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ABSTRACT

This study conducted an evaluation of indoor air quality and building energy efficiency in CLT
(Cross-Laminated Timber) construction based on the core layer materials used. The results
revealed that indoor air quality measurements were lower than the recommended standards for
multi-purpose facilities, maintenance criteria, and new residential buildings. Additionally, using
DesignBuilder software, thermal performance and building energy consumption were assessed,
with PB (Particleboard) demonstrating the lowest energy usage among LW (Larch Wood), PB
(Particle Board), and PW (Plywood). Utilizing the building as a dormitory with a PB structure in
Central Region 1 would result in the most efficient energy usage, with a consumption rate of
96.9 kWh/m”. Furthermore, a building energy assessment was conducted for PB with insulation
applied, resulting in energy savings ranging from 9.75 to 17.5 kWh/m®. The dormitory building
in Central Region 1 exhibited the most fficient energy utilization at 84.36 kWh/m?.
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o] [ 2] 2F 68.7%0] Bl A7} =11 Jtk(Park et al., 2022a). AZHEoF=20307}
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Lee, 2021; Lee and Lee, 2022; Park and Choi, 2022). 20204 7]l = =1 7

oS oA I7we F83A| 9] deho 2 A} et g A o] A2y
3} F3-& 7FZ5k (Lee, 2023b), 3557 AHA 58 m® o ASAFES] AR AR
== Q15 o815 20250014 20239 0 = QP ZITH(Shim and Lee, 2021). o]l w2} A=
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QJthPark and Oh, 2021). 15 A5 54 282 ¢4l 1990 % F5 2 AEZofel S
A M 28 w244 7)(Cross Laminated Timber; CLT)= A 2-& HHAlo] B2 % 2}
= 71&E0] Az ZAEL} H|wolo] w2 ehardeda) 3 eaulEshs 2 Xe
A& o)|a1 AT FARES Al 5_Fh(Yoo and Lee, 2020; Yeo et al., 2023). CLT+= Y2
A ot ol wakste] 455k whel] W B AleaH B8] 7Fsd Hat
ofuet 710 A ko = HaleHA A5-H A/dAe The Hete 4= Sl AR = 71
3! @ItkKaracabeyli and Douglas, 2013; Chang et al., 2017). 115 719 £ FZ A==
A 2k gl 2ol7] AEISIE CLTS)] A2 BAL S 2luate] 4] Bol A F2akw )
S AR S P WA 2 URES Beta] Wl o 2 Heelo] &eet sl o
At SIS, 2 S A A0 12
Softiin etal., 2023). 212 CLTE Fujol the Hekarole] B¢ 428 Selo] CLT
O] AAF v-g A7F Sof| thet Al vt HapH o 2 F7Fslal QIth(Chang et al., 2017; Kim et
al., 2018). U= S Foj& o]-83t Ply-lam CLT7F 1172 S50kl &) #3554
Jih= 5 M= A AlZol Thet 71t 7H4] zobx| i QloH, dA)] ks A= AR8S
e ol =24, 71414 54 21tE Soto] dAlIze] A= ] Sk dlele] ¢ wikd
LEHER T hASA) 5 22 SAARE SAE 2-85k= AElZE SIS Lo
2k 27he] BAI] GH CLTE Al%sli Yk S Eah 2AS T2 Ply-lam
7Fs%t SA Aol Hasitt

olo] & A= IR HEARE o] 83 Bt X CLTE W o= 37147 =y
A AgE oS Hl L HESEA SH{T 94, Aele Aol AR 5452 72 mm O] F
AE 7 CLTE 57119] BHwt 1 7]19] 25-0 & Hdsto] AlRtE| QLo H, o 352 &8
Sto] FojF A=l g Aule71d 3 AEevuA] ARG st HES Sl thed’t ol
O] CLTE &83t 15229 11545 H7HE Aa¥siai
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2O BAE FA E TR £ UE S0l o)Estal 9= A7 o]t Chang et al., 2017). %)
of] &}EsaL Qlim U] APdo] A =ARE 085 %L ZﬂxﬂﬁJ N ERE 7| J
u1(An etal., 2013; Kim et al., 2022), &4 Abgl o
S}l Itk CLTE= HiRhd AEER E G S 5 22 5 VHEE éxﬂi A-got=
A7 E7 ek glom, ZF 7] B Aol B 58 A A9 uhE AlFskaL Qlok
(Kim et al., 2018; Kang et al., 2022). oo whe} &2 A= Fol5 =7t ok CLT 54 |
AEE 7HEo 2 Auier|d 2 AEevA] % 7}% Zsg5tl o™, CLT A8l oE 11543

