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1.1 22|
8 1)3} Zo] AEHR RS0 st BA= 20174 1,4009 €9, 20254 2,2009] 28, 20404
3,6009] €8] o]& A°& [FA(International Fnergy Agency)w AWsal Ut

J8 1. 2017~2040 A=SMHYX|EE T FXHH|

Total buildings End-use
400 200
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é 300 %120
a —_
= =
g 20 g ¥
)
2 2 40
= 100 0
2017-25 | 2026-40 | 2017-25 | 2026-40 | 2017-25 | 2026-40
0 Space heating and | Water heating and | Appliances and
2017 2017-25 2026-40 cooling cooking lighting
m Current m New Policies Scenario | Efficient World Scenario

&X : Energy Efficiency 2018 @IEA

(1% 2)9} o] 20189 SJUAEE HAG] T F4 TF= 20179 ] 1.6% A5 24009 FeiE
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energy efficient vehicle
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BN China Europe = North America Buildings

Freight vehicles
Other =O=Global change

£X : Energy Efficiency 2019 @IEA

T oA &g AP AEA A o' AEEH, 53] AV 5 AER] e e 2o ofuAlas
F71e0l ot BT A2 Aow A

AR FES v 9 AR EE F71E2 O ZEB(Zero Energy Building), @ BEMS(Building
Energy Management System), @ HEMS(Home Energy Management System), @ HVAC(Heating,
Ventilation and Air Conditioning)2& &% 4= Qlt}.

@ ZEB9] 7%-, Research and Markets(2020) E1Aof| mh2H ofj2] &3]} 2A7IA HiE A4S
PRt Zh= FR] AT A1U0= Qs MAA] = 20181 °F 99 EEioflA] 20249 219 2=
S7olo] At 15.6% 72 =S HY Ao oliEh 20189 ZEBAMGOIA A8t 7148 wobt
98.4%2] BlSZ AAISI oM, EHIRIGE 79.1%5 A3t ZEBS| S g desto] nl=2 202067H4]

= FAE ZE, 20309714 A% A8 AE, 20509714 BE AdYE AE] tigt A=A 2Rt
ERE AESHL glon, FH 201897 A% 38452, 202007 B A5 2559 AlRdURistE
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® HEMS®] 7, Navigant(2019) EiAol] Th2Z AP 57k 201949 oF 4491 E2ofl4] 2028
1209 22|z A¥t 12.3% 48T AR 3=, Bulxde 20199 239 EolA 20281 469
2 At 8% 2713 Ao AgHd,

@ HVACO] 72, Research and Markets(2020) E1Aof w2 AFJAHo]A ] HVACAIAE] ARE
27}, 2ntEE A Bto] o AAA TR 20204 2,202 EElA] 20254 2,770 EE R
B 6.5% BT AoE HAYHh

1

B SR

|
ook

* 20X MEAIARL DES3E ot X[GOHRHZINABCEMS)S HBAR FX
* SXIAIQF SST(Sustainable Smart Town)= 1,000717 72 2428 =H

Honeywell

* AZ XSHH SSHAIAZEBI, Enterprise Building Integration) £ HUX| H2|2 Lol Ea=
Energy Manager Solution 7H&

LI0J0t7 2K Niagara) D2 Q¥Tet= 712 OUX| &2| AIAR £2HOZ 7=
o] J|lsE SYReE MES

R

y LT

Johnson Controls

LIANAE FHo0, 212 MS2 A 2= &8SIS fet ESCO/ ESS/ EMS 20k At T
* AEASE A HHRZZNARIOA Metasysets SRAIAEZ[ES &E0l0] AIFY 25
- 43(RMA, 3371, 4Y Al S) HVAC FH| 38 ¥ OuX] HZ &g

0=

Con Edison

pl

29 OUXAE COH X ZMS HIgC= 12 712 S5 DER, 188 77|, OlHA| 2
MNHIAE HZoke &Ret 1240 2115 XNTI= MEIA KIS

1

NEST Lab.

COHA el 28HC2 & 4 Q= HEMS FA| & AlAE W

VIVINT

ArERS THE 7|20 Tiet 22492 HHXIS 2

el &34 i

a4 Q= S2RC J[H ADIES Y OjlL4X]

—=

Emerson

- HH, Y S ZE U20MY 585 HVAC 22 ?let MUER MS

ATOJOFIREBA
FHZIT|

|-.

* 2RIMELX(Rheinland-Pflaz)= 2030L771K] 100% KAMOIUX| =S 2HZ NEDOZ E5t
ADEEAHRLE 5 A2

Schneider

10
o

LI AR HZINAR(BEMS)Q! ADE AEHF(Smart Structure)E Sal| HZARE, HVAC HOJH
2Mo=z HSUUX| AIBS X3}
CHOEZ| I 2 £24 S HS0UX| 2 EEEEN 2
* EEM(Enterprise Energy Manager): TAHQI RfIQ| EMS £2M it 5
X

=

* REM(Remote Energy Management): S48 712, % OUX[22E2M

Simense

AOC(Advantage Operation Center) 7|8t ¥Z DLER 224 24 24 29 2 2XsE XA
HVACZ PLC Climatix 2MITHE BABIA2H, Climatixs At=dt= 717 |(ds7), 3%7| 5)7t ADIE
Y U e 241 S8l0] 80l0I=E HERYISL FES Ui &3t

* APARO| Ciyst WY Aol I2EZ 285 25t TS £2M(APOGEE) M52 Saf A 2=
dgs 2702 DUHY ¥ &2

o X L
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Ao ABB * KNX7[Et ABB I-bus® ZZEZS0| 7|%8t X5 HVAC £8M ClimaEcoS THLGIFOH,
- AT ARIE 7429| (UXIEES ETf 30%TIK| JHM THs

S0 | Danfoss |+ REIECERIO) VLT HVAC FC102 Ca0jE 2248 RE5i0] OjLX| X2t
a5 | MUY | Matlab B0 2 7152 BB HVAC BT OF% 2TRls HE

= | omAY | oo SoMS Lol =5 | S TEAEN o
So | AL oes | T SBEC HVAC HO| X OLT| 5842 0l B8 HVAC Bt 3 ASHRSRA uE
=2 51910]- - FA 10T 7142 B23 YO Xz 54, HUNEE SN 52 Yot ANlELYEEN
o2 Honeywell 700l 2=

1.2 2Ly

Navigant(2018) E140] w2 HVAC, &9, Ao}, Water Efficiency, Water Heating, A% 2]9]- 435,
AuAY 5F ZF T AEoUAIRE A 20179 3.3% ollA 20264 5.28% YO & WS
5.2% A Ao= AgHch

@ ZEB2] 73%-, Korea Build Week(2020)0]] w2 203087k 9197 500m? o}e] BE A& AXEQ]
AzodA dAA ofs}t Algos S| ZEB AP 2024 20% Yol o5 A= dlid.

@ BEMS9| <, Az 73 slejel AAlste] A=A 10,000m’ Vo] Wzt 4
A2 o2 = BEMS AP 2017 2,18491 9, 20204 3,790% ¥o& S7P7} oldEt.

® HEMSY] 7%, KPMG(2019) EarAoll wk2H =ff HEMS AR 20144 1,420 oA} 2020
24909 Yo& A 9.8% ‘Jol V=, 53] ol T iyt FATA] SHOE St o e

@ HVACY] 4%, 201749 5,5009 Yol 20269 1.2% Yo 9.1%°] A¥Fd4E0] AHrt

oim 343|
7|HO I—J
KT c S, BEIIE, HUXPIES 8St BEMSE iSO O[O, BCIIE IDC & CiY¥st 74=0] Olleh biz
BEMS &=
Lz | LINSHO(BAS)E 22 BEMSE AlYSAS SATiRHon, 20143 =L 2% 583 UXIEFEREN
S=E | ON-BEMS A
oa * BEMS7 |8t RS HIOJAIAZIRI BECS(Building Energy & Control System)Z Salf HVAC, 2 S9| HQAARIS
e}

3iLio] NAEIOE 53 23
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SRS |- 0UX] 2 ENE, SAZE, WEYT JIE THIQE FEMS, BEMS, HEMS JHd

* LSHH RED HMAZZO0| XA JHZet BEMSE HEoIRICH, BIUM ABEl= MfLIXIS SER0]- 224
o101 10~15%2] MUA| ZH2UE &, = 2= BEMS €X| 22l 25 ==

ADIETZ|E BHEQI T12|EE'S 2l S, U 22, 718 S0l St HUXZ2MNAREMS)E RS
7 LIRS MEUC LS £ =+ U= ESSOIURIMEHER), &2 AZ7IS AHNLN HZoks AMI
7l=0 EfE 2= -QIHEMA ZEieh XM EMS MH|A XS

ICT 7Iz 7[2t9] Cloud BEMSE 7HZOIR0, KtAt TEF0 HX[oHH 71E OLRIAESE THH| of 24%E E&
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AL 471K BE2 MH|AE= Smart BEMS 70

OEXASY 3 HMEE AZZ 0ol OUX] HZ Hrs N80 M2k Ao, ZFH&E0! oLX| MU

Alslish= BECON 72t
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SKEelZ

iR : _ .
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HS

apgps | - SENRL BA/HOL BADE JiSEh S2 ADIE kit 3 i ALE OIS 2 OfLIX[ERIERY SNET

=e Cloud SAMOAIAE 74
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+ BHIEYT AARTIS Q71 Q52 Sof SHote FAt B ALY, B2 28 AL, CCTV A, HESA

