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Abstract
This study examined the possibility of developing a time-series-based electricity demand response model by applying a
VSM data set model generated from 30,000 household on BSEM in Quebec, Canada, to the demand response of the
domestic electricity market. The CBL method, which has been adopted as a conventional demand forecasting method,

has limitations in sufficiently reflecting the nonlinearity of maximum power demand and demand response because it

calculates based on the average of past power consumption data. Therefore, in this study, the structure of the VSM
data set which generated BSEM and the TRNSYS-CREST simulation were analyzed, and the applicability of the
demand response was evaluated through the verification of the LSTM, GRU, and CNN-LSTM models using the VSM
data set. As the results , the LSTM and GRU models showed slightly higher error index than the CBL, while the
CNN-LSTM structure effectively predicted short-term fluctuations through convolutional features combined with time

dependency. This confirmed the possibility of more precise DR if the conventional CBL method and the Al prediction

model were combined. In conclusion, this study confirmed the possibility of constructing a Korean VSM data set that

reflects institutional factors such as BSEM-based energy prediction, TOU rate system, and DR, focusing on apartment

complexes in Korea, and the possibility of follow-up research on simulation and empirical models based on RSM data.

Key Words : Building stock energy modeling, Customer baseline load, Demand response, Distributed energy

resources, Time of use, Virtual smart meter
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Table 2. Building parameters used for classification Scenario : A B c D E F G H
Period : 1year 1year 1year 1year Jan.15 Julyl5 January July
Interval : Monthly Weekly Daily Hourly 15-min  15-min 15-min  15-min
Features(ch : 12 52 365 8760 96 96 2976 2976

Type Class name

Location, Building type, Window, Adjacent
QL buildings, Air conditioning, Heat pump, Auxiliary
heating, DHW(Domestic Hot Water) type

Load profile, Area, WWR(Window-to-wall ratio),
QN Rotation, Occupants, Number of floors, Wall RSI,
Roof RSI, Foundation RSI, Leakage, Aspect ratio

* QL. qualitative, QN: quantitative
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Classes(c) : Classification model accuaracy
Location | 0.902 0962 0977 | 0978 | 095 0653 0969 0964
Buiding Type | 0800 0800 083 098 0794 0800 [ 0932 | 079
Load profile | 0283 0826 [ 1000 | 1000 0961 098 1000 1000
windowType | 0497 0557 0692 | 0920 | 0475 0406 0914 0532
aea | 0437 0454 050 089 043 0383 | 0892 | 0472
Window_to Wall Ratio | (496 055 0591 087 0474 0359 | 088 | 052
Rotatn | 0260 0266 028 0275 0258 0248 0281 0266
occupants | 0578 0881 | 1000 | 1000 0970 0974 1000 1000
Adjacent Buildings | (799 0801 0828 082 0794 0800 | 089%4 | 0787
Numberof fioors | 0719 0789 0934 | 0966 | 0690 0609 0958 088
wansi [ 0598 0633 0719 0889 0599 0591 [ 0893 | 0654
roofkst | (308 0352 0SIL 074 | 0297 0209 | 0786 | 0364
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muxHeating | 0996 0997 [ 1000 | 1000 0986 095 1000 0981
oWwtype | (985 0987 | LOOD | LODD 0981 0978 100D 1000
AspectRatio | (201 0200 0200 0202 0202 019 0207 0200

* gark red=0.0 << dark green=1.0

Fig 4. Classification accuracy results

Feature #=7} 8,7602=% 7t B2 A|Lt2|2 DOfM
Heat pump, Auxiliary heating, DHW type S Big7t
99% = 100%=2 |Pte| HHE4o| SSHiEHS F
S5 g5t U= AS &eld o~ QUCh Rotation=t
Aspect Ratioe= 2& A|LIZ|20{A] 20~30%2| +E2=
O|Est=d, ol Y 2= dHE H4-50| BSEMO|| Of
= 0| M2 Y2 Z10| HolQl Ao siM
EICHS].

4. M

0gt

VSM 20| ILHGISY 24

4.1. 2193 sket =L 484

Table 3. Comparison of geographic, environmental, and climatic
characteristics of Canada and Republic of Korea
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Table 4. Residential (Low voltage) seasonal usage rate plan, in Korea[15]
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Table 6. Detailed reflection criteria for the heating and cooling
system on Standard TOU, Canada[l16]
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Fig. 5. Classification of domestic demand response
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Table 8. DR standards for general residential use
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Table 9. CBL Prediction for 1,000 households

DR Day 101-Actual vs 10-Day Adjusted CBL

Actual Average
CLB Average(8-Day Adjusted)

Power Usage(kWh)

Time of Use

DR+101 Day
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Table 10. Calculation equation of error index
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Table 11. Calculation of error index

DR Day MBE MAE RMSE
101 -0.021889 0.206742 0.232172
151 -0.038810 0.092094 0.109224
201 +0.018607 0.075477 0.096406
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Table 12. Comparison of structure and logic
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Table 13. Common training condition (LSTM, GRU, CNN-LSTM)
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Table 14. Comparison of MAE and RMSE

T MAE RMSE
CBL 0.0732 0.0931
LSTM 0.0767 0.0996
GRU 0.0794 0.1012
CNN+LSTM 0.0775 0.0998
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