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Energy saving analysis and optimization of geometric factors of office buildings in Tianjin

LIU Li', LIU Conghong', WU Di', LI Xiaojun®, HOU Shanshan®, JONES Phillip’
(1.School of Architecture, Tianjin University, Tianjin 300072, China; 2.Welsh School of Architecture, Cardiff University, CF10 3NB, UK)

Abstract; To improve energy saving efficiency of Tianjin office buildings, we select high-rise office tower as an
example and assess the effect of geometric factors on building energy performance, also identify the most energy-
efficient geometric design. A prototype model is established based on survey data. We choose 6 geometric factors
according to previous studies; plane aspect ratio (length to width) , orientation, floor area, floor height, window-
to-wall ratio and overhang depth. Then orthogonal method and the listing method are utilized to assign DesignBuilder
energy simulation experiments. The purpose of minimize building energy consumption by optimizing the above listed
factors is achieved. The effect of building fabric performance on result is also taken into account by setting 2 types
of building fabric: conventional fabric and passive house fabric. Results show that floor height and window-to-wall
ratio constitute two main related issues, followed by floor area, plane aspect ratio and orientation, and overhang
depth. The optimal solution is characterized by plane aspect ratio of 2/1, orientation of south, floor area of
1 024 m*, floor height of 3.6 m, window-to-wall ratio of 0.3 and overhang depth of 300 mm. The results can serve
as a reference for passive design related to geometric factors in the practice of office building design in Tianjin.

Keywords : building energy simulation; orthogonal method; geometric factors; high-rise office tower; Tianjin
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Fig.1 Plane layout of the prototype model
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Layers and properties of the fabric

45k A 1 F R A0 2 Wi B s K
FKIAELH (20 mm)
N 2!
. ATRRH (20 mm) BB (150 mm, S FE0.034 W/ (m - K),
TR AR IE (350 mm,
& R SHER 019 W/ (m - K) 25 35 kg/m®, HEHEE 1400 J/ (kg + K)
VR . m * s
S (MSREIN) o . IR T AR RIS (350 mm, FHEREL0.19 W/ (m - K),
HIE 600 kg/m’, LLIAZ 1000 I/ (kg - K) N .
KTREH (20 mm) B 600 kg/m’, LA 1000 J/ (kg + K)
JKPRAEDH (20 mm)
HERES R fEE RN 0.488 W/ (m?® - K) fEMEBH 0.155 W/ (m? - K)
P 2k WZ Low-E 8555 % 3 J2 Low-E B35
I KBAFS R ECH 0.450 KIATHAZRECH 0.450
HERES Al Wiz %R 0.660 Al W7 %R 0.660
TEIRF BN 2.270 W/ (m® - K) FERFEEHN 0.982 W/ (m? - K)
SEME RS 0.700 ¥X/h 0.300 ¥X/h
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Tab.2  Assumptions for the HAVC system, occupancy, lighting,
and office equipment
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1 k38 A ¥
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TR BH Dy R % 9 W/m>(IMAIX) 3 W/m(RLE)
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Fig.2  Schedules for occupancy/lighting/equipment, heating,
and cooling for weekdays
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Tab.3 Geometry design parameters and schematic diagram
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Fig.3 Experiment process
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Tab.4 L16(2") orthogonal array and assignment of parameters and interactions, and the annual energy consumption results

. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 EREFE/(KWh - (m? - a)™")
A A B AxB C AxC BxC ExF D CxF E 2 CxD F CxE BxF [Firgitg1  FElirsis 2
1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 35.80 27.58
2 11 1 1 1 1 1 2 2 2 2 2 2 2 2 41.70 32.03
3 11 1 2 2 2 2 1 1 1 1 2 2 2 2 37.21 29.57
4 11 1 2 2 2 2 2 2 2 2 1 1 1 1 4271 33.89
5 1 2 2 1 1 2 2 1 1 2 2 1 1 2 2 38.34 30.40
6 12 2 1 1 2 2 2 2 1 1 2 2 1 1 39.05 29.13
7 12 2 2 2 1 1 1 1 2 2 2 2 1 1 38.15 30.55
8 12 2 2 2 1 1 2 2 1 1 1 1 2 2 40.44 31.45
9 2 1 2 1 2 1 2 1 2 12 1 2 1 2 35.11 26.57
0 2 1 2 1 2 1 2 2 1 21 2 1 2 1 41.32 31.62
12 1 2 2 1 2 1 1 2 1 2 2 1 2 1 36.38 28.67
12 2 1 2 2 1 2 1 2 1 21 1 2 1 2 40.97 31.70
13 2 2 1 1 2 2 1 1 2 21 1 2 2 1 38.07 29.83
4 2 2 1 1 2 2 1 2 1 12 2 1 1 2 40.08 30.21
15 2 2 1 2 1 1 2 1 2 21 2 1 1 2 39.47 32.01
6 2 2 1 2 1 1 2 2 1 12 1 2 2 1 40.13 30.91

