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ABSTRACT

The deterioration of global energy and environmental problems in recent years
has forced many countries to accelerate their paces in developing and utilizing
alternative energies. However, generation cost using new and renewable energy
technologies is still high compared to that of conventional ones. Moreover, although
most of the new and renewable energy technologies can bring about significant energy;,
environmental, and economic benefit to the economy, they are inevitably associated
with huge risks and uncertainties. As such, a careful assessment of the potential costs
and benefits that the technologies can bring about to the economy is necessary before
the decision of development is made.

The aim of this project is to develop a GEMEET-based framework to support a
full-range technical-economic and cost-benefit analysis for Taiwan’s photovoltaic (PV)
and cellulosic ethanol industries. Suggestions of how to commercialize the developed
technologies and how to create an industrial chain will also be derived based on the
analysis results and be provided to the related agencies for formulating suitable policy
measures.

Keywords: Solar PV, cellulosic ethanol , Technical economic, 3E model, cost-benefit.
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4xBEREFRAP EAFELHE

2A3FI AT A B RT T BE D R AT AR S o4
0w B - z»ﬁ’}t%_’g%(l 10KW) 1% 1 sk 3 3 @ 38 B ?i{i%\*’*?

8.2627~18.8293 NTS/KWh » 5 = 7% & % £ (10~100kW) £ %57 7 &7
& & 4 +% 7.3510~16.7516 NT$/kWh » 5 = #7% % % £ (100~500kW) 3 7 5%
p ﬁﬂ’fﬁ & A 4+ 7.0933~16.1023 NT$/kWh LA REIFT AR L
BEABETHTRA b 3D R H TS A Lo T f T4 4
3.66 NTS/KWh £ 2-5 ¢ B2 % o

# 13 ~HERRTFRIAP L3 AERE
PR ¥ -4 ¥ o8 ¥z
(% & BE) (1~10kW) (10~100kW) (100~500kW)
H
CAE hours/year/kW 1561~ 685 1561~ 685 1555~ 685
7 E Tl % 17.82%~ 7.82% 17.82%~ 7.82% 17.75%~ 7.82%
CO, w#E"° kgCO2/year/kW 894~ 393 894~ 393 891~ 393
FreAa© NT$/kWh 8.2627~ 18.8293  7.3510~ 16.7516  7.0933~ 16.1023
FARRTN BRI TR EABATFTRA L S AF HC
Py NT$/kWh 10.3185 9.1799 8.8241
EIRE NT$/kW 39158~ -71138 34837~ -63288 32841~ -60835
LT % 8.29%~ -1.66% 8.29%~ -1.66% 8.24%~ -1.66%
F oA 1.27~ 0.51 1.27~ 051 1.26~ 0.51
LT ¥ Years 9.61~ 23.95 9.61~ 23.95 9.65~ 23.95
CO i & & & NT$/ACO2 -3588~ 14853 -3192~ 13214 -3021~ 12702
# KRR CO g &+ NT$KWh -2.2984~ 21.6833  -2.0448~ 19.2907  -1.9425~ 18.5430
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1054% > % - # %% 3 B RiEng § 4 AF R T 139741 =% 1
A F MR R R AR 124321 A5 1 87025 A 0 H - i EE FE A
FER]f€_11.9115 ~ % 5 8.3381 ~

