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Abstract

This study focuses on the "integration of building carbon emissions
and thermal comfort models" to explore how to balance energy efficiency
and residential comfort in housing design. The study uses a residence in
Shalu District, Taichung City, as a case study. The area has a subtropical
coastal climate characterized by hot, humid summers and strong winter
winds. As these conditions often create conflicts between cooling energy
consumption and the indoor thermal environment, this study establishes
an assessment method that balances "energy conservation" and "comfort"
through simulation analysis.

The research utilizes SketchUp to construct a three-dimensional model
of the residence and EnergyPlus to perform energy simulations, analyzing
the impact of envelope materials and shading depths on annual energy
consumption and carbon emissions; the roof represents the horizontal
envelope, while external shading represents the vertical envelope.
PMV/PPD thermal comfort indices simulate variations in the indoor thermal
environment across seasons and time periods to compare the comfort
performance of design schemes and verify airflow guidance designs.

Simulation results indicate that when envelope insulation
performance is improved and paired with appropriate shading depth, the
residence’ s annual cooling energy consumption 1s reduced, carbon
emissions decrease, and indoor thermal comfort improves. During
high-temperature summer periods, improved convective ventilation
stabilizes operative temperatures and reduces uncomfortable hours. The
study proposes a residential energy efficiency optimization process
centered on the "parallel assessment of carbon emissions and thermal
comfort. "

The contribution of this study lies in linking building energy
consumption, carbon emissions, and human comfort within a single
analytical framework through an actual residential case. The results show
that passive design strategies such as insulation, shading, and natural
ventilation can balance energy demands and living experience in a
subtropical hot-humid climate, supporting the development of sustainable
housing.

Keyword : Energy simulation, Thermal comfort, Terraced house,

Subtropical hot-humid climate, Passive building envelope design
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g * SketchUp #c#8: = iz = afF] > ¥ % » EnergyPlus {7 > & i 42
PR PR o
O RREETVHE e TR HAF TP ARRETRA LT -
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AE2REFRBC2EFT —UOBIRATRRAL 5 B

ok TpvH
2.1 ZRNFLARB PN
2.1.1 EREFEAPNAE

ZRNEIMET G AP CRE: (FF T A B)
- ~2>7EHAAER £ 6] (Global Building Energy Use)

ZHRNE (¢ ALz FEZRA)» KL 2R RG Rt - > H
R AREY NS EIA CBP S BKZ AR AER T FTEL
(Operational Energy) - 1345 ®'% i R ¥ (International Energy Agency,
[EA) (Tracking Clean Energy Progress: Buildings) # % » 2022 & A&
Fefeenic Ry 298 2% ahig £ 30% H k- § PEPE T Y
¢ 2R RAR M AR e 2T (TBA, 2023) - ¥ ¢ Fa2 AH P U - ERA
w1EArAd 2 e T ¥ g | (Embodied Carbon) 4 » 3§ > 22 A0 gt
W B B BRSNS 2IRERHEAY AR 4E4E S (UNEP, 2022)

ITEAT S :}F D ABREEENRAET RS B R EHFEIPERL AR
e KRB ROTH B e it%'ﬁ%%;f“’?ﬂ‘fié‘i%.ﬁiﬁﬁg’“ °
IPCC % = == R4F+ (AR6) 4pd1 > F 233 L HE R 2AF REFF A 0 5
forn gL R G K 2 AP et R g R-A 2050 & B A4 50 - T0%
(IPCC ARB, 2022) - iz+ ZrhFH{ AZEHa»o~ " MBE 42 0 L2 & 0 R
FFTR? e & PR o

FEIENFRENT 3B
(1)&— # R ‘]v BN kREY 0% 2+ e
(DEFERE iR * (LETH B ~RE )4 {iﬂ;ﬁiﬁw?mi‘t Kik o
(BFEFTRA > ZFANRE* 75 & 2000 #34c B T0%-

(F# *im:1EA. (2023). Tracking Clean Energy Progress: Buildings. IEA.(2022). World
Energy Outlook. )

2P REY i TERN 4, YiER (Operational Carbon in WLC)
ZA 4 PP (Whole Life Carbon, WLC) & % ## %3¢ (Al -A3)~

@ﬁa?] (M)~ (AD)~ @ * g (B1-B7) % #‘?"ff?‘?”l’z (C1-C4) 2=

Fefe > B ¢ B4 at = (Operational Energy Use) # % S A% ¢ v ikdgpdh

Wl A F BB S EFRBOLTRIFFLEHET HERL7ELR

iP5 € (RIBA) # # 2 (Whole Life Carbon Assessment) 4531 » & Al22 A4 &

H fr'ﬁ 4P o FERF RGP Y 50-T70% BEoraZ A AN BB
WE S HEMAEPEFE (RIBA, 2021)-
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AZHMEFRBCZFAT OB RFRRAL S 6

B A i (TEA) 4p 2o %% S GER Y EE N LR L B KR
eI GRBERZLSEFRAFRT CEFRAEF F I H AR (EA,
2023) - IPCC % = :'K?-l"éfﬁ"éf"“«‘f 51 AL BT ERT R L SNV N 2
ArENRE* 0 40-60% FEIFE AL ST TRT P AL H
= (IPCC AR6 WG3, 2022) - zRAFr@H e s1imio T Yy #5
LIBE O BT EREFE T (Wb RERCEHRC S RTF ’% e ) AR
MRS PR OERE R BT o

g eh 5 UNEP (2022) %A (Global Status Report for Buildings and
Construction) # gt » 2kATE A2 o F £E R hd G H Y > FHAPEF
D Bt kih o Ful A ki %4 B AR GRET A R R BAeIR e
T F)e Flpt > AREFZAFRR S oA EE LR T FL e g

R BE S B ERTE HVAC B ARZ B4 S PR AL E £ E o
FELHERFRBNIT AR
(1) ﬁn* # (Operational Energy Use, OE) & Z48:2 5 4 &S 50 - 70%
(RPRFEHLE )
QeLBFELRFFFE (WwoF) bsuErTa dEZaA>ELHE 40-60%-
(F# ic;lﬁl.RIBA (2021). Whole Life Carbon Assessment. IPCC AR6 Buildings - Energy Use

