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1.5

eI 4, BT R SR R AT Mk CURoA = B R IR TE FEAT I 2 —,
29 A A BRI SRR 1) 40% [1,2]0 ARHERI /R KV BRI A 1 % BR il -F- i
AL B AR REIR T FE A B Gor T BdE ,  FATUR BRI 31T R e U5 FE L T
AP KA, HAE 20104 H A 40%, 1F 2013 44 43%, T {E 2020 4F
FEFE 46.7% [1]. BbAL, BT IR AN RE T 25 5 52 2 8% v el AR 52, o] 7R S )
WIPEZ ) T Al mmiR, JTHRERE X, ARG, FL/RMSHL. B
BRFEE/RIRER, ZVEHLIX 2021 4F 7 H FIAIRIAR] T 51°C [1]. X0 575 1
L BREIRVE RERIR G N, 5450k TUTEM A Ak, EHAT 51T REAH
LR RS 7 T AZE R AR [2]. RIIE, 40T ABOR E S 2 18 s AL IR
PE RS A2 P AR RRYR I AEE F

PR FAT W BEVR R BB ORI 2 — A0 S0 % Fe SR 3 5 4 1) & T
i L. SN CFEREEE. BTN, &/ATD , /S RANRE [
BB, 7RI R B 5 7 TR S ER [3-5]. @it itk @ i
SRR, AT DA K PR e D A T AR S AR AN B A
i XA LU &Ry L, A S R E R AR A RRRE L
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BT A S OE RS TG & P R R

AR, A B 1) R T BAT R 2 0 BRI AR R R . SR
W, R B SR EATR B #i g 25 m] LA ok N T HE B AR R =R sk . S — 7 T,
FE SIS T, TR 88 AN B 7 et AT DA KR B2 sk oK P 8, IR/
Xof B4 28 8 R A o

HEL, FEEFTN G BT R BARRI N (A8, BIanscm) . B R B R
H, sZiaftfb BEIREFER NS IR E 2. X ARG HEEE ¥ e m . SEHE HVAC
RGN REREOCPARE,  BASF F R U5 A8 B 28 Gk th 2 M il e U5 FH

SRS, RSe FE S Hl4 5 vt 25 R IR FH IR T, 3 v i 3
A7V BEVE S A R g . I ST @R A Bt B BH R AR
i, AT RASEILEEE T RERCR, AT FEAIRIE & BOAS T 4T 36 58 Al 47 82 1) i A B
[6-9].

N T PEACESTRERE, RN ORIF = N IETESE, S EAT 25 7 s A

BTRETRIG . [5-7]. FENHOREH BB SN RCA KRR [8], K™y
REFE AR Z BBk K R 2 (1) 0CVE [9]. 30 S 149 T 6045 K A Trombe 3% [10,11].
BFURE LS [12]. BRASIEL [13]0 RAARL [11]. ZRER T [10)A0A 244K
(phase-change materials, PCM) [14,15]. PCM X TfiRe LN EE, JLHAER
PArp, SR AR I AR JN A R BT AL AL, AR TR RE
VEVEAE . XX AR BRI AU 7 R TR S A BUE B SR SE T 3
FARAE FEAR AR T 407 77 T PR RUPE [16-18]. SNk, PCM I8 3 55 R B 5 A1
Bid . fER LB — DRt 5CH, Zhou 1 Razaqpur [19]7F K& T —Fh¥i M 3 &
Trombe %, ZWEEEA THEAMELA PCM, PUREHGEER ., {414 B
FTFE RSN 112 (computational fluid dynamics, CFD) X bt J iX Fhih 5 &5
HHIVERE, SARERTRRRCREIERE T 25.3%, #RERIEE T 79.8%. WAL
R, FrPEBERTE PCM AL, R S A SR R s, AVEREEE AT
Anter % [2017EMATHIWE TP AT 1 BRI, BEIT 1 AR B T A FSE AN R
PCM (PSRRI A B TR A B e . i A A —4E CFD B4, Al
PEAL 7 PCM PR BUANAL B . 25 R, WRIN PCM D PRI 7 = ARl &, F
PSR B S HARVE L. RT-35HC PCM R I H sl 1 PERE, T MilE
TR B NG AT /MRS 1.5 cm A4BBS . Muzhanje F1 Hassan [2 18/ 70 55 552 AL & F
B UATEARAT PCM. AT T8 TR FE AT AR, R & PCM 5 AN [A] 9 K
Wil G AE— AT . AN TSR 2 I 7 3047 B B, L iEFocE
ek, JUHRXS TEMT . 4REY], FEI I RIS A0 EE [ 1 = 1
41% [22-24].

i PCM MIFASZ #2819 21 R G SR AE 2 VUM T SEBILTT RE V8 EIAE K
%R SR A B/ REFE TR IR RIRBEFEAIC 2 °C, Bl = N U B e mAET &
FE.

