
ERNC T 62%~70% 8,457 3,026 5 605
4 F (K A) 66%~70% 43,350 1,860 5 372
342 %= B H R RIT S R
& ek Fob IR g TRRIER . HR G A R L Ew(r) i e B
& A ¥ (kg/Ha) 2 ¥ (L/Ha) (L/Ha/M)
< B(M) 17%~24% 2,600 693 4 173
M EG) 35%~40% 2,700 1,200 4 300
A () 48%-~54% 3,617 2,170 5 434
w P () 48%~55% 2,090 1,277 3 426
#FE() 46%~57% 3,151 1,996 4 499
H R (%) 11%~16% 109,000 7,622 18 423
SRR 65% 4,800 1,595 4 399
3k (A 62%~70% 11,438 4,092 5 818
4 F(KP) 66%~70% 49,200 2,111 5 422
%43 % = % H = pF I R R (T gk B
i & e PR AT s AR s () fogs g
x A £ (kg/Ha) A & (L/Ha) (L/Ha/M)
*EB(9) 17%~24% 3,600 960 4 240
W E ) 35%~40% 2,600 1,156 4 289
A G) 48%~54% 3,900 2,340 5 468
w P E () 48%~55% 2,500 1,528 3 509
# () 46%~57% 2,424 1,535 4 384
4 R (%) 11%~16% 117,000 8,182 18 455
LR (D) 65% 3,510 1,166 4 292
3K (R 62%~70% 10,000 3,578 5 716
o F(RA) 66%~70% 48,660 2,088 5 418
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2A44% - Fea Rt 2 EFRITLE S &

T4 8

ERESNE # % (kg/Ha) % ($/kg) *x1 k2 =+ %1-2
X B 3,200 15 108,000 90,000 18,000
D 2,600 11 89,640 90,000 -360
) 2,451 40 157,060 90,000 67,060

P 1,906 38 133,000 90,000 43,000
# 2,560 100 316,000 90,000 226,000
H B 104,000 20 268,000 90,000 178,000

SER S 4,800 14 127,200 90,000 37,200
3 8,457 15 187,447 90,000 97,447
4 3% 43,350 12% .. 192,228 90,000 102,228

245 % - R Rt EE R TLE S &
R 2 ¥ (kg/Ha) 'r e = = %0 = %1-2
v ($/kg) L i
g 2,600 15 99,000 90,000 9,000
W 2,700 11 90,780 90,000 780
e 3,617 40 - 203,233 90,000 113,233

w B 2,090 38 140,047 90,000 50,047
# 3,151 100 375,100 90,000 285,100
45 109,000 20 - | 278,000 90,000 188,000

e 4,800 14 127,200 90,000 37,200
A 11,438 15 232,371 90,000 142,371
+ 3 49,200 12.-210,072 90,000 120,072

246 %= F i RiTH I MG PITE S %
LB (T A ¥ (kg/Ha) ,f,%j}%ﬁ * %1 > %2 =+ %1-2
i ($/kg)
< B 3,600 15 114,000 90,000 24,000
= 2,600 11 89,640 90,000 -360
=4 3,900 40 214,440 90,000 124,440

w P ¥ 2,500 38 155,750 90,000 65,750
# i 2,424 100 302,400 90,000 212,400
4 & 117,000 20 294,000 90,000 204,000

7% w 3,510 14 109,140 90,000 19,140
ENE 10,000 15 210,700 90,000 120,700
¥ 48,660 12 213,878 90,000 123,878

B
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247 % - o T g ST 4

ic R 1T 4 < B b [ L 7 B

TRAE F R

By (4 A/ 18 -0.36 67 43 226
K T i M6 IEE 0 X 0 o) 0
FE(C)!
" o E(34.1) (21~25) (20~25) (25~27) (21~24) (24~32)
T hoK i (12.3)  (<10,>40) (<5,>35) (<12,>35) (<10,>35) (<10,>44)
K T i M6 IEE 0 o) 0 0 o)
PRR= B(p)?
£ T 1514 (206.7) (>70) ™) *) *) *)
B P RP #K(25)
Bl p R P #(9)
T if BT 0 0 o) 0 o)
% & € (mm)°
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¥ e 15 (44.5)
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it o It e Es A Tk = i
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By (£ Al 0.78 113 50 285
A i T o) X O 0 0
F&(C)
" kg E(33) (21~25) (20~25) (25~27) (21~24) (24~32)
1 g (12.1)  7(<10,540) (<5,>35) (<12,>85) (<10,>35) (<10,>44)
A T B 0 0 0 0 0
PR #(p )’
# T 320 (271) (>70) *) *) *) (*)
B+ p R p 4(28)
5] p P #c(14)
T i fEiTE (@] (0] (@] (0] 0]
% % £ (mm)°®
# & §(1726.1)  (450~825) (**) (>1500) (>350) (1200~2500)

