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<E 3.7> 4¥ dHolH

=285d AlEFA A7 oY

Aol = v <& 3.7>3 Pk
Ao met WA A gr)Eo] thEr] Hio
BAnA e e st

L]

578 4%
= e 9= I= AFAIA AgAd EigT
o | Fd
LS AHAEE 047TW/mKEHFY dd7l+=-55A9)
] ] xl—‘z"—(%%“ AHAEE 0.29W/mK(AFY G/ F-FHA )
&y e (G dAEE 0.58W/mKEFY da7|E-dFA )
le(‘)f ) AHEE 0.3bW/mKEFFY dd7|+-35A9)
Sam~7pm
4-F 2417 | 24A17F | 9am~5pm | 9am~10pm Gk
(7.15~8.20,
A2 12.25~1.31)
A= 1= 24X 7 | 24A1%F | 9am~2pm | 9am~10pm 8am~1pm
Ao A <
3| 24X ZF | 24X %F closed 9am~6pm ElgcivdPds
A 9]
W gmes (o) | 22 22 22 21 29
a4
o | WELE(T) 26 26 26 26 26
10.20~12.20
- it 111113521 10.20 ~ 3.31 gg:ggi
717k —
ek 6.11 ~ 9.10 521 ~ 9.15 g’éé:g:fg
U factor
(W/m'K) 3.30
e SHGC 0.74
7;;’; 0.66
3-7] % (ACH) 1.0 1.0 1.0 0.5 0.6
A = /<) 22.4 8 8 2.7
2 A1) (%) 10.7 | 48.0 36.3 33.4 20.2
29 % (W/m') 4 4 25 39.4 19
71714 = (W/m") 14 14 15 8.75 5
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313 EFAE9 A As £

Y

T

]

Frt

Sl
I

e ol _IE{ =4
2

bl

Eal

&
A7

3)

1) 9=59

2o U 4%
A oUA 2]
SRR

-

o}
= 71 H

T

L
Z
oA Al

| o] ] o] 2~

o

i/
it

f
32
s

ot o
ofo
N

r

EFE o] o H A of U x| AH| S ¥ 3.9>9 o] xdH i ke
140.1 kWh/m?, Y& 19.4 kWh/mz, %%8 27.2 kWh/m? 18l1 A&&
52.8 kWh/m“® Yebth weba] A7k @9l A g o= &8-S 239.6
kWh/m*Z vebsgth 2ol upat oui=] An|EEe] xpo]7h VbR v o -
ol ©tEFEO oA AH]E= Wilo] wWEFEIS] AA| oA AH|FH]
58% A Q1 Ao g e}
<3 3.8> A9 d=EFEO] oy x] 4H]F(MWh)

R BE o) A o) - g7 Ry 5

E I 59.3 59.1 60.5 50.8 58.4 58.4 57.8
<E 3.9> A9Y dEFuo dod At oA AH|E(kWh/m®)

RE B o o) 35 2t o

el 142.6 145.6 147.1 123.2 141.3 140.8 140.1

ik 21.2 16.5 21.2 17.8 19.5 20.4 19.4

5 28.0 29.1 28.4 23.4 27.6 26.9 27.2

A 54.1 54.1 54.1 46.2 54.1 54.1 52.8

A 245.9 245.3 250.9 210.6 242.5 242.2 239.6

2 554

Sgvtete] A%, AEA AFEEHE gFEEY AUATE ALEH dbe 4
Hl 53 lom, I F FAAFAAL Wiloyx] A&n] vFE of$ =} u)
g FETY AUA 4aH] A dEFHI Hléo}ﬂl e ALH W
of 2HlE= AR ZF AA oy A Nﬂl%kﬂ o BB O (48%) 2}A|EIL Q)



S &4 F otk

%%?%ﬂ]&ﬂ%4%dMVliM%%<£ 10>7 o] (9t

& 95.8 kWh/m?, ¥"S 26.8 kWh/m®, %< 28.8 kWh/m* 1831 ¥
% 46.8 kWh/m’2 el webd A7k @i Ag oA AuEke
198.2 kWh/m*%2 Jebgth, 35389 oA 2njZe dEFe 9] oA
*mﬁﬂHﬁH@*?ﬂiﬁgﬁq4ﬂ%ﬂ.ﬂﬂﬁ%bk‘MHJJ1452
o} vlzst AHE, A EAo] oyl mXe= anE A s
of AFste 7 seTHd AFske R T O 279 %%%i@
9, 9F 15.4%4 AUAA&0E o @o] Anjgitial gtk 2 oA 9] wi

g3 FEF

Bo] AT oux] vk wwd A,

Ll

AT AYR] su|EFo] FEeFEo HlE oF 20% dE B> Ao= UE
W}
<E 3.10> A9 FFTE AgyA] AH|=(MWh)
R ol o)A o] - B A} ¥
Eae I 1,713.8 1,694 .4 1,517.2 1,440.5 1,419.7 1,332.6 1,519.7
<E 311> N9 FEFdo g9Hay oz AH) 2 (KWh/m?)
R R A o] = T St
ek 120.8 119.5 92.8 87.2 81.5 72.7 95.8
Wk 25.5 24.4 28.7 25.4 28.6 27.9 26.8
=5 30.3 30.2 29.5 28.5 28.1 26.4 28.8
A= 46.8 46.8 46.8 46.8 46.8 46.8 46.8
SHA 223.4 220.9 197.8 187.9 185.1 173.7 198.2
(3) dFAA
AHFAIAA Y dHA T oA An|EE AP HF F2 51.2 kWh/m
Wuke 328 kWh/m?, 8-S 8.4 kWh/m? 783 A8L 179.9 kWh/m”
2 Yehgon Az @owdy oyx AH|ES 272.3 kWh/m®Z e
oF, whEbA] JHFAIA G oA AHl= Ay o] dAl oyA e oF 66% Y E
ZHlata Qe Zo® yehgEd ol ¥ AR A9, dWid Aol w

