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The influence of family structure on operation time of

residential air-conditioning and correlation analysis
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Abstract: Occupants’ behaviors have great influence on building energy consumption, and family structure is
one of the important factors affecting occupants’ behaviors. Based on the questionnaire survey and field
measure, 12 families with different family structure information such as number, algebra and age in Chongqing
were selected, and collect the operating parameters such as air-conditioning opening and closing time in

summer. The association rules between family structure parameters and air-conditioning behavior were analyzed
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by using association rule algorithm, and it was found that the number, algebra and minimum age of members in
family structure parameters were significantly correlated with air-conditioning operation time (operation duration
and opening time period). Algebra is the most important feature of air-conditioning operation duration in
different functional rooms. The air-conditioning operation duration increases with the increase of the algebra.
The air-conditioning operation duration of three generations of families in different functional rooms is longer
than that of other generations of families. The minimum age is the secondary characteristic of the air-
conditioning operation duration of rooms with different functions. In families of the same generation, the air-
conditioning operation duration of families with the minimum age of teenagers or preschool children will be
higher than that of families with the minimum age of youth or middle age. The main parameters related to the
air-conditioning operation time in the family structure characteristics are found out, which provides basic data for
predicting the air-conditioning energy consumption and helps the building to save energy and reduce emissions.

Keywords: residential air-conditioning; family structure; operation time; association rule; residential building
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Table 1 Family structure information of 12 households in Chongqing
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Fig.1 Apriori algorithm flow chart
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Table 2 Spearman correlation coefficient between family structure parameters and air-conditioning behavior
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Fig. 2 Distribution of family structure parameters in air-conditioning operation duration in main bedroom
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Fig. 3 Distribution of family structure parameters in air-

conditioning usage period in main bedroom
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Fig. 4 Distribution of family structure parameters in air-

conditioning operation duration in second bedroom
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Fig. 5 Distribution of family structure parameters in air-

conditioning usage period in second bedroom
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Fig. 6 Distribution of family structure parameters in air-conditioning operation duration in living room
: 07 = mh 2] o 4 4 K
20 = i I \‘ *3 FEMNT=AFERARKSE
%% ” ” ” 06 Table 3 Classification of air-conditioning operation time
19:00
ii% ” ” H o in main bedroom
o A I /R H T I /h w5 T K /h
X 1300 | | | 04 [~ [N [ N
-g_—;m}g < 7.51 7.51~10. 54 >10.54
]g% “ H H 03 . . N .
800 ” ” i HR A 1 3 25 98 FF I B R DA R A FH e ) B 4 28
6:00 02 AT s N
500 : : H A Apriori S BRI 333k 70 Hr 5 e 45 4 45 2 9 fil
3:00 0.1 Ry N ), N N
B H FHIE ] ) T o ol S P HE R Tk T 5%,
O:O{)]234512345]23]2361830506]8305() 00 {%E&ﬁjﬂjﬁ?50%,%ﬂ‘§&ﬁjﬂjﬁ? 1(; %H‘;é
R KM PR M JPE M . N
N fRF dvER TR 53 Bt 25 S ] 8 s o 3 lah s ) 1Y e i I 4

T - B P i/ NVE S 6 AR AR AT (18R D AE AR 30T
AR NTHE LA B 50 ARFR AR I s Jr BBt (AR TT A A<

7T RESHSHERTNZRAREREES MR
Fig.7 Distribution of family structure parameters in air-

conditioning usage period in living room

0:00—6:00 IR ,6:00—12:00 K F4,12:00—18:00
N, 18:00—24:00 8 7% M o

FAP 5 BN 45 ARECh 248 3 A% /M iR
Ay W T LB R R /DA B 51 S TR PE B, S Fib 2R 9
FO AR A8 B T 5 B0k 2 A AREO 1A, de /s
AF ity Sy T A FILHAR (1 5K BE SC I PE B . T B 0
FF Jit B i) g 3 B2 4 op 7 e 18:00—24:00 B il B
5 E BB S /N AR U SR AR R AR RN BT
28 P S Ak T

