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Abstract

Eco-friendly product designs have been developed more actively than ever before to resolve
global issues of global warming, resource depletion, and energy cost increase. Life Cycle
Assessment (LCA) is often applied to measure the environmental impact of a product. An
eco-friendly product should also consider the aspects of performance and usability for market
competitiveness. The present study developed an eco-friendly product improvement strategy of a
bladeless fan by comparing with a conventional fan in terms of performance, usability, and
eco-friendliness. The two fans being operated in a laboratory setting, performance measurements
such as wind speed, noise level, and power consumption were collected. Then, usability
evaluations such as aesthetics, ease of manipulation, ease of maintenance, mobility, safety, noise,
and overall satisfaction were investigated for the two fans using 5-point scale. Finally, LCA was
conducted by following the six-step process of eco-friendly product design. As a result, two
design improvement directions (natural fan and celestial fan) were suggested for an eco-friendly
bladeless fan. The proposed design directions would be of use for eco-friendly fan design with
high level of performance, usability, and eco-friendliness.
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1. A&

At 2dskel At nzdw e g wAZE AZsiA ol wep A A AlE dARIol 58
stAl A=Al et 20129 =A|oHA] 7] (International Energy Agency, IEA)9] A|A oA
Mool 2wl 20129 o]Atsleta HlESo] 20119¥C 1.4% Z71stych ®3F U54A R
(Central Intelligence Agency, CIA) 2o T2W 20119 &0l M QujatF2 1x 4,7479 Hj
U2A F3 37.59 5o Arﬂ Phsat golol 309 Foll AgAtdlo] 12E Zoe mAbEgich
ofof @t AUAIE aeAor 4G olitetHAa BiEHS AUAZ & Qe IEEA AE
ApQlofl gt AIA 74%91 #rol F7bsta ot & HA A|EF YARQl(eco-friendly product
design)olzt At AEfA] diet AFS HAN JFS FHaetste ABFEA YH2L2M(Seo,
1998), AR& Al oUA]S B2 St= AlF(energy using product)?] ¢ AR 7oA 2o
OlAl= F¥ol dFs] izl AUxE Bz sHA %= AlFol Hlsto] Hop g/do] aed
ZQ7} 9t {Han and Song, 2010).

A&ZA AE2EAS Ho}oi A 7o EHOP A= 173’}5‘% B7tst= Ag®g7HLife Cycle
AE7te AlE A W (EA R
A5, Az, &, A, d7)oA AblEs oUA] % AHE9] oFS AR e R FA5te o]F9 &
3 = AetRlez gGristal 4t st &8 7T 71 oltH(ISO 14040, 2006). 7}
A7he T ZARIIMRE BT AR VI7I7HA] ket Aol disl A8E 4 Aok
(KSWM, 2005; Lee et al., 2012a).
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C}. Ben-gal et al.(2008)2 %1gt7 CJAIQ1S A ubA

of gtgstol A& 7iE A wdolA EA Thset 8 I 5, AHEY, 2
du 24 2 7HE AAES A FEAE & A=F gARIske Esor Aostio. g8
Al MEY deat AMEA, BRI 59 EWol ndgy FEFEw Ay AAEE RE dE
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Table. 1. Specification of fans

Bladeless fan Conventional fan

[Mlustration .
|
e D
N 2
Size 350x350x155 mm | 405x370x890 mm
Weight 1.7 kg 4.2 kg
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Fig. 1. Eco-friendly product design process (KEITI,

2010).

2.3.1. AlE 22y
Ales 229 2N = +

Eo] AHE St XAHAMAI(Bill of Materials, BOM)

—

tx MEE 27t Bafet

e

uju

A1
GWP(kg-COy — eq.) = Y, (m; x GWP,)
i=1
where m; = mass of component /
and GWP; = GWP of component 7
A2

i=1

n
Emi

i=1

RCR(%) < 100

where m; = mass of component /

and RCK; = recycling rate of component 7
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2.3.2. AIE BRY BA
AE @Y BN WAME £ bR BVl #74 94F g mtolst] ols) A b
(life-cycle)?] 72 SA(UMRAS, AE, 24, A&, 222 W7))g2 AxIE, oluixl, BE2, o
Q

