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Fe iR

Fossil fuel price volatility is one of the key factors to impact on the
energy security. Relying upon imported energy for more than 90 per cent,
Taiwan’s energy vulnerability is very high and deeply influenced by the
uncertainty of international fuel markets. Fossil fuel price risk is
therefore necessary to be dealt with in the energy investment decision
making. To understand how to make electricity portfolio planning under
risk and uncertainty, this study adopt a Mean-Variance Analysis of
portfolio theory and expected utility theorem to explore the optimal
electricity portfolio for Taipower Company. 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 : Energy security; Electricity portfolio; Energy strategy.
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R LR E TN e

IR BRHF BT M FE #2254 (European
Union Emission Trading Scheme, EU ETS) =% B & = #.% » p 2005
EfF T LB F 2B (2013 F % 2020 & )0 A e d g s FHL
TG F S R M

BT BT B R o bde D 2 RN EE MR §F W IE R (Regional
Greenhouse Gas Initiative, RGGI) ~ £ &4 ' £33 & 4] (Californian
cap-and-trade program) ~ 4v £ * A 5L B H P A LR PR
% 41 & (Tokyo Cap-and-Trade Program, Tokyo ETS) % ¥ &+ p = it
A ) LE R L N N I L TR S L
Bt 2014 & BeAp T aiE s A p ARIFE RIS TE L KRR
%4 ; (Joint Crediting Mechanism, JCM) » # ¥ £:E {04 <2 B 3 K
FIE M- F LR E e HEER P RER D AiE R
HR R E P & 5§53 2015 £ grdl s fgpit2c 2 5 4] & (Korean
Emissions Trading Scheme, KETS); ¥ R &_p 2013 & BE 4§ fads =
BN AT A RF CREAE XA SFERET PR B

WA R R T 2017 4 B R o b bl !

(-)EZFWFEL B

AR EF 1997 £ 127 11 p iAo maht ko g
Bl R fE Tk # P A 2GR A IR E F MR RE o R

ey

2016 # 6 * pFEee 5 197 2B B> EF 17T BHH> FHA

L
Frenft g o @oapdt ) 2IRE F F WP RE 50.04% (doB 3.1) - e

I

32016 # 10 * 5 p > = 3 103 B4 %> (7P| H gofppandt a7

\\?{r

103 Parties have ratified of 197 Parties to the Convention

Cn g Qctober 2016, the threshold for entry into force of the Paris
Anreement was achieved. The Paris Agreement entered into force
on 4 Movemnber 2016, The first session ofthe Conference ofthe
Parties serving as the Meeting ofthe Paries to the Paris

Adgreerment (ChMATY will take place in Marrakech in conjunction with
COP 22 and CMP 12 More information available soon.



= s T 4 »x(Paris Agreement) e PR o T K B TN R 2016
£ 112 4p 4o %- BT FEBLE 9> € %(Meeting of the Parties
to the Paris Agreement, CMA1)#->* 2016 & 11 * & At B «h 5 f2ed
BH E, ¢ vk 22 % 9> ¢ 3% (COP 22 and CMP 12)
— A2 (T o

7R %3 : http://unfeee.int/paris_agreement/items/9485.php » 2016/11/10 -

B 3.1:2016 & 4 R 8 Wi
=123 UFCCC 23 3 5 W& b Mt P iho 23Rk T 8

(BERF ERM{ZFEIR) MR- Te ZPRFRTLT B 28
R PR PR PR AS 60 1200 17 i W =
R EF MEEBY > A5G

1.7 %% & ¥+ (Clean Development Mechanism » CDM )

R (3R EE ) 9K L COM 3 LR e & ¢ B T

EFTREREEZZ FRNPFETIENFCEIREREZEE
( Certified Emission Reduction, CER )> ¥ # >t 348 L8 R 7 173
PEAT o

2.9% & fp 7 (Joint Implementation - JI)

JI o % enE = 2T R § 8 = (\Verified emission reductions,
VER) » 46 £ 8 B R B AT D a0k Sehs i 2 R Pk
2w R AL R E R -

3.3 % (Emissions Trade » ET)
1 EU-ETS % @ 4 ehphiaapesp < 5 » 301 T#acpesg | (EU

allowance, EUA) i®

gh

5 AR d PR B R AR R E LY
d - e jE 'u A 'rAq\ e o f 4TI A E = Kﬁ_’%ﬁji%i:%—j\{, s 3:72’
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EUA > CER 4r VER » ¥ 12 ¥ ¢ »* EUA & EU-ETS # 3#-

