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ABSTRACT KEYWORD
Purpose: Recently, most studies in the field of building load simulation programs have only focused on S&TE!
TP o . . o= ool
simplifying the building design factors. As a consequence, the error range for the deviation between the energy il
. . . . . - 0| Al=aio|d
consumption of measurement and the energy load of simulation in the apartment is considerable. Therefore, this |y ju; =35t
oo T
study aims to determine the prototypical heating and cooling load model for energy analysis of the apartment.
Method: This study analyzed the monthly energy consumption according to the use of residential buildings using ~ Apartment
the national statistical data and developed a regression equation for the energy consumption of apartment. The Standard Model
. . . . . . . . Energy Simulation
regression equation was verified using pearson correlation coefficient, coefficient of variation of the root mean : .
. X . Heating and Cooling Load
squared error(Cv(RMSE)), and energy simulation values were analyzed with actual measurements. Result: The
correlation coefficient of total energy consumption was 0.99 compared between the regression equation andthe ACCEPTANCE INFO
actual data. Comparing the standard of the measured data with the values of this study, the Cv(RMSE) was 31%  Received Aug. 25, 2021
respectively. As a result of comparing data with previous studies of energy simulation, it was confirmed that the  Final revision received Oct. 19, 2021
Pearson correlation coefficients was 1.24 times higher, respectively. Accepted Oct. 22, 2021
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Decision of the standard building model

+ Population and housing census (2019) [21]
+ Green buildings construction support act (2018) [20]
* House floor plans (2020) [12], etc
I
¥ ¥

Simulation Measurement

Collection of public open
data (measured)

Input layout information
and load condition

+ KS C9306(2017). Building act (2019)
* PNNL Individual standard 90.1... [17]
+ ASHRAE Standard 90.1/90.2/ 55, etc

!

Analysis of heating and
cooling load

*  Monthly electric consumption data [3.4]
+ Monthly gas consumption data [S]
* Household energy standing survey [1], etc

Analysis of public open data
(measured)

+ TRNSYS/Energy plus / Hevacomp, etc

I |
)

Comparative analysis
between simulation results and measurement data

* Regression analysis / Outlier / Median, etc

* M&V Guideline 4.0 / Normalized mean bias error / Root mean squared error, etc

1

‘ Verification of simulation model ‘

I

‘ Decision of heating and cooling profile ‘

Fig. 1. Research framework of this study
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Fig. 4. Occupant’s week day schedule in this simulation
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Fig. 5. 3D model of the suggested standard building
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Fig. 6. Layout of the suggested standard building
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Table 2. Survey results of apartment

