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RV 0.74 1.00 0.67 0.05 -0.57 0.29 0.72 0.07
TIRG 0.95 0.67 1.00 0.63 -0.70 0.64 0.84 -0.12
FXHE 0.64 0.05 0.63 1.00 -0.13 0.79 0.45 -0.07
K -0.60 -0.57 -0.70 -0.13 1.00 -0.06 -0.61 0.04
HE#RE 0.70 0.29 0.64 0.79 -0.06 1.00 0.61 -0.44
J& 7 0.87 0.72 0.84 0.45 -0.61 0.61 1.00 -0.13
KFEEE -0.78 0.07 -0.12 -0.07 0.04 -0.44 -0.13 3.61
[ N S h

55 BRI 2P Bt B R S d 2 ik

R A (IR ENAMER M Z IR AT AS) - DAMBURy 2

AR BRI B RE R BC LR B IR -

(1) SRS K SI3#EAICO, TR E
RBREIR R ATRH) T B8 KIS EIARFE

& | st 2 BESF KT T B R (E

B A R RO RO R
RLREMR(ARY)  BSYERRATL "R
G B ) o A A - S -
BRI RO LR AARATBER (A0 %5) - DI
3B S A T2 COMRHLR: -

T4 BEXNEEREMNE

e PR (L) PRH (AF) BIERAR

JE CEVENCS eS| EARHH QRIVFAIN)
2003 18,994,522 4,857,310 119,097 3,204,004 4,401,376
2004 19,435,872 5,013,193 87,033 2,681,150 4,186,496
2005 21,018,992 5,327,176 149,919 2,481,891 4,626,998
2006 22,513,523 5,156,810 273,303 3,176,942 5,033,289
2007 22,097,367 6,146,523 128,280 2,795,772 5,797,793
2008 20,739,152 7,109,662 136,984 2,623,952 6,505,333
2009 18,566,398 7,238,075 63,356 1,454,753 6,091,818
2010 18,978,702 6,926,796 63,463 1,981,148 8,489,598
2011 14,924,920 12,795,305 52,464 1,768,835 9,119,656
2012 12,294,584 15,780,246 48,060 1,385,607 10,000,703
2013 12,893,813 13,331,650 48,249 1,286,952 10,228,689
2014 13,335,530 12,984,905 78,696 1,567,705 10,898,114
2015 13,438,436 11,062,361 134,418 2,470,300 11,964,567

ERAR &S ERER R 2016a
xS COFERUAE

YR [HEpCHe Se PEEEHCEERE)  RILRAR

AT KgCO,/Kg KgCO,/Kg KgCO,/L KgCO,/L KgCO,/M’
(AR 4 2.50 2.37 2.56 2.98 2.66

BRPCE - &OBERETR S > 2012
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CO, FHlE = WARHER & < B AE
(2) ST EAICO A

TEEH R &5 BRI CO R & (R6)
% BEBREFEEAMNETFEEETEES
BRI REE - LIS KET R
ETes

s p.  COMEH x COHFRUER

FREBRIT A = Pr—

BRI E R 28 E » A SF World
Bank (2016)/Y “Carbon Pricing Watch 2016” >
S5 T R PR e AR B AR AV R B & R - Bl ¢ B
B BRAR G S AN 1373500 LY ES
NMES8SETT » MIARIRRR A ¥ ARk EAEEU ETS
HEaARHE HFFBUE®E @ BERER/AEE - ik
1 5 EEE T BRI AT TR S E
ANWE253ETT » {£20164FE 1 H B E i - 12030
FAKFERGANE14357T - 550 » (RIE Bl
FHE A (2010)88 5 » EFAMECO,ZREHmRTS055
TL(EY 1,500 T 2 W) - ¥ COFFIAYIKE A BE
EFHENRE - IS S ESRE B —
f&5 o IRIEEREE T B S MR AS B 2 00 DA R AH R
FEETR AU ST B AR Ry A 1,0007T
E13,0007CHYE N T et F 3B CO,RA (R,

ETH PERBE106F6H

RT) > UM BPRERI B R B L R A
FCEbHIR 2 -
(3) IRBFFERC LT R AR &

N RS BRI F S EE ~ I
HRECRTE > B TARPLAT (A ET R PERCE

bR PR = Z (MREF R < SRR
EE > i B AL CO, i E)
“4)

