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B8 FERELH B
g | BMEERA | BRARER | EE e
B wEHNE ([ E/MW)
2004 8.5 0.25 0.340 0.030
2005 23.9 0.91 0.436 0.038
2006 102 2.76 0.309 0.027
2007 186 4.40 0.270 0.024
2008 250.4 5.88 0.268 0.023
2009 3743 7.87 0.240 0.021
2010 475.9 10.26 0.246 0.022
2011 522.7 14.93 0.326 0.029
2012 571 14.14 0.283 0.025
2013 614.2 16.40 0.305 0.027
2014 637.2 15.01 0.269 0.024
2015 646.7 15.25 0.269 0.024
2016 682.1 14.57 0.244 0.021
EE ) B A
2020 300 19.29 0.275
200472005 R | CESi
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SR JE\ 5% B 20044 K 20104 53 1 e >
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HEMW) (B HEAERE ([ FEMW)
2004 2.4 0.09 0.409 0.036
2005 4.8 0.17 0.415 0.036
2006 4.8 0.18 0.431 0.038
2007 4.8 0.20 0.473 0.041
2008 4.8 0.19 0.445 0.039
2009 4.8 0.18 0.437 0.038
2010 48" 0.16 0.374 0.033
2011 10.2 0.41 0.454 0.040
2012 10.2 0.36 0.402 0.035
2013 10.2 0.35 0.392 0.034
2014 10.2 0.32 0.363 0.032
2015 10.2 0.32 0.353 0.031
2016 10.2 0.26 0.295 0.026
B R T
18.36 0.403
2020 520 R e 1) CPA5(E)
105.95 0.403
2025 3:000 RIS 5 ) CPE9(8)

BRI © BB AF0SFAETER(BEERIIAF > 2017) ; AW -

U R R E A E SR 20044 12 F IEXRGEE o poiIsRTEE o R ARSI 2 5
BE 52 LA R BT » $20045 (& 73t th i ) 3 B — £ PUSRAK -

2008426 58£0.9 MWIA20104E IER P - MRIE S BT T M RS » &R )
HEEPPREFERS2S MW > FIFEERE K102 MW » FEIR IR AT AT Z it st #s
TR R BAL > S20 105 A o rfi R Ty 38 8 — 22/ ek -



FTill |3R ~ S8 | HEBLERTEEENTLEERDMINR 171

IR B8 - MIER 1P LB FIRe )R B i
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BEIRIE2004F £ 201 64E AV S » AT DI EH
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72 F50.80(8 % « &EEFRI10 K F 11 AVEEE 7] U
B 20250 B RE S BRIV AE 85 BE B TR S 5536.06

B B EEY S E M4 E RS BN
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FEREERER (R R E R ERER
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PR THRE 28205048 TR 15 1 (it 5 1 5t 28
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20254 S Y45 B e HA A RE S B A & R
R E50.5 5203 5 [f20304E E20504F Y 25 & A
BT RITEL £50.644 520.3 « AT DLEEE THAREAT
Tl 2 5 8 REAE2025F0F - BEEEY) 3 AL
NESEERE e ERERER B ESEEM
AT AERR IR B PR EI20204F K 2025 4F Y45
BEMGEERETER  HABEERE TN
A EREGEELY 50.83 - HEASE K T
BE > BFF SR SEE -
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2004 541.8 28.25 0.595 0.052
2005 573.8 28.53 0.568 0.050
2006 609.5 29.02 0.544 0.048
2007 622.5 30.14 0.553 0.048
2008 622.5 29.35 0.538 0.047
2009 622.5 29.24 0.536 0.047
2010 622.5 30.36 0.557 0.049
2011 624.4 30.92 0.565 0.050
2012 629.1 30.82 0.559 0.049
2013 629.1 31.49 0.571 0.050
2014 629.1 32.04 0.581 0.051
2015 629.1 32.59 0.591 0.052
2016 629.1 32.58 0.591 0.052
31.16 0.565
2020 629.1
GRSl | P
31.16 0.565
2025 629.1
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ZORVICR ¢ 10SEREIRARET - LR BRI - 2017) § AHIJCREA -
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B HAAE S A
SEEREMW) BEE(EY) BREA N ([ FE/MW)
2004 103.1 3.49 0.386 0.034
2005 99.1 3.29 0.379 0.033
2006 101.8 3.24 0.363 0.032
2007 101.8 3.03 0.340 0.030
2008 101.8 2.74 0.307 0.027
2009 101.8 2.24 0.252 0.022
2010 101.8 2.72 0.305 0.027
2011 96.3 2.37 0.281 0.025
2012 96.3 2.43 0.289 0.025
2013 96.3 2.19 0.260 0.023
2014 96.3 2.43 0.287 0.025
2015 97.5 2.36 0.276 0.024
2016 97.5 1.94 0.227 0.020
3.70 0.304
2020 138.9 RIS 1) P91
4.90 0.304
2025 1839 CRTZE et 1) CPE9(H)
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B F536.06(8% - HERIVIEE RS R
L37{EE  imEEEiBEs - AR R IO ERER
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IBR NG Ry SOERE » IANJeRIFT T - AEHERE
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F12 A bW EER

