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Energy saving optimization analysis for rural buildings in Guanzhong

Area based on multi-factor orthogonal experiment
ZHU Yiyun, CHEN Xixi, MA Zhaoxi, YU Mimi
(Faculty of Civil Engineering and Architecture, Xi’an University of Technology, Xi’an 710048, China)

Abstract: To address the issues related to the poor thermal performance and low heating efficiency
of residential building envelopes in the Guanzhong area of Shaanxi Province, this study focuses on
typical residential buildings in the region and analyzes energy-saving optimizations concerning the
building envelope and window-to-wall ratio. Using field test and survey data, the DesignBuilder
software simulated energy consumption to investigate the impact of the envelope structure and
window-to-wall ratio on the heating load, cooling load, and life-cycle investment return ratio of
residential buildings in the Guanzhong area. A multi-factor orthogonal experimental method is
employed to analyze the energy conservation and economy of each optimization plan with the most
suitable comprehensive energy conservation strategy selected. The results indicate that the opti-
mal energy-saving strategy for residential buildings in the Guanzhong area is to incorporate an 80
mm thick EPS insulation layer on the exterior wall, add a 60 mm thick XPS insulation layer to the
roof, use standard hollow 5+9A-+5 glass for the exterior windows, and maintain a north-facing
window-to-wall ratio of 0. 1, along at a south-facing ratio of 0. 3. After optimization, typical resi-
dential buildings in the Guanzhong area saved 61. 98 % of energy, with the average indoor temper-
ature increased by 2. 78 °C on typical winter days.
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Fig. 4 Influence of exterior wall insulation on
building energy consumption
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Tab. 2 Influence of exterior window type on building energy consumption

J— WA bR/ W mERR /SRR bR/ — T AT/ Eﬁ*ﬁf’ﬁa -
kWh+m?) (kWh*m?) (kWhe+m?) (JG *m™?) /70

78 54+9A+5 133.00 17.35 150. 25 2.09% 379 243.96  —0.67

hiag 6+6A+6 133. 50 17. 32 150. 82 1.78% 379 207.64  —0.72

a8 6+9A+6 132. 96 17. 35 150. 31 2.11% 384 246.24  —0.68

rhzs 64+12A46 132. 63 17.37 150. 00 2.31% 389 269. 84 —0. 65
Low-E I 5-+9A+5 132.18 17. 21 149. 39 2.71% 424 316.33  —0.63
Low-E I 6+6A+6 133.08 17. 16 150. 25 2.15% 439 251.12 —0.71
Low-E £ 6+9A+6 132. 16 17.21 149. 37 2.72% 449 317.32  —0.65
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Tab. 3 1i(5") orthogonal experimental results
y ; e ; PRI A RS
ity SMEGR ETRIR HMNE R R 1 E JtE 5 4 T e/ Msik
1 60EPS 40EPS 5+9A+5 0.3 0.1 67. 96 55. 67 1.73
2 60EPS 60EPS 6+9A+6 0.4 0.2 65. 37 57.35 1. 44
3 60EPS 40XPS 6+12A+6 0.5 0.3 67.27 56. 11 1.11
4 60EPS 60XPS Low-E6+9A+6 0.6 0.4 63. 00 58. 90 0. 96
5 SOEPS 40EPS 6+9A+6 0.5 0.4 67. 36 56. 06 0.99
6 S8O0EPS 60EPS 5+9A+5 0.6 0.3 61. 89 59. 62 1. 10
7 SOEPS 40XPS Low-E6+9A+6 0.3 0.2 61.57 59. 83 1. 56
8 80EPS 60XPS 6+12A+6 0.4 0.1 57.42 62. 54 1. 64
9 60XPS 40EPS 6+12A+6 0.6 0.2 64. 72 57.178 1.13
10 60XPS 60EPS Low-E6+9A+6 0.5 0.1 59. 11 61. 44 1. 48
11 60XPS 40XPS 5+9A+5 0.4 0.4 68. 20 55. 51 1.09
12 60XPS 60XPS 6+9A+6 0.3 0.3 63.55 58. 54 1.42
13 80XPS 40EPS Low-E6+9A+6 0.4 0.3 61. 60 59. 81 1. 21
14 80XPS 60EPS 6+12A+6 0.3 0.4 61. 66 59. 77 1. 20
15 80XPS 40XPS 6+9A+6 0.6 0.1 58. 29 61.97 1.33
16 80XPS 60XPS 5+9A+5 0.5 0.2 57.17 62.70 1. 34
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Tab. 4 Range analysis results

I SR &= TR SRR T L JewisE

R 6. 22 5.13 2.49 1.71 4. 36

HEHUR ST CZEIE S 80XPS 60XPS Low-E6+9A+6 0.6 0.1

REAE U AN R TR > b G bl L > A > B LG
R 0. 05 0. 07 0. 04 0.35 0. 48
Mk D ZEPIES 80EPS 60XPS 5+9A+5 0.3 0.1
2T U L E RS > R B AR > R 10> A% >4

AMEVEIT 120 mm J& XPS {5002 B T H] 60
mm J& XPS 2 S s 6+9A+6 JER
Low-E B5F8 b M ga k% 1 0. 1. Bgm g% [k 0. 6.1%
AT RIE A LLAR AR AR . S
80 mm J& EPS f#ii)Z2 JZ L 60 mm J& XPS {4
IR )2 A e b as 5+ 9A+5 B FE b ) 7 B
b o. 1.rgm E kst 0. 3. A F i RIE s 5
B4V, VTS RATHN TR AT E

A Fil B REFERI S BT B LR 5. mE S
LA TIHERN 65. 5% . MR T 41 299 Ju. B
U] 5. 64 4F; 5% B ATRER N 61. 9820, Wl kR 1%
Yt 32 744 I VT I 4. 47 4E, HE B BT
REMEMAS 07 %8 AL (LB IS 4, 0 4 42 941K
WK Bl R, I A% 5 e e R
RS TP AT AT,
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Tab.5 Comparison of the most energy efficient and the most economical schemes
MAEr /R TERR/ KA/ . WILh % RSB Il _
EER=) y ) - , THER/ N e ) /L onev/JG M
(kWhem?)  (kWhem?) (kWhem?) % /0 Wil /oo
A 42.10 10. 79 52. 88 65.50% 41 299 5. 64 52 859 1.28
B 49. 69 8.6 58. 28 61.98% 32 744 4. 47 61 057 1. 86
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Fig. 10 Indoor temperature in optimization plan
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