L)

Check for
updates

KIEAE Journal, Vol. 18, No. 5, Oct. 2018, pp.21-27.

Korea Institute of Ecological Architecture and Environment

An Evaluation for the Building Aesthetics Applied with Facade-Integrated Solar Cells Based on Analytical
Hierarchy Process

EL TR o

Jo, Han-Sol” - Han, Seung—Hoon**

* Master of Engineering in Architecture, Chonnam National University, South Korea (hs3269@naver.com)
** Corresponding Author, School of Architecture, Chonnam National University, South Korea (hshoon@jnu.ac.kr)

ABSTRACT KEYW ORD

Purpose: As the problem of global warming gets worse, interest in renewable energy and research continues.  Building Aesthetics
Especially, solar cells solved conveniently are receiving a lot of attentions these days. While, recently, solar cell Ezggwgb:z:\é?sre
applications are steadily growing, no systematic assessment system has been established. Also, there are often cases of Analytical Hierargc)I/w Process
solar cells being installed by some experts without taking into consideration aesthetic factors. Accordingly, it is  BIPV (Building Integrated Photovoltaic)
essential to have a system for assessing the aesthetics of the building using BIPV (Building Integrated Photovoltaic)
cells. Therefore, this study aims at implementing an appropriate evaluation system for building aesthetics applied with EEQATITEH C
facade-typed solar cells that affects the beauty of the building elevation. Method: In this study, basic aesthetic E;ﬁ Mo x|
components are derived by analyzing properties of solar cells and their installation method, and components of the &M 7= a3
building in order to build an evaluation system of aesthetics. Afterwards, field evaluation and AHP (Analytical SUMY EfEH|
Hierarchy Process) assessment are conducted to increase the reliability and accuracy of aesthetic elements, and the
estheticism element's importance is analyzed through this process. Result: Finally, an integrated assessment system =
could be established by analyzing the key aesthetic elements of developers and architects via an evaluation by experts EI‘; ca(i'\:s\is'?;? r(legéi/oe}js Oct 2 2018
in each field, and its applicability to the relavant professions have been verified. Accepted Oct 7, 2018 '
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Table 1. Evaluation Elements for BIPV-based Building Aesthetic [3] i§2507l]?_€ QH:}:OI_?; :;i; :}ifi]}i-qﬁ/\q] ‘:HO;— j—;]:
Main Categories Indexes Elements k.
Vaterial Type Configuration = QA Rt HAsto] th2bHQl WA AS Sstnat st
Method WA, A% Hoke Bl AR} 60 B O R stggom A
Meeral | fosallation Type Gainliness B AFIN A2 87 U BN T 1082 A 507
Applicability Persistence sl £ttt A8 A tE"—o}% /\‘:]1? A 7‘]_3%%_}@' 4] _1?7_>32—E.—?0}2
Conformity 2 1400 ey 20 1059, 454 =0 215, 234
Shune Openness Asscssment = 18go g PAHL Bk 1097 Agstglon ofgh s
Symbolism o Aol el o g 44 9 7|4 A Ko 2R 31 tig &
Color Color 4 dlolo] PstArt, x| Bef 9l BA w1l Eolsin] of
e Design Molding AR} 150 it B4 AE vl TSHY Table 2.9} 20
Design Design Harmony = Hofo] AHP A7HE 243198 1 A% Y 25 49 &
S Ci:f“tfmy ROk AR A9k BAASIO, SEF G2 A= ursie
A7} BEE 9t A% Bk AR ZHo| AT S 33.07%,
eBfz| o) Az EHe Qs Ao AT AA]5E ] B4 A2 2 2ALE 66.93% = Frlstgout, 24 9 714 74
oz pHS 2ot QB A EAYL Q2o BEAL /o s nHct I ol A5 ZHY x4 o= AHrH 9 60.82%, 52
4= T Ao 2 A AglZE A'Y PV(Photovoltaic) 2] 7 =T 39.18%= EA 5 it
O AR = GA Aol T Ao 2t 1 d o] 7155 A5 AZ W SAEE AR FEF O At gre 2 Q5| 523
S BEQG AAS w1 9ot [2], [4] AhA .2 DSSCe] A EFNEAL EA BEEon, o] ATt Ae] wet o
© zof ufet thoFst A4 Tdo] 7l ste] EWE 2Ho] kst 2 QR 919} A A o] Zho] o] A 7] Q1gt 0]F Hokof tigh o] 5] 2
the E4o] 9leh. A48 0] AL gapA| 9 ’“il‘*‘ﬂ*ﬂ 74 Z3} QA1) el Ao R B 2 9lrk 2, An A 7154 Zhzb]
of W2 HE 71542 oju]giet [5]. BIPVE Chofat A%E 240 gt A2d 2gkgo] Az WA el At A glokia] 7%
2Q 7h=5t uk2 Az ur o] what 7 AR ua}x]cq, Eé} =] A9 9 Aol 2= AFEN S AN HE YA 7& B
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Table 2. Comparison of AHP Results between the Architecture Field
and Material or Technology Development Field