OOIZEZA | AAH! LED XY 59 Al CI3IE Al &l
*0H0|IfE. A= OMIFEN] ZHIY AZA| ¥ HOAAY =S St ADEE MHIAE 716 &
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o] g 23 BAslo] LuokS ATSHE BEMS 7|47 402 22Isk Stk $H, HVAC
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A
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27}

* ARPA-E Z2US Sof 247tA HiE 250 A= OUX|eE 4 gt W2 71, Micro-Environmental
Control System, 2FAZX| MA, S £X3}t 7|=, Network Optimized Distributed Energy Systems S2
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BE/N=E
Passive(ZI2 &5, 2/I])
Active(ditdl ZX 2 X0

—

3% L,

A MH|AAK
=1} (f o MR
212I= | 2252 (W 9B AHI2)

A0 x| 22

2 6. 204HX|g= M=
| IR R 2 SIS

+ HZOILIKIS 1H0{ ZH520| TR2 i HLRIZCS Tf 212 OfLIKIS Abol0o] 00 Baofe 7Rl
@ loT ADIE B3X 7|z
AR 2 | @ X 83t ABN ATE XY T

® 2R 7|8 K| ZX|E|E(energy positive) 7|=

@ BAALR| 712 K228 12
- CIIZ20| O|L{K| £25 U TRIZ H0{ 742 71| LKAl BRE S5t X% 7S] TI90jAe]
OLX| Z23l2 Sa 2Lt ZatE ADIE LK) FHELIE| MBS 2fst 742 S4 O|L{X| HRLIE
M3 7|2H

@ AHEIS(connected) 742 ARLIE] OJL{X| 229 7i2

72 =4 04| ASLE

= 8 UK AARHED ) S14ES(connected) 242 FHELIE] 0l4x] 22 2 A=20}d 714

@ HHEIS(conected) 712 AZUE] OfL{X| B27[8t HOILK] HIXUA ABIA 71&

@ IoF 7|8t 27| 83t U LK HSLIE| AHIA X2 LX) FUEMIE connectivity) 71
© IoT 7|t 2AFHRIS CIF 25t AIA Ji%
- OE2/ATY Q0] 78 125 S TRIC(gid)el 52X 988 S500] & 42 41y 4K
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S/ L0 7= 1E5Y A el =

3.2. =
FelX=

18&

O
=

oA 2HY =l didt EF7|R vieE Hsf (& 8)3F o] vt FH

L3I Utk B3], ASE R aEST ATAE, AFE ovA] At A HE, AZNUAASE
ISAE, e 8 JeB/HI= 52 A5 529 ovAagd ol 2 71948 & 38 s+de=
QAT 9le
s ez
52 SAVIA 0K - H2E BYHE) 45 HOPSI0) WA 25 U OlUX| B SEE Fofm (K SUSY 7l
SEMH | HP 75 Sg 59 SE 242 §8N02 QEas Ak Ha2%
]  ARNRINE USRS SoH L OB HERAN TS US| o, ol aiy
AEEE WERRIN | SOPI EOIGH, BT RIS PUfS kRl Olsanie gapEEoR S S e
e 2% | HESIO WERRIHEON HEHS MMPIL T Ao g < EF S
o & ol He e

14 Convergence Research Review



N

HE2A

Py P —— Of9! HE1BO| HEEPH A A, 235 7PI- |- | AR SR
AN HE | M 20| et oURNSKIES HESIE M RN2Z, R14%
dEgre [ 35RE S U A, HEEEE BUNRE SUTO MBS, oL S S0l 2
SWE | o HESYiRo| ZEOZ0| LR AIA0l GEE S A P HpAR

U458 OILINISEES | - 0589 WASHE S50/ L, Ui 36 5 258 228 ol BaS 0T SMiss ZuTiEy

OIEHE 4988 Wi50] 450 U2 10} S3(++-75PS SO0l OBHE| N7
HROUKZES |- 109 12g S8 252 qUANSS 3osich, AHOILKE 2R3 =Mnss TARI
oIEHE AESS (OZ OlUIK| K2l +20] TFf 52 50 H17%
OUREOIE |+ 71557, &S B8 Y SXEN S BSIOR FA I OLKART 93 0|4XI0|2E sk

SHME(EDACISY | It 7t SAEAS S5t 52 XE Y H28Z 0P

ZZ[3 04RO |+ ZZ7[R OILROIS B2leh AR0| T3t TE (R AN oA, Z2E7fzel| ol4xI0lBERlsk

823} OLIROIBIEISIE 9I3t O/ OfEIME 7 2 KR Hex
H2OIRMEE] | - BEMS SR % OIPLIiEE7 Iz U B QWEE S 52 95t ZUNEE | SMAES ZAKIYY
NABBEMS) B3 | Al BEMS Sx/20L4 23 HBZO[2
* R|CIEH|E MR[GH AF 2 AH[AAARAN EXZS X|2610] K|St

ROt Al )%wmle}$@“1@ﬁ%ﬁméﬁﬁﬂﬁﬁgﬁmﬁiym’

5P| H2iad bl 710] =

2020 July vol.6 no.7

15

o
7]
=
4
=
=
Ul
B
Al
k=3
=
=3
g}:
g
—]
¢l
9

3_}
Ul
B
x|
g
S
l_6_1
é}
zl
il
=
7
A
=

val

2 MO AT % MY N AT

T

N

09LOH M



01 7|E &= HUXeE = flet OlUXlds &8 T 7Ie

P

7IE 25 OLKIES W OILYes
Lo

Y

XF
-0

A%

1. 7|12 758 fUX|gE e Hed

AEoIA 7]%3t vie Zo] 2030971 ARFE 247K WESAYA] oY) 32.7% A5 BE 94
PPeiAE 71E AFENAM Y 2A7EA B5S F52 08 fieojof sk dgoltt. A, s4ASE 2
AU A25%, A26x, A7z wE BE FEHO 1zt 7R ASES o M mEARI(eVA]
g7 Hlgel TE ofA} A SISkl QIANRE 7|E AERROXO] LAVIA 75 B B Yok
A oux] B7ied gt} 2Rdy Zlesid 9 8495t tid wiio] WEEA] W asich

FFALARIATYe] w2 FA| GDP tiy] 14% 221 AHTA; vl50] 5 X474 s12he 59
20209 11.0~11.5%, 20309 9.2~9.7% S| B ZAL& dldslal 3o, A% AHTA HF S49
wet 2% ol 30de] A ASEl tiet §A B Aol gdijE A o= JETh §A] B 0+
A&(rebuild), 7iE(renewal), Bx(repair), F7(reinforcement) 502 AlESHEH, oltES] 9 2015¢
9- 113 HHZ A% 7Fs Aglo] 301 02 T&go] izt 8 2009 © A4 B3 5 5o 35
19904 &3 olEC] tishAl 20201 ofF, S E REE Al F3o] 7155k B A0 dgEct,
oje} Zo], g A&ARI F7P} Y=l 71E AEE] U aE ol tigh =80 EFHOoR 35|
oA Budy A £ dAClA 72t AE9] A sk ofvA] ag3 fnddy Wt mEd

483 4 9l 71E A%EO] AL AghE4 £340] asit

o

ox.
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2. 7| A== HUXIgs Y SEH

529 oiAVd s 5= W-2fFe] E213] 24 sjol 2t Al &7 % Aol Eagt o=
(oA 27) FFeRE & 2, olF 7IMEeE X487, 14} ouA| 28 =] AFle 7155t
(T 4, (I 5 o] ofuA| e+ Aa2 fsiie @ SA4ZT @ D53 gt Aklo] 831
g ST Qjujofrfe] et 7o) ot B, & S5 AR YT Eo] ot EF AHEe 59

% & Utk

SR 27 oY B8R0 HREO| MY ALY 37| $HES SAISHEH TR ol K| (P BESY 13)
SOUX| A0 lHXIR T SIS I AH| AIAEO| 58S BHESI0 STHE OLIR|Z (MY, 2H), M, MA 58 1) final energy demand
| H2E A 71, Bigh 28 1P So| £412 Telsh O|L{X|Z (1K} 0L K| EHALA|S )

«1XHOLIX] 223 : 0f| K| 2220

balance boundary Qg =2+ Q, - Ng Qs+ Q)

QH nd

. \ X for the heated volume

Hieat gains, which cannot be used

)
ofluix| 272

a, ! transmission
Energy need i Extraction Exterior Wall, Window

useful energy { Roof, Ground 0
(vokme bounday =temd enelope) | o = Internal Heat
| X Conversion
Gains
[ 5
Distribution Storage Production 1.1
Transport P75
0.728 .
] 0937 Ventilation Solar Gains
i Window
v

(building boundary) Final energy demand Primary energy demand p— Gains
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01 7IZ == OURIEE &S ot AURlgs o8 2E s

a3 5. AR=9 o1Xds 7t Exh R Y= YH

mheating  Mcoolng ~ Bhotwater  Glighting  Bventilation ~ @Renewable

enerayneed _ |
final energy
demand
1. Dynamic parameters
2. Solar and internal heat sources
es

3. Ventiation and ransmission heat
0 10 20 30 40 50 60 70 80 90 100 [

Delivered energy for hot water,
ventilation d ligh

Delivered energy for heating and
‘cooling, per energy carrier

transfer

Partitoning of buiking ino zones for cakculation, I.

primary energy
demand

( Zoning rules, building part |

‘Specified indoor conditions. «

Heating systems

Room conditioning systems

Results

Hot water systems

Annual energy need (kWh/(m?2-a)) 81.8

Ventilation systems.