Division Value Reference
Region Central region 2 [20]
People 31
(person/household) ’ 1]
Floor area 315
(m?/household) ’
Electricity consumption
4. 4
(kWh/m’year) 349 [3.4]
Gas consumption
16.
(kWh/m’year) 65 i3]
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Table 3. Energy consumption of the large apartment by regions
month Plugeiec Coolingec Heatinge Heatingg,, Cookinggs DHW,; Etotal
(KWh/m?’) (kWh/m?) (KWh/m’) (KWh/m’) (KWh/m’) (KWh/m’) (KWh/m’)
Seoul
Jan. 0.8 0.1 2.5 32 1.0 52 22.7
Feb. 1.1 0.1 2.1 12.4 1.1 4.9 21.8
Mar. 2.0 0.0 0.9 9.2 1.1 3.8 17.0
Apr. 2.7 0.1 0.3 6.6 1.1 2.8 13.5
May. 2.6 0.1 0.1 35 1.0 1.6 9.0
Jun. 2.6 0.3 0.0 1.4 1.0 0.9 6.2
Jul. 1.7 1.6 0.0 0.7 1.0 0.6 5.6
Aug. 2.1 1.9 0.0 0.8 0.8 0.6 6.2
Sep. 2.7 0.6 0.1 0.9 0.8 0.6 5.7
Oct. 2.4 0.1 0.3 2.8 1.2 1.4 8.2
Nov. 1.8 0.1 1.2 6.3 1.1 2.7 13.1
Dec. 0.7 0.1 24 12.3 1.2 4.9 214
Total 233 4.8 9.8 70.1 12.3 30.0 150.4
Incheon
Jan. 0.8 0.1 2.4 12.9 1.0 5.1 22.5
Feb. 1.1 0.1 2.1 12.2 1.0 4.8 21.6
Mar. 2.0 0.0 0.9 9.0 1.1 3.7 16.8
Apr. 2.7 0.1 0.3 6.5 1.1 2.7 13.4
May. 2.6 0.1 0.1 34 1.0 1.6 8.8
Jun. 2.6 0.3 0.0 1.4 1.0 0.8 5.9
Jul. 1.6 1.6 0.0 0.7 1.0 0.6 52
Aug. 2.1 1.8 0.0 0.8 0.8 0.6 5.8
Sep. 2.6 0.6 0.1 0.9 0.8 0.6 54
Oct. 24 0.1 0.3 2.7 1.2 1.4 8.0
Nov. 1.7 0.1 1.1 6.2 1.1 2.6 12.9
Dec. 0.7 0.1 23 12.0 1.1 4.8 212
Total 229 4.8 9.6 68.7 12.1 294 147.5
Dacejeon
Jan. 0.7 0.1 2.1 11.2 0.9 4.4 19.5
Feb. 1.0 0.0 1.8 10.6 0.9 42 18.9
Mar. 1.7 0.0 0.8 7.9 0.9 32 14.6
Apr. 23 0.0 0.2 5.6 0.9 2.4 11.7
May. 23 0.1 0.1 3.0 0.9 1.4 7.6
Jun. 22 0.3 0.0 1.2 0.8 0.7 5.6
Jul. 1.4 1.4 0.0 0.6 0.9 0.5 4.5
Aug. 1.8 1.6 0.0 0.7 0.7 0.5 5.0
Sep. 23 0.5 0.0 0.8 0.7 0.5 4.7
Oct. 2.1 0.1 0.3 24 1.0 1.2 6.9
Nov. 1.5 0.0 1.0 5.4 0.9 2.3 11.2
Dec. 0.6 0.0 2.0 10.5 1.0 42 18.3
Total 19.9 4.1 8.4 59.8 10.5 25.6 128.4
Central region 2
Jan. 0.8 0.1 2.5 13.2 1.0 52 22.8
Feb. 1.1 0.1 2.1 12.5 1.1 49 219
Mar. 2.0 0.0 0.9 9.2 1.1 3.8 17.1
Apr. 2.7 0.1 0.3 6.6 1.1 2.8 13.6
May. 2.6 0.1 0.1 35 1.0 1.6 9.0
Jun. 2.6 0.3 0.0 1.4 1.0 0.9 6.2
Jul. 1.7 1.6 0.0 0.7 1.0 0.6 5.5
Aug. 2.1 1.9 0.0 0.8 0.8 0.6 6.1
Sep. 2.7 0.6 0.1 0.9 0.8 0.6 5.6
Oct. 24 0.1 0.3 2.8 1.2 1.4 8.2
Nov. 1.8 0.1 1.2 6.3 1.1 2.7 13.2
Dec. 0.7 0.1 2.4 12.3 1.2 49 21.5
Total 233 4.8 9.8 70.1 12.4 30.0 150.5
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Table 4. Energy consumption measured by residential building sttt Ej e = ZARAY BE O] oL 2] v, Ejp ot H| 1 th A
types —
o] mA}o 2] AH]2k ETI:_r,].o Al7er g Ay _]rJ:._E_o o7
Division El’ll()llﬂlly (kWh/mz) Aave (mz) —4 H L.”] Oﬂ _] ]—J—_] 0, 1_‘14 ] 1o =] \_‘L]' —’] o
U7 2] olml g,
1. Detached house 11.7 76.1 _ -
SYEEEEEE RN ELPER SR e RE
2. Apartment 11.8 81.5 = _ -
YA FF7E 2HF] FRASFE L&Y, olF FAtel A
- Large apartment 12.5 88.3
o 70 ALgere] B4R 0,502 A AR Uslet, shAle,
- Small apartment 10.1 62.3 _ _ L _
T oA 2H[Fo et FBAS= 0,992 F olv 7] Feto] tigh
- Officetel 11.6 54.5 o 6 =lals
AP AR 1S 82 Bsar
B DHW,,, (kWh/m?) O Cookingg,, (kWh/m?) B Heating,,, (kWh/m?) DS XEH LHL}IHF H= ol H=
25 O Heaitng, .. (kWh/m?) @ Cooling,,.. (kWh/m?) O Plug,,.. kWh/m?) |29 4' cooT= o I_I. o -I_OI-E =2 oo
O Ambient temperature (°C)
. N » 41 Qg B 2 A AuF gE A
Fig. 8. 3 A7ol4 AAE 3558 R0 Az Wy 2a