5 B7FE 238513t CLT+= 371A19] 552 Foll 15 4% B7H J3gsisl o, 3o
=l 2+ %84 A (Larch Wood, LW), H}E]EL_H%_(PaItlcle Board, PB), 2FH(Ply-Wood,

PW)o] A8 7] 1.2x1.2x1.2 m*, 57 72 mm 2] 3-ply CLT 2 © 2 Figure 17} 2t} &
2 6710] CLT/H 2 g o}2014 9100, CLT Bje] 1545 W/HS 91o] 97 52
w2 4= A E5F ARRE Qo

s

rlo

/T2 3712 CLT B2 A7 14 A= A(=2023 3843 7 Al
A7 1A A9 (ES 02130.6(NIER), 2023)0] et 56t A=) 5= H}
SO R BE 1.2~ 1.5 m £0]9 UL 7| SH oz slgom, EH A9 A ALz
19 50 2 ZA5I51h Table 13+ 20] F9 S 477 121H=(TVOC), i"“ﬁ]o}ol—(HCHO)
TH-AARHTABYE Vo2 A58 55 *744*1 & 7ol wEt AU 1E 574 2 30+ 0]
2] & SAR | o] o] ROl F OH, 0.5 1A~ .F TA] Afolof| A= AFE XI5t
o}, W) TPl o F7] Fde =] flel 71 4 Hlo|E o] &-ste] et

Table 1. Indoor air quality measurement method

Total Volatile Organic Compound; TVOC ( z g/m’)

Indoor air pollutant Formaldehyde; HCHO ( ¢ g/m’)
Total Airborne Bacteria; TAB (CFU/m®)
Measurement Method 30-minute ventilation — 5 hours of confinement — Measurement start
Measurement Period 2023.01.18. ~2023.01.24.
Measurement Time 1:00 PM to 7:00 PM
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71d fA71%, AUE71d Te71E (ME, 2023)0 whet AuE 7148 B7tshdoh

F3]9A-5-7|3}HE(Total Volatile Organic Compounds, TVOC)+= Figure 2(a)2} 20|
Mini Pump for VOC 1|2} Tenax-TA YA G2 o851 YA -345(0.1 L/min) 0.2
3042/1214 A% 23] ZfF st AR 219 D4 oM d= 112{51] Tenax-TA%}
Carbotrap 2BE &3t Stainless Steel 27 2] FHE AMSSISITH

Ed|sle] =(Formaldehyde, HCHO)+= Figure 2(b)2} 7] Mini Pump for HCHO AHH]
9} DNPH Cartridge, Ozone Scrubber2- ©]-851] AA3H-345(0.3 L/min) 0.2 3027+ 9155
23] CLT =) W7#-2] 5715 ZHste] 2t f7|ekedh=o] 4 9 55 #4153t DNPH
Cartridge+= 253} Yo oJof] PR 7] wfi2o] Cartridge %%l Ozone Scrubberg 924
Skal, S7gat 2Rk Aol A 2HFR)E o851 Cartridge” SO LeE5] %] Q= o}
Fom, FAWIR7IsRES EdctelEx 3715 ZYst] 7 7R 744 9
FEE A4S flol Aetieh AR5 7 |7 A(NICEM) of] 4= 2] =5ttt

FTH-AE Figure 2(c) 2 Zo] Auis7 14 FAA 710l whet Al ARt 24
= I TSA (Tryptic Soy Agar) HIAE ]85t 2.H, oflo]E2(Spin-airn) & °1-87F 5&
Ho 2 d7po] 715 AFHAr AEANFHT 250 L o]oHs FEESHES 60 LPM O & 5+
T AQFEE 0, 20+ THA 0 = 33] 1< S7SIlt. AF7 T ehEH vl = e Hal ut
250 = Wgsto] AARFA-S mof A-2ofA A= 2xbsto], AlmE AfFIe HliA|
35+1°COllA] 48417 52t i~ ol Al Bl dstsiTt. B 5 vl of Z-4]
T JHE Foto] 2 ol Auls el Al = 5k, HAE Y of-8sh
3715 F -] F=(CFUM)E A (15 &3l AFEstaltt A (1)elx] c= 4
ZF TR S E ofuletH, 54 did Aulexte] SH-AlRe] BAH e CFU
OF hrHE Z2F7 1% Viosec, lamy S &0l AFESHITE