52) o) 9|, EEZAAEE ol &

il & 7o ol |A AH FE A, o U A4
A=A 1741, 2005

AT A 448 A 13,
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of Wiy v dFel nla duiHew @i, 2w
OA 71718 AHg%F S7F2 7] ARgHlEo] o] F7HE 37

=

<3 3.12> Ao FHFAAL oA Av]"F(MWh)

& N o A o] = A} ¥
A2H|% | 2,653.7 2,706.4 2,557.1 2,477.2 2,472.0 2,423.3 2,548.3
<3 3.13> A9 gAML G9HA G o= AB] % (kWh/m?)
N RE EE o]+ P T Bk
wHHEr 61.8 69.5 52.9 44.1 42.1 36.8 51.2
Wk 33.5 31.1 31.9 32.4 33.9 34.1 32.8
=9 8.4 8.7 8.5 8.3 8.3 8.2 8.4
ES= 179.9 179.9 179.9 179.9 179.9 179.9 179.9
A 283.6 289.2 273.3 264.7 264.2 259.0 272.3
@) FdAA
AAAA dYHEA G o x] AH|ES FE 3.14>9F o] W 458
kWh/m? W% 91.2 kWh/m® T% 14.7 kWh/m® 18l A& 297.8
kWh/m®%2 et weba] Az d9dAdgd oux] An|ES 4495
kWh/m*% Yebgth Aga el A9 Age) oux] Av|Eko] HA o X
2B 65%2 xA|sta =), ol AAAE AE AA 2 Qriw &
v o] el BHEE HY AFEFHo] gE §59 A& vls] wjg w7
wFel Ao % FAoFE )
¥ 3.14> A9 AJAIA ] o x| Au]=(MWh)
& N o o] Bz Py ¥
AH| 363.0 358.5 362.0 357.7 358.5 343.5 357.2

_47_



< 3.15> N9 AgAAe g9 H Ay oA AH)E(KkWh/m?)

N RE EE o)+ P ¥ Bk
HHEk 60.8 56.5 51.3 38.5 40.2 27.5 45.8
Wk 34.3 81.5 91.4 99.2 98.4 92.5 91.2
=5 15.2 15.1 14.9 14.5 14.5 14.2 14.7
RS = 297.8 297.8 297.8 297.8 297.8 297.8 297.8
SHA| 458.0 450.9 455.3 449.9 450.9 432.0 449.5
(5) St
gy WEAG oyx] AHFS IS 644 kWh/m?, WS 18.2
KWh/m?, 8 134 kWh/m? Z28/3 A8e 459 kWh/m®® vhebsku}.
el A7 S WAD oy AHEE 141.9 kWh/m®® YEbSTh sk
ALY oA Av|FS stwol QAR AAZFo] PGS @o] Wi 9SS
o ¢ 9ttt duweE AUy S9H= Ado] oy &) F ¥ a5
ZoMAE FE U Zoou 9EE AEol7] wie thE £19 &9
Hla] @H AT o |gx Au]7F A
¥ 3.16> A9 stwAE2 o X AuH]g(MWh)
& N ) o] Pz A} ¥ o
2% | 2,609.0 2,384.5 2,345.3 2,194.2 2,172.1 2,011.7 2,286.1
<E 317> N9 FwAEe g9uAy oz AHE(KkWh/m?)
N RE EE O]+ G5 Y e
wHEk 84.0 72.5 65.9 58.0 57.4 48.4 64.4
Wk 18.2 15.8 20.1 19.1 18.2 17.6 18.2
=5 13.8 13.8 13.5 13.1 13.2 12.9 13.4
A= 45.9 45.9 45.9 45.9 45.9 45.9 45.9
SHA| 161.9 148.0 145.5 136.2 134.8 124.8 141.9
6) TFTAEY AELEY oA AH|F vl
3.1.39) €548 ZF0E9 oy As B4 AaE J)E AFEF W o
UAZEZAR A AEEEY oyxdd9aat nlmsle] =A19 oy x|
ZB)siel W ApjE BAS 93 HolEHo] AR FEUEIAE HAESS
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A Ael

o7 7|&

= 7%

AU An]

i

71EAT A9l 10% ol xfo)

H] 2

A4

=
=

)

=

gl 22 A7dx(EFAA

ol

|

H

o]

=
=

B9, F 15.4% oY &n]

B

st Aset Azt weh

ol ©lo] e H|

15

;OL

oy

A9 oA Aue o

-
| .

oy 2ol 72w

54) oUAZAAT9, 2008 ANIAFZALEILA, 2008

55) Ibid.

%709, 2009

56) A, A= |~
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32 AR PN AN 299 5%

AQAA A AE O] Aol Z0] F]Ee] xw
ol AAAAIA A AHE LX) Akt =4S o] STt £

AoluA] AlAEE t F30 et deoSel 7hssheS skl

ol
SIS

].

