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Abstract

In order to improve the energy structure and reduce the GHG emission per capita,
promoting renewable energy applications such as the solar water heating system (SWHS) has
become an essential national policy. However, regional characteristics can greatly affect the
applicability and potential benefits of using SWHS. This study thus proposed a method for
assessing the regional applicability and environmental and economic benefits of SWHS in
Taiwan.

To facilitate various regional analyses, the entire country is divided into four SWHS
development regions based on the level of radiation in each region and administrative
boundaries. Previous studies generally implemented their analyses based on the annual solar
radiation that may overestimate the energy benefit because, for a SWHS application, the solar
radiation energy captured today generally can not be preserved until the next day, even the
radiation is excessively high. Therefore, this study determines effective days based on
whether the potential heat output, estimated from the water temperature and solar radiation in
each region, of each day is enough to run a SWHS or not. The energy benefit of a SWHS is
then estimated based on the number of effective days, instead of on annual radiation. The
potential benefit for installing two storage-tanks is also analyzed. A procedure is established
for analyzing the applicability.of a SWHS-in-each.region based on its potential cost benefit.
Seven scenarios are established according to the development status, the ratio for achieving
the national policy target, subsidy, heat transfer rate, fixed-and maintenance cost, and discount
rate. The environmental and economic benefits among scenarios are also estimated and
compared.

Under current situation, the environmental benefit, in term of eCO, reduction, for
substituting electricity, diesel and natural gas are 37,175, 18,721 and 14,157 tons, respectively.
If the target of the national SWHS development policy is achieved, the environmental benefit
is expected to increase about 50%. The payback period without subsidy in the high radiation
and island areas is between 18.9 and 21.2 years, while for other areas it is more than 24 years.
If the initial fixed cost is decreased by 10%-30% and providing subsidies, the payback period
can be shortened to 12.8-7.9 years. If the heat transfer rate increases 7%-20%, it can increase
9-20 effective days. When the discount rate is increased from 1.86% to 3% -5%, the payback
period can be shorten about 9.1%-17.5%. The results show that promoting SWHS in high
radiation areas is effective, but for other areas with less radiation the payback period is still
too long. These scenario results are expected to facilitate related decision analyses for
developing SWHS in different regions.

Keywords: Solar water heating system; applicability; environmental benefit; policy
assessment; sustainable environment systems analysis.
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A E v 2006 2007 2008 T 35
o 8 7 12
EAE ) 6 5 13
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Sy 5 g ?
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%48 £ AT LN Fop BRIP4 R B L35 0)(A6 T 20

AT v 2006 2007 2008 T 35

o 271 280 272

£ % 284 292 288

R 234 148 168
=R 287 274 258 233

o KR 249 248 247

T o 265 248 247
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49 & 0w R TR A2 5 onE R R Bi(A=6 T o v
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- e 11 4

=R 10 9 !
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% 5.2 /5 %447 GHG #c i dic

Pz i

ma/kWh TSP SOx NOXx eCO,
T 31 493 446 637000
X Ry 10.6 0.8 130.6 | 202145
& 23.5 0.08 2345 | 267314
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% p I iR% (98 £) eCO, % p g (92 #)3 Eggleston et al. (2006)
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%54 E - s %52 GHG g2 4

TSP(kg) SOx(kQ) NOx(kg) eCO,(100 ton)

LPR(TA) 248 3942 3566 50.9
B PR(TA) 245 3894 3523 50.3
PpR(RA) 6 90 81 1.2
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2p (%) 28 0.1 277 3.2
B P R(EN) 27 0.1 274 3.1
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#2565 LPF %2 GHG R E £

nE TSP(kg) SOy (kg) NOy(kg) | eCO,(100 ton)

2 p R-75% 414 33 5104 79

EL % P R-15% 409 32 5043 78
75% ¢ pR-75% 9 0.7 116 1.8

t g %-15% 2 0.1 19 0.3
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8- HmF 5 7T5%FE# B Eaff 5128625 T =2 » 195
Xk 114428 T2 22 3o R 1A R -0 5442 GHG 2 g £ &
FRIST T Rl AR R B5 E2 A KR 0 FAH L GHG 2

FEAFAGFHBELE -

65



kg kg
500 35
400 — 30 —
O Tsp 25— O SOx
300 20 [
200 | 15
100 0
5 | E—
0 : —— 0 : : :
W HIE-75% = HIE-75% 1 H 88-75% SN E-75% W HIE-75% = HE-75% 1 HE-75% YNEE-75%
kg ton
6,000 9,000
8,000 —
5,000 7000 ||
4,000 — 6,000 | B <O
| @ NOx 5000 |— |8 CO-
3,000 4,000 [—
2,000 3,000 —
2,000 |[—
1,000 | 1,000 [
0 ‘ e 0 ‘ e
W HE-75% = HIB-75% 1 H #&-75% INEE-75% B HE-75% = H8-75% 1 HH#&-75% SN E-75%

