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Thermal design optimization of envelope for ultra-low energy buildings in hot-humid regions

Taisi Tong
Zhejiang Dayan Construction Co., Ltd, Hangzhou, Zhejiang

[ Abstract] With the impact of global climate change, the energy efficiency issue of buildings in hot-humid regions
has become increasingly prominent. As an important means to address this challenge, ultra-low energy buildings need to
optimize the thermal design of their envelopes to achieve the dual goals of reducing energy consumption and improving
comfort. This paper analyzes the characteristics of hot-humid climates and combines thermal design principles to propose
an optimization scheme for the envelopes of ultra-low energy buildings suitable for hot-humid regions. The optimized
design considers the thermal performance of external walls, roofs, and windows, striving to ensure indoor environmental
comfort while saving energy. Reasonable thermal design of building envelopes can significantly reduce building energy
consumption and improve overall building energy efficiency.

[ Keywords] Hot-humid region; Ultra-low energy building; Building envelope; Thermal design; Energy-saving

optimization

515 MR IX A SUREFERT Rl 5 H R AR AR E VIR K

MR XA SRR AR DRE TS AN A X R R 2, SRR R, BRI,
AR, R AR AL MR IR B, RN XA E AR N R . AR
SRR LTH &R T BRI REIIR B8 o 9 7RI — ] 26T, @5 2 2 2 i A B AR L, = i
A, BIRREAEE U ML S IZER A 2UHE o BRREREE I SR A s, SECRERIEAEN T2
FORBEHAEISAT W B REIRTHAERAR, MK MERIE. @5 SRR A A s iR R A
AT R HRBTE . UL E A SR TTIERE, A T2, TEA RIFFIAREEVERE, DU S AR i it
R DL ROt B AR SR AR BR DA, IERECE =AM AJFB R BN RERE MR LA (@ B 45 H B
RIR RS, BT AR IE S AR, TR RETE IR AR P AR RR IR, 38R
A BERTHEAGBGBIRREAE R SR S AT Fesgn, F 2w dt 5 p &7 G PR A8 F 75 i .

st & R A RGBT, BRI S RERE Bl S5 A 1 e b A T BRI A I RE L AL
WA F TR RS EAE . A ola e ko SRIRIX A S 4 45 b A RR 2R 2 R A4
TR, FFFR BT X AL SR BELPE, 7 A RO B IR, DU iE g 2 %

1 SEAM DR TR RS = R B HR T RI Bk Buh B AR B A R SRR ko P S5 A R R i

-30-


https://jer.oajrc.org/

HOKH

T A DB REAE I U7 45 M IR Tt A

PRI T T 22 50 EE 0 AN [R] T T 78 Ml X R R O 75
SR A X PR SR G 2T 2 DGR Bl [ A X%
JT I ER o AR TV B P BT AR 75 A
PR AR IIENE UL SOKZE B IENE X TR R A2 T
SRR 3 PR B PR LR 368 &b #8308 I e Tt e %
A R SR TR RN, T A I BT B
3 USROG AT I ROR A = P9 R TR R B A

DAL DX 3 SR 1 B 97 5 T e £ 25— K Bk ke
FEREVE AR B P o T IR R AR, BTN AR
RN, IS A A SR, HilA TR 2 BLE E Y
TnEaE . O T b BERE DUA L9 45 H B DT L A
L5E 75 R AL T BRI AL R o Gl 5] AREh 2
EHELR, P10 B B ST R B0 E 2R X
T AR IR FH S SR PR SR IR SRS TR R, B Rl AAE AN 38 A
WONEIRHAERIIE LT, A R R FM REIR T K - 1X
SEV T B BRIK St , AN AT DARERE TR AT A, I8
B3R R SRR AR RE RO, HESh R 5 S UK
HARKISEIL o

2 BIRgEREFAEIPEAR TR REE

FERE A D, RIRREAR I 3R 9 4 M P T
DAL REORTE I B AR R A 8 AT, W R S RE
R BUR M RERE AR T IRFF A MEFERE . N Tk
FlP AR A TR RS, R HUAP LI A e vt 7 20T
IR DI RE  SMEAT R IR R R R HE, WATRA R
G HOABEIERE , JFREA R SHAS AP T AR 5 SR
BEAIERIRALRL, IR (VIPs) « REABRIEIRIR
ol e R R I, T DA RO A T AR K A% 3, T
BEAR 2 R AT o FEAS BRI R T AL BT T SN YRR R 1
IS FH e 1% D/ R BH R e, B AR AR SR 9 A R
72, MR 2 R R G fdE.