2
2L

A

AedSel st 7IFHolH= mEiefoly A 83 o A

Zyzye] Al AEE A
Algshe tighvl=s EF7)4dolE S Frarstoe] =57, 1758, 59, 3
F60), PO, A6 5 F 67) AL o Hgaunt
2 J fe)

Mol 715 ZAe gist dHolHE AAILRE A|&sta 3o olE F3 AAA
YA A AEE E3] AALE = AL o X o thE AlAGD EAXo] JtsEtE
= 33l
<E 3.19> AY9YE AFH# 9)7] =4
D A FE [z | A1 | A%
A | TS | ey | 24| Ga | A | PE | gRE | e
8 (W/m) W/m) | (W/m) %) | (C)
Ae | 12.9 | 100.5 134.2 116.1 69.0 2.2 57 14.5
ol | 12.2 | 100.7 148.7 136.6 71.6 2.8 57 14.2
A | 13.1 | 100.7 151.6 145.7 68.7 1.7 63 14.5
I | 14.1 | 100.7 155.4 143.3 72.2 2.1 62 15.8
T | 14.3 | 100.7 148.8 137.6 71.3 2.6 60 15.9
B[ 15.0 | 100.6 1435 131.0 67.6 3.6 62 16.1
57) skt ol A8ts], el ¥4 b0l 2T, A2 2010-Seoul-R-006
58) Sharef ol #|8ts], thekvl=r EFE7|AdHolH S5 E, 20 2010-Incheon-R-005
59) steokax|ar3], eyl E&7|AdolE SE2HE thd 2010-Daejeon-R-004
60) st A8y, el FF713 ol SE5HE, 35 2010-Gwangju-R-004
61) Skt UvA|Es], tietilsr 27130l S5WE, 7+ 2010-Daegu-R-005
62) shrejFo| i A|sts], dieels =713 ol S5HE, FA-Busan-R-004
63) 97|, 483, gedyA A4S B3 vt 2 =212 Global Dimming @4F 4]0
Wk AT, el R] 8k3] =5, vol.27, No.2, 2007, p 49
64) 1452, U A2 #5ds 9 7§y B4, FFdishal AAER] =1, 2004.02,

p 47~52
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322 B R 2T A=

HeFd 2 AAEe A, EAlel AETbeAdol W FAAS Al
A HFEA Ao R S o, AFRY fRE EAC|RR
B dEan A AEEHe Ale dABoRE stk BT A"
o] Aedse A AdAA= (2" 3.3) 3

#ﬁ'ﬂiﬂlﬂf
v v
kL] EE]H%'
|
v
PV WHDIET B A
PV 012 0| R0l B3FElE OfLX|
0n-grild Model Of‘F-gridiModei Water-pumping Model
RME &4 | eZevoH) | rgglgg
SUASS B4E | +aBE) LT

=2 Z(EHE)

}
wyY

(71¥ 3.3) B dAA A8l AEA A
1) HFAGA At

7H 43 9] (s, declination)

dALdE Hed A9 ALEWI gfo] o]F=  Zh(the angular
position) © 24 A7 Fo| 2345° 71%0I 3] W] e @Akl
et F/FEels 00, sAdE —23.45° |, dAelE +23.45° 7F Hh

284—|—n)

5= 23.45sin (360 G

4 3.1)

FuE, @9 gatdde wE gakd B dAS] A <R 3.20>6966) 9 A
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2 a1 A4 _ 2 A
A (1) Z2+d (n) AA2(5)

19 i 17 17 —20.9
2d 31+i 16 47 ~13.0
39 59+i 16 75 —2.4
44 90+i 15 105 9.4
59 120+ 15 135 18.8
69 151+ 11 162 231
74 181+ 17 198 21.2
] 212+ 16 228 135
9d 243+ 15 258 2.2
109 273+ 15 288 ~9.6
112 304+i 14 318 ~18.9
122 334+i 10 334 —23.0

) H A 1H2H67)(w, solar hour angle)d AU E A7 (w,)
B ke Bl Ao} lato] o]t ztow odd &4
(=), 5= &5 (+H)E Jehde, 428 05 722 Axtd 157 A |
24T

w="> X 360=15(12— 7) (721 3.2)

B9 o QAR R FEEe A A 9 AR () S

65) Duffie J. A., Beckman W. A., Solar Engineering of Thermal Process, John Wiley &
Sons, Inc., 1991

66) &Y 45 395E Satdel 15 dals

67) ARS, AEZ(ShAL] HldA(solar cell) A Al2E A AA A Jggtal AALERS]
=, 2006.6, p.14



86400 G, n , o
H, = T(l +0.033cos (QWE))(cosgbcosésmws +w,singsiné)
(2] 3.4)

7M., @, B (1,353W/m)

(@) AxES) LAF

H, H,,RﬁHd(H;OSﬁHH(1_;°Sﬁ) (54 3.5)
oA71A, H, » A AFF(W/m')
R, smwe] g3t AAmeA el labe 1]

oI 714 WAl pE FH 29 %7 0ColAeolH 0.2, —5TCo]steld 0.7,
_]

T12)al 71 Abel e

fr e
=
e
ok
2
10
2
ON
2
o

cost (4=2] 3.6)

471N, 0 1 YA

68) RETScreen, Photovoltaics project analysis, 2003 p.17~23
69) Murat Kacira et. al, Determining optimum tilt angles and orientations of photovoltaic

panels in Sanliurfa, Turkey, Renewable Energy 29,2004, p.1265~1275
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0= cos” '([sin(0)sin(¢)cos(A.)])— sin(5)cos(¢)sin (0. )cos ()
+ [cos (8)cos (¢)cos (8 )cos(w)] [cos( )sin(¢)sin (8, )cos (y)cos (w)]
+[cos (6)sin (8, )sin (y)sin (w)]

(=21 3.7)
6, : A7)
0, = cos ' ([cos(¢p)cos(8)cos(w)])+ sin(¢)sin(§)
(472 3.8)
v i PVHE W9 ()
(3) PVoldlo]e] 5 &7 &4
pvelgol ] BHas(n)S B BE252(7,)9 do|th
(=21 3.9)
A71A, n, 1 B a4 (average efficiency)
n, » 7l (25TC) e PVEE &8
B, - a2 afol g 2EAF
T, i RE25E(0)
T, 7% 25T
HAREXEE 7oAy H 25 7,9 #A7F St
T, = (2194—832??)1532§§C—J§1+-z;
800
21 3.10)
7| A, 7, BAL

| =

= ARl ol A E T,

NOCT, g,& PVEE e we <=
3.21>9] ol kg o] &3kt
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<% 3.21> %7 7|lEoA PVEE 54
)

PV ojglojel] o3 FH %= Iy
U=

As AA ]

(2] 3.1l oal ALtdn

A7IM, B, A& 7t

E,= Sant

= 5,(1-2,)(1-A)

U A

A, 1 Pvogle] EAE (%)

7]}

WA (E,,) S

A E (%)

SAAF

a3t ojgolo 3] ity = ol x]o]tt.