ELEAY SR BN VARSI R T
1.5 % 3] < % (Allowance-based transactions ) :
pREFHT AL DEHIE S 3 dogp Eh B
(EU Emissions Trading System, EUETS) =%k B £ *c fie £¢ (European
Union Allowances, EUAS) %2 % B & # 3% % & § % # %2 15 ;& (Regional
Greenhouse Gas Initiative, RGGI) =7 CO, £ *x fiz 4 ;
2.% %72 % (Project-based transactions ) :
£ % w|(project-based)® - W B HHE X2 FEFRIE > 4on
B0 & T i F B #41(Clean Development Mechanism, CDM) ™ &
"R £ % (Certified Emissions Reductions, CERS) % p kg7 3
Z_ p R £ 28 & (Moluntary Emissions Reductions, VERS) » H g & ¥
RER T B h A R K AR LS ERE R TR
VRAADREILE cEF P ALY -
P R BB R 4R L A CDM B 3
T2 RERT FHREATE N OEUAS IR TR 5 494 %~ o
CERS % 042 F= o 3T &2 5 3 Heh™ 2407 4 o

2031 BT b

L ikl ) i /9 R
# %2 CA CCA Hp E usD 12.89 2016-08-25
mi £ ®_CERs & EUR 0.4 2016-08-26
¢ ®;E¥ SZA TR E RMB 27.75 2016-07-21
¢ & s SHEA by ;-T RMB 9.8 2016-07-01
¢ ® A » BEA Y RMB 53.93 2016-07-21
4 ﬂl—?} 3‘\ _GDEA TR E RMB 11.5 2016-07-21
¥R = 2 TIEA TR E RMB 7 2016-07-01
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¢ Ri# A _HBEA Ri RMB 10.48 2016-07-21
¥ W& &_CQEA Rp RMB 10 2016-06-23
\VCS 'y EUR 1.47 2016-05-06
Gold Standard Y EUR 2.72 2016-05-06
% EUETS_EUA P § EUR 4.7 2016-08-26
¥ B4+ _RGA 5 UsSD 4.9 2016-08-25
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"Fep ;1 eeE=007.2 © 7)) H s giE R H e (tonne) 2 H oo
£ FRAM RGA A 2 A, %EHEETFNER (Regional
Greenhouse Gas Initiative, RGGI) ~* 7% % H i~ (Regional Greenhouse
Allowance) - # 2 CA CCA A # F4c - $3x 2 4 4] (California
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Memt2 2% 30 i3 2 b 474 502 VER v EUA 175 2 2 e
Fpt g2 EU-ETS & H-4 s el 5 -

FRL KR © http://www.ghginfo.org.tw/carbon_map.php > 2016/06/13 -
B 32: P % 23hAL 2 9% R Fe

N2 BRLE G S

Pang R FORTS B s FR KL
AL PR BiE P AR BREE ORGSR E R
B Br(4o@] 3.2) o 11T PEE P S B hotuE BROR o
(=

EUETSH#EZ 7 8F T =2 BB B REF R FEIfR> 5
RARPIEAPM AR F A T kg

$ - PFE 12005 1% 1p~2007 12 31p 5 i &L (n

TRETE) B R EHk ~ F A R R R T

LA EHE COyr FERENK 10~ didh ~ KE -~ 233 - 18
T Bl NEMAH B EF BENAARGNTE TRE MR
PO PG EDFH S - BRERREDEFE L BE R 25H50% -
EU-ETS & = ~# » 937 36 s CO2 £ R-hEUARE 2 % > 4
WARAE 2 Rw~ Hp PSR T
S OFFE 12008 17 1p ~2012 & 12 & 31 p o E2T4PE
Hu Bzt (ZFtm £ 5%28) el 2% () pF
Fishk e (RFREF ) pRppiliRdF- k1 2012 & % - I
B pF o Bop B AP 1080 £ 0 19% 0 @ A B e
45% > ¥ i+ GDP i 4% 1437 50% o

$ZPFEL 12013 10 1p ~2020 & 12 7 31 p 5 R P %
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http://forex.xinhua08.com/bzzq/oy/

A KB R 21% (2020 & 4p it 2005 & ) 0 EEEE 1.74% 0 1R
Feng 8- HEL o P Bil A1 p chE s 4k N n
EU-ETS "é:{#ﬁ?‘l (K22 a2 b a9 EUAA) -

EU-ETS chz BrEE? > 25 REDRFo 7 £ 2 & ¥ Bl b
W~ o PRIEAFREARY R BIEBR R 0 L P A R
ST i AT T ASE > IR EU-ETS ¢ a4 an

BT R -

2005 & 1 % s> mpE sk WP P RALEE T F
WEEM L - P IR DEFIE s BRI CF TR
R ) Bhed si- 0T 5o g it R > 4 #r(European Energy
Exchange, EEX) &4 ¢ ©

p 2009 # 12 % -EU ETS % I & fé /s v J2 55 s 4 2 & 03T EUAS
7ok £ M EUAS 1 o Tt 2014 47 0 mE e iR Y L E
g 7 > % (Backloading > 14 f g ® S k)b R 4R 0 T3 2014
E3P R2PENFHHT T F o d XKD ST EIFE B
2014 & 4 % rr %k s EUAS & #4759 1 ik o X Tl > %k 2016 & K
B R AT S R RE] 2 F1 R > EUAs R
2015 & 12 " &% 2016 & 3 * EFHE A 3 T ILL K b cndk g > Hp
f 237 ARE T F5 39%-40% 7 EUAS12 ¥ &3 6 7 chif it