Vb E(422.1)
v g% 5(9.9)
* T if 81E 0 0 0 0 0

LEERR)( R R) LGB ) xR (i) YR B T
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1411 % = T ppH (T £ P

i kT 4 & P88 ES + 3%
I TR
PR 188 37 142 120
ki T 0 0 0 0
FE(CY
1 EoE (33 (21~25) (20~25) (25~35) (22~38)
VB E(12.1)  (<10,>40) (<5,>35) (<6,>35) (<20 )
A F i 6T 0 0 o) 0
PR #k(p)’
# L35 (271) (>70) *) *) *
Boxp R P #K(29)
Bl p R (14
* i B 0 0 o 0
% & £ (mm)’
& §(1726.1) _(450~825) (**) (270~350) (>470)
P BR 1 (422.1)
7 B i i (9.9)
kT o) 0 o} o)
LR RW G RA) L (i AR R (B P R R R g (e
2412 % = T (T PP IE A
i R AT 4 o Ehh 3 F ek
FEF PR
w1 li( £ afag) 204 19 121 123
AT i fEE o) 0 o) 0
FE(Cy
1 5% ©(289)  (21~25) (20~25) (25~35) (22~38)
v B (2 (18.8)  (<10,>40) (<5,>35) (<6,>35) (<20 )
A o) o S 0
PR #K(p)’
£ T 380 (273) (>70) *) *) *)
B~ p P #(28)
) p B P #c(14)
A % i f5iRiE 0 0 o) o)
% & § (mm)°
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= |0

% 4.13 Bl ivi FHamE 4

1% 4 fE57 * B el P 2

A £ (kg/h) 3200 2451 1906 2560
Y S B (1Y) 2 2 2 2
5 0 (%) 24%  48.80%  57.93%  50.37%
£ 3t 1,536 2,392 2,208 2,579

1% $o fE57 * B el P 2

A £ (kg/h) 2600 3617 2090 3151
Yo & #(1Y) 2 2 2 2
7 90 % (%) 21% 8%  57.93%  40.14%
&2t 1;092 31472 2,421 2,530
4 AT — d R E Yk

A £ (kg/h) 3600 3900 2500 2424
Yo S B (/Y) 3 2 2 2
790 % (%) 24% +57.10% = 57.93%  50.47%
&3 2,592 4,454 2,897 2,447

% 414 ppt TR ETE 4

4 faag G 8% E ek

A £ (kg/h) 104,000 4,800 8,457 43,350
T JE #ic(/Year) 0.67 3 2 2
70 (%) 10.23%  18.00% -+ 10:.00%  10.00%
&2t 7,128 2,592 1,691 8,670
1% e f8 57 4R % ERP ki

A £ (kg/h) 117,000 4,800 11,438 49,200
Y J& #i<(/ Year) 0.67 3 2 2
585 (%) 15.30%  18.00%  12.00%  10.53%
&2t 11,994 2,592 2,745 10,362
4 FA4E 4 R 8% EN N + 3

A £ (kg/h) 109,000 3,510 10,000 48,660
Y J& #i<(/ Year) 0.67 3 2 2
55 (%) 11.10%  18.00%  10.00%  10.53%
£ 3t 8,106 1,895 2,000 10,248
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2. B BRI 2 A Edcd 5.4 95 R E S ERRAR (2
A2F) f R (A2 B o2 s 319 A/
224 P 345 A/ A (GAR R b ik 97 &) A3 E S
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— BB e T

Min > f,, 5.15)
ST.

fk,z < A(,z v(K,Z) (5.1b)

D<A vZ (5.1c)

7

sz:(fk,z x D, ,)> (1.05)D; v(K,Z) (5.1d)

sz:(fk,z xG,,)> (1.05)G¢ v(K,Z) (5.1e)
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Max ZZZ(BLK,ZX fk,z) (5.2a)
z ki

ST.
fi. <AL VK 2) (5.2b)
; f, < MA, vZ (5.20)
sz:(fk,z xD,,)= D¢ v(K,2Z) (5.2d)
sz:(fk,z xG,,)= G’ v(K,2) (5.2¢)
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# 5.1

i R iTd ¥ eCO2 2 £

- % - % 5 %
whAE |HipE |[eCO2RE (imAE |[Hiepd [eCO2pE |iAHAR |H=pg [eCO2pd
a2 [2E)|(CO2eq, = |(epf/ 2 E) (22 E)|(CO2eq,= |(@p/E) (2 /= F)|(CO2eq,= |(#p/=F)
R o F w2 w2
< B 1357 0.328 4.45 * * * 1699 0.328 5.57
= * * * * * * * * *
4 * * * 2240 0.328 7.35 3033 0.328 9.95
7 2423 0.328 7.95 3781 0.328 12.4 3789 0.328 12.43
7 i 2335 0.328 7.66 3951 0.328 12.96 * * *
H R ok o o 5895 0.151 8.9 o ok ok
8% 1536 0.151 2.32 *x o ok 1427 0.151 2.16
BN 1658 0.151 2.5 3020 0.151 4.56 2400 0.151 3.62
4 % 1532 0.151 2.31 2263 0.151 3.42 1914 0.151 2.89
FE Rl S o S L é’%v/]e, 2 liede o KK B R w & IS é‘%“fiiﬁﬁ 4
% 52 s itz o A&
AT ¥ - % A E
HHES | B4 | AR | WHEES | B i | WRAR [ MBS | B4 ik | HREAR
L (L/Ha/M) (L/Ha) |"(L/Ha/M) (L7Ha). *| (L/Ha/M) (L/Ha)
<~ B 213 0.53 oo * ) g 240 0.59 1699
W * * * * * * * * *
g * * * 434 0.43 2240 468 0.54 3033
> P 388 0.52 2423 426 0.74 3781 509 0.62 3789
7 i 405 0.48 2335 499 0.66 3951 * * *
ﬁ ﬁ ** ** ** 673 073 5895 ** ** **
e R 267 0.48 1536 b o o 195 0.61 1427
ENY 282 0.49 1658 381 0.66 3020 333 0.6 2400
4 % 241 0.53 1532 273 0.69 2263 270 0.59 1914

e XE R ¥ NEEE wéfz L g
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# 53 B