B57HE- £ A RGRS A

s

e

S

F PE)IT 4 % GHG 2 i £ 4 45 )

LElt i d BIS8 T g MEFES KG

PN it R RS

H =k H ik
g TSP 9 SOx
1,600 150
1,400
1200 — e
1,000 = 100
o [T — =504 /
00 5%
400
200
0 ‘ ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘ ‘
0% 0% 4%  60%  80%  100%  120%  140% 0% 0% 4% 60% 8%  100%  120%  140%
KIREFE S SRR T T KIHREE SRR TR
H it kg i oton
NOx eCO,
30,000
18,000 :
16,000 ad 25,000 //’
14,000
Pl 20,000
12,000 — /
10,000 | —e—Nox] v 15000 [—|—e—cco. | -
8,000
6,000 10,000
4,000 5,000
2,000
0 . . . . . . 0 . . . . . .
0% 0% 4%  60%  80%  100% 120%  140% 0% 0% 4% 60%  S0%  100% 120%  140%

PG RERE £ S TR R T T

BL58FH-21-/7742%2 GHG R E " ®&BI(R4oicih s %

66

Ly
RE)




B8 - g Aoy S4B 5.9 FB - 48 B - 0112 8135
B 150 187 % - RFIZHEHE2 AAXwfHF3 Mo ¥ SWHS
A3k A RIS 4o R 5.9(b)#TF  F] SWHS 243k & Augié * K 2 F ok
FHRALE K PUIMA B HEBAR A AL T BREE 8§ 2 7,275
AT o R g B (5 0 95 F)

g 350
2 0 | OssR R

250 — EEEREIRREA

=Eser:

200

150 |

100

50 |

0

IEEE—(66%) EEIT(75%) HHET90%) 1EEET(100%) 552 =(125%)
() FARES AZEN BT RSEE B F

= 1800

E 1600 O KFGRERA
Z 1400
1200
1000
800
600
400
200
0 ‘ ‘ ‘ ‘

TR —(66%) B (75%) THIR=(90%) THIRI(100%) THIRTL(125%)

(b) * 1% icde2k & &
BISOMHE- 3 - mdocs Bl (@) F4RES A2 508 R0 A

d A E(b) B RS A

67



533 FH = AR T R LR
e R SR8 BB SWHS @ * & eh% LA 4ol 3.7 #7757 -
BREARFSHFX L L gRATERPHRF - 515 & Uik
Ppa it F ek F ARG A AR A F AR F Y
2 AR o R A2HAGE R B Arc & B Bl A 4T 0 gAERE Y 4 0BG
(2)0% - (b)7.5% > (C)10% > (d)15% % (e)20%F% » Arc £ B, BBl 4 > w iz
#50 w5 148137133126 % 119 # -
A 4515 £ 15 T a8k Aco (D)~(e)A %] A (@)1 94.7% ~ 93.0%  89.5%
% 85.9% > 4rf] 5.11 #1471+ » AR * i 20%PF > EFE S AT REK

3 A4 Es 5 e185.9% o

68



S 8 -0
ShE a S o |
= 60 —&— HA-Ac e;q \ —— HA-Arc
= 0 \ —8— HA-B, z 0 \ —8— HAB,
&= E 40
i B g | \
§ <X
=10 ¢ .
0 L L L L L L L L L L L L L
G L NV B e 10 e aY Ba ey g v e g et T SR A ey
(a) 0% (b) 7.5%
S S
S S0
© “>
= 60 1 — E 60 |
= \ —— HAA 2 —— HiAr
= 50 \ —5— HAB, = 30 \ —8—HAB,
= B 40

e

ST
|

//

B y L 4

O I Y NN (N (N NN (N R S S S R 0 e S S S S (S [ —
Jf:l:‘l23456789101112131415 Jf:l:‘l23456789101112131415

(c) 10% (d) 15%
o 60
el
g% —— HAAre
? 40 \ —s—HAB, H
=W \\‘
0

BE

ok Moo RIS AR ORI 31 n0se QI (TR Y B 18R 4r§ 1

(e) 20%

B 5.10 HA %7 % 6] Arc 22 By v # B4t 24 % * (2)0%(b)7.5% (C)10%

(d)15%(e)20%

69



105%
100% ——HA-Arc  EEFI1SER) [
95% \
§ 90% \
% 85%
5 w9
&
§ 75%
70%
65%
60%
0% 5% 10% R F R 15% 20% 25%
B 5.1 et 3 % v b2 15 & 15 Arc 140 GIR)
YEBRBF ORI M God - BN AL RF TR
FNHE G 254 F 2 GHG RE A > 24 4 55 2 B 54 A2
BEA O FVIENELFZE G FEARRES S 0 B 5120 AT
Bk blm 3 0 B F 4 (2)0%(D)7.5% (€)10% (d)15%(e)20%F% » ¥ i & ##

ites 3w A u s ()0 % (b) 14:237.5 = (c) 1,650+ (d) 2,475 = (€)3,300 = -
e F(D)7.5% AL P BR A BT LR R R AL AT

