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edition)”, Earthscan, 2007, p.145

-84 -



S < 427>8 i ©x W PVY X WS X2 A3 Aot
<¥ 427> t2 ©A Y PV 4% @H (&9 m)
o PV A3 WA (d5)
= A 9] 2z} H A
H - -
202%
° AL 0° 86.57
. -49 993.50
49° 898.15
_40° W)+ <} ok
s | S8 4 Qeke] PV A4 49 993.50(8})+722.83(A+ %)
203% 49° 898.15(H)
_49° )+ =}
AR 4 o] PV A4 49 993.50(=)+351.91(%)
49° 898.15(1)
S 0° 86.57
S -49 165.67
49° 1,088.65
_49° =:|
sl | |2 4 Feo] PV ALA 49 165.67(H) '
204% 49° | 1,088.65(H)+475.23(=}F <)
-49° 165.67(H
B+ o] PV AR (5)
49° 1,088.65(19)+237.71(%)
<8 0° 86.57
-49° 1,383.74
S 9 383
49° 3,916.79
-49° | 1,383.74(%)+839.38(2} %
Wl | 7|2 + 2}k PV A %) GHd)
205% 49° | 3,916.79(H)+551.88(*+ )
-49° 1,383.74(8])+419.69(%
A% + o] PV A (%) +419.69(%)
49° 3,916.79(18)+275.94( %)
R 0° 86.57
H - -
206%
<8 0° 177.66
1= 0] - -
207% —
=4 0° 177.66
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H PV AA WA
T -
BE g =B
W _ .
] —
L2} 0° 1,159.58
m -49 2,542 91
49° 3916.79
-49° 2,542.91 +1,562.21(Z ok
D | w1 wore) Py A% () ()
A 49° | 3916.79(%)+1,027.11(3FF)
-49° 42. B)+771. =}
I o | 250291(3)+771.60(3)
49° | 3916.79(2)+513.65(7%)
2} 0° 1,861.18

31183 31339 UL 2H
S EYZ st tid Ao 4
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<3 429> i @A W FJE7] AH HA (49 - m)

T WA = H 2]

1015 48.75 271 5 37.50

1025 71.25 A7) 6 37.50

1035 67.50 7y 7 78.75

A7k 1 90.00 27} 8 63.75

A7) 2 52.50 271 9 45.00

7} 3 48.75 71 10 71.25

A7} 4 45.00 471 11 157.50

A 915.00

@ =49z A4

54 ®HA9 AVl F 797 A T B §A4E Hole WEAANE
@9 Jd WA @ 204~286¢/m'e A7|7} AAZF otk wI =d ®H=

75) BRUA71& AT, “H)

G Al2E AAAF”, 2004, p19
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Wi-o ASsE f=st7] Ast] A5l e wol9] ®7t 7bed @ &
4y 9% ®Bart oty 249 AN s g Auyel, deuae
Fahdol glojof st Fag AHe 49 e BAS AL ¥kl
pEsigd HEdg A49 o8 e £33 9% gay & 3 95 °
2 7t AeE 4 ok gk B A Aol AE 190,000~200,000 £ <]
HeollA &9 B2 8% 243

433 A GAr2H

3ol AnE AGA2de] B3 3280 AGAAY o gL 97 1
¥ a4 24229 W BAL Bul2 s oja 9o A8l 44
& AGA2Re APFAT,

(1) Al=se] A4

27 nZe A3 ADAEHE AFdugr]e] WiAd Feo] wepA
HE Az"H Y Al2go® ERT A, FHF Al2"Y B¢
FHOo R wAEM AF FX Aofeo] HFHFHOoRE Howg st E
A o7l Agtstthal AdHETh

TAY Fx AAHS HE3)o], Water-to-water WS 283 XE Al
ge welsly|2 skt A GA A AFFe the <F 430>7 2Tk
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<3 430> AT A DA =" ALeF

T W&
cor 3.6
(A E5)(LPM) 950
o FFH(513)(LPM) o16
HE7] 8 =H(k) 1025
(BRI leal/ b 317,340
RT 105
CoP 16
A EZ)(LPM) 950
) 1 F(F515) (LPM) 646
A7) 8K 78.4
kal/h 310,150
vl g
Lg o O T RT 102

76) http:/ /hpsystemtech.co.kr/
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43185 E 43387179 A~H 44 2 HES S AT
o &4 FF A= AYS sdoeH, g (29 419 AAAAYA
A" A8 AYe TFHoZ Yepd Aol

EREE

o

(1 419) AAA A A Al 2~H]

Bl Al =HS 203~205F 9] WS HWa 202~2078 7 25 Sae] S
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s H7hE A ¥4 53] PV ZE HFo wE
AE Rl S B0 AnE BSEA 2= AT Hrie Had
Ao WE F8 B3t g EFS, ANIA2HA = YR dgdEs &
A5tk As Brlol Ale®E H7lE S PVSYST 4.333 RETScreen©] th.