> 4c® 3.3 977 o

49



EUR / 148
8.0
7.0
6.0

5.0

2016 2016 2016 2016 2016 2016
0101 0201 0301 0401 0501 0601

BRIAGHE ¢ http://www.ghginfo.org.tw/ » 2016/6/13 -

B133: 7% & EUETSH X % 8 b ¥ 4%
2.4 £ =

e £ A ERARA 2011 & 11 7 13 p R 1“*‘}2’Ki; T2 TR R

e R4 ERFMPFEFS o HRP Y FARER R
AR v IR R E F R E A ©asi B o

¥ g (FRF o 4 £ % ¢k 3F 4 (British Columbia) ~ & 2 3= = %
(Manitoba) ~ % * % %4 (Ontario) ~ 2 % #&-# 5. 4 (Quebec)~ % # 2007
F ﬁ‘};%g »d ERE MK >EF 2T N4 5 % (Western Climate
Initiative, WCI) -

Paode £ aple b 55

o LAt sug 13t 2011 & 12 7 16 P iRypd I8 iF & &k (Western
Climate Initiative, WCI) ¥ € 2 R 2l i " 28 F #1832 %
#4112 % | (Cap-and-Trade Regulation) ; p 2013 # 1 * 1 p 42
e Z PR Bl s 3 (T & 4> I J‘i@???’%ﬁ’o%‘ﬁﬁ%*—i’
Ik B ;2014 & 10 1 p Bhssr £ @ ViR AR B B
FEREPES I 2020 & E F o MR E 4 1990 & R0
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20% -

e Iy i:E 4 p 2003 & W 48 K& & Pz i 50,000 wp - § it
g £ o1 ¥ 2% 0% (industrial facilities) ? % 28 % # H0 & &
2dR 4 o & F3k 25 (Facilities) & # £t 2x4g 1F 100,000 =8 = % 1 g8
FEWTRP 2007 £ 7 7 1 p BanE RS 12%mE R R
(Emission Intensity) °
CEFER SR AFETHEEZ AR YW BRRFIEK
35 F

FRBIE E 5 MAPM 22D TEEARG A FEE > BERE
Bo% RS NARM A IR E F WA PR R R
# 35 LA MR Z F 15 R (Regional Greenhouse Gas Initiative,
RGGI) ~ & % i 15 3% (Western Climate Initiative, WCI) 2 4¢ ' £tz %
% ¥+ (Californian cap-and-trade program) -
(DA A ®FHEFF HER

LA % MHE % 4 85 3% (Regional Greenhouse Gas Initiative,
RGGI)E.2003 # 2 At -V ENRBPEEZTFHER ¢ 7 5
s S RN @Y S B LY s R EREEY CATEF ]
SRR S B B Y s e Y 2011 # pEFle
B 753 RGGl B4 Ta D) & B chd 330 gt 484 o

LM BB ETFHERT FRLARAFTIAEE IR

LA Muk 0 L fEAT HGFRTRE 0 42012 E A BT E AT
o 3B 2013 # 20 7 p - e ] ek o
()%

2006 - i i > 3§ 9% i FL# % (AB32) 0 2011 # 10 7 20 p 4c ¥
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TR F F WP S 4R 45 (Final Regulation California Cap
on Greenhouse Gas Emissions and Market-Based Compliance
Mechanisms) » y* thw 22012 £ 1 % &+ ;84 320 p 2013 & 4 M B2t
2 % %+ (Californian cap-and-trade program) p i ;% i& i% o
4.7 B

B 2013 & 6 " Mo = d a3 v n 3 SR LK -
AEF IR MG E T BREEIIBFR SRR LFED
ARG PHREF AT KT R B A e b R o
Ay Rap e s 7h 5 - B o3 A RBRELE T ARR
SRR AT R VERETAE L B AT S R R B o s R APk
BLE T PR RS CEE R REL S Y o
5p &

PATEE Y3 2005 & BASRAIF P p R 2 i—p &
AR MR % 48 % (Japan's Woluntary Emissions Trading Scheme,
JVETS) » A RPN & B2 7R 5 o

PAERLE4IRFREL S ¢ 3 RB GG D PR S
#+#41(Japan's Voluntary Emission Trading Scheme, JVETS) % 4% %f &
#1& (J-VER) » £3% £ 74 rdud cHE R CDM ] A (Internal Credit
System) ~ & 3 F s RpdE F oh L R 3P 2 2 2 4] & (Tokyo
Cap-and-Trade Program, Tokyo ETS) > ™ 2 5 4 &2 54 £ 4
2013 # B 4oix B 2 377 B840 -E & K3 3 B ¥ 4] (Joint Crediting
Mechanism, JCM) » # ¢ g gt ez % $#%+4](Japan's Voluntary
Emission Trading Scheme, JVETS) % B fF ¥ & 5 IS A » F 3 Mg 1
M b 4R PG LR R4 5 5 4] (Tokyo Cap-and-Trade
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Program ,Tokyo ETS) -
6.7 fF

