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Hiwo| 9| (ISO 10211)

o HE QUUIM FEHOZ HZ(heat flow)”| Hetzl= 2 9|0
o Thermal bridge, Cold/warm bridge2= X|&=E — "H0| 0|=5h= 2"

©1S0 10211*9] Zolof| =T L5t Z3:

= “..partof the building envelope where the otherwise uniform thermal resistance is significantly changed by

@ full or partial penetration of the building envelope by materials with a different thermal conductivity and/or

@ a changein thickness of the fabric and/or @ a difference between internal and external areas, such as

occur at wall/floor/ceiling junctions.---"

- B0 FHPA HE= A E Q|| of ¥R O CHE BHEES 1T M2t | A =

r|o

@ = FM7} st AHLE, @ LRt 2| o MAo| FHatE "
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[A2] SuR| 7=

1XH E= (1-dimensional heat flow) : x& 45028t HO| 0|5
MAH A AFESH= G2 &(W/mK, U-value)2 1x12 922 J1-

2
X

[WimK] :

1.600 r

0.180 E“

. 0.034 =
B

1R S Ol
*ZX]: Jin—Hee Song, et al., Thermal Insulation Performance of Various Opaque Building Envelopes Considering Thermal Bridges, 2016 ASHRAE
Winter Conperence Proceeding

2XH, 3XH &= (2-, 3—dimensional heat flow)
A AS0M= A= et Tt Ful= 26l y=, 7RO 20| ERE SA0 &
Example of wall-floor and wall-wall junction

Zz

27K ST OA| SAHE ST oA

*=X: Jin-Hee Song, et al., Thermal Insulation Performance of Various Opaque Building Envelopes Considering Thermal Bridges, 2016 ASHRAE
Winter Conperence Proceeding
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@® Construction(material) thermal bridge (FXZX/IHEX L)

OIFI

HEE0| AR 52 54, 232E

EL2{0f Hlo S/t

EHEZ(W/mK)O| 2 FUE &
5t 27} o1X5t

|OA

rr
ox

t

e

Sot

Bl

GHEE0| =2 RRE S
o ASS0|A LE O = HEI/t S¢S = £9/0|H, 0|28t F]IE z|Aslol0] AA|, AlS5t= A0 @+
exterior

interior

steel anchor

*ZX : Schack Ltd, Thermal Bridging Guide, 2018

S S

1(extarnal) 1(intarmal)

v

SZ(Intemal]

*ZX : Passive House Institute /& Xtz
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AT LHEHE SSFEO| H-S2tE FER S / M Of2 /TS A2 AAH 1F &

ﬂ

7Y OF2f QTHE A AR WH 1Y 29| HE Eu M|

ZX: Jin-Hee Song, et al., Thermal Insulation Performance of Various Opaque
Building Envelopes Considering Thermal Bridges, 2016 ASHRAE Winter
Conperence Proceeding)

ARZI2 : ZIASR| 34 ABIER QIst Uil - MeH+ES ¥
- AHE 2212 Sof G YME(0], AEE 22 BH 25 0t
ﬂc itk
pri )
. 00
0°C
C-AE{SE Taf6X| 42 B - 417 A| -
20°C .
. 150
M1 5 125
| ]
0°C
{[11]

100 °C
C-AE|S A5t R opf dety 2 22t

*EX : $718| 9|, C-AEE 0|48 22 HBE MR E AL K| A AHO| £ 8l 245 HOF, KIEAE Journal, 2022

C-AEIEE AISSHs ATEE 7448 =
RIZSHO| ALZE D82 Fek YS! 2O, C-ABER Q1) MHOR 27 HOKI= 2 20l 7k5(9)

011Af, C-ABEE 112{olX| YUS [t 1240IAS o] 2O0IS(2)
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® Geometric thermal bridge (71515t &)

o TEA| RO ME A S0 IE EulE HO| Ekl= HAL YE5H= HHY

—

x
o L, QI E0| JEE0] HEM/t 2 ASER= U 129 54 o BIEA| 2iok= Sl S

—

interior

exterior

*ZX . Schack Ltd, Thermal Bridging Guide, 2018

K

W

m
A

“1{extemnal)

W

e I |

R

AMVWYA

) SZ{anernal]

*ZX : Passive House Institute /& Xtz
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[A2] SuR| 7=

@ MY Wt Had A
M3 Al (Linear thermal bridge) : 37HQ| 374 & & olLte] £ M2t SYSHHHO| AL L= G
- linear thermal transmittance2 LIEF (\W/mK)
Y Gl (Point thermal bridge) : &Y £XH = 7 EQIEZ Qlsff X0 SE0| H2fK|= B

- point thermal transmittance2 LIEHH (W/K)

interior exterior interior exterior

HuEm HgEm

*ZX : Schéck Ltd, Thermal Bridging Guide, 2018
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(a) et A28 (b) 2leted Al2g
Lt vs. QITHE Ba A Hl ST P Ly Be

*EX: S5 2, 2009, X SO AL ofct SuMAHY HE SSTEQ| SHP| A Yol B 21t 24, teiixstal

= [l e

== o= =2
Concrete wall 10 013,
Paint-finished (C-1) Stone (C-2) Metal-sheet (C-3) . 014 .86
Internal insulation ‘External insulation (External insulation (External insulation (0.13) 0.8 :
system (C-la) system (C-1b) system) system) 0.8 _ 0.11
2 vi6o
,E 0 (0.09) 0.62
: X (0.08) 0.49
< 005 043 (.06)
“Thermal v (0.05) (0.05)
Image E 0.4 027 0.29 0.33
g
= 0.2
Uce | 0.27 W/m K (0.05)"" 0.27 W/m K (0.05) 027 W/ K (0.05) 027 W/m* K (0.03) 0.0
Que | 14154 W (482.93)= 54.88 W (187.25) 82.53 W (281.59) 63.93 W (218.13) Ucode C-la C-1b C-2 C-3 S-1 §2a S2b 8-3
U | 0.74 W/m> K (0.13) 0.29 W/ K (0.05) 0.43 W/ K {0.08) 033 W/ K {0.06) Buh P
W fi?
Steel truss curtain wall .
Metal-sheet (5-2) HM A|AHEI O8]
g Without additional With additional g g _ . With internal insulation
Stone (5-1) finsulation of steel trusses fnsulation of steel trusses | e Panel (§-3) 1 Paint-finished (C-1)
(5-2a) (S-2b)
Concretewalls | | o o o terior (c2) With external insulation
© system (C-1b)
~ Metal-sheet (C-3) |
Thermal
Image .
H Stone (S-1)
Steel truss No additional insulation to
i curtain walls (S) [ Metal-sheet (5-2) steel trusses (S-2a)
Uerae | 027 W/m? K (0.05) 027 W/m K (0.05) 0.27 W/m? K (0.05) 0.27 W/m K (0.05) 289 _ a
Qo 154.34 W (526.61) 165,94 W (566.19) 9488 W 73) 11971 08.45) Metal 1(5-3 Additional insulation to steel
Ul 080 W/ m? K (0.14] 0.86 W/m> K (0.15) 0.49 W/m? K (0.09) .62 W/m? K (0.11) 1 etal-pane (s-3) trusses (S-2b!

*ZX]: Jin-Hee Song, et al., Thermal Insulation Performance of Various Opaque Building Envelopes Considering Thermal Bridges, 2016 ASHRAE
Winter Conperence Proceeding
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[A2] SuR| 7=

MNEHE M C-AEE HQ| Ot 0| Afz|

SN 225 S R ME| ST ARl

*EX: ST

1. Schock Ltd, Thermal Bridging Guide, 2018 (www.schoeck.com)
2. Passive House Institute 11§ Atz (Passivhaus Institut (passivehouse.com))
3. Jin—Hee Song, et al., Thermal Insulation Performance of Various Opaque Building Envelopes

4.

Considering Thermal Bridges, 2016 ASHRAE Winter Conperence Proceeding

&89 2, 2009, EX SEof ALE Qo BuMAHY HE SSFEO| SHP| A AR Y
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1160

F

(w, Linear thermal transmittance) : 2110{| CHt

=20
=

t01(QTB)Z

HEZQID) A =

=
S

9

20| o/

Tt S

(Q2D)=t

%F

QTB

Additional
heat loss
due to

the slab

*£% : Schéck Ltd, Thermal Bridging Guide, 2018
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© 4y Gl L=
o M3 ATRE ME 4

w=(Q2D-Q1D)/ (length x AT)

o X|£=HA (external dimension or internal dimension) A1E4
0 21 P22k MES QS MYGHA T2 J240| 22 (LBNL THERM, Physibel BISCO £)

Energy loss:
L=U-l-h|+ -1

QZD Q1IZ

ol ——
Qp=U>
————— Qrp=y>
o Uh =
U-value R U = 1
Energy loss: - Rsi+ Rl + R2 + R.se

*ZX : Schock Ltd, Thermal Bridging Guide, 2018
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X|Z=A|A| (external dimension or internal dimension)

- 22 X=HA &2 WE XHA S o=

Ag HEelE E|H, =

HHHL

'S =2o 71O = aro
- X|=eAA0] 2t MYy GEFSE 22 T XI0| L 745 TA| QI &4Z2
a T,
d
- —————me »
] I
C
b Ti
U<
(a) ATz H ol SA| (b) 21 Fx|TxAH 0fSA| P—
B vz xasss s usse Aoy R
B un wo 9588 s usss dYY 2R
A FEZ 2l W, TE RN S| SHEE +EE Sl ofst HEHS KMot W 24M, St=7istletd |

SHofjAl L2 72k

T2 773 : Physibel BISCO, HEAT S

LS OflA|

o272 LBNL(Lavvrence Berkeley National Laboratory)2| THERM

[A2] SuR| 7=

= ofLfO] XHMAE AE

SUSHA ALt
P
Y, = —————Ux(a+b)
LT
&
== Ux (a+b+c
v, -7 U~ (a+b+e)
St HEMS| =2%, 2012.10, pp. 87-90

*ZX| : Passive House Institute 1§ XI&

Qp= A"

U, *AT, + A* U,*AT,

U,=U,=1/(0.13+0.01/0.35+0.175/0.99+0.3/0.04+0.01/1+0.04) W/m?/K =0.127 W/(m?K)

Qyp =

AU AT, + AU AT, + W' 1% AT 12

Example: Q,p = 24.083 W/m as per HEAT2-6.0

\P=(QZD'A1*U1*AT'A2*U2*AT) I I ’ ATmax“_z)

Example: ¥, = (24.083 — 0.127%2.25"25 ) W / 1 m / 25 K = +0.678 W/(mK)

L=0495

1 Lanbda (x)

W.

L=0.18

¥ =+0.678 Wi/(mK)
Qg4 = 56.95 kWhi(ma)

» = 0.215 W/(mK)

T=20 R-I] J3

T=20R=013 fgg] =0.85
= 0.495 WI(mK)

T, =16.9°C
fog = 0.88

Tomin = 16.2°C

min
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A

EU=S (X, Point thermal transmittance) : &
S RIS Taket QII|9| =
ez}
=

=
I Y ISR L Y, 245 2ua o

M

%‘%F(QTSD)EP

|'0|I

—

X=(Q3D-Q1D)/(n x AT)

- =
//// U3 //// |
T oD |~
l/ |/ | ////T
Lapy I Lopa ILsn 2 /,%’ |
i LT, X=Lap — E:U A —
| [ | | ]
| | | A
Lyps I U, ILG,z ,Jl,/’// I
I 4___//I
| |
Lipsl Lyps ILSD,B

7FRIE, W/K
2HH(Q1D) 2| xf0|(QTB)E

*ZX 1 1SO 10211 Thermal bridges in building construction — Heat flows and surface temperatures — Detailed calculation
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Q|| FuRe| HEESS LHESH| Plol, HUXIEAEATIE [EE1]0IM Y0 ME MY SAZES AR
C]| & (@)

Ojete HEEZES oj0|olH, 22 R0 M2t M3 GHEg0| 2eEg Y+ U
[EE 11] QI QEQH MY AURB J|1F (x P M2 : | 232E 7 wan | o2ez)
3 HEEY | M - i HaEy | M
72| FzaEasey ae’ | Twiaos 72|  PEamave ey e i
L g2 | 0.520(0.800) . x oS | 0.530(0.820)
- %’_l e @ | 0.48500.760) = § o 9 ® | 0.48500.765)
T-1 . - Tr+@ 0.430(0.695) L1 . é I_2 _ o) 0.435(0.710)
% w////ﬁ @ 0.440(0.730) R, @ 0.375(0.675)
Ak @@ | 0.415(0.695) % @@ | 0.345(0.640)
7 L — -
g O+2+@ | 0.370(0.640) ©+@+@ | 0.315(0.600)
= U= g2 =7 =
g % IW s 0.465(0.600) 2 § 1 gz | 05450665
g — ® | 0.390(0.520) _
T-2 . - L-2 N
7 2 0.445(0.585)
| 2 s @ | 0.450(0.565)
! as @+® |0.375(0.510) -
ax § ul gt | 0.545(0.705) I e | 05200608
a i = . .
e @ | 0.450(0.605) . LW/////,@&
T-3 L= |
FW’W @ |0:54000.700) %
£ o= S5 @ 0410(0520)
|~ 28 @+@ | 0.450(0.605)
T HAS 474X EfR], 267K Z74C 2 RS YUl RZANAM THsSH EY 290 M2 MY¥IE=E2 02
AlLrst
g2 | 0.730(1.000)
els 0.700 DEE® | 0.720(1.000)
gz | 2 us . g DHD 0.710(0.975)
. D+@+@+@| 0.645(0.895)
- DO 0.530(0.790)
a - 0,600 @+@+@ | 0.530(0.800)
loge) : ——
CHZHHD| 0.485(0.695)
= % 9z 22 | 0.605(0.740) g2 0.700
e @ | 0.605(0.740)
T-8 : | | - X-4 || ©E=® | 0.650
l/////AW//////ﬁ @ 0.570(0.705)
U oys @+@ | 0.565(0.700) O+ 0.600
22 RS g8 0.580 g g2 | 0.465(0.885)
. . o 5ee I ® 0.455(0.870)
T-9 f - X-5 ® 0.435(0.850)
ﬁ r//W @ 0.550 z—l - ®+@ | 0.425(0.835)
- / A TS 0 .
= T I+ 0.515 ux @ § 2l M+E+@ | 0.395(0.800)
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TEEZO| 2 XS 7HAI= AE 300mm 0| HE5H0{0F Q1 et

% US2 HAAIRO| S 290 TEAE 7IZ0Z 2SSO HIZBS YT, IS HANDO| i B TXHE J|Z0R 7iES
o otz g iy,
% /L) FDELRA 7|0) ZY st PAZN HAAIZ0| His AL|S| WD THSLY(@7(0] ZY Bsts 2R HBAZO| He
S9lof 2/7]0j 21 PoHs HRA HEAR0| Sis B9t Mok Rl BIIhA) Z2HE LT
21) TH Y LHOM HEAD| HEHOR B H9| HER ol MCQIR| T Sol= IO UGS 29 T MR Y &
917} SA] AEH| S9iot SHNOT MRE PSSO AL WA A 2T WY
% QU] FWEolo] HE H5e AT I iSRS ME AVFES OIS WISI0) S S T (2, 710 XY
BH= S2A TRAZ0| Hi QHPS(Z U 2 THo| TSt & U 2] BIEHI7 50% O/2H ZL0] SHat0] 9 Lo T H5H
2 20)
- 9/ AR 0| B A5 AN =
[Z(2mo] Fmersy ThsRes Mg He
A

10| QA FHSEA 20D / (£ A MU THSEAE ZO)

MOER 119 M w2 Sy 022 290 HAIE Y 218 T HAY(TE - Y&, LUE — 1™ 5)2 ol 71 fAR 8
HES HEOR ST}, (H, S8 112 724 UL Syl &1 E= HANE S716td HE0| 022 Z20= 150 102110 MHE

TKz o1 7ts)
X QI ITHE0] 2BIHOR MR 1520 P M HBSHO| 50%E X1 B9lo] NEANESS NRsH0, ATY S
L§Ctel S} SIS HO0j= Il Holo) Mslaipi2e MR sy

X HEES AR 0.27mK/W, 20 300m 014 X2
- TR 297} 281 014 ZR0= 2120 0| AN JIE Y 20| 7|ES BT EF5I0{0F,
- cigiss Al sl 0| chelwz Jks 2017k 300mm DIt ZLE Sier o FKIE B 290 Bsto] oI

I 29 SRS A5 OJA] : BSZE LT Al

- 2-1 MY GBFEL 18, 28 RE HAS 51022 0.600 W/mK
- -2 MY FmEee HZH0] glom 2 0.700 W/mK
- SHNItH 7 IEC 2 ol Eut X|SE= H0l= 102 23 (2 2.8m 7+)

J
- 91 HEMS ={(0.600 W/mK X 2.8m) + (0.700W/mK) X 2.8m)} / {2.8m + 2.8m} = 0.650 W/mK

M
ge
ol

2 -20.700

1B | -7 g—z . — |oze=e| 0650
< F
2- L %_ s
2 -1
= o+@ 2P-170.600
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=M ZSFHO| 22 MUS |otll A FHeE S SHoh=H| 7|05k | fIgt
CHA:: DOOMIH OS] S8 / SUE, 217(0f 21 Het &S, A Hefs
7} X|H: 2X}0|H|E (TDR:Temperature Difference Ratio)
- HO|: MLt 2|719f 2EXI0[0f Chet MLt ME iR 2|2 MUEHS| 2EXI0]
- B0 Fot AUl 255 71E ol ot 22(e] “AR W] 457S HItot | fIgt K]
- OF2H] AlLHA O] [t 11 EHRl= 00 TALO(2| Zfo= TRVt gl SNl HIE
&

dUH=ET - HZ HAFFE fET=ET

ZZ AWl =(TOR) =

O AL 2HAxA: AU 2= 25T, &gk 50%
Q7l2E (K19 | -20C, XIZ 1l 15T, Xl -107C)

T @ 2218 Al KS F 2295 S2| Ao =Z R715017[2HKOLAS)OIM &

@ 1SO 1509901 Metet AREH Z=Us &0t AZ2 0185 Sl L1
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[A2]

ne
El
0

X[ 71

>

ZEUSHE, SSFE 22 UXIE ?Iet SME 710|1E2121, 2014,

%&*:g%&#ﬂ H2 2y FOHRLI0) TSt 22 WK| HHIES A
2 Uig: AU 9 X3, 52 FEE AN 2EXI0|HIS FA
CHOLKICHOIA 217[0f ZI/ZHEOR Bisks BE FABAS9 ZAHO| ZRYKINSHES 0.036W/mK 05HS

= 300mm, FH 10mm OO Z HAGHH AIZ (KIF |, 11 Z 450mm 0|4 HE)
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17 zesse

Sample Cross Section Sample Isotherm Results Sample Color Infrared Resuks Sample Curtainwall with Bolt Cross Section with Infrared Results
(Aluminum Slider Windows Frame) (Alum inum Slider Window Frame) (Aluminum Slider Window Frame)
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Al=dl|0]d T2 7

i vindou o

fjo

a4St

o, el 80 ME HEdst &S

g

sZ0f

[A3] F2 A HEH &

T W74 - Glazing System Library (C#¥Users#PUblicKLENLWWINDOW7.4%W7.mdo) i e e

% % K

| For Help, press FL

File Edit Libraries Record Toels View Help
DEH| s B ) M|[BEaen; O % 2R
List L -
) Nae [Ficture
Made |NFRC -
Hew El
Type | Fived picture) =1 »|
Copy
width 1200 mm
_Ddee | Height [ 1500 mm
Sove vea [T m2
Fepott e[
Environmental Condtions
I~ Dividers NFRC 100:2010 ~|
Dividers
ND‘SD‘? nodc; File Edit Ubraries Record Tools View Help
o <
= 5 = P
Cick 110 display characterisic CTEHs@m@S|E- 1P Baen: OF
Udactor 7 Wim2K. n
SHECAT Dista sHoc [ WA D1 Name: [Vacuum Glass
vl | Es) | #Layers:[3 i’ e[ %" 16 Height [1800.( mm
|G| Hew Emtcnmentsl yeac 00,2010 - IG Wich 100000 mm
o[ WA Condiions
Copy Comment:
Delete Overal thickness:[43000 mm  Mode: [ I Model Deflection

save
Report =
Radiance
[Tio] Name [Mode] Thick [l Tsol | Ficoll | Reol2 | Tvie | Rvist [ Fis2 | Ti | E1 | E2 |Cond |  Comment
j Glass 1 #6358 HanGlas Clear Smm HGI 50 [Jfoss 0071 0071 0894 0080 0080 0000 0837 0837 1.000
Gap1 M 1 A 140
j Glass 2 6358 HanGlas Clear Smm HGI 50 [J|0s6 0071 0071 0834 0080 0080 0000 0837 0837 1.000
Gapz » 1 A 140
j Glass 3 »» 11334 PLT ULTRA N Smm SGI 60 [J[0672 0292 0225 0879 0045 0048 0000 0037 0837 1.000

Certer of Glass Fiesults | Temperature Data | Optical Data | Angular Data | Color Propetties | Radisnce Resuits |

Utactor SC | SHBC | RelHtGan | Tws | Ket | LaeriKel | GaplKeff | LoyerZKelf | Gap2Kelf | Loper 3Kelf
Wim2K Wim2 | wimk Wik WK Wk Wik Wik
hES 0610 0531 a4 0712 00625 1.0000 00853 1.0000 00306 1.0000

Mode: NFRC_[SI[  [NUM Y

For Help, press F1

7|2

Ho
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A ZEB MA|E7|2

® Window Basic : £t°| 7H|ttAl
ZHH A0 Tkt Z(Window)0| F-2E == AUCH, AX| ARt 8, et7| 45 S0 tie2t Z2| Mgt
~
, / p
5 /! +
NS 7 . s
WA Ve S #
TUEM & TILT TURMN PROJECT FULL Do FIx YERTICAL PIVOT HORIZONTAL PIMOT
LEFT HUNG & TILT LEFT HUHNG TOF HUNG BOTTOM HUNG DEE
ojetol
r + — +
LIFT SLIDING SLIDING
J8 &4 0|AYS EUSAR