B P
13 2L A ER S R e E A 1BAE b

NT.
1,800
1600 - *— ¥pPR%E = ZFIRE .
1,400 H PPRE hE R = |

1,200 /7'//:/ )
1,000 /,;C»’
800 /6:7

600 /,,/"‘/
400 | A

200 | 4~

0 L L

123456789101112131415ﬁ

BML12:Ar %2 Erra fiA4RERH> &

70



534 5w  SWHS Hjs#k = > B4 F2 G4 535 4
BEFEFEE M IBELT RE > § SWHS englpwig 2 > 2 1919
B A 4o g Rk o S BERSOR T e b 3 p 3] SWHS
AR BBF DN A 2P N 0 SWHS § 3 et f ok
FoBENE P EREF TR R 4 30.82%GRE 096 &) 45 XYZ
ZHhiEp 2 AT EF T ER A FRT I 4%T 47% (HhF 093 &) d
HEPANT R o FERRE o L AT E o PR H R oo A
FErIAEREMNEPAFTR LB UBERRBIRFFL T2 &g -
¥R B @A I 7503 4 & 80% ~ 85%% 900%6FF » ¥ A u[%F i
B X B Z RE Rming 5 B 2 K8 94% -~ 88%% 83% o Rming " i<
AERPEI LS HF P P m HACRZE R IT LA RRREEH
PeEH A BRFH L RZEZ R IrRSA3. d BT F 0§ GRS
HAcpF > RZ EAE2 H4v o B S entg BRI E Rl S P A 2D BRER] G
EowHPHAGREM RF)ZEPRTER G 2P B B 33308 %

R PTESIS E

90%
_
85% |- /"/’/‘ ——Rz-%

80% [

75%  —————2 —=—Rz-% p &

[

0%

Rz

65% Rz-¢ p &
60%

55% Rz-% § %

50%

75% 80% 85% 90%
L

Bl 5.13 @4 % #4c 2 Rz B2 %1 F
R B RS K L M Ao 514§ @A A4 S 80%~85%
5 Q0%F% > GHG i & 4 5] 5 o A ¢91.02 % ~ 1,036 5 % 1.051 5 -

71



Hi: 106mg SOx
300
250
200
—— SOx o
150 ¢
100
50
0
0% 20% 40% 60% 80% 100%
(@) SOy
Hi: 109mg
- NOx
25
20 |
15
—e— NOx oo
10
5 L
0
0% 20% 40% 60% 80% 100%
SRR AR
(b) NO
¥ 10
= 1vmg eCO2
30,000
25,000 F
20,000
15,000 4‘—0—6CO, H—'-—'G
10,000
5,000
0
0% 20% 40% 60% 80% 100%
(c) eCO,

BS514FHE - 2734 % GHGRE Y (R4t s % 45 ) (@) SOx; (b)

NO,; (c) eCO,

72



N RALE A A7AoB] 5.15 A1or o F @A S H 4 5 80% ~ 85%% 90%FF -

*AE A B L RAG1.02 % ~1.036 %% 1.051 & o

ok

200 W5 ERA  BERFERERRA DG

o L = = =
5% 80% 85% 90%

B 5.15 7 F E &t 2 & kg F b i

5.3.5 F 8 7 SWHS =% = A5 i<
(@4 B = & "% %

AR A AR B SWHS G fedli 2 @ cndk KA 0 0 E A
EBERFIFEFEEANF)ZERAE AR T 24773 B KRR T
0 o 1 Bl 4.2 HA 38 % 6] Arc & B v Bl A4 470 & 37IR 5 1=1.86%F -
§ i B & A oF 5(2)-10% ;(b)-20%;(C)-30%P Arc # By F il 1 el 5.16
Ao o W E LA WS 10959175 & > ApEI R A5 128 & 0 vt

U IR R D ()-15% o (D)-29%  (C)-41% o

73



o

3 %

= —
gy \ —— HA A

Z 4w —=—HAB, |-
A

i

A

£ 1 2 3 4 5 6 7 8 9 1011 12 13 14 15

(a)-10%

= 50

S 45

= 40 —— HA-Arc |
% 35 \ —-—HA_B,CC —
=

-

NS

=

E123456789101112131415

(b)-20%
=
g 4
E 40 ¢
? 35 R ¢ HAAe |
5 |\ B HAB. I+
i \

12 3 4 5 6 7 8 9 10 11 12 13 14 15

(c)-30%
B 5.16 HA %7 % 1] Arc 22 By 't S B4~ 3% & & ' 1% (a)-10%(b)-20% (c)-30%

(D)4~ % =A™ (K2 & A Fkin

d ] 4.2 HA 57% 6 Arc 2 By R Bl2 A F 2 £ T3ap = do
BIRZ)ER %5 10 v e i e Mo B3R ¢ PBE 7 E T
2% Rz B4 5 08420722057 2 0.78GF4 2 5w F) o A K