ARICHETT T A SR AE A R VD I8 U (3 2 1 AR 0 B A A RE A 7 THD
A RPE. FEFLPEAL TRRE. ESRERAT PCM fE—FE N RIRI, FHx sk
B 53 AT TSI A S
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2. 5w

AR FHE ALK E Google SketchUp BEiTHI—BEThREM: 5 &, AL
TR IR S R E w5 R G4 BB R AT EE A A U S AF 98 A 0 (Unité de Recherche
Appliquée en Energies Renouvelables, f&#% URAER) . &l &5k H
URAER KM Jz Tol e S0l Bl o 82 300 1477 7% BA IDF #% M Google SketchUp
S, BEE SN TRNBUILD TRNSYS 18. S Z ¥ ¥EE Type 109 f&
P53 Simulation Studio #FHY, WIGABLALL R AL A MM T TR L T HEAT
B, AR T RS CnksaE. RAERAIE ) I AR,
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Figure 1. Simulation flowchart

N T PG AR A0 SRS A AR g Y A A 8 ) FART 3 AN IR RERE A6 7
T A R, AW AT 7OV — SR T vrAG . BT SRS EAERR . BAR
XA PCM BITEH] . BRI 00 AT 1A AL S PP, DLVEAl I 8k
ANEEAR T o

3. SRR 3 /RIS HR AT 1E B RS

RIS HRAL T AL G R Dby, B BRIV B, R SR R iR
AURIRE . ZHI X PRI N 22.61 °C, XEHRAVIIRA 1 %S 5.5°C,
B AR 7 A0IER] 41.7 °C. FXHRE B E MK, 758 38.33%,
AR E 7 A0 B2 21.60%. 55 /KIKEBFHGTE AR, 4135 K FH 48 S it 20
MJ/m?, HHEE G 3000 /4. mHBRN ERD AR, %X R
AR AT S AN . B 2 R, EE AR 53 ST o E
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Figure 2. Mapping of average annual values of measured insolation duration (1992—
2002) [2].
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Figure 3. Psychrometric chart of thermal comfort and design strategies for climatic zone in Ghardaia.
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Figure 4. Histogram of hours of comfort and discomfort.
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EINAER ARG, WA R A shHems . 58 —FEOL T, AT T
P EREmE (RTRRREERSN KRAJER, A1 cm®|10 emAZE, BLIEAY
B A R L1 52 50 ) ) o L e AR T AR Lk o AR B AL R, BRAT
DO R THEAT R A, LRSS RO #r6:4> H IBERE [13-15].

KRR MR B PR R, S fE (L H I EF & . AEX A
LR, 3G RS DR AT A7 & FE AR 1 7.3%, ARG T In642 hiETIEE . X
R J 3 BE 9 723K LU AA I 0 I ] P JR 52 8 AT S IR

FERXMIEOT, BB RIETERIER 727.1%, XEWEANTERMET
JEERE I TR LE B B v o XA 24 52374 hi)&Fi& L

RGN T A AL ZAE DL H A 15 DL BEAEXT L

K1 ARG 55 E B I REFE LR

Table 1. Energy consumption in different insulation scenarios compared with ordinary case.

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total
Ordinary case Heating (kWh) 3570 2210 873 45.8 0 0 0 0 0 65.6 897 3100 10800
Air
conditioning 0 0 0 0 10.6 903 2700 4350 3790 1900 244 0 13900
(kWh)
Insulation: 10cm Heating (kWh)
Walls 1700 947 205 0 0 0 0 0 0 0 155 1350 4350
Air
conditioning 0 0 0 0 10.6 903 2700 4350 3790 1900 244 0 11400
(kWh)
Insulation: 10cm Heating (kWh)
Walls 1640 1370 1040 305 0 0 0 0 0 1.89 374 1270 6000
+ 10cm roof
Air
conditioning 0 0 0 0 0 104 573 572 199 2.83 0 0 1450
(kWh)

BIE 70 235 AR R 17 B8 AR e o B A e ) Ao P X 03 S SR A B P ) T
Vo IS5 S IX L HNg, T LR IR A R, [N D fE AR
HIRLETE = AL
o RTEE, BATUEREEMREBIHAEZR MK B AH (1 A, 2