HZ0HX|zis Mz g us

74



[A3] Bz HEE VIS

® Window Basic : g2|2] X|X|gfAl

OEI(GIazing)% HE(Window Frame)0il 1 ! X|X[ok= 2 JHH L0l T2t 22| MEE
T o5 AlX[oh= A =2 OfLEt JHH S0 Tet QFEXO= 117 = 0{0F 8f

iy
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A

(® Window Ba

76

ZEB TjA|E7I=

OII

sic : ¢/

0

Al
=

HZOUAS B2 Ydus

X0 S (0] | | 1 |.O =) I=ks}
TEFO| A0 T2t Y MSF0M EfRIE T2
(=) == IT0 M SEE= = ;;l =
= Tz ott] MZ2l 7-didt 2X| Yek S0l thoto] Batol| g
'A' TYPE 'B' TYPE
RN il - | - [
MC1 Mc2 MC1 Mc2 MCl  MC2 MC3  MC4
'C' TYPE D' TYPE
:
MC1 MC2 MC3 MC4 MCt MC2
'E' TYPE 'F' TYPE
| + | [ v = [ v e wf + [ « [ = |1 [ v + T v Jo
el v [ = [ v | | + [tc2 el v [+ T vl [+ [+ T + e
MCI  MG2  MC3 MCI  MC2  MC3 MGl MC2  MC3 MGl MC2  MC3
'G' TYPE 'H TYPE
e | T ] [ v ] [ v o
+ v + + +
Teo| v | v | | =] [+ e
MGl MC2  MC3 MC!  MC2  MC3 MGl MC2  MC3
'I' TYPE "' TYPE
[ + [ = 1 =1 [ v v [ v Jro
Vv + + + + v
el v [ v [ v ] [+ = |+ e
MGl MC2  MC3 MGl MC2  MG3 MGl MC2  MC3 MGl MC2  MC3
'K' TYPE 'L' TYPE
MC1__MCZ_MC3_MC4 MC1__ MC2__ MC3
'M' TYPE 'N' TYPE
e + [ v [tc To1] + ] [ v T v [ v Jo
TC2| v | ] + [tce Teel v [ v [ v || + |rc2
MGl MC2  MC3 MGl MC2  MG3
R | |
TCt + + v +_ [to )
e I I I + [z HMC: AEREH, TC: #12H
MC1  MC2  MC3 MCI  MC2  MC3
'P' TYPE
To1| + ] + [ v + ] + v [Tot
TC2| v | + | | + | v | | + | + |Te2
MCt Me2 MCt MC2 MC1 MC2 MC1 Mc2
'Q' TYPE 's' TYPE
el | = | [ v T v e TC1| + I [ v v |
= I T | < e el v [ v || + [T
MC1 MC2 MC1 MC2 MC1 MC2 MC1 MC2
'R' TYPE
[+ ] I [+« T +« 1 v T + 1 L+ 1T v
T2 v | + ] | + [ v | ] + | + || + | + [Tc2
MC1 MC2 MC! MC2 MC1 MC2 MC1 MC2
'T' TYPE
TC! + . . I + | | v | . . v TC1
TC2 v v 1 |+ ] + T2
MC1 MC2 MC1 MC2 MC1 MC2 MC1 MC2
'"U' TYPE
TCI - [ = ] + - TCt
TC2 | + | | + | TC2
MC1 MC2 MC1 MC2
V' TYPE 'W' TYPE
e+ ]+ ] v [ror [ v o
Toz| v [ [ - + e L v fre
MC1 MC2 MC1 MC2
'X' TYPE 'Y' TYPE
'Z' TYPE '0' TYPE '$' TYPE
MC1_ MC2_ MC3
O3 &X 0| E WRUSA=E




® Door Basic : =2 7

[A3] F=s A AEE 7IE

(D Lock Technology

2 Door hinges

(3 Glazing, 7| E}

I8 X 01 s WRUSAE



PART
A ZEB THA|E 7|

@ Door Basic : 7iH| % S[=42I|0] ghsk

SIAPHE0E Ut
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[A3] Bz HEE VIS

@ Door Basic : Lock Technology

UEPHO =2 2X|(Latch)2t 2E(Bolt)Z TEEH, eiXl= 7HH, 2E= &g 82 A8

Mz 2 S S)0f 2t 52| X2t 2EER 714 7ks

,,,,,,,,,,,,,,,,,,,,,,,,,

; bR N
! s o R
| ! 5 21
| NG A
i P =2
! PN : 3
i LN
! Pl o s
i N 15 N
! P N >L
| i ) il
| Crel Ye BTl
| | [[ 0 e ’
i [ ¢
E Vﬁ 2 g 3
i N " 3
; G: i S yﬁg S
! ) i N q D
i r Ny )
- R P °
N P
| 2 poIs
i e; @
Pl |
' =3 . . .
W R § X
o8 R B 3 D
E: HU/AQM E0HE H= JEE E
,f" """""""" ~
[ A
[ 1
] T 1
[ . 1
i 1
3 ! : D |
o — ! 1 w4 !
m’-.-i.-l—"' ﬁ‘--;' i w = i
Double cylinder Half cylinder Cylinder with tumn Cylinder with round tun ! Cylinder with knuried turn |
i ]
\ 7]
e -

s
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® Door Basic : 3lX]

E09l 2 T SI=EHZ =ENR / DFARIM T2t HEEH, KXokl Tt M Ji+-5 Z2| M8

| I _
|

VL-Band 100° eingebaut
Concealed 100" hinge installed

Rollentirband aus Aluminium
Aluminium barrel hinges

Rollentirband aus Edelstahl

VL-Band 180° eingebaut
Stainless steel barrel hinge Concealed 180° hinge installed

Mounted Type Barrel Type Consealed Type

80 HM=ZOUXS HEQH FHus



® Door Basic : 55 714

L0 of2 7+J0f| et Lo +2 =0, ZHH g2t M2t ME0| Eety

© 1 MH 2 AOIE

1. Aluplast 2H|0|X|, www.aluplast.net

@ Automatic
door seal

@) Brush/
gasket seal

T

2. (F)0|1&S 0|7401710|2 EH|0|X], eagon — main (eagonwindows.com)

3. https://blog.lotte.co.kr/20848
4. @O0|AZS, 20194 At WAL=

[A3] Bz HEE VIS

@) Threshold alt.

|

Ho

81



PART
A ZEB IjA|H7|&

IR 71E2(Curtain Wall)

@® Curtain Wall
HERS 712 9|H0| O} D= UAIOR MX|e/= b] LY2{S{0|H, Stcik typelt Unit typeQ2 T3}

Stick Type

82 HM=ZOUXE MR FHus



[A3] Bz HEE VIS

@® Curtain Wall Basic : 7|=2744

FAEH(Curtain Wall): 7122 ot&52 EEGIX| 22 H(No-Load Bearing Wall)
— H|Li™ &, 2 ZO0H0f= 9

1, 7171, 2

FoM=: A20|m/AE 22|, Panel, 7tAZ, etc.

EX|
—1 O
- Z&ehk U9 MA| FAIE d&otH, U229 7|x2% #1220 A5 = HIES 2
- &7|H= MZ0| @7 E= HRE ST HZot o] 2
t

= o
- D[2te] SR ZISAH(R2] 2 FAX) TS ALS510] RUGHS A U I3t ER0| 8O[3t

® Curtain Wall Basic : &2 7|5

Y29t OREVIX|Z /7 |Y/+2/7% 52| 50| 2750, So| SokS2 A0 tiet 2P g0] 528!
52 742 A B W Aol OS] SRO0IME 503 OfES B

{
S Y G/ /48 X _

~ EfYEFSE(EHGC) - 2ots0l that oy
% xts / Uk YWY - X501 ot gy
e EfSFZ(BIPV)
.l\ b
Protpction agarat UW-mdiason :L'\:I
Enargy pananbcn il 1 ’ & View ot

Ventiation

i s
A o oas
Push and pull Tonss e ;s F
Trewn wind loads "

Vapoes affusion |

\Jn@ ’/) A ,;/::-;"_? l Mkk:.ﬂdnr&.lllﬂ
- ¥ - L'-\'

Wiew in

Imtariar leads

Mppaarance of
Budding in urban conbex Set-waght

\L SK Chemical A=

Jl2ug 83



ZEB IjA|E7|=

<

(® Curtain Wall Basic : £ AX| E}! H|

Stick type

x|
1 —

Ofl A &l

O OXH
L OO

Unit type

e o II..r S—

\\\%w

7

.xxw m..w%

Unit Type

SﬂckType

NEVIEPNTa
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[A3] F2 A HEH &

T= STICK SYSTEM UNIT SYSTEM
_ MA7} OB 20| OFX ME7p7 BX| &1
WA | i ems gole molm el Bap gy | |2 AT 20O IHEA
SO e == .
e s . 78 ZRO| BHOIA 0|20{X|D] HIOIM= Ax[et
tag Hels £y, 4t #aois ozoin | S TES SEH e e
B2 QUALITY CONTROLOI HIZ™ 0113 B30I | o5 »oii0n 280 S4aXT QUALITY
A — e — =
20Xl . CONTRO‘:|I_0| y=|) -
= .
M5 | A AR o 7isBE B TR0 SESIDR WA | L s s e sins g
=4, 718, | =0z XE, ASEY| 20 00 T2t X 953 7|2 o M= =0| oA5iC
HeS) | Wl ot = HEds s
o | BTOIN 7KBE01 BARS MEl2 2uisoz 2310] | BHOI 25| KRE0 SyiEeE 24t VOLUMED)

0[5t MFolCt.

AR 7t Q71&|0 2HH[E0] 8w X #0| =0

AME8 2 37

RE 74 Bt AYUM ZEEHEZ NS0
HAZ RO A 7|22 MAN POWERO] 2laf 2H=
% 2oLt S MAN POWERY Z2 2717+ ZOfEICt,

HE 74 Bt ST ZEEHEZ AZ9 A
S A g0 STOIA AKE ARO[ 2 & U
&719 B=0 ReloiH AISE2 729 o1F FHE

et Z2H 4 QUL

aHg

T4 S Tfo| SEY, SIZEOY Tf2} AL EIC

FQ T2 MULLIONO| &, = 2712 Z2|=|0 U0
TEHOZ HIFHEQ! HO| QUL




PART
A ZEB TjA|E7|

@® Curtain Wall Basic : £ 20{

o AR E A WFH(Anchor)2t 2X|(Mullion, Transom, Glass £)C 2 2=

cYAH: HEEL d=S HEols XIE TE
- EZE= - U7 SEE SHE0 1L8o| floll S2HE0] Di-Edk= AR
- YAHEE AR SHEE HZotks A=, M2, S0|= S P2

- SAL : AEH BPUIN 2 PASES Biols BE/HE, A3 5

Ay
(fastener)

ol 72 2!{ anchor clip)

gl ®E
(embedment)
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[A3] B2 HEE 2

o A YRS THBHE 72 21
- X8 THMullion) : F(main) A BXZAN TAX OFYN0| 523
- 82 M(Transom) : F(sub) 7= FXHZA SotE1 |2 AHES FEE
(R2] 5150 2J3t 7Y ZE L)
- S(Vision) 77t : AY % QI XY POR Q27 Mx|el= Tt
AHEZ A7t HYO| AREE RE20M S7E & oA 712t

(Fel, T, 4X S O 2X)

Egi(Transom)
CTHEHEY 2 Ha|odof
X = F=EH
-1 2M E™(Spandrel)
. P RR EE
S . HiSho} BB Alo] B &
a2l (Mullion) e Ty &
HE SR 2 SR N SE
THE0 £E28 Ade
R 72N
THK 24mm >
geuza 255
SRR 4] 3 (Vision)
s =] it B8
L4




PART
A

ZEB A|HY|=

@® Curtain Wall Basic : Z5I=

88

FHEYo| 452

M2t =ZEA0f| et = F =7t SQotH, Al gt it

IS(SokS)0 tigh HES A=}

o STACK JOINT i ANCHOR
g - won muLLion ||
= Etez
STACK JOINT
édMHUH =i
|
WIND LOAD |
/ .Iall'u (i/
T <d c -lll—-a—- 1 C T
\ FEMALE FEMALE
c '| T " | MALE: MALE
.' -. /
|II
| T C
T <4 c o fa
\ \ (ANCHOR PART) (MIDDLE PART)
! 1 \
E.M.D SF.D  DEFORMED SHAPE

AR _o518SH

O &4 1 0|AES EWSX

|§
WIMD LDAD ‘L
Ly

ﬁ g’,fﬂ[ ICMTMHSOM
—
v o

COMBINED BM.D

C 5.F.D

COMBINED DISPL.

BENDING STRESS)

FEEM _ZHE, MHH, B

J8 X 0|2

HZ0HX|zis Mz g us

E2|
=0,

W Eimi=y V=

, I8
=

A
M
P4y

DEAD LOAD

EEnE N

L L 4
M

L= Pd Fd _ TRaNsOM
P g é g
= 3

TORSKIN
{SHEAR STRESS)

BESE!

__I_LE|



[A3] Bz HEE VIS

® Curtain Wall Basic : Z} £ XiH 204

EE2 F2 M= +AEX-Mullion, +HEXH-Transom 22 128t
YoM = QAR ZHO| 7Hs St Vision 12t SiEE SR FH YRS otF7tS Spandrel 77122 1128

CORING

il
1
Il

I
VISION SILL
4 f

— MULLION Tf lD w FL

/// SPANDREL T
in L
|, — DPENING FRAME \

/ VISION

[ VISION HEAD
- FL.
TRANBOM
// FAN COIN UNIT BOX—\
w T

SOFFIT

FEMALE
MULLION

MALE MULLION

K MULLION

TRANSOM

E"SPANDREL PAR

T STACK JOINT

@ ANCHOR
4==mmmmm \/|S|ION PART




P, 4 |||||| —_ 0 "= Ol j—
r 1 T T
_ _
|4
&
g g 7 R
_ _
o | | =
= L = | | =
&1 & | |
H”M. N ?M ||||||| T - —— =~ 7]
= 5 )
b
m B @ m 9 [ 1 2
Z L < D = (]
= o = o L -
= o — L 91
_
|
_
7_
_
_
_
1
o w—
|
1
. |
T3 2 5 !
- > 5 L 1l - _
N & = &l 0 & vEl 3 _
—_ 5 U
(=] (0p)] = E 0zZ E
=r
T
o £
LI ] +
[l
gl L I
T g 2
<= o o
= = =
m © =
N =
c K
‘T a w
T T > o
- g >
< O Ik a -
of S @
® © &
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[A3] F2 A HEH &

@® Curtain Wall Basic : 1%t 2! JjH|=

A gE 20Ot e 2V |E flet JHHEO| 2 -+ E
X
T

oo
2 Out ward Top hung typeQ2 ZAst=l

MULLION TRANSOM EFS 60 + EWS 60 SG

5= &0 ¥ |

@

146

pi]
25

60

23 (89
43 |6|

[1sH

o]

@ Curtain Wall Basic : Glazing Option

Q£ OfZ2 Cap typelt SG typelLZ A L&
SG type E3t 7IAZ SS 0123t 744 DR MRIZS 01231 &4 Dio= 78

4

4 Flush-fitted dry A
glazing
U-shaped dry gla;i\ﬁg\ VS
AN &4l(wet)
82

Wet sealing
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@® Curtain Wall Basic : 28714

ZFQ FAEE Steel2 Glazing 822 AL 2 745 = HEE

—

92  HZOILRIZIE BSOI YIS



[A3] F2 A HEH &

® Curtain Wall Basic : A1X| E}Q! H|x2

HEE LY 80 Mt Cap =& Eft BI.=E EfI(Structural Glazing) 22 TH=E 4= ACH, 01521
0= ArEE

Mullion-Transom Unitized Facade Window Fagade Ribbon Facade
Construction

Twin Wall Construction

= P=r
e

-]
2 i
g,
- [
|
-

gl )
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ZEB IjA|E7|=

© HI MK U MO|E

NEVIEPNTa
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2

[A3]

SAU, +X AU, +31,9,

U. =

=13
=

20{0f

o] SHFE, W/mK S =

T

M= Uw =2

5

Edss S A7V| #

39

-

__AO

2, W/mK

L8
)
O o [0}
e < £
O ©
T 5 -
£ 2 £
o = =
= %]
22
g-Xa
E o Bl =
e 8 5 K
£ ou
SIS ol
= £t
ER- Y
o — 4 7
W toy W™ Ok
== w @ O oK
20 A < OE R
i KO m____ d
ol om o 20 K
Ho uE nE B0 ot
= Ao xR
7 i T =l
Bl o0 of X &b
o T ™ o 0
of Bl OF OF H
KO SN T
N &
e -
o
. = Il
E - =
¥ e Wb
& AR =S
ot g Bl o1
GO G 3l
A OF OF OF
I I I
< S < =



PART
A ZEB MA|E7|2

-

© Frame HEYS(Uf) &

AHE LY A I HE
STl 2 QY 119 HEV|E2 0.8 W/mK 2| &5

5
Y
[l

- Frame Dept
- AR FULHEE B S)

- 2|9 HE2fRl YHilzt S

Raico Wicona Hueck Kawneer Schiico

990 LO6-
4] 00v6LY ’

Therm+ A-l  Wictec 50 HI 1.0 VF 50 AA 100 HI FW 50*.SI
0.80 W/m?K | 1.20 W/m2K | 1.00 W/m?K [ 1.30 W/m?K | 0.80 W/m?K

[Super Insulation Frame Sample]
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[A3] Bz HEE VIS

OUldODOI'S & $ Room Temperature
(0°C) (20°C)

Radiation
Thermally
Broken

SUAITR S0l THE

—

= 35}
O =
TE O SO HHE 5, HE S0 s oM A8 &5 Framel| HEds2 /iE

—

Frame2| =(width)0il CH3 BtA| 11247 Q8!

Thermal
Break

L

J“L“H“
T

d =] d
1 C 4 ; ] 3
h 5= h &= h &=
- v ) o ; v ) o -= v
Uf <2.8 Wm3K Uf < 2.0 Wm2K Uf < 1.6 W/m2K
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(o2}
o SYSF LY FR0M SUXHETH(
IT

PART
A ZEB IjAIE71&

TR 47| IR0 T2 A5 #at

2 £2/00|5)) PIXI0Y T2 Hretfsol BistE
o 9I%| XBIS AECIUSH, F2 RIS YIS BYRE0| R}
O} 7P £ BEESUNS Held 4 US

-]

IRIO] RLZEQ SYF0| thet

x|

Rall
P

J

Ho
molI

O ITL— L—

Thermal Break Positioning Code:
» M: Central

» E: External Close

1. Position of the chassis thermal break
» |: Internal Close

» Two Area: Sash - Chassis

2. Position of the sash thermal break

MM ME H EE El -V EM MH IE

Thermal Break Positioning

HZOUAS B2 Ydus



[A3] H=HHEE IS

ot0] SUXIHIH(E2|0I0|5)Q| Z0|2ts ZFY [f T2 ol BHFE Hels LIEHH A

Length of profile B; = 85.6mm
*Depth D; = 91.05mm
*Thermal break length= 44mm
Uy =2.55 Wim%

Length of profile B; = 85.6mm
Depth D; = 71.05mm
Thermal break length= 24mm
U= 2.86 Wim%k

B Length of profile B; = 85.6mm
+Depth Dy = 71.05mm
*Thermal break length= 34mm
Ug=2.51 Wim%k

10 15 2 2% 0 3% 4 45
Length of Thermal Break(mm)



PART

A ZEB IjA|27|&
@® Glazing THE45(Ug) &
Yrel ds 2
S5/HE/ME REZ MEH LI7LL, Low-e glass & Mg, 22d 7IA(Ar, Kr, etc)?| M8 &8 Sot0
HEdss M7 US
A TEREE Sol0] 2y HEEsI SHGCE| AR 7HA = RE|22] H20| HUE /U
2000 2007 2010 2015
n
Glazing
System
i
Glass depth Double pain IG Double pain IG with | Triple pane IG with Vacuum Glazing
Pt 22mm Argon 23mm Argon 42mm 27.25mm
U, value U,=1.7 W/m2K U,=1.4 W/m2K U,=0.7 W/m2K | U =0.3~0.6 W/mK

100 H=ZOIUX|AS M0 LFdus




[A3] B A AHEH 7IE

Low-e el dsit A0 THE Glazing HEds Bl

2.000

1.800

1.600 ™

1.400

1.200

/\

L 4 g ‘\
0.800 A\ 7 N
0.600
#2 | #3 ‘ #2,3 #2 ‘ #3 ‘ #4 ‘ #5 ‘ #2,3 | #2,4 | #2,5 | #3,5 | #4,5 ‘ #2,3,5 ‘ #2,4,5
2572 MZ=93

=—4=—Single U-value 1.749 1.749 1.573 1.255 1.255 1.225 1.225 1.157 0.987 0.987 0.987 1.120 0.997 0.868
—@—Double U-value| 1.379 1.379 1.340 1.045 1.045 0.998 0.998 1.020 0.714 0714 0.714 0.972 0.701 0.698
=e=Triple U-value 1.340 1.340 1.318 1.021 1.021 0.972 0.972 1.008 0.686 0.686 0.686 0.958 0.679 0.677

Low-e F2| &5t /X0 2 Glazing SHGC H|w!

0.700

. A

0.500

A T T NN
O e NN

0.100

|

0.000
‘ #3 ‘ #2,3 #2 ‘ #3 ‘ Ha ‘ #5 ‘ #2,3 ‘ #H2,4 ‘ #2,5 ‘ #3,5 ‘ #4,5 ‘#2,3,5 ‘#2,4,5

=—4=—S5ingle SHGC 0.617 0.660 0.589 0.552 0.586 0.545 0.568 0.529 0.508 0.519 0.546 0.519 0.499 0.481

—#—Double SHGC| 0.377 0.451 0.356 0.344 0.407 0.374 0422 0.322 0.300 0.320 0.365 0.358 0.296 0.297

——Triple SHGC 0.272 0.372 0.256 0.249 0.335 0.279 0.363 0.231 0.210 0.233 0.293 0.266 0.208 0.207




PART
A ZEB IjA|E 7|2

o STVIA0 ME HEEs Bl

—

2.704
2 544 mU-value(W/m2K) ®SHGC mVLT

2.5

2.0

1.5

1.0

0.5

0.0
Clear(air) Clear(argon95%) Low-e(air) Low-e(argon95%) Low-e(krypton 95%)

o SEREQ ZHS(AHO|A) 2t e g5 2Z(NFRC 7|F)

1.8
m U-value(W/m2K) mSHGC wVLT

16 | 1.552

Argon 95% 8mm Argon 95% 10mm Argon 95% 12mm Argon 95% 14mm Argon 95% 16mm

102 M=20|URIHs H221 PEus



I URE (Y) El2=!

