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A Performance Evaluation of Photochromic Windows by Analyzing Building Energy
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Abstract This study analyzed the energy performance of Photochromic window (PCW) as a building exterior component.
Three different types of windows were used to compare heating, cooling, and lighting energy consumption. The simulation
results showed that PCW reduced total amount of heating, cooling energy by 14.9% compared to those of Clear Window
(CW). However, PCW had the lowest VLT during the glass-colored period which led to increase in lighting and overall
energy consumption. Therefore, in order to apply PCW as an alternative, further study of VLT performance and glass coloring
schedule is required.
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Table 1 Site Database

Location Seoul, Republic of Korea
Area & Building Area 640m> (160m” per each floor)
Other data Number of Floors 4F
Building Buildil.lg Orientation South
Footprint Floor Heights (Flr-To-Flr) 3.5m
Window-to-Wall-Ratio (WWR) 50%
Building Roof surface / Above grade wall / Ground floor (R-value) 0.15 / 0.24 / 0.2 (W/m’K)
Envelope Infiltration 0.7 ACH
Schedule Heati.ng Peri.od January - February, November - December
Cooling Period March - October
Heating / Cooling System type Fan coil unit (4-pipe)
System Heating / Cooling COP 0.85/5.96
Heating / Cooling setpoint 201C/26T
Dimming Control / Illuminance setpoint On, 400Lux
. Lighting Office - 10.2 W/m? / Core - 2 W/m?
Occupied >
load People 0.161 persongm
Office equipment 11.8 W/m
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A= 7]1¥& 2l Clear window (CW)E 7|Z=R4 2 HASATE LW (Low-¢ window), PCW 35 2] 7% IGDB
] o] E] (International Glazing Data Base)E 7]RFS 2 &}= DesignBuilder2] Glass Datas ©]-8-3}31th PCW HAY
- we} PCC (Photochromic-colored), PCB (Photochromic-Bleached)@ &3}t Al A AAF9] A7+
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Table 2 Window Properties and Operation schedule

Type Glazing U-Factor (W/m’K) SHGC VLT (%)
PCW PCC PCW (Colored 5) + Ar 12 + Clr 5 1.487 0.23 23.3
PCB PCW (Bleached 5) + Ar 12 + ClIr 5 1.487 0.64 68.5
LW (2e) Low-e 5 + Ar 12 + CIr 5 1.487 0.52 67.4
CW Clr 5+ Ar 12 +Clr 5 2.531 0.76 80.9
. . Month Time
Window discol
lnoozatilc)srfo of January - February, November - December 09:00~17:00 (8hr)
]zP o) March - May, October 08:00~18:00 (10hr)

Jun - September 07:00~19:00 (12hr)
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KWh/yr (18.7%) SE%S. uf] LW tiH] 827 kWhiyr (8%) Al Ve LW+ 7|52 (CW) thH] 1,264 kWh/yr
(11.3%) %2 D} o] ol U] LH|gFo] ol duF& ¥yt oly el SHGC #k9] ztolo] w2 435 &
s A AHgsth= ﬁ—% ojm st PCWE WA Al wb2 SHGCO| oJ3) shd7] Wi ol =] dxtel a349)
O ;g].o ]— _/': oh;],

W ouA o A, BE S T duFEo] 7P Foke 7R P 10,302 kWhiyr® AlAFE itk LWL
7|54 g4 1,729 kWh/yr (16.8%) HAE Ho e o §3d 5 7P A dEwoen pcwe 7|2 d
tH] 1,114 kWhiyr (10.8%) 7 LFER LWHTE W& 21488 Bt ol F 39 dAF82 vYdhy,
PCW<] SHGC gto] LW KT} vhgof whe} o] Wa AN 50| 7hsgh LW7h Whidol =] Aol fraldid
Aoz AtmErh