5 &

o

& Emissions. )

Z S HERFA a2 (Passive Design Impact on Energy Use)
b iz K (Passive Design) 5223 1% TR ik 2 ~ 2 A B & p

AR B RBP PZRAEHEMNEON T PO RREORN: 2 ASPRIFFEY &

B A F g 2 o k45 ASHRAE (Fundamentals Handbook ) #7if » #F & f
i@ (Envelope Load) #2284 52985 2 £ehi & %k > 7 FEEHE ~ B8R -
[ R Reh A P S I 2 i?ﬁ"f%’?ﬁf’ KW BT ERL S
20 - 50% (ASHRAE, 2021)-

AR P HEYRBROLAT FEY (o) BB EIRRLPEN AR
SO ehF) % 2 - o Givoni (1998) 471 > BB 4 Sk TEH - L1 EH AT B
SYER RO VRS E N P EEATEE 10-35% F 2xtE K323 % Kok BFOlgyay
(2015) ¥ F Gt ABAIY A > 5 P SHERTE ML TR ARIERSKEG
P AR T g o H sk L g R A Sk K o

k> AT WK (glazing design) Rt ALidlY BFMeE s 4 - [EA
(Energy Efficiency 2022) 4pd1 » & & 2 22 AP B AL LI BARL f» B
HELF % o) (WR) - E* Mt gty (Low-E glazing) £k /= &zt
BEH T ERERL S 15-40% (1EA, 2022)- ¥ - = & > #4f (thermal
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AE2REFRBC2EFT —UOBIRATRRAL 5 B

bridging) i¢ = e £ F & AL IS ARG N R A KR - 1S0 10211 4p
4 ’%“%@Tf‘ll%uﬁ; EgusEv gt LaxEg D 20-T0% B ERL L
Ey‘%ﬁ?i‘af’ -4‘: o

UNEP (2022) % {Global Status Report for Buildings and Construction)

PR o ARRRPRE- SR imcEF R A2 AT E AP RK
FReOGRF > TP AR FREALEZ T ERPFNRLED o

FELERFARIT 3B
(1) 243 cneh k2t v s a2 804 % a0 42 20 -50% -
(D)EFRFHEHBPHEFGE (o BT F) RAEBRTE < TRSA S HHE
10 - 35% -
(DB E (Low-E~ B )~ &2 hBREa7 " (it 4 15-40% -
(FH# &k 0lgyay, V. (2015). Design with Climate. [EA Annex 62: Ventilative Cooling. )

r ~2Ha R E X% (Energy Efficiency Strategies for Buildings)

L %f*iﬁ“% Wt R FEOLE M AP E (Operational Stage) ¢
NRE R BN ARAY BER B L TR r R AT E R LY
#R%'J—%i’#iﬁm RAUR K (et & s LR s ) 224
WA S P NRPFAPBHEZTFL S P ARFRA G LT L PR S A
E B FEARAE (B 2 Ao L4 2z P FRY &
Mot FRASR w2 - > B BE I RE  RF G RA EEL
1Kz o MR RE Y 30-50% (IEA, 2021)-

FhLNRHEBREREe 225 (1) 2R 4#aFHE 2 (Envelope
Efficiency)~(2) &z #% &2 48 & % 3t (Efficient HVAC & Lighting Systems) ~
(3) FEz#lg & * 75 g2 (Smart Controls & Behavior Management) -
B A ELF S G ASHRAE Standard 90.1 4p - &= *hg ~ B RE %
B A 0 R G Rl P R REL > PREFEMAR S f 7 RERA AL
" 15-40% (ASHRAE 90. 1, 2019) HE =t > X FH &2 5435 > & 23 H (4o
VRF ~ %ﬁﬁfi M~ #& COP &)~ LED A N T O O B Rl B L e
ArAr g 87 g HVAC ksl % sv & % 20-30% & ac 1§ & (LEA,

2022) °

Ry AgEE R ck A hE £ 485 - [PCCARG 45 1) - BEFEE
BEFRpAIEF (DCV)~ BRI ZHE 2 (Occupancy-based Control ) ~ it ik B
253 (BEMS) > it e R P & T R E R EE L4~ 10-25% -
AURE - B (Occupant Behavior) ¥tz # i 428284 + » UNEP (2022)
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’j_if%%r §1L7Eﬂz—llr/?//ﬁ€v@’]‘§inm;m]

ol B AFY R (WEAERTCRMRY P ALD 75) §R ISR
9-3 B hozERY HUET

FLE P ERENT T AR Kk
(1) #& =t #»xc% (Envelope Efficiency)
(2) ##H g & p b4 (Shading Optimization)
(3) Bgvwe g Akt (WR, Glazing Type)
(4) p ki h / R &R (Mixed-Mode Ventilation)
(5) & »z HVAC (VRF/Variable Speed AC)
(6) PP & i (LED + #41)
(7 7 % #3% ¢ 2 (Occupancy Behavior)
(F#L % IEA Energy Efficiency Policy Package - Buildings.ASHRAE Standard 90.1 -
Energy Standard for Buildings Except Low-Rise Residential Buildings. )
)

2.1.2 g3 ip A 3

HREERPHFLT o » BRI (F FUT=Z48)

- ~ 2 AR B (Global Building Sector Carbon Emissions)
FAIE A 2IRE F F WP RDE < KR - o 1335 [EA (Tracking Clean

Energy Progress) 3¢ 4 - 2022 #2 A& rFE (Operational Carbon) #1id =

R RAP MR ) L 2R 2T FHRE A A 1 E T P

Ao s AP G bt v 37% (IEA, 2023) -

F 1% » UNEP( 2022 ){Global Status Report for Buildings and Construction)
Gl REFEE L A E S PRI - 2k R M (0, 9
37% °

=~ 2 bt (Life-Cycle Carbon, Whole Life Carbon, WLC)
2eEPRe (W) ¢ 7Ry 2 & FIETH 0] R o
§ET Z AR

