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Abstract; Solar heating system is a promising sustainable energy source for buildings. Simulation models
using EnergyPlus and TRNSYS were used to optimize the solar heating building enclose thermal insulation.
The sensitive analysis of active solar heating system design parameters and energy consumption was
conducted to study the influence of building envelope thermal performance on the active solar heating
system. The two object functions, investing cost and lift-time cost, were used to optimize the building
envelope insulation. The results show that not only the energy consumption can be reduced by increasing
the building envelope thermal performance, but also can minimize the investing cost.

Key words: solar energy, sustainable energy, building energy efficiency, building energy simulation,
EnergyPlus, TRNSYS

P X E R AR ST IR B I LW M M TRFE. AR B SR B B R R IR
REURIEE 2 /R PR B NG . ZEPE MO IX KD R 4 A K A S R R S e
JURMHBERME R G RN EE IS MO R S o B P A 4 B« E R I o B 5 e A T 5 A
EA A 2006 ~ERMBERB A LB NS o pE A A4V 50 i W 7 78 70 S v R 5L 75

75 H 88 :2012-06-05
BELTHE:HE B KRB #E4:(50678163)
EER N : TH 979, B W+ U5, EENFEFTTREN 5T , (E-mail) wangleihello@163. com,



http://gks.cqu.edu.cn

% 2 M z

% F BB K KR

KBRS T AR AL AT R 87

FE [A)AF K BH RE DR UE R 15 50 T (il an 65 %6 fRIE 3 L &=
GHXRZGERF LK, RGBT ReAE T & . AR SCRLHE
— MR (Y S R R S 4] R S B 30 A R AR B DL AR
f (EnergyPlus 5 TRNSYS) Xif @t 44 [ #7745 #4 $4 T
PERE XS 3 3l 20K BH BE R 2 3 4t S 3 4t e B 14 5% ) iF
128 55 B o DA 4 5 i JL B S il o e G g SR AR 1
PR Eah2URBE R E . 2T g ARk 7
DX A PO 22 A A AR R SRS T AR 1 840 m®
Hor R E A 1230 m*, JERBEE ALY 610 m*,
A AN IR 1 150 m”, A 1 A 422 m®, J2 0 1 A
457 m® T R KR 0. 37, X iZ% MR B 4T B
I8, AR B — 18R S5 5 L

1 BEHEARBR

@y oy 4 2R MEE RS, Bm
1840 m* &2 D Il i i 5 450 58 & — k. =R N
TR A5 A4 A 5E O 240 mm &S00 m % B N By
200 mmJE S0 HE B T 200 mm JE I 58 A9
IREE T, 20 mm JEKJELRI)Z 60 mm JE 9 i $0 %
4 mm J5 SBS Bk %At .20 mm JEE K YR R0 5 H T I
fite o TUAE [R) 7 TOUAE & 45 A0 0 hy 90 0 50 )22 B 395 5 S
T A SRR L4 T bR o R R A

1 REERTFHEHE

2 HEEHEBRSH

F iy 22 55 20 25 REFE RSB0 514 1] LA 43 W R 2

D HE SRR AR — 2R B A TS
AL S S B 5 B L EnergyPlus \DOE—2,
DesT fil ESP—r &5 03, X B 1 2 2R
FI A J2 22 S0 R 2R 46 1 K SR 199 1 2l 25 P RE M (R A DA
JINES SRy B ) 25D SR FH ) 2 5 4 119 i T ASS 78 0 4 fif
B ZR Gu AR RS R T Ak A ok FEARLfb A s AR L 5
AL 3 A 2 570400 B 47 245 40 1 0 25 AR P R 40 2 T
Y 4B 1T RERE .

2) 2R BE RGN B R A F T
25 R GE A 0 B O RE 9 5 3L, DL TRNSYS,
SPARK #il HVACSIM + % 03 . X My £ 2

BN b 45 Bl H 8 1 2R 48 1) sh 2 ek S L AE
PP R R B TR A AT B s )
TR % ) 2R A Y, ] AR 5 75 B2 ply (2 R0
M A R G 20 il 7 % 35 T 2R 5 v A Can
PUIL s SRR S A8 5t St R A5 B 4T .