71&, 2L AEE FHoM9] kg COz-eq. & A&

2.3.3. O||™AR QFAEH BA

OlHUAR QAR BA @AM e AlEe FQ $7/4 parameterg =E5t7] flsll €7
471577 (Environmental Quality Function Deployment, EQFD: Masui et al., 2003) 7]
ZARIAL A= benchmarking (Environmental Benchmarking, EBM) 7|H-& 2885t9ict. 7324

fus

NsRAOIMNE AR-SAUA, 719, 22)n 48R S olsjRARSe] RPANS EEetL ER
' }

(14 oA %8, 3 F2E. 94 19 FadS W T, =29 ofs] WAK 2PA
3 AE A P 9 B34 parameterS(l: AT YRS, AHG F olulAl Aul)ue]
HE(1: o BAINS, 3% B912)2 Wotetc. a4 32 28

3% AR, 94 fS
of ¢4/ parameterd 7}E &S AF&Eoto] 7|d i €734 parameters A7 sHAT

d78AF A& benchmarkingo|A+= & 7HA] A&7]9] AlE A g ©AE €747 parameteroj

Ir

dish 58 Ae=(1g: e Ug, 3F: BE, 58 ol £3)2 ¥d4<S vl A & 59l
ooz 2 AES A ASLE, EEIT0l #H2 AlES A Alger 7Hgstol Mzt

9] benchmarking 7F=3st 7§ At 8734 parameterS otolste

A 3,

weight, (%) = %100

where weight; = weight of parameter J,
s; = significance of requirement J,

and r; = relationship between parameter ; and requirement ;

2.34. /XA HE o &

AT 28 =5 BA0AM e F B4 8274715471 (Quality Function Deployment for

Environment, QFDE: Masui, 2002) 7|¥1S &35} s34 ESHOAM FQox7F =2 225 JiA

ez dgstet. 194 QFDEOCIA = olsiatAIR @ AR A 7t 2”“3 parameters

ZFsE AlE S84 5%, 2o )9 FUF LS F7Istal, parameterd 7t
AtEstitt., 2874 QFDECIAM = 714 tiid €79/ parameterg X

0 =8, 271, 24 AY SR FHPY=E Fotete, BFE VA

7% 3
pgatol AEE 5, FFEAE B 27 A2E 23700 RES0] M i REoe AA
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2.35. A=k A 9 =X
A 2 HYEE WAL AN by RES Y02 X8 $7% parameterd 1Y U 3
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2.3.6. Z§EAA
MEuA DAL £58 NEYAES sl RFstol B A AA oheks Sstsich
2 AR ALY JIHE 93t A7 ¢ 3

L

s
A7) /e AE719 2A dike Jidsko

HEE
3.1. %
27} Qe AE/1E J1E HE/lNT BE 282 AT T AY F Bhol ke Ao g
o

HcHTable 2 Fx). 2f 252 F42 oF
=
|

Table 2. Performance Comparison Results

Item Level Bladeless fan | Conventional fan
) Low 59.2 > 41.5
Noise level (dB) High 738 N 0 2
) Low 5.8 < 24.7
Power consumption (W) High 181 < 35 3
Low 1.4 < 1.7
0-5m ieh 18 < 2.3
. Low 1.4 < 2.0
Wind speed (m/s) Im High 20 < 28
L5 Low 1.1 < 1.8
T High 1.8 < 2.8
Low 0.2 > 0.1
0.5m —rh 0.1 > 0.1
Wind speed/Watt | Low 0.2 > 0.1
(m/s/W) ™ | High 0.1 > 0.1
L 5m Low 0.2 > 0.1
’ High 0.1 > 0.1
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3.2. AR

2 /e AE7le V1€ ASVIEH A UER
Zoz {7t HdtkFig. 2 Ax). Aude 78 e A &
2.4%8 =7 BrrEQdEl ole 27 /e AE7I7E 710 S Mz FEolHA Tl
sto] A7 Heoz mretHich # gold2 2 e AEN
A)Eo Bt 1.48 =7 87 "ol ols 27 gle AS71Y
o A G7H7E Qlol ®IAl FAarh golsh] Higow mefe it wl
AE71(1.28)7F 718 AS7148)Ed 2.8 E2 Zlo=z J7HE A=

of

2Ao] 43 Yot BEIS ST ol UF 4F oIy Fho =gsh] 5] oH 4T}
7 1890 432 WPAY] B wepg gt

m Bladeless fan = Conventional fan

6
5
4 - -
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manipulation  maintenance satisfaction

Fig. 2. Usability testing results (mean + SD).

