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Sensitivity Analysis of Nearly Zero Energy
Buildings Envelope Design Parameters Based
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Abstract ; This paper studies the influence of key parameters of nearly zero energy buildings enclo-
sure structure design on energy consumption. Sensitivity analysis and range of parameters allow de-
signers to perform architectural performance design during the project phase. A building model in
severe cold region was established based on nearly zero energy residential building demonstration
center of Shenyang Jianzhu University. With energy consumption as the constraint goal ,energy ef-
ficiency and sensitivity analysis methods were used to evaluate four key parameters such as exter-
nal wall heat transfer coefficient,roof heat transfer coefficient,external window heat transfer coef-
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ficient,,and southward window-wall ratio. The annual heating demand for buildings is 17. 42 kW -

h/(m’-a) ,and the total energy consumption for the whole year of the building is 53.93 kW -h/

(m*-a). The influence degree of design parameters on energy consumption is sorted as follows,

window-to-wall ratio ( cooling energy consumption ) ,window heat transfer coefficient, exterior wall

heat transfer coefficient, window-to-wall ratio ( heating energy consumption ) , and the last one is

roof heat transfer coefficient. The value of key design parameters for nearly zero energy buildings

should take into account the local climate and technical economic conditions. When a performance-

based design method with the goal of building energy consumption is adopted. Methods should be

designed for performance with building energy consumption as the control target.

Key words : nearly zero energy buildings;envelop enclosure ; sensitivity analysis ; energy saving rate

HEEN R SE LB RANhE
AFREREMT TR (2017 48) Y 48 . B4R
GO B K R SE B e T D H AR
) F B AR A SRy g %o 4 R A A AR Ak A R
RE VR 2 42 1) T 24 il , 4f 2 i S AR i )
HIRAERE I FRERE FREAE, 153 1 A4
A2 e, IE FRERE A RARE N R
oA A AR 251, 8 0 O IR R AP E BE NS
e PERE T i Y R 25 4, SR R ROHT A [l
WA | fe R B B M R AR AR R I 5K
FEFE 43R AT AR RE R, LLUSE /4 BE TR FE
PRALETIE = N IR EE I B L ok (o R AR L A
SRIGHEST. KR 2010 4E 7 A BT CREFAERL
F54) , BRAE 2020 45 12 H 31 H)E, il Hr
HEFA R AR REFE”. IWE B AE P,
T B EE PR AT, AR E P

IR AEREE A 2 00, BT R E 1 FR
WA R AR R 2 5 B & Tl AR IR
i, ZH0CTBe ARG A S B B AR BRUE,
FEARZINL T AR AR HER) , TN R S
T RERCRE. X g S EAT 9 e T B L
U, BT 4 oK B T BE Ak 25 L . P D,
Wilde " JEAF T 67 EHE S 303 TE KT g
B B 50% S EAE T SRR BL Sk
Jita (). E. MUSALL 2550 i FA: 2 135 fig st it
JE R PEREFE P AR HUAGE KR, [ 2R
St JEBH%E. K. M. S. CHVATAL % #F5¢ T
FE S L 5 g (R T 2 T B () B i v AR A
REAU L. N. DAOUAS "™ BIF 5% & 41 53 )

i ) 0 ORI 2 TR (R AR A5 i A /)N | (L
X7 e R A AR K 52 . M. THALFELD
VR SY T JEVY S M X Estoni I % AR AE H
FUSA T 1 BERCR AT 58, &
75 H BRI 28 5 PR SO 04 T 58 Ry Ok i &
200 mm, —JZ Low — E ¢35 4% FA PG i 3 e
23.9% b kg L 37. 5% .