R T W5 A SRR 4 45 2l S BRR M X T 8 UK
FH RE SR B 28 45 1) O B4 Ak 09 5% i) 75 ] R A 1 3k
I A P SR BERE 5 32 2h SR PR AR R B8 R 4o it
Al 5. W4y % kR A T EnergyPlus 5
TRNSYS %} # 5 G #€ 5 3 30 30 K PH i R 1% & 40 it
BRI 5 HAT A R R R LK 2 5 3 FiR.
EnergyPlus #5811 5 T 15 H 1 £ 55 3h 25 2 fr , g A
TRNSYS gl 45 A b F 47 3 2 30 K BH AR B R 4
BT

2 BEHEERITEER

2.1 AIEBBMAEZHSRIE

D g5+ P55 R T N 5% %) #4 TP e
SRR 1~3 3 iR,

2) FEFH R REGE IR 1% /h

EBENIIE R 0 W/m?,

4) [ 1) SR g 3k B 18°C

5) A B A 42 AR 25 1 BT A 28 K B Al 42 302 L
H B % ¥ B ASHRAE Handbook™ i $iL 78 S 4
M ORINZL IR 0. 8 B 1IE R L% IE
BTSSR S &S A

6) = AN G Bl e B % 1T L A A R AR

F1 UEEEEFEPENRTIER

MRIEEE/,  SHMAER/ A/ B/
B R4 B (Wem e (Jekg'e (m?>«K -
o K1) K1) W
USIEY I A 20 0.93 1062 0.022
TR BE LW 240 1.28 920 0.188
YaWIE 20 0. 87 1050 0.02
%2 Z A 300 0.232
Ri+ X R+Re 0.382 (m? + K71« W™1)
R 2.62(Wem=2+«K1)




http://gks.cqu.edu.cn

88 T RERAE R R % 35 %
C o ]Y E >
EPW Data Reader
Solar Collector
u 'EJ < Lt _
Heating Season And Controller
:' O — Online Ploner
Mains Water < :
4 Preheat Tan Collect Pump ;
| 3 Preheat Tank - )i m
Warer Mixer Tank&Boiler Integrator Economic Equations
HHW Pp Contortl
—
HHW Pump” System Load Equa Building Load
IR = . :: E’« HHW Pump Contoller
Daily Imegration l> : " Dailleesults .
e Tl e TRNOPT
i & Efficiencies TR
> g =
Simulatio%tegration e 5;
3 EHAKMAERBERFER
®2 EHVEMEARISHE 2.2 ZFEBEBAFESRIR
e, RREEY O ERE/ SABH/ 2 S ; VR it —
S, JEL s 1 , g 200
A B mﬂ;JX/ (Womte (rbgote (oKt e | ) AT B O XU ) 45 B 7t/
K KD w mzo
BEARP R 20, 1.4 840 0.014 2) B TR AR 15 R B XPS {395, 8 5E % H EPS 4 5%
s - SR Y HE S5 (R 5 TR N 4 P
ARSI $03 60. 0.86 800 0. 070 3 RBEE S (48 E &) B 700 55/kW.,
PN I % F . . .115 N —
7;%@@?}1? 20 0.93 1062 0.115 4)%%{%*)3)%%@ 180 jﬁ/kwo
IR % 200. 1.74 920 0.022 N N .
\ o 5 B A S BB B4 L 600 78/ m?
HKIZZH 303 0.22 25 S M — 3
Ri+ 2R+ Re 0.37(m? « K71 « W 1) 6)§““7J(7FE1E®/THX42 300 E/m °
I E3 2.7(W+m 2K D REWR HH 0. 65 J6/kWh,
180
£3 REMABENATSHE 160
e TIRREU O HOAER/ FABE/ 120
B AT A Ak JEE B/ (Wem e (Jog!'- (m? . 1(8)8
mm ¥
K1Y Kb KleW 1) 60 - =
; ) 40 —
KR4 20 0.93 1062 0.02 20
BUREE LB 200 1.28 1000 0.156 00 1020 3040 %0 6%05?2;@}@110120130140150160170
. Uit )22 )52 3 fmm
FAW/RUE 20 0. 87 1050 0.02 Hrme TR AT - ) e SN /G - m)
HIEZ A 240 0.201
RS R Re o2t - KW 4 EMSSHEREMASEEXRE
N i A R B 2.37(Wem 2K D
3 HEERSW
x4 BHYIINEEHRISHE
i MARES R ERAER W/ (m? - kD EH R 3.1 EHEEHIHELERSWHN
A mEEE 0% 5.8 0.8 AR S SR B o S 1 B o 4R B SRR
B OBAREE 60X 5.8 0.8 FEATIESE T o007 7 AE B ME A S T RE AR T
g5 - 0% - - K FHRE 4 P 1T AU 28 G2 1Y K FH RE F 1IE 5 5 BEFE 1Y
L - - B, AR AR 5 5 5,




http://gks.cqu.edu.cn

% 2 M z

& F BBHEKMEE

T TR ENY X REE 89

RS EERGSIRBEATMSHRER

Bl ff/ HEHAEFE/ AT A A/ REAETE R/
kW kWh (Wem™2) (kWh « m~?2)
137 170 135 94 117

120 180,000
ook 160,000
] 140,000
=080 | 120,000 =
=0 100,000 &
§2060 80,000 ¥
jung pAS)
040} 60,000 =
il 40,000
20,000
0.00