S
)
&
>
rll
2

O CFU 1)
V(25°c Jlatm)

(@) (b) ©
Figure 2. Indoor air quality measurement equipment; (a) TVOC, (b) HCHO, (c) TAB
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CLT Z=22| oA | A2 4]

ZA=ol| 7] A 2158 DesignBuilders 8ol CLT 1529 oA AR &4
YAt DesignBuilder= DOE (B]=rof| 2|45 9] EnergyPlusE 7|5HC 23 538t 71& o
Yzl AlEEo]d T2 73 o2 LEEDS ASHRAE 90.1 Hlo]E] Zh(%], I, A4zt
A 2AE, B2 B, 714 7] 2 99 2A1E )0l BAE]©18ITh DesignBuilder+=3D
& e R stof A1zttt o o1, ARt e tisiA H, 25, CO, 59 8= 5
2 Algdo)dRit). 71 TlolE= DesignBuilderoll HAH SH12]Y, SH22]<, EHA
oA, AFL 4709] 7V dHlolE & -Eall sl A& gtk e BEe o] 75 1930l =54

P25 g tdos HEFsI o, qidiE2 Table 291 £t tYdd=g &
Q;

A}

1 o] ARG =0] AHEE51] 15 HRE &S lol] 37FA1 9] A (T4 1A]Y, B4
2|, FEA| )} 3742] 0] -G (Sh, TIsAL ARREhE AHSto] HEel|A] AR
AT a1 Aol AR ST ol LW, PB, PWE 53t 2 A
O] 591272 mm F719] 3-Ply CLT ©]c}. AA| CLT 7 o2 AFSE 7-9-5-Ply CLT &
L O AV 8=, ASER ARSSP | ole HE519 115 A 0)7] tigel £ = A
“HKim et al., 2013; Chang et al., 2017)E 5ol =& GHT=& 315 ]85l 3-Ply CLTE
5-Ply CLTZ 4F=SI3it) AR dER-8 22 3l CLT 4529 AdEolvA] A&
DesignBuilderE ©-8oto] dofHetom, 712 5-Ply CLTE td7dEol A-8ote] |9
g

1= /sl B o GaA) A S A8-2 Fot A=A AR dotEth

i

o=2 =2

Table 2. Characteristics of Target Building

Location Jinju
Usage Educational facilities
Completion year 1930
Building size Floors: 2 ground levels / Total floor area : 1,753 m’
Construction Masonry (envelope), wooden structure (roof)
Window system 6-mm clear glazing + wooden frame
Purpose Empty building
ALS712 £4 20

0

I
Lo
I

277 erE(TVOC) &4 &0t

SR IsRES B o s HaH, k& 5 A5 oA o] dAsh= ¢15 ¢
HEA-5-718FE( Anthropogenic Volatile Organic Compounds, AVOC)¥} U & 5 A=
oA &= AY=5H MG 19K =(Biogenic Volatile Organic Compounds, BVOC) 2 -
HHot AVOCE FEF]SNButadiene), H4l(Benzene), =5 Toluene), A1 (0,m,p-Xylene),
2 E]2(styrene), o2 (Ethylbenzene) ‘5°] l.oH, HMdS 721 Q= folled =2
SVOC(HIA, =0, 2pd=l, ~E], o el 7t tf 34 ook BVOC ] S/ dRtd o=

o4 &(isoprene), K- E| = (monoterpene), AlXFIH| 2 (sesquiterpenes), 7|EF ¥

KT
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VOC (other reactive VOC, ORVOC), 7|E} VOC (other VOC, OVOC)2t o] & tiAl 714
2 FEH CLT 599 F o3l 4-8H HAE H47Lw), el 2H=(PB), FTHPW)
2ol T2 5voC (HIAL, 540, 213, A, o4, BVOC (HicH|2H) viE &
A& BA510] Figure 3.2.2 LFERNIEE LW, PB, PW2] AVOC HIEZRS 217} 3088.4
g/m’, 2210.6 pg/m’,3725.9 pg/m’S Hehlm E5] AL, AEjd, offguildle] uzsgo] B
o] ettt <415 T e =] Aus 71 Ear e (AFL# 700 pg/m’, AEIRI300 ng/m?, ol
2l 360 pg/m’)Ert =2 HiETE Y O0U CLT 599 745 217 H7] ¢ deld