[A3] Bz HEE VIS

Z== 0 =
HEE SF H g5
CHROMATECH CHROMATECH . . .
Spacer plus CHROMATECH ultra Swissspacer TGl Thermix TXN SS Triseal TPS
1 i
- = P | I
Various
Supplier Rolltech Rolltech Rolitech Saint Gobain Technoform Ensinger Edgetech Sealant
Supplier
Spacer bar Homogeneous Homogeneous Stainless steel Composit - Composit - Composit - . .
system Stainless steel Stainless steel with PC bridge plastic plastic plastic Sliicona foam | Thermoplastic
. Polypropylene Silicone with
Insulating Polycarbonate / Isobutylen /
Material SST0,15 mm SST0,18 mm Polycarbonate fibreglass Polypropylene | fibreglass  desiccant desiccant
armed implemented
. SST 0.01mm/ Multilayer
Damp barrier SST 0,15 mm SST 0,18 mm SST0.10 mm Alum Foil SST0,10mm | SST0,10 mm plastic spray Isobutylen
roll forming & Extruded; Lenhardt
" ! Extruded & SSTIPP- g
Production Roll forming Roll forming connect with separate foil SST/PP fibreglass separate Foil & Robot
technology polycarbonat anplication Co-extrusion co-extrusion Acrylic glue application
bridge PP ust application from drums
pp
PSlvalue
WimK 0,051 0,051 0,041 0,034 - 0,045 0,044 0,041 0,035 0,039
PVC frame
- Variations with . . §
Corrugated Traditional e . PP Fiberglas & Triseal with Butyl !
Remarks austenitic SST austenitic S5T Austentic SST shell different damp Femitic steel & | ) o Moisture barrier - diff Themoglastic
&PCTop barmier foils & diff. PP spacer
profile standard profile Paivalues barrier Moisture barmier
xtO = SEALS O|5
el ds S P HEUS AE
o == (@) [ o AR o o S Sk X Io
HEES AEot=s A0| Rl HEISH =50] HH, L & 0N Fol0et Fes A 14 2L

Example: Frame with Us 1.2 - Insulating Glass Unit with Ug 1.1 (940 x 1048 mm)

Spacer type PSI Exact Uw Rounded
Value value acc. to

[Wim K] [Wim? K] EN 10077
Aluminum 0.085 1.368 1.4
Stainless Steel 0.15 0.050 1.270 1.3
Extruded PP with Ferritic Steel foil 0.044 1.254 1.3
Extruded PC hybrid spacer with 0.041 1.245 1.2
austenitic Steel foil
Flexible silicone 0.035 1.229 1.2

[ZHEZ0| T2 Hess 7|0]
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Low-E & HURH(ATH
U-value U-value
12 0.7-~-0.9

https://www.somfypro.co.kr/about_solar_shading
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Ax0] RIYS MAIoHL BFC2M HEY S Q20| 2 HCA AS0IN L5 UNRUS YX(5HD

SFE7| YHIS BUE 4 IO, S17| L ORI QR0 BRES UYHE Xt 20| 7153

T =4

s Savaie 2o00| H [ M| MM | % ws | s | s

0.0 1.00 | 1.00 { 1.00 [ 1.00 | 1.00 | 1.00 | 1.00 | 1.00

0.2 057|074 | 079 | 0.79 | 089 | 0.78 | 0.79 | 0.73

0.4 048 | 055 | 0.63 | 0.64 | 0.83 | 0.64 | 0.63 | 0.4

0.6 045|042 | 051 | 0.54 | 0.79 | 0.54 | 0.50 | 0.42

0.8 043 |1 035|042 | 048 | 0.76 | 0.48 | 0.42 | 0.36

1.0 041 1033|036 043|073 |043|037) 033

0.0 1.00 | 1000 | 1.00 | 1.00 | 1,00 | 1.00 | 1.00 | 1.00

0.2 073 1084 | 088 | 076|068 073|083 )| 082

9.165 mm0.4 061 (072 1079 | 061 |0.56 | 0.64 | 0.80 | 0.6

0.6 054 | 060 | 0.74 | 046 | 0.47 | 0.50 | 0.75 | 0.54

0.8 050 | 051 | 070 | 038 | 0.42 | 0.42 | 0.71 | 0D.46

1.0 045 | 043 | 065|028 | 0.34 | 0.31 | 0.66 | 0.39

0115, T AQF U UMTHAR| T Afel] U $2 (APEIRIIULEHO|E(X], Vol.16, No.3, 2015.09
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- SHGC(Solar Heat Gain Coefficient) : E{FOZ Qlof| 712 2/L0fA] L= 0| EHAIE SSH0 ALHOf|
FE SO HIE. 0~1 HRO| |XGHH =AV =2 #5 O 2 FH0| MUz R==A
- SC(Shading Coefficient) : XHH|Al4=. S2/0f 21 Ft= EfUYE T Q2 =)

M= =2 UER. 0~1 B0 AAXoHH AP} =2 = O B2 20| 2U2

(b) =2+ xtes (c) L& xtek
(XHE A== - 0.21) (ZFH|H 2

ROl EX| IR0 [HE AHHA== H| WL Of

http://www.i-blind.co.kr/i-blind/02_sol/solar_03.asp
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_______________ } HHH

Local control

! 1
:nz

Sensor box

_ Motor ~ Building
EEE=S controller controller

control PC software for configuration & operation

Manual Blind Motorized Blind Automated Blind
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m

i 14 cm 2.
Institut fur Bauphysik, Stuttgart

1 m — £X: DBZ 12/89, H|0|X| 1639ff

A2: 0,59 &4/m2 x 24h (&4 £0| gl= % U-Wert=0,3 W/m?k

o [=] = -

0] &

rir

1 mme| £: 800 g &4/m?2 x 24h (CHE) 1mm 8| &: U-Wert = 1,44 W/m?k

£7J|91=7F 1600 HY thEdsel HAa 4,8H|
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© 222} SE0[2| ofXA |

e 37|
=225

zer37|

© Z=2} ol ZY2H

o
W%l PEB &S WHF02 Wl Y BE(AL), BEEB)FS AAdE A5
v X N X v v
Winter Sum.r:ner Winter Summer
eg. SOLITEX — — SOLITEX— =
wall PE sheet WA, UDor || WA, UD or
wrap MENTO I MENTO
o i I
| o
N
outside inside outside inside
outside inside cold X warm warm cold
cold cold ]
Qutside colder than inside: Outside warmer than inside:
Outside colder than inside: Outside warmer than inside: -> Vapour inhibiting inside -> Vapour open to the inside
->No Condensation on -> Condensation on -> Vapour control to the -> Vapour control outside
outside layers inside layers outside -> Optimised protection
-> No risk of mould -> Risk of mould -> Optimised protection against mould

against mould

DIN EN ISO 12572 A|dd&™M HE

o] 4tHE=  Sd-wert(3715 FH)

15% 15m
25% 10m
50% 6.5m
62% 4.4m
70% 2.3m
90% 0.21m
92.5% 0.03m
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Produkte

o INTESANA
INTESAN At

INTELLO oo INTELLO PLUS 22~ DB+ bA[:A%éQ mﬁﬁfmv\\ \‘

ANTA UT/DT / ".ﬂ DA~

OLITEX WD SOLITE) ( > SOLITEX
‘ LJ ):nnnm P ect Y il - CRONTA Wa
ORCORLASSIC AN ORCON F % ECG COLL \ ORCON LINE_ S TESCON No.1
4

SOLITEX UM
connest

11

T f;Fg,@ DUPLEX TESCON INVIS Q BUDAX TOP \ TESCON MADEQ
]I’ﬁ ()N (ANA

angonus N
H’S(‘?[I]N H(‘HL '\IH’ A E CONTEGA FCH -
P atch iz
Q: Q 3
e e TESCO! "B KAFLEX mon il
CONTEGA EXO PRIMER EE KAFLEX ,m,_\r- K/-\HFX multi KMH X post m

ROFLEX 20 mui e l ROFLEX exto ' ESCON NLA‘ TESCON w%
STOPPA . ekiro- ' _
= S o =
e \ 3 L5 7§ WINCON-
= o e | SHELLY
TX|‘IH Clox & Handytasche ﬁ’:‘/’ . ¢ ( 1 Prafpaket

=

( N F A \( CONTEGA SL

INSTAABOX A — / ROFLEX 20

=
28
N
ms
mg
>
-m
=5
=
c
:\
il
=}
S

© 7|2XEH MIZ=2|AL 274

oA ! k”‘"f %TO%:% ROCKWOOL DEL.I.A‘B

2. 584X 8 .~ ..

3.3¥=0|2H0| =

w0z (WHANNO  [illbruck SO

CHEMIE

4, 2H|HHEE 7| LXFRY

le] }

2 KAISER

ol

L 2HE I ZXERY
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0| A2 £&80| SaLIC 0 MBS CHE A s
=utarg| =&L|C}H" =
DINEN 1062-1

Sdzt=21:V (ZL)

V(E2EhH =21:Sd

Sd=0,43m2k 23C
21:0,43=48,84g/m2d
10C=250%,3C=25%212,21g/m2d 3%

=A| G[Al: SdZtE 0.2mel ‘g5 712 E&X|7F ULt
x| THERL ’E’E*jf 10090| US BL FEE= oY R

V(B3 =21:5d(0.2m)

Jl2us 137



PART
A ZEB IjA|E 7|2

Lh| WUFI g2 Ng#ol4 z2 a2

Software for calculating the coupled heat and moisture transfer in building components

| WUFl{Waeme und Feuchte instationaer, Transient Heat and Moisture)

9|0 =EE OSSR HEQLSHM MY Eo 2AHEHE S5 B2 0|
O|5E YHNCR AMFe 2uE0

Op2|o M GOJEI S H| 2B a0 pC M A 85= 255 ME0|M E2TH
22 Y 7|22 HfE“’E Huat?| o 20 HH Y 7i0E o ojE S HSET
Z2l2oH BP9 HEY HAY HEAHNM B2 5 2 ED A4 H2s ey
AT

255 MEY0M E 24 (Hygrothermal analysis)
» 583 £4 (Critical moisture conditions)
= 44 (Fros)
= 4] (Corrosion)
» ZH0| 24 0% (Microbial growth)

A 2R 2|20 23 & MERTE O

Case: V01 EIFS EPS 50mm OSB11 Wallpaper (Sdi=1,2m)

EERENNBRBIPossN  Oricrtstion/Inclination/Height | Surface Transfer Coeff  Initial Conditions |

Layver Name Thickn. [m]
Oriented Strand Board (density 553 kg/m®) ocon
Material Data |
Exterior (Left Side) Intenor (Right Side)
0004 005 0.011 014 0.010,0095

[@ﬁ Sources, Sinks J

[ #% Newlayer |
| B  Duplicate ]
2x6 5 . 7 u Delete ]

Edit Assembly by:
@ Graph
) Table
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JLocation: SUWONhour wae: wurie|
V08 EIFS EPS 50mm ES812 Intello Wallpaper (Sdi=0,3m)
T - 1
40
M)
>1000 ? 2 -
™H F
a
500 2 9
]
250 =
[] g oo o o oo
[ - 1 1
500 100
[mmik]
=100 — 00— ~5]
T _
- e
- - =
10 E 300 &0 z
t E
a8 5
1H 9200 4 =
£ =
w (- 4
=
0.1 100 20
¥
0.01- & ==  — Tm— 0
0,304 § 12 14 0,1 0,950,935
Resin Finishing Coat esb-Plabe elka strong board P45 INTELL
Mmneral Plaster EPS ISOVER ULTIMATE Klemmiilz - 035 Gypsum Board
Gypsum Board
Cross Section [cm]

1. https://www.proclima.com/
2. https://wissenwiki.de/Hauptseite
3. Leitfaden zur Montage: 2014-03
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© &= 7|ZH0|T ZF X FXIXY

CONTEGA EXO CONTEGA SL
" . CONTEGA |
He o= Fg 7Y Ho|z Ho U= 2g 7Y Ho|z 5 ] S ol ol

=l oot | o
€D ED

CONTEGA SOLIDO EXO CONTEGA SOLIDO SL CONTEGA SOLIDO I1Q-D
HE Q= Hg Y Ho|= HS R R 7Y Ho|z HEL - 2e HE Y E0|Z

Witterungsschutz auen

AEROSANA VISCONN FIBRE AEROSANA VISCONN FIBRE y
HAZZHE HIAZ Ooj2|A BAIE Unterfensterbank c
(e ol ) (ErEE e opere wraw) i

TESCON VANA TESCON INVIS
CI2= 7|YElo| = CH2 = 7|YEo| =

ORCON CLASSIC TESCON PRIMER RP
o2z wa| S
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OlA) DEHLLHMZ0HXISSFE AISEME

| 23ze PFEE 150mm

| _‘_i" \
-

23:2|E PFEE 150mm
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Planung

1. Bauart, Wandaufbau, Statik und Fensterlage erarbeiten, ggf. Aufnahme der
Einbausituation vor Ort

2. Fenstermaterial festlegen

v &

3. Fensterart festlegen
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A2 HERS MRS B = Roflex BI52| £ 20] VANAHIO|Z2 A& 510 SARE LS Y2 NIHFLICL Roflex20 X5 Kaflex mono2t 20|
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1. https://www.proclima.com/
2. https://wissenwiki.de/Hauptseite
3. Leitfaden zur Montage: 2014-03
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AEoML| 7|25 * 7I2Es SILHOI Ol
gl 23 HiEd q * 714 (Blower door method) 22|
* J|2gds FEEEY A=
* 7|2ds ZZLE Oloh
* 7|2ds TS Ofaf

@ Airtightness?
o AZ9| QUITA| E= IE F-doh= Mzt A2 57| RER0 Mdoh= Ex

Stack effect + Wind effect
HE LI =X 2

AE 2mE S3 HY| & w72 2y

> 9E5HX| 2 3712 0|F : 2=/5=2] Het

HE of4%| |

Bo| Wy % &7 51| of2ig

A= U7Y st
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[A6] ZAZOIAQ|7|2Ks 2 55 gl 1
© UM Y2xt: J7| 0ISS €27 |= +SH (driving forces)

= Stack pressure + Wind pressure + (mechanical) Fan pressure

AP =Py + Py, + Pap

P, = Stack pressure o< (H& T) «H=200m, 47=30 T 2> P, =200 Pa
P, = Wind pressure o /2 «V=6m/s 2 P, =20Pa
Py, = Fan pressure (HVAC System) * Pfan > P, <25Pa

[] Positive Pressure Differential

[] Negative Pressure Differential /\
f i

Stack Effect Wind Mechanical System Total
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J|UME=o| =0 A

The average person spends 87% of their life indoors and will take over 20,000
breaths per day. Adding AeroBarrier to your next build will:

dJ

Improve Indoor Air Quality

Seal out allergens and pollutants to create a
healthier indoor environment for occupants

G

Prevent Moisture Intrusion

Reduce the conditions that can lead to
moisture problems, especially mold and
mildew

© HENUX]| 52 LS At

kWh/m?® a
-200

-150

Energy losses

-100

>

50

100

150

Supply & gains

200

170 H=ZOIUXIAS M0 LFdus

)

Cut Down on Qutside Noise

Reduce up to 40% in outside noise from
neighbors and traffic

==

Experience Dramatic Savings

Occupants can see savings of up to 1/3 on

heating and cooling costs

1 O Transmission losses

2 B |Infiltration losses

3 @ Ventilation losses

4 @ Domestic hot water

6 O Solar and internal gains

s@ Space heating energy

=X AIVC, VIP8 Airtightness of buildings

bl
ss8A

J

Protect Against Pests and Insects

Seal holes and gaps to defend against pests
and critters

Enjoy a More Comfortable Home

Fewer drafts and more consistent room to
room comfort

Left: Single family house, with
assumed airtightness level
nso=4.5h".

(definition of nsy see chapter 3)

Right: House with increased
insulation and airtighmess
level (nsop = 1.5 ) and
mechanical ventilation with
heat recovery.
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© 7120 M2 Yty 55t | 29| A-(CMHC)

Air Leakage Control Savings

« CMHC-Ontario Hydro Study:
Building 1: 30 years, 21 storeys, 240 apts

Building 2: 29 years, 10 storeys, 95 apts

Building Annual Peak Load Annual Retrofit Payback
energy Reduction Cost Cost (years)
Savings kW) Savings
164,870 85 $9,656 $54,816
63,340 42 $6,107 $38,000
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© 57|29 E Set 5719] 0|F
The Moisture Threat of Infiltration to the Building Envelope
Throughout the heating season in most cold climates
(indoor 21°C and 40% RH)
SHAL |

L HENEREEN
e [y,
> e e
D '
P = u _]_n
P J
| RIEEE R R
e [y,
s HEEEEE

3m2A&ANYEE 3m2ANgEcE

(6.5 cm2 SM) (%h 30 L

ZX: The BE Blog » The Moisture Threat of Infiltration to the Building Envelope

ZEX: https://www.ownerbuilder.org/quality-control.shtml
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H|Stg| (https://www.kiaebs.org/)
AIVC (https://www.aivc.org/)
ABAA (https://www.airbarrier.org/)

R AsTleEd
2.

3.
4. ASHRAE handbook fundamentals: Chapter 16. Ventilation and Infiltration, ASHRAE, 2017
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e
& [A102
3 gEn
| 1228 1800 .
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Blower door
HVAC system
Large fan

=
=%

LMl 7| FE (CMH)

ACHs,, Air Permeability, EQLA, ELA &

ThAEEY

]_

A ELEHE

)

Z< 0l

Z=HItA (Tracer gas) =Y

ne oy oM
o X b

ofr Y If o
1o

e
oz
|.|-|
rf rf

XA

Al

o

EHoil M 2] & 71 A4t
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® 7IAZ=MHH (Tracer Gas Method)

AL FYE =Xt A(tracer gas)?l s H3tE Sdlf 2782 S4ok= U
A SE0IAM S &V Es AE 58 = Us
HIFOILt 2= S0 25 BHSsh| 20 gefet ats 20t= Hiol=s oz

TIAZEMS G20 S0ME SHoK= SPA7 AS

T i

© 7H)ULH (Pressurization/ Depressurization Method)

H e
o-d

Fl'l:

SAEH|L S Ao 71 = UYUS B 2, L/2F Y A0I0M 2= 7IFEE 580

=
Blower = AHU A|AE! 2 (CHEZXQI EX|: blower door method)

-Job

Supply Air ' Exhaust Air Computer
11 a

4
Digital Signal | !
il Signal | |
EEDIII

O

[0 | 4/D Converter

Test Zone

TraceriGas sample Ai

Analog Signal

H Control Box & E
Solenoid valve [ o |
7 Gas Analyzer

p[EECSE

[
S
3
H
2
[}
g
8
o
=
S
g
5
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® Fan Pressurization Method (7}2QitH)

g4

I

ot Q2%}

Blower doorE 0]
Q=C(4P)n
Q = the air flow rates applied to the building, m3/s
AP = the pressure differential across the building, Pascal

C = the air leakage coefficient, m3/s(Pan)
n = an exponent normally between 0.5 and 1.0

pressurize

[AGB] HS0IMe 712y
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ISO 9972 Thermal performance of buildings—Determination of air permeability of buildings—Fan

pressurization method

EN 13829 Thermal performance of buildings—Determination of air permeability of buildings —-Fan
pressurization method

ASTM E779 Test Method for Determining Air Leakage Rate by Fan Pressurization

ATTMA TS1T MEASURING AIR PERMEABILITY OF BUILDING ENVELOPES

KS L1SO 9972 HE - 7= 7|2y - 71

FLOW METER

CONTROL VALVE

AR_SYSTEM
SUPPLY

ﬁ)
T

49, Etd.-
®n o

EXHAUST

PRESSURE
MEASURING
DEVICE

7777

EX: 180 9972 : 2015 ZXI: ASTM E783

1 Iis

EIT =TT =TT T= T TN
=1 T=IM=T=N=T=T=T= =TT =
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[AB] HSOIMQ7|2gs X & Y1

(Curtain wall, window, door) Lab 0|A2] ME 7|UMS =X
- ASTM E283 Standard Test Method for Determining Rate of Air Leakage Through Exterior Windows,
Curtain Walls, and Doors Under Specified Pressure Differences Across the Specimen

# AAMA 501-05 Methods of Tests for Exterior Walls

# NFRC-400 Procedure for Determining Fenestration Product Air Leakage

(Curtain wall, window, door) Field 0ilA2] 7|2A S =X

o

- ASTM E783 Standard Test Method for Field Measurement of Air Leakage Through Installed Exterior
Windows and Doors

# AAMA 503-03 Voluntary Specification for Field Testing of Storefronts, Curtain Walls and Sloped
Glazing Systems

ASOMS] 57|29, Sl T
- ASTM E1186 Standard Practices for Air Leakage Site Detection in Building Envelopes and Air Barrier

Systems

— ANSI-ASHRAE Standard 101 Application of Infrared Sensing Devices to the Assessment of Building
Heat Loss Characteristics

- 1SO Standard 6781 Thermal Insulation—Qualitative Detection of Thermal Irregularities in Building
Envelopes—Infrared Method

1. Building Airtightness Information Platform (BAIP), https://baip.co.kr/
2. J.H. Jo, S.Y. Park, BAIP-TN03:2023 — Measuring Airtightness, Building Airtightness
Information Platform (BAIP), 2023.
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o [

oh

@® Leakage Function (57| &)

AN BT dataE ol ZIeHEE ot 7 Q2 YA AP AJ0|9] BAE XS
%

£7|8t4=(Leakage function)2t1l gt

[ ]
1000 [ ]
..
_ 800 @
Q =CAhP) .
[ ]
400 bd
Q=237 E&, md/s hd
ﬂ 200
C=SH A%, m/s(Pan) z s
- o] 0
n= S X%, 2xH2l4 o o
< -200
< °
—-400 L J
[ ]
—600
'.
—-800 L
.0
#C n: 242 J|LHs 2HAE data ~1000
A= 20/ 2R
#Q H oAM= C n 20/ & w0 - 0 S " ” %
PRESSURE, Pa

Z£%: 2017 ASHRAE Handbook-Fundamentals
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[A6] ZIB0IAS| 7|2as o 5% el |

® n Al X|3= (pressure exponent, dimensionless) | 0.5 < n < 1

SUS 92l ¢ = AP

0 'y
//
1// HHEA Q = C(AP)*E7
/ /,
/ - //
/ / [ C(AP)OIS
—
/ / ////
/ ///’
/-
7
AP
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@7]28s 132

/&0l LogE FlotH Ofelf 181 20| 4| HEE 71

Ci-0] QRIKOIN SHE 7IRS Log HOR BAIGI0] MY SIHEA S Sof 2FAS T8t

Log @ =Log C+nLogAP Log @=Log C+nLogAP

Log Q

Log C

Log P
Z£X: 2017 ASHRAE Handbook-Fundamentals
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©7|2

100

10

Building leakage [m3/s]

dS 1 Akl

[AB] Z1Z20)AQ 7|UNs U =X 4t

e® ' .i
oo. .
N A
1 10 100
Pressure difference [Pa]
P tmEss

=N



CMH50(m3/h) = cfmb50(ft3/min)

CFMB02 L] XIS 50 Pa2 RAIGH| 9fa ALH0 S0 20{0F & 7 |R&(Z, &7IF)E
50 Pa2 2f 9 m/s2| HIZO0| 2012 [ M7 |= & +F2=, ZTA| 7|42 L2 ZlAslo
ACH50(h-1) : Air Change rate, n50 (- CMH50/(building volume)

=01 50 Pa2| Y=0| ZtZotal US M, AL S7|7F ot At SO H B wetk=715 Holol= M
M2 OE F7(9| 120 S8 AV |ES Hu e I R0t M

Air Permeability(m3/h-m2, cfm/ft2) : 950 (- CMH50/(building envelope area)

W EE MM QUHMOE Liw HeHAMT 2V [ZH(F7 1) LEihe M

L-—1O0 O

184 H=ZOUX|AS M0 Ldus



CMH50(m3/h) E= cfm50(ft3/min)

ACH50(h-1) : Air Change rate, n50

ﬁ

Air leakage rate

Air Permeability(m3/h-m2, cfm/ft2) : 950

[A6] ZiZ0IMOl 7|UNS U &3 el |

Air Leakage Rate (CMH50, m?/h)

I
divided by
|

Volume (V, m%)

Envelope area (S, m?)

Ay

Floor area (F m?)

I

I

I

Air Change Rate
(ACH50, 1/h)

Air Permeability
(950, m*/h-m?)

Specific Leakage Rate
(w50, m*/h-m?)

CMHS50
ACH50 = v

CMH50
q50 = 3

1. Building Airtightness Information Platform (BAIP), https://baip.co.kr/
2. J.H. Jo, S.Y. Park, BAIP-TN03:2023 — Measuring Airtightness, Building Airtightness

Information Platform (BAIP), 2023.

CMHS50
w50 = F
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* 7|Eds TR Oloh

* QI 20N 7|28 71=2 0faf

ASoIM2| 7|UNS * Tlegle
VSPWH2 o« Y5 289 504

* 7|UMs L V852 HlW (ACH50 VS ACH)
* Build Tight, Ventilate Right

o CMH50(m3/h) = cfmb0(ft3/min)

CFMB502 L2l XS 50 Paz FA[5H| #foh AL 201 Z0{0F & 7|REHF, &V 1) B
50 Pa2 2f 9 m/s9| BIZO0| 2012 [ 7 |= & 202, ZHA| 714 2219| Foks FAsfol/| fIgf

o ACH50(h-1) : Air Change rate, n50 (- CMH50/(building volume)
7420l 50 Pa2] Q20| 2311 US W, ALY B7|7} 5t AlZHEQH 2 B WEHEl=T}2 BEltHs ME
M2 OE F7[9] =0 S8 A7 IS Hu e T Rt AT

o Air Permeability(m3/h-m2, cfm/ft2) : g50 (-~ CMH50/(building envelope area)
2V |EE TA| QUIHNO=E LiF HHAT 2V (7 1)S LEie M

L-—T1O Od

Air Leakage Rate (CMH50, m?/h)

T
divided by
)

Volume (V, m?) Envelope area (S, m?) Floor area (F, m?)