= B b
— - SRR LLLES I e R BVER R
- ‘ R
[t (X ] [ 20| (s " [z | HHLE| [ 601200 |
(12:00-18:0014) — T
(12:00-18:00)

(18:00-24:001%7)

(0:00-6:0011)

(a) fif FH I 8] 5 N B 5G Bk TA]

(b)) A T et 1 5 AR K S Tk ]

(w0020
(o) i FH B Ti) 55 g /DN A 1 G 15 (5]

(18:00-24:00)

(0:00-6:00)

R

8 FEMPEEERARESKELMXBEAN

Fig. 8 Association rules between air-conditioning operation time and family structure in main bedroom

3.2 OREMP SR E AR E S 5 EE 45 A A < BRI
W 4 s, BN H 28 K 7E 125 h
DAL A A IR ol T B P, B A Rl K AR
1.25~9. 28 h i )3 Ky vl FHBF R P, 49 H 28
HE KR TF 9. 28 h il I b @& 4 FH B R

YR b s A A B[R] 55 5 & 45+ O 35 R 00 43 A
SEIRANE 9 B R o YR A IR A R A R B R T S A

*4 REZFPFERAMKSE
Table 4 Classification of air-conditioning operation time
in second bedroom
B /h
1.25~9. 28

%A FH K /b
<1.25

e A /h
>9.28

B AN 5N ARECE 248 3G, S /INAF I O o e
HiJ A1 /D AF 19 58 8 O IR M B, W BR 23 8 9 4E A



194 K5 xR ¥E AL FROP FE L) % 46 %

B P 5 AB 12 A AR 1A 0 5 E 6 A R BE , H R Eb 25 U8 FF e B . RRE AR DR B /D
BedEam . ] L& B b 25 U8 10 JF g B ) B 2 4R AR N DA 2R AT L B R RE BN T
o 7R W 18:00—24:00 I ] B, B A S 5050l £ Ji A5 R S B B

NN YREp URER
RUTTTTES X T WK fost Mg R N T

LA

(6:00-12:00) (6:00-12:00) -
(12:00-18:00) (12:00-18:00)
N DI [t ]
e L L1800 24:00) (18:00-24:00) HHE
[ g S
0:00-6:00
e [owem | ] o]
(a) {f FH ] 5 AN HOCTEE (b)) i T bk 1] 5 4R 25 G B ] (o) o FH HsF 1] 5 dp /N AP 1 S 10K (5]

9 OREMPZEE AR A S R ES R BN

Fig. 9 Association rules between air-conditioning operation time and family structure in second bedroom

3.3 BEFHZAERMESRESMER BN *®5 BETZRAEAMKSERR
MFESHR,ZTEHZSEMHELE2. 06 h Table 5 Classification of air-conditioning operation time
VAT U9 Sk U5 00 A 2 R M in living room
2. 06~6. 76 h {1 I3 K b fd ] B P L 45 H 2S g %A A& /h il I K /b fon fifi B /h
<<2.06 2.06~6.76 =>6.76

PR T 6. 76 Dt U1 Ay v 4l TR

FT AP AT ]S SE SR ORI AT KPS B 2 A3 A REBO TR 2R
ZORMEI0FR . FITEREMEHANKRHASTS  SCEER . W RUR IR T A A TS R B 1R
NBOR 3N AN AEON 3, /MBI A ar L e b 2R EEE P B 3R EEE D
AN AR ZERE SRR PR SR, FT 2 W AR GE I FETR AR T H A B QR RL I

& EIT ZIT
HEHIEHE N A FH BT B fi %L S 4 EHE I/ NI A BT B

(6:00-12:00)

(6:00~12:00)

—{ il
(L e N g

SIS

—>{(12:00-1800)] [(12:00-15:00) 4 (12:00-18:00)
[k [t ]
— ' (18:00-24:00) N FHE | m‘
3R =
[ G
(a) fdf FH S ] 5 N HROCHK 5] (b) f s ] 5 AR HR G 18k () o T e ] 5 e /N2 0 S TR 2

B 10 FTo=iEE R E S KES BN
Fig. 10 Association rules between air-conditioning operation time and family structure in living room