Material or
. Architecture Field Technology
No. el Development Field
Elements
Hierarchical Overall Hierarchical Overall
Weight Importance Weight Importance
Material

1| Characteristics | 3307% | 3307% | 60.82% | 60.82%
1-1 Configuration | 18.75% 6.20% 15.07% 9.17%
2 Method 11.06% 3.66% 13.33% 8.11%
13 Gainliness 22.83% 7.55% 2351% | 14.30%
1-4 |  Persistence 20.73% 6.86% 2581% | 15.70%
1-5 |  Conformity 26.62% 8.80% 228% | 13.55%

2 amm%s 66.93% | 6693% | 39.18% | 39.18%

Openness
21| g ont 12.67% 8.48% 15.63% 6.12%
22 |  Symbolism 13.48% 9.02% 10.24% 4.01%
23 Color 9.11% 6.10% 10.60% 4.15%
2-4 | Design Molding | 10.65% 7.13% 10.99% 431%
2-5 Design 19.07% 12.76% 16.04% 6.29%

- Hal’mony » (] . 0 A (] . (]
26 Structure 15.89% | 10.64% | 15.96% 6.25%
2-7 égﬁ?;f;‘}l’; 19.14% | 12.81% | 20.53% 8.05%
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Table 3. Representative type of BIPV

Curtain-Wall Type ‘Wall Type Window Type
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Table 4. Selection of the Assessment Specimen [1]

Curtain-Wall Type Wall Type Window Type
ig;:lrimg;:mt Orakai Hotel NationI;lllaI[l})ne_‘i:/ersity
Solar Cube
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Table 5. Comparison of Average Score per Element between the

Architecture Field (A) and Material or Technology Development
Field (B) for Global Environment Research Center

Category
1|2 (3|4 |56 /|7 8|9 |10 11|12
65]73|167|68[62]|66|46|63|50|66]|45]58
57178 |52|70(52]53[48|54|52|58]43]62

Field
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Table 6. Comparison of Average Score per Element between the

Architecture Field (4) and Material or Technology Development
Field (B) for Orakai Hotel

Category
1|2 (3|4|5|6 /|7 |8|9 |10 11|12
75179777372 |74|53|57]|65]73|54]5.1
8084|7774 |74|72|68|65|77|75]64|77

Field

i Ha2171 0.5

A o)A Zpo|7t U= gH2-81-3-4-6:7-8-9-11- 129 3F= o 2 A 17}
s ASEoF TAATE 104 THgel 61482

A FAHE 6.98.02 YA,

Table 7. Comparison of Average Score per Element between the

Architecture Field (A) and Material or Technology Development
Field (B) for the Solar Cube at Hanbat National University

Categol
Field fegory
1 2 3 4 5 6 7 8 9 |10 | 11 | 12
A 6571|6669 |66|69|53|57|56|63]|44]|55
B 751677475167 |75[67|69|70]|67]|62|6.6

0.579 ol @—’Fi}ﬂ ‘if FEorE 13 A 8(—3%

x 7V = A% 4
A gro] 100] ¥ =5 stof
Astch Au)gd g7t
ol Al 71&5t whe ol 127] FEFo & F4dHof 9l
ool 494 87 % =X

Table 8. Comparison of Average Score per Element after AHP
between the Architecture Field (4) and Material or Technology
Development Field (B) for Global Environment Research Center

Category
1234567 [8]9][10]11]12

A 40(27]50[46|54|55/40(38|35(83(47]|7.1
B 521617410869 (33|19|22|22(36/]26]50

Field
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Table 9. Comparative AHP Analysis for Global Environment 718 wkow, 7P W2 Hae 2,68 AT 2R B
Research Center A7) 9 714 A Bofol A A440] 117802 71 o,
Architecture Field T Ee HEE 274 Ao s EAE

Configuration

12.0

Conformity. 10.0 Method
80
Structure "] Gainliness
Design Persistence
Design molding Conformity
Color Openness...

Symbolism

Material or Technology
Development Field

Configuration

. 120
Conformity 5o Method
80
Structure 60 Gainliness
Design Q Persiste nce
Design molding Conformity
Color Openness

Symbolism

Table 10. Comparison of Average Score per Element after AHP
Application between the Architecture Field (A) and Material or
Technology Development Field (B) for Orakai Hotel

Category
1 (2|3 [4|5|6|7/|8|9]|10|11]|12

Field

47129158(50]63|62|48(35]46|93|57]|68

73168 |11.1{11.6] 10 | 44|27 |27 |33 474062

Table 11. Comparative AHP Analysis for Orakai Hotel

Architecture Field

Configuration

12.0

Conformity 0o Method
8.0
Structure Q Gainliness
Design Persistence
Design molding Conform ity
Color Openness.