Annual final energy demand (kWh/(m?-a)) 15.1
Lighting systems

Project data (buiding, systems, use, | Projectdata, |
ings, location

Annual primary energy demand (kWh/(m?-a)) 414 gy systems

5
H
8

27002320 02¢

o
Annual CO. tion (kgCO,/(m?- 71 [ 20012t ar00jet ojgt Extoral ofmete data (50 16827:4) Indoor criteria, automation
pualicCzseneration (ko COisa)) b 570012t 20012t 610012t 70002t L Diata for existing buldings e

o714, LARRE Yol ot I B4 HIolElE Ve R ATt AR ¢ AR, TRet
710 ot g AEY F20} Aw, =5 5ol wet AEE, FePEE Aolsty] wige] ¥R I
Aol B3 G (U-value, F91: W/ (- K)2 471 FF Atol a7 F2419] 71944 5(AHC s,
©9): 1/h)2 A S7=|ofof Fich

Qjule] g 718 e B3l 9] AR B AUS B AE0R gt SEHHF Ak,
EAlo] ofet FAGRE i X gD 0 R BAIEH, GR-E(=U-value, thermal transmittance)°l2tL
FEd (3% 603 Zo] 495 FHIAEAIRe, D9 W/t -K), AHS FHIHIARR,, T2
W/(-K)) HAE 7401 = ARE FAd, G911 m) 2 BA=E(4, T W/ K)ZFE ALt
S 9k
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1 1

U=—=
d,  d, d
Rse+71+72+73+---+R5i

X Ry = total thermal resistance (environment to environment)

Heat transfer resistance (m2-K/W) EN ISO 6946
Direction of heat flow
upward<30° horizontal downward

Ry 0.10 0.13 0.17 d; =0.010 m, A, = 1.600 W/(m-K)

" 0.04 0.04 0.04 d,=0.030 m, A, = 0.028 W/(m-K)
PHPP: ground contact building elements  R.,=0 =0.001 = 1.400 W/(m-K
PHPP: strongly ventilated air layers Ree=Ry; = Ciln =il bty

Ry, = extemal surface resistance = 0.04 m>K/W
R = interal surface resistance = 0.13 m2-K/W
thermal transmittance?

R [ [ireiston] | Proser |,

1
= o = 080 W/(m*K)
1.6 0028 14

FEd5=S UE= U-value 3% Z40ll= 1S09869-1(Thermal insulation - Building elements -
In-situ measurement of thermal resistance and thermal transmittance, Part 1: Heat flow meter
method(2014))9] HFM(Heat Flow Meter)& ©]-&3st &% WHI}F [SO9869-2(Thermal insulation -
Building elements - In-situ measurement of thermal resistance, Part 2: Infrared method(2018))2]
b7 HtE o83t 4ol &84 & Sl

(18 7) HFM9] F59=(density of heat flow rate, ©&$: W/m) SFLeE YeERH, (IF 8)2
HEMZ ©}-83t U-value @ &4 TS Uehdth s e HIMC=Z A 243 472}
Thermocouple(T-type)& &7t AY]-9] 34 2% HHE o|83slo] U-valueE AkEdsk= HHlolth
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2 Y=

01 7|E 5= OuXe= flet UXlds

heat source

Th
heat sink heat flow
Tc
currentflow '
X Seebeck effect
MZ CHE 3% Ee= ek S Teke el 20 M WHe| 227t

0.36mV

9°C

Ceramic substrate

conductive metal

Amplifying the signal of
electromotive force
through serial connection .

N-type semiconductor

P-type semiconductor

X AEAK}: FofLX|E T |0 K| 2, 7 |0|HX| S O X|E gt
PY BH=H| (§3 0|5 : heat source — heat sink) ex) Bi-Te-Sb | $Hd K| 2

NE HH=H| (FX}O|S : heat source — heat sink) ex) Bi-Te-Se{| £ 22

Heat Flux

_ _ urmi
(Tni = Tne)

Serial Number Sheet

2000

a4 Oe o7z #H2e SHYRE v, (" 102 &€

e

;g—zsx

¢

ERAEAS, 3 25 AN 3%
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GammaRays = X-Rays UV Microwaves Radio waves Long radio waves
FM AM
-« -«
5 = IRENETGY 1y g wavetran 01 -
Lens 101 10 107 107 107 109

Visible light

LWIR

NIRSWIR' mwir [
thermal imaging region

750 nm .75 ym 1 3 5 1000 pm

Thermography effective range

< >
U= L ConsecutlveSdays (wnhln arange of £10%) <N S L by T C 0T
(Tni—Tne) A -0~6a.m.:q teady state intervals: 5~30 min.) e-hoi+hy ™ e hit+hy *
ul 0 n 0 0 O 0.
@ =h, Toi— ‘A :
ti ( nos ‘) [area-weighting @ 05 “Cinterval ] | (D) surface temp. of the heat transfer coefficient sensor @ TT,]

@ surface temp. of the indoor ET sensor @

q = . @ surface temp. of the outdoor ET sensor
- hs Tsi 5Ty g .
hm = ﬁ 4 @ typical surface temp. of the section to be measured Measurement area (A)
sh— Ini © (As a referance) indoor and outdoor af temp DT
1 st
Thi

femp. resolution
(0.1°C or greater)

m’m.

Tthermography |

E.T. sensor
@ surface temp. of the heat transfer coefficient sensor @

@ surface temp. of the indoor ET sensor @

Heat transfer coefficient sensor @ surface temp. of the section to be measured

F|Z2of|= Heat Flow Meter Method®} Infrared MethodZE A%st 9] @4 U-value &4 A+7}
9= 9lor, 20169 Jonghun Kimof 2] A|IQFE Air-Surface Temperature Ratio Method®} 2017
Aleksandar Jankovi¢o]l 9J8f AIQFE Natural Convection and Radiation Method”} T2 ®l*Ho]|c}.

715718 AdReks] 7| KIAEBS C-19] W2, 7A5E9] 7]'U/ds{airtightness)> ‘71&9] 2|1
A E= QQuE Hdshe AU A9 371REd0l Adthes Az 7|HeHA AlSE 4 02 A9j%o]
et Pk og 7UYEY] 2 ACH0 0= #7I5hH, Ad- 9 YA} 50Pa1F20S 4ot}
A%t dEAE °F 9m/s9] Hige] Eol& u Wshs ol A= FAIsH] s AUz Eof AU
HiF=ooF Sh= 371FE AW 379 AlXCR U e YERdH.

Thermo-couple (temp.)

% 7 I T

Heat flow meter (voltage)

|_| l_l I_I I_I T',.i : mean radiant temperature by sufface T - air temperature adjacent to surface
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01 7|E &= HUXeE = flet OlUXlds &8 T 7Ie

ACHsp Z70ll+= 1S09972(Thermal performance of buildings - Determination of air permeability
of buildings - Fan pressurization method(2015))2] #-Z o|-83t W 7I9lHo] &2 AREHY. (I¥
113} o] A529] &0l A’ #s 71eA1A Aoz Auf- 9] A=A} 50Pas B/JAIX1 AJEolA
WS B3 Boke RS S40t0] CMHso(m’/h)E et 5, AWl AH 02 theo] ACHs ANt

aTo= =

3. HUX|gs oY 4 EE E S Al

3.1. Weatherization Assistance ProgramOA{Q| 4%+ I

0j=t o R Department of Energy, DOE)OIA F3ok= MeBg8) ThATAF 21U T2 13)(Weatherization
Assistance Program, WAP) ;& = 35819] ofuR] 88 2 530 oluAml8-2 AAI7IAL 24733 QFde
A7le 2 FARI 1976d0] =UE 0] 7IHg Hat oF 7007t A(1,1009€/22 71%) & Ao,
059 BE 5070 ok FHH|oRSE, ozt el REof|A| A Aol FojE)

DOE°IAl= 8 o|AVds Zto] Weatherization AHIA Aol oiAl 718 583t I 0= ofvAlds
At oA HEa-84 =& At vilo] 7hssittal Bl Qiok. 1A =71++7]83] National
Renewable Energy Laboratory(NREL)Z @43t Quality Work Plang 75} 1, o]& &3
HFEA|ZAHA(Standard Work Specification, SWQF ZE71EAF Y-S 9ot w2 Tl(Accredited

Training Program)< 7H5i3itt. e WS- 2 13- 53| Energy Auditor, Retrofit Installer, Crew
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Leader, Quality Control InspectorE FAJslal QloH, WS04 Fofl= W8ALE 422 Home Energy
Professional Certification(HEP) A& Hofstal Qltt. e AFZo| tigt 2l BPI(Building
Performance Institute)”} 585k Ut