01 ¥ ¢ rs & (Embodied Carbon): Hflig ~ &y~ %51 -

02 @& rs & (Operational Carbon): 487 ~ B ~ #-k ~ % H o

03 4775 ré & (End-of-Life Carbon) : 477 ~ & ~ Aol a2

P-4

RIBA (2021) dpdo AER? > 2 GFHRAPEY Y H0-T0% kpFR
F# £ (Operational Carbon) > # 4% § ¥ ¢ F# & (Embodied Carbon) - IPCC ARG
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iz $ 4 §1L7Eﬂz—llr/?//ﬁ€v@ﬁinm;m]

(2022) 7dp M > EHEIAE LA S AMP DL & LR oL AL s F R
BOLEFFiIEY (oo @) @A 2 aFIRPBH{F T

= R REERE2E (Carbon Reduction Strategies & Cost-Effectiveness)
UNEP (2022) £ IEA (2021) i”aa‘% DA R Y T adgd g Ta
ARy BB A%E  BARAN TL AN RE L o

RFERE RS I FHE

(D% =:#F s (Operational Carbon Reduction)

IR ~ B~ F 2Rt o 3ax HVAC BB o 2L 7R 24 S a2
30 - 50%
(2)*% = ¥ ¥ (Embodied Carbon Reduction)
PR (MBUR RS ~ AR ) o BB £ &3 v i b e
(3 » £ 4 itk (On-site Renewable Energy)
PV~ Hrat cit (RZHF 711)

IEA (Net Zero by 2050) M sgdp )t 2 R iircecf L+ 2rfie P2 A5
LdAnFaiv BARFIVTHBEFHALLINR -

o 2.1 ZRNFEERPIT P AP CRE(FTHR KR A7 F2 > %4 [EA (2023) ~ UNEP
(2022) ~ IPCC AR6 (2022) ~ RIBA (2021) % 4p Bt ?‘{fi—;)

2 E P A

SIRE AP 4 6] (Global |2 AL 2GR F B ik @A

Building Energy Use) Boys EH T R

4 e (Life-Cycle Carbon | #4472 £ xv\u,:« EHIE 0 A T

/ Whole Life Carbon) EN- AR AL N AT
139

BRI P T AN ITINE SN e
SIS SUR N SUEE P

B vk A RN S L
L2 anihE Rk g A

FILRFCRSR S AR 5 A RHPETT U]~ Bedhak v~ E AR
R~ G R R  RLE S IR ¥
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HEHEFRRBLLFEL SR ERAL S b

% 2.2 fé%i%f@f‘?i@#ﬁﬁ.—ik\iﬁﬁ\ THREFRERE(FTR KR A7 2> 44 [EAC2023)~ IPCC
% 4p

AR6 (2022)~ RIBA (2021 )~ ISO 14040 / EN 15978 Jc)

&3 i%/ﬁiﬁ

@kt (Operational Carbon |ZHAFEREFLF BP BT XA

Emissions) Wh X fe’ o ket 2 e 0,

¥R / R (Embodied | #4422 & - ﬁﬁ%] NIRRT wpEw

Carbon) T EPEE AT A 2 Rl Pt

2 EEHRE /S 24 GRE AP + AR+ @?\;E/%*ﬁ/a“r“%f

(Life-Cycle Carbon / Whole Life | s £t % 4v i,

Carbon, WLC)

M it £ e (Performance Gap) gt 2 ;{; RERIRRME A B TS %
2 Fenjz £

# R & i rzig (Deep Energy HARFEREF 20 &t g &

Retrofit, DER) RS 425 teATE H0% A ER DA
1

A RER
Building life cycle

- - - Bl 2.1 EAn P2 k4T R

8 = [BE 5

Manufacturing Use Disposal HrEAd &% L ERE 6 ( % B/
HEHE Bk$E Carbon CH Yo (FHL kIR :
Energy consumption emissions R (F# %k RIBA, 2021, Whole Life

Carbon Assessment for Architects. )

2.1.3 EUI /1 %

- ~EUI #ha i

iviie* 38 B (Energy Use Intensity, EUI) & @82 Hw hreF 2z 7o
Gt TERGEALPF TR (LY - F) P2 RRRPHEE i MH R
R R NVER ST N SLE R RIS R T A WP g (R
F= & 2 vt ik g (ASHRAE, 2019 U.S. DOE, 2023) -
= ~EUI 3#8 25¢

GV D
%y B 2.2 f2f > Eannual 52 # > & 3542 (kWh/yr) > Afloor 52 # %
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iz $ 4 §1L7$ﬂz—llr/?ulﬁ,€v@ﬁium;m]

Wy EefF (n®) 2E =5 kWh/m?-yr (U.S. DOE, 2023)-
= ~EUI &g &

EUL #c 3 »xF Pz LA Rt * »25 > fdple @ * i 27 » EUI #cigax
Mo R AZANE G AP RS SR A RARE o d ST H RS
SEHEr LRV ICHECEUD ¢ BT TR N AT T~ FTRF] T R
= ¢ (IEA, 2022)-

z ~EUI Az A %R dp?

AR AEAFEHIPMAT Y R ¥R NEARREAETRE AR
SR Gt R G v itz VAT THIT S B AT R
#JE? ¥ & iz 45 (ASHRAE, 2019 ; IEA, 2022)-

I ~EUI ez oI R 2 M 1%

EUL % % #ici® 3 v o Lrep 1B 2 A B fath e TS R GER LR
(BERS), & bl » 2 @42 MU ¥ LB EHFLF RS 0 EUL > £ 24l A
TR R PR T orE s s e EUL Bt §#ci@dptk > @ BERS Al %
IR 0 A B G R B (P sRE R AT 2022)
= ~#* EUI F'*'~/.—ie11§

17 EUL A49P > @A ? %3 kA %2 EUL #ciée sy e A EUL
Be LA AL LR G e R B R R AP G R AR
ARz s erv it (U.S. DOE, 2023)-
=~ p@az EUI %9 &%

gy 5 8 R p 7 st 2 2 f (Residential Buildings ) 35 EUI ¥4
33.73 kWh/m?-yr (Ncree.Org, 2020) -