3014k SRS B0 H 1250MW X BT R B 2 SR A 4
_le%‘%IE p 2T

BREN ¥ -8
@I F T K hours/year/kW 1108 1219 1330 1440 1551
7 2 Flic % 12.65%  13.91%  15.18%  16.44%  17.71%
CO2 g kgCO2/year/kW 635 698 762 825 889
RS A NT$/kWh 11.6409  10.5809  9.6978  8.9570  8.3160
EF2RAT R R T E B RTFTEAL A Ao HHR(FF 1)
By 5 NT$/kWh 10.3185  10.3185 10.3185 10.3185 10.3185
EIE NT$ -17878 -3903 10073 23923 37899
N 3RAR % 3.73% 4.93% 6.07%  7.15%  8.20%
F A 0.88 0.97 1.07 1.16 1.26
HF i Years 13.92 12.54 11.41 10.47 9.67
CO2 & & & NT$/tCO2 2308 458 -1083 -2376 -3495
ART CO2RERA NT$/kWh 2.0828 0.3756  -0.8145 -1.6501  -2.2533
BPEEL ¥
- s hours/year/kW 1108 1219 1330 1440 1551
7 2 Flic % 12.65%  13.91%  15.18%  16.44% 17.71%
CO2 ¥ kgCO2/year/kW 635 698 762 825 889
R A A NT$/kWh 10.3564  9.4133  8.6277  7.9686  7.3984
LANBTA R T E BRI FTRA L S A F R ER(F+ 1)
By ¥ NT$/kWh 9.1799 9.1799  9.1799  9.1799  9.1799
IR E NT$ -15906 -3472 8962 21283 33717
3R % 3.73% 4.93% 6.07%  7.15%  8.20%
F A 0.88 0.97 1.07 1.16 1.26
HE T Years 13.92 12.54 11.41 10.47 9.67
CO2 8 = & NT$/tCO2 2053 407 -964 -2114 -3109
HRTCO2RERA NT$/kWh 1.8530 0.3342  -0.7246  -1.4680  -2.0046
b )
BRI PP Tk hours/year/kw 1108 1219 1330 1440 1551
7 £ Flic % 12.65%  13.91%  15.18%  16.44% 17.71%
CO2 g kgCO2/year/kW 635 698 762 825 889
Rl A A NT$/kWh 9.9549 9.0485  8.2933  7.6598  7.1116
LARRT R R TEE SR TEFTRA L A A F R E(FF Q)
L NT$/kWh 8.8241 8.8241  8.8241  8.8241  8.8241
IR E NT$ -15289 -3337 8614 20459 32410
3R % 3.73% 4.93% 6.07%  7.15%  8.20%
A 0.88 0.97 1.07 1.16 1.26
WF i Years 13.92 12.54 11.41 10.47 9.67
CO2 & & A NT$/tCO2 1974 392 -926 -2032 -2989
ART CO2REDH NT$/kWh 1.7812 0.3212  -0.6965 -1.4111  -1.9269
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#0155 SdEHCE 4 2500MW S 1B R R R BB 2 AR 1A 44
— I EEIE R AT

FEHEH5-§
WEaE g g T PR hours/year/kwW 923 1015 1108 1200 1292
FEFF % 1054%  1159%  12.64%  13.70%  14.75%
CO2 g kgCO2/year/kW 529 582 635 688 740
ERan & A NT$/kWh 13.9741 127075 116409  10.7484  9.9830
EARAT R R TR BT FTRE 2 Ao F iR (F F 1)
I NT$/kWh 103185 10.3185 10.3185  10.3185  10.3185
EIE NT$ -41172 29588  -17878  -6295 5289
PR % 158%  268%  3.73%  4.73%  5.68%
F o 0.72 0.80 0.88 0.96 1.04
B F v e Years 17.04 15.33 13.92 12.76 11.77
CO2 & & A* NT$/tCO2 6380 4169 2308 750 -585
&R CO2E 44  NT$KWh 69120 41076  2.0828  0.6252  -0.4531
R I
WER D F TRk hours/year/kwW 923 1015 1108 1200 1292
FEFF % 1054%  1159%  12.64%  13.70%  14.75%
CO2 4 ¢ kgCO2/year/kW  528.879 581595 634.884  687.6  740.316
E R4 A NT$/kWh 124321 113053 10.3564  9.5624  8.8815
PARRT R R TEE IR TEFTRA L A A E R ER(FF Q)
G NT$/kWh 91799 91799 91799  9.1799  9.1799
AR NT$ -36629  -26323  -15906  -5600 4705
A % 158%  268%  3.73%  473%  5.68%
RN 0.72 0.80 0.88 0.96 1.04
B F v o Years 17.04 15.33 13.92 12.76 11.77
CO2 g & A* NT$/tCO2 5676 3709 2053 667 -521
R T CO2E+4 NT$KWh 6.1493 36544 18530 05562  -0.4031
JFPEE I F=N
BRI D BTk hours/year/kW 926 1019 1111 1204 1296
FERF % 1057%  11.63%  12.68%  13.74%  14.80%
CO2 g kgCO2/year/kW 531 584 637 690 743
5 Rian o4 A NT$/kWh 119115  10.8244  9.9281  9.1612  8.5109
FARRRR B TR ESB AT HFTRAE 2 P AE LR (E L)
e NT$/kWh 8.8241 88241 88241 88241  8.8241
A NT$ -35209  -25303  -15289  -4952 4953
PR % 158%  268%  3.73%  477%  572%
oA 0.72 0.80 0.88 0.96 1.04
B F v ot Years 17.04 15.33 13.92 12.71 11.73
CO2 j# & & > NT$/ACO2 5388 3491 1927 588 -547
& RT CO2FE+4  NT$KWh 58188  3.4259 17342 04886  -0.4218
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# 16k Aia AL 1250MW S R T KR B E 2 AR AT