441 ANedold Z2aHe Jja

(1) PVSYST 4.33

PVSYST 433 B3 I A" A7, A, W3 44, AladolA
2 o) WE BAS Jl5etA slFe ZEadolth AA x7] 9 A H
FF L A=HES A Este dH dox B A|2EY] A o] JhsEHAl

Zzagolth o] Zrade 59y, A% AAY T o
gk A"l H3tel, tkst 713 A9k PV A|2E HlolEHo]| 25 A|lF
Ela=

Project part F&olA= PV HAS LHAsta, s 248 HAAHsi=0)
Ts Tﬂ% AHAIgE EA 0] hsetal, MEAQd Al2H gk BT HA
g 2= 9]

A sFTt.

-~
T N,
—

© Preliminary Design
f{_’f_—., N | B
 Project design —h"

© Tools t{\
[=] Exit ), g

(138 4.20) PVSYST 4.33¢] %7] 3}4
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(2) RETScreen

7lubthe] NRCan(Natural Resources Canada)®] CEDRL(CANMET Energy
Diversification Research Laboratory)oll x| A5} AFAAIS] 709 o] de] HiE
7he} kst @Y slo] AdE Z2adgo|t7r) o] T A A
Al=E Y] A Hotel oA Al=EY] AzE oA Ak, AXHE, A

4 5e FRHO S Bum 4% BAY 5 de Axge @

2

o) T':*1 = t
A FE, 258, dFY, vloleu s, BFd BN, BFD 39, A4
HdE Az", AE A=, S YFA2E Folth

RETScreens vlo| A2 AZEALY] Ao FLFES = JEE FHo] glom,
oz A= A B AAE BFI7HE &l < 431> Zo] 67FA f13A
EZ FEREH AR 7 YIAAE A HolHE ddgste de B
o] F o Xt}

S dgstd NASAAA AFste 1 Ao 7]Fo] g BERE &

T Ut

EE @
B Bhe) G@ SIIAE SHe) e A
Energy Model i}
HE An AzYe 71ed 54 4RE g,
1 B 2 A=) AA7 ARFE 7 A9
R
Cr SO | e Aqe) 54 Amsk s, S99 W
om0 ke gre Argsel AR wels AN ofdlol
TN Az aasre AReAl g,
oo At | AFRIIIA FFE NS aPHE AR mE
oSt ANAYSE | g ao) wiar 422 AyAT
77) RETScreen H7I=7€ T4 759 7M88 5HE A2H o2 RE AZste] ot
5 A e Ade ABAAY A29 A A B Aol A
A A%, 87 4% 2 AAA W) b

78) W &, “AFE AL tAA AR AuAa" AA el 371, e ey A
83) ZA st 0 g =83, 20045, pp.203~204
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Geographical Location and Meteo-

LJ (& Open

Ed 4 Open ﬂ

I Albedo B

Country ]Kmea LJ Site: Incheon
Meteo file J\ncheon_syn met t Incheon . sprthetic hourly data
=W Back ‘ X Cancel
=i}
(L™ 421) AY &
[e)
@ AAAT 192

JEIEE:

Field type [Ficed tited

~Field parameters -
Plane Tilt;: [30.0 :jjdeg
Azimuth ; [-49.0 j deg

plane Lj

Tilt 90 deg

West

Azimuth 49 deg

South
“Yearly Meteo Yield
Dptimisation by respect to 3 Transposiion Factor FT 0.70

&+ Annual pield ﬂ Loss by respect to optimum. -37.7%

" Summer (Bl - Sept] Global oncol plane 850 Kwh/m2
7 Mdfinter[Oet - bMarch)
.@ Show Optimisation
x Cancel ‘ oK J

2 1 2 w7z A

(29 4.22) A2 2 Wz A
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@ Agwat 54