3.4 THEANBSRESHHREKELERS T SARGBE 1 Frg /NAF % O = % i L 38 el 55 A 4F (7 3

UL B RN RENSET SEONFEZRE S A BN E DD RE B3 8] L, /N I O AR B SRE AR
2 A I, e AR P AR 3 I 2 B S R R T SRR R ik D — R R T ey
Wb N5 BT G R I HE, SARSBE i B AR =S AR O T D A 1) G RE ol T IR 0 3 e e, R Bk
P R R T 2ACSRE | T 2 AR S RE 1Y =5 3 A T E /N O T D AR R S A S I I O AL
PR T IS E . NBE A —E S SE8& T . HREMNOME S /N E R 8 A AR 19 58 %
25 YA R B30 R AN SRE s A YA O AR S R, U /N AR RS D 9 D AR I K RE
FIAT 09 3 AN 29 B Wi 5 R, JHG 2 8] (0 T T i R AT O BN Y 5 9
SR HL I, AE Bl 2 A 30 2 8 i A A 2 Pl 8~ T&T 10 1 5 156 I I 445 2R v 1 5 O B AN
B, EROE AR IR . /NP R RER AT R R R AR IR AR
MR RS IFHSRBIMARTE—E T mE R AEMFT IR AER R AR ER, Wk 10 B
ARSCHE, I LR RIER R/NER N EE, W R 2AAKIETE R T 5 LA BT A 25 8 A 5 5 K



% 24

P R AR, RR S A AT AR R AR R B 1) 69 % vR A R K BR M 5 AT 195

BN, AR 0 B R AR BT A L i B ) A
M5 L 2 AR BEAEAE X FIAT S (4 B %0 i T3
AACEL, R 2 25 RN 2 B N AR e
) BT a5 8 . 254 DL L R R ENS BT 3
AN TR Ty B 7 (8] 19 2 9 ol T e 1) B, 3 B -5 0K b 25 1A
Y FF i3 ) 18] B 55 58 22 45 48 2 B0 W S DG B LI | &5
= B AR P AR O B[] B (18:00—24:00) JF 5, H 24
FRBHE VAR L B N BCAE 2 N DAY B, = M5 R
FEAE FL A B R BRI 00 . b ARBOAS R 9 K e
FER T 2 PRI TF I i e B A B B 25 5 LR R e
H T A5 VR P B A B A P R M T 2 AR R EAE K
JT 25 VR R ) BEAE P e A SR, 3 AR EEAE
T 25 VR e ] B A R AR R R X AT R F AN TR
N B FE S SRR ) 1A 5 i B PR
BELH B, L 1R] 2 ] ] B 76 R B, T 3 4R 5K 2 Tl A
FE KB )R R NRE AT BE R A St T b A

253,
4 it

RARTE FBE G ST 25 AT S Z R 8 0%
IR Rl X 12 71 R BE L 404> 25 4 35 62 d i 52l
ST, R F OISV L PR 5 T G B 25 4 2 B0 =5
AT R Z (B SR . AR B DL R E S5

1) R BE 451 280 i N8 B S B/ MR IR 3
K5 23 VR R I ) 47 A BT S AE OGP I A AR RO 3 A
et s ) 8 52 ) e K o

2) AR B AN 6] 2y g B[] 1) 2 81 0 FH B K ) A
FEARE BB, s A A B R 3K
JiE AE AN [] 2 i B [0 1% 2 3ol ) s 2 K Al AR
B REE . AR, T E 3K V25 il
KA. 7h, 2K E R 7.3 h, LIAKEE R 5. 2 h;
WM 3 F V2 A K 7.4 h, 2K g
M1 Ah TRRFEEER 0 h;y BT 3G E - 3 25 ] fiff
KR4 7h, 2K E R 1. 9h, LAAKEE R 0. 2 h,
e /N R AN TR D) 6E B 8] 09 25 8 48R B Y vk 2R
FRAE 78 Al — ARB B ZE v, e /INAE IR R 3 D A 8
24T L A A RE Y 25 R 48T i K 2 T R ME
W4 R AR AR R BE L X T AR B B N AE IR R 2
W4 i L B B D AR Y SEE RS UREM A A T B G
IR,