32002 # i i F i %1 FR2 2002 (Climate Change Response
Act 2002)> i 7% 2008 &£ # i % i F 2 (B2 5 )3 & % 2008 |
212009 E R K igivis o2 el AP S 8 4(New Zealand
Emissions Trading Scheme, NZ ETS) -

= ~COP21 » B 1%k 2 ot

e W %t % 2 X (United Nation Framework Convention
on Climate Change, UNFCCC) % 21 & % ¥ B ¢ & (The2lth
Conference of Parties, COP21) ¥ » *Ké'ig 7_% (Kyoto Protocol, KP)
¥ 11 B % 5 B ¢ & (The 11th Conference of Parties, CMP11)
%2015 £ 11 " k3 12 1 ¢ GAERT KE T A F g § AR
JEE 2R HRE B (” &2k ) (Paris Agreement ) > 78 = 2020
2 R DIE T F PRI TG GRRBOLRRERR
% (T RRRR) 20 kg A L R ¢ BRER
%% (International Energy Agency » IEA) # 1 - &> Tiihe 5 iz
% 2 | (Energy and Climate Change » 2015) 47 & » 45 21 it I F s f 1%
4 xRS p AL RBRIS T FREHY (Joint Crediting
Mechanism, JCM ) eng 37 % » 2 A FT § ix %8 xa‘ﬁ #< ,(Climate
Change Performance Index, CCPl) # B £t 2 % » 1a@ @E% -

IEA toh =t~ ¢ £ 1102040 £ wc B H 2 v RINE Flk § 17 %
BRHF2ZES > JRNAMAETHFEL SRR L2840

1. R A i#= o5l £ ehg 4 B8

AR FFAET LA R E T E
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2030 &% L hoA BT 4 BSAL > 2 2040 £L 4 iR
#F R H#L 23k 5096FTH 4 B o
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s REEE BB

(= )E#7 INDC B 4@ Frx %k
zyx UNFCCC *+ 2016 £ 5 * 2 p #f= iw v ( { #7 INDC s 4r
¥ 2% ) (Aggregate effect of the intended nationally determined
contributions: an update)4¥  4p M2, £ 320164 4p 5189 B &
HRP =3 161 i» INDC #5#& % 3] UNFCCC > - BRBE
Plesh (Bf > 7 28 B¢ R M) FletdFd 06% » #7id F chi
B FORREE G 99% 0 I F o G H g AR E A
HXREREEF %*"a‘r*“f?f%mp\ Mo ¥y g 137 BHEYE (4
INDC % %R 83% ) > #H INDC #5+ 4% 1% if = ;% (adaptation
component) g 3 o
A AR B R 2 F R D EEA & 2C 1 iR 2
HEP (BFLw66%) ALrkimkirdpd s 5- B
AR TP Bt g R R o P - R i &
2010 & 2t & 2015 & & 5 & pieerf 4e (4@ 34) > p 2015 £ e
P g EBrR L 0 3 2030 E pF IR P PR L 425 e 3
taty £ (20~80%:4= ¥ = 363~436 = CO2eq.) =~ HEFR
%> 2000 & pE et 2ok o
- BHERE AT 2020 E sy 2IRBEER A EFR 0 M- IR A
2030 & pFenptac § H 3 Mt w - AR g o B 2025 & e
K K E 3 2000~2010 E ok 5 ¢ oAtk g Y L 454
s § Ry B (20~80%¢his B 5 430~489 e CO, eq.) > 3

2 http://unfccc.int/resource/docs/2016/cop22/eng/02.pdf
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2030 st k5 381Gt = 5 tpty & (20~80%:4= [ = 303~
400 i#f COzeq.) #f >t 1990 & -k & o

IPCC % 7 x3:® 34 #ﬁ »dr % B E-IIRE R 2 g4 A 2C
s B enRfE CO R (e g S ) x5 1,000 R
:iﬂwoﬁgﬁgﬁwﬁﬁ?u@%nwm%ﬁ%%%’@ﬁ%
P AR B AT D IRE R PO B¥ A 2060 & 3 2075

EZRBELEA7vES 0

e

AT 2014 & i enA 473 s 0 2R 2010 E S T S A
B Mt S AT 0 R o Pom AR A T 0 R THET € F
Lo T o ¥ CO, 3 £ JEIT 2 e d 8L © %2020 & # 4% 7] 2030
& ipkEw B T 2020 & o Bt bR Bk kA a2 2010 #
o7 ¥t B 3 if 4 4R (the Cancun Adaption Framework ) 43 4% - &% >

Mo A g s 1 RS PR TP K 82020 & B 4 o
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Greenhouse gas emissions (Gt(())eq/yr GWP—100 AR4)

N
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Ranges:
mar p
€ Minymax of conditional & unconditienal INDC rangss, globally aggregated

]0 o 1 % © Delay-2020 (P2) scanarias with >66% likelihood of staying below 2°C {a=6 from IPCC ARS scenario database)
I = median @ ‘Immedute’ onset mitigation (P1) scemanias with >66% likelihood of staying below 2°C (n=14 from IPCC ARS scenario database|

P% @ Delay-2030 (P3) semarios with >S5 Hellnod of stayieg beow 2°C {w=21 fom IPCC ARS scenero database)
\7 Differance between INDCs and 2°C mitigation scenarios (median)
min

0 | | | | | |
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
7R kR ¢ Aggregate effect of the intended nationally determined contributions: an update.