= P -

£ - &

fRiER | BRI T) AR(DT/IAE)| 48 EF(R) BREAG)|F - Blr (F120)

*E 14 3,200 45,600 45,000 90,600
o E 11 2,600 28,158 45,000 73,158
[ 38 2,451 92,207 45,000 137,207

w P 36 1,906 69,350 45,000 114,350
# 29 2,560 72,960 45,000 117,960
E 24 10,400 245,795 45,000 290,795

HE R 13 4,800 63,840 45,000 108,840
EAVS 14 8,457 121,075 45,000 166,075
3% 12 4,335 51,272 45,000 96,272
T T

R E BN D) AR (D TIAE)| 48 23(5) BEL )5 - B (R12F)

<~ B 14 2,600 37,050 45,000 82,050
wE 41; 2,700 29,241 45,000 74,241
s 38 3,617 136,072 45,000 181,072

B P 36 2,090 76,045 45,000 121,045
& fﬁ 29 3,151 89,804 45,000 134,804
H R 24 10,900 257,612 45,000 302,612

g ® 13 4,800 63,840 45,000 108,840
ENT N 14 11,438 163,752 45,000 208,752
+ ’;‘5,5. 12 4,920 58,191 45,000 103,191
A = %

0 BH(Rl2 7)) AR(STINF) HELH(E) BRELAOG)|EZ B (RI12F)

* B 14 3,600 51,300 45,000 96,300
o E 11 2,600 28,158 45,000 73,158
=2 38 3,900 146,718 45,000 191,718
w P 36 2,500 90,963 45,000 135,963
# i 29 2,424 69,084 45,000 114,084
H R 24 11,700 276,519 45,000 321,519
RS 13 3,510 46,683 45,000 91,683
EAS 14 10,000 143,165 45,000 188,165
3% 12 4,866 57,553 45,000 102,553
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%54 BRERTIY A G

- - % 5= % 5= %
SORT (ARG AR R E(R | AR (2D (R 2| A E (2 A R (22§ (R 2| & (A2
P 20F) ) g) 20F) ) g) 20F) ) E)
% B 1357 315 42739 * * * 1699 315 53525
W E * * * * * * * * *
4 * * * 2240 315 70549 | 3033 315 95528
w P | 2423 315 76316 | 3781 31.5 | 119088 | 3789 31.5 | 119350
# JFr 2335 315 73544 | 3951 315 | 124468 * * *
H R % ok wox 5895 34 200446 . . o
B> | 153% 34 52224 wox wox wox 1427 34 48532
3 F 1658 34 56357 | 3020 34 102667 | 2400 34 81600
4 3% 1532 34 52078/ | 2263 34 76049 | 1914 34 65075

~
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% 55 kit 2 20 F

L Econl: B %z

Eng. : it h A E

Econ.2 @ fre {1+ 2. &

Env. : eCO2 &~ &

s
I

8
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A P Econ-1 Econ-2 Eng Env
I =2 137,207 47,806 1,518 4.98
WP 114,350 76,316 2,423 7.95
# 117,960 73,544 2,335 7.66
H R 290,795 141,445 4,160 6.28
HEx 108,840 52,224 1,536 2.32
+ 3% 96,272 52,078 1,532 231
I =2 181,072 70,549 2,240 7.35
WP 121,045 119,088 3,781 12.40
#* JFr 134,804 124,468 3,951 12.96
+ R 302,612 200,446 5,895 8.90
EN 208,752 102,667 3,020 4.56
H % 103,191 76,949 2,263 3.42
Il s 96,300 53,525 1,699 5.57
=4 191,718 95,528 3,033 9.95
w P 135,963 119,350 3,789 12.43
H R S248500 182,637 5,372 8.11
ENS 188,165 81,600 2,400 3.62
+ 3% 102,553 65,075 1,914 2.89
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% 5T B R T2 g6t
Py + 2 A p 2 T EE(T) 4R B (%)
(% /2 fpdk) | (% /2 ddk) | (% /2 fpdK) | (% /2 fRiK)
FZRHED
8 |(2RER
26,829 165,577 5,681,971 803,330
AU | BEdR)
| 1 268 0 00 o 0 0
SE1 I 3 805 0 00 o 0 0 D #=147,238
1 5 | 1,341 0 00 o 0 0 D=0
| 20 | 5,366/ 15 | 24,837 5 284,099/ 20 | 160,666
SE 2 I 17 | 4561 12 | 19,869 0 ol 17 | 136566 D #=30,058,877
I 15 | 4,024 10 | 16558 0= 015 | 120,500 D ;% =13,402,650
| 40 | 10,732 40 | 66,231/ 10 568,197 40 | 321,332
SE 3 I 35 | 79,390 35 | 57,952 0_ 035 | 281,166 D #=45538,500
I 25| 6,707 25 | 41;394 0" 0F 25 |+ 200,833 D ;% =26,805,300
| 40 | 10,782 40 | 66,231 20| 1,136,394 40 | 321,332
SE 4 I 35 | 9,390 35 | 57,952 0 0/ 85 | | 281,166 D #=60,718,000
I 25 | 6,707 25 | 41,394 15 852,296/ 25 | 200,833 D ;% =93,818,550
| 40 | 10,732 40 | 66,23180 { 1,704,591 40 | 321,332
SE5 I 35 | 9,390 35 | 57,952 10 568,197| 35 | 281,166 D #=91,077,000
I 25 | 6,707 25'| 41,394 25 | 1,420,493 25 | | 200,833 D ;% =174,234,450
| 40 | 10,732 40 | 66,231 35 {--1,988,690 40 | 321,332
SE6 I 35| 9,390 35 | 57,95235| 1,988,690 35 | 281,166 D #=121,436,000
I 25 | 26,707 25 | 41,39430| 1,704,591 25/ 200,833 D ;% =268,053,000
| 40 | 10,732 40 | 66,23185| 1,988,690 40 | 321,332
SE7 I 35 | 9,390 35 | 57,952/ 35| 1,988,690 35 | 281,166 D #=176,826,717
i 25 | 6,707 25 | 41,394 30| 1,704,591 25| 200,833 D ;% =491,430,500
| 40 | 10,732 40 | 66,23135| 1,988,690 40 | 321,332
SE8 I 35 | 9,390 35 | 57,95235| 1,988,690 35 | 281,166 D #=303,590,000
1 25 | 6,707 25 | 41,39430| 1,704,591 25 | 200,833 D ;% =893,510,000
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# 5.8 Ayt - ¢RI ARE 29T Y Pk fi MA,