A2 F) By MRS, TRAKAE (S HE9 7)) MEENE. @il

FEREFYIIME LI 10 em BHRE ZMGRINE, Frd A B IHAE AL

BEWL, HE4AR10 AR AR NE . HEINEERJZE RIE D> — 8

P A IR S, JUHARAE 5 A& 9 ASERERAI A . b, 48

KAy, SRR AR BIE, R A T EE AR AL AE IR FF 57 38 1R

[ MRHELIEA G 4 A 10 SWIER AR, B BERE T #6 2 2& )R

by RERA e A THER . IR R W IR I PR LR AR A5 e S RE IR AR

A AR5 5
o  KTHI%, BFE (6 HE 8 J) Mgetthim, mHMHA MM NE. £

HhEG EIEIN 10 em 3R LI B FAZE FT 25 b i R 3 IR T AR . 51
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an, 7 A4, BEUEVHAEM 4350 kWh R %3] 3180 kWhe #R1f1, £ 4 HAI 10
H, Ba#a R T80, ROAReFERS G 38N, 3X 5% BH 75 X L8 5 S 0 i Y
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DS E L, DU DR IR L4 S A R e B Ol . fESME X
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Figure 5. Histogram of comfort hours for thermal insulation case and ordinary case.
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5. F|FIPCMHBEAT 8 3 R YR AL AL

TEAREF A, RATERE T PCM RH 555 2 1 B Bl 47 45 J #4 S A (1 52
W 2 fizn . PCM AT LG Ehith 7k A M SE B R A . ERXFHE LR, R4
¥ PCM JEERIERINE, HERERR. EENRA, w77 R
EIFIEE e, X5 Hamdani &5 [2]H98F 78— HH RRME ST T BSED
SAEESRT, PCM SEAE B X N SR REm, e E/MNLES
PCM /& A H 7o X T TAE & 75 7890 FIFH PCM IR IR I e

R 2. KM PCM JZ AN 20 H AEEFERE R F K (kWh) .
Table 2. Monthly and annual energy needs for heating and cooling with PCM layer (kWh).

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total

PCM Heating (kWh) 2190 1302 412 39 0 0 0 0 0 162 420 1750 6275
layer Air conditioning (kWh) 0 0 0 86 790 1830 2550 2230 950 40 0 0 8476

0L 35 Tl 0 b 4 A n ], 38 I A TN R R AL AR A A T A D
PCM TR, FH¥HMRES A PCM MR HE— BT R . AR5, BAE
Fi TRNSYS-18 F1 Type 285 [2]%F Y B AR IR M REEIT @ 1BL, 4 T &
H AT RERCRAN 55 [ PR S N 2SR . IRIES R EE R, FRATHHT 7Rk
[

SEREW, 3 H. 4 A 5 ARREFEE LA AT FRE, SR R d
PCM I}, HEARAERESS WM 25.7kWh. 27.8 kWh Al 114 kWh. 6 H HIBEREITUA E
. 7 HREFEIS BIEAE 480.3 kWh, 8 HrREFE4REL A% 312.2 kWh. {EIXHp
THOLR, A EMRRTT RRAE 6 HF 7 A% | Ri21 4[] PCM, {H{E 8 H
fy, fEHEAER R26 B PCM g5 R EoR, T PCM RIS LT A
F PCM P50, T SR

SRR, XWEMEA PCM RSN, WEEE TR, Bk, ®ITK
B, fE—ERRNELEAG, BABE PCM, FNESHRamEnm, S
HEMEEIRTE R RERAMEI A 10 A 11 AL 12 AR AHH A R21,
RN 5 R26 IEL, 'CHE T Hifss

6. 58

BT PCM 2§ rerib A AT: 8 AT 38 SR /D RS FE A SR B Bl 5
Hl%:
o NARE PRI A IR I B BEIF S AR R T IR IR, AT 7.3% AT
WG, AR TN T 642 h (P& [A] .
o (EEREEMEIN LM 10 cm BRIBEHZ, W T m i b ik 45%1
o RIEFTIBREY R 1 ERE Y TR RIS B L EA
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Assessing the effectiveness of bioclimatic strategies in improving thermal
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Abstract: This article examined the effectiveness of bioclimatic strategies to enhance thermal comfort and decrease energy
consumption in a desert-climate residence. The study assessed the impact of thermal insulation, natural ventilation, and phase-
change materials (PCMs) over a year, with each strategy evaluated both independently and in combination. Monthly energy bills
were analyzed to determine the impact of these strategies. The results indicated substantial reductions in energy costs, with decreases
of up to 50% during transitional seasons; however, the complete elimination of heating and cooling systems was not feasible due to
significant thermal phase differences between indoor and outdoor environments. Further analysis of thermal discomfort hours
revealed that increasing insulation thickness during specific seasons could mitigate peak heat intensity and delay its occurrence,
thus extending periods of comfort and reducing discomfort hours. Despite these improvements, some periods of thermal distress
persisted during the warmest months, underscoring the necessity for a balanced approach to climate adaptation strategies. Overall,
the implementation of these strategies proved effective in improving comfort and reducing energy usage in desert-climate homes,
although they do not fully negate the need for traditional heating and cooling systems.

Keywords: bioclimatic strategies; thermal comfort; energy consumption; desert climate; thermal insulation; phase-change
materials; natural ventilation; energy bills
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