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ABSTRACT KEYW ORD
Purpose: This study analyzed building cooling, heating and lighting energy performance of the photochromic ~ #4472
window (PCW) in various climate zones. Method: Office buildings were modeled using DesignBuilder software, éﬂgg-“’-
S o . . . . - . . AS0H |
which is a building energy analysis program, and four climate regions-Temperate climate, Tropical climate, Marine
climate, and Cold climate were selected to test the performance of PCW. Result: Due to the characteristics of  pcw (Photochromic Window)
U-value and shading coefficient (SC) of PCW, indoor heat loss decreased in winter resulting in a decrease in heating ~ Smart Window
energy consumption. On the other hand, cooling energy consumption decreased due to less transmission solar ~ Building Energy
radiation in summer. As for the lighting energy consumption, the PCW's visible light transmittance (VLT) was lower
than the standard clear windows (CW), thus, it was confirmed that the use of artificial lighting increased for -
isfying the office indoor illuminati dard. Based on the findings in this study, it can be concluded that PCW  Heoe ved Dec. 7, 2020
satisfying the office indoor illumination standard. Based on the findings in this study, it can be concluded that Final revision received Dec. 12, 2020
with higher VLT needs to be developed for improving energy performance as well as maintaining indoor lighting  Accepted Dec. 16, 2020
conditions.
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1. M= POWE 913 Bjp QALEZ1S] 3 Wol sl Aol 2
SR B2 71527 127} Fast 18 POWe] 54& Tes
L1 a7u73 2 27 o] ThaFgt 29 9 7] 5ol et 2184 ok vlEd Aoz el
AAAHCE 1B NUALHF A E Gotel M L gy AR EW POV W SAK S AT Fol= B2 Ak
B9YS, BoE A5 5 245 B4 BUE arE g wee) M TR Glen 43 siael duA Aol 24
N=E2 glek, 53] 3E WA 28 59| 9|5 v]s}o] of gu AL AAo] BEIH2]. WA, B Ao A A AntE
Qe4o] 282 U7 ZReIA HopsteHl], ofof upet g, BEUAPCWH TS SEARA o d SRlshat, v 7w
TAUA AT NI BE SRl G el e Fap B AHRATEC POWE M Bohe] A3 g 3 2 off 42 v
29 52 A4EA 2P AERTY A WA gy RS ANk A7ANE Edj2 7190 POW 1 4
o tigt A7} sl 1 9t 24 2 HokS geleta % PCW O] A4 A8 Al A 45 HE
WA §PE 9 Bl do] Ao WeFE 45 Non- = (O IEARRA FEES 71N 54
Electrical) Bt} 7Skl &3 24 5= 55 % (Electrical) BF9 .2 12, A7 @ M
2 PEY 4 Utk 259 Bl Rl WA felt Gk § o =
2] (Thermochromic window), 3HM 32 (Photochromic 7150 PCWe| g ouAds 24& 98 2d7F
window)7} Q17 5= EFe] 0 2 A7|MM 22| (Electrochromic (Temperate climate), EtH7]1F (Tropical climate), s|F 71F
window), E=92F 22} (Suspended particle devices), T2} & (Marine climate), *§t7]% (Cold climate) = -2 %= ¥l 7H] of
Atel 7 (Phase dispersed liquid crystal)©] Qltt. o] & A & Q1 292 AAsIAH. PCWE dutoz 8=l 9le
2 (PCW)E Athd o2 Alzulo] Adstn A4 H7] 7p  Clear Window, Low—e Windows} H]astef 21 e, 273 f
glo] el olsf Fakeo] tﬂi‘rﬂ% o] o] A AntE YAE 245t vl ds242 AE AlgdoldeR 4
25 7142 BAlo] ZUiE L gl). Y519 2™ DesignBuilder (Version 6.1.4) & A&} Tt
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3. OIE 7|3 4%

7t 718 Bt vl A9S AAste] B7HE skl
Table 1.3} Zo] Wl =& irsto]l 21475+ Seoul,
Republic of Korea, 1 9] Al 7}2] 7] $-tj= thgRt 7] o7} &2 6F
£ "F& 7]F2E Miami, Florida (FL), San Francisco,
California (CA), Ann Arbor, Michigan (MI) 22 AAs}ic},