A v 4 10%~20%% 30%4H 4 E A T AT SR B R YT RE L F

74



FEEAcRSL7T T o w2 NE PR RA Y 5 138 %114 #% 93 &
BRPREAB S 17T5# 14482 11579 pRF A% 5 253 %204
#2161 & ;¢ FHANG 128 F ~102F %2 79 £ o b § % FlH e 7

PE o PRREREE P PRFTYCEAP <A I5 £ F o

—=—_-10%
-20%

40 N
30 —%— HA-Bze |~
20

-gm&zkzﬂ#n—n—n

|

50 d

EEfi7 © NT$1000
3

IBZS
5]

4 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

@ZpR%

60*

é 50 T —=—_10%

o 40 -20%

= L -30%

B 0 —%— HA-Bze
20—+

P

HK—H——K—K— —X
0 L L L L L L |
1 2 3m4 5 6 7 8 910 11 12 13 14 15
(o)® p PR %
—=—_10%

Y7 : NT$1000
wn
S O
A

IBZS
)

0
Fo1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
)" PRW®
50
2y
40 & —=— _10%
35

-20%

30
25 ——Xi\ -30%
20

- —*— HA-Bze
15
10
3 ——R——) K
. . | . . . . . | . . . .

BT : NT$H1000

IDZN

£ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
OREE
Bl 5.17 HA #1% i) Arc & By " 4= 3% & 4" 1< 10% ~ 20%% 30%(a)

2pR%Eb)BEPREECT PREMNE R

75



536 i+ 1 & AEEM Y ¥ (AR A A0t b

& HEERLF * (MR) iy e E w3
* 5% o 3 SWHS chw fcil 4

RS S ()R = S S S
A &Y - TR T

LR FIHS £ AT G R AEER Y
80 o 44 Kaldellis et al. (2005) ‘&2 38 4 3
BRI m oG 206% 1065

(M) i H A

P A
1573 Y MARER T 0 * ¥k

(Mm)r2 3% 5 » e ¥ BAIFE & FHIFSH 0 A
B m s M B e Bl 42 HA 5% 6] Arc 22 Byt B A 4
i=1.86%P (3 % L % 4.10) s 6] 5 ()3%; (D)2%:; %
(C)1%P% Arc 22 By ¥ B % 4e ] 5.18 #77 » w fc i "1 w5 12.8+11.3

(0)-12% (C)-22%

FEET TR

10 # - 4p 43t (@)12.8 2 (b) % (C)w Yx & *A'E Mg R &

76



—— HA-Arc

BE{IT * NT$1000
wn
(=)

5z

£ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

~
(=}

[on}
o

—&— HA-Arc ]
—&— HA-B,.

{7 * NT$1000
3
L
\

P

B oo onowa

o © O O O
‘

12 3 4 5 6 7 8 9 10 11 12 13 14 15

(b)2%

60 1\ —— HA AL —

BT © NT$1000

IBZS

qi123456789101112131415

(©)1%

] 5.18 HA % % ] Arc &2 Bt S B A8 3 * 1% #c(2)3% ;(0)2%;(c)1%

SR Eon b A H AT KRR RE < T RITR
A w T2 B 0 R R ATIE g3 S
F B ST A4 5 4 B % 73 R 4735 (discount rates) T w T
AT AT P o
FTEITMF AR I S TR EER > LB 42HA S % b

Arc % By it Bl A 45 0 i=1.86%F (3% L % 4.10) > w e & 128 & o 1

77



| BEe% 5 3%~ 4%% 5%4 47 0 PlwcE P 5 126~ 124 % 122 & -

Wk T Rz @R A5 w & LR 5190 d B Y T 5 0 mH 4

RN ) = s HP Y g RE T e E U MR o d AP
308 £ i3 254 & ; HARz=1 pF s tgd] > £ 5 0.6 £ o
35
30 LS. —=— A Rz=1
v 5[ \*\‘\“ HA-% p % %
% 2 - HA-% P &
| f) - - — —*—HA-¢ p R %
5t —— A § R
0 1.86 3 4 5 FrmF (1)

B 5.19 HA g% 0] | B 5 w g "R 7% @

P 1’(;& (R4 f@ﬁ;ﬁ;u bt 3 SRR, w12 4 5t 4B 5.200 4 B ¢
TfEc 5 1 Ed 1864 S HAP p R w £ LR~ > &
175% > BPBET ~ *h§ %% 2D BE=2 4 HA & Rz=1 PF R 85 >

2 4.7% -
100.0%
—=®—HA Rz=1

95.0% |
2 HA-% B
z 90.0% 7 %
[i=S .
¥ 85.0% ’;Q;H
. 80.0% XAV 7
& BB %

75.0% e g

T
70.0%
i 1.86 3 4 5

B 5.20 HA 57 % 6 | 8 20w e 2205 T A0 B 4 )

