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ABSTRACT

KEYWORD

Purpose: The market for low energy remodeling is expected to expand in the future, so a prototype model of ~SZIHOIE

buildings are need to provide for sharing energy saving data for participants in the market. In this paper, prototype
energy model for multi-housing was derived from monthly energy consumption data through the optimization
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claibration method. Method: In this study, a prototype model of a multi-housing was produced based on the unit house  Statistical Data
energy consumption data of the Korea Energy Economics Institute. Unit-level statistical data were modified Calibration
considering the unit size. The HESS(Household Energy Standing Survey) data showed that the cooling energy Multi-housing
consumption was smaller than generally expected. In order to reduce the gap, input variables of natural ventilation

effect and shadow effect from surrounding buildings were added for the calibration and the four cases were analyzed

compartively and analyzed the effects of natural ventilation and shadow effects. Result: Calibration error results

showed that the additional natural ventilation and shadow effect resulted in the minimum c¢v(RMSE) value of 4.16%,
and the base case without natural ventilation and shadow effect resulted in a maximum cv(RMSE) value of 8.88%.
Therefore, it was confirmed that the natural ventilation effect and the urban shading effect were effective for the

calibration of buildings in urban area of Korea.
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Table 1. Classification of multi-housing based on a legistered building
records

Region Building Completion Tiny Small Medium
& Scale - Unit Unit Unit
Before
2000 ! 3 0
Small
Scale 2000S 1 3 0
After 2010 2 2 0
Before
. 2000 ! 3 0
Medium
Central | o e 2000's 1 6 0
After 2010 3 5 0
Before
2000 3 7 0
Large
Scale 2000's 3 7 0
After 2010 11 3 0
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Fig. 2. Calibration process

Table 2. Monthly energy consumption by building in central region based on HESS data

. Energy consumption (KWh/m?)
Ei Completi
e L Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Before 2000 | 182.82 144.37 113.07 57.97 35.19 22.02 2091 19.52 29.47 46.17 107.76 151.09
Natural
aas 2000's 194.21 154.33 121.87 64.69 41.00 26.50 26.75 23.26 36.98 52.43 116.37 161.30
After 2010 237.57 18590 | 143.85 69.94 39.53 21.89 19.56 23.51 28.55 54.16 136.73 194.92
Before 2000 36.05 25.22 24.55 23.36 22.61 24.38 26.57 29.66 23.84 23.11 24.44 25.37
Electricity 2000's 25.80 25.18 24.68 23.80 23.24 24.88 26.92 29.80 24.38 23.61 24.60 25.29
After 2010 28.46 27.88 27.42 26.60 26.08 27.93 30.21 33.44 27.36 26.42 27.34 27.98
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Table 3. Calibration input variable

Dimension| Lower | Upper
dim. XY m 6.32 10.12
orientation ° -45 45
? WWR north 0.1 0.3
B
E» WWR east 0.2 0.5
WWR south 0.2 0.5
WWR west 0.2 0.5
5 cooker W/m? 10 40
g equipment W/m? 1 8
a8 lighting W/m? 2 5
E. occupancy rate 0.03 0.048
floor | Before 2000 10 50
insul. 2000's mm 10 125
(A)
(cent.) | After 2010 10 205
roof | Before 2000 10 80
insul. 2000's mm 10 190
E (cent.) | After 2010 10 260
s wall | Before 2000 10 50
® insul. 2000's mm 10 100
E (cent) | After 2010 10 180
g airtightness ACH 0.04 0.6
H win. U-value W/m’K 24 6
win SHGC 0.3 0.7
DHW consumption 1/h(unit) 19.56 78.23
cooling set. °C 24 32
heating set. °C 18 24
B) win. opening factor 0.2 0.5
© block distance m 4 12
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Fig. 3. Basic model of multi-housing modeled with shape information
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Fig. 6. Monthly electricity consumption calibration result
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Fig. 7. Monthly gas consumption calibration result

Table 6. Additional calibration results

modell model2
block on, vent on bock on, vent off
o o
cv
(RMSE)
history ; L el i A
SmisfonDesimD Simulation Desism ID
min cv
(RMSE) 4.16 7.24
*)
model3 model4
block off, vent on block off, vent off
o o
cv i
RVSE) | | ~
history SR e Al
Simulation Desism ID Simulation Desism ID
min cv
(RMSE) 6.02 8.88
(W)

4.2. ZAe|Be ol At

SHA 3710 9] A Beo]ld Avt= ohat Lk

(Table 7.)2 F5A5 2000 o] 7B o]d AlgdH oA
ZF 7P 32 cv(RMSE)#EE 7H7 H A Al o] Al 5 Aot
A Bl AR B o]0 modell ZejHeoldoln, A=
cv(RMSE)Zt 4.16%2 e th Aldl & 7.32m X 8.74me] BH
SRR REGEA Y FA= AlEH 1A U F 5‘45’1%1’
© M YT WWRE B2 0.4, 42 0,22, W& 0.2, B2 0.3
#& 7153, Internal gain ¥ 7FAE AHESHE cookere #4:
#Q 10, R 2 A 7] & AH8-SH= equipment®} lighting2 H ¢
o igte 2 vttt