Bi=1,2, 3> STHIFORERE - PARRELIAR 3%

i

8T HUE COPRBUE AR 1,000 TTHY B
TR > WROHT ~ MR LR Y B A A P 7 EL i
FiRS T34 500.73 ~ 1.00820.537C » FRIANEHE
FEBRRSE 73 R AE MO ~ 1,000823,000 7T IRFAY L
REE IR L - ERMVAFE A EL - &R
R BRAAYRE I ATH B H b S g A
TR SR T e R 4 1 A 888 o ELA 3 B R
A TBR AT > T ] R A B e B A~ DRI B A 2
ML - 540 - BIHPRARHY S8 BErn®
10A7R -

FAh > AEAAQ) ~ QRIEEIRERF - EIR
IS AE A (E I R AR R 0/NiR L > 3l

6 BEKIIHEZCOLINE

FRAr: B A

FERE PRI S Ealit PRELH BIERZAAR
2003 4,805.61 1,151.18 32.51 954.79 1,170.77
2004 4,917.28 1,188.13 23.76 798.98 1,113.61
2005 5,317.80 1,262.54 40.93 739.60 1,230.78
2006 5,695.92 1,222.16 74.61 946.73 1,338.85
2007 5,590.63 1,456.73 35.02 833.14 1,542.21
2008 5,247.01 1,684.99 37.40 781.94 1,730.42
2009 4,697.30 1,715.42 17.30 433.52 1,620.42
2010 4,801.61 1,641.65 17.33 590.38 2,258.23
2011 3,776.00 3,032.49 14.32 527.11 2,425.83
2012 3,110.53 3,739.92 13.12 412.91 2,660.19
2013 3,262.13 3,159.60 13.17 383.51 2,720.83
2014 3,373.89 3,077.42 21.48 467.18 2,898.90
2015 3,399.92 2,621.78 36.70 736.15 3,182.57
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B vE

A5 1,0007T/ 2

A5 3,000 T/ 2

AN
i R Pk e R ok R
2003 0.9722 0.7044 0.5447 2.9165 2.1132 1.6340
2004 0.9851 0.7228 0.5309 2.9552 2.1683 1.5926
2005 1.0005 0.7148 0.5384 3.0015 2.1444 1.6151
2006 1.0056 0.7061 0.5370 3.0169 2.1182 1.6111
2007 0.9974 0.7117 0.5277 2.9922 2.1351 1.5830
2008 1.0015 0.7158 0.5299 3.0044 2.1474 1.5898
2009 0.9972 0.7358 0.5253 2.9917 2.2075 1.5758
2010 0.9928 0.7362 0.5305 2.9783 2.2086 1.5914
2011 1.0028 0.7409 0.5373 3.0083 2.2227 1.6119
2012 1.0149 0.7527 0.5324 3.0446 2.2582 1.5971
2013 1.0063 0.7520 0.5301 3.0190 2.2559 1.5903
2014 1.0054 0.7400 0.5280 3.0162 2.2200 1.5841
SE 1 0.9985 0.7278 0.5327 2.9954 2.1833 1.5980
= N =
F8 R R SRR T 2 AR GE R B
R T/
AR Eil= i HAh FIE Ui B =t
YR 4.05 0.09 0.16 0.13 0.03 - 0.72 5.18
YRV 1.07 0.13 0.07 0.08 0.02 - 1.00 2.35
TERG, 2.74 0.28 0.11 0.05 0.02 - 0.53 3.73
XHRE 0.16 0.07 0.13 0.15 0.05 0.14 0.00 0.72
B/eEKl 0.00 0.83 0.23 0.27 0.12 - 0.00 1.51
HESE  0.00 0.58 0.11 1.97 0.07 - 0.00 2.80
&S] 0.00 2.17 0.33 0.16 0.15 - 0.00 2.87
KFEEE 0.00 9.38 0.20 0.17 1.14 - 0.00 10.87
SEA ¢ BRAE/E 1,000 CT/AME)ET &
BERIR © AR
9 FHEIRIR R S R 2 SRR B A
AL TT/E
T OWANLT)) 0 1,000 3,000 0 1,000 3,000
YR 4.45 5.18 6.64 1.59 1.60 1.63
PR 1.35 235 435 0.30 0.30 0.32
=) 3.20 3.73 4.79 0.54 0.54 0.54
ZRE* 1.15 1.15 1.15 0.12 0.09 0.09
KT 1.45 1.45 1.45 0.31 0.31 0.31
HERE 2.74 2.74 2.74 0.62 0.62 0.62
& 2.81 2.81 2.81 0.65 0.65 0.65
KFEEE 10.90 10.90 10.90 1.90 1.90 1.90