0 100 200 300 400 500 600 700 800 900 1 000 1 100
AR A m?
T — KMARERIER  — FHOIREFE

B AMERIEXRERSEARERLRE
K PH A 3 3l 2R % R G 1 BUIR UE 3l 6506
fif of B2 K PH R 4 A AR TR 420 m”, BIFAEFOK

K PHAEM 7 LIRS 3. 46 m® SRBEE AL, SEBAKEW
ERS RGERIER LR UNE 6 Fixw.

M 0.65
= 0.60
0.55
#0.50
£045

“70 10 20 30 40 50 60 70 80 90100 110 120
FHUKFR AR m?

6 KIERIEXRSEHRKEXRE

MIE 6 Ha] LA L B i POKFE IRy 42 m?
RSP R A AR B T 100 L F#AOK . SR A F 80
KRB RBE RSG5, M2 FWREFE A 59 547
kWh, B 41 kWh/m?,

3.2 AERBEBHR IS

3.2.1 SMERATEHBGH61T6) LG hp
LT B A BT (666 , 757 1 SR 8 1A A [ AT
6 %0 T T 2 [RIRE A BH BE AR IE %6 (65 20) 2514 T - K BH B
AR PR BT I 4L 4% R AERERE D 4. 3%,
3.2.2 ¥mETHKE R TAIRZEE X &R
I 171 o7 A HROBR 1T AR L 4 AR AR FE 1Y BURME 2 B WL IEL 7
Fim .

25 9
8
20 7
<15 g’“‘ir
< 10 e
=X J =
® 2 &
1
0

0 20 40 60 80 100 120 140 160 180
JRE TR 2 X PSR /mm

< —— R
—— G %

—e— Hidhd
e SRR - = = REFERIXT

B7 BHEER XPS EEGRMEST

M7 dal LA 2 R TR IR 2R E KT
60 mmH} . 5 R R G A PO ImT AL K 44 fiE
(30— 25 D8/ I A A AR AR AT 100, Bbe, d 3
KW B fnf IR 2 12 00 B2 FA R 1 B R AR Y 1620, &
EREFEREARZY 17 %0 .
3.2.3  ¥msbiEARIR AN ORI E R AR
I 70 £ A RO TET A | 4 AT RE AR 1 UM 23 DL AL 8

Ji 7R o

35' 14
< 30| o
S 25 10 2
M 250 : 2
3\20 =
215 :
=10 .

5

- 20 40 60 80 100 120 140 160 180
AN 2 EPSJRE /mm

—— B R = R

e R — R %

/%,

AU

SN B X

B8 S5MEEPSRIEEES RS

MBS o ml KL o, 250 G 4 R = 2R T
50 mmihf, JEHBE T 04 LK BH BB 4 Btk L 4 fig
HE— 2B BAR O AR AN T 2000 oI A SR I
ST S RRAR T 24 23, 106, K BH 8 4 A T AR sk 2 24
27. 7% , AR REAEIN D24 30. 30,
3.3 ARRBEBEFESNT

TE b IR SO 70 BT 1 R Ak AR Y 23 AT A ST A
AR XS BH BB R B8 R GE W W1 W L s AT o ] KA
7 i JA 0 9% P 0 R L DA S e DG 19 A SRR R
MWl 2R s HAR R R 5 3 3 K AE
RBER AT RGN FF AT 25 a, A% R EE TR M 4% T &
HREMEER,

PR [ I 25 1 S SO U B2 R BT 3 S B B Y
B A B 25 s SR O M BB B i e o R I R i | Al 1
PR B A T A L B R AR A D D T A R B R
FRIBLR AL

G e DA OUJZ B3 2 TP L L A 35 i X 3R
HRMHRER R RG LB BT 2 P LA
75 o A S A I AR LK 6, 518 9, 10,
FiR .

