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Influence on energy saving effects of internal and external wall insulations
for different occupant behaviors

RUAN Fang, QIAN Xiaoqian, QIAN Kuangliang, FU Xin

(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract; Aiming at the problem of serious deviation from the actual energy consumption for the calculated energy
consumption with the continuous operation mode prescribed in current design standard for residential building
energy efficiency in hot summer and cold winter zone, a questionnaire survey for the use mode of air conditioner has
been conducted in Hangzhou, a typical city in this climate zone. It was found that there widely exists intermittent
energy consuming method in the residential buildings of this area. The air conditioning using behavior was affected
by thermal feeling of human body. The greater the indoor air temperature deviates from the the human body comfort
scope, the higher the air conditioning opening rate is. DeST was employed to calculate the annual energy
consumption of the residential building with internal and external wall insulations under different occupant
behaviors, and then the annual energy saving effects were analyzed. The results show that in continuous energy
consuming method, the annual energy saving effect for external insulation is better than that for internal insulation ;
in intermittent energy consuming method without considering tolerate temperature, the annual energy saving effect
for internal insulation is better than that for external insulation. Under the condition of variable tolerate temperature ,
the critical tolerate temperature point for internal and external insulation with the same energy saving effect is
31.8 °C in summer and 13.4 °C in winter. When tolerate temperature is lower than the critical point, the internal
insulation has better energy saving effect; when tolerate temperature is higher than the critical point, the external
insulation has better energy saving effect. The choice of reasonable insulation means in this region was greatly
affected by the air-conditioning behaviors and occupants’ thermal tolerance. The critical tolerate temperature for the
same energy saving of the internal and external insulations is 31.8 °C in summer and 13.4 °C in winter. Therefore,
setting reasonable air-conditioning behavior in the design standard for energy efficiency is an important premise for
accurately evaluating the energy saving effect of exterior wall insulation measures.
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Tab.2  Bedroom occupant behavior for summer cooling %
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Tab.3 Bedroom occupant behavior for winter heating %
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Fig.1 Layout of typical floor in the building model
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Tab.4 Thermal parameters of building envelop for the building model
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Tab.5 Different A/C operation modes
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Fig.2 Bedroom air conditioning operating situation under different operation modes
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Tab.6 Annual A/C operating time under the intermittent
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insulation in different A/C operation mode
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Fig.6 Heating load change situation of rooms with different

insulation methods on one typical day in winter

TEANTR) 25 2 it 45 2% A 1) kO BE (B30 3a ~
3¢) JrT, A N MR IR AR X 42 A B T BE ORI
ARLANE 5Ca) | (b) iz, AR B b A il B it A2
SEATEOLT A A DRl 4 4 SR I8 K2 i v 35 REAX
RUFTHMAR 5 T7E = 4 10 il B 0 52 SRS B0 T, A
B MR IR A2 A 2R 2 B i) Ve 5 BERICR LU A il BE 4
10 PR Ay AR 2 A R A T BT RE DT U, R
Tl 123 S hE A 2 ) A A A T e R Y
[ B RE T 20U, 25 18 FH BB 4 & A 1 28 N A il 22 48
RIGFAIE T, BRI IR I LU A% 27
PRARZ AE NN 25 98 B A2 3 45, 5 RESSCRAN R, ThT (2
TRLJZTES MU AT LA G- 3 ) R B AR & A B =N
WL 2D BT A FEA SCHY R R A F T

Mk N MR BERCR AR R (1) 25 2 R I A S B
Z31.8 °C 4% 13.4 C.

FEAA R 2 PHIE T (R R | AN PR ) 4
AETTRE NS /N AHF S BE 5(a) ((b)
7, AP PRI T V4 B 2 1 30025 26 vy 1 i o
ARG 0 8 X — I B D R 2 B A 2 2 B 1
1, REZEUE LT s AR AR B AS ORI 7 2 3]
IBAT/INETEOE N TE 223X — s E] 4 AT LA B 5
UE 4 rh X TR SO0 7, T 2 55 2 3|
A A BE ARG A N AR IR 25 TR A AR IE AT/
A N B E m TARIE T, XS
K15 (a) rhAME P AR TR 447 R B2 51T B B B A 4
2 (A BE I 3 0 ) 5 SR AR A T A S Gl
AL AME MR AE (28,30 ] Y I B2 DX 8] P B4 /0N s 8
R TR, X WS 5(b) HALSME SR iR 5
X 3b WAAEHIVe T RE R & TR 3a IS RAHTT.
HINEE N AMA IR BE A [R1 TR B 1 22 i 4 D AL PR 55 90 0k 5
X2 NS, DRIk o B e U R A2 A T A
AR REE RIS,

4 %2 @

1) 5 AR b DX 3 33 3 LA (0] B g
(RE S, S T IRAT N 32 NARERSZ 5, = R
i 25 N 35 R 51 LB R 2 A T i Rl

2) FEEESEFRE TR, AN AR T ) 42 4 R 1%
KV BOR T N ORI AR A5 JE 2 2R FE AR )
] BT RE 720, S A DR T 4 4 AP R I8 S i v
RORBILF T MR IR

3) FEANI) 25 2 00 B A G ) (B R g =0T, 4b
3585 A MR T )RR RS 1 BB 2SR AN [R)L ZE AR B Y
TEVET 2 9 DLF |, A N AR IR 4 4 R 8 K il
P BERCRATF T AR IR 5 17 v R A I B T 52 S5 40
LT, S S MR IR 447 R 2 SV 5 REROCR LN
PRIURTE LT Ak N AR T B 3O [R] 7 25 20
I F S N E 2 31.8 °C L, 42 13.4 C.