Bl 3.4: kg5 2025 &2 2030 & H 2CHH 34 7 INDC 2 ihfp 3+ 23k CO2 4 3%pe jT

(= )CO2 i £ §E
12952015 & $ 2 £ jedR £ )(The Emissions Gap Report 2015)3
ES SR ANES AR f LR EEVESIE S A

Bk TpEE o b s A2l Eehi L BT Pk sechiz B (F
22%) v 20 £ e his = L E Mk B (FE 13%) BE P
PIREAE A WY RIEY % (2010~2011 # HiiE 5 3.5%) > Lo

%/i';’i"“;\; ‘EE:» ttu“" %; = .’& ;)a\“," 8% o ﬁ,‘q"?mift _,,%,{fé T_E'J_‘_ ;Q E] 2014

3
£ 02014 & > 3mSR E F ARG E 527 RS § LAY

P
ok

* http://uneplive.org/media/docs/theme/13/EGR_2015_Technical_Report_final_version.pdf
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B ($# W :479-575 4 %> AW 35)e 52 1 EF At e ki 23k
FOEY AR A 2CHP %> 23k % 2030 # chpi g F &R
5% 420 BeE 0 I % R B 2014 # ok YE i 20.3% -

(2015 & 2 L jEdR £ ) &- Hdpdh o 4o INDC £ = %t
Aro P miEERF > Pl 2030 E -2k F R A4 A 2CH
BAEsrZ g eng B 5 140 ey T 2025 # enZ ER] 5 70 g o
FLipd o ERARF2RFHRAGF2HINDC FER3%> 5 A
2030 & & 4 etk # - 2ok D] 2100 £ TS R AR
Al 35C - 22 2CHEFN R P B G (* L pEo

Fab 2014 EGR E F RERY > kp it Bk oa Pk 3k
= F bRl v Ekid 355 o § 1 BR( 40 R 325~385 i)
&&ﬁﬁﬁké’%%1$%@—ﬁﬁ%&%ﬂ%§ﬁ@’ﬁz§
ROBE -1 21 & e B B So o iU TEIRIE T 5 AEF]E L e bde
ERFEAA CHE - R EERERM A > A 2IRERY WIRRE R
drcd foi hA A7 B R eE M- g ERPER S o gt T F
F 202 shis=zLtEagFeo v g > A2l P e L &P H BB
8 & (carbon intensity) £ =x = B » j&m - H5lAz 2 op P E A oo

Ba U R F GRORDEIRT o HEE F WP E 2 H 5E T
F gL FAAE AR 4R IPCC % 1 3= 4k< (AR5)P >
RRPTEET “F & 422010 & S enf iFre R o R RPRARTE
2050 #i8 % F WP E I 43 K 700~900 meRs F iR
T AL P HERT AR 8 R 2R E R D gRAZE 4°C 0 A
Bl 3.5 #757 o
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e adyr} ‘warming by 2100
(°C il BESO-T000)
10 7T —

7L kB The Emissions Gap Report 2015
B35: 8z 4% (GHG) Fre¢ #3231 2050 & 778 i
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BIR S FIFE AR LA T A AR B L 2t i(drd 41
SR ) o Ol AN Sht B R K p BT > T FE R ek
%w&m<ﬁwm”%ﬂ$$&%%ﬁ%wéﬁﬁ%?ﬁ%ﬂ{
Bof (1.46) 0 H = £ x5 (052) 0 X4 F R R vk e &
b & F AP $E K e(0.08) o ik 41 ¢ E s L 4 F T ehd AR o
AR R pREHEA ARG IWERE S RFEEL L AR G
AR
£ A RR(Z kA )k A & kgt EE S Al b £
ALE T SHBihE ARGE 221 A v HdTES AR % 5 211 {1
LEARGS 035 FAst s BaE a7 o BEEIEY AD
RGBS AT FEIBARADRFT S ARRHI > 52 FY
RIGOLATRA P A o FLL A
B

ISR SRS I S BEE S EENWI(EALESE S LT
PR Me(EX NP A ER) 0 E ARk gk pNITE DS A

ks
o

R o P EFTOhGE 0650 Hrtgeha & kiR TH Wy
@?’?ﬁiﬁiﬁ%ﬁiﬁéﬁ&LM£’ﬁ$%ﬂw%§ﬁw
T ioE g 014 ~ > o EF T O A RIRRE W F T A
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PadTmiAh% s 0100 vk s B kg kA AR
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%(008) ¥ ¢ Pt B TR B e BTG A AR e F
(0.07) » @ © chfl & & & b %(0.07)7% 5 H b & kikent & 5% o
LB 43¢ > BI#-L S TN RES 12 & (2003-2014 & 5 3
M 5 2008-2014 £ )2 T Ak AP R g - b fiLe KB P T