FERR T T 7 T, D0 SR LB 55 B v Jo T 4
SATRESIIF IR RE . TR TS R R A
HMERIASE A (0 KR, K FHAR S AR T = 3
s IR LRI , 1T 8G 00 A 1 H v g o A R T
Bt R AR SRR AR TR ARk, AT ELA
PRI AL P20, X FaAL T, MY LA
H UL R ST B T SR AL B IR - [RINIE g
BE DN AR AR, b b IR R A . R T
RGBT AN 2L, 3 R E A 1 IE KUZ K T TR
B DR R AEFE T, e HUN B AR .

T 7 A R S P 5 v 2 M A A RE Y B B AR
oY, HARA BT N E TR b K RS I EE N DL
P PO A ARG B LR o LA XUZ B =2 R #A

-31-

3, T LA R R AR, SR R AR B R R .
EHERIFRLE R AR OG8RI S A A T HE S
BRI T, 7T DLEE— P I R . P RS A
A7 EAL NARYE R HA W BEAT S E T, B K A
S B A A FEIBRH B U5 T, AT DLIE R A B
HNUERHZEE B, 03 E AR B B 7 R AR P ELAR R
1658 % A AR E e I e I RO 2 A R, TR
FERRFF RIFRROE 26 AF N, ARG FU R Y 25 H 1)
ATAERE, BRERREFEE A BT DR

3 RAMXEFSHREERAUTREENE

MR DR S 3 SR IR RE AL TT 56, Kl
H br2 DA 6 B i v A RHE R, BRAREE SURERE, [A]
I i v A A A o P S A DA 75 S R AR Y
REBRTE, JCHRE R AT R AR AR, IR BT 7 A
DB R AR B RE ST, B BRI IS IE AT K]
B AME LR, R AR IR LS 2 RS SS
F LA R BEAR AN IR I A 5, /b 2 R ) 9 ST o 4
B b, AR T R I E SR BCR 2=
JRBRAREE R, A BT TGN SETHEFIA R
BEo ARSI AOMERH BETH AR B2, S EERIERIAR . T
- A R A5 T DLBE ARG B, b s A R
B

JRTT A RE D AT T8 b Xl 30 28 R L 2
PR B T 7] A 5 vl A i 2R OR BB 4 2 2 2
MBI PRI . Oy 7 RSN IR, RIS
KRR AR, Db Al R T A N B AT, R H]
SR PESE R A RE s S SR = B o R AR, AS
BURE SR AR, 34 RE FEAR 2 TR ThTIELEE M T
S 0 GAT o E R TR T T, R 7 i T AT AR A A
&, IR BN PR RUR o G 1 B % R T i 22 2
ARG, AMLRERE o AR, S Reml IR = 08,
— A E WAL . A BRI E R X, REfL ik
AATHE, I BTN I AGERR, N ST AR
P AN BN ETE LB

BT F P S A IR REAR T 5 — A
HEJTI, JCHAER A, & A& RIFHI R
IAERE, IE A ROM T E AR JE AR =R
B A AT, S5 AR PSR A T A, AT DU 2 D
AR IEE . & AT AR S 2 503 17 5 BEAT R
BERBRZIBDC B SR E N e it — PRI
R BANMERI B R HEL, HIUnR AL B SR T
T BRI TR AR, RENE AR S AN IR B 3
PHAZRZ, 3t — Dol = N 2 R DA » IR BT S HEOR I