P 5 ARACTS M DX R A S S A 25 4 1T BB R T
B, B 2R A A AN b X R RESE PR A A T
A REHERA PEA AN [F] OR  =C 19 RERICR.

% Xk

[1] OUYANG J, HOKAO K. Energy-saving potential by improving
occupants’ behavior in urban residential sector in Hangzhou City,
China[ J]. Energy and Buildings, 2009, 41. 711-720.

[2] HAERL J, SPARKS R, CLUP C. Exploring new techniques for
displaying complex building energy consumption data[ J]. Energy
and Building, 1996, 24. 27-38.

[3] AR, skibess ik, 2 IS AT R0 1 2 AR R % 45 18l B AE



5 2 1]

BT, 25 NAT AR OO S A Sl T RERICR (1952 R - 115 -

R ()] ERHESRR o= 4, 2006,28(5) :119-121.
ZHU Guangjun, ZHANG Xiaoliang, YAN Da. Effect of operation
mode of air conditioning on energy consumption of heating and air
conditioning in residential buildings [ J]. Journal of Chongqing
Jianzhu University, 2006, 28(5) : 119-121.
[4] emefi, KM, FET G 7% HIBERR LT 2 FFERE A LA
WFE[J]. EARTRREM, 2010(3H5 T 2) :392-399.
QIAN Xiaogian, ZHU Yaotai. Basic research on the building energy
consumption based on the intermittent and loculose energy use
characteristics [ J]. China Civil Engineering Journal, 2010 (S2) .
392-399.
Doy, BRIEAE R IE 58, 45, SEBR AT RE 7 sXUTF (9 B AA V% Ml DX
FE SR AT BB IT R (1], @SR, 2015, 31(10);
112-116.
RUAN Fang, QIAN Xiaogian, QIAN Kuangliang, et al. Research

—
W
[

on energy efficiency design for residential building envelope under
the actual energy consuming method in hot summer and cold winter
zone[ J]. Building Science, 2015, 31(10) . 112-116.

BRI , ARG . AV b DX AR Y RBAF 75 1 A1 RE 5 B 7
) [J]. LA, 2012, 358(41) : 27-29.

QIAN Xiaogian, ZHU Yaotai. Basic research direction and problems

[6

[l

existed in building energy saving in hot summer and cold winter
climate zones [ J]. Construction Technology, 2012, 358 (41) .
27-29.
[7] GUO Siyue, YAN Da, CUI Yin. Analysis on the influence of
occupant behavior patterns to building envelope’ s performance space
heating in residential buildings in Shanghai [ C]//Proceedings of
2nd Asia Conference of International Building Performance
Simulation Association. Nagoya: International Building Performance
Simulation Association, 2014 610-616.
TATBCSC. B DeST BRI R [T]. LA Tk R
%, 2007, 33(1) :46-50.
JIAN Yiwen. Applicability analysis of the DeST simulation software
[J]. Journal of Beijing University of Technology, 2007, 33(1):
46-50.
(9] A M X Jo A i ST RE BT AR HE . JGJ 134—2010 [S]. b
AU T N RIEFNE (A 2 2B, 2010.

Design standard for energy efficiency of residential buildings in hot

—
o]
[

summer and cold winter zone; JGJ 134—2010 [ S]. Beijing:
Ministry of Housing and Urban-Rural Development of the People’ s
Republic of China, 2010.

[10]5KkIR5E AR, TTAC. R IBE BT BU Bk A+ DeST 45 13
o A BRI [1]. BRIEZS I ,2005,8:65-72,109.
ZHANG Xiaoliang, ZHU Guangjun, JIANG Yi. Building
environment design simulation software DeST ( 13): Examples of
aided design for residential buildings[J]. HV&AC, 2005, 8.65-
72,109.

(11 ZE0RES A, XIS RPA v M IX R 2 2 PN 00 g P AT
TIAADFEL)]. ISR 2ATFE, 2008 ,4:200-205.

LI Junge, YANG Liu, LIU Jiaping. A thermal comfort field survey
in residential buildings in hot summer and cold winter area[ J].
Sichuan Building Science, 2008, 4:200-205.

(2] s R, TEW, 5. IO 2 d i Ang 2
REFERZ IO BT[], EHRI,2010,10:287-291.

GAO Yan, AN Yujiao, YU Xizhe, et al. Simulation analysis for the
influence of energy use pattern on residential heating and cooling
energy consumption[ J]. Building Science, 2010,10:287-291.

[13] %454, FAAY b DX S A AR AR R T RERBCR 23T [ D] At
MWL R, 2013,

LI Jin. Energy saving effect of thermal insulation walls for residential
buildings in hot summer and cold winter zone [ D]. Hangzhou:
Zhejiang University, 2013.

[14] ER il AN, 55, TR R 92 25 98 100 2 500 P 0 2 Py

PEEEATIEL )] #i¥% 5 2590,2015, 5. 588-592.
WANG Suo, MENG Xi, LIANG Weijie, et al. Numerical study of
the heat storage character of building interior wall under intermittent
heating and air conditioning [ J ]. Refrigeration and Air
Conditioning, 2015,5.588-592.

[151BCTs , ERIeA R &, 45, 432 a] BT RE VT I3k 4% P9 A1 P I 5 g

BORBFZIR )] W ik (T2 ,2016,1:1-7.
RUAN Fang, QIAN Xiaoqian, ZHU Yaotai, et al. Internal and
external wall insulation effect on building energy efficiency with
compartmental and intermittent energy consuming method [ J ].
Journal of Zhejiang University ( Engineering Science ), 2016, 1;
1-7.

(mE x H)