0= F2Y5Hsrs] (ASHRAE, The American Society of
Heating, Refrigerating and Air-Conditioning Engineers)2}
International Energy Conservation Code (IECO)A+ =%, 7
T, Y =d 55 1ot 8719] Zoneo 2 HA| 7| FE
SFAT w2 HE 71EOR A, B, C £ 79 TR

EAQ 7] A2 1A9] Miami, Florida® AR+ &%
24T 2 AF 1209 HH 2L = 19T ALo| gl 7]=olct. of
A 71Z 292 3CY San Francisco, California® o] &4 of = H]
7F A 1 Aot Aol H7H B wEste, Yo 7) S 2o
5A9] Ann Arbor, Michigan® 2 1'd 5 7704 5t 0] He+ +
& gHol o] 4L AT 257t Ert nl=o] 7] S 2] 9 9
A% Fig. 1.0 BASFAEH12]1[13].

4, NEojd 2EY

41 o A€ 2

2 oAM= PCW ZE s 48 915ke] DesignBuilder
(Version6.1.6.011)=  AFH85tATE.  DesignBuilder= LEED
(Leadership in Energy and Environmental Design)¢t ASHRAE
90.1¢] 7|27 ZRt 5 A& oA s Zrafos
EnergyPlusE 7|40 2 718e]ui2] 4§ 24T 4 9tk

Table 1. Reference regions by Climate Zones

(;::l'::e Reference City CDD HDD
4 Seoul, Republic of Korea 3956 5007
1A Miami, Florida (FL) 5297 118
3C San Francisco, California (CA) 1478 1664
5A Ann Arbor, Michigan (MI) 262 4280

Climate Regﬁns: Subregions:

OEEODEEE EMoist (A)EDry (B) EMarine (C)
12345678

Fig. 1. Reference city by climate regions in the
United States



SR - EEE - 222 2 RE - 0|&Y - 23R
Table 2. Parameters of simulation model A g ol A AES AYAFE 7REe 2 AHA 6400, 45
Item Contents Eol9 25 iﬂi A= st i A2 F¥elm &
AR = 40%2 AA5EAT) VLTEEe] 21 o v A AH|ko] 1]
Modeling L g2 B4517] 98l Dimming Control& AAISF Lt Az
1 -
e T Office 400Lux, Core 200Lux=® A9 1 QA ZHojH =
o]l 0.75mef| Dimming Control A E ALstct YR vt g
Total FI1 m? =
Building otal Floor area &0 At QRAA0) BE LS Hgolh Ageolde] AN Are
information Number of Floors 4F )
Floor Heights 3.5m Table 2.9 2.
Exterior Size 5.6m x 2m (8AE) g A29 9] E3RE #2402 A 9E 7)o B
window WWR 0% 7 4745tk Seoul o] BBH-E e 20184 A E 7FE of
L Office-10.2 W/m?
Lighting Cgree-z W/mzm U AFAA17|FS #9592 8 Miami, San Francisco, Ann
Occupied People 0.161 person/n?® Arbor= ASHRAE 90.1_4 71202 U-value @& ALstact
load Office equipment 11.8 W/m? [101[14]
Dimming Control Office-400 Lux o julEr 2] AELO \=PPS| 1) 573 e} QT
Core-200 Lux A5 Yty AL GRAEA ditdo g A= Fan
Detail parameters by Climate zone Coﬂ Unit (4—Pipe)£ A3t Al AE Wt 2 5ol 717Ee 7]
Seoul, Republic of Korea o o
’ =2 = 71A 6 A Edlo] Ao AL
Comtruct External walls 0240 WK 1F2AS Afste] 7M. A& gl def 48 .
(‘{}‘_S{,r:ﬁ:'e‘;“ Roof 0.150 W/mPK Z] =) Weather data= National Renewable Energy Laboratory’s
Ground Floors 0.290 W/mK R © La=1od
Cooling/Heating system Fan Coil Unit (4-Pipe) (NREL)OHH Zﬂ#o}“ TMY?2 dataset= /\]-0 O}MEHIS]'
Cooling/Heating seasonal COP 0.89/5.96
Heating/Cooling setpoint o /7 35035 W HA AAZ AA
System Temperature 20°C/26°C 42. F5 73 4 ¥4 AAE HA
e e 15.5C04C 2 A7old 485 35§98 54 9 POWO] 94 Az
= al
Schedule Heating period N oy 2% Table 3.7t e o .
March 01-October 31 PCW Ae¥71E 95 vHluZo2 Clear Window (CW),

