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Influence of residential form on residential energy consumption
in winter cities
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(Harbin Institute of Technology) , Ministry of Industry and Information Technology, Harbin 150006, China;
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Abstract; To analyze the impact of residential form on residential energy consumption and provide suggestions for
energy-saving planning, taking Harbin as the representative of winter cities, this paper investigates the influence of
residential forms on residential energy consumption for heating and cooling by conducting sensitivity analysis, and
offers suggestions on energy-saving planning for winter cities. Building stories, building length, space interval, and
orientation were selected as the morphological parameters relating to residential energy consumption. Four
residential typologies including pavilion, L-shaped, U-shaped, and slab type buildings were obtained by classifying
the residential forms in Harbin. The ideal models of the four types of residential districts were formed and the
energy consumption of each model was simulated by utilizing Openstudio and EnergyPlus. Aiming at figuring out the
relative impact of the four examined parameters on energy consumption, the research processed the simulation data
through a sensitivity analysis method using the standardized regression coefficients (SRC). Results show that the
four parameters all had impact on the residential energy consumption, and the building length was the most
significant parameter. Based on the results, a residential energy-saving planning strategy was proposed from the
perspectives of housing type, shape coefficient, space interval, and orientation, and the parameter combinations of
minimum energy consumption of multi-story and slab type residential buildings in winter cities were obtained.

Keywords : sensitivity analysis; residential form; residential energy consumption; winter cities; residential energy-

saving planning

FXS T HADSURMT TR UL, S O RESU AT AT RERETE A FE L, Ll A AR A0 TOU £ i ol 44
FELA BB AT R LR IR R BT RE A 45 FEIRZ b, 2 T MBS B B A
R HATE A T REFR I EE A TEEE AT IR A R R 4 BRI R 4 )y T
PRI e DX T I AT AR A

WS B 2010 04 - 12 JE A DX R R () A DGR 98 K 2 85047k e PR 5
ESWE: [ AR (51678178) VAR , MR 5T o X T 25 543 32 fe e 22 1] il 24k

HEEER: % (1970 , 4, 02, Witk S ‘
BIEAEE: 1% 40, hitlaura@ 126. com KA, WAL I3 R T 18 20 B A D0 T Bk



. 148 - MoK OE T

VAN S

$52 %

22 b I ) T TR A5 S 805 RRAE ¢ 2R AR CRIF ST
v, 7 (8 2 T AR A X REAE A B . SRR 4
BRI L e B 8 ) L B /0N [X S 5 45 P
(1 T 25 2 s AL 2 REFE R S ™ . H AT
JEIAE A S AT P R 43 7 2 B 43 SR K2, 43 1
4 SR AU AT LR B R 4 B 1L AR i
JEPE YW AR TR AR S W 1T 75 T LA e
0 S 2 TR HURIT S A 2850 5 i 5 R 2 ] 5 R
2% F e (S AR T S AR R s
IHE e fe 8 22 b A1 g BF 5 S0 BB R S ) PR 2% ) T
B 238015 R P 30 7 R REAR 1000 4 ) SRR 43
Wrah & 17 i R IR, SRR SR X IR S e SR
ERERERA B HLAA A B A S5 i
X ER S REAE ISR R R A R AR R 1

2R3 L, i T S Ml 3 T U R ST 49 e ) R [
T 25 DX AR 700 ) £ 2 REFE MM T 42 )
FPURAE AT , 35 TS DA A J5 TG 25 B4 0 X 5 M 3 7l i
DR YT RE LR L.

L ¥ #

AR SCRIFSY SR P4 R SR 437 7 12 o ) e 7 ]
VAT FR) ORI 23 7 2 23 A X BT 258 A o
EREFEY L.

TR A X S50 5 1E E REREAT A R A
TR, P 38 DE ke R B (R ) Sefl o 4 A 0 g 41
B R N R > 0.7, B 5 %
RIS Hr 4l Rl 55 i A R KRS S50
AL FEL 249 R AR IR, B O, AR 40 A v BB R A 1
PR T U B A JR OB 3 W D7 i v R B T
YT ) 2250 (SRC) . i) % 75 12 3 52 B 2% e Hic 3
REAHEAT 43 B DA T 45 3145 1 £k 151 0 2 % (SRC)
SRC Z % IE M FR M A SHCS ML 25 R C R N

TEARDE, RV H 235 2R B s A 200038 T 300 5
EIUARSZ. SRC FREM 4 XA AR 8 ReFE 2 SR AT
DX 25 22 518 A 5 T F) R G BB, 28 0 (RLBROR , 1%
JEAE DI A0 72 A 0 1 5 BEAR Y572 Wi 5L K.
SRC ARl A R O3 A 2 F

SRC(x;,y) =b; o~

SR WA AN A S HG y hSE  (REFE)
S, M | AN A SR A A S, RS, W Sk
SEIAIGE § AN A2 B0 B 22  SRC BRHE I 5
B A SO i 2 T R .

2 ¥ B

2.1 EMIEHESEARSE

4 DB 23/1270 — 2018 { B Jp 145 Ja At At 40
WIHE 65% WITHRIE) |, W IR T Y A X Sk ™ FE
HuIX (B) X ,HDDI18 JZ H{E A 5 032. % Ty /REE T
WE s B4 LR I8 S5 2 B 22 v, R 2
T T I UOGT FE b3 T S RE B 5T (0 AR T

TIF 5 LA R U T 38 30k X P A9 A IX R A 9 %
G, R AT IR O v e BRAE AR R 43 D 4 AT
X FR AR 25 AN R AR X, FR AR XA AR R 4k 4 A
X B 4 AT X — R4l HL 100 AN 3 X 7
TS AT .