FE B R AT IR B (A H) HRER" FEE(EE)
2004 69.7% 22,050 81.5% 27.7
2005 69.8% 22,050 81.2% 28.5
2006 67.0% 23,250 80.2% 28.6
2007 70.1% 23,250 81.3% 29.6
2008 67.9% 24.650 79.2% 29.7
2009 67.7% 24.650 80.3% 29.2
2010 69.3% 24.650 81.6% 30.3
2011 70.6% 24.650 82.9% 30.8
2012 71.2% 24.650 83.1% 30.6
2013 70.6% 24.650 83.2% 313
2014 70.0% 24.650 83.5% 31.9
2015 72.6% 24.650 85.8% 322
2016 71.0% 24.650 84.5% 325
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R R HAEAE R 7 51 Ry 8. 18{RE S 8. 2 1{E -
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i 1EH /K ITR2025F /54 FE B R4S (B - B
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R4 K BB
makssEsR | mekhnER | maknng | Tk OEIRE
I (MW) (i51) wERAy | O TRER
(REFEMW)
2004 1,909.7 32.10 0.192 0.017
2005 1,909.7 39.86 0.238 0.021
2006 1,909.7 40.88 0.244 0.021
2007 1,921.2 4418 0.262 0.023
2008 1,937.9 43.05 0.254 0.022
2009 1,936.9 37.48 0.221 0.019
2010 1,977.4 41.94 0.242 0.021
2011 2,040.7 40.00 0.224 0.020
2012 2,081.4 56.70 0.311 0.027
2013 2,081.4 54.23 0.297 0.026
2014 2,081.4 43.18 0.237 0.021
2015 2,089.4 44.70 0.244 0.021
2016 2,089.4 65.62 0.359 0.031
47.06 0.256
2020 2100 Rz e 1) CPE9(8)
48.18 0.256
2025 2150 R HER 1) CEE1E)
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BoREM Y R34 7 (Skoplaki and Palyvos,
2009 ; Dupré et al., 2016) > #EMFFCHZEEE -
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RITELTERET - AWIFE TR LR F3E
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TN deER P B A L ) B RS e FR Y
FHRERH 2R AR > DY EATHES A
& > AELIATSCHTEL - FR R IR I 20044 K
2005 FHVEHE - HEIR20065F12 %5 - HAENR
BRBEAEETEBNESEREYS LTS 0 B
AT RESE DR Aoy | R A Y [ S L 7 3 2 B A L A
SFEVHLTT > 2RI HAE T TR Ry mTRE FR R /DD
TTHVER R ORI - AT LUBFS %
R {180 P2 T S o AT Y R R PR G - ek 16]
DLEE3R H 20074 201045 Ryt aaE E2016 51y
SyMTEESE » MHBEE S A-0.78 2-0.82 7 [ »

Rl6 HEEEE2016FMH - KL f R
FE BRI GBI EE)

BT FHEA 2 (i BRI FHEA R 2
2004-2016 -0.16 2004-2016 -0.07
2005-2016 -0.11 2005-2016 -0.12
2006-2016 -0.08 2006-2016 -0.54
2007-2016 -0.03 2007-2016 -0.78
2008-2016 -0.03 2008-2016 -0.78
2009-2016 -0.05 2009-2016 -0.80
2010-2016 0.01 2010-2016 -0.82

FH S VY T B2 AL R R SR o i E A T
HERCHIBR TIRERE - HETT BB 2SR AY H ZRE
RIEE > ARBHFEae Fy > & PR A BT s -
AMEGIE R 5t B3 BRI (R(Skoplaki
and Palyvos, 2009) » EEAHREREE NG E 4
ORHIJE - AEA 18 R s s T HYBHE DRI
HCRAVERE IS rIRE & EE AR R Y T34 28
FRLL > ARy - eV BRI 2KE - K
Pt RSB FREREEE2HAM
RRRVEEES - fEEE > IR T BRI R

R1T HBERE016FH] - KEGEE RO R
T B RVHEI G (AYT T EE)