I

Air Change Rate Air Per rmeab lity
(ACHS0, 1/h) (450, m3/h'm?)

Specific Leakage Rate
(W50, m*/h-m?)

ACHS0 = CM‘I,{SO 450= CM:SD W50 = CM;ISU

186 M=ZOUXIHs 221 FEus



[A7] Z20IMO| 7|UNS U &3 e 2

\/p/ZAPr Q, JIELARHAP,)OIAIS] S, m?/s

CD AP, J|=2ERL, Pa

A, = 1000007

EqLA(cm®)
Canadian National Research Council(NRC)MHA HE st =7 |HA M
EqLA(Equivalent Leakage Area, Y%7 |HE)= =2 10 PadiA Aot= =7 |20 4Sot= 7Y 37

ELA = EfLACm?)

Lawrence Berkeley National Laboratory(LBNL)OIA HZSH =7 |HA M
ELA(Effective Leakage Area, R85/ |HE)= 4 Palj|A LMeH= 7|20 A8dk= 7H 37|
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® ASHRAE, 115715
2.1°7

5 (L/s'm2 @75Pa)

=9| ||| 7|UMS Average at
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| 2 EERECIN
® Curtain Wall ) AAMA 503-03

[A7] HS0IMe 712

JIYEs JIEED) JILE s JIE(EHY
A= =0t At
qot A= 2=t sle e NS
Punched Opening S92 0.5L/sm 1.57 psf
2003 0= 1.80 m3/h-m* 75 Pa
=X = AHEZ 0.09 cfm/ft? 75 Pa

=X HEZAEHZEALN, 2 ENSS, &=
- HER0| 2/AZ PHSGH0F of= J1YMsE Holotn /US
9 - DAY AL ATt 1.57 psfOlA 1€ 0.06 cfm/ft2 0I5 IHHELY HL, 224Xt 1.57 psfOld $I1€ 0.5 cfm/ft2 7&
- JILM s ANELES SAAIZAN 20D A3
Y5 JIE(RD) JIYHs JIE(EH
oAe =t HEHa
g At g At
0.06 1.10
_ cfm/ft? ma3/h-m?2
HEH NEE
Qot 0.0183 0.30
m&3/min-m? L/sm?
2004 st= 1.57 psf 75 Pa
0.5 2.79
B cfm/ft m3/h-m
HE MNHIZ
0.0481 0.77
m3/min-m L/s'm

@ EN 12152 Curtain walling — Air permeability performance requirements and

classification, $&

1LEs IIERED) LS JIE(E
jslcs =0t HEY llgds s=
s Z|0H =Rt = Z|0H =Rt
Class A1 150 Pa 150 Pa
HEH 0.4z
= Class A2 300 Pa g 300 Pa
n3=e 1.5
Class A3 450 Pa 450 Pa
ESI= mé/h.m?
e Class A4 600 Pa 0.08 600 Pa
Ok
e cfm/ft2
Class AE 600 Pa =1t 600 Pa =1t
2002 =Y, =2
Class A1 150 Pa 150 Pa
Jies 0.14
= Class A2 300 Pa L/s'm 300 Pa
DE XRQE 0.5
Class A3 450 Pa 450 Pa
201g m3/h.m
. Class A4 600 Pa 0.09 600 Pa
cfm/ft
Class AE 600 Pa =1t 600 Pa =1t
7I21g 189



=X =29 HUXIE SHDIE, SEWNSS DAl M2023-1045, &=

o - JIA E DU 2'0I2 B2 B U 2O A BFRARIFZKS) F 2292 AR 2I5101 J12A S20i M2 I A0
- 1~5S2(E712 5m/h - T DISHOI S LBICH
-~ J|YUAS AU KS F 22922 M2
=2 JILAS JIIEERD) JILAS JIFE(EA
ol 2} NZ (At
(KS F 2292) g 2|0 2Rt Col=; 2|0 2Rt
27.78 L/s.m?
10 100 m/h.m 100 Pa 100 Pa
5.47 cfm/ft2
Qo
&5
2010 8t = _ 13.89 L/s.m2
2 5 50 m'/h.m 100 Pa 100 Pa
2.74 cim/ft2
2.78 L/s.m?
1 10 m/h.m 100 Pa 100 Pa
0.55 cfm/ft?
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[A7] ZHB0INQ| 7|2s o 57 e 2

@ EN 12207: 1999, “Windows and doors — Air permeabnility — Classification”,
European Standard, 1999

@®© Passive House Institute “Certification criteria for an entry door as a certified
Passive House Component”

_QIOO < 2.25 m3/(hm)

Q100 : reference permeability at a test pressure of 100Pa 1000 d
EN 12207 00 N
o,
H = %53}/
[| =====- Passive House v A 15 300 1
Institute AT N /,/ // //
- 4§
’// o //6’555 ” / 1?}//
L~ rd 120 %3
v A P 100 S
// P LA 5l : —
&2
// 44‘(‘ G ‘E +
/ / :6 9 s %ﬁ
w (m/heni) %
// 35 ?:n /hem 0 N
d o‘wv i 't e
Pl P ] /]
[ o
7 = s ’&"" 1 2 //
& |~ @ ‘6 / 2
000(" e E 10}~ "L%
8
(;0&(“ / ;"‘-
0 A 075 E .
>0 //
.\\‘2 A 0.5
&2 > =
@ // 3
10 50 100 600 ,
10 30 50 100
Pressure in Pa gt o 21 JP(Pa)

1. EN 12207:1999, “Windows and doors — Air permeability — Classification”, European Standard, 1999.
2. "Certification criteria for an entry door as a certified Passive House Component”, Passive House Institute, 2012.
3. KS F 2292, "&39| 7|24 AU, 7[sHEH, 2008.
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X17] vs 27|

Z(Infiltration)er 2 |(Exfiltration)z+

“O|CoHK| &2 2t alyz S = A92 KSEq= 217

(Air Leakage)
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[A7] HS0IMel 712

2D|(Ventilation)zt
| 2D](alLf)= AlEst 21(2101)2 natstks 217
J|AHIED|(Mechanical Ventilation)

ZX: http://rbgrant.co.uk/ventilation.aspx

Liel S0 s)18H=

ZX: http://syokuninkatagi.com/blog/ ?p=1664
o Al
=

QEE BJ12 et +
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- MEXe =8
* 2|71 25 0.03~0.04%
250 s 2 4%

* 252l 28 240.4~0.6 m3/h

=
1o
ro
e
FO
rto
N
op
=
=z

[A7] HS0IMe 712

octoral thesis of Zhu S., University of Tokyo

CO2 S0 [ UX|of| 7|X|= ek

e 350~450ppm
e 450~1000ppm

@ 2000~5000ppm
a 5000ppm 0|4k

[

LY K0iM2] el 37|
BPten sEol 2 ES g=EE

3212} &6 “HA| D FO| ok

2|7t OFZ 1 0] BOHX| 11 50| O x|
SO EE OB RE RE S

APl Ll 3 U B AP OjF
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ZEB A|ET=

<

s

2

1ol 2 CO. s ™

=
N0

N

q

k

©Al

Jlotoret

b

—

Jlororg

El

]

- 3000

- 2500

- 2000

- 1500

- 500

Nd G7:01
Nd §¢:6
INd S0:8
Nd G¥:9
Nd G2:9
Nd S0:7
INd §¥7:¢
Nd Ge: |
Nd G0:¢}
NV G7:01
AV §¢:6
AV S0:8
AV §7:9
NV G¢:G
AV S0:v
NV §¥:¢
AV Ge: |
—AV-GOG——
Nd G7:01
Nd G¢:6
INd S0:8
Nd G¥:9
Nd G2:S
Nd S0:7
INd S¥7:¢
Nd Ge: |
Nd G0:¢}
NV G7:01
AV §¢2:6
AV S0:8
ANV §7:9
NV G¢:G
AV S0:v
AV §¥:¢
AV Ge: 1
—AV-GOGH——

2011-05-29

2011-05-24

=

o2 OfA
-1 OO
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[A7] ZHB0INQ| 7|2s o 57 e 2

-NOy, CO >z=, J|HX &&=

» DEzeio| 30(0|=: 0.551/h 04

€ E0|MAX| PM2.s
QIZto] Hz|7tet H4 elxh f7IEEDSIEE, 34 5
S 7I‘“5_0-?0;1m (microns) E A <2.5um (microns)

X, SHOIZX}, 8% S =
© DM ™X] PM1g
vix|, 2712, B8O| &
A <10um (microns)
EHAH
P e EHAR
P SHEAI A

»JIEL
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@ A= &712] 7H'E

2|7 |(outdoor air)

=

N Q0 [Het

25, &5 ElZ(air filters)
2AXtat 28, o 1o A b
COZ =, j|‘E, X'”!:u j|’l=l

2, 55
QNI SX, AN 2
co,

AEXIS] QA EEOZ BDIAIAH JISE <10%
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[A7] AS0IM2l 712
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ofd
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ACH50

5.5

4.5

3.5

2.5 -

0.5 -

ACH

55

45

3.5

25

1.5

0.5

[A7] HS0IMe 712




2L 245 TS MOJLIXIZIS HE 20 T 2 A B
RN MTH ZTS 7|UNS 71FS M| UK 28

: KIAEBS &HA| 7|& 3

UE20HX 225528 710I=2121 7|1E

- 20134 et=i=T I a2l S0 2] HILIA] FBIE E0(10 At lUietds Zdol/| #let Yoo
UE=97/|2gss 18
- Ol= 2= TIH0]| CHet 71522| 7|2dE 7IES oI 2|F Afel2 OtLT, et 1= fletd dH|et3|0f|A]
et/ |2gs 712 Tadt 25
= JEds JIE =] ]
GEE 2= 5.0 ACH50 Olat JI2JIE
OIUXIZA= 3.0 ACH50 Olat HE AL
HZ20UXIA=2 1.5 ACH50 Olat HE AR EDIANAE HE
A== HUX| &5 %ﬁ 215
- AZ9 0|UX| AL 3 O|ttalEA HdlZis Tt 1520| 04X| d52 B7I0l0 H=2tUXeEse 2153
g
—1S0 13790 & DIN V 185995 HIE O = Ot E HS0|UX|IE7IE= 134 ECO2E 0|&0t0 HS0|UX| E/HE
A
S SIEEESTES
2|710fl Hol= &S0t
e oo 1.5 ACH50
HI==AH & el e 27101l SHot= =D
H 2= 2 Hot= &S
o= 2o 0.0 ACH50
= s - 1.5 ACH50
e Oilg] 21 - 6.0 ACHS0
T == - A= 2N AN
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ASXEAEY[Se] D=

KIAEBS C-1: 2013

=29 J|YHEs JIE
Building Airtightness Criteria

= J|2ds sEYY
&
A= JlgdsJlE

5.1 ctS AL THARKE

— —

ACHB0 Olote| 7 |2dsE 7HMOF ettt

—

5.2 T H==0| OHXIEAAS(E=

—]

S |
ARSI
5.3, 1.5 ACHS0 0[5t2] 7|24

otALt 27 |YRIE EXlok= A0| L5,

[A7] ZHS0AS 71245 U 55

=13
o

EH
=

-

5 - ey
ﬂanﬂuu-miﬂ g ol I' ﬂ' 7" | EI_I' 7§ *E-l HI c_i!' 2]
Korean Institute of Architectural Sustainable Erwlronmenl and Building Systems
KIAEBS C-1: 2013

Hx=9 7I248s 7IF

Building Airtightness Criteria

201314 06E HIH

http://kiaebs.org

TE= ZXE)7t 0l&80ks SIS QI = ZAHCZ S M

?l5 HM" 1. 5ACH50 0fo fol 7|“'““

0
215 £ OSSO} B
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5.1 ditls HASI MAXKE= SXS)7t 0180k= STHAUE 2| £= FAHCZ S2| MoE 3Zh)2 5.0
ACHB0 Olote] 7|2ds= 7HM0F SJEL

5.2 CHAF 215 20| O|L{XHORIS(TE HBA7I2)R BIKQIZ)LT| Y/sHAls 3.0 ACHS0 0[5t 7|24,
HIZO|LXIAB(EE IASAS)2 BIKQIZ)E| oA 1.5 ACHE0 0[5t0] 7|25 252 BISSH0} 82
BBICL

5.3 &, 1.5 ACH50 0[5t2] 7|2dS 7HK|= a2 UEHM 2+6k= HE &V IS 25| flet v A=ls

of/{Lt 87| YXIE EXlot= A0| Lot

10
9
o
un
I 8
(@)
<
7
6
5.0 ACH50
» 5 4
! ! 2BAZ(basic criteria)
4
3.0 ACH50 .
HexEeE T
1.5 ACH50 2
@ HENUXAE 1
0

NN N N N N T

Jé %Q\é Q\b (gx /’?< \'Z”b 0@ 00 \0}0 @’b(\ ,190 & Q\Qy
A A A A O S

~ % & & v
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&5 7|2 0k 1 6.0 ACH5B0 ) 3.5 ACH50
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OExson) OEFHEH0E) 355 o) 55 (New) 712A 7148 71Ec 71%D IIHE J1HF 7146
(2sMt) (228MITH) {43MIth) (1146 K| CH) (16MITH)  (2649MITH)  (479MICH)  (1336MITH) (1737MICH)  (14MITH) (966X
BAIP Database A== HuXsasss 2SI



PART
A ZEB MA|E7|2

- Glfalfel =
[:ﬂ::o;zm T2 Y ABEY Y
| wssasacmena | ‘ )
oumE gy | 3.5 ACH50" &=
{ e o

: eh, g, 220} Sel# 29, St
2| Z(ZONE)2E2 R
@ A 8zEg

P HYZ2Y oM MEE 4 8E S
2 MY(FB 14, 8IF7HE 1970)

e ® EIE0/n]

v omERE

N

- - 207|0f| Hats HEI U= B 1.5
a2
b SHANE fE FATEYWO : SRS - Digl= &HS o= 72
K=& FEA + 7172l FY(kg)/ A RI?IOII l_uil_ EEJP A= a-r 0
- K5 700 [kg/w] : 50 (A%, T A . xq] mE
- 700 < K < 1200 [kg/m] : 90 (E&, RCE ) . 'l'?‘l T
-1200 < K [ko/m) : 130 (B, 4ZAT) -
b FRIHIH WK : BEO Ol £ R0l 13 - H[2IEAl 6

% 9A7 §20 ARY A2 ATEE 4

T e 22USA HEEFE LR B2 i

28 J|UMs |1E T2 -
2|0 HgH= Ko 04t= X
siolol Bot= oot 1.5 ACH50 1o e g2t
M T M
L e i LA v T,g_ | Airpermeabilty data 7% B2
HIFEA 22 RS e 0.0 ACH50 HEH B2 210l Hote =)
gie %2 ' =32
- : Jlees &7 e
2olx 1.5 ACH50 2oz = SN Zol Hot Ta
ol 915 - 6.0 ACH50 LEEES s 3.5 ACH50
FAHARE FH B2 IR ES
gz - HEEY A HB(OAA) T sox i HPEY 2 HE
(elF=h

ACH50(AIr leakage rate, 2J18) VS. ACH(AIr change rate, E0|8)

ACH50 s ACH

ZDI2 (Air leakage rate) °|0| |8 (Air change rate)

Air change per hour
at 50 Pa pressure difference

02
Bl

Air change per hour

2l(1/h)

o
1
fol
=
=

JILAIB BE(BH)E Ot =) IrES 2y

a
=

Z|CHat (3.5 ACH50 Olot)

FH
=

ZIA2t (0.5 ACH 0]4h)
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I Build Tight, Ventilate Right

He BJle Uikl &4 s2 et 2MIE

® JH=(ST)oHAl & = 52

>>Build Tight

® XS] H2USH ALHEFES Rlol HEGIH HE(QIT)E B0 2=
>>\Ventilate Right
®© &1 MH L AOIE
%_,E(KIAEBS)

1. BIRIETIeA
2. 1152 01X &
3. BAIP Database

O
Lo
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* PBABTIERI| 712 22] Ol
* B47| QAT LE O
* OIZAIAE O[3}

2B|2YI|(HRV) * HE Y BE, ASWK| 78 240/ 05

b * Zt 2101 U K| 7|22 0f5
* CIEQ PRE A7 |S(HY, A, %R WK 5)9| O[3
* B e 2 OILIK| 28X AAE0) 3t ol
* AR A2 Soi ToIE| I A7 Y U TS ot oF

T
>
<

Im

%
»a
44
oX
o
P>

= O

@ &L 3712 &CO2 5k

o 2257101 thet 8 H e/t §HoZ AR HRUX| T, RS &2 &AM 90%7t 0|F0H
o Alietdnt 3X AS0|HX[GHA 71221 EN16798 7 [E0IM = AUS7 RS 442 78

o UM ZYEE 29, SEdR7IeEE, 2te S B8N U 28 Q48 siAPIE 7Y E2 Y

rlo
rior

7]

Category Level of expectation Category Corresponding CO2 concentration above outdoors in PPM

IEQI High | 550
IEQII Medium Il 800
IEQII Moderate ] 1,000
IEQIV Low v 1,350
NOTE In the tables only the category numbers H2 £ EN16798-1 HB.9 Defautt design CO2 concentrations above outdoor
are used without the IEQx symbol concentration assuming a standard CO2 emission of 20 L/(h per person)

H1EX EN16798-1 B4 ALietEE S5

208 H=ZOUXZ= M2 YPuS



[A8] g3l2t7|(HRV) 71&
® CO2 sk PPM
ppm (part per million) = 1/ 1,000,000

ex) ppm HEI[A| HHESE HI(A
1,000ppm | 1,000/1,000,0000 1=100% --> 1,000 100/1,000,000%  0.1% |

158 co
130 9= ‘ 771ppm PSJINDOOR ~ PSJINDOOR

Gl S| BA Q= QB OfIFE MUY CO2 BLIEE

0.16% '1 600 A h /\

o 11000 ﬂﬂ/\ﬂf\ /VV ﬂﬂ/\ﬂ/

) NEJRVAVAY

v v

C)

2948 65%

Jl2ug 209
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© CO2 HYRA| &L &1

AU 867|227 |22 49| CO2 SE9t ALY 7 CO2 S X0[0f Ciet 207] E o2kt Allj CO2 BBt
e TAIS 7|90 At

HLICO2 HIEH[CMH]

AU 27 [ZHCMH] =

A7 |1E CO2 s&=[ppm]- A2l CO2s%=[ppm]

Total design ventilation air flow rate for the room

Category
I/(s per person) m3/(h per person)
Cco2

450ppm I 20 72
= co2 [ 14 504
1,000ppm I 8 28.8

0|5t /%]
v 5.5 19.8

H3 £X EN16798-1
HB.9 Default predefined design ventilation air flow rates for an office

™ (QFEX|47|E HIEHHE x MEIT) 60m3Q1 A9 ML=t |2k AHiH
2t712(air volume) : m*/h £= CMHZ B7|&
|24 7|15 g}7|ar )kl-I-I 1@3 3Om3/h

t7

gl 71 £+ 1 0.5h-1

r+°I' rO

XA 3m x 20m2 = 60m3

3m sio|814: O 30m3/h

20m?2

210 H=ZOUXS W20 YPuS



[A8] E=l&7|(HRV) 7I&

© 27|42k ALt
ME  OX &gz 40 m XS 03 A= 8L J9A4/4 = 3790
2ol kWh/m?a 18 28 38 48 58 62 74 8 9 108 1M 128 AzHet
A+ days 31 28 31 30 31 30 31 31 30 31 30 31 365
23 kWh/m?a 63 77 109 130 140 129 99 122 114 92 65 58 1,197
g kWh/m?a 59 63 79 74 67 57 47 66 73 73 61 56 774
£ kWh/m*a 34 42 56 68 67 59 48 58 58 48 37 30 604
A KWh/m>a 35 40 56 62 67 59 50 62 61 49 36 31 606
2 kWhmPa 27 31 41 47 50 44 40 46 45 37 27 24 460
ISR 141 | 114 | 759 | 1320 [REVEREPPYVIMEPISEIEPYYTAPIDUIIREREN 717 | 104 [ERE
DewP  °C 1191 -820 -1.88 288 1041 1637 1985 1938 1425 772 001 702 5

Qv.min = VIEDIZEMe/IX Cpp X (HLHRE - A2I25) x AlRK

Quy ot LUK AFE Al R B0 0ILIXI 24128 KW h/mth]
o1 @I HIZ (2] kg2 1°C S2=0 RSt 229 [0.279 Wh/ (kg - K) ]1---EN 16798-5-1 H 27

C
p 2= [1.204kg/ m3]-——EN 16798-5-1 H 27
Cpyp: 3II1€&820.34 [Wh/ (m? - K) ]-——180 52016-1 JI&E
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O)

71T AL L HIE

ex) 2712601 B0CMHO! Alo| 1 it 81| Qe=plak:

Quu min = 30M3/h x 0.34Wh/m3-K x (20°C -
= 162,476.208 Wh/mth x k/1,000
= 163 kWh/mth

ex) B|240] 30CMHE! alo| 18 8| 0|22

(-1.41 C)) x 31day/mth x 24h/day

206&/kWh x 163kWh = 33,578&/mth  1,568&/liter x 163kWh / 10 = 25,558&/mth

(10kWh = 1liter HER)

# ZIEHIE (1.1 ~ 6,30, 9.1 ~ 12.31)

HEUAL: 23E 1E

Al NzrSHE)
1 200kMh 015 AFS 910
2 201~ 400kWh 1,600
3 400k Wh Z= 2} 1,300

202308 022 (/21e) - HDng  EH™I

---------------------------------------

----------------------------------------

B MERY| || & sEly || B ALNT || BosvHE

= Ini= I HEZ|gS

ME 2,003.55 1,735.84

212 H=Z0UXHs B2 Fgus

AHSAEER HUSH

1,579.36 1,568.08 *

------------------



[A8] E=2l+&7|(HRV) 712

g4l

®© HRV Xg &t

(1 I‘leff)x Cp°p X (/élLH‘EE_ QEIEE)

Qpy mih = V212 me/h
(days x hour/day x k/1000)

85(01 et
R HUISE0IE 425iM RUEH, 30%E Mol 252

= FAISH | ?leiM= HRV JHROI

O =0

O |:|0II

o HRVQ| 2L 135 2(nefilE A
Al 70%=

0 2L SIS E 70%= AlQ| 272
ojojgt

—

E_I_
Tois flolid=

OOIEli AXRO
TTHHT TE=

o 7|01 AU 3718 RigXO
o HZ0]A4X]| *%'%% 2 IHA[EBIRAS 0|4 K| H2{0i| Of

A
A0l 7|

? EZQ0H, &

2l7| o 71

\/

Y E71TK
271

(BREEA)
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[A8] E=l&7|(HRV) 7I&

RA (return air)
TES MU 22°C

4

2k Wt ss
=
3te 217)

OA(outdoor air)

et

25 SA(supply air)

- 15°C
-2°C
ames |
EA(exhaust air)
3°C
% =X RWE Bau-Handbuch, 14
n _ T, - Ty,
eff —
TRA_TOA
T BT
= —— . Toa - AUHZEE BV [RE(E7IRE)
22— (—2) 100 RA
= 71%
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© /R Mz =

Exhaust air  Supply air Extract air Outdoor air
(EHA) (SUP) (ETA) (ODA)

Ho|A HE I dotER

/e g5 22 2+

- —

y
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[A8] E=l&7|(HRV) 7I&

© 2

Q7] A 2 X|ES PM10(RIAO| 2T 10umQ! O|EX 2E)S AZSIK|CH 1Y 2SS
EHS FO0{0F o1, 7|E UKt S22 Z|TH 10um7HK|2] 7|E2 2 AFE6HOF 3ilh= 8 S7t
StA ZtOZ 2. 5um(PM2.5) MIA|

