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ABSTRACT KEYW ORD

Purpose: This study aimed at analyzing the building indoor environment conditions and energy performance  EEZSHE Y HX|
when DSSC BIPV windows are applied, and building a database to suggest the appropriate performance level of E:%%iﬂ? Ef QTR
DSSC BIPV windows in future buildings. Method: The DesignBuilder, a building energy analysis program, was dEoHx
used to evaluate indoor illuminance, room temperature, cooling and heating energy, lighting energy, and power  pssc
generation performance. Result: Simulation results demonstrate that the current characteristics of DSSC BIPVs  BIPV
exhibit an improved U-value but low visible light transmission (VLT) performance in comparison with  Building Energy
low-emissivity double glazing windows. Thus, heating energy consumption was reduced, while as the electricity
consumption for lighting was significantly increase. This increasement influenced the increase of the cooling energy A CCEPTANCE INFO
consumption due to the higher indoor cooling load from lighting fixtures. To satisfy the 13% power generation  Received Dec. 23, 2019
efficiency suggested by the National Renewable Energy Laboratory, a VLT of 30% is required, which will produce  Final revision received Dec. 27, 2019
energy savings of 4,861.44 kWh/year. For VLTs of >50%, energy saving is possible in combination with any ~ Accepted Dec. 31, 2019
generation efficiency.
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Z gjoFAR] o] H|5) AEH v]-g 02 AHAYAo] 71510 thokst 2 3| AHRA A= DSSC BIPV Agof W2 AE3Y A5 Ay
AAyo] FRALLL[T7], SHA|T, DSSCO] A T&-L 7|1 & B FAA B 2, AURE) 2 AE oA e, &, 280uA)E 2
t} ko wo|m MAlT} Exl-go] o5 Qgke Hhy| w o] lokA =] Asteieh. Bt B 24 floto] A gAES Alitslal.
o5 7|ie = 5 DSSC BIPV7} 2|42 0 = 7 5l 282 A] 4
% % A92 FE Data bases 753} ©] S 918 DSSC BIPV
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DSSC BIPV A5 42 $15t9] Designbuilder (Version 5.0.1.
024)E A5ttt Designbuilder+ EnergyPlus 715+9] 53 A&
oz o} AlEHold =230 =2 LEEDS ASHRAE 90.19]
7& 20E Eﬁnﬁ}j ATH25].
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Table 1. Parameters of simulation model

Item Contents

Modeling

Location/

. . Seoul, Republic of Korea/South
Orientation
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Item Contents Table 3. Physical properties of DSSC Cell
Total Building 640m? Type DR DG
Footprint (160m? for each floor)
Area Tio2 Thickness [um] 8 8
Number of Floors 4F
Floor Heights U-Value [W/m?K] 5.77 5.77
Roof surface (U-value) 0.15 WK SHGC 0.41 0.40
Al 1
Bulldmg Enve]ope bO\EIeJ_%Z}gZ)Wﬁ 0.24 W/neK SC 0.47 045
constructions Ground floor (U-value) 0.2 W/nK VLT [%] 6.0 33
Infiltration 0.7ACH Inside/Outside Visible reflectance [%] 9.19.4 8.1/5.1
. . January Ol - February 28 0 o
Schedule Heating period November 01 - December 31 Solar transmittance [%] 19.2 16.1
Cooling period June 01 - September 31 Inside/Outside solar reflectance [%) 11.211.3 10.4/9.1
Si 5.6 2m (16AE
Exterior window = m x 2m ( ) Infrared transmittance [%] 20.3 21.1
WWR 40%
- - Insi i i 9 16.3/16. 15.7/15.
Heating/Cooling Fan Coil Uit (4-Pipd) nside/Outside transmittance [%)] 6.3/16.0 5.7/15.9
system type & Heat | poiier/air cooled Chiller
source
Heating/Cooling g A7l B M
System Seasonal CoP 0.85/5.96 4 AIEE‘"oI EJ'I' =
Heating/Cooling o /7
setpoint Temperature 20°C/26°C 4.1. DSSC BIPV 6]%
Heating/Cooling o o _
setback Temperature 155°C/29.4°C DSSC BIPVY] @A A% 45 otofS df 3459 4, g1}
Lighting Office 10 A 5o oA aul, A RS A,
gl Aoz A H o 0] AFT7FO WZolo
Oecusied load People 0.161 person/n? 1517 Jsoz AfRe 248 98 a3t 9559
sannl e Office cquipment 118 WinE DSSC 2.9] VLTe] 9t A2 EE 243517 Ssf 1 Wafe
olo] A TFAO T AR 3=0 H o gl AE AAsHS Z] ALz
Dimming Control chgr(:é%%OLLul;(x Qlo] Z|4-gHF 0w d? 359 Wi o ugAg A4ty vz
& Clear Sky A€ 2 274 QA= Afgo] wpe AUz 242 A
12 A58 44 AT HAQTF8E HTS] BEOlN BTLEA 1Y Ee
emme = 129 229 9712412 4 A5kglch 1 A7} Table 4.9} Zo] A =