3V AREL R & T A VI S B IR B A A 32 R
fE AR 2 Y 25 V8 I O B ) B 4 rp e R L 2 AR K
JiE 1 25 8 OF S B ) B AR R E R 5RO, 3K i
B 25 P8 FF S i [ B AR TR AR N . TE W B R E S5
FEAE 52 W 32 Fih 5 VBR80T
Fib 1 2 R JF e B () B 349 2 S 4 v 7 R G I ) B

/NS T DA R GERE S A TT R I TR B
Il HA R

S 2% 3Lk

[1] WEERP@EFT RN I bO . b B A5 e 4 R R
WFoE AR 2021 (M. et o Ed ST Tl i Ak, 2021
Building Energy Research Center of Tsinghua
University. Annual development research report of
building energy efficiency in China-2021 [M]. Beijing:
China Architecture & Building Press, 2021. (in Chinese)

[2] AJkm, i, yrert, & . do a8 = W IF oY
S FRERE 19 S E 7L (7). Wed 25 90, 2014, 44(2): 15-20.
L17ZJ, XIE D Q, JIANG H B, et al. Testing study on
operating behavior and energy consumption of air
conditioners in residential buildings in Beijing [J].
Heating Ventilating & Air Conditioning, 2014, 44(2):
15-20. (in Chinese)

[3] Mk, FmEMT, EiBl, % @Hh A7 BT T R

FURH[T]. & HARE, 2015, 31(10): 178-187.
YAN D, FENG X H, WANG C, et al. Current state
and future perspective of occupant behavior simulation in
buildings [J]. Building Science, 2015, 31(10): 178-187.
(in Chinese)

[4] X0k, 28k, B4, 5 B T80 F & Y & R

DX 1] 25 9 g R AR 5L 20 0], 2 3d 25 R, 2020, 50
(5): 1-9, 116.
LIU M, YAN L, LIJ B, et al. Analysis of operation
schedule of room air conditioners in Chongqing based on
data monitoring platform [J]. Heating Ventilating &. Air
Conditioning, 2020, 50(5): 1-9, 116. (in Chinese)

[5] RJAL H B, TUOHY P, NICOL F, et al
Development of an adaptive window-opening algorithm
to predict the thermal comfort, energy use and
overheating in buildings [J]. Journal of Building
Performance Simulation, 2008, 1(1): 17-30.

[6] FABI V, ANDERSEN R V, CORGNATI S, et al.
Occupants’ window opening behaviour: A literature review
of factors influencing occupant behaviour and models [J].
Building and Environment, 2012, 58: 188-198.

[7] 8 A XREFRRM AT ARBBTFRID]. JL5: e
K2, 2014,

WANG C. Simulation research on occupant energy-
related behaviors in building [D]. Beijing: Tsinghua
University, 2014. (in Chinese)

[ 8] sk, HAE. A GUAT Ry 0 A 22 ST 7 mf T 5K 1952 )
WEFELT]. AR STHAEE K2, 2021, 40(9): 10-13, 97.
ZHANG Z C, TIAN J. Research on the influence of
occupant behavior on the heat load demand of residential
building [J]. Building Energy &. Environment, 2021, 40
(9): 10-13, 97. (in Chinese)



196

T KRE5x3 £ FROPE

% 46 %

[9] REN X X, YAN D, WANG C. Air-conditioning usage

[16

[

[al

[

=

=

[t

conditional probability model for residential buildings [J].
Building and Environment, 2014, 81: 172-182.

RAg, SRBefE . AN H 5% A8 B G RE % 78 - — R IR A0 AT
BRI RS H05, 2021(1): 129136, 180.

SONG J, ZHANG X Q. From demographic transition
to family transition: A theoretical analysis perspective
[J]. Exploration and Free Views, 2021(1): 129-136,
180. (in Chinese)
MCLOUGHLIN F, DUFFY A,

Characterising domestic electricity consumption patterns

CONLON M.

by dwelling and occupant socio-economic variables: An
Irish case study [J]. Energy and Buildings, 2012, 48:
240-248.

YANG Y C, YUAN J Q, XIAO Z W, et al. Energy
consumption characteristics and adaptive electricity
pricing strategies for college dormitories based on
historical monitored data [J].
2021, 245: 111041.