AEZ47|7 WHO= PM10 2 PM2,501 CHEt K| 242 HI2E

ODA CO|EIE AtEE 4= Q= H =(PM10, PM2.5) Ct 112{%|0{0F &t

9|7|(Outdoor Ain) 22 [t 37HK|2 728t

- ODA 1: 2¥=E 57 WHO(2005) A A2 7104 tet =7t 7| BE F= 80| 355 = 82
- ODA 2: % 2 sE7FWHO(2005) A& Aol 37101 thet =7t 7| 2 BE E= 78S 20 1.58
Zfol= 9
- ODA 3: 28 =2 =7t WHO AIE = &2 710 tiet =7t W7 | 22 7| = 78S 1.58 01 =itok=
87
=7|(Supply Air) &2 C+g 37HK|2 =8
- SUP1: SA@E71)7F WHO(2005) X &4 & =71 7|& 37| B8 78S 55 oL 789 0.258) &2 32
- SUP2 : SA(Z71)7t WHO(2005) A1 &4 & =7t 7|1& 7| 52 78S 55 oAU 82 0.581 &2 82
- SUP3 : SA(Z71)7t WHO(2005) A1 &4 & =7t 7|1 87| 52 78S 55 oAU 782 0.758] &1 32
- SUP4 : SA(Z71)7t WHO(2005) A &= & =71 7|1& 7| 82 78S 55 oAU 78 &0 8%
- SUP5 : SA(E71)7t WHO(2005) A1 &= & =7t 7|1& 37| 22 78S 55 oAU 782 1.5 8 #5221 32
1AQ SUP1 SUP2 SUP3 SUP4 SUP5
ODAT1 M5+F7 F7 F7 F7
ODA2 F7+F7 M5+F7 F7 F7 M5
ODA3 F7+F9 F7+F7 M6+F7 F7 F7

H4 =X EN16798-3 EB.3 Recommended minimum filter classes per filter section (definition of filter classes according to EN 779)

Jleus 217
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Arrestance or Dust

ml = i 5
e e - ASHRAE 52.2 European Union EN779:2012
AFI <65% MERV 1 G AM<B5%
65%< AFI<70% MERV 2
70%<AFI<75% MERV 3 G2 65%< Am<B0%
Pre
Fiter | 75%<AFI<80% MERV 4
(GClass:  gno<aFI<85% MERV 5
) - . &3 80%< Am<90%
85%<AFI<90% MERV 6
25%<NBS<30% MERV 7
G4 90%<Am
30%<NBS<40% MERV 8 :
40%<NBS<50% MERV 9
. M5 40%< EmM<B0%
Mé‘?lum 50%<NBS<60% MERV 10
ilter - :
60%<NBS<70% MERV 11
(MClass) - M6 60%<Em<B0%
70%<NBS<80% MERV 12
% 80% < Em<00%
 B0%NBSS90% MERV 13 7 e
;‘I?:r 90%<NBS< 95% MERV 14 F8 90%;;”;;’5%
(F Class) MERV 15 95%<Em
95%<NBS F9 09,
MERV 15 £70%
AFI: =22 MERV: 0.3~10um 27| DIKIEIX]
NBS: HlAte Am: 10um =271 DMK (PM10)

Em: 0.3~1.0um 3J| OIMIXI (PMO.3)

218 HM=Z0UXs B2 Fus
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[A8] E=l&7|(HRV) 7I&

OA
<Ef| —
7
H2 EX EN16798-1

HB.9 Default design CO2 concentrations above outdoor concentration assuming a standard CO2 emission of 20 L/(h per person)

Pre—heating

24 LK

- EAZ 242 917 QJ5iA= OASOH| 07|
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© 7| 6IE7]

OA OA2

2325 Toar
Pre—heating
LH&ES
(F2101€010)
e HAE2E Ton:
e -5
= =
FHHE S
Y 0
HE 0
HFEAHZE
Y -5
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[A8] E=l&7|(HRV) 7I&

OA1 OA2
Clp] =TT VAN
SADISE Tony [y - ) €88 Toy

Pre—heating

a

Wl =g ol

Qh,V,precooling,power = Vmech X Cp'p X (TOAZ_TOM) [W]

22 300CMH, A2 XIS XAl
Qh,V,precooling,;:)ower = 300CMH x 0.34W h/m3K X (5 - (_1 1 3))K

=1,662W

D! OILX AR

Qh,v,precooling,aux

Jl2us 223
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[A8] E=l&7|(HRV) 7I&

ES= =N
AL} SA CIEA 25dB 0[at

- &L RA CIFA 30dB 0I5t

- M 50mm / SH 25mm £ HE(ZH)

Frequency [Hz] 63 125 250 500 1,000 2,000 4,000 8,000
4.8 1.7 16.7 233 17.3 324 21.8 18.3
Schalldémpfung (dB)
SCD Artikel-Nr. ng D (mm) ) Mittelfrequenzber
3 Tot (d8)
r 100 2555 25 mm 100 1 159 229 311 386 364 406 501 359 39
= 125 2556 25 mm 125 1 11,7 189 324 299 288 345 409 245 32
| 160 2558 25 mm 160 1 193 254 305 271 238 322 278 173 28 |
200 2560 25 mm 200 1 107 121 287 228 228 306 194 119 26
250 2561 25 mm 250 1 129 187 243 195 199 277 129 102 22
100 84330 50 mm 100 1 43 85 155 282 508 51 578 385 30
125 84331 50 mm 125 1 177 263 354 292 333 454 405 265 35
- 160 84332 50 mm 160 1 165 241 306 275 296 417 287 181 32 |
200 84333 50 mm 200 1 65 63 211 271 305 358 194 123 29
250 87545 50 mm 250 1 129 187 243 195 199 277 129 102 22

Jl2ug 225
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[A8] E=l&7|(HRV) 7I&

@OHE 3 7I=s
AT |E(HFZIL)
- RRAAE AH) S50 HEHS FEZD: A TH5(0: 002 2 B A5 5), 0| 49 20 S12X|= +10dB
Al 38 L2278
= (dB)
TH QLA R & 30-40
QEARY 35-45
Zlo| (A EHA) 30-40
S HE 20-35
Ft| /B A ES 35-50
mES 35-45
SA|& 35-45
A 40-50
ZXEN 13779 A 12 B, A2 7|&
-\ 50dB
5’\\ e -~
0 “H""-__._‘__‘”___--“_ v -.-dl—__’__-—”“
Z0|Z0j A2 HE5I0] A2} WLT=ZMT YEES Eof 2|7 dSHLCH
W HE CENOIM A5 HME: XNF0 YO = THAXIO|A BIZ6H BISE, T B2 A5 WX| A=0| 22
- I QU EE Aojo] ESHE, £ M X
- HE: 3m/s 0|49 HET| HZEZ7H0| ENEX| U2
- ALY A2 MOE X T

Telalonipschal
dampn ElS — Tollersarnitl

HI—:&:-:- = WantilEtoren 1

Jleus 227



A ZEB jA|E7|&

E

ojo

‘I

ol

O)

Ji

OA(RI7|=8) SA@7D)

EA(Hi7I)
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2712 CIRMS A0 = HE 84 H 2

=7 | S0 B v [ A2

Sl YA7IS OIS YA = & 7K 2 20 T
HE= SUASH k= =7t Q4= PE, PP, PVCRO| X2i3t

ALU S=A

= N

=" —
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[A8] E=l&7|(HRV) 7I&

1. DIN V 18599, 2018: Energy efficiency of buildings — Calculation of the energy needs, delivered
energy and primary energy for heating, cooling, ventilation, domestic hot water and lighting
- Part 6: Delivered energy for ventilation systems and air heating systems for residential
buildings

2. RWE BAU-Handbuch, 14 7#d, 2010, Dr.-Ing. Bernd Dietrich and Dr. Rolf Sweekhorst

3. DIN 1946-6 : 2009-05 Raumlufttechnik — Liiftung von Wohnungen - Allgemeine

Anforderungen
4. Anforderungen zur Bemessung, Ausfiihrung und Kennzeichnung, Ubergabe/Ubermnahme

(Abnahme) und Instandhaltung Allgemeine Technische Vertragsbedingungen fiir Bauleistungen
Raumlufttechnische Anlagen. DIN 18379 : 2006-10. Beuth Verlag Berlin

5. DIN EN 12599 : 2000-08 Liftung von Gebauden Werner, J., Kirtschig, T.: Zuluftnachheizung
als Heizwarmeverteilsystem; in Tagungsband zur 2. Passivhaustagung, Passivhausinstitut

Darmstadt, 1998
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LA EE

40
G
Al
£
= e
==
A =PIES
A P
ba)ll o
[
0 .
o
0 05 10 15 20 25 30 35 40 45 5,0 >
n50 &7| 814(h-1) o
212 J|2(n50 = 3.0h—1)): EJ(0fl 2Bt DAl 50% HS
212 J12(n50 = 1.5h—1)): ZI(0fl 2ABH DAl 40% £F O =oiCER
ED|QEAIS Z0|D|QI5] MY HE J|UAS B TA © HICIER
8 =amop
(n50 < 1.0 h-1) 7 ysiay
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[A8] E=l&7|(HRV) 7I&

p =
OF-CEES

7|8 ElASHA LR QAR & HLIX) T2
QRO Y, O U BT} VMRIOIN BT KIS FHBUH| AL HG
S AILY D71 SIS 9ioh 21410] Z-H7| 2 B —-) QXN A2
3ok 37IE, 571, H7|Z0R 1Y

100[3/h

SA TA
100m3/h 100mé/h

100m3/h

&HA

SA SA
100mé/h 100m?/h

RA RA
100m3/h 100mé3/h

&8

2E =yl o=

Supply Air Inlet Ductwork Extract Air Outlet

Kitchen

Bathroom
WC
Utility roo

Master bedroom Corridor

Openings for the transferred air

= APRA[301] == oAl S
HE 90CMH 30CMH 90CMH 210CMH
=g 90CMH 90CMH 90CMH 90CMH

Jl2ug 233



=
Ul R mﬂ
o ook o
SR &
Mo oo Kr oy
O ¢ m

[
K0

SIE
B 1=
RS

,me_w___w_,u,=_m=mmm

KO
iof [0
T
@D O“_ﬁ _l_u_,
o o I
_._._u_ —_ ~~
ol g ar
K g 8O
> 0 JJ _
- R o3 M_
E ofu m ad
= I B0 2 <
) _% of < MH_E
HM_ ki ! KiJ 3
- ™~ M_._._ ) _U/” __o._l_ w
@ & X 3 55
A i ~ oo &
I e
5 4 i AM_ ~ K ol
) il % % - N % %__u wm
g = i o ™
m&%ugo ao:uMuLn
_ _ _ E [ N Kk
== ™ I__/|
™~ | | |

234 HM=Z0i|X]



[A8] E=2l+&7|(HRV) 712

© SE A=
QUG Q7| =2 ST 7| U
(m/h) (m*/h-m)
IDA1 < 400 ppm 72 var,
IDA2 400~600 ppm 45 3
IDA3 600~1000 ppm 28.8 2
IDA4 1000~1600 ppm 18 1
ZX:EN 13779 A9 H, A10 H 27| 2 7|&
mé/h
80 : —
\ -
701\ — Yeee [
T oeo| N\ o oreperer b7 |2 HFSIRS b7 |2
E \ (m'/h) (m*/h-m)
5 O IDA 4 nach
g DIN EN 13779
o a0 - 1o 72 -
5 30 — B )
& S S1ErA 24 5
L - e
10 [ s e EX:EN 13779 A9 B, A10 B 97| =92 7|1%

0
0.06 0.07 0.08 0.09 0.10 011 012 013 0.14 0.15 0.16

C0o2
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© S& 242 E2d

Sy 42| 712

Plumbing &
Fire Protection
Engineer

Electrical & Speclial
lighting Consultant
Engineer
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6. LS ofX| Y11= 27|12 HOISH HUE S YUAZ & US(7d)
ol

7. zoning, & X0 & SZH7| W HEI0)| 00=|Mo| =
8. & 0] =Hi&0] EQ YICE=Z, OA 717101 = Lol & SlS
9. 7RSIt 2% H0] 80| (7422 71 80))
s
1. 9E space 7t 311, HE Z7tQ2 Qlgf 511 S7}
2. 8719 dEs WF7| Odds
3. 85 =0 2
4. BXRT|IAHE e 2 HY @F
b. B A AARE Of|LX| STHO|M B[S
Economizer Cycle
1. Q7|2E7 S8235| R0tA 27|Z 0
=2 22| 97|(OA)E M&stHE
229 J7|SAE Hag = US

2. 0|Her HHOZ SXIPIU|IM 0|HXIE Eot= I :Economizer Cycle

8ol HUS e o~ AL, YHHO 2 =2 201 Mgt S7I(RA
=

=80l YT (Cooling Coil)S 01X 41 MMM 2715k=
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© T~ 2hA] (All Water Systems)

=0 2
ZQU0f| 2|X[$F Chiller, Heater, Pump, PipeZ 0|2510] 22 Sl &
XX

oo

1. 7HE ®MO, 708 28 7ts
2. AMAHRIOI BI7+ 2711 Duct SystemO| 2R QIS
3. Duct Space, 2X 7|AA0| HQ5HK| &2
4. BtESHO0| M3

ro!
H>

BIDIOR W LHIGH

0
HT
=

CHR

(BT, HYE, 7|F2E Mo 22t
Lol b T
EVEEEY

|82 5Y4 813

- AZZH(0f tiet 2l EL
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© £—&7| 92! (Water-Air Systems)

AU 28t 52 86| flofl, 21t 57|12 HE0I0] E 24
I

371 5Y SEMUA 4, HIEI0], 0121 zoned| 23
S0 5Y BTN 4, HIEID, A0l ZZ07| 2I5h Pump2 0185101 Pipe2 He
S

1. F Ao 22t HEMA 7tHs
2. 20| Lo} HRO| ALMOZ 302 BHIA|AEIO| 2712 ZQ A 9|12
(Duct Space, 3%& 7|AHA9| Space)
3. E2 L O|HXIE &2tA7|= Ol M2 M=0| 2+1F (T3 7] LAl0) HIsH BES=20| H8)

[ L
4. N A=l U7E0] £5

=
1. 887 SAEL =Y
2. TS7| EAI0f BlaH MO 0=z
3. wAHIZHH WA F
42U SSE0| M1, RA0 185 TEE AEE + 0 §EE RS
5. 2lLH0i| =Hi 20| L0, S0l et Akl 7isd EXY
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© A2 7H'E

SHe| & wet & SAFE TEO| HIZ0] 50% 0|2l e &4

o

[ASHRAE, ASHRAE Handbook 2020, HVAC Systems and Equipment, 2020]
SALIHES 08¢t =AIE 0|= Qlot RS IS 0| 0|Eok= WAl
- W2 EE VI E SAL EHO 22 H WiHH0| ot Stes E M

o1 L =21 T
- ROl EAHLHY AIAHO| 22, BAL 2 IR O HEY HISS 70% : 30% HE
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OILAR| 2o} S

- HJ L0 Hish 7 2=E B SAKYEY) FA(HE) KAl

— S5z 2 QIS o X| & 7tsA
- &7|E0 g 80| 2 22 SR AIBSIEE, 25 Of|HX| At HZ
— [H LHI_H:Ir()“ |:||OH AI-[HI—IOE X—|22_'_ r f, =2 _J|*_ lé'l f7|—
- GE9 COP &&2= 2ot Of|LX| M 2t
— MIHM oL X]Q] 2 THsY =2 (Y Al X heat pump Sl0|E SAKYE HE T7t5)

100% Peak Power . Fan % Motor 52 : 30% M
. ZYHSE: 9, 4% "*7*
37| =& &3t XP* 7.4%
37.5% e 52 1.5% 5%t
Fan & Motor
, 54.7%
9.4%
° Chiller< oy . 1.9%
62.5%
34.4% 34.4%
air 5 N
Conventional Radiant Cooling
HVAC System HVAC System

[ AR AL LR Hof M5 (MR A)]

223719

LUL0f| H|3l 832HH (S £ I|o| ¥ &2 3,467HH)

S ALY AARO| 212 K| MY 7+5g0| 7H 2 A= 21(0)= DOE, 2002)

Table 4-1: Energy Savings Potential Summary for 15 Options

Technical Ene
Technology Option T‘gt‘:t‘:::“ Savings Poten:lgayl
(quads)

\ Adaptive/Fuzzy Logic Controls New 0.23

Dedicated Outdoor Air Systems Current 0.45

Displacement Ventilation Current 0.20

Electronically Commutated Permanent Magnet Motors | Current 0.15
\ Enthalpy/Energy Recovery Heat Exchangers for Current 0.55

Ventilation

Heat Pumps for Cold Climates (Zero-Degree Heat Advanced 0.1

Pump)

Improved Duct Sealing Current/New 0.23

Liquid Desiccant Air Conditioners Advanced 0.2/0.06"

Microenvironments / Occupancy-Based Control Current 0.07

Microchannel Heat Exchanger New 0.11
\M@ [or e L PUPPP VX TICY A

Radiant Ceiling Cooling / Chilled Beam Current 0.6 -
\‘.sonaanlienroc-éﬁuo.ifuog-acl-Coocnip.roeggonr-sn.-ono---occ.-n-- ‘A.d.voannoc-ea-ouoc»-é‘iosu.-a-ono-o-o -

System/Component Diagnostics New 0.45

Variable Refrigerant Volume/Flow Current 0.3

% DOE, Energy Consumption Characteristics of Commercial Building HAVC Systems : Volume lll, Energy Savings Potential, 2002
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k ZE FEMS] SEX/SH A THE =2

Radiant Embedded surface Thermally active
heating & cooling heating & cooling building systems
panels systems (TABS)

Nod & Gn=

IO GRLN s DR R -

el
U= AEAM|(slab)et 22| H L2 =2 FEAM|(slab) # E= U= FZ2H|(slab) LiEO|
Z2|E|0] AN B A S or2Het 22Xz S ¥z &Y
EY YBeFxMet¥Nom (Y U2 REMYYNo= e AS0| REN PO £
URPHQI M B T2 (Erexy 28) A2 EH (slab)of b2+ o
HE2| ot K2t CrY -2 |EL| S SAHYEHE A AH 2t
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1eE 22 dH| Vs

OLX]: LS Bt 4 Q= 521 J (N/m), N2 BIOZ 1m 0|

10 ~27]1kgS 1°C S2/=0| LRS! 0fLX|

Tkcal ~14.5°C & kg2 1°C S2|=0 29t HHX] =4.187 J
A 0

- LNG 2€=F ~ 10,300 kcal/Nm3
- LNG TNm3

= 1000L01 L3l 10T 2E2 22 4 YS

= 200L0jl T3 50T 252 22 4 U

= 191 10070l Cish 25 257|2 0is 4 US

2 4
~ 540 kcal/kg B
100C - : C y
—_—_
ES IR
Mg
» a — |
~ 80 kcal/kg @
Ol x| (ZZ)
20C
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© S0LX] - = B2} HY

UE (33, power, T
Wi(watt) = J/s 1 124 19| LS

860 W =1 keal/h

OIItE EfQFY ~ 0.3kW
I HU 15, 20, 30 kW CHRISH{ErR A
(MEFSHA)
ArdgH iy 200, 600, 1,000kW Oby) QEISHEE A
2,5, 10, 20 MW X[ofitdt, SoHH
ohel XA A

TIFato|E Y

H-Actplal

& 84

500MW 87|, 1,020MW 27|
% 6,040MW

78MW(GT) + 68MW(ST)
% 146MW

1,000MW 67|
% 5,9000MW

A (k)
= 20| Lot otefet Do, 2 St ES e .
A=(AS), HAE7]), B(E=2te) S 37MK QA47F SA0f AC{0F2t HATFO|RHE 4= 0| 015 SA9)
3942t &t
bl
(LNG, 7|, 4fgt-)
21(0,)

CH4 + 202 — COz

https://www.proprofs.com/discuss/q/392978/
nitrogen-combines-oxygen-atmosphere-
during-lightning-flashes
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A - LNG 74 4=

H H H
H—-—C—H H—_———C=—C—H
LNG2| 2 90%
oo | | |
H H H
|]'"EI_|'CH4 o'"E._rCzHG
H H H H H H H
H—C—C—C—H H—C—C—C—C—H
H H H H H H H
DETC,H, HEFC,Hyg

% Thermal NOx
« - 7|5 A4 (78%)
“ - IR MHAS HIS
T ~ LNG NOx 40| g
— 7|+ POl A A

N+ O NO
* Fuel NOx
N o no; - o125 T 3Y
- MEL S, =M 23
http://slideplayer.com/slide/1660176/
X a
© &1 MH 3 AOIE

. HEEEH| B https://krb.co.kr/
. L2 20|11 http://www.dlroyal.co.kr

. E-AF} https://booster.co.kr/

SHEX|HHEIZAL https://kdhe.co.kr

. https://www.proprofs.com/discuss/q/392978/nitrogen—combines—oxygen—atmosphere—during-lightning—flashes

. http://slideplayer.com/slide/1660176/
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LNG 1
DU, ML YY
(HHV-Higher Heating Value)

10,190 kcal/Nm3

9,190 (X¢1)

2
=

°F10%

olo
Hx

CH,

CHRIZYENP

0| 217t E0{E (LNG= 7 |AldE = S50 F)
) -

LNG S58= Fol/| ?lolil E=¢HE Foled

=
20| BT HEHEEE 3
%

201718, 0

o

2O 12 4%
(& SYSHCHL 1Y)

17|&, 0C, Tm3

27|24, 0°C, 0.5m3
2F ~ 10,200 kcal/Nm3 Y& ~ 10,200 kcal/Nm3
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ZEE AL
LNG 32 m3 (307, 1.037|¥)
At A2 % 32 m3 x 10,170 kcal/Nm3 = 325,440 kcal

LNG 32 m3(30°C, 1.037|&) = 30 Nm3 (0C, 1.07|¥})
A2 &2k = 30 Nm3 x 10,170 kcal/Nm3 = 305,110 kcal

PV PV . T PV
T, T ° P, T
eHU e=-HYY &
2H
QB ojjLx|
e— 7, 0,, NO, (Hi7t=2) sg- —
=TT £91 ofjL4%|
_ . EHoILR
 syolux
; eSES T
TI
m-C,-(7,-Ty) m - (h,-hy)
88 = =
@Q, - HHV @, - HHV
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(R=Tp 25/27K 25+/32K
2= ey ey
olix| Al 28 53 153 152
dazg@ze) FF:87.6/97.2 FF:88.2/97.9

FF:97.4/108.1

FF:97.3/108.0

el %
AgE T A|ZFA(LNG 13A) / LPG ZA|ZFA(LNG 13A) / LPG
oddy 13K 16K
T U kg
OLR| AH| 58 &5 4 4
L S (s ) )
el 0 FF:81.6/90.6 FF:81.5/90.5
e S(2256) . :
h2| 105 FF:82.2/91.2 FF:82.2/91.2
AEHE ZA|ZFA(LNG, 13A), LPG ZA|7LA(LNG, 13A), LPG

Halg] 7|2 A1

=r0E7|

Boiler

‘ HiZ[2tA

b2 |PtA

[ETTTTTPTTES PP PIPPIPT
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© = 7PEE 2 Vs - 7|21 HYE

JHE ZFE-OHHE S0l 24+ & S ?fol 40~80T F=9| 2+ UE= &H|

CHEE LNGE AFZotd, LPG(USMIR7tA, Liquefied Petroleum Gas), HR(AH) E= SMH2 S HE2
Atget

70~110m?(20~304%&) OHItE 2F 15~30kW (13,000~25,000kcal/h)2 LNG E22{7t 20| AF2E
25k\W(20,000kcal/h)g LNG 22t= 1412101 2f 2Nm32] LNGS AtE

&g

CHIIEAGEN OE 188 H2d A JIE

2F 7€
¢ 5 1% 71&
ZIA AR A A A=
Wz | NOx 20(0) ppm °|3} 40(0) ppm ©]3} 80(0) ppm ©|3}
7F= 1 co 100(0) ppm ©]3F | 200(0) ppm ©]3+ 150(0) ppm ©]3}
JES(H) 92% o] 81% o] 84% ol
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70kWO|SH LBt 7P 7tA 24 HOl2 [fA =

100% 712

(~ 60,000 kcal/h)
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0| 28 h= T ZA5P Y Yol MESAIH RER RAISHE Y Zoto| Yol F2 U% U RS 2 LY

ZiLtolE

1. Z= LiH[ https://www.kdnavien.co.kr/

. HEE2HH| 2213 https://krb.co.kr/

. 2ILto| 23 https://www.rinnai.co.kr/

. =0| 7|& https://www.lottelem.co.kr/

. CHAMIEIO L AIA https://www.celtic.co.kr/
. CH2IZ20[RHI| http://www.dlroyal.co.kr
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HEHTH 2013 U2 A A2717 |2 T | 2 F 2T A2|Y ot 217

R xelg M2t o =gt whlel

eco HE30|H XA B
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FABHR(NOX) S HHESI= Mi=A 21 71E 1529

H817 laiplLir}. 9| #hlo| 2 x| ofe
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24(°C) 482 .

x| =A S BO|LE BHE LIQE 2 g1o]
HgeE BIx YEsH!