421480 A T3 A ©xe A

J

) =]
T

User's needs: monthly values

ol
ol
il
e
29
fru
o

Monthly values -

000 T T T T T T T T T T Januay W Mtk
Febuam {2925 M
- 1 Maich  [2882  Mwh
April MEEE  Mwh
May 351 Mwh
June 655 Mwh
Jully 592 MW
August 634 b
September AE‘IT MW
ﬂ m m |—‘—| I—-—‘ ﬂ Ootober 1133 Mwh
gl bbbl LI LI Ll W BL Ll Ll November (2126 Mwh
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Hov Dec oo
December {3204 hwh
DOperator [acting onall values] Units
& ldentical Velue [000 Mwh [t = GRS WD Gl
O ddd Yearsum 20543  Mwh
‘; :::::Jprliahse to sum M
<7 Back x LCancel Ok
(2% 424) L A3t 4
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B PV EE ¥ AWy XA

431480 AAZ BIPV &S Za3F WA ug} ALste] A

Presizing help

Enter planned poiwer (400000 kwip [optional] '-"2: Schema
Select inverter[s] % 50H=
Sart inwerters by % paiwer 7 woltage [max] £ mnanufacturer ‘A" inverters >| v BOHz
J30 kw 200 - 450% G0 Hz 563K Hefel | Open
Mumber of inverters 125 j [ DDE[ahnD.Vullage_ 2004507 Global Inverter's powier 750 kW
Input masimum voltage 450

Select modules-

" technology ———  manufacturer ‘Allmndu\es -

| 200wn 37 Sipoly P20 Solon AG Pheton Mag, 200~ | Open
Approx, needed modules 200000 Sizing voltages; Ympp [B0oC] 3714
Yoo (100C 59.3 %

Sort modules by: & poiver

Design array-

T ‘j modules in sefies fv - Autom. Dperating conditions

I =
- e et '—‘i Winpp (0o 260 v
modules (LT Yoo [10oC) 415
in parallel Impp [E00C) 229 & Numberof modules 350
- Autom. lzc [BO0C] 254 A Aray's operating power 62,6 K\ [500C]
ll__:—-‘ — -y iV Area 549 m2 Aray's nominal power F0.0kWp[STC) |
X Cancel ‘ " OK ‘ Detailed losses g5 ‘ User's neads I

(L™ 425) PV 23 AWEH Y S/ # W3 A4

2) M9 A s H7t

;E =B
Simulation input
Praject Grid-connected system at lnch PY madules F200 Inverter: 56 3K
Site Incheon Mominal Pawer 114 kwp Irv. unit power 3L kw
Syster type Grid-Connected MPP Yoltage 234 I, Nurmber 30
PP Current 436 &

Simulation from 07207 ta 31/12 (Generic meteo data)

Main results

Normalized Prod 1.59 Kwhidwp/day
Array losses 0.53 Kwhik'Wplday
Sypstem loszes 017 Kwhidwp/day

System Production 66026 kiwh/yur
Perfomance Ratio 0,693

“More results

Daily Input/Qutput diagram
500 -t Lt eadiem T |

L o Valuesfrom 01001 to 21012 o Report BEE] Tatles |

ol a .

ERES
L 2
n@m

%

E Predef. Graphs {'_ﬁ Geneia Giaphs

o |- |
B @ Economics I

200 - .

i i £ Pt | Load Variant ‘

ocallable Energy al Inverler Outpul Joiday]

a I 1 1 1 1

"o 1 2 5 5 B
Global indident in cofl plane | =1 Back

(1™ 4.26) PVSYST 4.33¢] A}
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BB sg Ae Ao oA A%e T <E 432>9 2ol Yyt

<3 432> BIPVE A YPS A9 oA AikeF vl (S : Mih)
7] AF ZA F7) ol PV A X

Ak | FEE%) | A | FEE%) | ABE | FEE%)
19 | 7051 5.59 89.00 7.06 82.98 6.58
29 | 7898 6.55 101.71 8.43 93.28 7.73
3¢ | 87.86 7.56 115.97 9.97 103.38 8.89
49 | 8793 7.34 119.32 9.96 102.78 8.58
594 | 7830 6.27 108.17 8.67 91.55 7.34
69 | 6938 5.10 96.65 7.11 81.23 5.97
79 | 5697 3.71 78.42 5.11 67.01 4.37
84 | 6098 3.86 82.88 5.25 71.87 4.55
99 | 69.55 4.63 93.00 6.19 81.84 5.45
109 | 7423 5.75 97.23 7.53 86.95 6.73
1149 | 59.98 4.83 76.63 6.17 70.82 5.70
129 | 5611 4.35 70.83 5.49 66.16 5.13
A | 85077 5.46 1,129.79 7.24 999.83 6.42