2.1.4 BERS 4/ 5

- ~BERS # %

= H o ek %t (Building Energy Rating System, BERS) i W 4+%t
FRRRRF R 2 PP ERAIR S EREZHRAF R ZE B ER
N S W 0 F 7 ;ﬁ;ﬁ%gg&@,& s A ER G R F T A EAg R
IR (P sRE RAFA T 970 2022) °
= ~BERS % % § & [

BERS i * 3722y 24 > 2 A RZ AR FEATT AR TR 20
PR D 3 AR EE R RN S0 LSS B R B R R
B LV R AR R R TR A AT (PR Ay 0 2022
PoFedR o 2023) ©
= ~BERS % * 2 &4k

BERS m#Zza e w2 itie > ¥ uacihid * 532 (EUI) 32 2.1.3
& H E Ij’ﬁ’fﬂlk'?:‘é_lb Rdp o T iR &*&#ﬁ%ﬁpnb PrE o 02 ET AR
FRR RN T TR i AR RS (PR A Y A1 2022) e

?4‘%
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= +BERS i 24 B4R
f BERS “f - 22 A rc A MBI 5 5 BEA (WEFREELA )
A

A% ns

FaARF AL ERAN BT ARARG > TV IFL R S &N
3P FRE A AT 2022 5 o Fe3R o 2023) o
‘BERS REAFL Y hk d

ru

\
\\\Xr

L peF g ¢ BERS 5 L 4IRS R F s@ EUI #4545~
fraE fa sk R T4 BERS 2R BRI FHH S RALE S AE 2 73

F#r fd 4T BERS F s (poscif @7 3 97 2022) °
+ ~#* BERS fF2 2 R %7

Fpam gy 25 BERS @ P AR G TEL B oY PR ESE
FABF s frer v o @ 3% BERS A R iRARR 2 B F L ARS PEE ) AT IR
i A (pFRIRE AT AT 2022 5 RN 2023) o
= ~BERS £ # it sci=4

Green Building Evaluation Systom (EEWH)

Hﬂ!‘?ﬂ"‘! i

GREEN BUILDING

First Tropical Region
Evaluation System

Bulldlng Enorgy-Echloncy Rating System (BERS)

1 2 SNENGIRABERAGSE

— -.:‘ _RS
= e =.EPBD& o i "M

| = | = _EN15217

Low Embodlod-carbon Building Rating Systom (LEBR) IEA: GHG 37% (9% EC, 28% OC)

B 2.2 57 REFHME TR LE -
(¢ EEWH ~ BERS 4~ LEBR #i%  traf 6 342 5 8) -

4e@ 2.3 97 0 1999 # o poFInE AT 7 e (ABRI) # # L% AR
# % (BEWH) » 5 23k %e 282 AR 4A > "E A B> TRV ERF §F i
TR iR EYfAR T HERAEASN BB AL EERT EE
A FRERAE R ABRL 2022 & 3% MaE R A R i & AL (BERS) > #t
2023 & F ez ATk st (LEBR) » A W i f o @R 7 R P &
o BEr ERRMEA L ERAIRAA - RIp IEA (2021) 45 01 > 2ZRE A
B b 3T Bt R A G AP 2 B R EITR L 2 R4
o 5477538 BERS ~ LEBR 2 PAS 2050 # & g* = jx » i = 8K REE T
URAERES ¥ o S
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BEWLR +
S A H

LT

ST AR ']

& 7% 3 ik
S AR AR e [ RS AR [’}
R RBUR TR RAEEREETN

VI":?’Q(T?'A.?'Q'V 'T7 Z MRS SN 8

JREHE L5
i B Py
HATRR « PRI R AR

— .. SR EEHR
BB | g4 e

kgCO/(m' yr)

=18.00 )0~ 10( iR .«I

<1975 AR

<2150 £1200 48.9
=325 |FE0=< <1400 tacou .y
<2500 | S0~ <60 A0t <1600 | [60= <70 -

<2800 || 40~<50 5 <1800 50 ~ <60 8| mwmoce]

53400 | RS 6 <2000 | AOEIEED 8

> 4000
MR ACE' [keQ0u/yr)
BT LCE® [keQOu/yr]
R BEEE FCE' [keCu/yr]
=N H SRR IRBAHE MCE' [kgQOu/yr]

SMERERE TEUT [kWh/(n'.yr))
HEEEHE BT (k¥ (2l.yr))

AHFE AR CEI" [keQ0o/(m?.yr)] RSN CEI" [kgQOo/ (2. yr))
HEE RR (%] WIEE ESR (%]
R-BERS ® BERS
2023 () o 2022

Bl 2.3 it iz g A2 ik T T A
(% : 4 R-BERS: + : 2z #F BERSn) (F# kikh: % A+
Bl 2.4 WA AR Az e Aozt Az kT A 2 S Wi
Bz gg A * 2 R-BERS #iscthsm > + W5 2Lz dp i * 2 BERSn it 2%
%ﬁuﬂ%mw&s¢ﬁ“ﬁﬁw%iWﬁﬁvwﬁﬁ%0zzyﬂiizﬁ
FHR O RRELZ 2GR k3 R-BERS a3t B o b LA R AR R
% BEWH-BERS < # #3723tk f il 035 & % BERSn #4952 -
ERANGTREGANERAZ TH B C FELEF (B KBS 2
A BWRUE (T H PR EE T BIFERRRE) ELREYED >R
R imifddpth o LAk 5 8- Goch A4 & RBERS e ’éz#ﬁﬁﬁﬁié
2% R dn % CEI; & BERSn kst > RIv4Eil % A4tk EUL %5326 A o
PR R R 1 o - B E S AN RE A SCOREeeo
Bl #rr 2 ai2cE% > Tk SCOREee $H/BEL 7 P R A % » H ¢ 11 5
ALSERLHAE Q) A LITEREAAE . p%“ﬁﬁ%ﬁﬁﬁiﬁ’
EEWH-RS i&- # # SCORE.. ## 5 P ¥ & it gt ® 4 R84 H3HH 2 SN 4c R
2547  @AFME 03 33 A RHERFRAFHRE 0 AL
RGP AR RS R E R 0 (TR F AL R 2 kg e

