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Air Conditioning Systems Energy Consumption Prediction Model of Office Buildings
Based on Grey-multiple Linear Regression Theory
Dou Chenhao Xu Feng
(' School of Naval Architecture, Ocean & Civil Engineering, Shanghai Jiaotong University, Shanghai, 200240 )

[ Abstract]  Energy consumption prediction model can provide building managers with energy consumption value and growth
trend during the futural operation, so as to facilitate managers to make relevant energy-saving strategies. This paper mainly
discusses the influence degree of influencing factors on air conditioning system and establishes the air conditioning energy
consumption prediction model based on the combination of grey model and multiple linear regression model. Firstly, the grey
model is used to modify the air conditioning energy consumption value of an office building in Shanghai and the observation value
of outdoor weather temperature and humidity in 2018, which can reduce the random volatility of collected data. Secondly,
calculating correlation coefficient between the influencing factors and air conditioning energy consumption, in order to explore the
influence degree of the energy influencing factors. Finally, the grey multiple linear regression energy consumption prediction
model is established by using the emendated data. This paper analyzes the influence degree of influencing factors on air
conditioning energy consumption, and established grey multiple linear regression prediction model meets the requirements of
multiple linear regression modelling and obtains high accuracy of energy consumption prediction.

[Keywords] Grey theory; office buildings; grey-multiple linear regression model; air conditioning systems energy consumption
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Table 1 Analysis data of one day from original data

TP ARG Al SEAN RE R
(kWh) (kWh) (kWh) (C) (%)

I

2018/7/127:00 157.05 123.16  33.89 28 83
2018/7/12 8:00 338 265.63 7238 291 78
2018/7/129:00 237.69 185.59  52.11 28.8 8l
2018/7/12 10:00 333.7 257.62 76.09 297 77
2018/7/12 11:00 242.23 187.11 55.12  30.7 71
2018/7/12 12:00 337.98 260.78 77.2 31.1 68

2018/7/12 13:00 233.15 18246 50.69 31.7 68
2018/7/12 14:00 271.74 216.02  55.72 32 65
2018/7/12 15:00 266.4  211.13  55.27 31 69
2018/7/12 16:00 265.24 209.61 5563 309 70

2018/7/12 17:00 49.22  38.39 9.83 307 71
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Table 2 Amendated air-conditioning system energy

consumption vlue of one day by GM(1,1) model

- TR RERE GM(1, 1)

MPEEWH)  BIEE (kWh)
2018/7/12 7:00 157.05 216.95
2018/7/12 8:00 338 217.05
2018/7/12 9:00 237.69 217.14
2018/7/12 10:00 333.7 217.24
2018/7/12 11:00 24223 217.34
2018/7/12 12:00 337.98 217.44
2018/7/12 13:00 233.15 217.55
2018/7/12 14:00 271.74 217.65
2018/7/12 15:00 266.4 217.75
2018/7/12 16:00 265.24 217.85
2018/7/12 17:00 49.22 218.06
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Table 3 Comparison of prior to and after modification
correlation analysis results between temperature and air

conditioning energy consumption

HE (C)  HRHEREFEWH
HRAcHT tRiE e s
;;2 Pearson fH% 1 1 0.489%* (.999%*
B2 D 0.000  0.000
N 829 829 829 829
HBIE Pearson HI5% 0.489%* (.999+* 1 1
BEECGUE) 0.000  0.000
N 829 829 829 829

TE: PHSMERE 001 EEEZE (R .

gER T BIEIBIESS, Pearson ¥ R £ H
JR KM 0.489 ETHE] 0.999, 15 IE J& 50 W & tb
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Table 5 R? Test

LS R R HEJE R bRE(R AR
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Table 4 Comparison of prior to and after modification J¥,
correlation analysis results between humidity and air =7 18I
conditioning energy consumption Table 7 ¢ Test
R (C) SRR (kWh) " ERrELL R B FrdELL R AL »
OAERT  DLLE Rl OO B Gems B T
fE:iEﬂ Pearson F%: 1 | 0.151%* 0447+* CHHD -537.627 1692 -317.694 0.000
EFE BE -0.149 0.028 -0.007 -5.421  0.000
BEECUR) 0.0000.000 W 25804 0035 1003 736.861 0.000
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Table 8 Model checking
FUAHE R AL

ZER
IS 8] SCE PME RE
(kWh)  (kWh) W)