(Table 8.)2 SHAH 2000 Az E oA Al Edo]X9] ]

_:
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Table 7. Calibration result (Central-Medium size- before 2000) Table 9. Calibration result (Central-Medium size- after 2010)
Dimension| Lower | Upper Result Dimension| Lower Upper Result
dim. XY m 6.32 10.12 | 7.32/8.74 dim. XY m 6.32 10.12 | 6.72/9.52
orientation ° -45 45 45 orientation ° -45 45 30
g) WWR north 0.1 0.3 0.3 ? WWR north 0.1 0.3 0.3
g WWR east 02 0.5 0.4 g WWR east 0.2 0.5 0.5
3 WWR south 0.2 0.5 0.2 WWR south 0.2 0.5 0.2
WWR west 02 0.5 0.22 WWR west 0.2 0.5 02
- cooker W/m? 10 40 10 g °°"’ker W mz 10 40 10
g equipment Wi | 3 3 a eq.ulpr'nent W/ m2 1 8 6.8
iy lighting Wi 2 5 5 : lighting Wim 2 > 5
E. occupancy rate 0.03 0.048 0.03 occupancy rate 0.03 0.048 0.03
floor insul. mm 10 50 10 floor insul. mm 10 205 25
roof insul. om 10 30 30 - roof insul. mm 10 260 260
E; wall insul. m 10 50 50 g wall insul. mm 10 180 120
% airtightness ACH 0.08 06 ol E a.irtightness ACH 0.92 1.61 0.94
2 win. U-value W/m’K 24 6 2.4 g win. U-value W/m2K 24 6 >4
: win SHGC 03 0.7 03 g win SHGC 03 07 03
;g, DHW consumption | Vh(unity | 19.56 | 7823 | 58.67 g |DHW consumption| Vh(unit) | 1956 | 7823 | 39.12
® cooling set. °C 2 3 kY cooling set. °C 24 32 32
heating set. °C 18 24 18 h.eating Sét' ¢ 18 24 18
win. opening factor 0.2 0.5 0.5 Wln-f‘a(;lé’:? " 02 0.5 0.5
block distance m 4 12 4 block distance m 4 12 4
Table 8. Calibration result (Central-Medium size- 2000’s) 9] AL 47191 0.18 7| =35t 5= WWR-E | T5521 0.5, A
Dimension | Lower | Upper | Result =042, 3= 0.29] A= Ve Qi) Internal gam— 735Fo] H|
dim. X Y m 632 | 1012 {6.32/10.12 ZstaLy] 7FAS AFRSHE cookers HA9l 10, A7]E A&}
orientation ° -45 45 45 r qulpmentﬂ- 1ghtmg— gk ob A, 742} 73} 4,255 )
£ | WWR orh o1 | 03 | ol Sopoick B A5 vie weA) TS A0S A5 HA @
3 WWR east 0.2 0.5 0.5 AL HUZHS ehach
WWR south 2 | 95 | 92 (Table 9)& %324 20109 0] F X820 419] 24 cv(RMSE)
WWR west 02 | 9 | ™ &2 7153 tAQ19] AFpolrh cv(RMSE)R 4.11%2 RE AzjH
= cooker wi | 10 | 40 | 10 ol % 74 e cy(RMSE)ZHS 712 3ch, 2ol dh= 6.72m X
3| caupmen | ww' | 1 | 8 | 7 052 BUE ZPIEL, 45 WWRE 00046 o215 1A
5 lighting Wi | 2 ] S | 425 YR 0.3, 55 WWRE gkl Algefloldat ul5at 431 0.5,
occupancy rate 0.03 0.048 0.03 902, /\13 0.22 Urehy gl LH B ko] o A 7]__/:/\]__%_% —-Jii,
floor -insul. mm 10 125 50 A7) AR A g ok H2d AL Boon cooker 10,
= roof l‘nsul' mm 10 190 190 equipment 6.8, lighting 5& 7] =3t}
R FRA] 374 el Befo) 4 AgAoIE A ALB|of
L T ) BT P Bt G )2 o] ] A4 ARG 052, FH AR AT &
= i SHGC 03 o7 03 i’éﬁﬂroﬂ YFe vAE FH A= Azle HE#d 42 T
g DHW consumption | I/h(unit) 19.56 78.23 74.32 R
® cooling set. °C 24 32 32
heating set. °C 18 2% 26 5. 28
win. opening factor 0.2 0.5 0.5
block distance m 4 12 4 o[t A= F7ol|l A AlFSt= vlolE gl At & ol g 2] AH-8=F
dlol8-g 7Iite 23t SA G oIy 74k A Hao]delqlrt. 54
A tzg1 9] datolnt. cv(RMSE)gL 6.06%< 7155k th B A to] Q] HESSHIO|H & Higf o2 &3 Atd, A9, FrE=z
1= 6.32m X 10.12m] Zo]e] BHL 2= A2, WWRL 22
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