WX IR B 3 W S T A
25 I K A RS T AR BT Ay Ry 7
CLTAY M RUR S U 4 R R IR E R
FEHFTIREZ LT KTE. EThrifE)Z oo
W= )ZET WL, 530k 2 2 Fs IR B
JZIRIT. 21 0 4 JEE LR EEhREZ Rt
FHTE AR

®1 BREERZRERMEHE

Tab.1 Number of samples in each residential district

(e yii] ‘TR “L” Uy R it
fEEFhEs
fEE TP LS [ -
FEEHRICEE R (K x 58) 15mx12m 28 m x20 m

2.2 EhE T E REFE TR
2.2.1 @S AEEREFER A

FIH] Openstudio il EnergyPlus 4% A R TE &5
JEAE XA R AT S A R FERL 4L I T #F Openstudio
PN AE A, 0 4 28 ALY 2 HEA T S b IR A S

e HIAE TR EZ AOCR B R AR L. 18] 1 (a) A
TR 2T 1 22 2 AR J2 A1 8 RO PR v 2 B AR R A
TEARAERL. Sy 1 BRAAS R e B 45 T AR L X REAE AR
PR s 2 BROC AR |74 A TR R g I TR
Jhe e AR B FR. i KIS AR, 2



5 12 3

VoLL, A5 FEMBINT e A OB A0 REFE - 149 -

BRI o JUH R SR E AR o 0.24 7R P
TAIA 0. 075 5 553X 5 2428 S ot g A6 T A9 7 555 1 AR
Fe 0,24, 4 PG 2 0. 23, ¥4 /& DB 23/1270-

g
SRETRR BRETAR
(a) FEEIRHEZ HLoTRLRY

2018 B Se 114 fa AR R HUTT HE 65% B it i) Hhxt
FEIE(B) XA BRI AR LR HLE. B 1(b) A
B HTTA ISR b 5 A 2% S T B A A,

—gm e g st

(b) AR E A

1 FEHRIERINRE

Fig. 1 Schematic diagram of residential simulation model
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Fig.2 3D residential district simulation model

\
\

(@)

“_r e

EHEAE D R AR AR A T REAERTIDL R AR TR
B HL AT ER AT A 0 L ST e A XA S R AR
AT DAHEBR AR 45 P A 2 N 2R T X TSR R
A R LIS, AN 4 .

N
o
R e e s et E
Ly H ’,_%
AL ... ST . ... 3
Yl
X, Lx
S

3 BEREAENTEETE

Fig.3 Plane of residential district simulation model
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Fig.4 Idealized model of four types of residential districts
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Tab.2 Range of values of residential district morphological parameters
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Fig.5 Schematic diagram of each morphological parameter

2.2.3 [EEREEAMSHILE

A REAFERHL AT HI A R4 SC K - EnergyPlus
B S EF 8 T A ecotect HEATIE 4L R,
A R AE HVAC R 35 2058 25004 A ¢
(AR AR R AT 3R AR (ULIET 6) . WA JRIE TR
SR, WFST R T HERR HERE 7 SO R 2E SR 1 5
M) , 5 1 R A O =X, AU B P B R

100% SR AR
2.2.4  PR/RETE T REFERIIULS

12 REREAL LR LA T 585 A~ FHAR A (X 45
R 540 M2 REERA XL KL 2R E
T4 A 180 45 BEAMAEHL T 45 A Am R EE W
JEAE XA RL. B 7 R 2R AT EHOR L RERE



55 12 18] BLr, 5 FEHITH A OB A5 E 12 BERE 2 0 - 151 -
ERSH BAESH
5~8ZEM 0.30W/(m’K) B EEANK 2.5N/F
REHARH JE—
=9ERH 0.30W/(mK) iiﬁ%ﬁ: 0.5h"
S~8EEM 0.45W/(m?K) B 0.70MET
AL PR N +L
>R 0.55W/(m’K) B SR 1.00MET
ES 3
S~8E Y 2.20W/(m?K) - TR 1.85MET
SMEAER RN FERAREE
0.2< %7 h% X
(fF\H: gﬁigﬁ =9REN 2.20W/(m’K) AR 1.85MET
BIRLEH TR S5 F H.Th % 14W/m?
EEVE S HVACZ I
K FERBRIRE 18°C
/N R D R 6 -
HEZRIEE 26°C
Bl 6 HEGEENSHIGE
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Fig.7 Energy consumption distribution frequency of four residential types
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Fig.8 Impact of morphological parameters on energy consumption of four residential types
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Fig. 10  Relationship between residential shape coefficient and various types of residential energy consumption
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Variation of total energy consumption with W/H coefficient and orientation of four residential types
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Fig. 13 Variation of total energy consumption with orientation and building length of U-shaped housing
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Tab.4  Schematic diagram of parameter combination model of minimum energy consumption for multi-story housing under low floor area ratio
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Tab.5 Schematic diagram of parameter combination model of minimum energy consumption for slab type high-rise housing
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Tab.6 Parameter combination results of minimum housing energy consumption
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