Z9 A= A ZE9F AAACl #Aeo] 9ol VLT FFEAL 93] tUAEEL AA 59T Alo]7]
T 2T ARk AFFA 7]E9] 400lux® A SR CW A8 Al A3F 12,844 kWhiyr® 7HE w2 21 oL
A7F 28 E AL PCW7EF 15,100 kWhiyrz 7HE ol ZAnjE o] 7|EEd ] 17.6% S7F8kadth LW= 715
el tiH] 5% Z71HE 13,464 kWhiyr & PCWETF 21 o] FEox o a&32¢ Aow ﬂol&]Mﬂr. o]
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W oy AaF Al 7lERE o] oy A &M M-S PCW (3,205 kWh (14.9%)) > LW (2,993
(13.9%)) <=0 = PCW7} o oy x] ditel fEd FEE vetsth ey 21 oy AE e F ol
YA vk 4$- 7]F2d i8] LW (2,373 kWhiyr (7%)) > PCW (949 kWh/yr (2.8%)) =02 A7HES 1
Atk o= bBA“ f\] PCW2| v VLTZ <13 3}=3d =4 OMXM A ol YA AulEe] 45% (15,100
kWhiyn) & 2t ghe] & A2 Belvh W duA| = 32w AREZ upel Aol oa ¥ 7
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Table 3 Window types & Energy consumption

Type Cooling Heating Lighting

P Energy (kWh/yr) Variation (%) Energy (kWh/yr) Variation (%) Energy (kWh/yr) Variation (%)

PCW

9,107 -18.7 9,188 -10.8 15,100 +17.6

(PCC+PCB) ’ ’ ’

LW 9,934 -11.3 8,573 -16.8 13,464 +5

CcwW
(Base case) 11,198 - 10,302 - 12,844 -

24,500
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e (kWhivr)

15,100

11,198

Fergy consumption (

i1 8,573 L e = w &
= e
000 . ... - 0 10 =0 0 10
108 i
500 | - 168 e i 0
L] 0 ] o
Lw PCW Lw ow FCW Lw cw
Window type Window type Window type

s Cooling Energy @+ Varation{%a) Heating Ensrgy  +=0-+ Varintion{"s) Lighting Energy ~+0-- Lighting Variation (%)




gk, ol 9]

& = ° Bl
8 g ouA) 2elFE v S 1

A

( [«U_tu
fo
o2
2
.
EJ
B
&
N
olf
r
-
@)
offl =
1

| Wbl oA AvEFe] 242t 18.7%, 10.8% FHAEHR)
W 3 14.9% Akt W olux] A E A 7]-F 7] 12413 A A|(PCC)2] SHGC7}
v o o AlgEnh Wi olyx] 49 Ag- V=R d ] & AR
of 913k Aoz golwEch LW W U] aH|Fo] 715D i8] Z2); 11.3%, 16.8% 43S
5 o] Wt o4 Aol PCW KU} & e A
<2 W Al PCW 7} B4 8AIZE 5k SHGC 450l Sol dALEE S fhaol 93 Aoz gehec)
z oUA ¢ A VLT 5402 918 PCW7} 15,100 kWhiyr2 7|2 AR T} 17.6% Z7Fske] Al 7FA] %
3 T 7P =2 NS Btk o= PCWZE WAE eIl PCCO VLTZF 23.3%% 7|29 o] oF 28.8%
Fo 24 Adlxk dRE 98 =W ARl soldd] mE dYdow gl
kA, PCW 5 G A=Z4 B iy ol Yx] v SH A= a4 Q 2oz dly), =1 oA
S = =gt 2uES YElye] wEl VLT /A 2848 A58 tE B8, &5 15 dA=H
A=A Az A L AL GUE Aste] oS e 50 UES o R ohdg 23
of st F% F7F A7 AHH SR o]Fojx ok g Flo|t)

=z
7
el Zeld 54

7|

fo

o =S 20I8AE H|EYRENLY AP0 R FHAT AP G ET S ATAIY ] A9 ol Y
&15-9] (No. NRF-2018M3C1B9088457).

References

L A4, o<, A9, B9, 7], 2017, 18 &2 F3 G olvA] AaaA, digdn e

A, pp. 615-618.

, 2019, A7 AR 2o mE A8 A2 B Y dyA] 24, 3=
B 278 115383 FA) s3] =%, pp. 110-111.

3. A. Gustavsen, B.P. Jelle, D. Arasteh, C. Kohler, 2007, State-of-the-art highly insulating window frames - Research
and market review. SINTEF Building and Infrastructure, Project report 6.

4. DesignBuilder, https://designbuilder.co.uk, 2020.04

LS AATEA T, AERE 227 7 A REREAS e Y J13(1), EalA, 2016.08

. B.R. Park, J.I. Hong, E.J. Choi, Y.J. Choi, C.Y. Lee, J.W. Moon, 2019, Improvement in energy performance of

bulding envelope incorporating electrochromic window (ECW), Energies, Vol.12, No.6, 1181.

o Mo

AN W