(19 12)= vl= WAYo}l Iz Toj|A &3t @4 A A O F | Energy Auditors oA 71t
RS B9l =¥ AMdshl, S 795 BYY BE 4 5= ol&ste] FE9] ovAlds= B7ISH

ik
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01 7|E &= HUXeE = flet OlUXlds &8 T 7Ie

3.2. MASZ NUX|EE HAAHUML ATTIE

HAES FAAEL 9 9 7[D4d50] FoRt e FH o Yukreo vlg] WiHg A& 0]
oM, EAVIS S5 AR Aad -] ARCR S1l et iSsHA| ok & 2Aste] ofuR[Rie]
et o] ofgte ARolet. olol|, =moluiAAidel = ouA7 |2 B H oluANES HeE os
Aa5 7ol gt o AARE: 87 7iide S A|A] RIES diao] dxsaAt TALES oA ae
M 2007958 sl ot

AE5T ovAEe AAIS B3 SV 1288rE7 | AVSHAIS oF 3T 7S tdes wid
AA AT F A9 AT 200997 Ee EEAEY &2 254 ARG U ag 7jidel
R 24 Pt ke AlSAlEE SHOE Ale 3okl i ARSAIE Aotk vl=r2] WAPARITH
S Atdwle] el AP AL ATLE A8 FEHA AL E B8Rt T oUR s
& AABIAL Qltt. (& 99 15 W= ol &, AAHAAIAC] ARt Feol|A] AdAke dV
o] tigt PSS90 ST & 109 RS iz HPouR] 84 B 287 Anleto =y
(o vqA7]&A Lol 7iE3t Eco-House Plus Z2 13 €-8) AZAY 459 ovA] EHass
H71SHA H.

g 1= ug Ug
AzB T2 O H=&F 712(clo, met, PMV, PPD etc.), 71 29 34 0|2
e e @ 22 Ol|x| Tt 0|2
el o O HY 0|2(ThR, ME, 2A)
e @ XY 0|2 0|25 BHLY A Y U 38
O A Z7/24 =2
FEY Z7|2HA @ AU 3f32H0| o5t QTVOC, HCHO), ZHE
@ AU 0M2 Y AKX 25t QHUFTLO|, PM10, PM2.5), EXH
e e mg | O 712 3 B AT 2R 8o
= 2 =2 L E.foil ol = O] =X
@ H/7[Y R J1E Y ENY
R O & 9 OL{RZR Tl CIQEkA ZEf 7|HAH| 4R
ZE 7|7 S e
@ A2 HUXY U HI HM
AT AA @ XHZHZE JH(Energy-Scope, Eco-House Plus)
=T == @ &% FIct GoJE U HF2IAE A (Fco-House Plus &2 Q4)
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3.3. 7IE HUFE NUXds YU SHE

ol U 27|70l A= 1SO13790(Energy performance of buildings - Calculation of energy
use for space heating and cooling(2008)), 1S052016-1(Energy performance of buildings - Energy
needs for heating and cooling, internal temperatures and sensible and latent heat loads - Part
1: Calculation procedures(2017)), ISO9869-1, 1S09869-2, 1S09972 7]8te] F7|& A&E AUX s
AT E0E, 2 7idoto], AR 8okl Qv EREL2 (TH 13), (I¥ 199 Zo] 5579
238 HEY 237 AEE f 71t ojEFAloldo R FE .

248 ZE2 O oUA-84 mEg 2ZE @ ovA-&4 BUHY 2E, @ FFA 9 2o|BF
24 HE, @ 7985 3% BE 0 KU AT 34 ZeE HEH, 53], ovA-& nEd BE
93 U-value, &5k, oAoPtaE=(@9): ppm), TVOCE=(EH: ppb)E 2ok 7165 7M.

AnEZE Q} 7|HE o} ZA0]H-2 (6 Energy-Scope, @ Eco-House PlusZ 74¥ . Energy-Scope:s
FAJoA 245 Hlo|HE £55k= 7152 7FH, Eco-House Pluss= Energy-Scope®]l 2Jaf 515 t|o]g]o]]
7|5ksto] i &S] oUA 87, oUAART, 1A A8, AlE A9 ovA] AT % A4E
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d3 13. 7IE H== HHXIgs

ENERGY SCOPE & ECO-HOUSE PLUs |
(FlErzE ) _—— (@rtz2aw)

oflL1zl/ - ’ ollix)/ &2 Holz| AR
BLIHYZE // DlEY=E | EYES ’ SASN YA

d3 14. 7IE H=E H1XIYs Y

OuiX| s FIEHY

2UERE  OUXBHOEYRE HIYSUEYRE EUR{0EY2E  7|2¥SHERS

T Al

ul=+ DOE Ak} EERE(Energy Efficiency & Renewable Energy)?] Buildings Energy Efficiency
Frontiers & Innovation Technologies(BENEFIT)O| A= 75E2] Cyber-Physical System(CPS) T4
984 Building Energy Modeling@BEM)Z} Sensors and Controls(S&C)9] 952 H47]& F9] siutz
H1 ik ofof|, IFol= 7150l SHE AuA B 83 &3t AlA 2E A 9, CPS 758 ouAl
4 34 d5 @ AGERET 71& 15E BEMY 52 KT Agolrt. E3 /i wEg A
disfAls Bl oF A glo] A= Wl-YFolA Pshs A, |, vk, & 5o izt oluA
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SHA%(Energy Harvesting\Z 53 AAFE 2lo® 25 4= QIS slal, (I 159 o] ASFY=E2Z

o] g3t AqUAYT A LA~ HEg 3 ERES IL=od Ao,

a3 15. E2RE FRE 78] 7IE HRUE oHx|y

® Ty, PCD-BIM r _.5 Grmi
[ e |

- 7,
T 2
Autonomous drone
d== 7,
Tl A
‘“J Tse i " A, E. P. calculation
132"'/{ GIS =Sya to PCD-BIM model (Energy Label)

L~

-
v
S & @1, PCD-BIM

*
® [PROCESS ]

@ [indoor] : measuring G, Tres T

@ [outdoor] : measuring T, , PCD-BIM

@) calculating /1,

calculating &,

calculating U
(@ mapping U to PCD-BIM model
(®) energy performance calculation
(® plotting of calculation results
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] OANE 9F Qg @ADIE Ja DAY 02 FWE
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APl tiet 87+ SHE AVIZ = wE,SAC] ERE. (OF 1603} Zo] =%t e F4
Hsf AHE 100 HESA F 1©® IR RET 2 A5 oW EE I AR BAVE e A=
TREAEEC] tigt olUA RS A FeE P16l 2025971 SBASEET °ofF 159 oV H 33Ut
oF 22.57F %, ofgoly 44074, 3 1,148714)S dios X8 daA A, HFE 44 5
qur s F& FsH Ee

2 7| 1RAH 274 7| A5 oA A B0 7lg0] LA7kA B3 BE B4 19hg
A8 322 9% IR Bysl] A3H0 BT UXD 12 B Bgke] §IL S 45

o Ashelg vhhck
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(FL=E)

1 232, loT-AIE 0|83 ADE YPE2| A", HHKZ, 2020

2)  Z3E i O|DIXIS 018 AL 7Ia(E 4| - = Qm)), HHIME, 2020

3) UEE, Energy 4.0 Lig ICT7[8 7IE 7152 OUAlds TIHESE 7Y, 2018

4) LME, UBE, FSE, Wald, &5, 7IE 35 THO S ds Y SHH 2ot A7, St
sFU=se=rg, 2016

5 R0UAZIEETY, HUXEESY U -2 S 24, 2020

6)  RUNURTIEETY, HS0UXEE HH SU- A, Y & 7SS, =R0UXZIESTE, 2020

7) SEROUILIXZ =871, MARE HUR7 =704 A S Ol =HO[MZ =™, 2020.

8) S0 XIS T, 2020 KEA O|LX| H, 2020.