2 Aol A-8% 37HA] {F 9] Z S Table 2.9F &t} 7]&]
g H851 9= Low-eR3E ]% A= *”40}04 DSSC
BIPV 58718 AAsHlt Low-E o= B5-FeF22 £
4, 3715, Low-E(3¥ ZH) fE 2 745 ‘:} DSSC+= &9
2Bmm), F7]&(12.55mm), DSSC Cell(4.4mm), Z7]
(12.55mm), T2 3mm) o] 45 7ok, 212 4 2 Fet
E AL IGDB(International Glazing Data Base) Hlo]E€]& 7|4t
2 5= DesignBuilder 9] glass datag ]85+ tt. DSSC Cell®] &
9 ot EAJ2 Table 3.3 Zom F<l A7]¥#el Korea
Conformity Laboratories®] KS L 2514, NFRC 300:2017 A|&¥
ol ¢Jgt DSSC Cell 100 x 100mme] A& A& A 7S &84t
DSSC BIPV= 27H4] @ 0.2 F45H3 o™ DSSC cell Zefof| wh
2 DR(DSSC Red), DG(DSSC Green) 2.2 45ttt

[0 o 4

Table 2. Physical properties of exterior window

L= Low—e)DRYDG &0 2 =A Yergth DSSC BIPV %35 9]
VLT As2 A of ©2t Low—-e3 29 9~5%0°] T1x| ] o]of u}-2
AYREE AR EE 7|£22 DR 83.98lux, DG 46.73lux&
Low-ex et @3] @7 Lehdeh, ALE4 A0 72 AzEs
300~500luxZ[29] DSSC BIPVEAE 9] A¢ A VLT &2 =2+ 9l
2279 Abg glol AAAPRORE AT )30 HE}7]
CEEP EEENERE

Table 4. Annual building energy consumption

Type Amount of Energy [kWh/yr]
Heating Cooling Lighting Total
Low-e 8,891.00 5,939.45 14,048.80 28,879.25
DR 5,693.19 7,414.69 37,827.28 50,935.16
DG 5,356.55 7,559.37 40,731.80 53,647.72
e e He 2ol mE AR s 2T 4 Z 2
7H AW R vAE GFe 245 st b et Az
EEA gAE S A gro R gttt Al ol
AT whah 24 =Y B2 ool whE Al £
A3t7] flste] Wy Al A= Offi 7t AlEeolde 119