5 - W - ® E
SE1 0 39 0
SE2 0 9,382 0
SE3 0 16,875 0
SE4 0 32,844 0
SE5 0 55,234 0
SEG6 0 80,010 0
SE7 0 119,020 16,158
84,245 119,020 70,125
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% 5.9 5 -

Econ-1: B iz » (=~ ,#7 5

ﬁlF’Pi

(SE1)z »c & A 47

)

Y T%#{" Efv - % Efv - % ¥ =%
(tkz) |# | O 39
(B) |# Kt 0 5,274,319
/:], .‘A he 7}’ >l |
2 =0 4 F 8otz a 5,274,319
Eng nw&’lé_f&(a—‘)
b f}ill’t_«]"" ¥ - T ¥ = Fe $= T
(tkz) |# | 0 39
(B) |+ Fr 0 224,152
2} Sl 7}’ >l
kA =0 4 F R E = 224,152

Econ-2 A #£ 5 41 % 2. & #(=,37 5 %)
R TR Y- % - W% 5= F
(fkz) |# /| O 39
®) || o 4,869,914
4 EVE ST 5
2 P =0 4 OF sk E= 4,869,014
Env: eCO2 /& & (= ¥f)
e ¥ % ek
(kz) [#=m| "o 39
®) [#m] 0 507
4 mroEskE et
—Fﬁﬁﬁi_ 0 AR E= 507
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% 510 5= (SE2)2 »cE A 4

Econ-1: B sz » (=37 o Econ-2 g = 1 * 2. & (8 (7~ 77 5 &)
LRiTR | ¥ - 5% e ki | ¥- % o % = %
(k) 2 I 0 7,109 0 (iK2) # Jr 0 7,109 0
e 0 2,273 0 - 0 2,273 0
®) # e 0 958,262,914 0 B) i 0 884,788,792 0
H B 0 687,951,231 0 H B 0 455,689,373 0
4 frippocE= 687,951,231 | 2 rgweci= 058,262,914 | |4 Fipptoci= 455,689,373 | 4 Fwmocz= 884,788,792

Eng: e iR A (=) Env:eCO2 & & (= ¥})
wRER | 3 - % P R - ¥ D - Y-
> By 0 6,662 0 2 0 7,109 0
(tk2) 0 2,720 0 (tki2) P 0 2,273 0
@ [P 0 38,165,482 0 ENEL 0 92,127 0
4K 0 16,035,204 0 0 0 20,233 0
s grpiocE= 16,035,204 | 2 FuokE= 38,165,482 | |2 Fpeeg= . 20,233 s pRmE= 92,127
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# 5.11 8 = (SE3)2 2% & & #7

Econ-1: B Sz > (= 375 %

Econ-2 (g4 4 1% 2 A 1

(557 5 )
g

i R e 5o % %% =W R R | B- % 5w
Ll 0 12,328 0 r i 0 12,328 0
4K 0 4,547 0 e 0 4,547 0
@ |5 0 1,661,912,317 0 @) [ 0 1,534,486,382 0
4K 0 1,375,902,261 0 o & 0 911,378,745 0
LFINE 375002461 | 2 puwoecs= 1661912317 | |2 paees= 011,378,745 | s gswocg= 1534,486,382

Eng: it ihA B (=)