422484 Fs S4s w4
15,874.66MWh= YERN It} BIP
Tk BIPVE A X& 7-$-ol= 850.77Mh

o

<
i
S

o

F7heted TS A-ol= 999.83Mh
2 642%2 Ao 7 Yehsth
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BIPY =2 Al ollL{A] M A H| W

MR 1,800
(kAW h} 1,600

- /'___.*\\
1,200 — ____(,/ \\x-‘_x,._-c

1,000
a00
B0
400
200

o Lmmm it ol w0 oS ol oms mEe ol ml aEe mae
18 2B 33 48 SE g TH gE 9B 108 11" 12E

7|2 A =g e

(19 4.27) @A Wl BIPV & A S ZFa} Fshe] vl

o] MA et RETScreens ©]-&3le] A w@hxo] 2 &

O A= 3 AS 24
Project Type< Solar water heaterg ©]-&3% El¢E 8 A|=H
aL, A2 I AYe AdAsao

o
2
)
ol
ol
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I#l Saemfecaes  fissscoroes nenebes Canadi

ot

Intornatlonal

RETSc reen

Praject information

@’ [{+}] @: Sempiste ey Fatust
7

(T 428) AANAYANAA A|&H g A9 HH

BA wen
4a7)e g soln], Feel PNES 45°% A3}k

Al A

4318 A QG AEFS YA E dHsiat

Solar water heater

Typs Glazed
IManufacturer

Model

Gross area per =olar collector m 375
Aperture area per =olar collector m 51D
Fr (tau alpha) ceefficient .73
Fr UL coefficient | (NIMEWET 5.00
Temperature coefficient for Fr UL | Wim* e C= .01
MNumber of colliectors 70 0
Solar collector area m 1012.50
Capacity KW 70875

Migcellansous losses %

Balance of system & miscellaneous

Storags YET

Storage capacity / =olar collector area Lim® | &0 |
Storage capacity L &80.750.0
Heat exchanger vea/no Yes

Heat sxchanger sfficiency % T0.0%
Mizcellansous lossss % 2.0%

Pump power / 2olar collector area | Vim* 5.00
Electricity rate Skih

(19 429) }E7], L= 3 dudr]e] 44
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0%
ot
>
>
ol
2

& AlY | A Aee the <3 433>3 o] YEEH

<3k 4.33> BFEAIEH AE Al ol A AR HlaL

ol uf#] 4H] o ZF(Mh) (Bl ALHMWWR)| oA FEE(%)
= Y55} 4,960.25 64.40 11.38%

a1

Ao

rr

HYEA 2HS o] &3t FES T 564.40MhS LA = 9l
2 el R BEELS 11.38%2 Aoz e

444 AGA2=H
1) AlEdeld %4

@O Al&g g A A
Project Type Combined heating & coolings ©]-&3 A EALES A9

sk, AL A A4S AT
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RETScreen Load & Metwork Design - Combined heating & cocling project

Heating proje Unit

Base case heating system

Cooling project

Base case cocling system

Seee cace tyriem joad charzcisrictios graph

High

(L9 4.31) Weist 2=

- 103 -



GIPAPS IR
4318904 AT N29e 9N Ed] PP,

RETScreen Energy Model - Cambined heating & cosling projest

Proposed case cooling system
Bas

d coling system

Heat pump

(LH 432) A=F A4

2) oA 45 H7t
RETScreen< ©]-8-3t A GA|2=Hl9] dUA] Hes H7Ie 23, o3 <3
4.34>9} 7ol el

=

< 4.34> AGAIEH AR A | A AL Bl

AR AH] A S(Mh) | AE ML) | AR FFE(%)

s} 14,808.16 898.00 6.06%

ya) 2,950.92 1,773.00 60.08%

42284 Fst 545 £48e W, dHFs= & 14808.16Mhs
Bl 9o, WHEskE 2,950.92MhE YER AT A DA 2~FE o] 83t Wi
S & o] Wk A= 898.00MhE AAFsle] 6.06%2] ANUYAE HEs)
= Ae® yehyron, Wit oy 1,173.00MhE 2A 5] 60.08%2] ol
AE FHEste o2 Ueuth ¥ oyA FgEe] & olfe Wit
£ AT A HA dE Falrt ofd AW A o] 3,000m 7 e SHAAE
Al TS 2] dfEQl e ® AR H T
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guAe] AAYAIA A2EEe Mg A ATE Gew gol