9] ARNES, =T w2 & A, 2020

10)  SHASZISZAMHIEE], KIAEBS C-1: 2013(H1E29 7|LAMs 71F), 2013

1) KS F 2829 : Mol HFHO| 2ot 7ixE HE ds T7H Ud, 2005

12)  KS L ISO 9869 : - A=24 - & XM EFuE9 o 54, 2006

13)  KS L ISO 9972 : H - 712 7|Yd =4 - W 718, 2011

(FAZE)

14)  Seo—Hoon Kim, Jung—Hun Lee, Jong—Hun Kim, Seung-Hwan Yoo, Hak-Geun Jeong, The Feasibility
of Improving the Accuracy of In Situ Measurements in the Air-Surface Temperature Ratio Method,
Energies, 2018

15)  Seohoon Kim, Jonghun Kim, Hakgeun Jeong, Kyoo-Dong Song, Reliability Field Test of the Air-Sur
face Temperature Ratio Method for In Situ Measurement of U-Values, Energies, 2018

16)  Aleksandar Jankovi¢, Biljana Antunovi¢, Ljubia Preradovi¢, Alternative method for on site evaluation
of thermal transmittance, Facta Universitatis, 2017

17)  International Energy Agency, Energy Efficiency 2019, 2019

18)  International Energy Agency, Energy Efficiency 2018, 2018

19)  1SO 13790 : Energy performance of buildings - Calculation of energy use for space heating and
cooling, 2008

20) ISO 52016-1 : Energy performance of buildings - Energy needs for heating and cooling, internal

temperatures and sensible and latent heat loads — Part 1: Calculation procedures, 2017
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21)
22)

23)

24)

ASHRAE Standard 100-2015 : Energy Efficiency in Existing Buildings, 2015

ISO 9869-1 : Thermal insulation — Building elements — In-situ measurement of thermal resistance
and thermal transmittance Part 1 : Heat flow meter method, 2014

ISO 9869-2 : Thermal insulation — Building elements — In-situ measurement of thermal resistance
Part 2 : Infrared method, 2018

ISO 9972 : Thermal performance of buildings — Determination of air permeability of buildings -
Fan pressurization method, 2015
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02 H=0UX| =71 | URE tVie S

I HZ0X] ZHE20[R

1. HR20|X] A2 Ho|
27 29, P} S0 9] Fylo] AALC] ofele S ZoBl W19 A Jlsieh B, Slehas
A4 24 9 aEA] oA o] 0 RrAR SAS ofd] A B3} oux] 3 B@Po] TE

AR ARlEAR HRoiAl v ot feEfuelke ASE FEolM =7 AA| UAARETS] oF 20%E
AASHAL low, AZspt 45 40%7HA] S71E A2z dlidd). oUAIE ARSSIA| e AlzolluA]
ASE0NM FH&siA & o= Ak Do v A L7

AlzoleA] 52 A ESkA(passive house) 7Ia= |01 =] AAYOIA] AILRI0=Z o|R|E
ste] ofuA] 2H1E Azl M She ASEe Tt webA AlzeuA] 52 olsfsly] HshAe
A A EERA0] FiES ofshid Bart Qe HAESIAE of 5t AL W AAH glol 2ES

A1 B A2 ot SARSOAS A8 s 3, Bl 2 Ago] IxkeisEolo}
shel, % Ul B 52 B Bkl WAISHA Shes T71dsh Algslolok gtk 3 B12 1) wag

ARE7I7H AYE fUE i Boler AN w7579k agde] o]FolA FoUAE 5 4= Qlofof
Kl

SEuEt 7IE B dee] B9 K dgeuRAnRo] oF 150kWh/r, 2550l oF 70~100kWh/nt
Arolnt. A ESR-AE ARt EHHAT AR 851 15kWh/m(S-f 1.52]81/m'+year) o3}, Azt
7H/ER/ FeUAE ZFRE 12} ofvA] 4870] 120kWh/mr ofslQ] &S Letct. weby sjAlEskeAE
e FA8 g dEeUA] 2859 oF 1/5~1/107%0lt. 2 oluAIE Aiteke A4
A2gols B, B, A, FHTA, A=A 5ol At

ot QR ERE oUAE A the SR AlzouA] AsEL Vet er BT e o,

40% OV AZFARIZE AP Sl £4E 815517 QAL 309 ool 2880 HAA Kol
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ER e e o A WO AR YRRl ZHolN AL & S AT U Aol
A%e oA 247 EAIR(net-zero)dl AR ofFshe Zo] ohin H8EEAR Aol oA
4018 Al A7 L Q. @A) Azolvix] AZo] tisle] ofet 2o] B 7K Jfes
Fesle] BART glor, of IR FUe Aot 7ol viEle] e ok

* Nearly Zero Energy Building, Zero Energy Ready Building: H|-&74A|ZQl &
=] 1883t F AR 5 B3l 85 oA RS HL, B, 89 2, 58 52
Azl 7HA sk 5=

* Net Zero Energy Building: A&2] 71883} 9 AIZgoUA] 35& Bl A7 F An]-AAlorA|7}
Azt He 5=

* Plus Energy Building: 71&9] 1883} 9 A PoHA] 35 &9 T8E dh= oHAEL o
B AAYNAAE BAibetal He oUAE BullstAY 718 852 SEohe UEE

2. 29| U Y HZOIIK| S M =3

t5olAl= AR S A EUop 7 Ao AlRo|A] 15 S SISkl 3loH, 202097 E]
LE AEFEe AZouR|slz Adstes 7gdskal Qloh EeL 203097 BE A% e ATt
71& A& 50%7F AlZUA] AEol Hes FRHE AHSHL At vl=oAY AzUA AE5E
(net zero-energy building) Z&E WollA AR8ol= LE ofyfA] AH|9] AZE ou|stal Qlct.

FHAE Rl ool et 202095 HE AFES ARUA dE2R AHES frska
et S04 9] AlZoUA] AE(nearly zero-energy building> Wi, W, 39, 29, 3] 530
tioto] shAJE B HH]A 02 ule 22 oUAASS 2 HEE FYSIAL Al oz 7Hd7]7]e} o]
2 ol E2715 ol&she ouAls Zdshr A ftke A2 uiske Zolth

Qo] ARoNUA AFBE TLAAZERAANY, A% AUTW AZ20] LA oA RelS
222113 AlTA) B ATAAE BElo] ofUiX| 2R FS AABK H9A%E 2 Folsku glom,

AN72ESES UAEEST AT R AR Az Al 27151 AzouA] ASE ASA=7F
2= Ut
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02 HZHLX| Zx7le & ZEE HeViE S

20209 195 1A ol TZAZXES AZo = 202540l 130t oAt TIzkdZET} 5000 o4t
TEZAZE 2 3049 ot 57 SiEa 203095 S 5000 o} BE ASES o s A

oA @ olgolct

EVEPEEIRGE R ITE=ENEY = o 5in} S 0|47|3 814 Z710] LiSst= £tto 2 H2oA| 7% oE Zstge

24712 g2 OfjLf 22 Mzt OIAIHA] 22 Y22 &

‘30 2H7FAUZUYR Che| A20|L2|H= 2|R5¢ HZO|UAIZZ 2|R5t 2EH 0] Al 145 AH-dH| §
UELE YS]E HY(18.1232.7%) ECY 01 Al 247}~ 5508 tCO* 2H7IA(500MWE SLHA 57]) Yol YAt 9THHE YE('30~)
pig

o
| BB AUZE(1,000m04) | DIZHHZE(1,000m0]4f)
| BB UEE(500m0|4)

L] | BSFE(30McH 014) =
il R
=X =2ER HEXE, 2019.6

Az ARIZTE F55H] fsiie 52 oUAadsH 1++5+w o1, AUAR-EE 20% o1,
BEMS(Building Energy Management System) E+x= 9AAX A7} Ax|=lo] Qlojof it

A5E A aesH ASA M= R 5LoHA E2T1HAIE AlLfgt ¢, ¥, 5%, 2%,
7] 5o tisle] 13} AR = IS, A48 182 J0kWh/niyear HIRE HIFAE HE2 140kWh/
nf-year P|gtojojof Stk OURRFEL W A5E0 SeHAT 13} ofuR|an|FF iy SeiHEAd
12} oA Ble= AMgRith

Az RRIFE oot o] AUARFEE 20% o1l 555FE AUAAEE 100%2] 1587H
S/ sEloE FEskL Atk
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1+++ 60 0|t 80 Ot
A

1++ 60 Ok& 90 0|2t 80 OA 140 D2t

HLXiEESs AL XIXiEE* HzoURISE

100% OJAlol 7152 sz
1++53 0A 80 OJ4 ~ 100% DIZRI 71x2 =)

(BLd T+ ~ XY 758 60 OJAt ~ 80% O[atol 7152 =z
5 753 OfH| 80% T2 40 O} ~ 60% DIEI0l 71ES =z
20 O} ~ 40% DgI0l 71EE =2

* OUXIRIEE « 1XI0IAR] M2 / 1XIOILR] AHRHAQE+MME)

A Az AR 52 ITAENE ASFHS A9 QUEIERA 571% A3l AlA oE, S84,
AAVIONAR] DA H 2 5ol A= At A571E Hoke &4E, HoAlRE 5ol Wil U555l w2t
11~15%F -85 Al sE 5 B FEHASAR] 15%S dHshi A 84192 359,
7Y, FUYHFE, 3579, WHFE 52 e FEEAVE HETEE 20% s
g AFATHA] A2 8%cfl Hisl] 7R Z1RAY FEeES A 15% sl A

2020 July vol.6 no.7 37

FOrX 0ol olroXx > L2 1o 1j002-09 Mool X .2 Mo AN TN @

M

=2
0ff
B
X
v
=
7
A
=
EEI
i
=
=
2
El

N

090 >




02 HZ20|UX] 71E7|s 9 HEE s =5

J3 2. H=2ouxA

H=2o4x|ZasS
144 0] 2

b [EPNE-2-2=

HEHX| 20 E&
HIEIHH 2 2 L
oL x| B[ g

ojn

2 | EHE |HIFHE

1+++ G0O|BF

[ k.2

800|9t

6004
90|t

800|&

14+ 140013t

o

=1 P

ol x| X} 2 8
202% 0|4+

I

Ol.k}
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EX: 2ELR, MR HUXIZBH, Zero Energy Building 2020 QISQHAA ver.1
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II M=9IuX] A=l

1. M=zoUx] H=71s

AN 2522 D] el 3, sl 710l ABoile] el W WS Jafstel 252
oflASIE: Zslok, S, ofel 7Kl Gk 9 99l 5] HiAe] 52

()

AAVIRAA] 71edd Bidg, AL 59 AlLde] ofgt o] ik B3l oA £H|E Alzsisfof 3.