Stk A7t ARG
4,213.66W/yr2 7P =31 DR
&0 & et DR 7|2

Fig. 1.9 Yeptxo]l Low-e’t
1,323.40W/yr, DG 1,106.09W/yr
o tfjH] A7F oF 68% At AL

©Copyright Korea Institute of Ecological Architecture and Environment 123

Glazing Layer U-Value VLT
TYPe | No. Thickness] | (wimek] | SHOC | SC | jof | Note
Low-e | Clr6+Airl2+Clr6 1.540 | 0490 | 0.560 | 59 E:::
Clr3+Air12.55+DSSC4.
DR 4(Red) 1082 | 0426 | 0490 | 4.9
+Air12.55+Clr3
ClIr3+Air12.55+DSSC4.
DG 4(Green) 1077 | 0417 | 0479 | 28
+Air12.55+Clr3
E )

| IP:219.255.207.%** | Accessed 2020/07/28 15:53(KST)



AR A= HE DSSCBIPV #39 &4 2

NCTEpPEECRCRE

2 e om 799 69.19% Zaste] 71 A1 1299 67.68%
D42 4 =tk DGL 7)1ER g tiH] A7t ok 73% 245191 4
Ao 74.59% 7A5to] 74 A1 1290 72.97% 7HAste] 71 =
A Vb

Fig. 2.= Z359] AR I & A2 L& Uepdlth ofF
A(6~99) B AY L Low-e7t 28.47CE 7% W1l DR}

DG7} & 4ot 28.64C 2 m|AlsHA] ot 712 2Rl Low—e thH]
0.18C3 7ottt AL E(18~24, 11€9~129) Ho AW 9
Al Low—-e7} 19.24C 2 714 @1 DRo] 19.39°C= 7| &R 4 v
0.15CZ715ta. QAFETFL Low-e Zo7F 2ol Ay
L Ad o] Aglo] DRo] 7FY =11 DG, Low—e &0 2 ¥ =
AAFS Holth % 714] DSSC BIPV #5.9] YAMETEFo] Low—e
thH] oF 30% G20l 22 AR A2 27} B =4 Yegithe A2
dHRFEA] BAE B4 E 2ot Aty @9REY F
DSSC-Re] 1.082 W/ntk, DSSC-G2 1.077 W/nrk, Low—e 7}
1.54 W/n'k thH] 30% W2 & M= 19 E Z3 oln=E Ay

HH Aoz S o F7) iZel AW =Y =4 U
= Aoz jAE 4= 9)

600 -10
500 -25
400 40

300 -55

Variation(%)

67 75 68 14 P895 6957 $9.56 §9.19 -68.90 69.01 -69.07 458 47 67.89 67.68

-70

Solar tranmitted(W)

JENN S DN D S DR DR S DU DU A L
7457 7426 F401 411 Fa16 73.64 7315 72.97
5

w b B AT A

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Monthly
Low-e zz2 DR mm DG -3--DSSC-R Variation —o-DSSC-G Variation

Fig. 1. Solar Transmission performance-3F, inside office
(Variation: A percentage change compared to base model(Low-e))

Indeor Temperature(°C)

7
Jan Feb Mar Apr May Jun Aug Sep Oct Nov Dec
Low-e 17.78 18.61 21.25 25.11 29.37 26.90 27.46 27.32 26.57 28.29 20.92 18.39
DR 17.81 18.42 19.88 25.18 29.28 28.22 28.60 29.30 28.45 20.12 22.98 18.33
m DG 17.79 18.39 19.83 25.14 29.25 28.21 28.60 29.30 28.44 20.08 22.93 18.31

Fig. 2. Indoor temperature by solar transmission-3F, inside office

Fo 4ol w2 A= oy av 24 Sl ¥
3 oy, 13 ofjufz] A EA40
4., Fig. 3.3} Zo] & 71& ovz] &
kWha Al 742 25 48 5 7P dom ¥
&2 AMEIth 1 8o 2 DR, DG &0 & Y7 Yeht DG7}
71&m e tiH] 24,768.47 k\Wh(85.77%) %713t 53,647.72 kWhE
71 wol F7tstitt.