2018/9/3 7:00 169.89 167.48 -2.41 -1.42%
2018/9/3 8:00  377.83 22698 -150.85 -39.93%
2018/9/39:00  272.23 25879  -13.44  -4.94%
2018/9/3 10:00  285.48 301.42 15.94 5.58%
2018/9/3 11:00  294.93 312.07 17.14 5.81%
2018/9/3 12:00  330.95 32591 -5.04 -1.52%
2018/9/3 13:00  326.19 31296  -13.23  -4.05%
2018/9/3 14:00  320.08 310.38 -9.7 -3.03%
2018/9/3 15:00  298.04 31541 17.37 5.83%
2018/9/3 16:00  309.86 326.06 16.2 5.23%
2018/9/4 7:00 181.65 169.71  -1194  -6.57%
2018/9/4 8:00  324.69 177.63  -147.06 -45.29%
2018/9/49:00  204.79 19436  -1043  -5.09%
2018/9/4 10:00  236.45 22403  -12.42  -525%
2018/9/4 11:00  285.34 262.67  -22.67 -7.95%
2018/9/4 12:00  299.82 274.22 -25.6 -8.54%
2018/9/4 13:00  301.45 279.40  -22.05 -7.31%
2018/9/4 14:00  309.42 282.88  -26.54  -8.58%
2018/9/4 15:00  311.24 285.02 -2622  -8.42%
2018/9/4 16:00  309.56 28243 2713 -8.76%

TR, RIEPAEEERE, FRE
b8 -9 SRR EYIRE, Bh ST e 2
W, IS 25 PRI e B R I AT R R L R R
FIT DAIE BT TR0 BE A 5 5 R REFE 2 TR] R ZEAE K
SERTOR, BRI AT A I R B RERE 22 FE R,
FLAR I [A] T &5 R Son A B s R B GML (1,1
PEAME IE 5 I BE 5 2 oo 2k v BTk M S5 &, dor
(AR (0,2 TR M R AR R UL 5 K P A v T A
R,

3 it

NS AR AR 2 I P T AN 9 J3E e S ST K
Z UL MERIARE R, fESEPRfE A S M fE T, T
THAFAIE LR EE R B T2 HAGRE
IR P, & EE W] LURIE R RS HUS 2 g
FETRIMAE SR 5 HRAE TN 15 A 50 2 T R GE )
REABRRME, GEALTTREME ML, I A RE
IR

(1) RAEARIED AR, RS2 RE
2B R SR 2R B v R P R REAE L T
AR S 2R, U WIR X 2 T R G REFE I R 7
R TRE.

(2) @ kEHpBIEdNRE. BEST
TR BEAE 2 18] AR DS B B 0, K £ PR BRI E
(IR B P I BOR A R 3 1 I FLARAEE 2K (s Y
DAL FIBUE L& TR ROR R L, IR AL
Je PR KA A 3 37 22 TO 2 AP [ DR A TR I AL R R
[0 Y GE 6 O PRV S P P it i - €15 904
(RIdBe Bl AT DLBR A R ) TS

(3) WA Z Ju et nl 943 I BEFE TR A R A
B AT 2, B (P18 5 22 o2 b [a] Y A Y
MG HITHER AT

SE k-

(11 2018 4 L B R PRI @A R A FEEE U hE
FEHLIN L2 70 i 75 (R, s _Fife v £ s Mk 2 i e
B 512,2018.

(2] VTAZ, S JE Rt 2 HUH REBLIR 5 T BB A2 M 1]
I 38 7 14,2004,(10):17-20.

[3] 5B, 54T, 55 5T BP M M 2% (1 7S I e
T A% AR GE[0] I CHL TR, 2019,42(22):140- 144,

[4]  FRE B FIEE PR AFET ANN Bgxt/p A 235
HVAC RSIATREFETMI[I]. I HE,2017,45(10):
1-5.

[5]1 EOCHE, FILT, BRMgoh, 55 B TR ic iz 2 m 2
F) 15 38 % 10 22 G REFE T[], #1174 150K ,2019,39(1):45-
50,54.

[6] X Yang, et al. A forecasting method of air conditioning
energy consumption based on extreme learning machine
algorithm[C]. 2017 6th Data Driven Control and
Learning Systems (DDCLS), Chongqing, 2017:89-93.

(R%%58 450 51)