FR o EFRRY o UREB D AAR GRG0 A S A E A

¥

e
F B reiE S 8
ARAREAR C ABHLAAER G AR KT L AGTE > H 2
R S I T

phh i L EMARE EE TR KA o

241 DR EAHEFL DML D R

H i /R
R R o #E  owE 1L #e (L
Eadt] 1.50 1.46 0.03 0.04 0.01 0.04 0.00
R 0.28 0.31 0.04 0.01 0.00 0.03 0.00
RF 0.44 0.52 0.07 0.03 0.01 0.02 0.00
% i 0.10 0.08 0.01 0.01 0.07 0.01 0.07

TR kR AFT Y
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242 5% a4 ;u[';w\m;;grﬁg ;«@:

Eagl 1.00
page s 0.75 1.00
TRF 092 062 1.00
? A 062 005 062 1.00

FTHRIR: 22738 -

/AR ENE S5 LN sl Rt SO R
B R PR S A B edp B TR O £ 4.3°F?Pw";7f§_7r ol S
L8 AR efp i e PR E
FRFA K BRI EAHT S DG forinil 2
Wit o Blde s B H KA FT A

BRI BT N ABEG e M

& 6-1 & 6-28° ¥ £ 43¢ F

pove ]

%ﬁ%?ﬁ*i@ﬁiﬁéﬁmw

T

“HAFTET LA 22

|

%o g } Fok 4 g \’;#J$‘%;’v\;’“ ‘)k""’fif"‘ﬁmamﬁ
#p Bt (-0.74~-058+--0.82~-0.68)> H v i g5 T & A2 f 49 B [

1=

Pk AR TP TAATERY S E K AR
(0.07~004) > a2 H i FRHEIRE oMk 27 HgLon
MR e M5 5-078 M EaRREA R kY ABRFET
Hos gl B4 e % o

143 ST AMETS AL
wn o owy 2ag ora 0F OBF 4. apa

#F T
P 100 065 091 040 -0.74 059 082 -0.78
e 065 100 056 -031 -058 010 0.64 0.07
THRF 091 0.56 1.00 037 -082 047 077 -0.12
% Ak 040 -031 037 100 -005 068 018 -0.07

g ¥k -0.74 -058 -0.82 -005 100 -0.12 -0.68 0.04
PEFT 059 0.10 047 068 -0.12 100 049 -0.44
i S 0.82 0.64 077 018 -068 049 100 -0.13
~ Bt -0.78 007 -0.12 -0.07 0.04 -044 -0.13 1.00
TALKR T AR -
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H A2 wie (24) [ wiasg
# i TR ERp e 5 P | (Fx o)
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
FALKR AR A
% 4.5 COp 3z h i
g% I % 8 i b (FRR) | oz Ry
¥ KgCO2/Kg | KgCO2/Kg | KgCO2/L KgCO2/L KgCO2/M?
AT Ak 2.50 2.37 2.56 2.98 2.66
TR KR AR R 0 AR P T hitpi//ghgregistry.epa.gov.tw/upload/Tools/ # & £ % 44,
31 T fp-*ita = pdf o
)ik & # 5 TR F Bl
d O E B R NE TR PR E Fo RT R
A (AL E R R
T e Z(%é RS < i B ERTES | 5 BT CO2EEUR) (4.1)
Hov =123 & w47k s R g g R

246: 2T LA FRL COppE
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R R A ERAaS o AL iR ERE
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

TR KR AP

o

Hr.~/R
AR 1000 ~/ 2 vf A 3000 ~/ 2R
i e et *FE w% et *F

2003 | 0.9722 0.7044 0.5447 2.9165 21132  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 21182 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
£ 32109985 0.7278 0.5327 2.9954 2.1833  1.5980

FH KR AP EE
248 FRUY 2 L aE T BN A A
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Hiz:~/R

B #FE O mE He & R &3
) 4.10 0.09 0.16 0.14 0.03 - 0.73 5.25
paa 1.09 0.13 0.07 0.08 0.02 - 1.00 2.39
X RF 2.80 0.29 0.11 0.05 0.02 - 0.53 3.80
% i 0.16 0.08 0.14 0.15 0.05 0.15 0.00 0.73
¥ k4 0.00 0.86 0.24 0.28 0.13 - 0.00 1.51
NEFT 0.00 0.60 0.11 2.01 0.08 - 0.00 2.80
b4 0.00 2.22 0.34 0.16 0.15 - 0.00 2.87
BN 0.00 9.37 0.20 0.17 1.14 - 0.00  10.88
N A
W R/ % 1000( 7/ 2 eE)EE o
2 4.9 AT (S LA E T HAFL S A B %
Hix:~/B
& 4 R ‘&
RA( 2 ) 0 1000 3000 0 1000 3000
Wb 452 525 671 1.44 1.45 1.48
e 139 239 438 027 0.27 0.29
W x 327 380 487 042 0.42 0.42
% i X 1.15 115 115  0.09 0.09 0.09
1§ % -k 4 151 151 151 031 0.31 0.31
PEFD 280 280 280 062 0.62 0.62
R 4 287 287 287 065 0.65 0.65
XN 10.88 10.88 10.87}  2.05 2.05 2.05
?ﬂ:ﬁpi%”o
AR A 0735 2 RPN G ENR &S 115 ATy g e