SR So] Mg o] =2 RS Bl A 0 2 mrkEr], A5 =4 A 28 A1 A =
A ERoA 2 S A ] etk A2 5o T o 2 SRt ]S 55

7Wdol B asith CLT =RolA viEs B i H =49 fobd 72 Yu- 1]yl @ -pinene), HIE-
m]dl( B-pinene), T]2A(Myrcene), 2|52 4(Limonene), ZH(Camphene), AH|{l(Sabinene)
0] /lom, =H Al uijEaFo] W2 ¢ -pinene, Myrcene, Limonene, phellandrene, Geraniol,

Boneol2 i E4=& AAsto] 4619t RicHZH FHiEHS LW, PB, PW 22}
100.5 pg/m’, 130.4 pgm’, 212 pg/m’ BiEEJ o™, BE CLT ZY4oI4 a-pinene©] A
A B EH ] 70% oV S ZFA[SHL )1oH, £5] PW O] 7-9-83% o ZFA| 3T, HicH|
2 Ax FAfA = HiEE ] 15 A= A8 Al Adlegel Wske folled a4

3 S AR HiER s Adl 3718 IS 5 Ske Aol et

5000 350

B o-xylene 227 Ethylbenzene A phellandrene 777 boneol
4500 - [_Istyrene [N Toluene [ Imyrcene [ Limonene
[_Imp-Xylene[_|Benzene 300 B o-pinene Geraniol

N
a
=}

s -
o

e | E—|

1000 V .

Monoterpene (4g/m?)
g

o
S

o
=}

o

Lw PB PW
(b)

Figure 3. TVOC measurement results; (a) 5VOC, (b) Monoterpene

ZI[510|=(HCHO) &4 A}

E1e] Aot 5 FUlslo)E, o EYHSIO|E, opAlE, e n]2lts|E 9l of
Ed/lo] 8 0 AR ¥, 2 uedds|s, I2EYYs|E, REdTs|E 3 Hl=
5| E0] Fir= 0.0 2 A E|R] oigl). wheba] 2 57 HAo A= 99l B/ JY
diato|=, o ELTeto|s, obilE, Za2uedds]|t 9 ofF-E&9le] et Axfrhe: A
Aloto] Figure 42 ER ST AWE 718 984 @ JE4S mtefolr] $161e] Aldehydes
o] IS A EL o, drelo|EEH F B Heto| =t 7 7| ettt Al7HA]
&elo] Zoly|slo]C B2 40.89 pg/m’ 02 AUEZA B171591210 pg/m’ T3]
71221100 pg/m’ o2 e, o]t 549 pg/m’ (0.04 ppm) OVdo|H olE ]

W
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/J wRGo] k= ofol= QAo r] A= RS rlHg A 0 & T} dHs|E 5
7P =) Uehd Edsio]=9] 5= LW, PW, PB Z12F 31.24 pg/m’, 45.16 ug/m’,
46.28 pg/m’ 2 AWE71d A7 42171521 210 pg/m’ 7100 1g/m’ o= LE}

wom, LW E<of vlsl PWetPB E42] 749 PWE F 1.458), PB= ©F 1.48H12 H] 4]
EEEEE U O, o= Skt wE| 2R T A5 Al ARSE HAFA o] ofgt 2 o = wet
g} oHES] B 55283 pgm’ O R EAslo|E 1o Lo LS e o
™, oli= oAl Eo] ThE 7H= K JalelEo] Hlof| g o] o] 3F-EafiLt -OHet HE-gof &faf &
Sf=717E2] 9] 71 ARte] AR|E 2 w2 F s U= A 0= Tk op|ES] skekE
A LZ 7|5 TWAAP S E7]5)= 500 ppm (614,032 /zg/m) STEL(ZAIZF
W E7)7 750 ppm (921,048 pg/m’)0E E AFe| N ZAHH B E=083 pg/m’OR &
FO| FLE 7AW, o]i= A0l R|A= Gl AS He R ¥ %%E}