WD) FHEKSE (AL /1.2 J92/1 508 (B)1 N 2 N FRAEZHA(C)T 1024 m?> 2 82025 m?, ) 2E(D)1 H3.6m2H
4.5 m, E@HELL(E) 128 0.3.2 2 0.7, 4G K- BHAR S B2 (F) 1 2 O TCiEFH) (2 24 900 mm;2) 4540 1 g MM 2 Sk ol s i ik

Zead T 2203 (WA 5.6) Mt i 5 1:<0.05 S
e ERM R R $ IR R () E SR AR . Bl 2 A
TRUAIE I, R 28 (D) ST (E) >
FREEZEI(C) > 0L He 5 5T 1] (AXB) >H1ET
IKFEBHAR A BE (F) | J2 w8 RS R e At vk

ERREH, Tk 91 67.0% F123.6%. [l 4546 9 5
Db FEESOR R 2 Bk L (E) SJE 8 (D) >
HEIZTHAR(C) > 98 L S5 EHE AR ] (AXB) >FM i 7K
P FIRRACBE (F) 358 Fb 2 i A2 T AR DTk
TR 40.0% 30.9% 16.1%.
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Tab.5 The ANOVA of annual energy consumption data conventional

fabric

N B2V AmE ¥i/MS Fo W TR/ %
A 0.219 1 0.219  47.968 0.091 0.3
B 0.400 1 0.400  87.804 0.068 0.6
AxB  1.829 1 1.829  401.483 0.032 2.5
C 2.243 1 2243 492.182 0.029 3.1
AxC  0.098 1 0.098  21.433 0.135 0.1
BxC  0.030 1 0.030  6.531 0.237 0
ExF  0.191 1 0.191  42.010 0.097 0.3
D 48.546 1 48.546 10 654.827 0.006  67.0
CxF  0.054 1 0.054  11.864 0.180 0.1
E 17.078 1 17.078 3 748.160 0.010  23.6
CxD  0.200 1 0.200  43.952  0.095 0.3
F 1.076 1 1.076  236.248 0.041 1.5
CxE  0.316 1 0.316  69.444 0.076 0.4
BxF  0.183 1 0.183  40.111 0.100 0.3
w2 0.005 1 0.005 — — —

x6 EXHBAERNAEZEDIN—WIEME
Tab.6 The ANOVA of annual energy consumption data passive
house fabric

Wz B2EFTHM AMEZ #5/Ms F

BENE TR %

A 0.593 1 0.593  82.062 0.070 1.2
B 0.511 1 0.511  70.758 0.075 1.0
AXB 2.205 1 2.205  305.221 0.036 4.4
C 8.094 1 8.094 1 120.280 0.019 16.1
AXC 0.099 1 0.099  13.734 0.168 0.2
BxC 0.029 1 0.029 4.000 0.295 0.1
ExF 0.270 1 0.270  37.426 0.103 0.5
D 15.524 1 15.524 2 148.595 0.014 30.9
CxF 0.068 1 0.068 9.356  0.201 0.1
E 20.115 1 20.115 2784.114 0.012  40.0
CxD 0.133 1 0.133 18439 0.146 0.3
F 1.918 1 1.918  265.498 0.039 3.8
CxE 0.504 1 0.504  69.772 0.076 1.0
BxF 0.194 1 0.194  26.796 0.121 0.4
R 0.007 1 0.007 — — —

FIA TR ) R 26 58 A A 7K -2 7
FE(ILFR 7~10) , LA NI A DAL T7 28 % g
T HIRERE , X TP P S5 # 7 , P1 bk 41 &
T 25y ST B FL A MG 7T 38 BE AR K 3 BRUK S
2, A AR A E R B LUK 1.

EEXTRI A ARACE G 7 St — 20400, i 2 51 R
A HE R — R R AR RIS, X L RERERLIZE R, F-
WA REIT L (W3R 11) SRR IR AR R4
RN AR BRI F R R AT RE
T XTI ER S5, AR TR R
o R AR S A W = vt =N I R =R 1T A
1024 m®, 25 3.6 m % 5% b 0.3 75 7K - 38 FH Al
KB 300 mm  ELBEFE S il oA 34.68 kWh/(m® + a )
(5 A 7 ) F 26.20 kWh/ (m? - a) ( FEI
SR BN P TE )

®7 EERWMAREKEHTHERE—ENME
Tab.7 Average energy consumption for significant parameters
corresponding to each level ; conventional fabric

(kWh* (m? - a)™)

CHUEZE D ZEE4 E@Ehs  FAMEKFE
HE  BEKTEH  KPEHT KR B B AR
Y RERE YInekt YIniekt (- Y e AE
K1 38.68 37.32 38.03 39.32
K- 2 39.43 40.80 40.09 38.80

L AREEEA(C)KFE 1 1024 m? K2 2 025 m?, 25 (D) K
120 3.6 m JKF-2 4.5 m, EEEHL(E) KFE 1803 K2 807,
BN KTRE B (F) 7K 124 O(TGHERH) /K- 2 2 900 mm.