HH EREFE fE 481557 RS4=33.0x(SCORE. —50.0) / 40.0 » H0.0<RS4=33.0

Bl 2.5 p ¥ ®adpth o (F ZHRFE I 2023)
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iz $ 4 §1L7Eﬂi“—llr/?///ﬁ,€v@’]‘§inm;m]

2.2 # & B3 (PMV/PPD) =g i @

2.2.1 #é&3f TR

#47if (Thermal Comfort) HiZ A MK P TR A L&EFE N RS
EERE-gpE R &R WA 21 fzE7 8 ¢ (ASHRAE ) 2 (ASHRAE Standard
55-2020) % & » BEFR L TAHAMNAMBRR IR AP RE | ( That
condition of mind which expresses sa tjsfactjon with the thermal
enviromment” )- i %ﬂﬁip Ao A MRS AERRIAEFREF
W ISR R 27? i S AP B R FR%%‘LFF (clo)‘ R AR AHEF (net) o

PRy IR e 180 7730:2005 #reE = chaZis A # ’t‘cﬁri ESRNE i-F-
T gy PRETOREE > PAHPZL DR EEAR T LT THEF > L §
BT 44 7 endrif sk ik o 3% 8 P 2 PMV(Predicted Mean Vote )
# PPD (Predicted Percentage of Dissatisfied) @A Bipth& i #kik g
PARR > FEREFFFL

o PMV 4% -0.5 % +0.5 2

e PPD (7 BEF) ¥ 10%-

st ¢t > Fanger (1970) &.# % i ( Thermal Comfort: Analysis and
Applications in Environmental Engineering) # g =t i bii* &R L% » 3y
NEEE S A ME R EIHE T R OCEE X > DR AT (net)
BIREGHEE (clo) 2 i 884 % " HAE T TR EARRR R B
AT A

EEF xRBe R LR P> de Dear ¥ Brager (1998) - # % !
Mif At #4573 53 (Adaptive Comfort Model) ;@ 2 & AV BEFT 5 B IE
BE (BT BEIRE S RTEERE) LEBIRFER0 > GRS

E,;J. &)"]142"'%3“2&%% ,Ifm-ﬁmrai;

2.2.2 BEEEFHH

B R ¥ R R ﬂ}wﬁ*m B S Hcqp FiE 7 28 2 0
b o/ mﬁ'?iﬁ-? :}'t ISO 7730 ¥ ASHRAE Standard b o % & —%iﬂu i
THLRAHA FETEAHE - 7&%% EREBER CBHER CRFENZ

é.-]—ﬂ)ii"]%,llﬁl T_E u__F,,__J_F'&V‘\: a‘_:}i’rélblﬁri)i\xmau—x«— ﬁm%%#p]’s@
IR S A TR B A B Kﬁﬁ:?ﬂf‘] drd 2.3~% 2.5 7w e
% 2.3 1SO 7730 223k2 #47F 58 (FH Xk 1SO 7730:2005 5 ~#= 3 A2)

BEA #BERFR
S E - AHE (Metabolic Rate) 46-232(C W/m* ) (&% 0.8-4
met)
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AE2REFRBC2EFT —UOBIRATRRAL 5 B

FEF S AEEFR

72 ¥ % (Clothing Level) 0-0.31(m2K/W) (% 0-2 clo)
Fr 4 EAE (ta) 10-30C°C)

T 3aig sE &R (MRT) 10-40C°C)

T 3ap i (v) 0-1(m/s)

< F &4 (Pa) 0-2700(Pa)

iE &R (RH) 30-70(%)

IS0 7730 (2005) 4-%r2 PMV #3]ie (7 #4738 A 495 > 223K & R S8
A RPN HRRE RIS R T S E S PR TS RS
FRendh A ILFIE 0 U ST TR B R g PV 3 E i o

# 2.4 ASHRAE Standard 55 4%if 1413k 4° [l
(78 %k ASHRAE Standard 55-2010 : 7= 3 &32)

BR BR F*E

EZ 25°C~28°C 50%~60%RH 0.5clo

2% 21°C~23°C 45%~55%RH 1. 0clo
Boif o A RBERiE enh i B 0.3m/s 4T

ASHRAE 55 (2010) RI4*$+% £ % Fehg p #IRE R I L2 43 ot
* -
B Fp iR
o LFZReEFERFEFS 25-28°Co o 3R A E R A 50 - 60%RH -
TEL2E29% 0.5cloe
« YEERRRFFG 21-23°Co2RRR ; 45-BBURH- 2 FEA1Y 1.0

clo-
o - BERT > AME PSR PR @ KM 0.3m/s0 MELAE LT

'Qm“f\%i’/i’; o
PRS- SR AZEF LA IARRGEL TS EANE
BEFREGRNEL R Ry o

m UM FESy i B G F P X F 50 ASHRAE 55 #- PMV(Predicted Mean Vote)
TE - BE%>d -3(Cold)Z: +3(Hot): # A& i g 40k 2.5 #7

T .
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# 2.5 ASHRAE 55 PMV - % s i
(F# %im: ASHRAE Standard 55-2010: ## 3 £ &)

85 BEFREE
+3 & # (Hot)
+2 # (Warm)
+1 g5 (Slightly Warm)
0 £+if (Neutral)
-1 # (Slightly Cool )
-2 4 (Cool)
-3 F# (Cold)
22 T3 - 2B 2 dR5FFT AT oz @ & > PMV @4%83i7 0 &
FRBRABRTAMBTGOLE RG> ARBRRE 0 PI A28 FARRR 4 o

W 2.4 #4043 40307 LW (PMV - PPD)
Hrsg mRea s s MGy 8
F#L %k : ASHRAE Standard 55 (2010)

100%

NN

2.2.3 BIBBH A R IF
53

EPAESGEIRPILLF N2 R~ B F BB FHESE - 5 RS
Bos RR R GR 2R ETIE R RAE A WA R O RIPF O BT R B 3 3”
BAAPERAIRZER S FFRRREEL D A HehEEFRRES S BT R
M FRAMNF  Z2FE -FRPEUNLIRRFE I FER  TIBEREAR
ok § # £ (ASHRAE, 2020) -