Eqmd EAnmv

4uﬁ,o@1%;«amﬂaw+ﬂa@4:%w.

_56_

of FHE= v~

PV module type n, (% NOCT(C) B, (%/T)
Mono—Si 13.0 45 0.40
Poly—Si 11.0 45 0.40

a—Si 5.0 50 0.11

CdTe 7.0 46 0.24

CIS 7.5 47 0.46
4) PVE B3] A4E a4 A

B9 71t &40 o8 wae g

(2 3.1D)

(72 3.12)

= WY &S

(72 3.13)
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(2) @425 (cold water temperature)

Ho7b =9, o
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12

cos (2w

(=2 3.15)

FHL7] 7 A 25) (K)

B) AA7IdA BAAHE A

Fplra)G. i — FRrU AT

Q, =

(721 3.16)

A=z (W)
A A4 (collector heat removal factor)

Q.+ AA7elA AAtE =
A7l d&d AT (W/m'C)

471 A,

FpU;

AL (W/m')

—

od

o

Gesr

AT 2719k

FrU, ((W/m')/C)

4.90
0.70

FR(Ta)

0.68
0.58

g

38 A2

&4

CRER!

L=
o

@ &

°F 1~10%7 o]t

= Qu(]-_flos)

levd

(=2 3.17)

ojy

ok (19 3.5)
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(72 3.19)

(kW)

%9

]

zo A 2] EH

3L A~
T

A7IAM, P, :

=3)

n: velocity power proportionality (n

~
Ife}

fuze]

i

o] ofym o] <

al
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of
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= E

H=E, 171 &ddud 0, 871 <]

F(HE 0~20%9 W
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s

72) Sathyajith mathew, Wind Energy, Springer, 2006, p.146~p.148
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T A (0~10% W)
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35

heating ZFg o= 7h4

5%7F ©tt.
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1
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m
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EP
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] 71¢F(101.3 kPa)
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=7 Baste], ol IGSHPA(1998)°l 28] metsx] oo
o Ao o&] AAE 4= ). A

% [e] =
T3y 9 4 AFAdusr]e glo] A5 o]
%)

1o

T2 3.21)

A7IAM, T+ AZF Ft AXHLSE(T)

Ag + A7 AEHEE W3FE(T)

X, A% Zol(m)

a AT EAA ST (m'/day)

t o ER A

t, A
w3k AT ol Az HA W Hu AF 2= v Ao o Al

QIR

T, = TM—ASXEXP(— Xy 367;a ) (52 3.22)
AZIM, T, + AT ol x,olAe Azt HA ESFE(T)

o
Ty @ A5 2ol Xoﬂ Ao AZE Hal B (T)

Aagle] A B AFTAughr| o] Aol ALtE

lM

o ATl AL ER S

| SN

73) Kavanaugh, P.K. and Rafferty, K., Ground-source Heat Pumps - Design of Geothermal
Systems For Commercial and Institutional Buildings, American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA,

USA, 1997
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A8l o] &3 Hit Agr 2 dFAES ts <3 3.23>7 3 gon <l
A3k FF A e Az 9 AP 9 Y wsd Ao
wE A A ge 27 ALt
<E 3.23> A9 H AFses U daks
A A= o= B Ases CERES
M 126.97 37.57 15.62 0.0731
QA 126.63 37.48 15.62 0.0731
o 127.37 36.37 16.09 0.0809
Chil 126.88 35.17 16.09 0.0809
o - 128.62 35.88 15.23 0.0546
-4k 129.03 35.10 16.11 0.0368
@ AGAEFE YTFLED
AdsER T A5 ALFERATE AEE £HGA Lxoe o
FEA U £ ogov, W L U Y @A exE 9725
o] A wet v A3 o] AxtEn
];wt,mean_ ewt,min
Tewt,h = Tewt,min +( TAmean_ TAmin <TA_ TAmin)
T2 3.24)
o iTewt,meaaﬂ_ ewt,mean A A
:Tewt c ]_’ewt,max + TAmaX _ TAme(m (T - T mean)
(72 3.25)
AZNA, T @ HEA AL EFHZ J25(TC)
Tot.e © BB ADSEAEL JF25(C)
Towimax - P27 AGSIEHEZ H1 FY25(T)
nwt,min : %@7] X]OE:]‘C:)_]E%‘—Z- ﬂxi 'IQI‘CQ%E(OC)
Tf:wt,mean : %ﬂ X]OE:]%]E"—%—E— %?:]T_Q_‘E(OC)

74) AFAAAS, GSHPE Algdausdty] A7 9 Ale7]s 7, 2006 p.24

75) IGSHPA, Closed-Loop/Ground-Source Heat Pump Systems
International Ground-source Heat Pump Association,
Stillwater, Oklahoma, USA, 1988
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TAp. - 8HE7] Hal 97125 (0)
P EEY] HA 972 (0)
D 7R =(T)

=

AZIA AFdur] oA d&FA Hu U HAEE 5
AAE Afstae FEA H9E o, ASHRAE(1995)76) gL
Kavanaugh®} Rafferty (1997), IGSHPA (1998) %o 23+ e (54
3.26~3.27) % & wotA HA U HuEE AAstL vk

u|

Towtmin = 1, —8.33C
T2 3.26)
T.it.max = min(7y+11.1C,43C)
T2 3.27)