78



AT IR A o gt SWHS chik B & (g doc ¥ ,% 7 A+ SWHS
FIRBEEFE s AR FEA T TERSY > AV B AL AT

FF o MTHREAFET IR NLEE ERELR TP T BFHE LR

AELRWARG ZAER G T AP 2

FH RFEFTAE A HTENRITEZ VRS, T ST BT
F I A T B SWHSEHES 2 if 51 o B4 £ 4 SWHS A & 4 4 &
FESBEN G R R AT o @ kiR o A Y Flm g0 ik
B E: ARRED T TERE TR AR RS TG
ToodnF P oG OB & FR A& 5 Kaldellis et al. (2005):77 2 4 45 >

5 o=

EE AT EERPRT AT FEG%E T o3t iv7

r
\\_ N
=
\\\?{r
ole
Rt
Ry
‘_‘gn‘\
N
7‘..
Rg

N SIS LA RSN & S Sl N I

ﬂi;—lﬂ'. PRI L2 FPRAKMAEE 2 Y RH R

&l

B AR E AT T H AL G R IR R 2 R
FE R 2 SWHS P2 B WF o AR FlA 2 2 22 2 SWHS
BB R T R S 5 R4 8 GHGs 2 25 247 2 GHGs

FEIN ML LA FRERE W Ryt 2V

79



AT SR R SWHS ek s o rEAb € 5 FIFALA &0 P
ELE IR ER A T WANA
ZAEFRAAT S FEE SWHS 2 i 7 42 R &2 S ifoc s

Y o BEMRE ARV RF R AT EA S XL Renp

RER -FHLEBEEEGH2 R HF - RAPFFEFF 7L
E2ER2Z R T RHESFRTREAITVREFRLFEF L R
Bosdocy o FB- 50w SWHS g B2, » ¥ iv 2 i iz
WRABINR - I7 ARNGGRIB R AEF EEERIE 2 7 B

HEF A RHSE Y AR EREDIHIZ 2 SWHS 4 % & 4 ;
FrB» Bl A 47 IR Gk A3k = A et Bt oy 2 AR s -

A e %% e 37IR 5 (discount rates) T 2. w TP o & B A 7 enE

BB 4o

(1) - [RR] BERE VRO EA RS R4 P TRE T
F#B > TSP 5718 # ~SOx 5 28.8 #f~ NOy 5 26 #g % eCO,
5 37176 7 o T8 R iR 5 S A2 0 - SRR Y hR R
BEcE R o PPREFLEEF P BFL SO~ NO 2 eCO, i
FHEPHRY PREZVERL S - FFARRIT A B
FARESARF AT RANRLEDEFOS A F RF 0 A
R G oATHT Y AP R R Y 88# B K115
Af2H FEET 2009 £ 261 A/ H LA (P FEH P98 &)

(2 FE-[ABHALFREMETEHNEFF] ML L AHBNA
EHF BB E 97 66%2 L 7FF o MIRBATE AT B

TR FE100%FF > TR 2R @& * sxxk 5 TSPL.1 #f ~S0x0.09

5
Z
@)
X

RS

13.7 %2 eCO, % 21,217 ¥ » A Rimeh 1.5 B o IR
i A B E A F 5 75%90%100%% 125%F% -

BERETIN
= {

n’.ﬁ\,

e AW L IR 112 2 ~1.35 2 ~1.50 & ¢ 1.87

80



(3)

(4)

BoF AFRRMAHITFINZ AR T A B A EFEEE S
WEPMARFERFE35 90% > 2 98 & B haFC At B4 3 4o B
RACES LS B0 P AR A F T EAE R B
90% » 2R A K H T 4 B H et FH R

FHz[ataer g * 552 LB R ALHASE S &) § 48
%% 0L 5 A ) % (2)0% > (0)7.5% 0 (C)10% > (d)15% % (€)20%p*
wojcE A B L 148+1375133+126 % 119 & - F|¥p & -
BPR-FPPRENGERLFE Rz @455 084-072-057

2078 PR AR PRFENEL HTIR LG AL w g E U

mlL

PP FEReoreg pRAY pROw cE R BEE 0 £ H
F9P PRE o FER AL B E L E 25 & 0 s F T
PORREC] o sl F O BRSO B N A M R AR S
MT.EEPRFSBIRELE LT BB ST LA /LS AT
WU E 2 ARG F S H Y <5 E U ot B % LT
WIRBACE B 5 0 IR EE A LT R R 6 F
AZiE 7. 0% °

Faw 217 B8 F 2 B F] B EARE > BRI R > RZ
BNEE2 A e WA ePtg R RRSPHEOEPRE S A
TP HAclgREM RFIZEPRERY TP R He F i 308
T i R H et R G e F @S 4 5 80% ~ 85%% 90%
o GHGs B & 4 5 2 b A 8E 0 1.02 £ -1.036 & % 1.051 & ;
F A FE AN LR AA102 % ~1.036 2 1.051 & - F]EHHF
Boew A oAplocg  TENE R 0 P P RF S Rz B R
BIFRIS o ERARE T R SWHS 252 B85 F 0 &