Wape fird oo (WHO, 2018) R AR §ehE P #%R » Gl4cE 3
ERERE  ERZ#HRY (heat fatigue)~ M-k ~FA AR THER
APFEF F I RBFERBRL TGS RO PR ApEE ERTER
PIF R R R R R T R 4 R M s B 4 8 S 4 (Modesti,
2013) °

SEFL A FEF LD BB L ﬁﬁﬁ«’g*”ﬁ“ﬁuﬁm'ﬁ%
B % (thermal sensation) 2 3ZEp|E - Wu et al. (2022) %M > § Z3#
EFREVHFAFOIPNEAF AR ER ST NI AT RIAARBTRME Y
ﬂ;%@ﬁ&@%ﬁw%ﬁz—rcuaiuéwm?*arﬂfﬁﬁ VIALE
gt o &gk %+ IR & Schiavon and Hoyt (2016) 334 & @ - 4p g 1
ﬁ??i&ﬁﬁi%*ﬂ“.&ﬁmyii" FERALITLRTE

IR B e r:},%@ii‘ A iE# (Sick Building Syndrome, SBS) | % *» 4p B o
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AZHFEFRBLC2AT MOV RFRBE AR S B

FHREREATA N FEMERB 23-260C 2 BRA BB P RBRITE
7& IR g s R fogg g & OSBS sk L F 5 IR (Mendell & Mirer, 2009) -
- HAL Lt BAZARBRPRER SBS pR A A H Beaticd

jii*”fﬁ?ﬁ),@ 9 el v3 7 ﬁiﬂafﬁ? (Sikram et al., 2020)-

IR B & wéf FREGR 2 ok g2 -Xiongetal. (2015)
A BREMRBCTVREE CRBEREF BERAL LS S RFERL EH
%%ﬁﬁ@4ﬁ°%*’&mMﬁaL(%H)%ﬂ’ﬁﬂTﬁgﬁiﬁﬁﬁi
RBICHBRAGFRE > BLF T 1°Co 2 BT A4 0.6- 1 3mlg> # <
EARR G -

FEL @ T A E P AREH AW PR e RE——A RER

ERR R lmam’—eﬂ4w¢ﬂw~4~1@ 1ﬁma TELEP
%TL ° '——ﬂl«w ’ *’Dﬁj_&.}?‘fﬁ R Yﬁ—#"lﬁﬁm_)i /,..)i-}’t«' VAR "%P_Ji
}iaiﬁ‘ LR RS mﬁ‘ﬁ}‘)ﬁ ;-,'a«bl};ﬂ?;mﬂz 'C%;ng_g;%{o

224 BB EREF LG AHA

FRE P ORERE i B gi\r%’{ﬂﬁgﬁﬁﬁﬁ%%gg
ﬁmiié@rﬁ%jmﬂﬁkﬁg ST SaES L PRV S SN

ERCAHEBER ~F iRV IREEEASHESR (ASHRAE 2010) « %]+ > fzz
:FLTJQ SR 0 ¥ B8 BBl o e PMV/PPD 53] - B @ &
%P_E #-7] (Adaptive Comfort Model ) £ 4% i¥;8 & (Operative Temperature )
v 1T L F VTR Rr'r"?frm:' 5&’?12&:}7%; °
rETRBRR MM A EA LA WL
(D A WP IR L P AR L1 R 6 0 & 42
(2 L5 ﬁ'* B ERAET B RRE s T e R iz 2 - R
Ede Rl

%zagﬁ'&& BEFRAMZIEG e ¢ ERASFTARAEITEH
5 ~PMV/PPD #234] ~ B @)@éﬁﬁ»@ﬁtw NS R - Rk G WEE N |
BATE FELLATEP I RFFATRER RS T FR BB RS
R o L i F T Jf%‘g?f;' °

5
X 8¢

.‘Hh

% 2.6 BB EHLEGAED B R
(F o &im: ASHRAE (2010, 2020)~ ISO 7730 (2005) ~ Fanger (1970) ~ de Dear & Brager
(1998 ) ~ Szokolay (2008)~ IEA (2021 )~ Hwang et al. (2009); 43 £32 - )

2 1 R 2P /ET LR
FEF ALY TR (22T AHABEEL | BB R 6 F
# 2R T EETE R | T RE S JRE S R &
5%
PNV 7 PPD 3 "R NTERIEAE | PMV 43 -0.5~+40.5~PPD
b LEE T RS ¥
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bi P R AL wR/ELER
RAAEFERD | BAETEAAAE @ KA SRR
(Adaptive Model) PR RN FAE PR E A
g g
S R I pRE R~ EHFE éﬁﬂ? VA R A
R e S A N5 4 CEREIE
E5
THEFF g EEF | SE RBEARET | FEZE RO EEHAE
z SRR B R RE S | E Sk

o 2.7 RIEHELFAR Y ¥ ¥ D L3087 L yofh 473§ ~PMV ~ PPD ~ 3%
TERZ > EPHZRERET F& o L@R175 18 X EnergyPlus #35% ~ &
B 3EA TR REFHUNRAH - A TS EPCRUE FF D R
T AT AT LR ARk - R o R S e
Ao AL Ay L e Pl ot o

2 2.7 #BBERFET W2 ERT
(F 4L %R ASHRAE (2010, 2020)~ ISO 7730 (2005) ~ Fanger (1970) ~ de Dear & Brager
(1998) ~ Szokolay (2008) »#1 7 #£32)

&7 & o
# 473 (Thermal AHBRBRINEL | XFE BRSO R
Comfort) e JE R A FRE S RE F R B
PMV (Predicted Mean | ## T35 =4y | =R Z P REALBRE DT
Vote) T i3 =304 ) +3 | 4tk

(#)
PPD (Predicted EEFTIRBEEETE | PPD <10% 5 40 % ;5 * a4
Percentage of FIA &g et &) (%) | B4 PMV & 47
Dissatisfied)
) R R g = ot TIHF R AR R b BT A
(Adaptive Comfort TEMFRERFERF | A
Model)
Ad N2k t (Passive | B RIEEEFIR | & FEE Wb ~ EREE
Design) Bom 2R R A PR R vg
#ITE R (Operative | Féz s BEREHEH | 5 PMV 3+ 8¢ iiﬁﬁe?] INE'S s
Temperature) BRI S E 2 -
S Ry Fp A BRI | B F RV HEI RS
(Effective Air g A B ik R &3
Speed)
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2.3 A ZEE - P RAEF EEL
2.3.1 # ¥ p Rig#® (Climate Characteristics & Solar