3.3. At g Yt
3.3.1. A= naay
G Qe AMZ7|= 7|& MEZ7|E0H RCRO| 1% =7, GWP: 168 A= e 7Zoz UEeG

tf. Table 32 27l gle AE71E wollsto] mofsh AXIYAIME BolEeh AE 2o 2, 27
e 719 2F 209N)e 718 AZ71887N)et & Atol7h glou AYPTLA7E 194 7t4sho
woll golido] duAor w2 7oz Moty AlE #olg &oll HH AEE&EERCR)2 2
NSl AE71(75%) 71E HAE71(74%) ol 2 Apol7t gl Ao® Uyt ®£3 27 gle
MEZ7)0] R L& I3HR| 45 (GWP, kg:COy-eq. )= 558 7|& ME7]9] 92Hc} 3792 e 7oa
o] it
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Table 3. Bill of material (BOM): Bladeless fan

No. De1com2305|20n imt Component name M(ags)s Material name (kg g\gzeq_) RCR (%)
1 S MET| 2 & 2081.6 0.00000 0%
2 1 AR 276.0 | Paper, waste paper over 50% (H x| 50% O| &} &) 0.35052 95%
3 1 o = 7.3 | Paper, waste paper over 50% (H X| 50% O| A &%) 0.00927 95%
4 1 gl 5.8 PP(poly propylene) 0.01145 85%
5 1 AE|IRE 108.5 EPS(Expanded Polystyrene) 0.21266 0%
6 1 = A 378.0 0.00000 0%
7 2 inner ring 176.0 ABS(Acrylonitrile Butadiene Styrene Powder) 0.52624 85%
8 2 outer ring 202.0 ABS(Acrylonitrile Butadiene Styrene Powder) 0.60398 85%
9 1 =2 st 1306.0 0.00000 0%
10 2 =& st 2 E 39.5 0.00000 0%
1 3 24 st Y& base 39.1 ABS(Acrylonitrile Butadiene Styrene Powder) 0.11691 85%
12 3 g 0.0 Rubber, EPDM(Ethylene—Propylenediene Rubber) 0.00000 0%
13 2 25 8t ZE{FHH 161.3 0.00000 0%
14 3 SHIEE 79.2 0.00000 0%
15 3 SHIFR E{7|0f 8.1 0.00000 0%
16 4 SHIUE R E{ 7|0 arm 6.0 Stainless Steel (AH| Iz A Z) 0.01296 | 60%
17 4 SHIFR E{7|0f 7| EHR &A1 0.7 Stainless Steel (AH|Qla|A Z}) 0.00151 60%
18 4 SHIt D E{7|0f J7|ELR E2 0.0 Stainless Steel (AH|elaf A Z) 0.00000| 60%
19 4 SHIHZE{7|0f 7| EFRES 1.6 ABS(Acrylonitrile Butadiene Styrene Powder) 0.00478 85%
20 3 =& 5t LE{FHH & 34.1 0.00000 0%
21 4 24 ot ZE{FHH & base 33.5 ABS(Acrylonitrile Butadiene Styrene Powder) 0.10017 85%
2 =X st ZE{FHH & B E 0.7 0.00000 0%
23 3 2 ot ZE{FHH] 5t 39.1 ABS(Acrylonitrile Butadiene Styrene Powder) 0.11691 85%
24 3 24 5t ZE{FB] Atst o] S 0.8 ABS(Acrylonitrile Butadiene Styrene Powder) 0.00239 85%
25 2 2 A5t ol S 156.1 0.00000 0%
26 2 =& 5t HH 199.4 0.00000 0%
27 3 24 st AH 55 195.2 ABS(Acrylonitrile Butadiene Styrene Powder) 0.58365 85%
28 3 2x 5t A AEX| 4.2 PE(Polyethylene) 0.00777 85%
29 2 =& st £2l0|E 7t 167.2 0.00000 0%
30 3 HE =ZHg 65.3 0.00000 0%
31 4 HE =27 52.6 PCB(Printed circuit board) 053652 20%
32 4 HE 1 1.6 ABS(Acrylonitrile Butadiene Styrene Powder) 0.00478 85%
33 4 HE 2 0.6 ABS(Acrylonitrile Butadiene Styrene Powder) 0.00179 85%
34 4 HE == Zgel 9.9 ABS(Acrylonitrile Butadiene Styrene Powder) 0.02960 85%
35 3 S2lo|E FHH & 67.7 ABS(Acrylonitrile Butadiene Styrene Powder) 0.20242 85%
36 3 £210|E HH| st 32.8 ABS(Acrylonitrile Butadiene Styrene Powder) 0.09807 85%
37 2 =2 st WIS x| 616.0 0.00000 0%
38 3 ™2 E base 366.7 0.00000 0%
39 4 2 E 230.7 ABS(Acrylonitrile Butadiene Styrene Powder) 0.68979 85%
40 4 M2 E base & 53.1 ABS(Acrylonitrile Butadiene Styrene Powder) 0.15877 85%
4 4 ™2 E base 5t 74.3 ABS(Acrylonitrile Butadiene Styrene Powder) 0.22216 85%
42 4 M2 Ef base W2 1.8 PE(Polyethylene) 0.00333 85%
43 3 oA 58.2 ABS(Acrylonitrile Butadiene Styrene Powder) 0.17402 85%
44 3 ™ st 165.3 ABS(Acrylonitrile Butadiene Styrene Powder) 0.49425 85%
45 3 W oSz 16.8| Rubber, EPDM(Ethylene—Propylenediene Rubber) 0.07577 0%
46 3 W 02X X[y 43| Rubber, EPDM(Ethylene-Propylenediene Rubber) 0.01939 0%
47 2 =X st dYZ= 95.2 0.00000 0%
48 3 HMeBZE AHolE 85.3 PVC(Polyvinyl Chloride) 0.11430 0%
49 3 HE| R E 0.6 ABS(Acrylonitrile Butadiene Styrene Powder) 0.00179 85%
50 3 s 3.2 Stainless Steel (AH|Ql2| A 2Zt) 0.00691 60%
51 3 E2{a a™x 6.5 0.00000 0%
52 2 SHEFLFA} 13.0 Stainless Steel (AH|Qlai|A ZF) 0.02808 60%
53 3 LEAL 5.6 Stainless Steel (AH| Q2 A Z) 0.01210 60%
54 4 LA 2.9 Stainless Steel (AH|QlailA 2Zt) 0.00626 | 60%