XFF I T R B RE AL T TR FE =
TR S, o A R Y. E s
25O 3 1 o A [ P AN AR RERE B ST BT
B P O S RRBR A L) 38 ST Ak
M2 PR EE 5 . X. GONG 25" 7 rh [
VRN T 25 AN HATAF M 38 T iE 17 8 3l =X
BB RAL 73T, 45 1 1 3l X T SR e AT DA
R RAARR A 90 4 2 SR I AT, 6 1 K PH B 4
S X AR A TR R 4 A A T
TEAS IR it R ] BIM A 304K 14 HEA T REAE
L, ] matlab #1785 70 B, A5 10 EE ST
REBIT LA 2. WA 5 LE S X —
A MFRVIR N FF A B, R DesT #E47 #E5R
REFE MBI, DN REAE 1) # B2 1 22 AN W) 5 1) 1
T B LA L kRt B R AR
WY TSP RE AR S/ AT B REFE A A G
FARRAE T & A I8 R BH 7=
BRSNS iU 2ol Faw s e s N e FA 0 K
45K e TR R 4.

S DAVE PHEE R 27 I e AR A 5
NI G R 5] AR AR S B 1P B TP 45 4 A
T B0 7 ™ JE M XI5 GE AR E AR



5 6 1]

T 2255 DUREAE 10 (910 2 REAR AR SRRl 4P S5 40 B T T S B UR A 0 1071

B AREFE(E I A AR, 255 U 7
LM E P A BT S BES O RERE A
PR DA, LA T it Iie J5 52 B Boxt
T FREFE R AT TR RE AL i, SE B 4
Y19 BEAL A

1 SRR ARG E ST

1.1 BEHEMER

PR SR 24 R R Ui h
O (TRIFR R EEAR ) & — HE AR 1 2 3
I AR ST L T FE Ml XS AL, SR T
T BRAR S 2 E A I N, el SR A LI an 1l 1 Jir
R BRI R . bR 45K R N H
RUSKZE | T e 37 LR, SR AN
Tt 2 P A A R AU TR TR 5+ R A 41
PRIBEAR. BEHARTE ZECH 0. 54; B K x
B x B0 18 m x 8.4 m x6.9 m; HAF AN
302. 4 m* ZAF LA PR, TR =, B —
22 3.3 m, HRMAE R, Bl D RE o
WENE BTG AL B RIT LT
AETA] R TR E R 3.6 m, A NP A X
NNV BHE R, 2R AR I

1 BHESR T AR A SR b Ah
PUNES|

Fig. 1 Overview of nearly zero energy building from

Shenyang Jianzhu University
AR 7 Yl SR A5 B 7E 41T Sketch-
Up sy 5 S PR SRR X 1 AR 1. s ) 3

P A F] OpenStudio 7, JH3 95 FEl 97 45 44
(Y ZEL LA AL AR I, AR B T 288, 58 1
HNE N Bl a4 B R . e AR AR
BR300 mm JE 1) £ 88 B IK 20 PR IR AR
LEGAEIMARBONO. 10 W/ (m?-K) ; 2 T
BEA 280 mm JE B £ 58 R IR LM IR IR AR
LEOHEREZCN 0.09 W/ (m? - K) ; b i
PELA 240 mm JE B £ R K M IR IR AR
LA EIAECN 0.11 W/ (m*-K).

T FANFE SR A T RS
KB AR REFE % 0 RSB AR )
(LUR R BRI ) vh JLE )™ S 11X
B Z5 P AR B S H . HoR
FLRE IR M X M | 2 T ) S R B
0.10 ~0.20 W/ (m?-K) ; i 1 - 2 £ 34 22 %
$70.10 ~0.25 W/ (m*-K) ; SN EIERE
Bh0.70 ~1.20 W/ (m®-K). ZHE RS
M) 2= RS E R T « R ) 25 28 B R
3 W/m*; bR BRI Ak Y SR PN A #AHR
2 W/m’.