N

Env:eCO2 i & (2 )

it TR - % % Z % ¥z % it T 4 N [ S %z %
# 0 11,525 0 2 0 12,328 0
2 e 0 5,350 0 2y e 0 4,547 0
@ P 0 66,025,486 0 (B [Pk 0 159,776 0
' 0 31,540,203 0 4 & 0 40,466 0
LFRROE - 31540,203 3 g nEs 66,025,486 | |4 ki, 40,466 s pgusE= 159,776
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# 5.12 8 = (SE4)2 22 7 & 47
Econ-1: B 4 » (= 375 % Econ-2 : s #£ 5 1% 2 & & (7,37 5 )
it TR - % - F Y= F iR T e Y- F - % 5= %
2 ek 27 ek
ko) [P 0 16,930 0 oy |2 0 16,930 0
4 E 0 15,914 0 o 0 15,914 0
@ | 0 2,282,282 831 0 @) [P 0 2,107,290,432 0
o & 0 4,815 658,615 0 i 0 3,189,825,608 0
LTEWE 4015658615 | 4 jremees= 2,282,282,831 | | FFISE 3189805608 | 4 frgwaci= 2,107,290,432
Eng: it A E(>2) Env.;eCO2 j# ¥ (2 #f)
iR - % ¥ - T 5= % it (T - - % 5= %
# it 0 15,366 0 2 i 0 16,930 0
th2) s 0 17,478 0 2y 0 15,914 0
@ 0 88,033,981 0 aET 0 219,418 0
o A 0 103,030,697 0 4 & 0 141,631 0
LEFMRE 103030607 | 2 gesocs= 88033981 || 2 FFIEEE 147631 3 fpascgE= 219,418
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4 513 87 (SE5)2 »cE A 14
Econ-1: B =4z » (=375 % Econ-2 : g #£ 5 1% 2 & & (7,37 5 )
iR iEd - W % - T Y= % R IT e '3:" % - % -
k[P 0 25,680 0 (k) [ 0 25,680 0
T E 0 29,554 0 R 0 29,554 0
@ |5 0 3,461,731,789 0 @) [P 0 3,196,305,988 0
4K 0 8,943,366,000 0 o K 0 5,923,961,843 0
LFFI%E 8043366,000 | 2 wwoer= 3461731,789 || Z FFI™E 5003061843 | 2 gsmoecs= 3196305988
Eng: it A E(>2) Env: eCO2 j & (= #f)
iR T h ¥ - w - 5 a7 i R (T d 5 N ¥ ¥z
7 0 23,050 0 # kit 0 25,680 0
(h2) % 0 32,184 0 L9 Rarraes 0 29,554 0
& [Pk 0 132,050,971 0 @) [ZA 0 332,809 0
HE 0 189,725,137 0 4K 0 263,030 0
L FFHE 189 725,137 s frewoci= 132,050,971 | | 2 FFMESE 963 030 2 fewwE= 332,809
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% 514 5 > (SE6)z »c ¥ A 7
Econ-1: B 4 » (=375 % Econ-2 : g #£ 5 1% 2 & & (7,37 5 )
e - % P FE 5 R (g P P ¥ %
ik [P 0 30,733 0 i 0 30,733 0
4K 0 45,468 0 i e 0 45,468 0
@ [P 0 4,142,898,496 0 @) [T 0 3,825,244,726 0
HE 0 13,750,024,615 0 e 0 9,113,787,450 0
LTFWE 13750,024,615 | 4 jrewaes= 4,142,898406 | | PSS 9113787450 | 2 gwwi= 3,825244,726
Eng: s AAE () Env:eCO2 & & (2 #g)
iR iEd - % [ M = W iR = - F 5= %
27 ek =¥ ek
2 . el 5 165 8
@ [P R 0 176,067,962 0 e |22 0 398,297 0
H & 0 268,031,176 0 o & 0 404,661 0
L FFME - 268,031,176 3 prewocEs 176,067,962 | | 2 FFHERE T 404 661 3gwwgE= 398,297
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% 515 1 -

(SE7)2 »

AR

Econ-1: B x4z » (7~ ,#7 5 % Econ-2 i 42 8 1% 2. & B (7~ AT & )
iR TS - W Y- F EAE kT - % - % 5= W
W P& 0 0 9,478 W PR 0 0 9,478
(fk.z)| # 0 35,663 0 (fk.z)| # 0 35,663 0
H B 0 83,357 0 H R 0 83,357 0
PR 0 0 1,288,626,564 W 0 0 1,131,172,307
B)| 2 JiE 0 4,807,492,789 0 B)| 2 Tt 0 4,438,881,728 0
H R 0 25,224,878,460 0 H B 0 16,708,610,326 0
3 Fripp g = 25,224,878,460 4 Fea%E=6,096,119,353| | £ s = 16,708,610,326 2 Feani=5570,054,035
Eng: wimAE(22) Env:eCO2 j* £ (=)
iR iEd - % * 0 F N AeJBLIEds - T - % = %
P 0 0 9,478 & P 3 0 0 9,478
(fk.z)| # 0 35,663 0 (fk,2)| # F: 0 35,663 0
H B 0 83,357 0 H R 0 83,357 0
w P 0 0 52,070,889 w [ 2 0 0 117,809
(B)| # J 0 204,312,381 0 (B) | #* Jir 0 462,190 0
H R 0 491,390,489 0 H B 0 741,879 0
4 FiFecE= 491,390,489 3 e wgE= 256,383,270 3 FiFgkecE= 741,879 4 Fe@gE= 579,999