1) 5% 274

A QFAA AAGAIA ALY HES A% AR A BRE B
2ol 49,

-1 =
@ éaiﬂlf‘é QOJ%*]i%l—% HE&gozn Wy

DA FE 2,780kd/ m o2 Ao Fo GAFFS] 3,090kd/ mE T A& FHOoE

@ ¥3F EA . %H&Pré}% AZF & 12,735.0Gcalo| ™, FAE
= SHEEIE 9,761.1Galz 7 2L Ao 7 el F
< 4,265. Gcalolt'%, ﬂ% 301]/\1 AHEEE FERE 3,
24 yelgt, AgRsts A7 £ 15874.7MWholH, 7~99 o
A desten, ZARGAEAA T Bol UrE‘r‘;}E‘r %ﬂ

A 3,000m7F Hv THYZALTS =5t A7F F 2,660.5Mh
gt

—lm
=

[o

2y
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ABSTRACT

A Study on the Application of Renewable Energy System
in Apartment Complex

Jung, Sun-Mi

Department of Architecture

The Graduate School of Chung-Ang University
Advised by Prof. Rhee, Eon-Ku, Ph.D

Human beings have usually consumed non-renewable energy such as oil,
coal, atomic energy, natural gas and so on. Due to the reckless use of
energy, non-renewable energy is presumed to be exhausted before long.
And the reckless use of energy is known to be the major cause of air
pollution and global warming.

In Korea, 97% of the total consumed energy is imported, so not only
energy saving but also the broad use of renewable energy is necessary.
Through the enlargement of the use of renewable energy, we can reduce
carbon dioxide, reserve resources and environment.

There are many studies and researches on the renewable energy system
adapted in apartment housing, but there is a few studies on the
application of renewable energy system in apartment complex or town.

So, the research on the adapting renewable energy systems to an
existing apartment complex was made. And the plan process that is
necessary for adapting renewable energy system in existing apartment
complex was also studied. In case of adapting various renewable systems
to existing apartment complex, the factors such as site selecting,
orientation, building type and height and the process of integrating
renewable energy systems to architectural planning should be considered

to improve the performance of renewable energy systems.
The results of this study are summarized as follows.

First, For the efficient application of renewable energy systems in
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apartment complex, there should be constant communication among
designer, equipment planner, and construction engineer and a feedback
process through efficiency evaluation by using simulation program. In case
of BIPV, cases of applying it to exterior facade and roof were the most. In
case of active solar system, cases of putting heat-collector on roofs and of
using it as domestic water heater were the most. Cases using geothermal

system in apartment complex were not found yet.

Second, In plan process of the application of renewable energy systems
in apartment complex, renewable energy system should be considered as
not only energy reducing technical element but also part of architectural
plan element. And it must be considered with architectural plan elements,
composition methods, energy storage methods, technical elements from the

early basic plan stage.

Third, the results of the case study for the application of renewable

energy systems in existing apartment complex are as follows :

(1) The photovoltaic, active solar and geothermal system is respectively
planned to serve electric load, domestic water heating load, and heating &

cooling load of the complex.

(2) The solar condition of the site was analyzed to inquire the possibility
of adapting renewable energy system and the load characteristics of the
apartment complex were also analyzed to estimate the optimum system

size.

(3) In the field of photovoltaic system, BIPV was installed as a skin of
the wall facing the south. Active solar collecting system was applied on
roof with the angle of 45. Maximum number of solar collector was 10 in
a row, and the total solar collecting area was 915.00m’. And a closed
circuit system of perpendicular form drilling 150m deep and total area of

708.75m" was applied as geothermal system.

- 116 -



(4) In case of installing BIPV only on wall and rooftop, the energy ratio
of electric load was shown to be 55%. The result showed 7.2% when
adding it to shading device additionally, and 6.4% in case of putting extra
translucent module on windows. The energy ratio of domestic water
heating load by active solar hot water system is shown to be 11.4%.
Geothermal system is shown to be capable of carrying out 6.1% of heating

energy, and 60.1% of cooling energy.

In this study, through case studies, renewable energy systems were
coordinated with architectural plan elements and the others in apartment
complex, and  the energy performance was evaluated quantitatively
through computer simulation. For effective application of the renewable
energy systems, integrating plan of equipment system and renewable
energy system is required according to the process summarized in this

research.

In this study, the scope of the study was limited to existing housing
complex. So additional study on applying renewable energy systems to a
newly developed apartment complex is necessary. Also, this study is lack
of proposal of azimuth, height and story of building in plan of apartment
complex for efficient application of renewable energy system. Later, studies
on the optimum application considering economical efficiency of each

system should be followed.
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