# 4835 § CO i e 1,000 ~ chpdd fpr > 22

bk

W g end hE R ¥ @B T A4 073 1.00 22 053 &

F 49 R E st fs B E o6g 0300 & 1,000 &~ pFens A2 R

G0 K 4.9t X IUT A N R & AT P S 0 B B

Wb G ACIFH S0 A R b R RIASE R B o B W T BT R
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24200 2igm s T e ~C o2 2y

FHE AL H Be R A B R G FE L len BT o ¥
B ATk 8 ohed 410 Hrom o

7k

e

e

Ly A
ReE

¥ 7t

2.0700
0.2527
0.5554
0.0550
-0.3264
0.5297
0.7631
-0.8019

0.0726
0.0639
-0.0080
-0.0483
0.0171
0.1110

0.1422

0.1800
0.0151
-0.1071
0.1231
0.2117
-0.0888

0.0090
-0.0014
0.0403
0.0108
-0.0809

4.1887

L. j\ﬁz;z—éu—_g °
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= % F R R —EH

F AR N LA AR OFRFMAS AT o Bl b
e TP S 0 Fpt AV i pAARAR 3 ¢ Markowitz (1952) #7 &
N MVA 2 20 Rt iR 5 TR R R el RN

A B AR MK e T

o= 2
s.t. E[Fp]=ZWiE[ﬁ] (4.2)

n

2w =1

i=1

w >0 (Hei=12,---,n)
Ao wd A Fesd i F AR > ER]5HT s DfRp

amh?éﬁwzﬁw’%%ﬁ“?@ﬁ?édﬁwﬁ#%ﬂﬁ’
Fll oy=ol 5 N F AR B o

SRR R NP T AR PR o L w AT A
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RE 0.0006 0.0002 0.0003 0.0008 -0.0018  0.0005 0.0013 0.0000
¥ 0.0015 -0.0007 0.0008 0.0248 -0.0010 0.0062 0.0016 -0.0011

7 k4 -0.0035 -0.0011 -0.0018 -0.0010 0.0135 -0.0010 -0.0076 0.0005
EFR 0.0015 0.0003 0.0005 0.0062 -0.0010 0.0041 0.0033 -0.0003
B4 0.0029 0.0010 0.0013 0.0016 -0.0076  0.0033 0.0080 0.0000
< -0.0001 0.0000 0.0000 -0.0011 0.0005 -0.0003 0.0000 0.0003
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itk 412025 #2 B3t 1/C 2 & P E AT 1000 A/ e
FL wR O ORRF Rk REET B4 B AR
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B4 0.0029 0.0010 0.0013 -0.0076 0.0033 0.0080 -0.0001 -0.0006
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;"‘ -0.3894 0.8783| -0.2848 0.0201] -0.5948 -0.3806
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Th -0.8675  0.6806] -0.1835  0.5793]  0.2518 - -0.8394
s 0.0447| -0.6228  0.1905 -0.6441] 0.3838 - -0.0001
L -0.0301] -0.6085 -0.2097] -0.3223]  0.0745 - -0.1291
H i -0.5889|  0.0117] 0.2221] 0.0512] 0.5218 - -0.5840
= -0.0512]  0.6879] 0.1882)  0.3834] -0.0378] - 0.0544
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fi KA -0.5360 0.6754/  0.4026] 0.1325 0.0585 - -0.4714
A -0.3003 0.2284/ -0.2281) 0.2287| 0.3020| - -0.2683
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’j‘ I L 0.2714 0.3621) -0.2853 ~ 0.3346]  0.0658 - 0.3643
i 0.2045 -0.7171]  -0.1382] -0.7012)  -0.0989 - 0.0980
SR 0.2011 -0.6899] -0.0818 -0.7023  -0.0895 - 0.1022
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L 0.4628) -0.0712] -0.5061 0.1749  -0.0254 0.4896
# i -0.0623  -0.1650 0.2517 0.3837 0.0749 -0.0720
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TE 0.4150 0.8494 0.0213 0.4942|  -0.6130 0.3820
; KA -0.6721] -0.8241) -0.2332] -0.2969 0.3985 -0.6634
f FI.& 0.5688 0.7169  -0.2744 0.6237| -0.2477 0.5534
" H -0.5718] -0.7231] -0.0547| -0.5342 0.4348 -0.5417
fs x4 - - - - - -
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R 0.6217| -0.6820, -0.4756| -0.4153 0.1099 0.5938
‘ TE -0.7078 0.8027] -0.1129] -0.0602 0.6006 -0.6896
%T KA 0.3095 -0.5718  -0.3580] -0.7615 0.3178 0.2519
" & 0.5699 -0.5859] -0.4358 -0.3021 0.1480 0.5533
H s -0.2780 0.1009] -0.4260, -0.6433 0.5413 -0.3264
% =4 -0.6340 0.6595 0.4268 0.3169  -0.0798 -0.6150
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f w3 08753 | 07423 03504 -0.1122 03518 - 10.8833
’f e -0.1957 0.2838  -0.5746|  0.2174] 0.2625 - -0.1991