R6 SETHER

T A W% SBITRH 4 751w JE
Jt —19 628 41 625 21 980
JG/m? —10.7 22.6 11.9

M 6 Rl LA L Y AN B OO B
B, BRI w2 19 600 76 (10. 7 J6/m?) . 2
BATHAT G 41 625 70(22. 6 J6/m?) , & H v A W



http://gks.cqu.edu.cn

90 P RAEHRERKRE IR

% 35 %

FRE AT LI 21 980 (11,9 J6/m?).

250 000
e, {120

12200 000 R an . 00 5
% 150000 /=" 80 |

A I -
100000 % 60 5
= 40 2

0 _*
0102030 40 50 60 70 80 90 100 110 120 130 140 150 160 170
& THXPSJEE /mm

E: — WG e SBATHI —e — 2 A5 )

B9 EMEREZFESN

HE 9 TUEH, 42T EEE A 60 mm
B o SR 5 B 1 10 48 (B e R L 290 46 657 J6(25. 4
Jo/m*), MR TR EEE K 100 mm. 47 4y J§
WA, 20k 219 025 6119 J6/m?) , B Ik
XoF K B RE SR 8 451 = T 3R )22 1) e 11 D2 B Sl 60~
100 mm, X ) A AE TR B 0. 42~0.27 W/m? « K,

500 000 73

400 000 LTy —~
300 000 :i: £
200 000 g3 -
100 000 1 B
E - -17 @
22-100 000 -67
~200 000 -117E
300 000 &

-400 000

KT

01020 30 40 50 60.70 80 90 100110120 130 140]50]66
HPEEPSIELE /mm

—— W B T Y e AR

10 SMERBEFED N

10 Hrm] LA L 24 50 5 AR RS B2 8 50 mm
B WD 9% % P W 8 M s, 290k 35 793 J6 (19,5
J6/m*) . MAMERIER)ZE R R 70 mm, 4 75 1 i 1
P AT A . 29k 344 183 J6.(187.1 76/m”) , A
I XA FH R SR B 22 90 J2 TOU £ 30 )23 1) e 0 J B Sy 50~
70 mm, %R AL RN 0. 60~0. 46 W/m” « K,

4 & 8

R FE BSCTE A0 5 328 % K H B SR 1B 2 570 1 4 T4
figxs 3 3 K BH AR R B RGBS 805 REFE 19 5%
PEAT A3 AT . I AW B8 55 4 75 i o] 1A 5 A4 7 T
SE TR B BE AR S I THERE AL IR R /3 T 1A
N

D) YA i Hh s Bl 3 B A SR A SR R 1 e B
1% 6 %0« K BH A8 2 A 10 B AT I > 4. 406, A RERE
W 4300, TR A SR DR R R ) % B B i 2y
10.7 J6/m” . & 44 11,9 J6/m”,

2) M T XPS {2 )& B KT 60 mm J5 . &
SRR R A7 Ao A RO 1T R DA B 4 4 BB AR A4 AR T U /N
FALF 100, I B B AR 2 T XPS {2 %

JE 2 60 mm, xf B AE AR KL 0. 42 W/m® « K. 2%
Jil 391 2 FH e AR B 2 T XPS il 2 J5E 82 O 100 mm,
XF R IR R K 0,27 W/m® - K.

3) 4 5hEE EPS SRS EE R T 50 mm B, @I
THAAART K FH BB 42 P L 4 47 BEAE (1 A X s 20 A1 T
2% . P T AR B S5 EPS R IR Z R R
50 mm, XN )AL PR HEON 0. 60 W/m? « K 42 75 i
JE 39 9% B AR A A5 EPS fRifJZ IR B 70 mm, %)
P AR K 0,46 W/m® « K.

S E K

[ 1] Energy Plus. Enginnering reference [ S]. Lawrence
Berkeley National Laboratory, 2010.

[ 2] TRNSYS 16 Manual. Solar energy laboratory [ S].
University of Wisconsin-Madison, 2006.

[ 3 ] Mk BB, R Y 18 . 55l S BR B8 B 145 #8000 A B A

DeST 45 1 YF@ B H ARG DeST K R AL 1. Bl
258,2004,34(7) .
Yan D, Xie X L., Song F T, et al. Building enviroment
design simulation software DeST simulation and DeST
[J]. Heating Vertilating & Airconditioning, 2004, 34
(7):35-39.

L4 1RI I8 ILAC. T F & FIAIF 558 £ RS
CML o g 3 Tl e R4 5 2005,

[ 5 ] ASHRAE Handbook HVAC Applications [ R]. Chapter
33,SOLAR ENERGY USE,2007.