(s AR FHEA R
2004-2016 -0.31
2005-2016 -0.32
2006-2016 -0.34
2007-2016 -0.44
2008-2016 -0.52
2009-2016 -0.50
2010-2016 -0.64
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AT AL VISR B P {H-0.801F Ky P50
B e Pt ) S FE YRR (R B 1R 1T A DL
IR - HEPAK ISR B MR ) S R =
FEEARE - A H20074E 220104 Rt iadF =
20165 3 AT 4E SR > HHEAME 1 HY-0.442-0.64
Z[E > RENEOA - 15 AT RE R A R 1 (5
1rsk R - REEERBRKATER D EAE
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JRIIES - 52 IS SURR ATRENE - SUARTSEELE
20084FE £ 20104F [yl iaE £ 201 64EHT 53 1T 45
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i ok el 7 B e o L D [ L D 5% - i
JEVEN A S RIS B e 5 FE T 2 B D FEE A
J& o SOLGEYIE B ARER - KRR EBIE
B > ESCRZIRFY R SEREEHYA [F] > S AT AE
g Zoe 1B - R18FTR - FEE I K
T8 T R A AHRE (R B HEUEAVEE R IE
HHEE > AHBUEIREMER - (2B T RFHTH
15 HEIRBITSEp IR - B PRV
Wt > RIREITRY S L IEAHRE > ATFEat R - &
I8EVER B & T = EF&Ez - &k - H72005
TR > PRI A B N B F Y 15(0.436)
It - B &% TR T E R S B R YR
7= 0 R T 54 A B Y 20104F
7 R > RIE 0 7E20104F Fif% » PRUR EU S 2

RI8  REEE201650H - FEIET] R
PAE:E R CRLE PR (BN SEEY)

(o PR TR (8
2004-2016 0.27
2005-2016 0.27
2006-2016 0.41
2007-2016 0.38
2008-2016 0.44
2009-2016 0.51
2010-2016 0.85
2011-2016 0.95
2012-2016 0.89
2013-2016 0.94
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J(E Ren) = \/Z 0 Iien,i t 2(_ 08 X Owlm Uonshore vl 055 X owlar r)—at’fshore wind t 091 X oonshore wind Joffshore wind)
3)

HA B0 sotar > Tonshore wind S Oomore wina 77 I Ry Ao
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MATTEAG) > BT e R S AT
B HRTAS

4. DHTHE RELEY 5
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TR AN K A BRI F R ER
sHEEGERAE > B R AT FEE PR (2
BORHI MR A e TR ¢ D3 B BUK 38 i
AW FEEBUR ARSI ZE AR > ZAH AT
[ feE i 17 54 PR AR R AR SUR TSR
BRI 55 FEI LAIARWT FE A oo i Z BB HET T 1R 48
HIEEST + R4 - HEZENEREE R PR S il
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F19  AWFEET EFAERE IR 28 B R i R B = B AH B A B (Ao 2L )
_ \ Bl ) FERE EERE .
GOCER | el s son | 1B
ABIER | BRI | W™ | gemew | ctinmse | B
K¢ 1.00 -0.80 -0.55 0 0 0
E3EAEal -0.80 1.00 0.91 0 0 0
BRI CEEH) -0.55 0.91 1.00 0 0 0
LB RE(BEEY) 0 0 0 1.00 0 0
EERE(HAM A ER/E 0 0 0 0 1.00 0
EE K 0 0 0 0 0 1.00
2220  SEE N R E B A RE TR S R AT A4S SR (AT ZE L)
S EE
ST EIEHE SEEE R SEEIEE SEEE R
(BEE (BEE (BEE ((BEE
K¢ E 251.18 12.31 213.07 17.79
et S 28.94 2.95 28.94 2.95
R 105.95 12.69 105.95 12.69
EERE 59 2.24 36.06 1.37
HhEAEEER 13 - 13 -
BEKS 48.18 8.21 48.18 8.21
PR EE A 5 - 5 _
paxf 511.27 15.21 450.23 17.05
95% (5 L ERE R &%
= o A 481.46 ~ 541. 416.81 ~ 483.
TR (EREE) 8146~ 541.08 681 ~483.65
99% 1z LA FE 3
= o 472.04 ~ 550.50 406.24 ~ 494.22
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—E280EE —EREEE —BFEE
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The Assessment on Annual Power Generation and Probability
Distributions of Renewable Energy in Taiwan

Tzu-Hsun Hsiao'" Kong-Liang Huang' Fu-Kuang Ko’

ABSTRACT

The paper utilized probability distributions of annual power generation to analyze variations of large
renewable energy sources interconnected onto network system. Compared with the assessment of annual
power generation based on fixed capacity factors, the probability distribution analysis method could
assist decision makers in preventing related risks. The Portfolio Theory is applied to evaluate correlations
between power generations of several renewable energy sources, in order to estimate expected values
and standard deviations of renewable energy. The simulation results indicated that the capacity factor
correlation between solar and wind power is negative related. It meant that these two energy sources can
be utilized simultaneously to reduce the variation of annual power generation. In the optimistic scenario,
the probability to reach the policy target of 515 TWh of renewable power generation is 40.314%, and the
probability is lower for the simulated scenario. If the policy target of offshore wind power is raised to 5.5
GW, the probability in the simulated scenario to reach policy goals will increase to 84.897%. Moreover,
the study also pointed out that the government's current target for renewable energy is close to optimum
electricity portfolio. To reach minimum variations of renewable energy, solar and offshore wind power need
to increase simultaneously, and growth rate of offshore wind power need to be higher in the future.

Keywords: Renewable energy, solar power, wind power, annual generation, portfolio theory
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