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ABSTRACT

KEYW ORD

Purpose: Building energy saving standard is being strengthened every year. But, there is not enough inflow solar S &FE HH L3}
radiation standard for saving heating load of residential part. The purpose of this study is to analyze the effect of the =T
shadow according to the distance between apartment, to compare the Window Transmitted Solar Radiation Energy ol x| ™zt
and the heating load. So as to do verify solar radiation and heat load, Design Builder simulation was conducted. The  ofji{ x| A|22 0|
results of the this study are as follows. First, The Korean Building ACT and energy saving standard proposes the
minimum building distance for sunshine, but, there is not enough standard about solar energy for heating energy ~ APartment heat load

saving. The solar standard is needed for is not daylight hour but solar radiation energy. Secondly, when the distance

Solar radiation energy
Saving energy

between apartment increased by 150%, solar radiation increased by 17 % and heating load was reduced by 15%.  Energy simulation
Finally, when the distance between apartment increased by 125%~150%, the middle floor is effective to reduce
heating loads according to the solar radiation energy and lower floor is not effective. The lower floor is required A CcCEPTANCE INFO

other plan for reduce heating load
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Shol= gh= 7T 714l olE = AEE 7|2, HIAR, He
3 5= oz & 4 dom AEAe] w2 AE =E5H] AlsiA
A A ol whet AR 7] % gloH-& 4-8-5ofoF gt Design
Bulderld Aok sgdolE: wR  Wuwgzes)
(ASHRAE)°] 4| oF 207F 22 A71 dlo|8z,0 A2e 23}
R PEREEEVE NEEREE
3.2. 355 24 2d ©
ol A} 9-0)2Fo] A B0 M-S ASS TE e o] ZE O phabg T Fig. 1. LH Standard 84 m’ Unit floor Plan (2015)
SF9E oz Sk 59 9 2719 Zojeh 47 Al s ol A A
_ o ) 3. At Z2o 4% s
o 2302 o|20]A4 o8], 2 TS FAT BIS 243}
Ak Ale] FR 84 (328 F) A2 20151 LH B2 Fehg o] 4 Aol A2 Az sk AT 4 ase a2
OB LH 4 B FES 3Bay W S 4E T2z Aoy 29 Al meh Qahgspel Mk A w2 HoleE =5
We o}l Fig 1 T} ZOM ZTE 28m, Z4k 20202 AAsto] ot7] 91 % o] 47} o] of w2 YAF &S A4 (SHGC, Solar Heat
56me] ZE =02 7|0 2 olE7tAu|E dAstt &9 o] Yol Gain Coefficient) gt-& A dlofof 8l A5 0] A5 7% 201749 T
o] Hl= A A vl o] 2= Feje BA T 5 Hejol 22 A oLz doFg Jeg 8] Ad71E, of w2t 285t sig
AstAct, 2z 0] Bojd T 4200179 ol 2] doke 1514 A71EoM= B2 0] QRS 7]1F0] BAE jloH, 3580 &
Zelo] AN Z o AR g 7| %] wtat Hg5t.on 7]FEA] A T AURE VIR Ve ASeEn A iR VIEs mE
© 2B ()0 A9 met H-gatqrt. AlBH o] Ho] vt At FHAGS 7€ TETH Z2Y dUFE2 09~1.0W/
B BUAIL ol Table 59 SDFE 7|2 B o), Bee  mKE BEeolol kol A1 2o] EHE FBE Low-E 2, 45
ol s AAstAon oEil |8 Hge] AL ZIaE T AAEL 294 FY 5 A 50 94 12 A9t Eof olok
200mmE ) E0 R GO, Z7hheo A FAE 1S0mmE 7] 8L Tl T SHGCTH A= % 58 Bl Selot 94
=02 gz AL AAstArt, Fe 2As7] Aeid FastA e E a4t SHGCE g-value®t
U MEe R, FOE Tl Al EE GARE s ATz Y
Table 3. General information of apartment el A o]m SHGC Zho] 1] 742 dAE}S o] =2 885
A"S“rfh:;‘:“‘ Numberof | High Width Depth Sabth 3.9 AT SHGCHES 21571 Wigtol uh2 Casecll 5L
a7 2-gat e
Flat-type 4 EA 56 m 432 m 104 m
Table 6. Window performance and area
Table 4. Information of apartment unit Division Contents
q g . Space - .
Orientation Unit area - Bay Living room U-Value External 1.0 W/ mz K
Balcony 2.4 W/m-K
South 84m’ 3LDK 3 Bay Extended External 0.556
SHGC Balcony 0.662
Frame PVC
Table 5. Construction insulation standard CL 5mm + Air 12mm + CL 5mm
Glazing | Extemal CL Smm + Air 12mm + Low-E Smm
External wall External roof |Ground level slab| Interlayer slab Element
Balcony CL 5mm + Air 12mm + Low-E 5Smm
017 WmK | 015 WmK | 024 Wm*K | 081 Wm'K Living room 3,600mm x 2,200mm 7.92 m’
Kitchen 1,200mm x 600mm 072 m°
Si“;l ;}%‘; Bed room-1 2,700mm x 2,200mm 594 m
Balcony-1 2,100mm x 2,200mm 4.62 m’
6) U.S. Department of Energy, EnergyPlus Auxiliary Programs Documentation Balcony-2 1,500mm x 1,200mm 1.80 m*
i ) * CL = Clear glass
Ab FEIE AN e 9 44, 2017.10.13
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Table 7. Distance between building ratio standard and number of score