220 [ Hexaldehyde ~ [_] Acrolein 240
200 - {777} Propionaldehyde [C_] Acetaldehyde 220 -
[ Acetone [l Formaldehyde
180 200 Indoor Air Quality Recommendation Standards 210 yg/m*
_~ 160+ 180
£ 140 o160
g 120 4 ® 140 '/ ASHRAE 120 jig/m®
() S 120 e o . o . . . . o P
%100— V2722222 % 100 > WHO 100 yg/m*
% 80 Indoor Air Quality Maintenance Standards 100 pg/m*
2 T 80
60
. 607 45.163 yg/m? 46.275 po/m*
0] 40 31.239 yg/m?*
20 - 20 ]
0- 0
Lw PW PB Lw PW PB
(@ (b)

Figure 4, HCHO measurement results; (a) Aldehyde, (b) HCHO

54 24 Z1

CLT 59| SF-RAI = 121~ 327E2] 9] vlieF & Htgt o = Al4tsto] Table 3
o & yetfiglon, 3R IE et FR-FAI Fles 484K o1 LW 4 CFU/MY’,
PB 2.7 CFU/m’, PW 2.4 CFU/m’ 2 YEPgTtE 5 5 LW7H 7H 2 ST x]9h Aulg7]
A Ta]do] w2 52715800 CFU/m’) 0|6} Hol 1 Qlrh. ZH-GAH-S & ]7 s
(IS5 70% o2t 20 ~ 35°Co] 2koflA] Wil Wi=2w, CLT 5% 574 FAIS LW,
PB, PWO] Bt £ =7} 4.94°C, 4.55°C, 5.12°C .01, 455 53.92%, 56.67%, 58.25%
2 FE-fAllte] fAle ol W 2 Fh s Hol1l gl

Table 3. Total Airborne Bacteria measurement results

24 hours 48 hours
Colony-forming units (CFU) Concentration ~ Colony-forming units (CFU) Concentration
Ist 2nd 3rd CFU/m’ Ist 2nd 3rd CFU/m’
LW 4 2 4 2.7 6 5 4 4
PB 2 4 1 1.9 4 4 2 2.7
PW 2 2 2 1.6 3 2 4 24
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ClE ML Ol CLT A2E29| 0|2 Al A Za}

CLT Z=E2| H20HA| 45 Q7 2t

A=E0] A= UR] A5 B71HE ol B A74Kim et al., 2013; Chang et al., 2017)2]
22 A5 GHEE ZES 0185} 5-Ply CLTZ AF=E3}0] Table 4% LFEIQICE AH2H &
0] TR LW 1.418 W/mK, PB 1.346 W/m’K, PW 1.360 W/m’K o], s Ios
& W =] ARAIE At 3711 9] A H(FH 1A, FH2 A, FRAH) 3714
O] g (gh, AFE33L, 71sAhE Fall AEAIYA] AlEHelA-S F1sgste] AEouA] A

5H71E Rt

Table 4. The thermal conductivity of CLT constituent materials and the thermal transmittance
of a 5-Ply CLT

CLT components 5-Ply CLT

CLT
Composition

Thickness
(mm)

24 120

Thermal
Conductivity  0.170 0.15 0.154 - - -
(W/mK)

Thermal

transmittance - - - 1.418 1.346 1.360
(W/m’K)

DesignBuilderE &ofl -85 7t 71&2] M- == 715541 0.2153 People/m’, AF-31F
0.0538 People/m?, S+ 0.3767 People/m* 2 Z-8%|20 0, 7|ZA12] 739 18A] ~ 05A], A
57 08A] ~ 18A], BFali= 09A] ~ 17 A9 AldAke] Hlgo] =34 5-Ply CLT A=-&2] A
Eofuz] A% 7} A7H= Table 591 2tk LW, PB, PW %5 PB7} 7P 22 ol ]S ARg
S, LW7H 7P B2 o U A1 S ARSRRE & = Itk PB7F A8 S5 12 9] tdda2
Sk 128.9 kWh/m?, AFE37F 124.1 kWh/m?, 714341 96.9 kWh/m? 2] oL 25 AL-8-5}H,
FH 221992 5H 150.0 kWh/m?, AFEEZE141.2 kWh/m?, 714541 109.9 kWh/m?, H5-A4]
.8 5HT 136.6 kWh/m?, AFFE-37F129.8 kWh/m?, 7143AF 102.0 kWh/m? 2] oL 2] & AR&-
o}, 122 PB= /3% St ot AR gt o = E-got mji} 7| <At g8 o 7F
2 AJAE ARG 4= S0, HRUEet A AAIE L] 2o =2 Qs o 2] ARGEE]
Apo|7F Rt Z 0 & mEh S22 H 0] A FH1 A G FRA| S H T} 7]20] B

rol

)
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o Zoll tdol|U 2] ARgeFo] Hob 3712 Ao 5 7P B o215 AH]RI: 2]
8 kWh/m® THg oY 2] ARgF 2fo|7F L, i ES S5 1492 PB 12A2 & 4%
71 Ae M A5 ARERITE

Table 5. The building energy consumption of a 5-Ply CLT structure (kWh/m?)

