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Shape Parameters Design of Northern Rural Houses
for Multi-Objective Optimization of
Energy Performance and Thermal Comfort

GAO Yuan, HU Ke, YUE Xiaopeng, YUAN Jingyu

(School of Architecture and Art Design, Hebei University of Technology, Tianjin 300130)

Abstract: In order to further reduce the heating energy of the rural house in North China and improve the in-
door thermal comfort, a parametric energy-saving design framework of Tianjin City rural houses based on
Rhino-Grasshopper software was constructed. Combining with the field survey of Tianjin village,9 parameters
of planning and building design were selected for multi-objective optimization. TOPSIS (technique for order
preference by similarity to an ideal solution ) comprehensive evaluation method was used to further screen the
Pareto solution set. The results indicate that: the optimized L-shaped rural house has better heating energy
consumption and thermal comfort performance than the optimized U-shaped rural house; the optimal solution
of L-type and U-type rural house can save heating energy by 16. 6 %-18. 0% and 16. 3-26. 4% respectively on
the base of the benchmark building, can improve indoor thermal comfort by 16.5%-17.5% and 2.1%- 9.0%.
Keywords: northern rural houses; energy-saving; thermal comfort; shape parameters; multi-objective opti-

mization; TOPSIS comprehensive evaluation method
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Fig. 1 Shape parameters multi-objective optimization design framework of northern rural houses
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Fig. 5 Layout and scale of L-shaped and U-shaped rural house (unit; mm)
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Tab. 2 Envelope structure ofrural reference house
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Fig. 6 Energy consumption calibration
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Tab.4 Parameter setting of optimal variables of L-shaped and U-shaped rural houses
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Tab.5 Shape parameters and building performance of rural reference house
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Tab. 6 Optimal solutions of L-shaped rural house with different weights
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Tab. 7 Optimal solutions of U-shaped rural house with different weights
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Fig. 9 Optimal solution target performance of I.-shaped and U-shaped rural houses under different weights
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Tab. 8 Final schemes of L.-shaped rural house
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Tab. 9 Finalschemes of U-shaped rural house

(@) PEFIE et R (b)Z Hirsf 4o,

-9, X

FIRPE 1. 9%, E IR 7.0 m, MImA 1.9°. 1E B HER 6.6 m, MImYE 0.5° IEFHEVR 5.8 m.,
B A.4 m BB L 0. 54 TR IR 4.4 m B BE L 0. 54 T ERIR B 4.3 m BB EE 0. 54 TSR
0.8 m, i F#H IR 4.2 m. & 4.0 m, 0.8 m,JfiEHFIE 4.9 m.5& 4.0 m, 0.8 m,JfiE#HIE 5.5 m. & 4.0 m.
B 0. 28, SIEGF A #E 5.9 m. B 0. 28, SIEFEAI#E 6. 0 m. BHE L 0. 28, SIE G A HE 5.4 m.
SRIEGERE N 9.92 kW « h e m 2 REEREFE N 9.08 kW e h e m™?; RMERERE N 8. 72 kW « h » m 244
POREFE /NI EEN 2 302.3 h POREF /NI ECH 2 409.0 h REFiE /NN 2 784.4 h

4 Zig

K4t Rhino-Grasshopper A ML G FEF & o LLAF2 R R REFE N % N BT O H A XL T £ M
TR S SRR BT 7 S T B B g SR 1) TR AR A R | I /R IR L L AR B AR 9 UG R TE
WS AR BT 2 AR A s 2 s E2 450 .

D LB JR ) & MAEE AR EREFE S E N REFE RN T U B 5. 5REAERFAMHIL. L
B S MAEEZ BRI T B RER X E] 2 16. 6% ~18. 0% . & N AT E L EHR K 16. 5% ~17.5%;
U B SR E L BFRAL T Z 015 AR X 0] 16. 3% ~26. 4% , 2 N IEFiE R EH N 2. 1% ~19.0%.

2) T2 Hbr BN T L B S ME TR ESm MR 2. 8" IEF T 5.9 m i 4.5 m EHHG L
0. 54 TTERRSE 0.8 m, TR 5.5 myi 4.0 m B K H 0. 28 BHIE B 6. 0 m 1] U # & 4 52 d5 {4 5
oA 1. 9% IE B 0EIR 6.6 m i 4.4 m BB L 0. 54 T TRV 0. 8 mu B IR 4. 9 m i 4.0 m,
B 0. 28 BHIE 7 6.0 m.
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