BROUNEN D, KOK N, QUIGLEY J M. Residential

Energy and Buildings,

energy use and conservation: Economics and
demographics [J]. European Economic Review, 2012,
56(5): 931-945.

MENG X, GAO Y N, HOU C P, et al. Questionnaire
survey on the summer air-conditioning use behaviour of
occupants in residences and office buildings of China [J].
Indoor and Built Environment, 2019, 28(5): 711-724.
HK/NFE, BT, ROCIE . REESEH S A (25 (] G
PAT™ N P B P 5 BRI 5 S I LT). v 7 25T, 2020(6): 8-14.
ZHU X L, WANG B, YU W T. The relationship
between family  structure and  multigenerational
dwellings:
residential buildings [J]. South Architecture, 2020(6): 8-
14. (in Chinese)

ESTIRI H. The indirect role of households in shaping
US residential energy demand patterns [J]. Energy

Policy, 2015, 86: 585-594.

Design research on Guangzhou security

(17) 5 ¥c3R, B A . Ja RJTREAT o XT B FE 52w 42 5 3 A [T,

A, 2020(5): 7-9.
LU M J, LUO Q. Analysis on the influence of residents’
energy consumption behavior on energy consumption [J].

Fujian Building Materials, 2020(5): 7-9. (in Chinese)

(18] Fi¥tH, v, WCPH & e . W ili A [a) 48 i Be Ja R I g

AT 9 g 8 2 BF 28 (0], pu @ RS2 A 5Y L 2020, 46(3):
79-85.
LU M J, LUO Q, OUYANG J L. Investigation on

energy use behavior of residents of different age groups

[19]

[20]

(21]

(22]

(23]

(24]

in Chengdu [J]. Sichuan Building Science, 2020, 46(3):
79-85. (in Chinese)

MRS, WIS, s dy, & 7 NI i T e AT
g AR R 6 K HL T BE 5 SR 0 52 ) [T, 2 s
2022, 52(7): 151-157, 150.

CHEN S Q, HU J M, HUANG Y R, et al. Clustering
analysis of occupant behavior and its impacts on energy
demand of urban residential buildings in Guangzhou [J].
Heating Ventilating & Air Conditioning, 2022, 52(7):
151-157, 150. (in Chinese)

FLETT G, KELLY N. Modelling of individual
domestic occupancy and energy demand behaviours using
existing datasets and probabilistic modelling methods [J].
Energy and Buildings, 2021, 252: 111373.

) BE T Apriori SETR AT 1 1 TR R 052 AT R 5%
He oy M AU 7], b g R Jy 2 e s 4, 2018, 34(2): 163-
168, 195.

HAN B W. Big data association analysis model of
distribution network operation and maintenance based on
apriori correlation algorithm [J]. Journal of Shanghai
University of Electric Power, 2018, 34(2): 163-168,
195. (in Chinese)

TREE, E R . LT AR 1Y Apriori € BRI AL Y
B HBEFE[T]. Bk R4 AR, 2020, 10(10): 57-61.

SHEN H J, CAO X L. Application research of apriori
association rule algorithm based on frequency set [J].
Internet of Things Technologies, 2020, 10(10): 57-61.
(in Chinese)

v, 2, B BT Aprion 53 M EUIR 2 R TR
By &g U], db st Tl R4k, 2017,
43(3): 394-401, 322.

JIAK B, LIHJ, YUAN Y. Application of data mining
in mobile health system based on apriori algorithm [J].
Journal of Beijing University of Technology, 2017, 43
(3): 394-401, 322. (in Chinese)

KA, XEH . —F ALY Apriori 56 B I 81 [T].
BB A, 2022, 46(5): 77-81, 87.

ZHU K B, LIU Y R. An optimized Apriori association
rule algorithm [J]. Information Technology, 2022, 46
(5): 77-81, 87. (in Chinese)

GU X B, LIU M, LI Z Q. Classification of household
room air conditioner user groups by running time in the
hot [l
Buildings, 2022, 12(9): 1415.

summer and cold winter zone of China

(%8 %)