+
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Wil 1 2]= DR, DG 7} 7| R A B o} ZAshe 2102 Uerd
t}. DRO] 5,693.19 kWhz 7]&22 tfH] 35.9%, DG7} 5,356.55
kWhz 39.7%7%4stsch shde] WatuixEs 7jERdo)
5,939.45kWh2 7p3 WA ALtESleH, 7]End tju] DRo]
1,475.24 kWh(24.8%) %7}, DG7} 1,619.92 kWh(27.2%) Z7}s}
ok Wi o 2] Za @A DSSCO] GTR-& EA4 0= <l5to]
A&A Y] A9 AY d&Ao] ol 57| wgo] dio] FolE Ao
2 pere, @i oy 7] 3710 79 of 54 A I s art

H, VLTZ et Az o] Frtste] ahle) dAfo] vet
w702 Atz o]of whet DSSCE AU F&Alof ot gty
7150 A Al em A AEe] Gz A7 At Qe o s

atele et
gelw et

60,000 250

50,000 189.93 200
B 169.26 [
= g
=
£ 40,000 150
H ' 3
=] e\/
g 30,000 100 =
= - 3
g s
g k|

=
g 0o 2484 2727 g
g R
P -
£ 10,000 R
L]
)
0 £ N -50
-1,881.03 -1,375.10
-10,000 .
Type of Windows

= Heating Energy Cooling Energy Lighting Energy s Photovoltaic Power
—o- Heating Variation (%) -x--Cooling Variation (%) -o- Lighting Variation (%)

Fig. 3. Annual energy consumption. (Variation: A percentage
change compared to based model (Low-e))

Z oz AH|Ee 7]Erdy DSSC BIPV 339
Zpoluh= A0 & vpehdth, VLTo] 3oy 2] 2] =
A5}17] flste] Dimming controls AA|5HIT. Ao 7]
Core 200Lux, Office 400LuxZ 424, Dimming Control A4+
QujA0] F7h =o0] 0.75mZ A5t VLT7F DRo] 4.9%
G7]- 2.8%= Low—e 5.9 ¢ 8%l 14 7|&Rd ]| 53%*01
2] AHlgo] & Frtstct. DG7F 71ERd thH] 26,683
kWh(189.93%) Z7}5t%] 40,731.80 kWh= A 712 #& &5 29
ozl anlge] 71 EA UeEtal, olejA DRo] 23,778.48
kWh(169.26%) %715+ 37,827.28 kWh= AAt= g1t o]+ DSSC
BIPVE] VLT7} 7|2 2 & Kt} @ 5] Wrop A Q1327 ARg-go]
old 2o webeth W il 2y E SR F oy
A &H]F2 DSSC BIPV 5.0 difeluiz] M3te| e Eaota |
Wt 2ouA] F7IR Q) VERd T HFHo R
A0 & Vet
DSSC BIPVE] A& Aategat oA & 21& ofv 2] 4H]=F
ot} £ Aol A 445 DSSC BIPVE R
= 7Itst7]= oldth DR ¢17t

=

EREE RIS RER IS
1,881.03 kWh, DG 7} 1,375.10 kWh& A4t =i}, o= 2249
Azt oA 4] 6.97%, 9.39%0] 1A= Fho|v] o] & HheiRt

% ofjA] AH)ERS DRo| 49,054.13 kWh, DGE 52,272.62 kWh

2 3kl E]|9ith DSSCBIPV 5 &
7] QS| = VLT /Ao Qg =19

SH0] A% Y B A LS

—170
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Table 5.+ 72 Y, W, o2& 245 Atolct. 03
Az AL B 849 124, W 19 2198 gRlE e &
AHFL Low—e7} 456.21kWhE 7F3& W1, DG7}656.13kWhE
7} =7 YeRdth DR, DG #3 257t 7|24 ojy] w2
53.15 kWh(22.44%), 54.82 kWh(31.84%) ZAstgla Wuke
35.47 kWh(29.13%), 38.78 kWh(31.84%) Z7}stglch 23y
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Table 5. Peak energy consumption