Parameters School Office Dormitory
LW 129.7 124.9 97.6
Central region 1 PB 128.9 124.1 96.9
PW 129.1 1243 97.0
LW 151.2 142.4 111.0
Central region 2 PB 150.0 141.2 109.9
PW 150.2 1414 110.1
LW 137.3 130.5 102.7
Southern region PB 136.6 129.8 102.0
PW 136.8 130.0 102.1

CLT &2 H20HA| s BoF 2t

OAAE0] o HyHR-2-8 LW 1.418 W/m’K, PB 1.346 W/n’K, PW 1.360 W/m’K &
Sto] AEoHA] 7S AYSHAARE, U] S5 ovx[dePdA |zl 9A] 9= w4
A58 7Rt B A= Table 637} Zo] A9 ATHF-& 7|5 FH149 0.17 WK, 5
F22]99 0.24 Wim’K, 'F5A]4 0.32 Wm’K)ol| 2= a3 712)7] 9 CLT ASE
of| BRI HIA FAE Lottt 7HF A2 oA E ARERE 7[5ARE HVd o= o ||
A HESH Table 622 VFERASITE TG A4 F719] 7-%- PB7}95.3 ~ 205.6 mm=
H| 2] gR2 T2 GAAE Foll =1l AS5E o|AderdArIES B 7es 248
= 9lo™, PBO] 7-¢- LW, PWell Blal 71 eR2 TS| AN E AFS-Erh GEAE A&
Sro 2 FE 1292 84.4 kWh/m®, S5 249 92.4 kWh/m?, ‘@54 92.3 kWh/m? 2]
N A7 AR EH, 7]Zo] BIs] F5 12498 12.5 kWh/m?, 55229 17.5 kWh/n??, ‘g5
219 9.7 kWh/m® TH o[ q 27} 3=l = S o 4= Sl

Table 6. Regional comparison of Insulation thickness by building type and analysis of energy

consumption
Parametors Energy consu;nption Thickness (mm)
(kWh/m?) LW PB PW
et S
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2 A= TS ARTFHE 37| CLT 5 HIAEES 7|§HC 2 CLT Ao i
/3% 71 A6t CLTE= Zolgol 9ds A8 (Larch Wood, LW), HHE|[ZHE
(Particle Board, PB), 2} (Ply-Wood, PW)°] Z-8E|¢lom, 7% A5 72 Alig 7|4
9 Azl 2] g7te] Avb= ohaat 2k

(1) AUE7149 7
A= SRR, Eddlstols, THAAlES S86lth 57 24
AVOC 9] B 1AFE0] thgol A Y] EaVlE, fA71E 2 A58 A
7120 A ET 2 2|2 S Qo CLTE A5l A8 Al 1Al m]2]= <
o] g 7 o7 TekE|ict,

(2) 599 A= 72 mme] 3-Ply CLTZ g CLT= 5& 2|H. o2 ARgsh|ol= =
S A55S 7171 whzell 5-Ply CLTZ /d5te] AEolu#] 245t A3} Lw, PB,
PW % PB7} 71 T d-50] Eof Bl A A2 of7]
SE2 TF1A99) PB 12A| 2 7|SAIE 283 A] 96.9 kWh/m™ ] U RE AFE-S
=2 7P &A1 A E ARED 4= Sk

(3) 5-Ply CLT T&F=2 =l ©845 78] TSl xE oA 7ol w371 919
dagtdA FAE ¥ HESHT PBY] A9 S5 129 205.6 mm, 55 24] <]
137.0 mm, B%A % 95.3 mm=, LW, PWo B3] 71 oS- F7| 0] AR S A8
ol 4EAE A8t 2 FH 1A H-L2 84.4 kWh/m?, T-5 229 92.4 kWh/m?, ‘&
H219 92.3 kWh/m® 9] oL 2|7} ARG E]o] 7]&e] H]of 9.7 ~ 17.5 kWh/m* 2] e[| 2] 7}
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