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Development of a RNN-Based Energy Consumption Prediction Model for Daycare Centers
and SHAP-Based Feature Importance Analysis
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Abstract

This study developed an RNN-based energy consumption prediction model for daycare centers using DesignBuilder simulation
data. Between the LSTM and GRU models, the GRU achieved the highest accuracy with a CVRMSE of 2.42% and R? of 0.9995,
and was selected as the final model. The SHAP analysis identified heating setpoint temperature as the most influential factor
affecting energy consumption. These results highlight the importance of temperature control for efficient energy management.
Future work will involve validation with measured data and application to real-time control to assess model practicality.
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Modeling Information
12 A7 =5 Location Cheongju, Republic of Korea
E e EARL odo|HE oz AEH oA d o Facilities for older
. Building Type .
OlHE &3 oY LHF SRS L, o= Building persons and children
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g3 Fo wg4E BATozA FF AUBA Aol Infomation [~ Floor Area poll2 i
28 Asa szA4ns A= Aotk o= 93 Number of Floors 1F
s e JlmAras o = = Window to Wall Ratio 30 %
DesignBuilder A& o] HolHE &-&dto] =304 Occupant Schedule 07:30-19:30
(Recurrent neural network, RNN) 7|8k oS xmdS 7t Activity Heating / Cooling 12 C /98 T
2 PGrEsdtl. T3k SHapley Additive exPlanations set back
WMo Q3 Z=poo] olww s External wall 0.210 W/m?>-K
(SHAP) 7]1:13 "1001'0:1 Oﬂ_,_,_e‘,] 1:}—11_7"7]' 01]141] G d fl 0.250 W/m?-K
- round floor . m?
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]_Ov A= Al mA - Ehe = skl ?] ) © Construction Roof 0.150 W/m?-K
3 FF ojdol el AUEA Ao HE Tt &8 Airtightness 0.7 ACH
Aola HAg §A BekE A AL} gt Window U-Value 1400 W/m?-K
Lighting Power density 2-15 W/m'
* %OOLEHE%E EHE%% R HVAC template ,FCU (4*Pipef),
s Zobo)dtm et wAbabA Air—cooled Chiller
wir Z- o) gtal A S8ty AT ug, A58 ¥l HVAC Heating and Cooling . )
werx ZoJUlatal AZety) w2 TahubAl System fuel Electricity from grid
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Indoor and outdoor temperature [C], Indoor and
outdoor humidity [%], Cooling and heating setpoint
[C], Cooling and heating load [W], Equipment heat
gain [W/m?], Air flow rate [m®/s]

Output data| Energy consumption (t+1) [kWh]

Input data
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LSTM 3.19% 0.9991
GRU 2.42% 0.9995
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M = FAEE Ho ouR &b wiste] A H
< A= A HEFE IJAHNY. TR
Equipment heat gain®] SHAP 3t 021879 S8 =Z5 H
o, Ul wdo] HA NYyA| Au|=Fd FonetA &
& AlAMSHATE WHH,
Outdoor temperature, Heating load, Cooling load %<
L% SHAP 3 0.1 olat2 Adzorn v¥& FovE
etttk o]#13F ZAyE= Heating setpoint®t Equipment
heat gain®] YA &M= o Fe Fa3 &S WA=
A a1ds B

d
o
s
k)
[l
= o

Air flow rate, Cooling setpoint,

Heating setpoint 404232
Equipment heat gain [/ /7 7/ 7 7 7 7 7102187
/777100978

Cooling setpoint L Ao.0627
Outdoor temperature [/ 7 A0.0616
100569
[/ 10.0543
Indoor temperature [~ 710.0534

Outdoor humidity  [/7]0.0504

Indoor humidity [/ /]0.0466

Air flow rate

Heating load

Cooling load
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