2Lto] BBy

© U717 HIo(71= Nest) - H7|7] S§ H|0f

Meet the Nest Learning Thermostat google
Display
Turns blue when cooling
and orange when heating.

Status
Nest shows you
& Time-to-Temperature and
ifit's heating, cooling or
/ using Airwave.
.
g Current temperature
/ Shows the temperature
inyour home.
\ -~ Target temperature

Shows the temperature
youwant to reach.

-+ NestLeaf
Appears when you're
saving energy.

I SensorWindow
Contains temperature,
humidity, light and
activity sensors.

Youtube.com (Blindmaster2£.2|)
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Auto Schedule
- AP} Ol 225
- AE0| HEH HiAf

WO 07 [=X] Ief, AAsAAIE 4
AEE XS &

Auto Away
- Alel XS 2K| -) XS OLK| Hot 2
— Ol 7|'58 90%0 IIO”A—I EII—

= 717171 & AE5HA| = Yol AHE S%

- 21712| 2712) S5 UK MAE 8

Air Wave

- 0lo17Aef A ’é | 252 SAN &3 -) Tt
- 0| THHECZ HHHIE &
- MU 57} RS 0 2 5410 2 HE 27} i A4
System Match
- HAE Y YRS LA -) HESHO|LX| "Hof T Is
- YENO = O|F0A HHUE2 237| A
- 5| W A0 9 042 BAIS X3
- E2HIE2= HY
The Nest Leaf
- SAM LR ARS0] O XIE HOf
Energy History
- OIHXIE HEA AMEIW=A ALE WS
- HAE OUX] 2|ZEZS O[5 of 22| KfLX| AL LiFE =0l
Rush Hour Rewards
- 2HE, oS S HVIE SAKCE BO| Argok= AIE
- T A8 20 oS = MH[A
- TS 50 27t 0l M == AIE
A0 O12] 7t
M ARRY

=
=

PEL=R
HISA|

Pre-cooling Energy rush hour

ENERGY RUSH
HOUR

on of total

AE expects a rush hour
Fri 3:45 PM 10 5:45 PM

CONTINUE

B Actual AC use
Projected AC use without Rush Hour Rewards
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Seasonal Savings

- 7Py ot n2

- 0| ZRIHS K| S15E 2= X IS EWS LYK
MH|A

- Oteff 230l= 3301 ZXMAM 23

- MEO| A9 L77IX| Zok= MO| dHUS ZX st

e dE=2 A 2 EoiM H=HIE 2ol siixe

Wake up | Go towork Come home

Sleep Wake up | Gota work Come home Sleep

e i g 78°F After 1 week. i
75°F ; i 75°F
© Original schedule ; Original schedule i
T4°F H 74°F
73°F 3F |
4AM 8AM NOON 4PM 8PM 12AM 4AM 4AM 8AM NOON 4PM 8PM 12AM AAM
Wake up - Goto work Come home Sleep
T8°F
After 3 weeks
77°F : | -
T76°F = 2°F
75°F
Original schedule
TAF ]
} 1°F
7q F —
4AM BAM NOON 4PM aPM 12AM 4AM

7| e - YUK 2y, Hsd SE22 2itkl= HHE M7/ |2Y2E AEal0] oHXIZ XY &AL
FEA Glig - AN ORMRIEATF LMSIA] = 4 (Hy), 22 LI0KNH3) S8 Sa2 ol 22
Hy + 7% 02 = HO 4 Bl HAN 2T 44 E

O =2 AAEZ Q15 NOx(EALEIE)0] e & AUS)

kcal/Nm3

MUY DIy MYy
LNG
(CHEE CH4) 13,300 12,000 10,300 9,300
Hydrogen (H2) 33,890 28,670 3,050 2,580
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%2 (Hydrogen)
HAHS
1 ol
Hydrogen(1766 H[EHC|A|) b g e
- YExH, XM |' '|
\ /
e ©!§n€){ber com

‘We can reuse 135,000 miles of gas pipework’
(UK, upgrade to polythene pipes)

-LNG + H, (20%) : 7|& A|AH

- LNG + H, (20%0]4})
> Ignition, AAA[ AR
t 1B 88, §5(H,0) AlAH

0
=]
JtEa, S5 24 8 240] 0{215(200 ~700bar) (H2 54X} ~ 5kg)

© 1 MH A AOIE

1. 25 LI https://www.kdnavien.co.kr/

. H52tH| 222 https://krb.co.kr/

. 2ILto| 23 https://www.rinnai.co.kr/

.72 NEST https://www.google.com

. 7= NEST https://friendbahn.tistory.com/5673513

> o1 A OWN

. $5E Blindmaster@22| https://www.youtube.com/@blindmasterd641
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HiE S8= Hlu 248

EHP2t GHPAE M2 LHE HUAIES AEotk= 71719 22S H|wdl/| 2ol 1A O|LAIESZ 25t
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1O MO
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et/ Ol X | 2AE et Ty 71712 Hs
LHak gkl NS F EHP Uk EHP GHP QI E DPS HEEE L
HE IL sAL BEF L sM 22 =L sAr B8 L sAL EE I sA BB LY AL &
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JEfesr geer O mHg B Bawg 2EFer Feer P NuE 05 Baudig
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© HHEsE 10W/m2 - PHPP 9.0

A building standard that is truly energy efficient, comfortable, affordable and ecological at the same time.

siuieres 71E o8 oluxl 54

SHSHHFE A m2 70.8 PiES R HES eI
ket A7t o HX| 27 kWh/(m?a) 30 < 15 -
R SE W/m2 18 < - 10

el Yy R & 28 kWh/(m?2a)

IA

23 23

SRS W/m?
QHB|EEIE (> 25°C) %
SEEMEIT (> 12 g/kg) %
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1Ko L X| (PE) 1RO A X| 2 2 2F kWh/(m?a) < 120

A A1 KpOf| L K| AT 1K L X[ (PER) 282 2F kWh/(m?2a) 22 < _ _
AITHAOf| Ly K| A8 Ab2E
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SQUMHA|HEIRLAHTAO A= IO X| @72k 15kWh/m2k 0[5 = st 10W/m? 0[5t
A=Ildss Qeitt Ol2fet iE2 HA|Z6HRA FH0M EHX|Z Xl 01 247 AT

HE4H| 28312 QoM e AU HEHS o LBV [ZHISO 16798-1: Indoor environmental input
parameters for design and assessment of energy performance of buildings addressing indoor air quality,
thermal environment, lighting and acoustics — Module M1-6]& =tE6}11, 0] 27 |ZHO 2 Z|0ff Y- 51}
7tSol=E AE9] ds= 2 Al

0[213t Z|XM3E Solf =2 HA|E 52 Zatotil Ol|UHX| 24 Hs(HE0HXIL7Z)0| Ot E

S
HE J7P7F 20 7| SAH|I7H EHE, 0|UX] AH[F0] 545 BHE0] =EE

Affordable:

Taking energy savings over time into account, Passive House is the most economical way to build, with
reduced energy costs more than covering the borrowing costs (repayment plus interest) for the
upfront cost premium.

Even at today’'s low heating fuel prices, a Passive House owner can enjoy lower total monthly house
ownership costs from the beginning. The main reason that passive homes can “tunnel through the cost
barrier” is that they are much simpler buildings, trading active, expensive, energy-sucking
heating/cooling systems for cheaper, passive approaches like better envelope and windows and
thermal bridge-free details. Simpler heating and cooling systems dramatically reduces maintenance

and replacement costs.
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Qheating = VERst 7|EF] x 0. 34Wh/(m3 K) X AT

LS| 1.2m3/h-m?

Gheating = 1.2m3/h-m? x 0.34Wh/m?3-K x 25K
= 10.2W/m?

Qeooling = 1.2m3/h-m? x 0.34Wh/m?3-K x 9K
= 3.7W/m?

= ([1.2m3/h-m? x 1.2 kg/m3 x (18g/kg' -
12.6g/kg) ] + 16g/h-m?) x 0.708Wh/g

Qcooling,dehumi

=Ca. 11W/m?
Miga Ab f%’_é. = Ein LH‘:' A §7|§H’§§3*
LIS EMEET |28 1015 100g/he 57| ezt 1015
ALHRE 26 C,’gﬂﬂﬁE 60%01|A19| ’Sﬁﬂﬁ = 12.69/kg0|O,

60%01M 2| HOHEEQ! 18g/kgs HIEQ = L1
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Part 6: Final energy demand of ventilation systems and air heating systems for residential buildings
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EN 16573:2017 Ventilation for Buildings

Performance testing of components for residential buildings — Multifunctional balanced ventilation units for single family dwellings, including heat pumps
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[B5] SERA HH| 7|z
-1A" - S}7|oL =
SA OA AHE
27|95 EIt 185 1 [ EZ [sAdZm] [OAED] o
Pir Im.22 ha, ha P v ha, ha; tan Pelv
T kw kg/s ki’kg | ki/kg | kg/m® | mih | keal/kg | keal/kg s kw
A7 0.96| 0.083998| 32.034| 20.569 1.1957 2529| 7.6511 4.9128| 2100| 0.1142
e A2 2.15| 0.08412| 36.660{ 11.095| 1.1946 2535 8.7561 2.6501| 2100| 0.1142
A-7 2.50( 0.085916| 27.320{ -1.833| 1.2049 256.7 6.5252| -04377| 2100[ 0.114
A35 -1.09] 0.079232| 58.150| 71.893| 1.1414 2499 13.8889 17.1713| 2100| 0.1128
g
A27 0.03| 0.079769| 54.373| 53.957| 1.1496 249.8| 12.9868 12.8874| 2100( 0.1129
— " — LHLHHF O] 1 =
© KIAEBS S-14:2021 - it 2 Fgt A5 W}
tan S Smin 10min 15min 20min 25min 30min 35min
A2t kg/s 008 008 008 008 008 008 008
/) kg/m® 111 1.1 1.1 1.12 1.12 113 1.13
A7 v m*/h 257.50 257.50 25740 25730 257.00 25680 256.60
hs, ki/kg 52.00 5264 5253 5161 50.21 4858 4722
hay ki/kg 2056 2065 2069 2065 2066 2065 2063
w kW 1.01 1.00 098 094 090 086 084
58 Ao 2 ZHE (25k0|8 =HY)
G Pelv Do Pay Paus Paria Pay Pane Pay
s kW kW kW kW kw kW kW kW
2100 01142 251 255 253 247 236 224 214
FHUYS HEEs
Patiaverage Quy Wer-val COPy.ay Wery Qipan COPyy
kw KWh KWh W/W KWh kWh W/W
240 1.40 054 2573 0067 0562 1.76
tan S Smin 10min 15min 20min 25min 30min 35min
A2t ka/s 008 008 008 008 008 008 008
P kg/m’ 1.1652 1.1659 1.1659 1.1661 1.1663 1.1663 1.1662
A27 % m’/h 2527 2525 2523 2523 251.1 2521 2518
hay ki/kg 4491 44.74 4473 4468 4457 4450 4450
hay ki/kg 71.80 71.69 7168 7171 71.69 717 71.68
w kw 1.13 1.14 1.14 1.14 1.16 1.14 1.14
SE ZHASE Zg (25K0|2 =7 Y)
tan Pelv Pauy Pay Py Papia Pay Pasig Py
s KW kW kW kw kW kW kW kW
2100 01129 220 220 220 221 221 222 222
FUTES SEHS
Patiaverage Qa Weiva COPy.py We. Qupean COPyy
kw kWh kWh w/w kWh kWh W/W
221 1.29 067 1.935 0066 0019 212
5 [ |
g2 | g | 52 2ZHoz 33y [ a5 |
m C PHR; PHR, PHR; PHR, PHR PHR, PiRaverage Qun COPHR
liter(=kg) Wkgk kwh kw kw kw kw kw kw kwh
70 116 009 007 006 006 005 004 073 037 2611
70 116 o1 0.10 008 008 007 007 099 050 3809
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ZEBYEIEY|E

A9 7= Ofat
FAGS7| L 2)2 &4 X BELEHS| S8 OlaH

I O| MSTHY| Ui 31 I SHE 0|3

= o o
HE IS S0LXZIA R 2827 | XS] K=o OfsH
HES7N G587 Y % BII= Ol

i A

&&7| LS E0HX|7 [ K= O

Kl
o]
Mo
(11]
IH
~
r2
N
>
* * -x- * ¥ *

B sHioo

© A2 Fo21T}t
KA Mo
- M= (shear force)0| 223 [ T1410] 23| AT SX[2te ASNOZ HYol= S22 T2
R 57
- HYESY QA QAN 0| 7eiFS I L=of HSkIt QI

(B, 715 MraeEE S

- A4S |A - RAO| =0| THhAS o LE=o| Wekt QUL
&7, 7tA S
RE=H
- {50l RAQ HE &Y
S 50| JYE Oxl= 24 ¥ RS &4
- e, M, 0lEE &, £ B, SYH A, YFAl, 37| 8ol AHIEHOIN, S 5
FAC| HiE=E HOEE A7 AZ. Al FH=0] 2EZ01H HEMO = HotK| 20 THEE L HEE
FE2 S| oMz FAQ R 542 0alfoto{oF &
9T p=m/V (m: &2 kg, V: M& m3), Yr= 220 D2t Het
BZT7|9| U= 1.2 kg/m3 (KS B 6311), BZE 29| U= 2F998 kg/m?3 0[Lt 1 000 kg/m?3 7HEgHKS B
6301)
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[B6] NesHI/M7|s

Qrlesie] Hel

-RAeEE 8

-WJRF

- 712 22 2EM), Z0I(L), AIZKT),

SIH
- A

712 0|2

Al RIS SHJ0ILE FHZ 2ol L= gl Stol= of=
I RA| ZHefo= Lis 4= )

U N 55, 3, BE, £371, U9, vV, ASAtS

H&H|(continuum)22 71
7|12 STIF X

O

fl(dimension)
25(T)

A kgEZIH), m(O[E), sec(x), KAL)
7|2 S22 XE

- KS A 1SO 80000 series &1 (www.standard.go.kr)

QAI(fluid) 2t RS

= 3/.715

ik

(ﬂovv)

_OF - Ox

QA sHSKFluid dyamics) : {12 2

H2F|(continuum) : ST} 22 CHALO| &l
oa||_

AHHI2E(K) - GM2E +273.15

%Iﬂ HASKFluid statics) : TrK1I7PI*X|E EHOIA

£ SIEHEHA)S BEC 2 AHE

| S710] §10]

St 20|
PERIAN) 2AI(Ib), Z0I(inch), AlZH(sec)

Ciolof ABIS TS (m/s2tkm/his TiPlE T2, AioI2 28)

KS A'1SO 800001 & & =l - M1 : LEtAret

KS A1SO 80000-2 & & =l - M25 : 53¢

KS A1SO 80000-3 & & =l - MI3F : St AjZt

KS A'1SO 80000-4 & & =l - M4 : Fat

KS A 1SO 80000-5 & 2 | - K55 : Hoist

UEY S5 QA LEIHA| B2 T2 HISIGIOR UTE 42 HIH 4 Y RS
HIRIEY 55 : QA UTTH AL, B0 HBEL0| LHoI0] UTS Y42 HIH 4 U= 95
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QA% 7|2 Al

- Zl2F HZ0| Al (mass conservation)

(momentum conservation)

- O X| 2&9| #1Xl (energy conservation)

o
T

- HI250] BI™A (Bernoulli's equation)

1
Psy +5pVi + pohs

1
Psy +5pVi' + pghr

=
Xe)
=
©
-
O
(0]
=
5
=
=
(e
Q
&)
T
%0
0
4r
ro
|

Ayvy=Agve

o

liHo

oM RHE Mek 7Al FAS] 25 HHA], AR HHAX], 7S

ofal QULY. Yolo| ot SN A7t

EEX

HEXA
[SXekn

i LIEHH=

5

© E1 MH L AOIE

i (2018.03.26),
2. White, “Fluid Mechannicx”, 3rd edition, McGraw Hill

o

1. 92 550 0|
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[B6] N8 HI/HIIE

© BT st
goo g9
- R(2H, ATNZ FE UHXIE S5 ot RAE S0HHUEYESH), Eot LU= 7 1A C1ss)

- OUX| AMEE0| iR BAL =

Mo
o2
of
>
=2
i
i
[T
N
ol
=
A
oly

DA
&) 1
WA > | P =D HE | (O MLRH
=] A
F2 Z2 0 U= RAE YBY E= IAE 5= 0|80 FA(0| Y K5 J6H0] Bt £O 2 0|FA|17A
H2 XOZ Y5ol=0 AR
Ej‘ggﬂ‘_é'E . — Single Entry Volute - In-Line
He = Gy i AP S8 | e § @ Gl
1 oam sy 2 B a8 3 w= e R &= D
WREE-+HY WREE-DHSH HRE_ E=ZezH a-azj;q; 5. 2% 8% YWRE 6. CiTH2TH WEE 7. Clet & X Ruy
Sinale Stage Well Multistage Well Mixed Flow Volute Mixed Flow Bowl Axial Flow Wel
Multistage Axial Split al O 1 — —™ —
) i—E\ﬂ A, E /i) 1; o | = 11
G il B o | BT |
= & U N = - = f W
8. Cigt & W = = — 2N
10. sict 288 11. Ciet RE8 12. @RE 13. =8 14, R8

1. OLDW wel ¥ 2. olnE W

3. marst Sia@ B

(RE] h =D (=Ello|e] L wien)

":| A R
= AN 1 -
—~—-—]-'I

13, CHE S CpAL B 14, B =S olB W@

e

12, Bhels ClAl BE

100 LHE IR B=

N o o 9. Wi XA B = (Baa 29 BiejM | . "
B A (zew 2Y mEs a8 T mTes s (2uiab) cHE® LA
24 8) . B = (3LbAN




ZEB YE|HT|=

HEEHD

43448 B
AZAZ/22 HD £EAR/25HD

RIRISH 71818 T 7} Q)= —’T‘—HI%!

=
=

SCICHEIS SARHIAAZOR OFIIE 2 Cfe A
XX

E
O

0l 34802 2351 %S

ﬂJ
0

9] 90%7 UHHHEZY

—

olajol Wz olsiCichy o

4528

"

o Me AE

-
- 4 (Total Head)
(Pump performance test) - E&2(Flow rate)

+ =2 (Shaft power)
- H= 88 (Pump efficiency)
.

How
EHNESEE
HI 45 AH2 KS B 6301 (U4 B, AR HI ¥ - 5
£
£3 HIOO| AIY U ZA W)Y KS B 6302 (B E"g
& !
ES3 27 W) of 2| A510] Al - " ss% ;

E &2 (m¥min)

HIOL o122 UHOfRIT B
Q24T Q2 CrPIBt S2I3(0] OfL| T XHAIE 2
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[B6] 1Ngs HI/H &

2
18
5

i

:
= O

ZHU ALBElE 2E AS7I(REA, YA, A, 28 £87))s 20| A AL =7F &0 A540]
=2 E|0{0F &

HUH - YL+ AE S5+ 924

6 6 A
hd:10G+Zd and hS:10G+ s
PE PE

0f71M, H = M2 (m)
he g £% (m)
vELE £5F (m)
z= 912 5 (m)
p =29 L (kg/m3)

HE h—h+

If D; is the same as Dy, H=h; -

g5 F2ATEE (9.8 m/s2)
G = Hlo|A| ¥ (MPa)
C : Center line of pump
| ~ 2\ 0| 32, St E= o £ fla12 0| 20|72t
I I e riivigii
A : Suction port B : Discharge port
U0 SH7ISEE SotH HISH(specific weight, XA SH)0| HH, 1A= HISE ¥ = B2 &
0| ZT/ISEE SoIP 50| F. S| HA0E FTS AIBSIA| 41 & 5 NOZ B
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ZEB ¥E|H7|=

2

v, — .
28

h+

HE=

i

Flow meter

+EDEHIO| AIBS B4l SIS I3
EZXIE0] 900mm 042 Lol M wH0| £7Fs5t0 I0(weinE ArEe
i s S
(Hydraulic power) (Shaft power)
Ph
_ _pgOH } Ny =25
h — 3 PS = F, c X M s
60 x10
07|A, H = MUH (m) PCE HHY (kw)
Q lil’-‘i-n% (m3/min) nm ’.‘i§7l a8 (%)
20| UE (kg/m?) gEBHIMEE(9.8m/s) P,
n, = 75—
PC
M2 zinze

Power
Meter

o

07|, H= HYA (m)
hd = g3#+5F (m)
=&554+5 (m)
zd = #2FF (m)
pEE9 UL (kg/m3)
=S4 E(9.8m/s2)
G = Ho[A (MPa)

(E= 224 1000 mm)

R(M3/s) Y (Pa)2 ZotH AH0| UE(Watt)0| LIS, pgHS| H2lE= Pa
=583 HO|HZ0|HE 0|85t A Eots LA US. 28+ *EI = LS
A2l 4TS

o o
1TEQ'F|_

‘ eHAd AR (ES
KS B 63020 2|A 210i(weir) 2 £ 7I'5

L5

2 HHUT Ol 3E
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ZEB HE|BTI=E

DSE0HX]7 KA ESSTI0| 2ot FEAASHA-E TA| X2021-166%, 2021.10.25)

I
O—

- EE70| SEXIZ0] 2,200 0[5/l EJ&E TI

Enk-$-2] _
ASE(%):
90 r Il -FEHE
| AEE(%
g0 |t o+ EE(%)
BEE(%)
' 70
— 1 1 —_
& ' ' %60 B~
]
0Kt i i P A
1ol ! ! 2l 50
i ' = T
\ H H 40
i i i
i i 1 30
_I L L
70% E&2(m3¥min) 110% 20
HDBRE IFY ESL S22 70 %~ 110 % 29 0.01 0.1 1 10 100
_ E2R(m/min)
ASE(%) :
ElE-3=1] otz
'y ' 1 ==
i EZZmymin) 003 005 002 01 (015 02 03 04 | 05 | 06 08
1
! ' AZE%) 433 473 508 | 528 | 57 603 66 69 | 706 | 716 | 736
q i i !
S_;. ! ! i BB E(%) 39.9 429 445 | 465 | 489 S50 542 572 | 59.2 | 607 632
)
' ]
o , 1 ' ESWmYmin 10 15 20 | 30 | 40 50 60 80 100 | 15004
' 1 . 1 1 1
1
\ o ! e
Aot 1 H AZE(%) 746 | 76 77 | 785 | 79 795 80 805 81 815
] ] i | | I I I | |
] ! 1
- - BEE(%) 642 66 68 | 695 | 705 715 72 | 73 | 735 75
70% E&E(m¥min) 110%