B) AGIEHZ A 2" A5

A G| EFHE A A" COP(Coefficient Of Performance)+ 3|EHX
T5 c8FAe 25 #e o), & AT-elA = Tarnawski(1990)

i

of oJaf 7ire FeRA ke WE S|EFZS COP Ad#hls ol &stdle
H, S EFHE FFoMY A 2= U3 M S| EFELY S
2 COPE EEHsy] falA 2x4e] AaaAl A S Abgstgion, Wiy o

el olo] SJExS] &5 9 COPe A v A% 2t

Q (/\0 + )‘ ewt + )‘2 ewt ) (T)\] 3 28)
Q= xot M Ty + A T00 ) (74 3.29)
OOPC actual OOPC standard (kO + kl Tewz‘ + k? Tp2wf) (T/\] 3 SO)

76) ASHRAE, Commercial/Institutional Ground-Source Heat Pump Engineering Manual,
American Society of Heating, Refrigerating and Air—Conditioning Engineers, Inc., 1791
Tullie Circle, N.E., Atlanta, GA, USA, 1995

77) RETScreen, Ground-Source Heat Pump Project Analysis, 2005 p.55~56
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OOPH,actual = COPH,standard (k() + kl Tewt + k2 Teth) (')F/;} 33 1)

o174, x : Capacity multiplier
COP¢, standaca A G| EHx = YH COP
(Standard Rating Condition: 25C for Cooling)
COPy yiundara - NESIEFBZ 5 W COP
(Standard Rating Condition: 0C for heating)
COP. yoyuer -~ BB EFHZ 25 A ¥t COP

COPH.,actual : X]OE:]B_]E%E Z‘}%}\] H‘Ho]' COP

9 24 yol vl gelshd W @ vl glo] Az o A3 2o
, (72] 3.32~3.33)% (54 3.28~3.29) < o] g3t Felshd the 27
2.
chesign P
X = — (=2 3.32)
)‘0 + /\1 Tewt,max + )‘2 wat,max
Qh.design =
X = — (=2 3.33)
)‘0 + >‘1 Tewt,min + )‘2 wat,min
Qc esign Ag T A ];w +A TeQw
Qc: N g(() 1 t 22 t) (.{’\_/_\_;l 3.34)
AO+A1Ewt,max+A2nwt,maX
esign Ag T A iTeuY +A wa
Qh: Qh,d‘e ,g,( 0 1 )t 2+4e t) (‘)—F}‘ﬂ' 3.35)

>‘0 +>‘1 Tewt,min + )‘ZTQ

ewt,min

AZIM, Q. + ADsIEAZ I G (kW)

[e}
Q, * AL EAZ Y §FKW)
Qc,design : XIOE:]B_]E"—%E gﬁ] %HC} %%}:(kw)
Qd,desz’gn : Z]OE:]—S]E:%]: }\éﬁ] %HO]- %%]:(kW)

A7 GBAT ks Ky, ko S Ao, A Ag i ol <XE 3.24>= =& & 4 9

=
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<G 3.24> ALs|EFE I B G A COP 2 &% AdAs
A AT ks L
k, 1.53105836E+00 1.00000000E+00
COP ky —2.29609500E-02 1.55970900E-02
ks, 6.87440000E—-05 —1.59310000EA—-04
Ao 1.41186164E+00 6.67872140E-01
Capacity A —2.56202000E—-03 2.79889800E-02
Ay —7.24820000E—-05 —1.06360000E-04
AQsiEgrel f& 943 AFARBIY Daae wAL T Aol
o8 AR 5 9T,
(OOPC a(’z‘ual+ 1)
Che,c = Q. S (=2 3.36)
he: OOPC, actual ;
(COPH t l_]'> al
_ ,actua A
Qhe,h Qh COPH,actual (T—' 837)
ANA, Q. 1 AASERE A% AEE kW)
Qpen NG EHZ AT dFAHF kW)

Power =

@

Power v
C H,actual

A71A, Powery @ AG

ﬂ
[
o,
(&

ol

X] o3

Powery A3 E

falid)
[&l

COPC actual

(721 3.38)

(72 3.39)



@) AL EFPE A 2H] REHFHTS)

AL EF AL AAAL BH oA YA 2

1__

Hourly Load

= /\/\1
PLE Awailable Capacity (54 3.40)
A &age] BERs des dS5ste A% ¢S PLRo] 07 of A&
of W PEue &g 00 om R 2 BAL Y @R
Bonne %2 FsHYHME FEFe aES addor yehd 5 Qe

+4%9 PLEAS 4839t

_ PLR N

PLF = {PLR+(1_ PLR) } (72 3.41)
PLF pLEP"

FEES Ass d5sH7] 8
2] S|EH O EIR(Energy input

ratio) e Tl AL olgslel PRV &S oAFsgon] A

EIR = 0.00988125+ 1.08033 PLR— 0.105276 PLR>+ 0.0151403 PLR®
(2] 3.42)

oq71A, EIR - Fi5-3F8]& (Part load ratio)

78) Hugh Henderson, Yu Joe Huang, Danny Parker, Residential Equipment Part Load
Curves for use in DOE-2, 1999
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(G) AEsEng7] Zo]7)

Azdustriel dolg AAtslrl  $dl IGSHPA(The International
Ground Source Heat Pump Association ; 1988)¢°l 23] A&z o] 3H ¢
sHAl AREE AL Sl WAS o] &Skl on, Wy dibe] glo] A FH st
o] dol& AAtsh= WS o5 A3 2ok

. (OOPGstandard + 3-412)
Capacity - coP,, .. X (Rp+ Rg < F)
= , standar

Lo= 7 ~7,) (72 3.43)

ewt,max

(OOPH7standa7"d -
COP}Lstandard

ewt,min)

1
Capacz'tyH{ ) }>< (RP + Rg X FH)

Ly=

(72 3.44)