B e 2 At B4

(5) H5I[SWHS A% & 4% ix]: B 41HA R 6] § 4% & &

81



% % (a)-10% ;(b)-20%;(c)-30% FF - w 4T & L M hg B A
(@)-15% > (b)-29% > (C)-41% ; 11 & & % & 47 > b § % B F)4T B4
FHHE o w e ERTFG RE Y p B E R e E LRR A 15
EN R AR M e rE s Bk S AR
= A d -10%% T -30%FF > w iz E AT P Ed 253 £ 1 16.1
Eop 0 9.2 FopmiE kbR F T YR F SWHS KR 7 F RE
g@?ﬁ%iﬂ&ﬁ’ £ L% SWHS wic g Taaisd o

6) FHA[FaE@EE» FRARX AT ] W E P RF HA
H oA 37§ REEE Y Glies W) 5 (2)3%; (0)2%; % (C)1%FF
wrEd h@)z 128 #4555 11310 F > ¥R R
MEER Y ki 3% (D)2 () deE L Mg A 5 (b)-12% -
(€)-22% - ¥ 7 I E M AT ¥ mHN w T E L PP
FRTE O R EE R il o f%iﬁﬁ#ﬁ@%
SWHS chg |0 gkt Af T g Mgk » 2 %4 » ¢
Hirfmp (7i%% SWHS 2 LA ¥ o

(7) BB [FFmFa49] F3TMEF T Ed 1.86% 3 4 3| 5%FF - 43¢
PRRETIERILERS - ELT5% FPRE M REE
PRER =2 o HA %8 Rz=1 B 88 ] > 5 47% o & i E4p 443
e AR T ECLE 2 M BN AP pRTE o AT T
Fla o £ RFpITRF P D PFITL & E o

RS Er PN SIS SN A E R &R

)u-

Mg A T EARSWHS 248 > ¥ b e 28 F F a4 g

\'u

A
Beigecy d o TG e BFF AR F G Sl gy
ﬂsﬁéﬁ5%¥ﬁﬁi%ﬁ’ﬁ%w%ﬁyzé?ﬂﬁﬁ B o &
AR R ARZRR YR ARBREA Y > T FANRET
AREORBCFRE T AR R G - BRI DR R F ERE T

82



Pl SR A ¥ FRBEIRNFIHERBE EFZ 2o B8 F
17 i 100%PF > 7 H 4 BB E SIMRALE B o b & B A T2
RV ITL S E SWHS 2 4 srp bl A 2 95 o
6.2 3%

ARG e T SWHS 2 7 2 2 g1 i > 2 B en
Ho /Ay ay,‘@g:‘zi
w5 A Rming™ 2 0> gt v e

3 T
EREDVPRULA P LHE TREF LSS LR 2%

2. THRBARIARBTEFAERNELA T v Ao F L LA 02
AP G- B TR
z RBL A Rk BE AT %‘ruv/‘k&:}%\
fofe o I FHE AT H 0 EREFFY -

FREE P R AL B UG R IR o 2

3. Aty =

SRy
Rg
W »:-f,:

) —
-~ Y

4. %
KT D AR A NP HRARE LT A ANHE L KF Aol
+

(\;\;

TRRRMEORBEEEF > A4 A S B anCAFEE T
5. I%\fip"—a&;:/glf\*{;g}*ﬁ-ﬂ 97,.}_% 3:72_@71‘?&\‘}’?"_‘]#9?&?/%:%"# ?}%

CRET BT ST B SR FAMERE TR

6. 5% 4 22 GHG #3c fhllch % TR 5 4 AL & & B £ 304 #cdp 7]
BIPp Bcdp? B0 7 23300 R 2 R B R TR AN
L SRR S VSl P

T BRBLEHGHFHNEAFLIRPEAET - BER

FoZREFTVELRERS AT ERBE

A

83



8, “iatihEBE -t S EBRE - FF g T A KT LR

LB H AL

84



34 ¢

A% pARAE S (96 #£) 0 A R
http://politics.people.com.cn/B1G5/14562/6600890.html (accessed on
2008/09/22) -

AL E S FHE k(98 &) < F 7 TR http://dbar.as.ntu.edu.tw/
(accessed on 2009/03/29) -

ca%d A FS AL E (98 ) TR
http://www.ecct.org.tw/(accessed on 2009/06/24)

IR0 (97 #) 0 £ 4 ¢ k4 http://re.org.tw/index.aspx (accessed on

2008/07/10) -

¢ Rk o (97 E) 0 ¢ & fod ke =k httpiwww.cwb.gov.tw/ (accessed on

2008/07/10) -

#HAL (96 F) 0 T F Be A BEE R o ot

S F k(89948 )V BERER AL G R S

vk 41(T > (98 &) 0 ¢ 41 23R F U http://www.cbe.gov.tw/mpl.html
(accessed on 2009/06/06 ) -