[ 6 ]1GB50179—93 g ik X &AL S]. b 5t o [ 3%
AR AL - 1993.

[ 7] Weather data for building energy analysis of China
[M]. China Architecture &. Building Press, 2005.

[ 8 ] Tanbiruj M D J, Masudur M D R, Design of a direct
gain passive solar heating system [ C ]//2010
International Conference on Industrial Engineering and
Operations Management, Dhaka, Bangladesh, January,
2010.

[ 97 Cheung C K. Fuller R J. Luther M B. Energy-efficient
envelope design for high-rise apartments [J]. Energy
and Buildings, 2005, 37.37-48.

[10] Soolyeon C, Jeff S. Haberl, Integrating solar thermal
and photovoltaic systems in whole building energy
simulation [C]//4" National of IBPSA-USA New York
City.New York, August, 2010.

[11] Lazzarin R M, Castellotti F, Busato F. Experimental
measurements and numerical modeling of a green roof
[J]. Energy and Buildings, 2005,37:1260-7.

[12] Mei L. Thermal modeling of a building with an
integrated ventilated PV facade []J]. Energy and



http://gks.cqu.edu.cn

% 28 I &Z.5.BBBEKM

A R BE A SL I T M R AL AL AT R 01

Buildings, 2003, 35:605-17.
[13] Linden B D. Optimization of solar district heating

systems: seasonal storage, heat pumps, and
cogeneration [ J]. Energy, 2000, 25:591-608.

[14] AlZyood M, Harahsheh H. Thermal economical
analysis of renewable energy buildings towards low
energy house in jordan [ C]//International Renewable
Energy congress, Sousse, Tunisia, November,2010.

[15] Neymark J. Applying the building energy simulation
test (BESTEST) diagnostic method to verification of
space conditioning equipment models used in whole-
building energy simulation programs [J]. Energy and
Buildings. 2002.34:917-31.

[16] ANSI/ASHRAE, Standard 140-2001, Standard method

of test for the evaluation of building energy analysis

(k3% 37 70
Lyu M J, Yan E C. Study on distribution laws of
landslide-thrust in double-row embedded anti-slide piles
[J 1. Chinese Rock Mechanics and
Engineering, 2005, 24(Supl) . 4866-4871.

Journal of

[ 8 ] Xiao S G. Comparison of the mechanical characteristics
of double-row piles and door-type piles with medium
and small row spacing in a large-scale landslide [C]//
Proceedings of the 2010 International Conference of
Logistics Engineering and Management, Reston:
ASCE, 2010.

9] HtE. GG E T h B G B0 BE I 53 81 77 1%
KT &+ %%, 2010, 31(7): 2146-2151.
Xiao S G. Analytical method for h-type combined anti-
slide pile retaining langslide or excavated slope and its
application to practical projects [J]. Rock and Soil
Mechanics, 2010, 31(7): 2146-2151.

[10] i, hIEPiiE s A2 TEHOR B LD]. AR p)|
K, 2005.

computer programs, R. American Society of Heating,

and Air-Conditioning and Engineers, editors [ S].
ASHRAE, Atlanta, GA; 2001.

[17] Viorel B. Case study for active solar space heating and
domestic hot water preparation in a passive house []J].
Journal of Renewable and Sustainable Energy, 2011,3:
50-55.

[18] Zogou O, Stamatelos A. Optimization of thermal
performance of a building with ground [J]. Energe Convers
Manage, 2007,(7) :12.

[19] Viktoria M, Fredrik S. Compact heat storage for solar

LJ1. of Solar

Engineering, 2009,131.

heating systems Journal Energy

(i ¥ %)

CL1] skiesh. h BIGTH HE R A BRIT AT LD, AR U 52
WK, 2008.

L1208 A L. B0 0% 18 B 44 27 00 B Wi 38 44 0 00 3 7 0 AR 1Y
WMol Ha %5 TRER, 2002, 21(4): 517-
521.
Dai Z H. Study on distrubution laws of landslide-thrust
and resistence of sliding mass acting on antislide piles
[T Rock Mechanics and
Engineering, 2002, 21(4). 517-521.

[13] Hassiotis S, Chameau J L,

Chinese Journal of

Gunaratne M. Design
methods for stabilization of slopes with piles [J].
Journal of Geotechnical and Geoenvironmetal Engineering,
1997, 123(4). 341-323.

[14] Tto T, Matsui T, Hong W P. Design method for
stabilizing piles against landslide-one row of piles[]J].

Soils and Foundations, 1981, 21(1). 21-37.

(4 WED)