Cooling period

Miami, Florida (FL)

Constructi External walls 0.124 W/m?K
(‘{}‘_Svr:ﬁl ‘e‘;“ Roof 0.063 W/meK
Ground Floors 0.322 WK
Heating/Cooling system Fan Coil Unit (4-Pipe)
Heating/Cooling seasonal COP -/5.96
Heating/Cooling setpoint o
System Temperature -/24.0°C
Heating/Cooling setback °
Temperature 4274°C
Schedule Heating period

Cooling period

January 01-December 31

San Francisco, Californi

ia (CA)

Constructi External walls 0.084 W/m*K
(‘{}‘_Svr:{; ‘e‘;“ Roof 0.048 W/neK
Ground Floors 0.107 W/m?K
Heating/Cooling system Fan Coil Unit (4-Pipe)
Heating/Cooling seasonal COP 0.89/5.96
Heating/Cooling setpoint o °
System Temperature 21.5°C/24.0°C
Heatm_lgCoolmg setback 17.0°C/27.4°C
emperature
. . January Ol1-February 28,
Schedule Heating period December 01-December 31

Cooling period

March 01-November 30

Ann Arbor, Michigan

M)

C . External walls 0.550 W/m*K
(‘{}‘S{,r:ﬁé‘;“ Roof 0.048 W/nPK
Ground Floors 0.074 W/m*K
Heating/Cooling system Fan Coil Unit (4-Pipe)
Heating/Cooling seasonal COP 0.89/5.96
System Heatm%/Coolmg setpoint 21.5°C/24.0°C
emperature
Heatm_%Coolmg setback 17.0°C/27.4°C
emperature
. . January 01-April 30,
Schedule Heating period October 01-December 31

Low—e Window (LW)2 AAs}g 11 7]&0] dubzd o 2 AFRE| 1
9= Clear Window (CW)E 7|&Rd 2 HA5}9th 4359
2 IGDB (International Glazing Data Base)& 7|¥tCE df=
DesignBuilder®] Glass datag ©|-8-6t9th. PCW+= A f-5rof mp
2 PCC (Photochromic—colored)2?} PCB  (Photochromic-
Bleached) 2 25t AEE ALY A7t whef A AAES
AR5ttt F350 EAL B E 2Yo) FY5tA &85}

1=
=4

5. Al=g|o]M I =4
51 3% 4992 A=A A5EA
2 AN E 7T S fo] oE AE Y, 2o

Table 3. External window properties and discoloration schedule

Glazing Layer U-Value VLT
Type [No. Thickness] | [W/meK] | SHOC |SC*| 1oy | Note
CW | Clear5+Arl2+Clears | 2531 | 071 |0.82] 784 E:::
LW |Low-e5 + Arl2 + Clear5| 1.832 0.61 |0.71| 76.7
PCC(Colored 5) + Ar12
+ Clears 1.487 023 10.26| 26.6
PCB(Bleached 5) +
eac]
Arl2 + Clears 1.487 0.69 |0.79| 62.2
Month Time
Window J Feb:
discolor | November. Decerber 09:00-17:00 (81)
operation
(PCO) March-May, October 08:00~18:00 (10hr)
June—September 07:00~19:00 (12hr)

Cooling period

May 01-September 30

(©2020. Korea Institute of Ecological Architecture and Environment all rights reserved.