DS INES ESH IESZT0% ~ 110 % 2

2025.01.01LRE YSY H2E HO= S US|V IAHEHRAS) 22 0 2HE
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[B6] 1Ngs HI/H &

S=7| Lut

£27)0] Yo
YU T 26| SN 2502 J[HS ¢

(KSB 0062 &37| =71 &0{1001)
5371

- H& £Z7|(turbo fan, blower) (-) 8%& &
AZM, B &S

olmZ{9| 3|1XM 25O J|H|0| HHXIE =7
A%jl

- 24 37| (centrifugal fan) (-) &7 &

1SotH, 57| =8| 1.3 0[5t HE

l MRS5S, 257 537

ol 53
7IM7t EHE HXE HHCO2 2 L= 37
(Z3 £Z7| backward inclined fan, 28 £Z7| airfoil fan, Tt £Z7| multiblade fan /
Ml £87| /forward curved fan)
- &5 2Z7] (axial-flow fan)
oL RESH= S37|

ZIAI7H 27HAH0 ol SYHRH Feotl SYR2

- A= 2Z7| (mixed flow fan)
7|M7F Q2o SHfef O ZAE A1 S8l = &3

2H() 1.30/5k= ISO #& &

37| L (Ao
=29, 2.0 21} Y=/ |2 2FOIUCL

1.1~2

Eiw—it 58719 et SFY.
212121 £37((in-line fan)= YEH2| 2 BY SS7IXL, RS A2 =7 S = S
O, 50| Bl= A0| EZY, MHIE Ma22Y, B=52=s

=39 £Z7|(plenum fan) &

[
20 FOLt X HE{0]| et =

a3 : www.gsfan.cokr

=" 37|, 2Rl 371, 57 &3/ %
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PART
B ZEB YE|E7|E

5871 8sY7t

o 53719 37| ds AYH

c 11 &S HE BEE
- KSEZ: 11& (=X 3%, I1SO(IDT) : 8%)
- ISO/TC 117 Fans (www.iso.org)

- AMCA International (www.amca.org), DIN, BSI, KARSE (§t=4H|7 &% 3])

€ > € =% amcaor rg * @

8 AMCA Connect/ Members Login ~ ® Change Region ~ Q

WE ARE AMCA ©

e To advance the knowledge, growth, and integrity of the air movement and control industry.

o 0]=2] AMCA International (Air Movement and Control Association international, INC.)7t £Z7| £0f9|
A 52

o ot=99l H&F2 KS B 63112 AMCA standard 2102+ 90% O[& 2&tat HOUS
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[B6] IE8 ™WI/MJ|=

7| HSTIH AR B 7
- KS B 6311 87/ A3
ASSEI|-HESE? |0 s
=2 M=A |6
(@Y e] [

—

- KS B ISO 13350 A
- KS B ISO 5802 AAEES7|-2TE210]| [T
ISO 5801:2017 Fans — Performance testing using standardized airways

- 1S0 5802:2001 Industrial fans — Performance testing in situ
ISO 13350:2015 Fans — Performance testing of jet fans
- ANSI/AMCA Standard 210-16 / ASHRAE 51-16 | Laboratory Methods of Testing Fans for Certified

Aerodynamic Performance Rating
- ANSI/AMCA Standard 250-22 | Laboratory Methods of Testing Jet Fans for Performance
- AMCA Standard 803-02 (R2008) | Industrial Process/Power Generation Fans: Site Performance Test

=
IO

FH

Standard
KS B 6311, ISO 5801, ANSI/AMCA Standard 201-162 Li&%c2 Z2 &5
-222 HEE MEH Ale] H&Y
£ A3 BEY

KS B 1ISO 13350, ISO 13350, ANSI/AMCA Standard 250-222 E{2&
KS B I1SO 5802, ISO 5802, AMCA Standard 803-02(R2008)2 1%t HX|

70| E
S7191 &4
| Her(Static pressure) ps. | N
ool
Tmmwa,p,
H Water:
s Zojote = ob3 2 To] o|SH0(S A7l oE Sxo 2 AL H7| PO O o0
s %ﬁﬁ%f%ﬁifﬁﬁ%ﬂiﬂﬁ#—ﬂq. o EY(Velocity pressure) |
; CHs
: ¥
Water 1 mmwa, p,
-

EY: 871U 3 25 0l ol S 2 F20|0h ZUS Yol IS FRICH

Hel(Static Pressure) + 5&(Velocity Pressure)
M2 T FoA S| S Fel tieXA

HeH(Total Pressure) =
- USLE 2FEEE QoK OF7|El= &7] YH. of FUAM LS| MU=
82 HX| HE0 U= S719 MU= Hetut 2 E

g, 12

MY
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q4RY

b
Lo i } i T
i H | | _-T'DGBmthmm
: 0.5J ::] é‘ fS |
1 i ™ i
P n -/"2 I : : : :
H 57 > Mo ] II i
y I 1 g i !
| ] 1 |

B

CHOJLEZ (Dynamo) O] & Al

27 TN O7IM, HE SS=H( W)
H=—F7 TE E3(NM)

Zha W& ’e}"]‘|

EE3H Y - MU S8 5 =&, Q (m¥min)

60 N2 24 (r/min)

338 MZ0UXs B2 FHus

(Outlet chamber setup-Multiple nozzle in chamber)

13 257 (Calibrated motor) 0|8 Al

H = W X n 7M. we =z w
= TE T8l E8(%)

0{7IM, Q& RE(m®/s)

P, = ®eHPa)
Kpe &5 Al
(X2l 3000 Pa O|TI2l H2, K& BE 12 FIZH)
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[B6] 1§88 HI/HI|E

4I7|0] BHAl

57|29 AA 2l (Fans law or Similarity rules)

N'C NC 2 NC 3 )
P.=P H, =H
oln
'JE.
j=n
B4E} H5HR RB(Q), HY(P), FSUH)S SSER HMO0| 7153 HABSL #1S0| 943

HHX|7 KXY ESEZI0]| 2ot AR AESMA-E TA| H[2021-166F, 2021.10.25)

28|71 1.3 Olot = £E=20| 30 kPa 0[512! AiE, X2 H HE F#359| A $571 (160~1800 mm)

BYHE 5713234 HE 154
(gmlie] A5, mm) Eal 2hd Ay Fao 2 g
280 05t 53.0 = 45.5 51.0 - 435
320 57.0 58.0 415 55.0 55.5 455
360 59.5 61.0 50.0 57.0 58.5 | 48.0
400 | 62.5 62.5 53.0 60.0 60.0 | 50.5
450 65.5 67.0 55.5 64.0 64.5 | 53.5
500 l68.0 70.0 58.5 65.5 67.0 56.0
560 70.0 72.0 59.5 67.0 69.0 | 57.0
630 72.5 755 61.5 69.5 725 59.0
710 74.0 76.5 62.5 71.0 73.0 60.0
800 74.5 78.0 63.0 715 75.0 60.5
900 76.5 79.5 64.0 73.0 | 76.5 61.5
1000 77.0 80.5 64.5 735 | 715 62.0
1120 770 80.5 65.0 735 715 62.5
1250 77.0 80.5 66.0 735 715 63.5
1400 775 81.0 67.0 74.0 715 64.5
1600 71.5 81.0 68.5 74.0 715 65.5
4 1800 77.5 81.0 70.0 74.0 71.5 67.0

27| A M7 3712 LS80 X7 RIS IR0 =X 45
53712 2Rl £&71= AR S0HXISHE 7 IR0 et
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[B.7] Z=ZOHX 2& 7=

OflLAX| 2t 2HEE HER1 AFof CHet OfaH

E

HoHXIS| A 8T, ZEUUX| Ed= figh 712 B0 T2t OfoH

HOILIR| A TIE, ZHOLIA = 7|20 Chet ook

HOIILAX|2] A[LH(A[Z 2] 01 4)01| CHEt Ofok

THOfQF 2 E HEEOL AR TSt Of5H

RO 7Y, ZEHM0S] X1 S o CHet OfaH

RO LA{0f| CHESF Olok

E'S'HI01 L2 S0 CHet OSHADIE ZFM|0{2} 2 E LRI ARetofl CHet OfaH
T2 7HH0H| CHESF Ok

HO| ME0f CHet OfsH

ZYo|UX| EL 7IE

v B B N

|_rﬁ

¥R K X K K X X X ¥
>
I_r'n_
|->+I->-|

B =%elluxiel 7| 71

© ZZ0HX| AZE

A9l 33%

".x-|\ Al
] A s

ol

tEil M

3 el

X o

& L

H| x|

= P

Ef | AHE 47% = iﬂLI
=

b Y 7

03, BM: QlUX|ZHNTL, ZDEUBO| FYK|LLS I3 BIPVAST RS 17



ZEB ¥E|HY|=

=2 T HX| AE SOM = HHA|7F AA[Ste H22 HEl 72, AME IE
X% 1%, OlUT B2 & 03 200 G2 LEAULC, UHHOE [T 28
L|C}:

ZYO| F OfLIX| ALl o
2 Aot

2% 0| H|E0| § HOor=E = ASHL

o ArFE AENMs ZEO| MHE| ArE 2] of 20%0| M 40%E AT
AtFE =Y ALS AZEO| 24, =E0| F8 KU A| 4B E50[7] MiE

gLCH

ZEO0| F oHA ArEER
AH

M= =2
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Buildings
Standards
Requirement
Lighting
Methods
Notes

Commercial buildings = 5,000 sq.ft.

IECC 200672009 and ASHRAENESNA 90.1-20017/2004/2007

Interior lighting must be automatically shut OFF when not in use
General lighting; task lighting shutoff encouraged

Other system signal

Examples: BAS,
security system

Scheduling Occupancy sensor

Lights OFF within 30
minutes

Schedule controls
lights in max.

25,000 sq.ft. space,
not more than 1
floor

22l EX: IES seminar-Lighting controls for nonresidential buildings, SEM-4-IM-09

2} B7t0] S43HAHI0M TSt ZTHO| FHE HHGH0 FAOIEE ol US.
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4 U=Z 3

Spaces
Standards

Requirement

Methods

Hotes

m

Interior spaces enclosed by ceiling-height partitions

IECC

Lighting must have at least one
manual control

Manual control located where
user can see controlled lights, or
remote control with controlled
lights annunciated

*Control cannot override time
schedule for more than 2 hours
* Area controlled <5,000 sq.ft.

* If building/space mall, arcade,
auditorium, single-tenant retail
space or arena where captive-
key override used, override can
exceed 2 hours and controlled
area must be <20,000 sq.ft.

ASHRAENESNA 90.1

General lighting must be
independently controlled

Manual control if 24-hour
operation, otherwise manually or
via occupancy sensor; 90.1-
2004/2007 requires occupancy
SeNsors in some spaces

*Control cannot override time
schedule for more than 4 hours

* If enclosed space <10,000 sq.ft.,
then control coverage area
cannot be >2,500 sq.ft.

* If =10,000 sq.ft., control
covarage area is 10,000 sq.ft.

* Control must be readily
accessible with lights visible, or
remote for safety or security

T
£X: IES seminar-Lighting controls for nonresidential buildings, SEM-4-IM-09
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Light is not just for vision anymore-----
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SHAl M7 |%0| M2 198 EfYTX| S 2IfMzat CLEAN . )
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; _ o
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- il -1 =
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22
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[C.1] ENHE, BIPV &H| 7|
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\k Light Shelf (Sloped
Protecting Light downward to provide
Shelf(To reflect high shading, doesn't reflect
angle sun) light into building)

Maovable Light Shelf
[specular surface reflects
sunlight from eye level)

1

AN Light Shelf (Sloped upward
to direct light into building,

Shelf at vertical position (to doesn't shade efficiently)

shade from low angle sun)
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First Fuel Cell

Sir William Robert Grove, (11
July 1811 — 1 August 1896) was a
Welsh judge and physical
scientist. He invented the first fuel

cell in 1839. Water

Grove's 1839 gas voltaic
battery diagram
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Langer
(1889)
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10323 TaHA|A EOFA H|0|Z4(Francis T. Bacon)0| A -AtA AR KX|E MAHOZ A|RIGHH EZ4X0
HZHX] AT A%

Francis T. Bacon
(1932) — First
practical fuel cell

@ FBHXIC| HIX 2

GEint2| 3fstAtRl Thomas GrubbQ H=MX[Q] 7|2 CIXIR! 8
PEM(Z2X} HsHESH) HAZHMX| IOt

General
Electric (1950)
— Proton
Exchange
Membrane
(PEM) Fuel cell
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© Ex=2019] A=A HE

AL O]= NASAS| @5 D= TN HeMA7FH
|§ 5 AR FK|Q| A 28 JI=M0| L =2

H—71 oo

HEOZ A

Fuel cell for NASA’s Gemini series

® ZLie| A2 HX|(Fuel Cell)

Bumhan 4554

2 dhsruelcell

ECOGENER
200K

2 S-Fuelcell
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© PEM 912 HX|o] 7%

Elactrical Load
(40% - 60% Efficiancy)
Electrons Ea# 1 Currant |
—_ =+
[ ] [ 1]
Fuel H, —= 7 ﬁ — 0, from Air
f_, Proton g
-] Transport ] a
H 0 Heat (~85°C
2 ? 9 H+ ﬁ 2 “:> ( )

[ . f“'

7

Unused Fudl —= Hy0O Air + Watar Vapor
Reciroulates [—9—(® [#] ¢ [¥] e
|
Flow Fiald Plate — Electrofyta — Flow Ficld Plate
(PEM)
Gas Diffusion Electrods — ralvst L Gas Diffusion Electrods
{Anode) © (Cathode)
Hy —> 2H* + 28~ 1/2 Oy + 2H* + 28~ — Hy0

Figure 4.26 Basic configuration of a proton-exchange membrane (PEM) fuel cell.
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(® Multicell Stack
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Anode e Currenl Collector

PEM Membraneliack Assembly with Twe Gaikeh One of the
Front and One af the Back

HWydrogen Fuel

Air Breathing Side Biopolar Plate

Caothode lide Curment Collecior Fla

“Anode sideBacking Fiate

ydrogen Fuel Outlel

Hydrogen Fuel Biopolar Fow Male

Ak Blowing Fan

athode Side Bocking Flate
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U7t QlA SSEMIES DHAEIES NEX Mo X -ojEls
(AFC) (SOFC) (PEMFC)
HMolf= U7t Q1A R M2t O|2uefot O|2wetat
SE2E(C) 100 0|5t 220 0|5} 650 0|3} 1,200 0|5} 80 0|5} 80 0|5}
S8(%) 85 70 80 85 75 40
2c s SHUE S/HEHE 2/5/UHSTFUH 71y, Adelg 230|5
< e (200kW) (100KW~MW) (TkW~MW) (1~10kW) (1kW 013}

© HIBHX| LHAIAH 7Y

AlR

{02}
Cathode(Z 3 {5060
— 1 Hp [Sa— DE (e —
AE HgAF Pel= ok |
| ; HgH
. * (Reformer) ] * (ST ACK) * fInverter) *[ s ]
anode] 2ty
HUJpA —_ _
I —— 2
W E 2 | B
{100%) oy Y
(30R)

. https://en.wikipedia.org/wiki/Fuel_cell
. SR AAZMXIMATS| FALO|E https://www.khfcia.com/

. Gilbert M. Masters, Renewable and Efficient Electric Power Systems, Wiley Interscience, 2004

A W N =

. METI, 2021 - Understanding the Current Energy Situation in Japan
5. Z7I=MY S0, ARMKA| AR 2 MR St AARE, 2022
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i e < —
Fuel Hz in Oxygen
[ > Heat out (85°C)
Used fuel ==
recalculates - . e Water out

Flow field plate (Bipolar plate)

Gas diffusion electrode (cathode)
Catalyst

Flow field plate (Bipolar plate)

Gas diffusion electrode (Anode)
Catalyst

Proton Exchange membrane
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Anode:
Cathode:

H, — 2H" 4 2e”
30, +2HY +2e” — H,0

[C3] H=HX 2H| 7I&

—> Hy+ 30, —> H,0

7= Ay AIEm|(H®), o AEZTST) (1 atm, 25C)

Substance  State H® (kl/mol) §° (klmol-K)
H Gas 217.9 0.114
Ha Gas 0 0.130
0 Gas 247.5 0.161
0O Gas 0 0.205
H.0 Liguid —285.8 0.0699
H,0 Gas —-241.8 0.1858
C Solid 0 0.006
CH, Gas -T74.9 0.186
CO Gas —110.5 0.197
CO; Gas =3935 0.213
CH;OH Liquid -238.7 0.1268
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© EEE2|IHE

Substance  State H® (kl/mol) 5§ (k)imol-K)

H Gas 2179 0.114
H- G 0 0.130
T9|E2EHigh Heating Value, HHV) o Oes 2475 0,161
1A B LIQE 914 TIAO| 20| UHZ LIS o) Wy O Gas 0 0.205
H,0O Liguid —285.8 (0.06949
X E 2K Low Heating Value, LHV) .0 The —T TN 0.1888
Qi B LIQE o4 JHA0) 20| 7|H2 LS me| way € Solid 0 0.006
CHy Gas —749 0.186
CO Gas =110.5 0.197
Gas —393.5 0.213
CH;OH _ Liquid _ -238.7 0.1268

Ofl) HIEHCH. )0| CO. 2f %Al H, O= A3t mh HHV([kJ/mol))E T5tAIR

CHy(g) + 201 — COxg) + 2H,O()
(—74.9) 2 x (0) (—393.5) 2 x (—285.8)

“ Doy oguct — Areace = 890.2 kJ/mol
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© SeHx|e| EHst

A= TX|0IM Y=Y A0 THE Ol K| XO|(OHX A 718

Enthalpy in H,+% 0, — H,0+Energy (W, +Q)
H (0) »%*(0) (-285.8)

AHproducl: — AHpeacr = 285.8 kd/mol
Energy (W, + Q) = 285.8 kJ/mol

Enthalpy output
WE Substance  State H® (kl/mol) 5 (klmol-K)

H Gas 2179 0.114

H, Gas 0 0.130

. 0 Gas 3375 0.161
Rejected heat 0, Gas 0 0205
H,0 Liquid  —285.8 0.0699
=0 Gas = 0.1888

Z 0|2X Minimum QE &t 4= Q)2

M2tA, 02X Maximum W2 =& 7ts

H2+%02—>H20+Q

(0.13)  1%*(0.205) (0.0699)

Substance  State  §° (k}/mol-K)

H Gas 0114

H, Gas 0.130

0 Gas 0.161

Q 0 Gas 0.205

AS — = H,>0 Liguid 0.0699
H.0 Gas 0.1888

T

Entropy gain > Entropy loss

0 -
? + Z Spl'OdU(‘l_‘G 2 Z S['eac[:m“ Minimum Q 48.45 kJ/mO|

Q = (25+273.15)((0.205/2+0.13)-0.0699)

Q = T (Z Sre:wl;lnls - Z Sproducl.\)
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Ef fici —_°¢ _2M7% _q1_9 _q_
fflClenCy (n) AH AH 1 AH 2858

~ 83%

70

) HARHX|(PEMFC)I 0|2 5T #HE 22
83% 60

50

40

30

efficiency / %

20 —

expected technological limit
e current technology

0 | ] |
0.1 1 1.0 100 1000
power / MW
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HODIAS
A2 Il (Reforming)
FAMAO R CO, A

© 180] 2

| :E1|U|¢_+_ GREY HYDROGEN f

450 HIZOURIHE HEQlH YHus

HoAx| Do
CO. D24

Steam Methane Reforming (SMR)

CO +H;0 - CO; +Hy

Carbon Capture & Utilization &
Storage (CCUS)
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© 4 i 2H| | HAHISE

CO, =& ag/kWh)
aE 991
iy 782
HAHIIA 549
HiO|20HA 70
EHQFE 57
29 14
=R 10
=4 8

T12(0] 49| EtAHIEZ FHX|

1 275 g/kWh ~ 324 g/kWh*
- IR A UNE: 17~20 kWh/kg
— 4H, MAF A 1 CO, 2
(H, 1g Mt Al 5.5 g CO, AH)

*0|28 £X|0|H, SZ0| M2t &7t 7ts

1= x40 = AAH|E
. = o [24/kgl
Fded MGFateh HE SEUN FaX it Ak S S 2000
TR (EM2) SR Z0H EIS22 Mt O MBI 2l 2700~5100
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ol (=A 2 20| M7 |2 AAL ATRMOILIK] T 9000~15t
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Hydrogen LHV Fuel cell

Energy Flow

Sankey Diagram

B Heat Loss

Heat Load
mm airsource il Heat Pump

. Electricity W=

—— Battery
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: Electricity demand, | Electricity that can be

etc. 200W m Rated operation (700\W)

R

Midnight 6:00 am 12:00 noon \ §:00 pm Midnight
Peak demand-cutting effect of widespread use
Peak demand-cutting effect of surplus electricity back-feeding

Business of Therma'l v ol
K power plan /'ni;,,i}“‘é
Electricity oL DL

Renewable energy

Network o9

Fuel cell (ENE-FARM)

© LIXHY HA AS 2ASH=A2| HeHI|

Osaka Gas to Start a Virtual Power Plant Demonstration Project Using Household
Use Fuel Cells, ENE-FARM Type S, Aiming to Further Improve Accuracy
—Joining a Demonstration Project For Further Utilization of Distributed Energy

Resources— June 26, 2023

Osaka Gas Co., Ltd.

Electric 4
- P
ENERES
Daigas
[ Aggregpton coorinaton) P
; Surplus Energy
7/ ﬁ 3

CONSLIMmIe

Assiors the comimands to
iUl PESOuT O

) | 26 e

(E.0.) Supphes 0.2 kW {E.g.) Supplies 0.3 bW (E.g.) Supplios 0.1 ki

i

Residual Demand?

1) Residual Demand : Total grid demand - solar/wind output

0:00 6:00 12:00 18:00
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® Water pump & Heat pump
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® An example of EHP | EHP Ol|A]

(a) Heat engine (b) Refrigerator

Oh=Q + W

© More heat is exhausted to the kitchen than is removed from the refrigerator

What is the COP?