3 E (96 #)0T2007 £ RAHE B A F 0 EANR R A

ST P (97T E) T AHT 4 2P AHIFEL E 2008, ST A4 2

Ao

Tr

o X AT R w0 (98 E) ) S AT R o et
http://www.me.ntu.edu.tw/~nec/ch/ch_main.htm (accessed on 2009/07/28 )

cEAE S AR k(98 &) < F 7 TR http://dbar.as.ntu.edu.tw/
(accessed on 2009/03/29) -

ARttt (98 &) P EFA RS T AR

http://www.stat.gov.tw/mp.asp?mp=4 (accessed on 2009/02/12) -

85



FEAEE (97 E) > MR RATAGE” 5 RAFE 2008 £ 11 7 146 F
HRE(3#) “THREP AT S Db E HphiEg p ok 7
Y E P25 B

I A2F7F g 0 2154-2159 | -

TARe AR A S RAE R E LR
Femim= o o
#

FEA

32460 (96 #)

AR R

o

v (94 &) T @z 4

FAPHAFEA AR L%

; #m ’ ‘;7}Lo
FEG (95 &) T AN NS R FA BT S A
1AL G - A -

BRESQLE) T 2L FABEHE B3 TES 277 A2
AEEF g S H e TR g AR Ll R s
AR (B E) T AE AR ARAEEY {2 Bl LR
CERERERPREEE T T L ® S

“o X BE A B -4

o

18P 5 &%7
= (96 %)

PR
’

v®°

BEIE T F A $ 2T

P

T s

BaE (96 &) T FARTERFPLAEREIZIF ST EAG
HoREF o oM
R (89 &) TR B Ak S RA SR RERS L R

RE SRS 44N
FTREBRRIARY (AL

»” gﬁnv ’ L:'ﬁb °
Focil 0 (94 F) T = BB IT A AR A P R N R RE
2B gsta A s bl 0 W2 P LA BBERRE S IAES LY
FAL#~ > B

RE(96E) R EF NP AR L S

L - % 5w 343-348 |
R (94 )T

“

Bz v R T

)

Rt ?&L%’J(,i 5 #H.)% fﬁ‘@vﬂ‘ B4 { -# % (fa:

- ER)

86



ELP o (B E) T ARk AR BRER R PR (R ER)
SRR R o S e

5% 7 45 0 (92 # SR NIRRT R AR AR R 2
AERE AT LG o ¢ o

EEE T A WEH (7 E) SARERFLEIBRLT R
PRI 0 X B LAT RE T w28 S -4 0 2427 |

F4389E8) “AHABKBZHMTRERIMIE A" F ELH
EEET RT X 528 2932 F

FhRFO(BE)TIBLAEKEY N2 AP RV AL ORI

<

-0 Jaqrj;,-fnrwp AL~ o ,g:;;ﬁ 0
TEHEE BE) BB R RERELH LT 0 ZHAEAEER
B3 AR PR L TR LS o F AR e
FER(0#)THF ABRERBY S EZRLITT O M3t 5
AE AHEE LB 0 Sa o
AR R > (94 &) TRihat e L J SRRk o S e
SRR R R 0 (97 &) > SRR R A B 5 http://www.moeaboe.gov.tw/
(accessed on 2008/07/10)
EARR (9B E) EAIVE T F MR E

http://proj.moeaidb.gov.tw/tigo/index.asp (accessed on 2009/01/17)

2o

SRR (97 &) ARG A F 4 B F 4 http://portal.ncep.org.tw/ (accessed on

2008/07/10) -

BYAIoO7T#) “CErBAEYRFRMEZFAYT F EFAAE
HAE AL 52+ x> 103-118 F -

T % (98 &) Ik %% e xb http://www.epa.gov.tw/ (accessed on 2009/02/13)

Bixd (98 &) 2§ 54 A9 kgt
http://www.ctci.com.tw/air-ei/Default.asp (accessed on 2009/11/08)

87



FiE% 5 (98 &) = F ek http://www.cpami.gov.tw/ (accessed on
2009/03/13)

