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Building energy consumption prediction based on neural network
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[ Abstract] Building energy consumption accounts for about 40% of China’s total energy consumption. This paper builds a building
space model and a Heating Ventilation and Air Conditioning (HVAC) system based on EnergyPlus software and establishes a Long
Short—-Term Memory Network (LSTM) prediction model based on energy consumption simulation data. The LSTM prediction
model is evaluated by using the mean absolute error MAE, mean square error MSE and root mean square error RMSE as indicators,
and compared with the BP ( Back Propagation) neural network prediction model. The experimental results show that the LSTM
neural network prediction model is better than the BP neural network prediction model in both prediction accuracy and evaluation
index, indicating that the LSTM neural network prediction model is more advantageous than the BP neural network prediction model
and can better reflect the change trend of building energy consumption.
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Fig. 1 LSTM unit structure diagram
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PRS2 A, 7E EnergyPlus 044 A &5 i 2s A (0] %
( Variable Air Volume, VAV) &&17K ] (HIVEHLLL
BB HIE ) GRS DL AR T R — 1 ] B it
% 38 XU A1 %5 8 99 ( Heating Ventilation and  Air
Conditioning, HVAC) R4, 76 FRAE 54 T #1768
FEASAUL

Xt VAV EZFE HVAC Template: System/Zone VAV
Bk 17 ¥ B, 7F System VAV H % ¥ System
Availability Schedule & Office HVAC , Cooling Coil
Design Setpoint & 13 °C ., Minimum Outdoor Air
Schedule Name A Office Minimum OA DL K&
Economizer Type 4 Fixed Dry Bulb %5 , HA B AR &
WA 1,

1E EnergyPlus i hi% B HVAC RS0 s FE

£1 HVACBER
Tab. 1 HVAC setting table

Modules

Plant

Parameters

HVAC Template; System; VAV

HVAC Template; Zone: VAV

Modules

HVAC Template; Plant; Chilled Water Loop

HVAC Template:; Plant; Chiller

HVAC Template: Plant: Tower
HVAC Template; Plant: Hot Water Loop

HVAC Template: Plant: Boiler

Name
System Availability Schedule
Cooling Coil Design Setpoint
Minimum Outdoor Air Schedule Name
Economizer Type

Return Plenum Name

Supply Air Minimum Flow Fraction
Reheat Coil Type
Heating Damper Action
Plant
Condenser Water Temperature Control Type
Condenser Water Design Setpoint
Chiller Type
Nominal COP
Tower Type
Name

Boiler Type

VAV with Reheat
Office HVAC
13 °C
Office Minimum OA
Fixed Dry Bulb
PLENUM
0.2

VAV with Reheat

Hot Water

Parameters
Specified Setpoint
29.4°C

Electric Reciprocating Chiller

3.6

Two Speed
Hot Water Plant

Hot Water Boiler

1E EnergyPlus B s7 HVAC %%, 2% fe 3]
HVAC REHE 2R, FE AR SCHE R T 7 #L1 HVAC
ARG, KA EIR RS, o 50 5 1N IX,
JITLA Zone: VAV BRI S E 5 AKX, T
IS = N BERER K, AR E P
FAFE N R RIS DL R s P =
LR 2,

*k2 ERNGH
Tab. 2 Indoor loads

X 35k R X PIX JeIX RIX X

MBU/W 1584 684 1584 684 2 964
B#&/W 1056 456 1 056 456 1976
NE N 10 5 10 5 20

ASSCH T PSR AN P 3 R ISR T

B2 NaF, K 30.5 m . FE 15.2 m 5 3 m, (5 AR
463.6 m*, PUTHE FERA S, T A AR,
IEAEZS )43 R 2R X P X B X R X DL B X, X
SNSRI 3.7 m, FERAEMAN 5 A X 2 [alif
BH—MERE B P5 AERRBOE 3,
EnergyPlus 3K #5400 Z 1iif , ZE 4% USA_IL_Chicago—
OHare.Intl. AP.725300_TMY3 K301,

(a) MEELE

(b) MURLFE
B3 #HE
Fig. 3 Architectural drawing
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Tab. 3 Envelopes and heat transfer coefficients

Conductivity f& 3R

EEERT o) (W/mk) Thickness & & /m
A% 0.115 0.667
bk 0.16 0.015 900 001
=T 1.442 0.0127
HiAR 1.31 0.1016
LEN=E0 g 0.9 0.006
PO R B 0.9 0.006

JH EnergyPlus A TREFERULL EBIIL R I3
“RER I B NN A TR R A R TR HE A
IR TASCBO Y ASRA A 5 DX FEACSCH
HepE TR XA G, “ R R B/ NN Y REFE
BHUZEIRANE] 4 FNEL 5 Fros, m] LA AR H BREFE S
TARE HIRERE, 7EE B AR 2 IR BEFEIL R £ fig
FEARRIAR . A SCHET EnergyPlus FYREFLEHE , 418«
RN A N BIBAUSE RN ZRFE LA AL

——

(=}

o RN

)]

HVACHEFE) SEPNRAEIC Bfighty MIIRERT FIMNRIE/C

01/01 02/01 03/01 04/01 05/01 06/01 07/0|j108/0| 09/01 10/01 11/01 12/01 01/01
H 35

B4 “BX"HENER

Fig. 4 Simulation results of “daily”
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Fig. 5 Simulation results of “hourly”
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Fig. 6 LSTM prediction flow chart
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Zx AR BIARFR MSE {8, JF A FIgE %R 4, #
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FERRG AT, AR SCH R A Adam SRR IETTILAL
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Tab. 4 MSE comparison of different neuron numbers

FLEZPT = MSE ( %5)
128 4.99 * 109
256 4.74 % 10°
512 5.63 % 10°
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Fig. 7 LSTM network training chart of “Daily”
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Fig. 8 LSTM test results of daily
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Fig. 9 LSTM test results of hourly
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Fig. 10 BP test results of daily
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Tab. 5 Evaluation indicators for different models

LST™M BP

L EAI TR

SERT RPN R

MAE 411 x 10° 0.43 x 10° 3.36 x 10°  0.44 x 10°

MSE 243 x 10" 0.47 x 10'° 392,20 x 10" 15.75 x 10"

RMSE 1.55x10°  0.69%x10° 6.26x10° 1.26x10°
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