et Al 6110|2215 5.54129 75%
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3.3.2. ME #4A 24

I Qe AETIC 7]E AETE BE AlEY A Y F AFE TAOA Y EtauiEsfo] JH
=2 7oz motyi(Fig. 3 FXx). dAaFS TACAME 271 Qv AE7]|9 SHAuET6.5
kg:COz-eq.)0] 7]& HZE7 l(9 2 kg'COz-eq. )BTt 2.7 kg:COz-eq.¥H2 A UEY =], ol= 7|&

AE710 AH&E stainless steel 20 270 fl= AF710] vls] vlwA wo] ZFE7] o
2 FAHJA AR TACIM s 27 Qe AEIY VIS AE71Y HalEgol 47 b
2 og WSS AE 285 H7DED A4 8uf ol w2 Jloz FAHUE
AE71 ALE Al olUR] AEol BHFE Q7] wiZolot. o, Alxot &, 7] DAY HAuET

< 71 e AS7Iet 71E AS7] Aol 2 Aol el

Raw material
extraction Manufacturing  Transportation Utilization Disposal

80
68.9

70
60 57.2
50
40
30

20

9.2
10 6.5 6.6 6.6

0.1 0.1
. O

-10 -2.5 4.3

MW Bladeless fan Conventional fan

Fig. 3. Global Warming Potential (GWP) by life-cycle phase.

3.3.3. o]3|HAR} QA BA
MEZ7]0] T3t ol TARL R FAEHS Bt A}, AL
2], 22i AE 4'3"5 o] &8 | A parameteri mrolg] 9l o mi(Table 4 AHx),

7“](’8?—%”3%'1] T°r6 E"‘ *} =Al, M"l dof, KH%*%
& Wd &AM IR, AlE de 55 ¥y 8ol

enchmarking(EBM) 88 Ay, @78 Qe AS719 +87do] 7IE AdZ71d H

O O [e]
s We Zloz Ueht M maso] mhobegict.
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Table 4. Environmental Quality Function Deployment (EQFD)

AN E ALS HE Rz HE s HE AL HZ B2
S | MBE | oue [IE S| 42 = yae | g=o 25 5(AN8 5 = | BRI I =
= | ® _ Atg ® &g | 25l Al = 5 HALS
2 |azs | THE oux (B2 2| HES BT my | oixr | oiuixl € Sy 2n | MET| qopy | MES | BRI | n g | T2 A
= = = 2H| == S et Zen| == = & g s 2 TH <
S5 ==
xgz; 9 9 9 3 1 3
t2 2he [EPN
%Qﬂ O"gltl 3 1 9 1 9 3
MEEE
WeeE =] 1 3 1 1 3 9 3 1 3
A RER
gz@ota ‘"xﬁfﬁ 3 1 3 9 9 3 3 1
M=
- B! 3 3 1 9 1 3
SEAE
AL
obF A 3 1 1 3
T @ | HZEMS
EVE T B € 3
B
soim | 1 3 3 3 3 9 1
88| 9 1 9 3 3
B B AR Y 36 27 31 31 21 3 198 9 6 93 12 0 4 10 69
otzx | - [147 111 [ a8 | 36 [ 41 | a1 |28 [o04 [263 ] 12 | 08 [123 ] 16 | 12 [ o5 [ 13 | 92 | 0.0