4 516 {45 ~ (SE8)2 2 i A 17
Econ-1: B % fe» (=372 %) Econ-2 g # & {1 % 2 & & (=~ #7 ¢ ')
it R TS I Y- % E it R TS - % - F EE
=2 0 0 28,412 =2 0 0 0
w P 21,247 0 841 w P 33,559 0 39,289
(fk,2) [ (tk,2) |
G [ﬁ_ 23,837 32,336 =} /ﬁ 11,525 11,772
H R 39,161 86,684 40,872 H R 39,161 107,248 30,836
w4 0 0 5,447,091,816 =4 0 0 0
(B) W p % | 2,429,561,593 0 114,344,883 ®) w B |0 2,961,088,644 0 4,689,142,150
# Jfr | 2,811,812,520 | 4,359,047,732 0 o Jfr | 847,573,468 | 1,465,280,480
+ & |11,387,822,995 | 26,231,561,168 | 7,690,679,880 + & | 5539,127,645 |21,497,363,064 | 2,516,217,600
3 Fipftoci= 45,310,064,043| 2 7 s soci- 15161,858,544 | | 4 i oi- 29552,708,309| 4 ¥ kk= 9,563,084,742
Eng: e hA & (22) EnveCO2 7 2i( 2 )
it R TS - % ¥ - % EA, it TR b — T ¥ % EE
w P 33,559 0 39,289 w L 33,559 0 39,289
(fk,2)| # [ﬁ“ 11,525 11,772 (tk,z) | #* Jir 11,525 23,192
H R 39,161 107,248 30,836 + R 39,161 95,828 30,836
w P % | 117,892,767 0 215,853,766 w P 266,794 0 488,362
®)| # 5 | 39011,152 | 67,443,776 0 ®)| # 5 88,279 300,567 0
+ & | 162,909,760 632,224,915 74,006,400 H R 245,931 852,870 111,626
3 FippE= 869,141,075 2 pemwgE= 440,201,461 3 = 1,210,428 dFRRxE= 1,144,002

65




|

g
T~

B 5.1 & B »c

R

66



B 53 B afer 2 gilony

67



B R
"%ng,},%ll?;%ﬂﬁ_r.,%ﬁﬁ N REE S ’?’J’é/?&ﬁ‘ﬁ/@iﬁi

AIDF DG A E o SRR R T R SRR B S P A R TE e £ R

“H
I
s
s
AN

B TN FER - AR AEAEFELRTRZ%E o d N ERFEME
*

Zk’ﬁ_P%ﬁiﬁm9®%%,%;%éﬁﬂ%@%%ﬁ@ﬁ%ﬁ%
ARZBERDHABBRETFEBRFT > GEN LA RSB AR
ﬁ%;;ﬁﬁ%oﬁz,mfﬁﬁﬁwﬁ%ﬁ@f#%é;m&ﬁﬁi‘
SRR E S SR E E ARG RE o T RREZ R > B PO
BRAEFELRITE BERN g BER IR Y o BN L RS
B R DRE T i PG UTRBEAET LR 2 AP LR
o FERVEIREA O w2 PR L EEEAT 2T o

6.1 %%
AT ugmpm$%’#ﬁzﬁiiéﬁ’uf——imio

1. };j: - lp }ib /},‘—j‘l ]f;}’ﬂ’ m/ﬂ ‘?\: 'l:

é%?f’t;fz’v;{&g"?&és{ E T E’%ﬁﬁ{ﬂafﬁﬁj‘zﬁj\%f%
,;j%ﬁ:ﬂ;t X & ﬁopr@?ﬂﬁmaﬁg J Lo -5 e A

#F & ks FADSEF F R 5 EAW) - @%#a§fmﬂ I I T

F Z(Cw)2 %R i (ET= 57f§ Foiz#g A o T L oG ] R
R R TR TER L ERB T BB AE LR

i

FERF FEAWEF FIRF FCHE2EF 2 icF FCW)Z AL & g
FEEA o AR SHR IR LA RATE
A AT A BLF]F 2 G T gL S

AP FEZEGRRRIEEPEPRRTFS - ¢4

EFRECPRBIB UAFHEFFHEL T PP T AH G
WEATRERBEZ T o P NP EHFFHFF AR Bl
MH@$§%%’ﬁ%ﬂ@@ﬁﬁ%ﬁﬁﬁiﬁ%ﬁﬁo

\HP

— N
FIMEANT

QE»
R

7

e

F

=5
>

3%

68



ERRPE S AR /}ill't'#ﬂmji—\jé&\;' I e & gl R AE S 1 3
PIE3 2 o5 - HERLERE RRBAE NP R RRE T AT
AR SR EOE R P A SR (R Lf eds SR E S