HOKH

ARt DGR (IR BEFE R S Rl 47 4 M IR T i DAk

LREIE M, AMUBEA P R S B S5 M IR RE, i
REJVE ST REAN T IE PRS- S O P, (2 BEIR FA L X
IR BE MBS SR St

4 AL B RITE SRR O

St P i AR RE DAL T e, AT RERR
BUA 7R GE B IR A m AR IR AR LA AR ST
MRS AR T B TAARG B RE 1, EHAAER TR =N
IR EEAS 3 1A ], 23 R A R T B, B
HhEEAE AR T AR B B S MR DL RSB I S R TR )=
AR T AR REE, W T AR R R
FIBHHPe i, JCHR RN 1 R T e s
JR IR R, BEAR T SR 0 1 AR, AT R 1 KR
ERTRIREN, b T RERE. £E 80t RA2
JE BB S e R, KRR T A R
BE, WD T MRS 5 A IR RE R A, 4 — 2D BRAIR
T

DAL T R LA AR T BERE, IE2GE T
AR IE N IR0 B AR XA REE FH AR
SRR , 5 A IR B 4% ) AR A ARG B, B S 10
FEMRAHUCE I R 58, Tt TSRS &
FEARS o TR XSS SE R A T S5, AMULRE
FER Z RIS A N E AR, IR R0l Rl iBE,
b T N B AN SR T Tk ) BEAORT S 1K
SEARALIE A DUE 2] T HATRERCR, IR iR 1R
FROTIES T RTRT R 1, O3 P b X FR B IR REAE 4R
BT AT B T R

5 &k

E 3 X A At DX B AV S T L 7 5 A o T i
LA, REVEA A FRIRE SR RERE, T2 RETEAM IR,
Il % IR ER I AT IE M & IR R HUMORL L A 1%
TH7 S8 < s AR s A Rz ], AR 2 R A
GRS BE S 56 A SRR FH A AN AT R S o XSS fb s
Tt R A X HUK T e v THR O T4 7 I ELRAK R
ANSLEAR T, 30 TARBRE RN R E , IR TR AL
B T OISl AT g o T 5

-32-

SR

[1] 2 20, 50, 55 R Y 2% 11 T 1 #dth X g 530
B R 78 R B RV 0 W FE 131 BT RE(Hh 9E30),2025,
53(03):108-118+132.

[2] Ak (] (548, XU, 25 10 FAHE XK 72 F7 58 B S 30
KRR A [I/OL]. T E 57,1-16[2025-06-24].

[3] VAN, 3058, BIAR S, 25 0 Hh i [X A onti A 2 R A S e 1
T 5 R A IS AT O B N SBR[ /174 ,2024, 43(05):
1-5.

[4] T, X SRR, SR TR X AR R IR B AR A T R
COE T T[] AR IR S H R ,2024,46(08):13-17+28.

[5] FEMHIR A B A X BRI SR FEH RS
O [J].7 )7 1 49,2024,(06):96-106.

0 RE 58 ST, B0 IR R AR ) SR AR R A
RAIERERT L [C/ 2 H @ H R FR L L H IR e &
R BHALVHER SN RS BRI TEARAS
TAFR R MEAE N G185 2023 2 EEHERE
T AR SO FAARII 2R SR AR E TR
Sl SR A e S A S R 2 [ X SR 5,2023:
125-128.

[7]  RWHLE B AR R NG X AR & I SRS
PERIHRR[CY/E RV S 2 (FIB) ,E Rk 2
(ISCA) [ 1A BE B2 (MSCA), 7 [E Pt 2 (CBF),
r G2 F ) R0 FIZ N P4 (CRSOA) 2023 4F
JREPRA B RHE R SR ST R TR 5
kI 22 55;,2023:1205-1213.

[81 B, I (e JB FAh X K R G firp ol R T R 1B 11 SRms
WEFE[J]. 24403 47,2023,(07):13-15.

(6]

FRAUFEBE: ©2025 1E# -5 FFBGRBUY I 72 0y (OATRC) it
o ALEEFLMAIRILEB AT KKK

https://creativecommons.org/licenses/by/4.0/

O



https://creativecommons.org/licenses/by/4.0/

	引言
	1 湿热地区建筑能耗特点及围护结构设计的挑战
	2 超低能耗建筑围护结构热工设计的优化策略
	3 湿热地区围护结构热性能优化方案及其应用
	4 优化方案实施效果评估与成果分析
	5 结语