#ht AT
* RAEIEUR0.T3TC B AR S LA ORI 2 - SRS B .1 ST BT TG
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10 FIEREIRSERAC 25

FTH PERBI106F6H

8 FLE I — bR 0

PR YR KIRA HEKN HhEHEE  E NG
PR 2.5154
JORIE 0.3495 0.0892
KIRE 08183 0.1089  0.2964
FRE 0.1183 0.0016 0.0401 0.0135
gk, -02275 -0.0405  -0.0910  -0.0036  0.0573
HEZEE  0.7974 0.0630 0.2501 0.0662  -0.0101 0.5220
il 1.0032  0.1560  0.3344  0.0382  -0.1065 0.3214  0.5338
KEBEE  -0.7841 0.0709  -0.1201  -0.0699  0.0393  -0.4384  -0.1346  3.6118
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A \ 3.0% @HKD  50% A
3.0% mEBEKS - 45.0% BT
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B 2:25 B 0.0% KB*%E 20.0% ¥z 8E
. 3.0% 1§ KD
g = 3.0;’/0 HWEBKND
247 1.0% B 7
K 7.4% ¥ Ul IR
-
0% TaRA P
501 20.0% 88 R T
30% @Ky S0%mE i’
1.95 30% mBEAA 373N MR
1‘0% KBHE 20.0% #% 8E
; . 3.0% BRXKD
3.0% HMEBEKD
0.7% & 7
1.0% KB X B EHR
0.090 0.095 0.100 0.105 0.110 0.115 0.120 0.125
o4
BRI © Aifsriaty
5 BRI — R R
F11 BEREFIG AR ~ EFEELCO, BR & E LIE P
A B C D E F
tHERARTT/E) 2.33 2.25 2.17 2.12 2.01 1.95
AR E 0.1033 0.1048 0.1064 0.1095 0.1120 0.1157
CO, HER (B HE) 8,988.2 9,018.4 9,103.3 9,431.8 9,663.2 9,851.1
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oD ) o ) (0 KJ] FE (W () (EAWE) A (%)
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0 87 333 300 200 30 30 1.0 10 900338 229 1040
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RI3 ERERA T 2 BCRACEE — S g

FEhRAR
YA PR RZAR MEE EEAKN HESE EJ1 KEGRE | BRI
(%) (%) (%) (%) (%) (%) (%) (o) | (HEAME)

A 10.0 32.0 30.0 20.0 3.0 3.0 1.0 1.0 89882
B 7.4 34.6 30.0 20.0 3.0 3.0 1.0 1.0 9,018.4
C 5.0 374 30.0 20.0 3.0 3.0 0.7 1.0 9,103.3
D 5.0 40.4 27.6 20.0 3.0 3.0 0.0 1.0 9,431.8
E 5.0 42.2 26.9 20.0 3.0 3.0 0.0 0.0 9,663.2
F 5.0 45.0 23.0 20.0 3.0 3.0 1.0 0.0 9,851.1

B2 1,000 75/
YR PREE  RAR e EEAKD HERE BT KB T BEER
(%) (%) (%) (%) (%) (%) (%) (%) | (BEAME)

A 5.8 45.0 30.0 12.2 3.0 3.0 0.0 1.0 | 10,4771
B’ 5.0 45.0 30.0 14.1 3.0 1.9 0.0 1.0 10,362.3
C 5.0 45.0 29.0 16.0 3.0 1.0 0.0 1.0 10,291.5
D’ 5.0 45.0 27.3 17.7 3.0 1.0 0.0 1.0 10,163.7
E’ 5.0 45.0 26.0 19.0 3.0 1.0 0.0 1.0 10,067.3
F’ 5.0 45.0 23.0 20.0 3.0 3.0 1.0 0.0 9,851.1