o
3

S
Temperature (°C)

Energy consumption (kWh/m?)

w
v

[e]
Ehton, S8 Ae 22.9kWh/m?’, ¥4 %_Eﬂ 6.0kWh/m?,

o =
i H ﬁ ﬂ H G 11.6kWh/m?, di7kAl 67.9kWh/m?, HA7EAE
0 T T

-1

Jan  Feb Mar Apr Mav Jun  Jul Aug Sep Oct Nnv Dec 1221(Wh/m2, %%7]'_/_\_1—1:‘ 3021(Wh/m2§_ ﬁ‘%ﬂ (/)V\-h:]-
Fig. 7. Monthly energy consumption calculated by regression
equaion 42, AIALEF 95 2 AAzste) WRAS
Table 5. R j Lysi. tion(kWh/m2
able egression analysis of energy consumption(l m2) B AT AL Aoke TEZE Wyl HaA Al AZL
Parameter Equation re r
Plugeie 0.00037°-0.05617+0.7061+0.1466 0.82 0.68

=Heating;,,4(W/m?) ==Cooling,g (W/m?)
Coolingeee | -0.00717°+0.10847-0.3328t-0.2501 | 0.68 | 0.47 6 - - 2

O Ambient temperature (°C)

AN "

Heatingeie. 0.00257°+0.02971%-0.81411+3.1627 0.97 0.95

<52 !
E
Heatingg, 0.03927°-0.39937%-1.09591+14.375 0.99 0.99 g
2 o
Cookinggs | 0.00547-0.06877+1.1247 052 | 027 :'n 3 7 ;
DHW 0.01497°-0.15497%-0.36091+5.5572 0.99 | 0.99 @ » . 5
£ &
Etotal 0.05237-0.51197%1.75751+24.427 0.99 0.98 g
* When 8,760 hours are applied, it can be used t*n/8760 = °
N L 0 o
?_}_Ji‘i, 5’4?1%1 ]9’] -"1'9/]' Al Zﬂ H]E()]: é@ Z] /\]'019/] ;ﬁ%bﬁ‘ /g' Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
THAE zhetelr] $Jste], moj&s AA|4=(Pearson correlation Fig. 8. Simulation result (hourly energy demand)
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Table 6. Comparison result between previous study and this study

- Analysis . Ecooling Eheating | CV(RMSE)
Division method Location (kWh/mz) (kWh/mz) %)
Ref. 1 Data
[Measurement] | collecting Central 2 4.8 79.9 -
Ref. 2 Data
[Measurement] | collecting Busan 52 85.1 22
Ref. 3 Data .
[Measurement] | collecting Daejeon 5.2 85.2 23
Ref. 4 Data
[Measurement] | collecting Busan 5.3 87.3 32
[Sirlzfﬂf;igon] ECO2 | Seoul | 69 114.2 148
- rlizlfégon] ECO2 | Southem | 2.9 485 136
Ref. 7 Energy
e Plus Seoul 19.5 109.4 180
[glhnlfuls;“tliﬁ] TRNSYS | Central2 | 4.8 723 31
35 =o=Ref. 1 =a=Ref. 2 =m=Ref. 3 =o=Ref. 4
»#-Ref. 5 ~m-Ref. 6 =a=Ref. 7 This study
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Fig. 10. Comparison result of heating and cooling energy consumption
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