*SC: Shading Coefficient
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U2 Ml A4S A5k
2414 7159 Seoul?] AiH= Fig. 2.9} 2t} & AE oyA 4
H]Z2 PCW ) CW ) LW 2 2 =7 Yrebsttt. PCW A4 o #]
AH[EES 31582.23 kWhz 7]&Rd dH] 457524 kWh
(16.94%) AHE-519 T 2% - hd-ul 2= 0 2 7] A 9, 7]
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pi=g
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7F 71 w2 PCWELH LWl W of 2] AH] g
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2] 2-H]Z2 PCW7L 10,793.19 kWhE 71 w7 741 Pﬂaiguﬂ 7]
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g odo] Aol Ay 2=t E 9 g E ARl 7t
ol wk2 @A o & Bt 29 oy A Ay 2=t 215
ARl o] Al AS & & ek 18U 29 olv A& A Lg 3
of 2] ghat g2 PCW7E LWEEE 575.05 kWh W& 7oz
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°°‘f417l QI Miami®] ¢ A% %*%Wi%l% 7F&sto %*HJ o
Uz AH|Ego] =4 AHEE A
Uz aHg A= PCW > CW ) LW %EE Fig. 3,;} Zr
Miami= 19 YUY 2027 Y= df7|s2 7|&rdol CwWel ¥
v of 2] A H| R 34,520.68 kWhE 713 =7 Usgith PCWE:
34,158.56 kWho 2 7122 thH] 362.12 kWh (1.05%) A &
7} QA VLT7F @A 5] Wol LWR T @i of v 2] 4H]ko]
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2] 2 H|ZEL 6,694.90 kWhE 714 A1 g0 2 LW 6,771.09
kWh, PCW7F 11,541.91 kWh& 7]Z29 thH] 4,847.01 kWh
(72.40%) S7¥ote] 717 A AXTE] QAT 7|22 o] A of v 7]
AH]ZRS 4121.58 kWho™, LW 39,939.45 kWha 1,276.13
kWh (3.10%) #4591 PCW= 45,700.47 kWh 7]Z2d o
H] 4,484.89 kWh (10.88%) Z7}5}t4ith.

%4 71321 San Fransicor AP 2= 1325 FA]511 AL
A HALE7}9CE WISt Fig, 4.0 2 A o v 2| A=
& LWt 18,780.64 kWha 7]Zmdel CWHL} 238.35 kWh
(1.25%) B A AH&EI a1 PCW O] A o] 2] AHg=F-2 23,043.34
kWha 7]Zmd tiH] 4,024.34 kWh (21.16%) ©] o] AF&E]9]
o}, W o 2] AHEke CW ) PCW ) LW 40 2 Uehdth CW
o] i} o L 2] AH]FFL 4,02 kWho | 71 A A AFgE LWe] W
1 o L 2] 4H| -2 0.05 kWhE 3.52 kWh (87.45%) 7454
PCW+ 1.86 kWho 2 7]& =ddiH] 2.17 kWh (53.86%) 743}
Aok ALd wEt Q7|2 Q5] AY d&de 2D 4 9L
ohE 2] o] Hlel] T oz AbgsFe] @A 5] 42 A & 4 Q)
o}, @i o 2] a2 QR 2| Al4-0] FFo = PCW

M 2] AH]gFo] 10,351.78 kWh= 714 AA AREE|QIt). ¥FH %
o
h=

Oh

oS g
oY A AHES PCW7F 12,689.69 kWhE 7]ZRd
4,953.35 kWh (64.03%) Zo] AHEH AT LWE 7,817.74 kW
81.40 kWh (1.05%) @o] AHgE| o] 21 o 2] AH]ef ZSHo A=
PCWHTILW7l o &84 A0 & shel=|gr
Fig. 5.+= Yti7]15<1 Ann Arbor9] Wi, W, 25 oy
2 BAg Aoy, Wt} o 2] AulEke Al 7HA] 135 9
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2 841539 kWhz 7122 e tfu] 3234.51 kWh (27.76%) 74
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ZIEAYREE %—é—o}ﬂ ojglg Ao & &<l E} o 2] 4
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Fig. 2. Total energy consumption graph of Seoul
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Fig. 3. Total energy consumption graph of Miami
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23519tk PCW A5 H71E 9o B2F2=2 Clear Window
(CW), Low—e Window (LW)= A5t 11 Clear Window (CW)

n
o

E 7122 skt vt 7| T E vhstr] flal 271
3 (Seoul) 2} @H7]E (Miami), s§F4 7] (San Francisco), Yo
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