Exposure )

-~ PRAFAEI P KL
PR T FRGE B AL RV RRF 0 2ELEFE - F RS

B4 f AT TRB A (CWB, 2023) o AT AR 3t S8 N0 %0 2 5 13
FER{PRERLEZPREFRBADBEE R A2 R2LAL FEEB E R
ﬂﬁiﬁiiao

BMFRFEET > BRI NERPE 70

o %P RE (High Solar Radiation)
EX5-10 "OF > *BBRLE PREMBI 2R ERERLLE
fro B tgk gL s F Ko
RpERTEY F 274 (2000) 28T Fw L ~d 3 Rlchfha p v
daewm 1,24 B LT ERI{VEad e 2,78 & -

o % /&% (High Humidity)
RS ETS FETIONEBAR > 80% FEB R FHEEERD
LS f A 4 (IEA, 2021) -

e %4 % ¢ 7 (Cooling-Dominant Climate)
IPCC » g G AF HHF R R AP T0% v chi Ry 4a %k 29 > e d
B HE 2 0 BEE R B § dReic 428 I K ek 2 — (IPCC, 2022) -

FRRRFETRASAFEAHBRAFLA I IRF BT FLEARGF D
£ (EREHEER2005) SHFAESR  HUAFRRE
'@igéﬁ-‘? v A -@f”aﬂ% [ A L
e 2.8 o BFREHAFEL T
(FA KR D R BH R ER 287 (2005) )

FOEA T AR kI KA B
ER - w5 R | & T
(C"H) iBE (h)
TEFRE 28000 — >80 (Da®~3m5 s F -2 e
32000 BB
(2) & § L%z % 535 500m
ML 2k E
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HXHERRBLLAL L SBDRTRPEL S bl

W i A A5 RE | ETopE ] SAE R
(C°H) BR (%)
LEBRTE 32000 — | >80 (Da? ~35it 24k £55
40000 TR %
Dpom ~Bze~BLLERE
FIEF S PR
LR 32000 — <80 (Dea? ~3it v 24 25%
40000 T b
(DFE~ S LERZRET R
o
) > 40000 >80 (D& -~po6 -3 BEAE
LT Rz ke
(DBAL L2 L ains
BB > 40000 <80 (Des ~B2e~ BALER2Z 0
AR
()« AT dE %
Bl E >40000 <80 A 500m 2o L R B
1-A
m-A

In-B

Bl 2.5 c@2AFEAR(FHELR: 54 (199))
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Bl 2.6 5 maETiop mErgAs FRI(FHR SR % & 4 (1995) )
ZNPRAFES P RELH

P P (Solar Radiation) thip * Higstit £ Bats 2 H2 R A 2 hfh
EF -1 E5-10 "R > pREZRPE DS =48 (ZRVE F
% F AL > 2005) ¢

(1) * =p & ik
712 EE RS p R TEeE s e (5-10 7 )¢

% 2.9 SR READE (5-107 ) &£ p HEZE B
(FR KR T2 A& S0 2024)

F i ] SSW | SW |WSW | W |wWNW ]| NW | NNW | o
wy | EF RS T sp | 5 |BE| E | BNE | NNE | B | X 2

| 2513 | 12175 | 1172 249 | 1349 | 1402 | 1389 | 1314 | 1186 | 1036 942 3091

&6 | 25.03 | 121.52 | 1241 | 1321 | 1427 | 1481 | 1462 | 1377 | 1234 | 1070 | 969 3263

FAy | 24.80 | 120.97 | 1368 | 1469 | 1604 | 1675 | 1654 | 1549 | 1370 | 1164 | 1038 | 3711

& 24.15 | 120.67 | 1338 | 1434 [ 1565 | 1635 [ 1618 | 1518 | 1348 | 1151 1032 | 3629

JE#E | 2397 | 121.62 | 1230 | 1328 | 1462 | 1539 | 1537 | 1456 | 1308 | 1127 | 1012 [ 3451

E& | 23.50 [ 120,42 | 1273 | 1365 | 1493 | 1564 | 1555 | 1468 | 1313 | 1131 | 1020 | 3491

a 23.00 | 120.22 | 1351 1460 [ 1616 | 1707 | 1701 1602 | 1422 | 1207 | 1077 | 3837

“ 2275 | 121.15 | 1246 | 1346 | 1491 | 1578 | 1580 [ 1500 | 1348 | 1159 | 1043 | 3560

a -
dake | 22.58 | 12030 | 1242 | 1342 | 1487 [ 1574 | 1578 | 1500 | 1349 | 1161 | 1046 | 3557

aH | 2477 | 12175 | 1202 | 1290 | 1406 | 1470 | 1462 | 1384 | 1245 | 1080 974 3267

s <12 ) 2k> 15290 | 16458 | 16094 [ 19028 | 18952 | 17901 | 16010 | 13736 | 12344 | 42581

LAl S A1 1 1.08 1.18 1.24 1.24 1.17 1.05 0.90 0.81 2.78
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’lif—‘t} 'ﬁ"‘7$ﬂi‘*ur/?1/}ﬁ.€v@‘fﬁ“ial;l]

e E AP R PR Lt (2 BT R G e

1
2. PHEHE =W (n® day)

% 2.10 Bﬁgk\'ﬁ?_}g’j—sl’«p_&.]._gln\*q_
(FHR &R AFELER)

N P R R | B

L/ e 5 1.24 & BT IR A p e h R

# 0.8 % PR S fe (97 a0 L F bk B g0at B
**'3

e AFie (1) TEEBAIRET D HE AR

kre (BF) |4 278 & PEP IR EHJ LR LR

(2) PRESTLR
e TEIiHREREBETEL/dBe ki RE

e FEIAHBBRAUK daghe pSH 4

o HAA I pREISY g E R
SRR R G A ML T 3R

o K (= 9-11 pF)

e FTE(TE 2-5pF)

e kTm (E7E)