HE WI2E SO WelTt A=S0 0IXl= SYS HAL0101
H2 MUXNCEZ T HHT LUHBBE IR + UWH Ot= J1&

eI a B D AR
& PRk o

CHE JIXIHECH S MU XIS AFB0HHME 52 4528
201 JES0EHU 5 AAR HIUXIE Wik = A= JE

a8 meas
an @ =@l @Y Ehan
]
032 Sanan
Sa, N4 S OOINISE HO) )| Ei HS WAOKS AOILKIL
THA THSSH OIlL{TIS HSHAIF 0120Hs THA 0N TR 28
o wrzen 04 mew

=2
emen S G

X FER, M OHXIZH, ZeroO Energy Building 2020 Q152HHA ver.1
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02 H=0UX| =71 | URE tVie S

2. HZ0LX| H=S flot SEEAI=

AzoluA] AsE2 TRt A7 4, T893 7iese] AREolor 248 4 At ofE Ads]
PP WAL A7, SAIE/AE . 847]E, Mae AHAAE, A A ofuA] Alag 5] 24l Ziesel
Y] TR0 tiet A 43 AFo] AdET. Al=ouA] ASE2 thid] 27] Bl DAl
A AetiE7|(Life Cycle)oll tisto] 7187E A, AlSDAIA 12ieke S-EAl(ntegrated Design) =55
AR AR 7 Hok iErkee] 27|tk dAlRE dgsio] tijks wisty, ol A4E Hie}

Bl AFsto] HpA ATl AAlsk Ao s FdET

g S0 FEA PR FZ Hasfel] HeliMe F FACIDE FFo= st &Y 717E
T YAE E83l] ARSI ¢ Qi TR o580 YARISS 23] dieluA] avlE
/M = Qo= B YA} Ako] mE te7 kst Aol AR RIS Z2 TSt uho]
Zasht vhde] Aol w2 A58 A= A5 A5=Y F UHE 92z WA A Pl
A dolux] S7KE0] AA 2318 £212 & dut. WA SHEAE S ol Y22
APdell dEste] Fzbe =EsfoF gt

A0 W9 5 wAAZCNMTE FH, F2of wiA], AAARF FHE At HA, eSS ATt
-] B, o T BAF AR ffRt Aok 52 ARl Aoz oF 20% oo Wit oluiXE

SEr Als F8 2] 60% obdel L] BAEC] B2 5T WA A= Sl A=A
S5 DA AHS Adf e Aldioll LA B ZES GRSk SRt g diAlol w2 Azt
ARERA Qe o= s A7 AAY glof o] E7kstt Yol WS

T ol e} FHERICR TRt ] wiR|e} vleof AHE dxFe HAeR ¢ e AsAs
[5t S5 ApSHA] 22 1go] ALERIC) o] RIS A ©R19] s, -84F 52 WA AR R
A&, HIALS] T4 55 As AESH oA 18 HMSlelM 7istt A Mg Aske
ASAS E°IH-

(™ HE G00AH 7122 A SEFEIAIE drdo= W2 AARAE WYolal JAls &2 ol8sio]
307Hx]9] wiIQbe gt AR Aol AL 7P HAQ wiAAZE AlEEold’t 2 e
Zo|e.

N

40 Convergence Research Review



w
=
>
[
X

hl
N
>

olulA] Hlge] Sojut

wjebd H2 Aol 9do] A87IES ot §1eS BT T 17)50) E50] e
ek, A% e A R, BBAKS 34, AIAEIE V1 BEREE 59 714o] AEe] ofg Biidos
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A Ae) Bepillan, 71 it seal) 2 Sl H71E 7 S0z FAL B4 Beio] ko]
30wt Qebolo], 4sme} o] 7170 Woldss Ao ZofSol Biaiso] Gt 2ol Aggels
B053} Zolfelz TSIl DRSS 036W/mk7H SRR Ik

3 mm low-¢ glass (upper sheet) Welded

3 mm dlear glass (lower sheet)

Support pillars
0.5 mm diameter

0.5 mm vacuum gap

l

200 mm x 350 mm
external dimension

Z=X: Erdem Cuce, Vacuum glazing for highly insulating windows, 2016.2

EX: TU_Wien, 2018
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S A= 56mm 58] FAA GE-20] 0.2W/mK, SHGC(Solar Heat Gain Coefficient) 0.32%
ST G715 A o] EE 1T DR (@EEA )& AMEEHI. o] 9dfH=
ZolfrEjet S ogsto] A 4772] M (chamben)oll AHEZIAE Fsto] FAL FAE EolHA
Ao PRIASHT Hrh ARG F50] got WiRsE €Y 4 ok

AHEE AP AARE, AN, £ 5 AWe] 53700 vkesto] As2do] st HAlGE]
oot} o 2L7t Eod As2 0w {219] Mo] offgA o] do] AE YR FiEE S
golal, QF-2r} Wolx|H s A 9JF9] do] HE UiRE EElEol7H o &% 2Ho]
7Rs3kt & 9 7|20 uet §lgY S48 AAR FETOER A thgsle] oUR|E HosH
ot AE Ar$= oA aeS TP 715483 S0 ARAIRIAl Zetol#A] Ho S| IMde
THEAE 5 QA T AY, v & TRt 7130l osf 219 W £ /0] ¥k MARY F s
7o) 7P wal JApds0] 943t Electro-chromic window?] A1 A-&0] 7 w0 uid ALE

857t 3718 Aow dzart

Heat-generating
light wavelengths

i s
; Warm room
> cools

B S

enature

EX: Nature, Fine-tuned gel particles enable smart windows for energy efficiency, 2019.1

St Aol FERTE fElolM @ &40 AdiAos wotoy, daRe] Ax7IE0] FYEHEA
LOW/mK ofs}e] gzolite Relhrke FEelie] @ &4do] wotle B9 H TS it A Zeofitol

oft QR FY 4 U=S TR D Aol So| ApEln glom, Pele] FTeo] e TxoPAL

2020 July vol.6 no.7 43

T oXrel ofrox X .2 ro40 100202 fHo kol X .2 MIHICY TN @

>N

=
0ff
L
X
2
=
7
A
=
E‘:I
i
=
=
=
=
=]
7|
A
£
=
S
8t




02 HZHLX| Zx7le & ZEE HeViE S

G 3AE FEE LA Q. gEHol AR F27t 0.65W/nK °fsh, SHGC7F 0.5 o<l
A dsel sl @ &l &3l GAIE F50] TIEC AEL & T E0teA i Aok
ool Wtke Y e Al €071 A8l frElell W AFEAIE A, €H39 SEkl=
Wd3 oled=2, HET 2ol WaH olFdT A2EEE AmouA] 5= E-8=7F #orILL At
ojee] AzodA] AEE] AdHE e @ &4 797t oid &€ FE R9I= ol8E Aotk

Uw = 0,70 Wim*K Uw = 0,63 Wim#l. Uw = 0,89 Wim*K. Window including blind

2
GEA} FRAZ o|Fold FETRE AY LA FH, A2 WY H 5 TS v T
EE0] ouA] ez ojojzls Fa%t A 840t oF B4 Addhe JTS dhe BEFEe AUl
Wk 70 oREThe R meEbd B, B, Al BEE 5 e Aeole g4 9E3te
Zh= Rgtew AFslor s, G She Afole WRetes Hofof g

FZolkz 200m VIR SFE 0.15W/mK 522 DAV ol AREAL Sl GeAe E34H0]
S| R HA|, AE e 5 7249 f50w dIEAE wiAshe EEsHoR Fgdor Ttk
DAV AL HH FA oz FHeRet Foph EAs] tige] G&dFe] SiEo] A EHol

Azo] GUE U 2YEL ALHo] FEAL Zol7] 98] 0.6W/wK olele] B L 1AHNE s

l
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& a7k ot AR Wiirzel 2EAR) o FiRdle 355
ol 'JAte dguiex. EFUE 2 EoH FAIE Aol fEsitt. 2 SiellA 71E daAEG
0.004W/mK)7+ /=0 U 20 A

3.3 0|59 8&7I=

o]52ul= 2719 fjujAfolo] FEFT DAAIFAE 2= AlAFeleh 1990 ZRHEE FZ7HA]
EY(curtain wall) 7E2] odA] HF tjete g 352 Alolo] FiL fE|2 H olF9] QuE o]Fojxl
0]52J5(Double Skin Facade) AlAo] AA|=]o] LIt ol5eln] AARLS o] thet SH3Rs1E HAsleld
A A 242 ZTiR ol 4= e ALHCE ALE I A5t B oE BHSE d4 ofgd
ERIER AR 5355 Y R 3718 Fe HiEste] WS S B3t oAl Eeol
7Fsst digko2 A= Qlct
2T A2 dEs 710l 1.5 W/niK ofstz 73k 1 354550 AZHAAEE 5 oFald
we} olFLjulo] ek Tilo] oA YUtk olFejul= o 17 2ol 2 (box window facade),
AFLEF(shaft-box facade), B-E&(corridor facade), tFE&(multi story facade) 0.2 -4 = QJt}.
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53 0|59)I)