— UEEIE P & T

FRHHF5-§
LS W S hours/year/kW 1108 1108 1108 1108 1108
L% % 12.65%  12.65%  12.65%  12.65%  12.65%
CO2 3 kgCO2/year/kW 635 635 635 635 635
Y S IUEEN NT$/kWh 11.6409 104768  9.3127  8.1486  6.9845
FARARTAN R TR IR TFTRA L A A R(F+ 1)
gy NT$/kWh 10.3185 103185  10.3185 10.3185  10.3185
AR NT$ -17878  -2140 13599 29337 45076
P FRR % 3.73%  505%  6.61%  850%  10.86%
E A 0.88 0.98 1.12 1.29 1.52
FF e Years 13.92 12.41 10.92 9.47 8.04
CO2 8 & A* NT$/tCO2 2308 276 -1755 -3787 -5818
& RT CO2FELA  NT$HKWh 20828  0.2493  -15842  -3.4178  -52513
FRHY:FoF
BL P RNy S hours/year/kW 1108 1108 1108 1108 1108
L% % 12.65%  12.65%  12.65%  12.65%  12.65%
CO2 3§ kgCO2/year/kW 635 635 635 635 635
E R ial A A NT$/kWh 10.3564  9.3207  8.2851  7.2495  6.2138
PARRT R R TEE IR TEFTRA L A A E R ER(FF Q)
g 5 NT$/kWh 9.1799 91799  9.1799  9.1799  9.1799
ERE NT$ -15906  -1904 12098 26100 40102
AR % 3.73%  505%  6.61%  850%  10.86%
F oA 0.88 0.98 1.12 1.29 1.52
FF T Years 13.92 12.41 10.92 9.47 8.04
CO2 jfs & & &% NT$/tCO2 2053 246 -1562 -3369 -5176
5 RT CO2FESA  NTHKWh 1.8530  0.2218  -1.4094  -3.0406  -4.6719
JFPEE I F=N
WHEIE P F TPk hours/year/kwW 1108 1108 1108 1108 1108
L% % 12.65%  12.65%  12.65%  12.65%  12.65%
CO2 3§ kgCO2/year/kW 635 635 635 635 635
S S IUEEN NT$/kWh 9.9549 89595  7.9640  6.9685  5.9730
FARRRR B TR ESB AT HFTRAE 2 P AE LR (E L)
Fg s NT$/kWh 8.8241 88241 88241 88241  8.8241
EIRE NT$ -15289  -1830 11629 25088 38547
P ERAR 5 % 3.73%  505%  6.61%  850%  10.86%
R 0.88 0.98 1.12 1.29 1.52
FF v Years 13.92 12.41 10.92 9.47 8.04
CO2 8 & A* NT$/tCO2 1974 236 -1501 -3238 -4976
#RT CO2%E+4  NT$KWh 17812 02132  -1.3548  -2.9228  -4.4908
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2 17 k!

o A S 2500MW =

—,'»l é‘%:@? E’ Z\'

F%’E KERE 2R M

FRHHF5-§
WEaE g g T PR hours/year/kwW 923 923 923 923 923
FEFF % 1054%  10.54%  10.54%  10.54%  10.54%
CO2 jF# ¥ kgCO2/year/kW 529 529 529 529 529
ERan & A NT$/kWh 139741 125767 111793  9.7819  8.3845
FARARTAN R TR IR TFTRA L A A R(F+ 1)
oy NT$/kWh 103185 10.3185 10.3185  10.3185  10.3185
R NT$ -41172  -25433  -9695 6044 21783
PSR % 158%  2.80%  4.23%  595%  8.08%
A 0.72 0.81 0.92 1.06 1.25
B F v e Years 17.04 15.16 13.32 11.52 9.76
CO2 jf & & A * NT$/tCO2 6380 3941 1502 -937 -3375
&R CO2E 44  NT$KWh 69120 42697 16275  -1.0147  -3.6569
FRHY:FoF
W R hours/year/kwW 923 923 923 923 923
FEFF % 1054%  10.54%  10.54%  10.54%  10.54%
CO2 jF# ¥ kgCO2/year/kW 529 529 529 529 529
ERian 4 A NT$/kWh 124321 111889  9.9457 87025  7.4593
PARRT R R TEE IR TEFTRA L A A E R ER(FF Q)
ey NT$/kWh 91799 91799 91799  9.1799  9.1799
R NT$ -36629  -22627  -8625 5377 19379
A % 158%  2.80%  423%  595%  8.08%
RN 0.72 0.81 0.92 1.06 1.25
B F v o Years 17.04 15.16 13.32 11.52 9.76
CO2 i § & &> NT$/tCO2 5676 3506 1336 -833 -3003
ERE CO2EES+  NT$/KWh 6.1493 37986 14480  -0.9027  -3.2534
JFPEE I F=N
SEE N LT S hours/year/kW 926 926 926 926 926
FERF % 1057%  1057%  1057%  10.57%  10.57%
CO2 F# ¥ kgCO2/year/kW 531 529 531 531 531
£ Riaf 4 A NT$/kWh 119115 107552  9.5292  8.3381  7.1469
FARRRR B TR ESB AT HFTRAE 2 P AE LR (E L)
oy NT$/kWh 8.8241 88241  8.8241 88241 88241
R NT$ -35209  -21750  -7967 5492 18951
PR % 158%  2.80%  427%  599%  8.13%
Ao 0.72 0.81 0.92 1.06 1.25
B F v ot Years 17.04 15.16 13.27 11.48 9.73
CO2 & & A * NT$/tCO2 5388 3370 1231 -848 -2927
& RT CO2FE+4  NT$KWh 58188  3.6514 13289  -0.9160  -3.1609
EE A N I
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* & > & | USD 4,000/kW | USD 1,800/kW | USD 1,200/KW USD 800/kW
%% 24 | USD240/MWh | USD 105/MWh | USD 70/MWh USD 45/MWh