Amount of Energy Power generation
[kWh/day] [kWh/day]
Type
Heating Cooling Lighting January | August
(January 21)| (August 12) ((Jan 21/Aug 12)| 21 12
Low-e 236.89 121.78 60.37 / 37.17 - -
DR 183.74 157.25 148.68 / 143.49 | 3.97 4.23
DG 182.07 160.56 15892 / 15458 | 2.90 3.11

4.2. DSSC BIPV Al%5 Database 4=
DSSC BIPV &35 9] A= A2 2] A4 VLT, PV HHT-&4%

47 BAST VLTE 459 FYE 248 59 A
A HAEES AL FaF 240tk ofof wet VLT
T2 A8elE AP Ggo] glo] o] WY A%
718A 05 Tefsolo} & ot WSS PV

A e AArste] A2 oA 2o 7olg 4

g obd PV /)52 53]
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ME: :
olZ 9J5f & A= VLTE 5~60% HlA 10% H=
o 2 2~20% HNA 1% T2 A sto] P}
S F AR vk A6t VLT %
2 Table 2.5 71%22 DSSC & 71 2719l =1 g 4
1 9= DRE 7|20 2 cello] VLTE Table 6.1} Zo] A5}
DSSC BIPV #5& A5},

Table 6. DSSC BIPV window VLT by DSSC cell VLT

VLT[%]

DSSC Cell 62 | 85| 12 | 24 | 36 | 48 | 60 | 72

DSSC BIPV window | 5 7 10 | 20 | 30 | 40 | 50 | 60

VLTo| wg o 2] &8 HwE flof & A7) DSSC BIPV
45 VLTS 94K 5% 712nd =2 M Aste] o m DSSC cell 2]
VLT gt ARt 1%% 87 E45tct. 24 A3He Table 7.,
Fig. 4.9} Zo] VLT7} S7F4-5 diol|v 2 S7total Wit
2oy gashe Ao R ERIEI 71 ERD (VLT 5%) o
H] VLT7} 10 ~ 60%7k4] 10%4 S7kskel et g zle
6,646.06 kWh/yr(16.74%) ~ 8,932.65 kWh/yr(56.90%)7t2] %
ZFEQ T E7F Z-2 906.27 kwh/yr(15.92%) ~ 195.81k Wh/yr
(BA44%) 2 2t Eol B 552 Bt @iy AlEs diy A
o] Z7h&3 xo A 9] HAago] Hle] AL £ 2 A= A
o et VLT 10~60%= gl wat 7,032.91 kWh/yr
(5.15%) ~5,267.71 kWh/yr(28.96%) %43t 1 FHFa} upzkzh2]
2 T4 E28.94~0.96%2 A2t o015t

A
a
LSS

Table 7. DSSC BIPV window energy consumption by VLT

Amount of energy
VLT[%] [kWh/yr|(Variation, %) Note
Hating Cooling | Lighting Total
5 5,693.19 7/414.69 | 37,827.28 | 50,935.16 | Base case
7 6,113.13 7,251.30 | 34,945.50 | 48,309.93 _
(+7.38) (2.20) (-7.62) (-5.15)
10 6,646.06 7,03291 | 31,203.33 | 44,882.30 _
(+16.74) (-5.15) (-17.51) (-11.88)
20 7,552.33 6,369.82 | 22,722.06 | 36,644.21 _
(+32.66) (-14.09) (-39.93) (-28.06)
30 8,105.28 5,848.66 | 17,581.47 | 31,535.41 _
(+42.37) (-21.12) (-53.52) (-38.09)
40 8,491.10 5,521.12 | 14,456.12 | 28,468.34 ~
(+49.14) (-25.54) (-61.78) (44.11)
50 8,736.84 5,338.64 | 12,559.32 | 26,634.80 ~
(+53.46) (-28.00) (-66.80) (47.71)
60 8,932.65 5,267.71 11,370.98 | 25,571.34 ~
(+59.90) (-29.86) (-69.94) (-49.80)
40,000 100
35,000 50.00
2 5346 .
‘_if 30,000 = 2
Z -
E 25000 R 15 8
£ 738 H
5 20,000 b;‘:__‘;_z,f_-_ o g
g — 7.6 -28.00 2896 F
E"- ! — A= — &
= 10000 50
5.000 IIL IIL N Mids F 5
0 -100
5 7 50 60
DSSC VLT(%)
- Hating = Cooling
CLighting «@- Heating Energy Variation (%)