BIBFAREE =& HBH R

WIp EhiEA Y 23.5° R A A &P NIV B R BN E H
FH AL ep BiEE (CfK02009) xBEER A2 Feanfpitin gy
MAEIRNSPEREAT

e *BFARE (h): ~HApHE Temiri

e EBo A (M) S BAnEe A msek T kR

FLETEE B R E G 2005) 0 HEREA BT P 02
PR AT Dl ehp RS «E’*’ —EL{ BBt end & A o

D2reEp RIS H

W%meﬂ&(mm>\$v y

« EA U/ RARRRFOIRFRE LR

e T3 ILAHBERRE PRER ZHETHIFEeERFIETAELE

Ik
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5

PR RN Med 2 PlpREA

<k

)
-~

—=

% .
e Y1

AerrmpELF AT R 2o REBK

/ﬁL

P4 RO R R A
e‘lpﬁq%q‘i\o

G)eBLFLRE P HELR:
Yol 2.4 4t SRR LRI BRFE O RFPRRILELER - 1
EEESE (K 5-10 7 )

EREN TR SRR

cHT A P (2012) 222 A E
Lo X pHEDPHEES
. kTR ) 414 B —— poEE A
e K/ Ew X 2 1~214 8 —— P EBHEIUEREFR
e 3% Y1 B — WEETT LB EY
e M 10.86 8 —— PRECENFEEF HE

MRS CEEREA T w2 G AR ARFEPE O v LEB R
BLER-

WAkt
b

K4 14
LA [SE T b

1L[E0 .86
mnR

ﬂma1'il|l

L Ll
Bl 2.7 5@ A5 L 5 T10p 548 L 5|H
FRKR: c@TH 28 (2012) (EAF & 95 R[ 1)
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2.3.2 @t EeE M (Building Envelope & Thermal

Properties)

Z @ k3 (Building Envelope) #22 Ay 8¢t A2 BFeni L ipk - H
# 14 it % I (Thermal Performance) E 4B 3 N4 5 f 7 ~ it 42k B £4
i# &% (ASHRAE, 2010) *tBe# T2 1832 B -R& - REZEE G
HETEEPFRERE T AR ERBDOoBFEY LI M-

(1) ez Eer4 2 € (Wall Heat Transfer & Thermal Mass)

Az BT 5 d HRlend @ E ik (k-value) > #12 (R-value) & &
#7578 %%k (U-value) 2 - 23 F% P REET  t@F# L ERBESF
EHE > A RATRAED 2 o R 5§ FH 4 (ASHRAE, 2020)-

# % € (Thermal Mass) R|v £ &% € (Heat Flux) ¢ » 3 p > % 5%
PRI RE A 0§ B ERRE L EF F (Szokolay, 2008) -

(2) EErRE#tit (Roof Insulation Performance)

Efgpggﬁﬁguqz—‘f;—ﬁ,ﬁﬂ-a Wi+ > H p N TERBEN 0 @};[%, A
HA BT E B v 2 ARREFEH 20-30% 2+t (28T 4 27,
2012) - Fl) EEIR# K BB ~ ﬁ?‘?l 5 ‘*l‘i"‘r‘ A BV ]

¥rapthe 32

o #E R-value : Mg # 44  H R Puai 4

o *HF 8F (Solar Reflectance)
o xbfF (Emissivity)

%~ 5B 8 (Cool Roof ) it 7 »x™ & a B R 10-25°Cr o2 A= # >
% [ECC (International Energy Conservation Code) & j e& it Hwe- o
(3) # #»# 7% 3% (Window Heat Gain) (U-value ~ SHGC)
Brimizgsiad &,‘é’iin'l’rt-’n?, Fulf A #d Elef_&;fynfﬂ B B Enk
Big7 S €228 &8 Xk (Fanger, 1970)
FrEERY T T REAT
o U-value (FHR£AFTEGE): Fpfid g4 > xmdxi

A%
o SHGC (Solar Heat Gain Coefficient) * B #EFE£ k¥ : 4 775 F P
% A Bt B
« VT (Visible Transmittance) ¥ L X7 F : A e L5 F

I S AL (SRS
U-value 395 # & a0 "2 > 1% M4

(4) *+ EERHBELHL S FOBP
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EHEFREC LT~ SRS AFRRAE S b

ERNRLBGE D SRT SR RPY

e Ep 4% E i (Cooling Load)

e HEEHFL

o itihe* £ (Cooling Energy Use)
o F R#4Fig (Thermal Comfort)

3 dp o ’F%Fa‘t%?ﬁ*@&dﬁ[&-fﬁﬁ% R BEKEE AT P EMER
VgAML s 4EE M 10% - 30% (IEA, 2021)-
(5) & *F 3 chif 5

AT AR RO BT AR PERAEN (BEAE S ETERERE T
% SHGC / U-value) 5 3 & $F|2 — » FREBFEREAESTH L 5 0 L
#arif (PMV) enge 58 -

2.3.3 xR B2 %E 3 (Shading Design Principles & Types)

B ANIZATH P BRI R IBE A R F RS2 - 5 i aE S P S
BEEVEL S | E R B P BRRET 19 Szokolay(2008)% Olgyay
(2015)2 § X3 R A B BIRE R TAF G S CoF R RFRE
T B hE G RS AR
- ~BBEP

BHIEH N FUT =
l. HASHE RS LA MERSBIENEA R T E A EREE TS R
CEEN K
2 PHIPK HLEHEEr TP EARFIE R D AL D
3. RAMEF S HEFHAP M R ENBRAHFEL S f AR

= ~ #H %3 (Shading Types)
B R T A RAE G

1. "kx 3 (Horizontal Shading)
4ol BB S s Pt S R T EB
e WEMEFTEIHBAEL
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(b) (c)

B 2.8 (a)(b)(c)kLEHi 7

(F# %k : yourhome. gov. au)

2. £% g (Vertical Shading)
4ot Bl s LB
e LM THIBFIALE  BHEH I

e BN ABFe o FEBRELAINPA

(©

Rl 2.9 (@(b)()EEEHR R

(F# %k ¢ archiexpo. com)

3. kT +Z£x2” &% (Combined Shading)
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