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Multi-objective optimization technology framework of passive energy-saving design for
Tianjin rural houses through Octopus-+ Honeybee
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(1. School of Architecture & Art Design, Hebei University of Technology, Tianjin 300130, China;
2. Key Laboratory of Healthy Human Settlements in Hebei Province, Hebei University of Technology,
Tianjin 300130, China)

Abstract: The aim of this paper is to construct a multi-objective optimization framework for rural
houses passive energy-saving in Tianjin by the Rhino+ Grasshopper software to further reduce
the heating energy consumption and improve indoor thermal comfort. Based on the Tianjin field
research, 10 passive energy-saving design parameters of rural residential planning and monomer
were optimized with the Pareto solution set further screened by the TOPSIS comprehensive evalu-
ation method. The results indicated that, compared with the reference building, the heating ener-
gy saving rate of optimized L-type rural houses was 4. 7% to 22. 8%, its indoor thermal comfort
improvement rate was 1. 3% to 8. 0%, the heating energy saving rate of U-type rural houses was
6.1% to 16.3%, and the indoor thermal comfort improvement rate of it was 6.7% to 8.8%.
Key words: multi-objective optimization; performance simulation; passive energy-saving; rural

house; TOPSIS
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Fig. 1 Multi-objective optimization framework of passive energy-saving design for Tianjin rural houses
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Fig. 2 Shape parameter statistics of rural houses in Tianjin (unit; m)
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Fig. 3 Shape parameters of reference building (unit: mm)
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Tab. 3 Operation information on reference building
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Tab. 4 Specifications of the decision variables
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Fig. 4 Optimization variable of rural houses passive energy-saving design in Tianjin
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Tab. 6 Optimal plan of L-shaped rural house under different weights
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Tab. 7 Optimal plan of U-shaped rural house under different weights
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0 12.8 4.0 0. 45 4.9 1.0 5.8 3.6 0.25 2.6 10. 49 2 484.4
0.1 11.2 4.0 0.45 4.9 1.0 6.0 3.7 0.25 2.5 10. 36 2 488.4
T IS
0.2 11.2 4.0 0.45 4.9 1.0 6.0 3.7 0.25 2.5 10. 36 2 488.4
fi5e
0.3 11.2 4.0 0.45 4.9 1.0 6.0 3.7 0.25 2.5 10. 36 2 488.4
0.4 11.7 4.0 0.45 4.5 0.9 5.8 3.6 0.25 2.6 9.78 2 514.0
% Hir
0.5 10.9 4.0 0.45 4.3 0.9 5.8 3.6 0.25 2.5 9.47 2 530.4
¥y i
0.6 10.9 4.0 0. 45 4.3 0.9 5.8 3.6 0.25 2.5 9.47 2 530.4
0.7 10.9 4.0 0. 45 4.3 0.9 5.8 3.6 0.25 2.5 9.47 2 530.4
R e
0.8 10.9 4.0 0.45 4.3 0.9 5.8 3.6 0.25 2.5 9.47 2 530.4
FEALSE
0.9 10.9 4.0 0.45 4.3 0.9 5.8 3.6 0.25 2.5 9.47 2 530.4
1.0 —1.9 4.0 0.45 4.3 0.8 6.0 3.6 0.25 2.6 9. 35 2543.4
3.3 RILERBESH T R B O 7 e AR BN 5. 8~6. 0 m; i 5
AR B W 2K 2 WAE a1k 25 R (L3R ARSI R 3. 5~4.5 m(L #) 3.6~3.7m
6~7), (U B ; dpe A 7 B Lo X O SRUE V0 B S 5 REARMEZ T
R JZ T - O b T 200 B B B 23 B8 1E B FR 0. 25; M 5t F v BE BRI TAE B 1L L 2R
H3maEsRIe 2406 U B 2 R 58 0 R 8% fic HE 2.7~2.8 m,U BRI} 2.5~2.6 m, AP EMFER,
RIS T L AME £ Il L e e 2 B ARy Kt X o AT 0 B 3228 6 s . T A (] A R 8]
Mt o0 T, IR T B PR O 3 B 22 S /0N L SR iE SEAE B R o P HCTE AN S I R A D B I HT AR R L S
FEARSERT U Bl S AT NIETE M AR Q8 BRI 55 BE D8N R B B i L
T RE S IET A 8, K X S R e A R 1 PP
Zh

HAEE M M, L S NAEERAES N —2.9°~
15°,U S WA M o —1.9°~12. 8%,

R T O IF B i S AR E R Y O BOE R BR
4 m,5 GB/T 508242013 4 b} J& A £ 5 15 i i%
TEARE ) 0 R S S AR W 6 5 10 8 L Vi A8 (3 [
Z EBR 0. 45, 87E & A % IE Y 880 1E 5 JF
o 1 B AN 2 T EUBREFE (0 42 3 s 1F 5 A6 11 v L L A
REBAL, K 3.5~4.8 m, U B REHKE, K 4.3~
4.9 m; VR EAESRS R 0.8~1.0 m; QL # & ff
R b 5 1 B i e R 5. 0~5. 6 m, U Bk

B TR MR BEAE 5 2 P HET R B H AR U A R
RE . GREMERFAIL L A S A ERETEERN
4.7% ~22. 8%, BN MEF G W HERN 1. 3% ~
8.0%:;U Bl S M EE M RBETREEN 6. 1% ~
16.3% , ENREFIE M HE RN 6.7%~8.8%.

1) PETERAMAEN T L 2 R f s 1)
R4S 15°, IE BB 4.0 m AE T 4. 8 m ., i 5%
F 0. 45 T TER#EER 1.0 m, B PEYR 3.5 m 4 O &
2.7 m B 0. 25 BEIE S5 5.0 m; U ® S M ik
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FE@I A B R AR 12, 8%, 1E B iR 4. 0 m A /&5 4. 9 m.
BABE L 0. 45 T TERHETE 1. 0 mu R 53 #E A 3. 6 m HE
B 2.6 m EREH 0. 25 BEIE B 5.8 m,

2) Z HAREE ST L R & R A AW i)
HEERZR 13 IE R 4.0 m M & 3.5 m., 5%
Fe 0,45 T TBEHEEE 0.8 m, i B E ¥ 3. 6 m M 1175
2.7 m G 0. 25 BEIEPF 5.5 m; U B S AR
AR MR R AR 10, 9%, IE IR 4.0 m M 1 &
4.3 m L 0. 45  TTREHE R 0. 9 m, i J5 i IR
3.6 mMEH T 2.5 m Bk 0. 25 FEIEB7 5.8 m,

3) REEREFERAMAME O T . L B & b 2 A fE )
] R PE 2. 9%, 1E B fE R 4.0 m BE & 3.5 m,
BAHEHE 0. 45 T THEHEIR 1.0 m, M B HEIR 4.5 m HE
MR 2.8 m BB H 0. 25 BEIE )7 5.6 m; U A &
1 AW 1 A R R PG 1. 9°, IE B HEYR 4.0 m W&
4.3 m B EL 0. 45 T TESHER 0. 8 m, i b5 iF IR
3.6 mMEH S 2.6 m E Kk LL 0. 25 FEIE ) 6.0 m,
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