Brad (4 E) T SRR AT LS BokE R AR
PeF RIS MTHL®mY 0 6B e
i (3 ) TABAAKERY VAT Y E2FT 0 SEFRER

FREEFEL LG 0 5

o

H-

Eciy o EWAp > B % (93 &) TERFMFEEE S 2 S
EASCIEE: $¢3 SRR

k= (B &) T iR EED 2 EWITFTEY T
Rz? A FR* P 2ETRLHY 0 &

Eogfe > (TLE) SHa AadqrdRist > ERERE - 54 -

Fd % (98 &) Fd & gk

http://www.doh.gov.tw/CHT2006/index_populace.aspx (accessed on

2009/03/13)
Bded (2 &) T 2 T2 EXRP RN LA AR mA
B ds < SRR LTS AL o o8 -

ikdn s FEWh > Q1 &) AR R YR E F HRE S AR 2002
TEB TR BT F G AN 7 B i % < £(B) 0 158-202 T
A (97 #) TR TIT B TE RS EAT- U B AL - ok~ TR
BEA AT HAV R P A FREIEF T TG 0 e
FRE (B E) T2AF B FREHE 0 — e B R0
VERRAN 2R RETRF FERFEFLTHLHRY om0
BEAE PREIEE () SHAFTHMNLEY > 3T B

g
=0

bl

Wi @ oo St
Bk B > (98 &) o http://admin.taiwan.net.tw/hotel/statisticsA.asp?relno=125
(accessed on 2009/03/13)

88



Achard, G,, Diab, Y., and Letz, T. (1999). “Energy concepts for utilization of
solar energy in small and medium cities: the case of Chambery.” Energy
Conversion and Management, 40 (14), pp. 1555-1568.

Argiriou, A., and Mirasgedis, S. (2003). “The solar thermal market in
Greece—review and perspectives.” Renewable & Sustainable Energy
Reviews, 7, pp. 397-418.

Belessiotis, V. and Mathioulakis, E. (2002). “Analytical approach of
thermosyphon solar domestic hot water system performance.” Solar Energy,
72(4), pp. 307-315.

Diakoulaki, D., Zervos, A., Sarafidis, J., and Mirasgedis, S. (2001). “Cost
benefit analysis for solar water-heating systems.” Energy Conversion and
Management, 42 (14), pp. 1727-17309.

E. Alsema, (2009).

http://www.chem.uu.nl/nws/wwwi/general/personal/alsema_al.htm(accessed

on 2009/07/07) -

Eggleston, S., Buendia L., Miwa K., Ngara T., Tanabe K. (2006). “2006 IPCC
guidelines for national greenhouse gasinventories.” Institute for Global
Environmental Strategies,Hayama, Japan.

Federal Ministry for the Environment, Nature Conservation and Nuclear
Safety(BMU). (2009). http://www.erneuerbare-energien.de/inhalt/3860
(accessed on 2009/01/30) -

Georgopoulou, E., Lalas, D., and Papagiannakis, L. (1997). “A multicriteria
decision aid approach for energy planning problem: the case of renewable
energy option.” European Journal of Operational Research, 103(9) , pp.

38-54.

89



Georgopoulou, E., Sarafidis, Y., and Diakoulaki, D. (1998). “Design and
implementation of a group DSS for sustaining renewable energies
exploitation.” European Journal of Operational Research, 109, pp.
483-500.

Gutermuth, P. G. (1998). “Financial measures by the state for the enhanced
deployment of renewable energies.” Solar Energy, 64(Nos1-3), pp. 67-68.

Haralambopoulos, D., Paparsenos, G. F., and Kovras, H. (1997). “Assessing the
economic aspects of solar hot water production in Greece.” Renew Energy,
11 (2), pp. 153-167

Kaldellis, J. K., EI-Samani, K., and Koronakis, P. (2005). “Feasibility analysis
of domestic solar water heating systems in Greece.” Renewable Energy, 30
(5), pp. 659-682.

Karagiorgas, M., Botsios, A., and Tsoutsos, T. (2001). “Industrial solar thermal
applications in Greece. Economic evaluation, quality requirements and case
studies.” Renewable & Sustainable Energy-reviews, 5, pp. 157-173

Mamlook, R., Akash, B.A., and Nijmeh, S. (2001). “Fuzzy sets programming to
perform evaluation of solar system in Jordan.” Energy Conversion and
Management, 42, pp. 1717-1726.

Mohsen, M. S., and Akash, B. A. (1999). “Evaluation of domestic solar water
heating system in Jordan using analytic hierarchy process.” Fuel and
Energy Abstracts, 39 (14), pp. 39.

Meyer, J. P. and Thimankinda, M. (1998). “Domestic hot-water consumption in
South African apartments.” Energy, 23(1), pp. 61-66.

PHP GROUP, (2009). PHP GROUP website http://www.php.net (accessed on
2009/06/09)

90



REN21, (2008). Renewables 2007 global status report. Renewable Energy
Policy Network for the 21th Centry, http://www.ren21.net/ (accessed on
2008/07/24)

Tsoutsos, T. D. (2002). “Marketing solar thermal technologies: strategies in

Europe, experience in Greece.” Renewable Energy, 26, pp. 33—46.

Wolfgang, B. (1998). “The technical and behavioural potential for solar

energy — a case study for the town of Lusk / Ireland.” Renewable Energy,

13(1), pp. 55-66.

91



	0_0cover.pdf
	0_0inner
	0_1abs_c
	0_1abs_e
	0_1Thx
	0_4toc
	0_5sim
	1_intro
	2lr
	3method
	4syn
	5analysis
	6con
	7ref