Division Contents

Architecture-11 | 1 Point | 0.9 Point | 0.8 Point | 0.7 Point | 0.6 Point
distance between

building ratio
standard H=1.2 |1.2>H=1.151.15>H=1.11.1 > H=1.051.05>H=1.0

Number of score*| 39 7 14 15 54
* After October 2013

Table 8. Energy Performance Index submission statistics

L. Aafter Aafter Aafter
Division | 0c(oher 2013 |September2014| August2015 | 1O
Number of EPI
submit apartments 359 599 302 1,260

9] Table 7,891 whet ASH Gl A A A1 E 1A HTH A 48
St FEFeS sholg 4~ 9l om 2013W R 1095 H 201749 10¥ %
THA] AL ofntE R F-5FEollA] 1.0H o]4e] 9157 A g et
FEFHO Z 129707 5% 0

[2
o
!

rO

oo T T1t= © =9
HAEASQ 12607 F OF 10%2 UrEP*E} oHD*T}%PJ FAAEE
ol 2 ekl A AR of Lﬂ A AL LD Ao ES o8
stom, g SAARR 9] ot ES 55T = o] 1.0H W]t
9 QEANE A 8sIe 2‘01 o} 1, 3 =S v o2 A
Edflolde] YT JFHA BASH.

Table 9. Case classification

Division Case-1 Case-2 Case-3 Case-4
Distance between
building ratio 08 H 1.0 H 1.2 H None
(DH)
Distance 448 m 56 m 672 m None
* Distance / Apartment height

Aladlo] 9] |49l Q157 = 27 0.8H, 1.0H, 1.2H= A3
St o1, Case-1 A A5 X eof w2 24 Q157H4 ‘ﬂ 0.8H
2 85141, Case-2= EPI ¥4 uijd
Case-32] 4= 44 7Bt e 54 Hl% Xq%ﬂ 12HZ
Aot 01, Case-42] 3¢

8) http://keps.energy.or.kr/
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Table 10. Shadow analysis of winter solstice period

PM 12:00 Elevation

Division Continuous Shadow

Case-4

D/H
None
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4, ?_l%?_l-zlio-" [[I-% OEIAI' _IC_I’_%I Eétﬂl' I-I_I-I:cl’l'1=|_'6|. Table 12. Zone heating setting
Division Contents
4.1. OE]}\]' “I?F?:]Eo]: A] %Eﬂ O]/{j /éq;g]ﬂ "E‘}'\ﬂ Type Heated ﬂo?r - Natural gas boiler
Radiant/ Convective
gz o2 olgk Aty Sl eliteke] Wl sHolst~] 93] Edit Heating | g ficiency Seasonal CoP 0.85
Calculation Option "2l 4] Include all buildings in shading calcs &= Schedule AM 12:00 ~ PM 24:00 (All time)
& A3Aste] EAL APsiAnt. sy 4L A2 AL Shade S Type Natural ventilation/ Not return Air
calculations M 2 ggsto], R} A5E FH 5984 rate 5 ach
£ 299 9 A% 1A Beste] 4B H 1010 d4a &
Q)= QxRS Fholal At A M o] AE T} o 2| of| A] HFAL HESH= Zone Heating Summary Monthly Report®] Zone Air
Sl AL A olakdch. Al B o] 4 AT} Energy Plus?] A3} System Sensible Heating energy 315 2F915+51 01 1297} A7F HrE
#H Tt 9= A §Y%-2 Window Energy Zone SH= AAstSIT At gk WA L5 TS ] 9fs At B e
Summary Monthlyll 4] 2Helo] 7Ps3}e}, B4 Avk= 1 7] & 471 At 2] ovAE A2 yepiiFr] d-RsEe] gk 17] 5 470 Al 9l
P2 2 Ve gl on, 1299] AAt-fsat, F1RI 119499 Yt A 2 el oot 24359 -9 A el 7P B
AAAES UEigich o]7)e} 23 ghehi= WA o] glof Wiislrt 34 Uehd Ao 2 gt
e,
Table 11. Zone windows transmitted solar radiation energy result [kWh]
December During heating period Table 13. Zone air system sensible heating energy result [kWh]
Division|  Total solar radiation energy Total solar radiation energy December Annual
Case-1 | Case-2 | Case-3 | Case-4  Case-1 | Case-2 | Case-3 | Case-4 Division | Total sensible heating energy Total sensible heating energy
20F 546 546 546 546 3,771 | 3,771 | 3,771 | 3,771 Case-1 | Case-2 | Case-3 | Case-4  Case-1 | Case-2 | Case-3 | Case-4
19F | 537 | s45 | s45 | 545 3,693 | 3761 | 3761 | 3,761 20F | 646 | 626 | 626 | 625 2474 | 2473 | 2470 | 2466
I8F | 528 | 541 | 545 | 545 3,610 | 3,725 | 3,760 | 3,760 I9F | 462 | 449 | 448 | 447 1624 | 1618 | 1614 | 1,607
18F 444 429 427 425 1,562 | 1,544 | 1,533 | 1,521
11F 240 501 531 545 2,703 | 3,538 | 3,645 | 3,758 i i i
10F 236 440 525 545 2,527 | 3,430 | 3,596 | 3,758 11F 596 447 420 410 1,957 | 1,579 | 1,512 | 1,462
OF | 235 | 338 | 514 | 545 2412 | 3204 | 3575 | 3758 I0F | 622 | 489 | 423 | 409 2088 | 1,657 | 1521 | 1.456
9F 628 552 433 407 2,188 | 1,797 | 1,538 | 1,450
3F 229 301 336 545 2,105 | 2,601 | 2,926 | 3,758 i i
1F 654 624 600 446 2,565 | 2,362 | 2,183 | 1,637