H -0.9060 0.8420  0.1233]  -0.0330| 0.4786 - -0.9098

KRS -0.8085 0.7340  0.0238]  -0.0814| 0.4572 - -0.8182
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TE -0.7032 0.7017]  0.3352]  0.2320, 0.0909 - -0.6907
i;i A3 0.2970 -0.3656] -0.5587| -0.5182  0.0032 - 0.2533
731 F14 0.0262 0.2112| -0.0152] 0.8877| -0.2276 - 0.0743

# s 0.5477 -0.6631) -0.3034| -0.3387] -0.1299 - 0.5148

B A 0.5000 -0.6210, -0.2987| -0.3258  -0.1327| - 0.4660
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Bl 0.1577| -0.2648  0.2809| -0.0852 -0.2556 - 0.1478

14 0.5178] -0.2539] -0.1032|  0.7553  -0.3848 - 0.5656

# s 0.0956|  0.0041 -0.4716|  0.0107| -0.0237| - 0.0863
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e ) i 114 H i | A
iTH -0.3710|  0.8020]  0.4343)  0.8854] -0.6216 -0.2541
;’_ R S 0.5538) -0.7217] -0.5518 -0.6223]  0.6937 0.4816
;fj UL 0.0121)  0.5736] 0.0492]  0.9525 -0.3589 0.1352
Y law 0.3370, -0.7036] -0.3628) -0.6784]  0.6981 0.2477
R A -0.2740  0.7328)  0.3415]  0.8836] -0.5310 -0.1569
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T -0.1842 0.7239|  0.0581] -0.1410] 0.5589| 0.2165 0.0622
;E a3 -0.4182 0.5543| -0.0381] -0.3813] 0.3179| 0.4408 -0.2074
’f 114 0.0679 0.5476| 0.0204]  0.1131] 0.4499 -0.0473 0.2132
H -0.4608 0.7430 -0.1881] -0.4082] 0.4584] 0.4879 -0.2170
B A -0.2919 0.7316| -0.0339 -0.2434] 0.5141) 0.3213 -0.0461
FHKR: AFLHEE o
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I T E -0.7064 0.2593 -0.2904/ -0.7093  0.1807| 0.7471 -0.5862
?n?: a3 0.5277 -0.0637|  0.6715 0.4023]  0.5920| -0.4276 0.5805
A Fla -0.5260 -0.0254| -0.6388) -0.4406| -0.4421] 0.4644 -0.5830
o 0.7748 -0.2669|  0.6504/ 0.7378  0.0857| -0.7741 0.7051
s h - - - - - -
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TE 0.3289| -0.7394|  0.1540| 0.2510| -0.2968| -0.3326 0.1094
i KA 0.3441) -0.3451] 0.4323] 0.3172] -0.1247| -0.3473 0.2734
R -0.1640, -0.2980| -0.5517| -0.0904, -0.6167| 0.0782 -0.3342

H 0.2194]  0.1296| 0.1437| 0.1579]  0.5525| -0.1446 0.2790
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jg T4 -0.3350, 0.3693| -0.8691| -0.1704] -0.7731] 0.2252 -0.3785
ERt 0.7171| 0.1843| 0.8051] 0.6234 0.5597| -0.6460 0.7182
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f-’%; i - 0.1378  -0.0685 0.2489  -0.1145 - 0.0449
4 1A - -0.0351]  -0.0196] 0.3287 0.0953 - 0.0335

2w - -0.0877  -0.2565 0.0753 ~ -0.4295 - -0.2087
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p |83 - 0.0944|  0.1752] -0.0327| -0.1279 - 0.0329
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; LS - 0.1521|  -0.2309| 0.1976]  -0.4014| - -0.0656
1L - -0.1504|  -0.1528| 0.4826|  0.2095 - 0.0177
Yl - 0.2643  0.0234 0.0686| -0.1700, - 0.1013
B A - 0.1313 0.1757|  0.3094 0.4494, - 0.2999
FHKR: AFLHEE o
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THE - 04531  0.2136] -0.0289  0.4012] - 0.3749
B - 0.0251]  0.1029  -0.2404  0.5969, - 0.6494
P14 - -0.1725  -0.4055  0.7648  -0.2200| - -0.2571
H - 0.2585  0.5284  0.0270| -0.0963 - -0.0458
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e - -0.6570 0.6170]  -0.5941 0.5020] - 0.4728
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