Low pressure 1} High pressure

Low-prassure vapor Suction valve

/Discharge valve i Ve High-pressure vapor cool
Warmer water ==———=t—— ! N . ez condensing
returms T~ T PRAT. TR T = r;_ o
Warm Vapor ;/f,, i Vapor
|
’ v
Cool Vapor ] Liquid
Warmer water
7 . F=2—to cooling tower
Chilled watar e Sagn > e / High pressure iqud
Evaporator Expansion valve Condenser
Low pressure 4} High pressure
Q. Wi ¥=0| 2EE? I
0 | 0
ALY (ex. 25C) AlQ| (ex. 357T)
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Q. Source & 2 =7

Heat and moisture gain
e e o

Cooling Tower
Major heat disposal here

Condenser Water
Carries the heat to
the coaling tower

Shell and Tube Heat Exchangers

Heat Gain
Solar and transmission Exhaust
Some heat lost
Ventilation
2 ‘V
s
. A i
e g
-~
‘ l gt s ~
| Heat and
moisture
=
Chilled Water
F Serves the air-
. handiing unit
Air and vapor Fan s
.
Air-Handling
Cooling and dehumidification
at coils here

| =] =

© 1 MH 2 AOIE

Evaporator Compressor Condenser
Compressive refrigeration cycle
(could be an absorption machine)

Water

Water

pump

To additional units

4 —y__Manual season heating/
D“): cooling master switch
welingmaste

<2 Pump

= |||

=il

]

S

N

AN
\
Heat pump-} \\ 4 300-gallon
. accumulator
Pressure relief tank (1140 L)
Heat pump
temperature controls
o sEmMI
XE s|EEHD

1. Mechanical and electrical equipment for buildings, W.T. Grondzik and A.G.Kwok,12ed

2. Presentation of ECW, Geothermal Heat Pump Systems: From Basics to Hybrids
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Systems can be combined to give optimal solution
Adopted system will depend on the local geology, geography and geometry

Borehole HX

CLOSED LqOP
BUREHCI‘E



Ground Surface /
Configuration ;_%mm..mmm{

Soil

500m deep (unconsolidated) et
12-15m away from others steetcaing —_| lf S =
Typ|Ca||y ﬁ (VS. BHE) ................... 1 | ....................

e g: - .
(consolidated)

. “| Water Table
Direct contact

. borehole wall (uncased) T
Higher heat transfer rate typically ~6in dia _ :
submersible pump =
’ (if installed) il ‘E T
. . . condut_:‘tion through i ‘
Well field size is smaller pipe walls i ;_,
. water S
Fewer wells required oo echageto | _ g_,
t =
Difficult in sizing conducion + convecion I e
| i § Wil
| perforated intake area water E e
discharge g
from
| Deptn = several hundred feet | formation i
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Drilling

Borehole HX

U-pipe

BOREHOLE

Grouting




..... ‘~| J Heat pump
other heat pumps Le
—-Tin ground o T d
! pump > <D o2
7, @ - out,ground
to other boreholes
Grout
L z:qi e b
—-“"
_I_
T, g
\_/
] }/ j >
Ground heat exchanger Borehole Ground
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Temperature T (2) ——»

15m
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100m

150m
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- Awerage ground temp,

- Slope due to
" geothermal
gradient



® XI5 2HM2} with BHEs

Temperature (

EWT
Ground

Years

20

25

30

1. https://www.tccmaterials.com/product/tenon-thermaseal-geothermal-grout/
2. https://www.changeenvironmental.com/project/geothermal-design/

3. https://www.profs.polymtl.ca/michel.bernier/Open_geo.htm
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To size (determine the length) properly:

Under-sized
! \
e ot ?
Over-sized
L ? \’
?

O|EE IOl Source= F0ot — AI=Sot
Acceptable Temp. to HP
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GLHEPro
GLD software
EED
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2.7 W/mK
2.6 W/mK
2.5 W/mK
2.4 W/mK
2.3 W/mK

2.2 W/mK
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Data Acquisition —] [ ][ ]

Amp Volt
Flow meter FEEEE

Insulation
Vi O W
/
Pump Heater

Ground Heat Exchange
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Heating load = 1 kW

)

5

COP =3

3338 W —

T

(needed from
the source)

v
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|

Cooling load = 1 kW

T

5

COP =3

A

— 333 W

1333 W W

(rejected to
the sink)

building & ground load (kW)

100 . ; :
Maximum daily building load
50 iy, Al
HHH\M ) \HHH ”“
50 u‘
‘n‘ H |
100 ‘ HH | | W”
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[4 RTB3.. BAS+LY RTB3 2 ot

& RTB3.. ELERTES RTB3_2 2T [ s ]
[ RTB3.. BAZ Y RTB3_2 205
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[D.1] ZEB =HQA J MHAA T

3z7| He EETL
A9zl EECEE Eudol  [HUB7IRUNER o] Loz
ChESH 10 | mm TaBMajzm [ TABO[MA o
e ]
- — ) ecasag SEuEansg sElsEg & 72e
& 0 =] iy ch EE Lh x| eoa R
(%] (%] (%] (%] (%] (%] -
AHUO3 3F HEY o 76 a5 57 87 39.3 67.6 &0 286

A Xy o 23

HHEF 27 1504~ =& izt 2ol m

=26 om ween [F]  wevew  suce
wage [ E222 ]  sems s s

0.035 W/mK

mom _ BEg = sz o _ ES
22 S3E =3 zz Agwus =z 30|

= [%] W] [CMH] [m] [EA]
1 PUPDZ 2% | 2448ES 60 10,000 142 146 -] g [v] asEme V] 1

e




ZEB 2A7|8XME

24715 TEYE

SINSpIPS £ s HTEST 4542

T4 = = 7l T =
2l 1 33429.8 m? 0.24  wim? K 1 33429.8 m? 0.14 wm?« || RSENT
= 1 5443.1 m2 0.15  w/m? K 1 5443.1 m?2 0.14 wm?« || RSENT
bt 1 7071.7 m2 0.29 w/m? K 1 7071.7 m? 0.14 wm?« || RSENT
¥z 131 | 25824.9 m? 150 \w/m?-K | 131 | 25824.9 m? 090 wm?« [ OOEY |
EEY 9 14603.4 m? 114 wim? K 9 146034 m? 0.79  |W/m?-K
£ 2 8.0 |m? 1.50  |wim?K 2 80 m? 099 wm?« [ NOSEY |
714 - 107864 CMH 0.60 | - | 359548 CMH 2.00 | B | 303
= - - 0.10 \w/m? K - - 005 wm’« [ IOSENT |

22 =l s Caz

YE[=T]= e 25 < e 2 C HEYGSUH d55&
Ll 18 1400.0 |kw 90.0 % 18 1400.0 kW 91.0 |% oo |
Ly 18 2360.0 kw 34 \W/w 18 | 2360.0 kw 37 ww  E |
ECrL 19 1500.0 kW 0.0 |% 19 | 1500.0 kw 91.0 % [ . |
ZEEH| - 975.0 W 70 |Im/w = 975.0 W 98 mw  |ODE |
S28H| CMH % CMH %
gk 1040 | 416.0 |kw - (% 1040 | 416.0 |kw 200 |% oo |
29 kw % kw %
H2H37| kw % kw %

A S an

THHTIEE Hre KWh/mZ-mth 2.3
AT WM eIY  wh/mZ-mth 0.0 0.0 0.0 0.0 0.7 17 3.3 48 1.4 0.0 0.0 0.0

kWh/mth 444 268 99 36 2 0 0 0 0 13 143 364
kWh/mth 0 0 0 0 140 3 623 909 259 0 0 0
kWh/mth

kWh/mth

kWh/mth
- 0.93 0.87 0.70 0.58 0.29 0.05 0.07 0.06 0.07 0.46 0.78 0.91

kWh/mth 0 0 0 0 0 0 0 0 0 0 0 0
kWh/mth 825 674 495 312 120 23 35 35 28 222 520 757
kWh/mth 221 181 133 B84 3 0 0 0 3 59 139 203
kWh/mth 600 491 361 228 89 23 32 34 24 161 377 550
kWh/mth 4 2 1 0 0 0 3 0 0 2 4 5
kWh/mth 423 478 565 474 400 432 481 576 401 453 486 443
kWh/mth 0 0 0 0 0 1 33 38 0 0 0 0
kWh/mth 44 52 54 15 0 3 91 103 0 [ 56 57
kWh/mth

kWh/mth

ALda1y KWh/mth
HE21E KWh/mth

- 1 1 1 1 0.67 0.24 0.05 0.02 0.40 1 1 1
kWh/mth 1,527 1,306 1,080 676 349 103 20 11 179 521 1,123 1,482
kWh/mth 316 2N 224 134 67 15 0 0 32 102 232 302
kWh/mth 1,206 1,033 856 541 282 87 17 1 147 416 887 1,154
kWh/mth 4 2 1 0 0 0 3 0 0 2 4 5
kWh/mth 389 437 530 485 428 423 434 533 432 473 449 398
kWh/mth 0 0 0 0 0 0 1 17 0 0 0 0
kWh/mth 0 0 0 0 0 0 30 45 0 0 0 0
kWh/mth 242 296 367 313 262 250 213 290 269 310 284 241
kWh/mth 147 141 163 172 166 173 181 181 163 164 165 157
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| | |
HSO1, e ofjLRjA 28 B e
AGF|EHDT SLA20T]
EfZEAAR, AEHA|
|AE|I s | Hso1 pIIES 1EA G2 242 66.4 kwh/m?2-13
AlARH OIS [1F 222 A 1,681.? 1,681.7m? 1= 5 kwh/mZ-&
Ze| 2oy oz 2 6,363 105,239kwhrd 24 4.6 kWh/m?-a
ES-LIN| - |kw H%*JJEH$=} 82.7 82.7kw Xz 0.0 kWh/m2-4d
Hz44d|2 - Wrw ST EHIER Fa=pl cAVEY AHAE 2| kWhim2-4
d¥== 100 SeEHIER . 1 OlR| £ 2 73.2| kWh/m2-3
B2T02% B24(5105)

H|of kAl EERES UBSD1  &2|CH4 1EA 1210252 80.5 kwh/m2-d

LCEHRA0 | 15 m HAEH 100kw =& 91% COo2 HiES 34.7) kgCO2/mZ-3
ZE-3 T
G N A RE ]
i

L= 2 A WI153 10,000.000

) T FEEpEET - W
_f_ _‘ Aol R& QIHEHHO

EH=
HI15Y w
HooEy W

Hol 7 ]

DIN W 18599:2018 2 150 52000 A21=2 7|2
AEH S BIEE HE

ZEBSS2 | zeB4S S | ZEB3S3 [ZEB2S 2

OIZHEY test =4 Al
ok 2025.05 HAEEX  JEIRESHE
7|=HolH ME A =52 S
ZA H2 HEHYIEE
HHA 1.00 m* Al 19 =
HEEA 1.00 m A5t 0 =
THiE A 47609.82 m? HEY 2025.05 ==
HEA At IPAZEB 0 IPAZEB (el) ==
2471~ 12}l 2]
tCo2 641.9tco2/4 L A A Q7 15.2 kiWh/m2=
kgC0O2/m? 13.48 kgco2/m*a 1 B RIES=; 26.4kwh/m*-3
TOE 310.1 T0E/M =R AR 7.3kwhim?&
ZEO AR AR 14.0kwh/m?&

a3 L9 SRR AR 14.3kwh/m?&
R ER] 10.3 kwh/m?®-d 12.72 kwhim? 2 & 2|22 77 kwhim® =
A0 L 2 24.4 kWhim?-d 9.62|kwh/m?-t2
=043 4.0 kwh/m? 4 5.86 kwh/m? & :wuunumg&gt 21|ewh/m2a
ZHO|H2 6.8 kwh/m®- 5.08 kwh/m®E (BI04 A2k 0kwh/m2a
SZ0H2| 37.2 kwh/m?-& 5.21 kwh/m®-3
& A 83 kwh/m?-4 38 kwh/m>a OIHRAIEE 27.1% %

Jlzus 503
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Conduction Evaporation
(usually very little) (25%)
Convection Radiation
(30%) & (45%)
M-W = q5k+qr€S+S
= (CHR+E)+(Co o+ £, )+ (S +S )

= rate of metabolic heat production, W/m?
= rate of mechanical work accomplished, W/m?

¢y = total rate of heat loss from skin, W/m?

¢,es — total rate of heat loss through respiration, W/m?
C + R = sensible heat loss from skin, W/m?

E, = total rate of evaporative heat loss from skin, W/m?
C,. — rate of convective heat loss from respiration, W/m?
E,, . = rate of evaporative heat loss from respiration, W/m?

S, = rate of heat storage in skin compartment, W/m?

Ly
S, = rate of heat storage in core compartment, W/m?
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Warm Cold Activity
Impulse Impulse
3 ‘]

(b

0

&

AT s .!-tg

P
=

Warm Neutral

Hot
Cold

INNOVA, 2002

QIXQ| A (core)2 = HE 37 °C.

2I|0l= 2d(heat)t dZ(cold)g HR[ok= B MME 7HK| 1 QS

(@]
M= TR0 YR[ok ACH TFE2E7t 34 “CELE KO |H = A
IMELE DR 3320 R[S g HAtF RS

[Eogum]

Mo o rfo
N
=

Mo oN o
=

o |

H2E =0l= S| HHUS:
-gREs &Y
- 52 B0M G5 YA
H2s HF= QHC| HHUS:
- dogie =2

2Tro= =20d
- &S WM 22 YENE(EY)

(Comfort)

Y HIME O] ARSHR PIX[oHL UCH 37 "CEL ZOMK|H Ehi= S S HH
A

Cold




22— 0

HBQA

'|'|-| ERM A|_ “The condition of mind that expresses satisfaction with the thermal
COMFORT (Z3=) environment and is assessed by subjective evaluation.”

ANSI/ASHRAE Standard 55

LB
BB
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® 7H21X B~ (subjective variable)

=22 met(metabohc rate)2h= T2 HE,
2
12t &

Ste=
=0

9—|If01|

met2| &5

(o]
(=

SH2ZXM 1 met =582 W/ m

ZA|0= 5.0~7.6 met2] ESZH0]| ol

=20 O

F01I OHE*OFEH,

2{ol2H(clothing) : IHI2| O T QU= of=o] HANOR LIEHHD clodts TIPIR B, Ko

cloz 7|12 21T, SUEE 50%, 71545 0.5m/s 0[ot2] ALHOIA Qx| EHO = E{Q| Ht

— =1

S MPE HHA=1.1~1.4

[D2] @HXY7IE

10

= et RO

RIO|ALEHO| £FQ|O]

BIHZF0| Tmet2]

2SI Bol= ZACYHIOIM, LR BHOZ2H o5 BHEIAIC] EXMUES 2J0[. 1 clog E%QI EXNSR|=
EhSHH 1clo = 0.165 mC/W7HE. ASEL FH2 LAE2 2f 1 clo, HEH2| 8f2 MA=2 2 0.6 clo. clo
U2 ez 24 OtiZ (thermal mannequin)Of st & 4= AL, =HE Soff HEE = U
L{Ol(age) : LEHO 2 LI0| BiS45 ST A0, 240 Fet 27| HR0, 2| 2ol Hajol| 27 Feks
Hfj-” 1=

H(sex) : (g2 YUMo R, NIRRT HYEM H1, TR BHOAQ S| 9|3 SE40| FE20t 2COH
X2 &7 27| 20 d242f X2t 2H Satd Helo AN gt 7 A0t /S

Jlgug 509



ZEB 2A7|8XME

2t=2f (Metabolic rate)
OIH|Q| T2 met HPZ HH

1 met =58.2 W/m?

1 met =58.2 W/m?

W/m? met”
Resting
Sleeping 40 0.7
Reclining 45 0.8
Seated, quiet 60 1.0
Standing, relaxed 70 1.2
Walking (on level surface)
3.2 km/h (0.9 m/s) 115 2.0
4.3 km/h (1.2 m/s) 150 2.6
6.4 km/h (1.8 n/s) 220 3.8
Office Activities
Reading, seated 55 1.0
Writing 60 1.0
Typing 65 1.1
Filing, seated 70 1.2
Filing, standing 80 1.4
Walking about 100 1.7
Lifting/packing 120 2.1

o INNOVA, 2002
OIMIel HHA? O0{E1.541.8m?

510 HM20UXs B2 FHus



Zt0|2¢ (Clothing value)
QUHQ| 2|2 clo HPIZ B
=9 =AM

1clo = 0.155m* ‘C/We| gxigt

o
Ir
|0

Insulation for the entire clothing: ’c.f = E’c!u

* 019 0.28
* 0.25
o -
. 0o 0.04
0.11
.\ 0.25
0.02
}{ . Au 0.05
" 0.02 P 0.04
0.38 0.91

oo eixist 2%

Thermal manikin : QIx|2| &=

e
1%
0x

>
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® E2|™ H2~ (physical variable)

|
ne
rc
ikl
2
>
0f0
ol
Fl'lt
OH
N
10
[
-
ro
H1

7|%(air movement)
-AdU 3719 58

- OiFOl ofgh QIX|9] E&d S7t2 QX SEIHN

& (humidity)
UHINHO 2 QIH|Q| H2ZH0]| F&t
- -

U204 M20i|Af= 21X SEI0 A 285,

=]
Jal
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A2 AR E(mean radiant temperature)

Actual Tt Imaginary
room 2 room

]
.0

Heat exchange by

—ty - radiation; R=R"
s
INNOVA, 2002
4 _ 74 71/2 _ T,,,, = mean radiant temperature, R or K
Tmrt - Tg +CV (Tg Ta ) 1= globe temperature, R or K

T, = ambient air temperature, R or K

V = air velocity, fpm or m/s
C=0.103 x 10° (English units) = 0.247 x 10° (SI units)
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® Comfort—Physiological Considerations (%1} 42| X491 1124)

OINl R4S

1

Ol201l &t XIE (Rational Indices) A0 2|8t XIE (Empirical Indices)

“Experiments with subjects in a climatic chamber” from B.W Olesen, Thermal comfort, 1982.
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0.5 CLO
1.2 MET
RH = 50%
teg = 245 °C

117 cl0 =l e 15 CLO
26 MET = 22 MET
RH = 50% RH = 50%
t.:.:.=5°|3 t.:.:,=’|B°C

INNOVA, 2002

1. ANSI/ASHRAE Standard 55, Thermal Environmental Conditions for Human Occupancy (2020)
2. INNOVA AirTech Instruments, Thermal Confort (2002)

3. ASHRAE Handbook Fundamental (2019)

4. BRER, RFIRETE, 3 FERR (2005)



22 LS /NRE HiEE 100%E

ol 2=

AH| 2FE0IA THAXLS] 0N Z
ALl BA!
ET=22C ET=22TC
6 =22C 6 =25.5C
en =100% e =50%
r =0m/s v =0.1m/s

@D - -

__7,_,

=N,

&B

HM=oux|zis H2e

* Experiment for ET (1923)

RIRETE, 2005

S2et B2t E = A
Factor Change Temperature
RH +35% +11°C
MRT | +0.8 F1i1°C
V +0.1 m/s +11° C
clo +0.15 clo +1.1°C
Met +0.5 Met -3.0° C




e
&
1A
0x
l
>

MRTS} 7|=29| Ht

<GlIKI> oL AlLjo| &

of & 0l U= FeiChel HBSZ(OT)E
=2 ()
—

TOIAL. HHUUIAMS AR2Eet SP2E0F 212
23 °C227 °COl1, 35

/M

0.5 m/s2 JHEEHCH.
4 _ 74 v1/2 -
T =Ty + CVVA(T, - T))
1
Tpre = ((27 + 273)%4+0.247 x 10° x 0.51/2 x (27 — 23))*

=306.3K =33.3°C

33.3+ 23

OT=T=28.2 C
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-0.010
—0.005
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60

S P71t QPRI AEH QU= ARK(< 1.2 met)0] O

§°¢°5 s e
__.n_—_»__ _ |—'
oo juiod mag
xr
S
™N
<]
o]
o oF
N 10
oF ol gy
a0 KT H
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30C

25

Operative temperature

20
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4
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2

d

e

StALt QFEE HEHO U= ARRH(< 1.2 met)Ofl Tl 01T 2E2(0T)0HA Ztof2hint

—

Operative temperature, C

20 20 | Elﬁ 30
Sedentary (<1.2 met)
_ 50% RH
V<30 fpm (0.15 m/s)

1.5 AN | p

Clothing insulation, clo

64 68 72 76 80 84
Operative temperature, F
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@® Predicted Mean Vote (PMV) OA T #2 2t

PMV (Predicted Mean Vote)
=Z2t49| 671 QUK 2ot Hats Selot EaA

BI0F= Fanger”t X|Qtet HHA HgAlO2 A&t

Cold Cool Slightly  Neutral Slightly Warm Hot
Cool Warm

njo

B/fot= A=

1984 ISO0] 2J5f ISO-773022 =X FAst
ISO #&7|& : -0.5 { PMV ( +0.5

Predicted Mean Vote (PMV) OflAI 72 7t

va:(tu 3030 03BN | () 023) X

(M_W)_H _Ec_cres_Eres

PMV scale PE&E

30 =
34 FHot ﬁnrh e -
2 LT 40 “'\‘\- f,,f""
1 slightly warm 30 N 7
0 Meutral 20
-1 alightly coal \ /
2 Cool 10 LY 7
3-8t Cold il S S

5l

20 15 140 05 0 05 10 15 |20 PHY

INNOVA, 2002
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Predicted percent dissatisfied (PPD) G4E0EE

100

PREDICTED PERCENT DISSATISFIED

PMVe| =8
712

i I=E

80

60
50

40
30

20

oo o O

~. =
~. e
< /
N /
N\ /
\\ //
20 15 10 05 0 05 10 15 20

PREDICTED MEAN VOTE

FPFD = 100 - 95.& (

ASHRAE Handbook

4

0.03253- PRIV +D.21T9-PMH2)

TESTO
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Y =2 g

® Local Thermal Discomfort (=24 Hajx)

R
=
o
=
10
ro

=
=2
1o

4> i
ikl
ro
H1
pal
2

ol
o

£
ikl
_o'g
Pal
52
rlo

INNOVA, 2002
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Draft (Draught) 2HH2
TR GHYO0] O|R0R(L QL= 7S,
HFZH0]| Qlal| LrAlat= m2o| Jaslas

o
=01
HIZ Ol Helof et TR0A LAY 2 Ko/t AL EotH LIFO| W A/ et 23 HoS AL

DR=(34-t, }{v,-0. 05)“"52

{37-5D+3.14)

DR Draught Rating [%]

t, Air Temperature [*C]

v, Local Mean Air Velocity [m/s] Tu-= 100_@ [%5]

SD Standard Deviation of air velocity [m/s] v,

velocitu mis
05

0.4
0.3
0.2
0.1

1]

0 time

velocity mis
IR

0.4
0.3
0z
01

1]

i time

INNOVA, 2002
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Asymmetry of Thermal Radiation (Z2=Ate] 24%)
AIB0|| 2 M5 FAT

L_O

0t
SHE Bl= A2 LI

LEEHMES0| I A2
O] 20N 2= THE BEHI 7|22 S RAIE
z Cold wall o WWarm ceiling g Cold ceiling g Warm wall
EnkL 4 hnkl 4
Do Dz Do Do
AL AL L AL
Eh 5 5 Eh
g ¢ Abpr | 5 2 Abpr |5 2 Abpr |52 Hbpr
1 1 1 1

0 51015202530°C 0O S5 1015202530°C 0O S 1015 202530°C O 5 1015 2025 30°C
INNOVA, 2002
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Vertical Air Temperature Difference (%] 2=X})
TMO = QPIE AHS HIAC= of M0 =M, M2|Qf T2 =0|2 27t 3 °C XI0|7F LIH 5%2] A0
SESH= Ao =2 LIEM

ISO 773001 M= 7H2t5] 20t Q= AtEe

20| 45| 2ER{0| 7| 3 “CR 311 YIS
Fas
£01
E 404
E 204
E 104
[
[
a4
f' Aty

@ & 4 & & 1 12
Vertical air temperature
difference [Head - Feat)

INNOVA, 2002
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Floor Temperature (HIS 2&)

ISO 77302 20t U= AFRHC| A +ZS 10% =SS HH= 13
HIE2E 19 °C~29 “C AO[0A 10% SRtE5S LIEHH
OIX|ZH THAOI A S IO 2= THE 7|E0| REY == UZ. OIE S0, H2|MC = [0 U= S HIEO| 21K
25529 °COIX|Zt LR 2l=822 O E HIE2 26 “C7t 28 2
. Cold and 'Warm Flocrs
2
E 404
a0
E 104
6.
it
- 2-
e 1

5 10 15 20 25 30 35 40 ©
Flaar temperature

S

» W

INNOVA, 2002
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