Ao YA FYFL BE AFDHNA LA §YsE A

2
0= BQIE v, QIS O] AlY F2 Case-19] B¢, 128 15 A 1293 A7H RS} Q1A T Q153 0] Yol i e & st
FUFL2 27kWhE FAFE0] AAH-FAFRTE41% 1S DAL f 7h AR Aok A I 4 9Lo1, Case-3 7} Case-40] Q7T
AE Ao ASH A FAF2 AEHA o Wolda= H g2 5 gheldl] B 2|5h5-2 546kWh 2ol & H1gh = 9lA|gh, A
APt HEE Aoz Seldnt e Aot fls HFE2 W ste] 2ol 7} vjn|shA| vrepdt
AL AT 5 Ak
4.2. st Algdold 473 9 24
PP A e ol g e WA E Agagon, T Dot WEESS WY EA

Ao AR Design Builder®] Residential Scheduled ©]-8-5H1 A ISS AR e S0l At k2 Fels) B GAF ol 7]
A 257t 18T 79 ddo] A= % Aot Zoneo] 4 a5 deets dashs A IR 4 9o, 919 Table 11,
Az 9 d7]7]19] 42 Table 129 2o s A 202 139] A3} Lo 2 eh T el 2= oF 9] Fig. 2~59F Aot 2
dYFsEe] WS A s AE Zhol 7k A 7HAIE B AR QAR A AR F A5 A2 FdFol S
QA TGRS} 84 55 AL, 71AY 1A 9] B A SHAM RS Fasts A AT ol om, S 7 A
4 w2 F TH(Return air) 2 Q1F 5P F0] A S5 of 214 7= 4 FI R ste] Aozt FolEe S AT 4 Ak B 1.2H
ik E2 ATHANE ABsol e 105 1 S22 5P dFez d
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Fig. 2. Case-1 Solar energy and heating energy

—&—Total solar radiation energy (Left) ~—Sensible heating energy (Right)

4,200 3,000

200 ‘_‘—‘\A—H—A—H_‘N 2500
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1,800 1,500

1,000 ———————— 77— 1,000
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Fig. 3. Case-2 Solar energy and heating energy

—a&—Total solar radiation energy (Left) ~#-Sensible heating energy (Right)
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Fig. 4. Case-3 Solar energy and heating energy

—&—Total solar radiation energy (Left) ~#—Sensible heating energy (Right)

4,200 3,000
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Fig. 5. Case-4 Solar energy and heating energy

Fig. 2~59] Total solar radiation energy:= 212 YA} (Beam
solar radiation) 2+ ALEFS] (Diffuse solar radiation) &0 2 Z|H}
AEA TALE]E LARFS (Reflected solar radiation)2 A|£]5tH]
HAE stk Alg o)) A gk It Axt A A
Fr s GFS Tol A2 FAEE datge] HojAe A
Selstair

At g eJepol el Bl Ak 9L A5 93 2
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