: IEA (2010), Solar PV roadmap targets -
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m Others 311 390 485 816
B33 212 FEHAL
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(Renewable Energy Directive) » # p &5 1 2020 # 2 B ol & 3»@,]
el 69 10% o

hOTE C FRARE P RITE R REE B L iR IR
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RPN W EE A A RBCERRIF L R Flet 4R T k3 i Wooley et
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#iﬁvm A E SR ITE 2 o AR BE P RJE R 2000 #E(5z) 0 kLR
SAAR KRR P LR D E L EER L 96% i 50 2 ¥
AR WL 20 E 037 10% 2INAETFTAKF 5 234 BE
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7P E¥ DR S Y ¥
/100 %~ *K/E4

25 R 19.3 370  60.16%
A 4.0 8.0 13.01%
R T 3.2 6.2  10.08%
&b 0.5 0.9 1.46%
WAk 0.5 0.9 1.46%
it B | 0.6 1.2 1.95%
PR A 2 0.6 12 1.95%
7 -3.68 720 -11.71%
HE s & 7.5 133 21.63%
B R 325 61.5 100%

TR kR F 4R Z % (2004)
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ke 2 A 68 4v i ,rf—ﬁ% AT BIFRE L R E AP 5520 F 4 4(1.98
o) Pt B ERAFHF R RS 144 2 A 4k o F A 3L ehd At
B o 24T L AR L R R S A b 60.16% 0 % R 22 At B4 B | cha A
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(7 Hdz R 7%)
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% & 0.44 1.82 0.44 1.84
Hw 0.31 1.29 0.36 1.53
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FpF 2 %2 2+ 4@ 74 g2 & (Cane production) = & 2 4 & 4c 1 (Cane
processing)= & o & XA PP T4 AL AGLE L 1T 4 > B 5 IR R
HhHzZ 2 AS AL B AL L 125 40 HibR2 AL A2
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# ~ GEMEET #-3|%# 8 mR

R ST R

hemirit o A E R E R R FERES L (V&V) ) 973 V&V 4
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Gass (1983) d & & 15 & & $HEHCR]E AL 0 F > Jorgenson
(1984) ~ Kehoe et al (1995) » ¥ #F] 5 ¥ CGE -3 5 % ?ﬁ#“'ﬁﬁf ZFERS
AR EFE RS RPRBELR A F o Ra ¥ CCE WAl 4 &k AR L8
oo BEARBCAAR Fe Y iR FEE 0w CGE #-AIFER 7 BT/ £ 1 o
17 # Kehoe (1995) ~ Gehlhar (1997) ~ Hertel et al. (2005) - Valenzuela et al.
(2007)~Va|enzue|a etal. (2007) ‘¥ % 44 CGE #-7] itF/zzn- H ¢ »Valenzuela
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E oI Bl 3 AR R IR A B B D) 2 s R (shocks) 0 %k
e LREF ] } 4 AMEARNTT A0 3 s 2 (randomness ) 0 fX fs -H
» CGE #A]7 o 3 B (B2 g |7 * 0 F g ¢4 AR
LA m“:ﬁ#fﬁaﬁvﬁﬁiz\é} Woom I, g4 & 4 ahifrE 8~ CGE
Al o P A RBEEDZ ) FAERAFEDEEAF RT  SfEF fi'l“
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Beckman and Hertel (2010) » L4+ GTAP-E it ik 5 BB i {7 53]

FEILPIER o H FE PRI A 4 5&—‘” Valenzuela etal. (2007) eni®jx » IRz R
Ve g om A g & end W % A (1) Valenzuela et al. (2007) 7
Frfan g (] &) ol R®¥H L8 kA B%e H%E > Beckman and
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P e e 7 fsE M E o F]pt o Beckman and Hertel (2010) § %+ 7
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FEILA 5 = H AR
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