B T3 RGP R R T o kAT 2 20 R T 2 3E

ipié?éiﬁ%ﬁﬁiﬁéﬁﬁ’ﬁﬁﬁﬁﬁ;\ﬁﬁﬁ;\

ERLF B EILF T 5 op o A W H AR Ei R ER B E Y
FRAASEER T EMER ST E AT BRI o RITE A

BB RE FErcE o TR R e A AhE vk (K 22eCO2n B =1 5 A

FrnF A g R iR E e R RIFFZARAE LEACE e AR

3
S
Ny
=
3
A
T +
-
P
(\
3%
&
B

Beo 25 BO) Bft Ab A R E S BAEEE § R np o 2

A
>k

p
PR EFRE EAFET Y - RN RERRTER] B R Rkt

LR NRTR . BERNE R A

PO RARRTEF LR LGRS mAFLELRIRITS L BE
Bot o AL RS RB T R B - PR AR A
«F—”iiﬁﬁ?/ﬁﬁ‘,&%ﬁfé‘ Bl 7 RERE A 5% & RE ) S MG F S

FEb‘F;‘ 12:47%»“‘— F ‘F Lﬂ‘m ﬁ;] ‘}\E\ﬁx‘( /{ ﬁ*Q'FL '—‘i's_;, TZ‘QD{{

1,\4‘&

R B R T ad T8N 26 A RpEAIE D 2N
Rt %d 2B F R e RS X d %’Uﬁﬁfﬁ%ﬁ@% ok 20

BoAHTEI MBI AP EEIRRAR S 307 2 GG



Fk 2006 £ 2R R T BB B E X ANAT RDlEER o H

B - 2B 52006 3 2011 £ S AG RIESR 2K S e

B3 s~ 2B ﬂBsaEmﬁmhﬁoa%ﬁA@’ig¢M
AFEWH TR AR T 2 b £ 5 ff 5 273,389 2 0 LT SR

ERE G5 273768 201 > Alis ~pFe 1t 99.86%2 Fx B &

4;

L R R 1 L Tt S UL - RN
FEH BT B 2 B AR S B2 B8 A R v oL R
BIEHE RS R R R R L SA AR 2 A aE e R RIS S
fhod TR AT L - AL LR L SR F R

EE

6.2 %

RIp AT EARDFIREGS DT e R 0 L RETE

K'i,;/o

gy
1 488w (=g 7
AFREEE TG U EE RRE T2 G R AT T H
EFEenF S o Aam Kﬁe?jij‘ﬂég%g“ﬂgﬁﬁﬁé%” 5
AR TR EE BRI E bAef TS e 4T FlS SR TS
2% fro BEAR LR IR R e 3 0 30 R R o g BRI T iR i
SR EART  HHRBEEIL X LH-
2. VRE A BRI Tt £
AFETHLRER TG AR M- BREBY
BRMEEG BRI F W RS 5
FEG MG ENEFHT T -2 a0 BY AR - REBOEL > TR
TR AP B R K- 2 AT A ST T o 2R R T &
BB ARIES T - B & SLPR AR AL -

IR R ot 2 o

doifr L E kL EEid s I AR EARTT kT A o 2

70



NIRRT - R B F G Fe TR R AERAL A LI

el 0 B BIG B AL T OUIFL A RS B o

71



240

OTERfad T2z hicr A48 kb4  wP TR (978) Atk
E= Eﬂ%:% » http://www.afa.gov.tw/ -

T EF > (%) o R L R 3 Sl U AR ek eV SRR
HY BB R CRE AT T LY 0 S o

I & Hpee 5 (77&)0 282 312500002 gL R R Y B
RERIEA LRI w0 50 .

2EE 0 (96%) 0 “F L AAAF R AMG R i BT SREE TR
Mooyt w ¥ sz 818217 o

3 pctk 0 (68%) LR FE | W e S

Ean o (28) DR F i i g R gs § i %Q)F
AAOEEE PP A EETIRE > 5 - Mo 31-53F -

FRE (T7E) T D@L GRS 0 DBRE AT e o oo

SRR EE AR (E)S ST T e ko
http://volcano.gl.ntu.edu.tw/worldwide/taiwan_digitalmap_large.htm -

T AN (TE) N AT R R BF RS EEI R FEFT R
L =8 > 46-53F 0

A RE R (978 ) TARE F4 &2 gl 2 e o
ik b el E S

FAkgg s L3R (95£ ) "L AR TR IRAFEEAHFERT LA FE
WAL % T L8 o 1-6F -

ARL~FAa MEs B72) T#PHFEER  FHIFRPERE
ITaBE ARG S

FIEf ~FRY ~FEm M- (952 ) “2 kY FESAEIFE
2ZFBFT SR EFAT %I 1 %5 % =4 > 181-189F

72



TE®R (&) T ks " 2itg 2 0 M2 0FF -T2 PBRE

BRI LY o oA

FPA~F2 5 (968) "2 TR AR RREAKRBEY SfE~
FEz xte k>

,ﬁﬂ ,59? °
AR T (69&) T 4EH (FHE > B il o

BE A (QA4E) TS sk R

I% AR S A 0 TR Lf?ﬁ
http://e-info.org.tw/special/fcar/2005/fc05092101.htm -

-*

F2% 50 (%)
£

S
R AN

¢ k
Pk & o (96%)

e A U - v

724 & 2 RET-65F o

CRRRE L TR 2R
¥ o % Sl 5 29-34F o

W& & (96#)

Ry gk A B B

R AR R e 2 BT
¥ %= > 35-40F o

it & s (962) T 2@ RA TR TR o

REF B Bt
LRk T

PRS-

R £ 30 e (83
23N A R

A P R

TR o R R

s PRz TR > (958 ) > [ 4 T a0 B g o2 4

3 B
Bl S SRR S - i R A

L N £ F{pli“& L4 (9BE) “EEEEFIGEARERY
: FALET > % - % 41-62F -
Per 2 v m B ok s 3EEEZE

ME - ELa o (962) 02 iR —
ERBEHM T R BEFENRKE T

AR

N
S
(%)
w
o
IS
R
o

o (87#) T § R AHE A
CERBIRFT T LG

73



AP F BRI GNL M FHRR o (T9E) ST INE L AR Y

TR F AT T EH Y R AN L F % k> 339-346
Fooopfoe
AP (957) “Y RAF FME AEFATIHF > 5L 2 %5 20-23F o
BARA ~PFEP 0 (96F) "tk AEF S gL AL TR SpEFATE