— - Cooling Energy Variation (%) -+ -Lighting Energy Variation (%)

Fig. 4. DSSC BIPV window energy consumption by VLT
(Variation: A percentage change compared to VLT 5%)
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VLT ®&}e] 74
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Data base Table 9.9 2] Al4stArt. DSSC glazing ¥& 413
A= FUET =QloA B Edstn o] F Fof gelEe= DSSC
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DSSC9] Cell Efficiency+= 2020 715 13% ©|tH[30-33]. 12t
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Table 8. Power generation by DSSC Cell efficiency

DSSC cell efficiency [%] PV Power [KWh/yr]
2 1,297.26
3 1,945.90
4 2,594,53
5 3,243.16
6 3,891.79
7 4,540.43
8 5,189.06
9 5,837.69
10 6,486.32
11 7,134.95
12 7,783.59
13 8,432.22
14 9,080.85
15 9,729.48
16 10,378.11
17 11,026.75
18 11,675.38
19 12,324.01
20 12,972.64
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Table 9. DSSC BIPV window energy consumption by VLT and
generation efficiency [kWh/yr]-Base case: Low-e window
(Current level: Standard of preceding research)

2627090 | 3690.55

- 21063 | - 183040 | - 1497177 | - 7RG | - LU | 200082 | 327573 | 4339.19

- 2037600 | - 1775077 | - 143314 | -G080 | -9 | 273945 | 392436 | 4987.82

- 1972737 | - 170214 | - 1367451 | - 5862 | -31@ | 338808 | 45729 | 563645

- 90RA | - 1649351 | - B3RS | -487D | 32101 | 403672 | 521602 | 628508

- 1843010 | - 1580487 | - 1237724 | -41X15 | 96965 | 468535 | 587026 | 693372

- 1778147 | - 1515624 | - 17861 | - 3402 | 161828 | 533398 | 651889 | 758235

- 171284 | - 1430761 | - 1L0PSB | - 2848 | 226691 | 598261 | 7167.52 | 8230.98

- 1648421 | - 138RB | - 108135 | - 21982 | 291554 | 663124 | 781615 | 8879.61

- 1586 | - 1320035 | - 9RR | - LM | 356417 | 721988 | 8464.78 | 952824

- 1518694 | - RSOL71 | - 91348 | - 85D | 421281 | 727988 | 911342 | 10,1768

- 1453831 | - 1191308 | - 84545 | - 24736 | 486144 | 792851 | 976205 | 10,82551

14 - 380 | - 120445 | - 7868 | 4L27 | 551007 | 8577.14 | 1041068 | 11,474.14
15 - 324105 | - 106158 | - 7IR19 | 10O | 615870 | 92577 | 11,05931 | 12,122.77
16 - 25242 | -9%719 | -6 | LB | 680733 | 987440 | 11,70794 | 12,771.40
17 - 1ILOBT | - 93185 | - SB0R | 234717 | 745597 | 10523.04 | 1235658 | 13,42004
18 - 112515 | - 86OR | - 52229 | 296580 | 810460 | 11,171.67 | 13,00521 | 14,06867
19 - 106462 | - 8RLY | - 43866 | 36MB | 875323 | 11,820.30 | 13,65384 | 14,717.30
20 -9WTY) | - 73266 | -395B | 42806 | 9401.86 | 1246893 | 14,30247 | 1536593
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