SE S&8 0I5

FHEE o3|

shaft-box facade

multistory facade

atAmoto| F £

£ 27|

AIZE Z5E7|

oS ez Wiitols WHEA] E2RIEE HAIste] AE 2dsfoF St 952 ZiThie o5 e
e AT 5 Ut HFe] fRle] wet ERIEA - AojEAY AR 2EE =S

% Slolok 3339 Bue

AT 4 ek
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Seat 7]9Ao] Shslol WaEl AlhETlols ANR 9RBT1E $0sh7] et WIAlATo] Hasle,
7|2 Qe Ui 4 HASY] Sl APt B4 e, ek due]
g dingkat Whe Adker)d 9 sislel Solok ojRdrle] LES et riaa 23

Seoke ARt

O ool ojrox X .2 rolHo nj00209! Mmool X .2 Mo Ay N @

N

77 IedT ol E3l S7] B ope} AR HARI(PM2.5), ZEUHSIE, KB CO2E

SPL &, AAF 7he AS 2400 3 AEEE 37184 - - AGS SAO AlofE 4 9l ToT
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o] AlAERE 83% &S] duTaEE 7|7F 0CE W FudE AA AUz S0ee 37le o
18CE FAIBI| wi2oll ¥ihe =71A] ¢ ARt 59 @17t 7hsditt. TRl AntES|AIA-le
WS T 5 e T vlolliibypasy) 7Fste 28 Eolu 7Rt ol 29kt Aldole dudrE
AA AL AR 715 AUlE =I5l B8 H 1Y ENE & o A o9k E2 AnE W] Vse
3l WsHe]l aHlEE A71852 A F 46,0009 A== 71E DAL E diF] 30% oV E4e] 7Fssit.
TEFE AFAR AW AFHES I4SA EFel weh Y Gt AFAR] Fee A5
oz e =R o e UTAT 71N AnESVIAAFS] AdE 2Eoint

3hH, A2ouA] AEES 7EQiEo] rteds] 9 ar|UslE Holrt Eols viE FYEHIEEE Eo1EA
ot ek oz AEFOP) oF 20% o E0157] e G9dn] 852 V1€ oiFl o 1/5 #Ee=
4R 4= Qlth

B

5. = LN LIHHUX] 7=

753 RIS ek Higkos HBuhe Al Aol 74w v, Hiek, A%, vlolons,

QARAA, F9 ALAH So) 9k 1t A%E0] M8 4 Gl ARMIOIIA 7122 B, A9, dmx]

AE T Sl glch ST NG AR sEo] XA TEAHel FAR Hgo] ojehen L5
]

Aotelz EARC] AL, A=A 9] e oA At &, 7He] FA= As) Tkt

2Hlo] ofeig 0= Btk ofo] WA AYHOE 1Y go| AT YT 1 380 ol 7|4
Hopgos 2 4 ot

71&2 0 Golsittil SiEEte A5AE0] F/E olF< ROIM AR dE +Eoz Fd5ke
dis B9 AAEAe] Aoz’ FE50= Qg ofgigo] Slt. dib o= HAflo]l BIPV(Building integrated
Photovoltaic)& AA[5ke ¢ W42 oz d&de Adsh] 943t dadA7E A= o] 3gof ofgt
& Asph BASIAL BIPVE AR5 943t XA LU} Bz 2452 dof sk 5 HA7F 8olsHA]
o= A7 9L

wtebA] B wide] AAHAE iRt SEsk 1 582 SHSRhke Zo] th- S8kt d=ddrle
A7dolMe FHE HFF oI5 Fo AL, FH QAF Y HFT A2E, A GAY s
PG Al2d, e QA8 £33 5 0t e 2AY UARTIeS st A A Y

Bl ol 4 AL iy B e Hoo] Astel oy o] AR ohet FHic)e)
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e TR 2ROl B AAHE o 53T AAdow ofn uo) Aol sl g PV B

ARAED PVE A AABAY A Rsdies AAJstal S0 HiAkeo] w2 E2RIEE A9
FHF PV AuRoA B TS oM HH, dFAZ2E FIRE Yol WiEY SERIE0fA
LF7} WAL L BhitElo] PV RE SR SR s HY ol Taee 10% ol 1Y
A= AoE BAHC

T WA 2 IAY G HSF ALES GRE PV7E ERFe] IR0l o) AW R WS sk Y
HHE 2 AL Q7o) S50 AR P, @F0f ASol FER THe & o e 7A3E AlAEelH,

A7 S ol WA, vleol ] MRS ol §3bl OomA oF 20% FEY £ F7HA 4 Utk

A WA AT DAY s B AL H S $2/4 0% Tl 2t siido] It eey
w7} Zo] FU At oA Ftel sk W EwolH WAL oUXE AZ AAET 5
Itk £, F0) ARe] S0 ARE TS ARoIA X AL s Hof WgRel AaTE
TPAeck E3h 240 AREOR hrFs el ARES AT A9 U3t el A o] raEge)
10~20% 4, S4% $ utetulal o] ozt WA 48% FUt Fsdiek

olg} Ze AXHEL WA A €Y AEWAL WAS Fusle] AzoluA AR FHol
7Rsteg shele] 7lofgict,
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6. AXHM+ESS SEHEE|A|AE
A2 A AEE siA[E D HEJH 7]&Z o83t o|A] At} tlEo] AYoHRIE B3 M gito]

BAoltt, AAAEIIA F 7V Be] AgHE B ae AAge] WAZLOR SE] e
ARG £ AIo] WHBK: o] TRHolTE, et 8Kt

ESSe} o] e AAsle] ot %
8eFS BAEEI FSSY] & AlolS wgH 0 R Pelsplof ofglgo] uErt
57834t ol el
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22 AAIA A FollH 2 Uehle 714 F shie 9345
ool 9% $EH0E oA ERE ¥ 4 U=S
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Hi=ofLiX] 87 t=S M8t H=E 5T

1. ZH HZ0UX] H== HEAR ¥ Se

AzoUA] A5z AL, A, Alg GA0A 4F A, BE, AL" 7leEo] gE ey
Aol o] g Foll HAokE U S5 WA AlRUAE 2AsHoF At 2 Fole
Az uA] g7l 283 FHle] EAQl A=A A=zl tisto] A1} gt

20134] =) Hxe 77 iedd Holl 859 WA 2.235m 120 Al=oUA] 35 79 A= 1TE
(Zero Carbon Green Home)o] ARE oM, HLH 7|&E2 offe} £t

AR, 3 Atdyt Guapdt 7]eold. A& of 60%E AAISk= 2ol s i
FoA|Ado] AgEgloH, HAls odd 3 85 B9 v F2A =Y &S HAo eI
AFSEA7E Wae g1 dvke & obye} sl 9 5yet o] ot g 55 F9
dfsirte Bupchr|2glks AR[slo] Adake 2t ARctolitt. dzjHolEet AtEe: ThelAdie] 757k
wefsto] wjAto e HihE o 20| dEAS YA 0R ApAsiSiTt

)

(e}
olr
e
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HE
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S, olvle] 1]} 7igolch, HEAHC] T/ Lske BE HE0h SA} ik BE 29jo] 7]ggol
32 B3 B0l ot 1% Aekeleick, S, 4 WS BHME 977t o 4 qlome Al
AE BE A 9 ) S 7Y Hol 52 olgslM Avlede At
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AR, AAdofuiA]e] A=524<Q 28 7Ieolth. WAEGRRL ge] A5t E3er FES HiAIstaL
'S AT 7€ HAethl 559 Foe adfele] A0 dAE Az Hotked devAE
Hashe A0 Bl et @8] Aulsito] #A1E 4 kS silet. 2, oiEEdle Adef BiEd
Fo] 7FsotER SEEE0] olFoRlE HT HiAIE sIier HE AT ofFol E2RI=E AR5l o5d
AE AU FAE] AWt Asste A AR AEEES s

A, 7= QIR ofluA] &4& Fasfsial "ash whae] &7t o|RojA s AE Aot 7heet
Qo PgAIE AT BT/ IBAE B=S0] AAIste] 9710f vz kg HA] oS sijleH,
Y FAHEE B9 ofFHIHES} A2AA d|Eo] oFoA| = ol ol 22 Ve #82s
71& QA3 £H 85% ol 257t 7RSSl

A, oUA9 882 92 A% I18E AHME 755100 23989 FHskE s 71471719
oA EE aHlofuA] EYEF 2 Ao7} 7Fsgt QlEHo]ARt & oA #AA(Home Energy

Management System)}& 2§35ttt ol 7HE 7Hd7]7100 Hieh ofuA1Eef & ofdz} AFAL] ofu|A]

ol

oA, di E G Yl 7IE A8 1/55459 50kW HRE Y 2ti2 8RS XAslelct
oi7]o] GLAHo HFL2E Fol di FFHOLE SAlO B = Y=F ollcth e R AE
200 B AL Z-85t0] 300W PVEE 1200H0flA 94%F 45,000kWhe] H2jo] A== 51T,