Bk 3,000 70/ 2\ i
PR PAEE  RAAR ee EEAKD HWERE ESH KERE | R
(%) (%) (%) (%) (%) (%) (%) (%) 1 (EANE)

A 10.0 45.0 30.0 7.0 3.0 3.0 1.0 1.0 ¢ 11,1277
B 7.4 45.0 30.0 9.7 3.0 3.0 0.9 1.0 | 10,7282
(o 5.0 45.0 30.0 12.4 3.0 2.7 0.9 1.0 | 10,3623
D” 5.0 45.0 28.4 15.7 3.0 1.0 1.0 1.0 | 10244.0
E 5.0 45.0 27.4 17.6 3.0 1.0 1.0 0.0 | 10,170.3
F” 5.0 45.0 23.0 20.0 3.0 3.0 1.0 00 | 98511
TR 5.0 5.0 5.0 0 1.0 1.0 0.0 0.0 i

R 100 45.0 30.0 20.0 3.0 3.0 1.0 1.0

BRAR © A5

T4 2025 ARETRHERS H R

U B AR | BB B

1 BRARMW) FER(LY | BEERMW) HER(E | @B
PN 20,000 250 6,200 78 L 2205
B (i) 1,200 29 L 1,200 29 0.0
T3 B () 3,000 111 2,000 68 63.2
R 813 59 813 59 0.0

KH7 2,150 48 L 2,150 48 0.0

S ZARE 200 13 150 10 L300

R e 60 5 5 ; ; ’
T 27423 515112513 202 U 64

BRI © xR ERE RS 0 2016
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BT EREE T N EE0% (FR) » EEA R
[ 3l JE D AN Y LB 2 0.65 - Bl =2 L T Y B AR
b2 0. 20 2R Y PRIgh S Y LB 50Ky T e b
HE R IR IAYES T - EESESIECEE T
FE Z20% » AP A2 BE TR AY e Bb th 80 4 5 15 H

RIS 2025 FCEEIRA

AL %
2025 EEPR
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BRFR (7T 2\ ) 0 1,000 3,000 i 0 1,000 3,000
PR 4.45 5.18 6.64 i 1.59 1.60 1.63
PR 1.35 2.35 435 0.30 0.30 0.32
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TXRE - - - - - -

1EE K 1.45 1.45 1.45 0.31 0.31 0.31
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The Optimal Power Portfolio under Carbon Tax and
Renewable Energy Promotion

King-Min Wang'  Yo-Min Lin™

ABSTRACT

In this study, we apply the mean-variance analysis method in the portfolio theory of finance, and use
the data of cost information of Taiwan Power Company from the period of 2003 to 2014, to calculate the
efficient portfolio frontier for current generation mix and for the 2025 renewable energy promotion goals.
Furtherly, we introduce the indifference curve from the utility theorem to derive the optimal generation mix.
In addition, in accordance with the global trend of the issue on the energy saving and carbon reduction,
this study also analyzes the impact of carbon tax on the efficient generation mix and the optimal electricity
portfolio. The results show that Taipower can adjust the energy mix to trade-off the cost and risk of power
generation. Under the 2025 official renewable energy promotion target, the risk of efficient electricity
portfolio is less than the risk of current efficienct electricity portfolio, and the CO, emission will be reduced,
but the average generation cost will rise. In the case of carbon tax implementation, the coal price is still
relatively lower than the natural gas under the proposed tax level. Under the carbon tax coal consumption
increased, the carbon tax levy cannot achieve the effect of carbon reduction. Therefore, in order to achieve
a better carbon reduction effect it is necessary to make the substantial increase in renewable energy
promotion goal and the decrease in renewable energy generation cost. The above conclusions show that the
government should consider the impact of carbon tax on the cost substitution effect among different power
resources, and must also make relevant supporting program to expand and diversify the renewable energy
generation at the same time.

Keywords: generation mix, portfolio theory, renewable energy, Mean-Variance Analysis, carbon tax
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