A71A, R, + Fo]Z AA G (hmC/kcal)
&=

R, ok o2& (h-mC/kcal)
F, . 8HA 7|+ FE53h&
Fy @ A 71+ FERSHE
Asduet7] do| Ab&E2 oA oA 7= Fafots F.8 A4 7 T
B3 F,o U S sl AAE 4 Sl

Fyp=—"— (72) 3.45)
Qmax jan

Fo=—2 (2] 3.46)
9max aug

AN, g ¢ 18 Bt FEH-3HKWh)
Gog | 89 BF WUESF (KWh)

=

79) RETScreen, Ground-Source Heat Pump Project Analysis, 2005 p.49~50
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qmax,jan 1%!- ﬂr’ﬁ HOJ":IL
max,aug ° 8% ﬂq] 1@1:10 ‘1‘?‘3}(kWh)

AFATBI Y ol L 8l ¥ AAYS R0 R TS (13 3
008 gdel 72 4 Ak

Rp Rs(HEAVY SOIL - DAMP) Rg(ROCK)
Rpe Rg (HEAVY SOIL - DRY OR LIGHT SOIL - DAMP) Rs(HS-DAMP),

k|

PB SDR-13.5
-
(—
o
L
o ew
.n

PB SDR-17

~ | PE SCH 40
= PE SDR-11

6 &

a 7 1.02 1.06 1.09 1.11 1.31 1.37 2.05 2.15 211 1.88 OGD

‘a | 576 1.38 | 1.44 1.47 1.49 | 1.77 | 1.84 | 2.75 | 2.86 2.85 2.53 T1.06_
w 159 0.97 | 1.02 | 1.04 | 1.06 | 1.26 | 1.32 | 2.00 | 2.10 2.07 1.84 0.57
N 1 .109 1.32 1.37 1.40 1.42 1.70 1.77 2.68 2.79 2.78 2.47 1.01
@ 1, |.130(.141 .18] .20 0.92 0.97 0.99 1.01 1,22 1.27 1.96 2.05 2.02 1.79 0.54
w|17|’ons|008| 17| 14| [725 | 131 | 1.34 | 1.36 | 163 | V.70 | 267 | 272 | 271 2.40 0.95
o 1, |.117 .8 0.94 0.87 0.98 1.19 1.25 1.92 2.02 1.99 1.76 0.53

172 .080 1.21 1.27 1.30 1.32 1.59 1.66 2.57 2.68 2.867 2.36 0.94

~ |.098 | 0.85 | 0.89 | 0.92 | 0.94 | 1.14 | 1.20 | 1.88 | 1.98 1.94 1.71 0.50

2 .068 4 # ¢ 1.15 1.20 1.24 1.26 1.83 1.60 2.51 2.62 2.61 2.29 0.89

T = 1500 hours

2] :q. ] 3 Tl oF oI 1 5 %}
(19 3.6) Jo]z @ E F A3
THE AFdudr] 42 W3

(6) d AFsgngdr] A4x @A

THE ATdudr]e] AAWA EQA Aojel 4= Ul oA AEE ol &
S Edlx] dol= (724 3.43~3.44), EHA| F=
of oJa] ALtE™, AREARl oA Ag= 2.1molH

o AFAABNE SRS FAY GBS AFARY] Pl (£
3.36)% (54 33718 B AN AR 2B LrA(QnHow
WA 5T, WA 3T)E o gato] the A3} Zol A & gt

EAA o w84 5% - w i A 1 (44 3.47)

ATAudr|E gt A 72 ta Aol s AAtE

80) IGSHPA, Closed-Loop/Ground-Source Heat Pump Systems - Installation Guide,

International Ground-source Heat Pump Association, Oklahoma State University,
Stillwater, Oklahoma, USA, 1988
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m= Q-+ ATx16.67 (2] 3.48)
AZIM, m  Asdndr] £3FFA % (pm)
=]
n

1f Lc > Lh’ Q: Qhe.,c’ Lc < Lh’ Q: Qhe,h

AT AFTdus7] £ghA 2=2H(T)

TERAY AAFE <3 3.25>8D°] XFduwdy] £IAAY A
Aafgel BE Fastel BRI H7] A% AP AF @Az B
Hofae AR
<E 3.25> @F7F =Yl SR AT cdI2Y #AdE HLwH

SHAA E(47C) Calc1gm Sremylene Methanol
(mm) (Ipm) Chloride Glycol 20%
20%(=47C) | 20%(=47)
PE(SDR—-11) 20 (3/4") 4.16 8.69 12.85 9.07
PE(SDR-11) 25 (1" 4.91 10.96 16.64 11.72
PE(SDR-11) 32 (1 1/4") 6.43 13.61 20.80 14.75
PE(SDR—-11) 40 (1 1/2" 7.82 15.50 23.82 16.64
PE(SDR-11) 50 (2" 7.07 19.66 29.87 20.80
PE(SCH 40) 20 (3/4") 3.78 8.32 12.48 8.69
PE(SCH 40) 25 (1" 4.91 10.58 15.88 11.34
PE(SCH 40) 32 (1 1/4") 6.43 13.99 21.17 14.75
PE(SCH 40) 40 (1 1/2") 7.56 16.26 24.57 17.39
PE(SCH 40) 50 (2" 9.45 20.80 31.75 22.30
PB(SDR—-17,IPS) 40 (1 1/2") 7.94 17.01 25.71 18.14
PB(SDR-17,IPS) 50 (2") 9.83 21.17 32.13 22.30
PB(SDR-13.5,CTS) 25 (1") 4.54 9.45 14.75 10.21
PB(SDR-13.5,CTS) 32
(1 1/4") 5.29 11.72 17.76 18.52
PB(SDR-13.5,CTS) 40
1 1/2m 6.43 13.99 21.17 14.75