2o FLtw ks $ =4 22-25F o

P E®, (9B3E) “HANEBLRLTELHZ T A" L EHAE
SARGTFRT: R T T K 5 22-26F o

FREAE 0 (84E) 0 A HF R SHE R A SRR P E AL FHRAT
T 5> 122-128 ¢

MAF Q4 ) PRz fAidae B—23E " 2 F&D > 2§ F %
TR P FRR 2 E

g > (QleE) TAEFBRATE R FEM 527 —TFT-LCDA ¥
AP ERAFEFREFE ML P e

MBF 37l (1) LB o R FRe o

F v F R (94 )y ER WAEAGRER 4 A Pl BT B
REL” > 2005 kfen B % 54 a 33 § » $85-107F > o @ o

BIUE & o0k R d E 0 (BAE) s “HEEN g L mRT P

wht

E#EFF o $e Lok Sud 4134197 -
FEG B E AT A (B4E) “REHIARBRROVF SHY
B EArE T 5w L4 % 61-T2F o
FIRE »(T9£) T SR B BAGH G2F7 0 X §F A HEFEHRS
HEHT RS REIP LT R S
G~ F A (898) A BEAMEER G B RS
LT Bz A EEREHR 52 %5 293-310F -

74



E2Am 0 83&) Tkt AHmll 2 28 > S RREFELALE
7}L o

22 Ag 0 (83F) T iRt L hIA MR 0 SR ET E A4
BEE 0 (83E) T HE b R A
FEEH - A o (97F)  GASTR R A o http//www.moeaec.gov.tw/ -

>
IRy
T
S
=

oK (958) T DB RRAEGRITF LT FHAL LA TR G
Bl 0 Rz B G R SARFFT T LG o

RSP (968 ) 0 T ATE e 2§ R 0 R oEERATR
WEPRAE o % 728p - 35 o

BEB B G2 O (TE) “SHIRE R Sau DA EFE R FRET
PEY LA et =& 0 528 0 204-219F o

BRLER S 4% (06) TOUAE BT H R RATT EH F L L §
S8 e

BB AT 8 FaE o (9T )0 S TG L Rl 2 S koax
EAW" w2 d/7m#o 5w = — J > 67-84F -

s (788 )0 T4 EBLEMI T 5 o Gt > 5 A

RET o (48) IRrtEnatic i A o#RFE- i ad
F 0 B 2ol K éii@ﬁﬁiﬁiﬂ:ﬁb’% A LR < 0 ATT o

Rz (95) T DAL IER RITF L AR A o PR AR
AERETT L HmT o oA

Farrel, A.E., Plevin, R.J., Turner,B.T., Jones,A.D., O’Hare, M., and Kammen,

D.M. (2006). “Ethanol can contribute to energy and environmental

goals.” Science, 311, pp. 506.
Kavalov, B. (2004). Biofuel Potentials in the EU. Insitute for Prospective

Technological Studies (IPTS), European Commission Joint Research

Centre, pp. 5.

75



Granda, C.B., Zhu, L., and Holtzapple, M.T. (2007). *“Sustainable Liquid
Biofuels and Their Environmental Impact.” Environmental Progress,
26(3), pp. 233.

Cohon, J.L. (1978). Multiobjective programming and planning. Dover
Publiscations, INC., Mineola, New York, USA.

Hill, J., Nelson, E., Tilman, D., Polasky, S., and Tiffany, D. (2006).
“Environmental economic and energetic costs and benefits of biodiesel
and ethanol biofuels.” in the Proceedings of the National Academy of
Sciences (PNAS), Washington, 103(30), pp. 11206-11210.

Kao, J.-J. and Lin, H.-Y, (1996). “Multifactor Spatial Analysis for Landfill
Siteing.” Journal of Environmental Engineering, 122, pp. 907.

Martino, J.P. (1993). Technological Forecasting for Decision Making, 3™ ed.,
McGraw-Hill INC., New York, USA.

Porter, A.L., Roper, A.T., Mason, T.W., Rossini, FA., Banks, J:; and Wiederholt,
B.J. (1991). Forecasting and Management of Technology, John Wiley &
Sons INC., New York, USA.

USEPA. (2002). A Comprehensive-Analysis.of.Biodiesel Impacts on Exhaust
Emissions, EPA420-P-02-001. pp. 36-46.

76



	0 0inner.pdf
	Master of Science

	thesis-1.pdf
	符號說明

	thesis-1.pdf
	符號說明

	thesis-2.pdf
	1.1 研究緣起
	1.2 研究目的
	1.3 研究流程
	1.4 論文內容
	2.1分區方法
	2.2能源作物之評選因子
	2.3能源作物之評選方法
	2.4能源作物之效益分析
	2.5情境分析
	3.1 依氣象特性分區方法
	3.2 依行政區界調整分區
	3.3案例區簡介
	3.3.1 第一區
	3.3.2 第二區
	3.3.3第三區
	4.1 能源作物簡介
	4.2 台灣的主要能源作物
	4.3能源作物之評選因子
	4.3.2第二階段評選因子 - 適栽作物特性因子
	4.4能源作物之評選方法
	4.4.1適栽地區環境初選
	4.5能源作物之評選結果
	5.1環境效益
	5.2能源效益
	5.3經濟效益
	5.4優選模式
	5.5情境設定
	5.6結果與討論
	5.6.1 各情境分析
	5.6.2 情境分析結果討論
	6.1結論
	6.2建議