Symbolism

Material or Technology
Development Field

Configuration
. 12,
Conformity 35 Method

2.0

Structure Gainliness

Design Persiste nce

Design molding Conformity

Color Openness...

Sym bolism

Table 12. Comparison of Average Score per Element after AHP
Application between the Architecture Field (4) and Material or
Technology Development Field (B) for the Solar Cube at Hanbat
National University

Category
1|23 (4 |5|6| 7|89 /(10]11]12
A 40126 |50(47(58|58[48|35(40(81|47]70
B 68154 |106(11.7/ 914627 |29(30(42|39]|54

Field

Table 13. Comparative AHP Analysis for the Solar Cube at Hanbat
National University

Architecture Field

Configuration

: 120
Conformity 35 Method
80
Structure Q Gainliness
Design Persistence
Design molding Conform ity
Color Openness..
Symbolism

Material or Technology
Development Field

Configuration

N 120
Conformity 159 Method

Structure Gainliness

Design Persistence

Design molding Conformity

Color Openness...
Symbaolism
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A=QuY TR HE HEE2 2445 7|8 oojd ot
Table 14.914 A4 H Bie} Zo] BE & 2 7= T 270 W FAS sttt B ANE EdlE 3524 0R 50y
= ARtsto] AHPE A-§ 243 27, Q=4 ZHA HA5Eok B2 A8 A2 And B AR 52 T 2AE 7t
+ A4S 7P = BoIRE A, 71a 9 A4 7P Rofol A= okt sholet.
A|&Ad0] 7P wokTh MY R Q4 T RoF BE AEUHE
Akt A0 BdH2 A8 A5 Anld B7HE S A
Table 14. Comparative AHP Result from Researchers in Both
Fields AR, A wofol whet A /def g ohE AAS 7HA A Qe
. . Material or g g 4= Uk 24 A7E B A5 Zof A= 1%
e | 2908 70 A 0, 2 8 21 Y ok S AR
Hierarchical |  Overall | Hierarchical |  Overall 2 W] SRS AR £7 Brkstih
Weight Importance Weight Importance
1| qeaterial | 4153% | 4153% | 5591% | 5591% EA, 252 ZHA A% Roke o xsH, 714 9 a4 A
g Zofol A= FRAGA S 7P £ Brlekdoh M E2 A
| Configuration | 18:26% 7.58% 15.74% 8.80% E JES Q4R AEA Z2H2 AR 7|4 D A4 EF Hop=
1-2 Method 11.88% 4.93% 14.76% 8.25% 7330l AE ST ST SR A5 o 274 8 71
W fof B FAsHA HHd, Aoy, ALY A= Auld
1-3 Gainliness 25.12% 10.43% 22.45% 12.55% o] 225t A0 2 LRG|, o] BloFAA] U AZE g A7ho] u
1-4 Persistence 19.10% 7.93% 27.12% 15.17% AL o] g5to] A FA T 23S Sadt 4 9l 1A o] 21
1-5 Conformity 25.64% 10.65% 19.93% 11.14% I+ v]gol= Ao 2 mETth
? | oy | ST | S76 | st | one A, B A2ES AT Bl 2T 2xk, AnATH) 3
21 | Opemness gz | 276% | 1513% | 6.67% 7hRete 4T ool Antal weE o, ARk oz 3§}
Helet siAlE FAA o= Bt A AASke] AlRMH B7hE 9
2-2 Symbolism 11.55% 6.75% 9.70% 4.28% Yol A 218142 st 5l T olphs B2 Agsh 2 o)} 8k I
23 Color 8.79% 514% | 1011% | 4.46% 25 RS dtedsto] Bt AFA ol Aluly HolA A £
24 k’fgf&ﬁ‘fg 1143% | 668% | 1083% | 471% 1% FHoR AR 5 RS ASH A77F A8t
25 Hzeniﬁy 2095% | 1225% | 1407% | 620% = B oA A D=9 HFHAE 2ot BIPV
2-6 Structure 15.68% 9.17% 17.68% 7.79% o A SR 43| 271 AR & £ AT, M
B g AR A2 2 S E A Qle FAlolth A9 9 Bk
27 éggfsgflfl’fy 1834% | 10.72% | 2248% | 991% x| o vitAgt 482 s B Zled AlE T e 2715 H
A5 wopet 24 9 7] A fofl] FE et ol BaT A
A5 ZHoA A% Roks AFZIA, 714 9 24 N & o= Holw, Bt A A Auld B7HA e At AE Qe
ofell A= H A S 7MY A BrkekgIh 7MY e A4 E 9 A5 o] HegE ofof & Zoltt,
S8 84RA A5H S AY, 7le 2 A7 A ok A
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