PB(SDR-13.5,CTS) 50 (2") 8.32 18.15 27.60 19.28

EdX ] /e Hole= IA AMFEH AFduIr|e HolE: (4
3.43~3.44) oA A E EfXO F2 UFo] AXEHY, +HE XFduwsl
718 AAHA L AALE EJA 10 dolgt EJAS] 4 o|AALE ¥t

81) AFAAFAN, GSHPO| AFdustr] A 3 Ale7]s 7, 2006 p.48
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o AAFSTH

2y A ZFdudy] AHAH(n?) = Ed X dol(m)x EdA R 5 x ol A (m)

(721 3.49)

7) 743 AFdungr] 4x 43

AWA e wolEo o oA o8] e
CmolEY St A AR AFdw
]

o 4y
»
o

.
of\
ng
S
rit
~
1o
2
N

=

4 Sl o
719 dolE HolEe] Hol2 uro] ALEY, HojEe] oA Ag= Q

T =

FA Y A FAAA7) AAEA (?) = 2o & A5 x (] AA )

2] 3.50)
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il
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o

FRA e gk v
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YA
ar
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L
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VA S AR LA o] gl v
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=

o

e
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18.2
13.4
45.9
141.9

g

T

L.

45.8

91.2

14.7

297.8

449.5
7uko 7 3}

=

51.2
32.8
8.4
179.9
259.0
CIERE R
O~
— =

gl o] & H| o]

=
bl

95.8
26.8
28.8
46.8
198.2
A< HH
=
=

3%oA &

140.1
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27.2
52.8
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mzagel 24 W dueEe =R A8 wAd 2/ B 6ol
Wol 2 o g3 dAgslch Xe e W w4 W A PR o
=3
=

g e 2l - Aad A 2

Project J4/d

A2E
2429 U

| XYoo HEBEE QUi 2220} ‘ ‘ MI|A L R| Al ASE Hs0S %4
([esza] (2854 [aznd|(vene][230d]|| Haz |[@ee |[ 78 |[ 24 ] CHAEEX] Modeling
[‘r_‘%ll o] [SF ’—'a_‘i ol ofj x| EAd
HL| | {cu (WL {EL) | waus ’ | arede | = 0" -I I i

Modeling& B EA|2| S5 LX) 283 IS LIT SO | AR OflL X G AR S

(€L) (W) {EL)

[ | L ‘ e Y

k- B B 24
G (HL+CL) G % (WL) G x (EL)

NAH EEE Hetol M AlAR M
I
| NAHY $8EEE 0y le 4 CHOEA| A
¥
‘ AAHE 5 B A l
¥
choHRAl H AR A

(29 4.1) 22339 A8y =4 49 AAF=



411 == A E QA4

ZRAE AYdANE ZrAE 9g e, R e Adst
dgA el g 71 FdolEs) A48 & JAuS dvh 23 w4 24 o
A zegel Og AR FEFRE SEFor AAetm, AAE $
NE9E 238 5, oA oz 24 gAY RE 2P a

maAEdA A48 5 9t Ade 1o AL QA 07, T
g, warew Agesith Aol weh wAIS) oA &} A4 el
A AREE BE oUA AR Aol7h wASEE, 27]d AL HF
St e WS Fo% QY 2a F shol

EAA 2HlH = A | A Bl g AT A AlARe T

3 FHT duAFs At DAt 2719 Bxg AR AAH
g2 AH AgS 7re Fodch wald EAQ Ao x Ea
AgS A e 27l AT A AABS T3 ¥ HF HRFS
st Agets Aol Fosttta & ¢ Utk

B) Al&" 4= 99

EAlo] AAPAIAZ H g3z

of 7V FEete Alads Al

shAIRE AR o] B A8 A, A8 A|AHe] o

FACH z%a’tx%o 7} 7]F0] = 0]
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stal, 1o wE AARHE AESE EESY] HEAR AAH $AHAEE
EEete o] Fosita BuEL,
Evaluation of priority for renewable energy systems(goal)
ATHAOILI K| A| 2B 0] £ 8249 B
I
| | | |
Technical Economic Environmental Social-
Consideration Feasibility -Friendliness Appropriateness
78 EHE) EE48) M=)
[ [ I I
: Efﬁcimcy - : 31;::;511;:0% : ﬁgz‘trfnn:ltEf&m = Job Creation
. Rg:;ﬁlf;t__a ! Maintenance Cost surrounding =  Social Benefits &
. M = Subsidy Environment Acceptability
aturity = Payback Period = Climatic Condition
PV ST Wind GT
(29 4.2) AAANIAA A =9 7
AAE AR S VA= 292 7Ee] FHATE FE =EESle
o, F8AT A V=, BAA, §BA, ARl dFeclor =EH
Qe F 1349 adngEos BRael WAL dFael
3 SoE BHAN, A > @4 > Ve > AR FoE w2 Tke
Ag AE Ao deded, 27te 2w W A 0 <E 4D
WAk E=SE f1o] (2¥ 4.2)8F o] A AE A HIHAAC wE F
1370 5ol gk A" eSS Hla-g7bet Ay, A9 > Hgd >
Hg > Fd o AAH A $UEN Be Aow HrET,
ol#f st A|AE X9 HU AE ZLZ 13 Default gtOZ 7|EX o=
WS o BAC AL AW AxH SAEAE 4Y T 5 A
o3
%)

ol
il
-

82) W 9 3%, AABAUAA L] H9 485 97 A8 el |7k 2010 id=
83| FA St 3| (A2 A)
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(713 4.3) A=)

@ AABAIA A=) NG oS

Aol mE AAMPAGA A AF ] YA oA S 3l AAE A
AUA A~ At TS vA = 7152 8709k 74 A AEE A
A4S Tl =EdEn

413 Al2F AR R FHA ditAA] 33
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X
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e ~
L A 22E 4] AHE + A|lAH 2429 i
v
A} X 7hs 4 B
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L g 7o B etolM Hdf Jhsd EHot i
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SEY 2 ) 4K 7Hs8F Bt
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_______________________________________________