At F55E FAAdoIAMY] du 8L A7F 9,088kWh/year(SF 635t @), HFQFL A7t oF
3,600kWh/year(53%t Q1 208 FALEITh(RES ¢, 2013) AIRZHREIUS-S 2FoPAA 20149
TR o R]Anlgo] i RUEPe Aake AFEW A7 Gy AE 1,884kWh/year, 19
Al2wlol] ofgh AR 3,000kWh/year= WepgTh ol= diolluiA] oF 80% d7iat 947k H71o|zl=
85% A7El Zos W8I} A7185E FA 7€ S5 diH| 9svt ¥ A A 7ksT AoE
=ik
H, 20179 128 @70 =7} R&D A& ot A4H AzouA] 8 o|A(EZ)she-7t AF5
AEFsHAA AZ2oluz] FEio] tigh ST1E0] Tilo] okt AWA 17,710w, A4 75 Adt 25 2]
of] F 120417F AFSIAL Qick. 20184 3RRE] 20208 29714 AAPIeUR] Ak Z Bjogd e
A7t 407,503kWh, A BAAE 347,624kWhelSitt. E717tel Zh A7t LB+ A8 o A48
41,7379 A7k oF 509k ¥ Hm=el Aoz LEE ik (Kharn, 2020. 7. 5)

s
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U A 235G Alz|A] SEFEeR 715H A EF el S offETAE AV 365 8804l
(Y94 155,833.02m)=2 AS5E UAEE 1+5+F UF, 36 79 AlzoUA] 52 557 ASCIHA
AHE 23.37%)2 TSI

A 71Ez $E 7IEET 14% oV e W HAeE a7WACH 1.3~1.7h-1)2} 7leo] 2830t
HEH 7|E= 5.27W/nt &2 LED 2% 1a& 37 7I7F AAHAL, AR 7e= Aldig
oF Sif 2Rl B EAHAE DAY EiRd 2 773.52kW7E A8 E QI e, kW] ARAHA7E
S&] AT, S5 ASEoUARIAAPR] AZE W TH ofuiAAg T Hev-82]
HEE T AzcUA SEFEY iz Bdade mefd & 3lg Zlolth
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EX: HMG Journal
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L e T ——

20124 494 3,762nf, 3% THEE AHE AoUAEPAEE= A 290 283 URE & TF
A BAbshs Sl 229 AlZoUA] S5dFEelth AUAR-EE 60.37%% AZAUANEE 354
AS2 FST A2oUA=ZAIE = 9 s SiQl=et Biln] Fejo] Hhak Hol AARGAS £0]1,
=50 o] AR At A AARES 283 ofuRANERY] T0%E HAAE 5 =S AZE U
E3h HRE DAY AE b 52E 30% AUAE AA A 5 AEE AZEGIH.

20139~20169714] 272.16kW=2] Bl sidollAl A+t 359,048kWhe| A2l AAsiion, ZEolA
At 173,313kWhE AHISHL 185,730kWh] JoielS qhdof $dste] Azt 2,1009Hd H:o] 42l
SPYAIATE (Seoul Energy Dream Center, 2017)

2018Wo= oF 445kWh 8702 HAR7|HA0] ARGH I HiEZ|(102)E &-83 AAREHE 2
(100kWh)2t Afeliel2](344.88kWh)= 3% ESS7F stolB 2| P2 A= Th(AZA], AZol|A =
AllE], sfo]He|= ESSZ oUAIAY e &of HieAts, 2018.11.28)

olof we} B LA ARFHEY BET AZMo= AlE & AA|H =z oy|atde] 7hset
ESAHAIAES AT & A =AU
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Tilted design

Less light in summer,
more light in winter

winter s\ 7,

TS

&X: Seoul Energy Dream Center, 2017

20179 AZoUA] ASE ASAET EYH olF 20201 3E71A] AZofHA] ofH|IS2 10471 ASE,
£ IS A5 137100 ZolaL 3lo, 20200378 1,000 oFde] 3875ES] AlzoluiA] Q50| ofralde]
et = Azo|A] dE2 7lskardes 71 Aoz difdr.

2. =9 MZOUXIA=SE HEAR | &

shole] HEAel AzofdA) ABEAE U2 ololdd 714AME], t1F NREL AZAAE 2 712
A5 endusie] Zeia ouAsle BAs A} Hat et UPe 5 4 9k

TimaT minEar

Tabeol: B |

A
| a0
b e

= s

EX: https://www.taisei.co.jp/ss/tech_center/topics/zeb/
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EX: https://www.taisei.co.jp/ss/tech_center/topics/zeb/

1,277.32nt, 35 7FE9] L& BoMeld TieE e s AL, AR | AR, 24 52
= o83t WAE Vg, HiAT & IH|IE(ambient) FRAILE, HAT & H|AE £ 5] AEH
71&Z ol 83to] Azt ouAAavFE G Qul A g H 75% FAAE 4 JEE AL B,
AlofuiR]e] W] oF 2506= Mty BFA] 5 ARPeIRIe] ofet ofluA] g F3f Aot Bideut
A7t He 2E SR1E S

20149 6EFE S4E AR ofllAlamE ARt =2 1/4 =] 129kWh/moller, Bjeeg 2o
OfRE o ARPEAEE 137kWh/m'= UERY 42 Ui 22 ofuix] 21ekE @73t x|~ ddgo] =

(https://www.taisei.co.jp/ss/tech_center/topics/zeb/)

undmloor ]
Ventilation

EX: NREL, Cost Control Strategies for Zero Energy Buildings, 2014
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&X: NREL, Cost Control Strategies for Zero Energy Buildings, 2014

A 33,400m9] NREL 285 72L vlo|d 743 2 Azofiy sz ugole), Fa miju 2
oeld 71&2 FAMKlight shell) D AHE, T2A HAFIY, T et A & PrIdE
e

 wERE A2 Sol g9,

BX

o] e A 27| TARE HERt A, vl8S 1Tt Ae7Re] §7] U, TeshEA agEel
 HESHE ARl BE ARG, ouAaEAl dHlNtE, 7SS 283 SEA
5 15719 Aehe Hste] A4HE82 HaslehdA AlRouA] UgE 24tk AEolt. PVe 2040
A AR ouA el 8o AE 4 S $312/m AAHIE-S TITHSAlA] B o2, 7]
AEet Uut AZE0] TAR] 221 $2,788/m 02 Aol 75519t o] &9 Azt oA AR
76kWh/myear 4591 20 UERT]

L 71 HE

&X: Schoberl & Poll GMbH, World's first Plus—Energy Office High-Rise Building, 2017.4
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J% 26. HA H20UXLIo HE=

photoveltaics (roof and facade)

2199 m’
photovokaic panels
4
heated outlet air roof in total
618 m?
weather station for

predictive control

photovoltaic panels
facade in total
1,581 m*

wventilation with recavery
system for heat and humidity
{with minimal head loss

‘transparent photovoltaics in
and double rotors}

3 staircase and on awning
core ventilation shaft -
slats open via automatic
control

core ventilation for
each floor via windows.
which can be opened
automatically

LED-ceiling lights

regenerative lift drive for
energy recovery

&
"
&
improved window strip &
facade with integrated
sunblind
SErver raoms on Chiller with SEER > 9

1stand 2nd basement in the basement
floors = the waste heat

from the servers is used
to heat the building

&X: Schoberl & Poll GMbH, World's first Plus—Energy Office High-Rise Building, 2017.4
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'E.' 803 B usage

= 800

< N

c e

= 700 H building

2

=

o 600 M energy recovery from the

% waste heat of the servers

z 500 458 .

£ M energy recovery from the lifts

c 400

] 2

= photovoltaics

= 300

©

5

- 200

=

20 108

% - . - -

=

E o -

g before typical new office entire building entire plus-  energy production on

s renovation building (university) energy building the building
(standard office)

X: Schoberl & Poll GMbH, World's first Plus—Energy Office High-Rise Building, 2017.4

U
>4

115, 13,500m 7120 LAEeo} vt Fojfst WgL 7|E AES] rdgds 5o AZAUA|
g g3t FAAQl AE9] tiAR1 Alglolch. Tl AlA Hx9] ERjAduiA] 153 xA Wdol7]=
sttt HAIE 71eg EFste] of5E AW FtolA 7HEE 3718 Aol SAYES} AR AF
NFAE ol &slo] RR HiEthe 971EH 7]ES TYoIYch AEE |ERs URZF HastE=
FEoR AYRES A5 AAehl AA Baol o) 25 2ET 4 Y= AntEAe7IE0] A8t
E3L Aol et AE R o BERlet mAMIA 9 2% AlAo] ofgk LED AFEFREA|0} |2kl
A= ik g, A% Woll AFEE AFEE EFoto] 9,300 e RE 7F7)71E 18EE V7=
A= Al ERE WAYEs L ASH ARLACA LR SH= Wil E-8F]glom, djHolezt
A dof] A7 104 Wt EHUAE W71 ol8ste] A7olur|R Hekeke 71&E 8=t
A7t 248,803kWhE At 4= Q= THel 328.4kWpH &39] HIPTRE 2,199nm7F X183t Hdof
AR =9l

2|2z o] AZoAl= A7 803kWh/m* oUiA|7L AvlE|dEd|, 2jmds] o]F AZouA] AZoi=
oAA] 287} 56kWh/n'E 88% EH=|om, of7]o] PV RgoflA A4k AY 61kWh/ni7F 33824
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