1.2 BEERFIEIT

TNV HERAE R I R S8 o A PR 43 K
FHBE IR 12 22 G0 7K HH B 40 B o7, A it 4 B
YA 5 I UL SR I AR TS UK. HBYR IR R
G AR A IR A IR AR AR AT, R B Sy b A 2
. JBMS U IR R R YUK, K
Uit A WAILEEAE . D A, AR AR S 5 R R A S O Ak
BORBER W BR BB WA = A T 87 R
WS R 5. 7€ OpenStudio 77 37 B2 il 25 I &
Ge LA R A i R, Ay R A RO B (Air
Loop) A 5 F1 % ( Plant Loop ) . Xf T % £ ¥4
#% (Plant Loop) , AL FH IR IR 12 7K 34
DL BK UG AN IRt (45 HE b ALy P30 %)
BN %

2 FEMEEIUAYREFERLILL BT

4 Openstudio 1% & [ A5 A Energy-

Plus iz 17, A Z2 S 8% ASHRAE H 1)
ShenYang , #1771 715 2 57 1Y i #E AR UL, 455 48



1072 WHERKESMARBFR)

o534 3

ERME 1 PR,
F1 IEREASNREFES T
Table 1 Energy consumption summary of benchmark

building
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Table 2 Heating/cooling energy consumption simulation results with variety of window heat transfer coefficient

-~ MR EIRFR B frihERE/ P EFe/ LSAERE/
(W-m~%2K™1) (kW-+h-m~%a"") (kW-h-m~2%a"") (kW+h-m~%a"")

winl 0.6 15.98 9.12 51. 64

win2 0.8 16. 86 9.01 52.38

win3 0.9 17.27 9.08 52.90

wind 1.0 17.43 9.77 53.94

win5 1.1 17. 68 9.96 54. 44
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Table 3 Heating/cooling energy consumption simulation results with variety of window-wall ratio

I HEIhGERE/ ML RERE/ SBERE/ AR AR HE¥e HUR
i Tt L )
(kW-h-m %a™") (kW+h-m~%a"") (kW+h-m~%a™") JE R EEY

10 13.82 9.98 50. 33 — —
12.5 13. 83 10. 18 50. 59 0.004 0 0.079 3
15 13. 89 10. 41 50. 94 0.010 0 0.085 7
17.5 13.99 10. 66 51.33 0.016 4 0.090 2
20 14.11 10. 93 51.78 0.020 9 0.095 3
22.5 14.25 11.20 52.23 0.024 7 0.097 6
25 14. 40 11.48 52.71 0.028 1 0.100 3
27.5 14. 56 11.78 53.20 0.030 6 0.102 8
30 14.74 12. 08 53.74 0.033 4 0.105 2
32.5 14.91 12.37 54.23 0.0350 0.106 6
35 15. 08 12. 68 54.77 0.036 6 0.108 1
37.5 15.26 12.97 55.28 0.037 8 0.109 0
40 15. 43 13.27 55.79 0.038 9 0.110 0
42.5 15. 60 13.57 56.31 0.039 6 0.110 6
45 15.77 13. 88 56. 83 0.040 4 0.1116

4 s PERIRTHE T, ™ 9% M X I 5 e FE A HL A% {4
n 9"

3
(1) 383 BEAERLRAER A 1) 43 7 45 2] 50
LIRS SR AEAE N 17. 42 KW h/(m®-a) , &
A BAEFE N 53.93 kW-h/(m*-a) , 7§ /&
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H 4y 28 NI IR S 18 ~22 C,iAF % N IR EE

(2) KEESHO SRR FE 52 M 1) fUE
RAMEUE B 5% L (LR BEFE) | A L 3R
B MR AL IR B, BB L (HEIRERE) | B T
TRIRFEL

(3) IEFREFE HE FUXT 45 R AT A5 1Y
FRE AR R B, B AR b A5 2 Y T B
W ITBUIN TELR G 75 TREOR T WL (4 [ 4
SRR S A PR RRRCR 5 & 0%

TRATRAT LA 5 260 ~ 320 mm J& £ 82 R K
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