1) A= F3Hsie] A3

A ARG E = CuAE A2A A3 719 dEE e 19aL
dat A7 A ouA anjA e gl Bl ARgET deuAs =
Ale] Wdgellv A el FRBAUAR o] 87bestal, AT A s ARk E e
2 ARgET 2 AgelMs EACIAM anlEE duA Heel FelbE '@
AlaElE Akl ZAzke] A A A] AlaF o] AL ofuA] &nH] Fa)
HE Y RS AAseln AD AlA"ES EAY ey AE
Adbetodl &8 TheetA R, FElvEbe] Adds v Fs W, A LS EH
X AAFOR ARstaL o] & olgste] el W Bl el et oAd
(B Bl oo (Bum) o aapwrs ol &shs Jlos dgsialnt. Hgd Alx
B AR Sl wEh B Bl 5l B ol TheehAnh, & Aol
M AaEY 58S aEse] HYE 2 39 Aade ez o9l
o B T AIAEE Al anlEs AWkl et oy E
Hgehd T A" A, BAC A8 =2 sAaY FH TR
= o= i
<E 4.2> EANA 20 oA Feje FahE T Az

A= F -5}83) T A YA A A A~
o R Rl A D A E
- 73185 AN 2
A7) A mkd = 86) ﬂ%%f";% ATL%?
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2 AAANIALE FEFE A

A A A AE FoltdES (IH 4.5) 8 2o Rdds T3 =59
TAE ey Bl AnFge] ARE EUE 247 ouyx FEE gy
AA AR A AEle] BRtete s A st Zbzbe] A ARl gt Fak
G5 AR A AIAE AT TAY AgURA] ANFE EUE APg S
U =A] wh9]oll A Al A AR AG Al ol U X AB[RF W AB[H]E
of st &7} HEEA] Hestw oA oA Aavjvlgg 4 -&AIAEH
9

4595 Foldlol Hrksn.

Al MRMOIUR B8 SHY 2
(G: %)

v

EECER YN R PCE R
NES:T T B R = §
i (HL (CL) P (EL)

v
MA o X AE 2ot2 s A
[ XA 0 Y A2 BYE O FEH A~
iGxHL+CL) P Gx WL i G = (EL)

HEHE A

ol
o

(79 4.5) AxEE
G) A A& 754 B
AALAIA B A A A 2 AxEE A

EAle A
AN A AE 7Heds skl Al A8 s He kel =
9 5 AAsor st webA A8 ThsE
=

7H HEETH HFE AT

83) <3E 4.2>A9] Hoh= ZAIA AHEE dqUAE Sko @A ERHE] fg Jo® EA
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<ABSTRACT>

A Study on the Development of Performance Evaluation
Program for the Urban Hybrid Application of Renewable
Energy Systems

Byun, Soo Young
Major in Architectural Environmental & Systems
Dept. of Architecture

The graduate school of Chung-ang University

Currently, the use of renewable energy source is noticed to the
solution for the problem of resource under the situation of environment
issue as climate change.

Especially, the urban hybrid application of renewable energy makes
possible the most efficient supply and consumption of energy in the
urban that use the renewable energy system stably and efficiently to
the energy supply in the urban as the sort of the distributed energy
supply system.

For these efficient hybrid application of renewable energy, the hybrid
application plan and evaluation of performance program that reflect the
characteristic of urban is necessary in the initial plan state of system.

But the existing program has been almost used just for the
investigation in the plan, and the range of evaluation item differs for the
each program and it could not reflect the characteristic of urban.

Accordingly, the alternative suggestion for hybrid application by urban
type and performance evaluation by that result should be possible

through the reflection of characteristic of cities for the hybrid
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application of renewable energy.

Therefore, in this study, we aims to suggest the alternative for the
hybrid application of renewable energy that match to the type of urban
through the simple program and to develop the instrument that is

possible for the performance evaluation.

The result of this study i1s summarized as follows.

(1) As a result to compare and evaluate the characteristic and type of
existing program performance forecast to develop the program, the
consideration for the development of the urban hybrid application of
renewable energy showed the possibilities of the reflection for the
characteristic of the urban, complex application evaluation(more than 2
kinds system), time series analysis and analysis for the total energy

consumed in the urban(thermal and electrical energy).

(2) We try to use the urban energy consumption forecast and
performance forecast formula by each system to the program database.
Accordingly we set up the standard model by building use composed of
the urban and draw the energy consumption for unit area to the time
series data of 8,760 hours, and as a result we compare the energy
consumption for unit area for the drawn standard model by the building
use with the consumption by energy source of existing study and
energy total study report, it showed that the result value of this study
1s possible to use as the database for the forecast of urban energy

consumption.

(3) As a result we select and apply the appropriate actual urban to
the Seoul area based on the of survey sites to the program the by use
district for evaluate the applicability of the program, the modeling result
on the program 1is similar to the actual urban shape as the program
reflects the status and physical scale of actual urban, and we can verify
to analyze that it is the instrument for the consumption characteristics

and energy consumption of urban through modeling easily.

(4) As a result of applicability evaluation of program by district type
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it showed the high applicability over 87% in the all district types, and
as a result of the evaluation of applicability by system, it showed the
high applicability in all systems, but it showed the low applicability about
20—30% in the photovoltaic system because of the difference of the
actual applied area and minimum installed area. In addition, as a result
of the evaluation of the applicability for the drawn consumption by each

system, it showed the high applicability in all system.

Therefore the program developed for the urban hybrid application of
the renewable energy in this study is possible to plan and calculate
appropriate capacity by each system that coincides to the energy
consumption characteristic of urban through use of the program in the
initial stage of plan, and we think it 1s possible to forecast the

performance so it could be able to use as the performance evaluation

instrument for the urban hybrid application of renewable energy.
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