®8 ZEHERABRKFHEHEZE—EMEE
Tab.8 Average energy consumption for interactions corresponding

(kWh* (m? +a)™)

to each level: conventional fabric

AxB FHK IS
SEHAEM K P HEER S s AR
KT e
AP FE FEKP 1B HE ST 1] KK 1 39.35
A I HR SE H KT 1B #5050 17 7K F- 2 39.00
A ST 58 UK 2xB # SR ) K- 1 38.45
A ST 5 HK S 2xB #0011 7K 2 39.40

W APHRKSEH (AL N 1/1.2 9 2/1, @501 (B) 1 NFF 2 M.
*®9 EXMEZEKENEHEE—HINERE

Tab.9  Average energy consumption for significant parameters
corresponding to each level; passive house fabric

(kWh * (m? - a)™")

CHifRm D Efss  E @i FAMEKTIEE
RE  BUEOKTR KT KRTPIT BEBRERK
F1hE e e PP RERE
KFE1 29.67 29.40 29.26 30.73
KF2 3109 31.37 31.50 30.04

L FRERER(C) AT 11024 m? JKF2 2025 m?, 2E (D) /K
1M 3.6 m K2 K45 m, BEREH(E) K 1803 IKFE2 K07,
AMEACTHEBAMRAC R (F) KT 1 2 O(TGHERH) /KSF- 2 2 900 mm.

F10 ZTEEARKFENEHRE—HINERIE
Tab.10  Annual energy consumption for interactions corresponding
to each level; passive house fabric(kWh * (m” - a)™")

AxB FHK S LS

EHAERASKTHEE 2 S35 HAF ]

KT REFE
A P 58 HOKOF 1B ST R KOF- 1 30.77
A S FE KT 1B #5101 15 7K F 2 30.38
A ST 5 HK T 2xB B0 1) 7K 1 29.64
A P 58 HOKOF 2xB g5 K- 2 30.74

WP SEH (AL 1/1.2 9 2/1, @506 (B) 1 NFT 2 HAR.
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Tab.11 Parameters assignment of single-variable simulation cases by listing method and annual energy consumption
. i3k MREFE/ (kWh « (m* - a)™")
A AFTKTEE  BENWN  CHEZRB/M®  DEE/m  EHR  FAMEICEBARKE /mm B 1 PR 2
1 2.0/1 mit 1024 3.6 0.3 900 35.11 26.57
2 1.5/1 2Bl 1024 3.6 0.3 900 35.50 27.08
3 1.0/1 mdL 1 024 3.6 0.3 900 35.71 27.37
4 2.0/1 F R 30° 1 024 3.6 0.3 900 35.29 26.76
5 2.0/1 B 60° 1024 3.6 0.3 900 35.57 27.06
6 2.0/1 BT 60° 1024 3.6 0.3 900 35.53 27.00
7 2.0/1 F VG 30° 1 024 3.6 0.3 900 35.24 26.69
8 2.0/1 K 1024 3.6 0.3 900 35.67 27.17
9 2.0/1 mdL 1225 3.6 0.3 900 35.53 27.21
10 2.0/1 L 1 444 3.6 0.3 900 35.86 27.72
11 2.0/1 2B 1764 3.6 0.3 900 36.39 28.47
12 2.0/1 mdt 2025 3.6 0.3 900 36.64 28.87
13 2.0/1 mdL 1 024 3.9 0.3 900 36.09 27.01
14 2.0/1 5[4 1 024 4.2 0.3 900 37.19 27.56
15 2.0/1 2Bl 1024 4.5 0.3 900 38.37 28.19
16 2.0/1 L 1 024 3.6 0.4 900 35.01 26.46
17 2.0/1 B4 1024 3.6 0.5 900 35.39 26.83
18 2.0/1 Mt 1024 3.6 0.6 900 35.83 27.28
19 2.0/1 mdk 1024 3.6 0.7 900 36.32 27.80
20 2.0/1 mdk 1 024 3.6 0.3 300 34.68 26.20
21 2.0/1 Mt 1 024 3.6 0.3 600 34.81 26.30
22 2.0/1 mdL 1024 3.6 0.3 0 34.93 26.50
T AP AS ) 1 i HUA G, R A1 2 i3l s i
5 # #% %2 Sk

1) 28 [T PR 28 A3 1 (] Bsf 52 o) 8 3590 1) SR I ol
¥ A0 feg A1 SRR OGAIRDL, R TAHZE A 195 BERICR i
P, 5 EEXHAEA T O 5 #T

2) X TR X 2 J2 I AR AR R
fEHIIRE 5 I A2 LR T2, FRAIR 2 =5 5
/U K% b 2 9 I ) 4 (R YT RE BT R K
U/ D o J2 T AR S AR W 1 K 1 g 1 - T LA B
HMET T B KT B AR LA Be R T T 20 PR
FELb 2.1, @S ) AR Z AL L 024 m® )2 &
3.6 m, EES HL 0.3, 4 K3 BH AR 300 mm.

3) 25 (A1 R T B S A A — o ) i 1 32
5, ARG BEVR SEHLAT S 0 Bk 5 AIF 9 05 D17 RE 1Y)
AR ST RIS % FH TS R
VTS SR T S 2 4R 5 B IR T 200
P25 B s A D 4% B A RE e 7 %8, 4
THA X A [R]EES A i S 2 L
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