Table 5. Quality function deployment for environment [ (1 ©7] QFDE)

HE SMH(MEL FREM, M A stA M ml2fo|E")
_ _ . |AmE - - ==t 2ol | . o A= 5 = N
QFDE | zoz = ol LA x| & Eas L FHEE po HE S+ | s2d
bl A A
Rl =d
NE=a=2
(RoHS, ° ° °
24 23 [REACH £)
Mt off x| &
oF (EuP 3 3 ° °
MeEgsE
AN (WEEE £) | s °
2TFALE | 154 opg A =z=2 3 1 1 3
(olsnzi | 22 2 xig
At FA} s
= A stAl 3 3 9 3 3
AHE of
o 3 1 1 3 9 3
00| @ Fo= q=
T AbEF “g; < 9 9 9 3 9 3
2| gol
o 1 3 3 3 3 9
g =Y 9 3 9 9 1
el - 117 114 120 93 117 219 75 18
IHE X - 13.4 13.1 13.7 10.7 13.4 25.1 8.6 2.1
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Table 6. Quality function deployment for environment I (2 ©7 QFDE)

HME PN RE
_ o =X A [2x st 2] 24 ot A HE =& =
= =1 o (Ak H
QFDE Il [ 7t==| 2 E (Ring) £ 71 " = W (&) W (5h
=4 13.4 9 9 3 9 3
==
STEESEES 13.1 9 3 3
g
B a2 13.7 3 1 9 9 9
HEZE S (MEQ = =t 20|
EM' I MCHAF BHAM T 10.7 3 9
2lo|E =
EbEl=) slex | 13.4 B 3 1 B 3
BRERS
pe 25.1 3 3 1 3 3
HEZE 4y 8.6 3 3 3
2| 2.1 1 3
=7 - 345.4 275.3 148.8 163.9 205.5 359.8 279.4
Jt= %] - 19.4 15.5 8.4 9.2 11.6 20.2 15.7

parameter(Ssil24d, Axlg &4, A=
Z22% JAL7F AFEEQT. 2 @7 QFDE 482 %t
2E M9 Fawrt 2AEQY. 2 @7 QFDE A Zif, o
(BH(15.74), EA(F)(15.54) «o=2 eHg/d FHA9] 7)ol %R?_} Ao L}E}

I
i)

335 AHF QL Y =&
= At AU #F0 tiet 28 i o4 parameterd JHAARE A WS EESHL 17

Mol #73du 4] AHEA SHel shAWetS MM olg Sol, i’é*é Zolo) A

A EE AFE-5H7] 98l Acrylonitrile Butadiene Styrene Powder(ABS)

AeH, ALY FHAME A &olds SUHAIZIZ] Hsh told %EHS’J AE T o] A5

ot

E‘.j
Q
T
o
uju
=
fu
u
2o ox

oo ofo o
weh
> Py

3.3.6. 71d AA

2 Aate AAlE siAYES 25t Fig. 49F 22 & 7HA] Al 27 7iE(Natural fan,
Celestial fan)2 AtstAct. AR, Natural fana Zgtd AMas &St AdS H2 HiES
motif2 sh= AZ7]olth. [alldS FAaststr] sl SRS AMgstil, o|A] && 7idat 45 &
42 HOH 7MY M WE AbEsh= Al 7iEolth(Fig. 5(a) Atx). &R, Celestial fana At
Ag7loltt. A Ao Sdg o

4% S0l A1 AIAE Ao, 1ES 44 B O Y BE Aol el Ag o
e SAIT & Ut Y2 A2 sl 99 MY F F4I ALE HENS 30e T 4 A A
A 7idolthFig. 5(b) &%)
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Celestial Fan

Kol 22 BE xtelo| s2ig E3t
xtelg ghe biEt Hatol upet

- [y Hastol £ -

- X AT AL - Rhol o] 28

- RS 5 bt - ROl HREIDE QAR XS B

Fig. 4. Concepts of the eco-friendly bladeless fans.

7\ duix 58 g

Qo i fan &

S|
’ ALE 2 EE FX[5HL
uniform3t air flowE &|3&

4 9ls ASH 47 |7

38

HE7|& F= HEO|
Jeo| Arges 0,

Ef Q2 panelS £+ X2 AYAL

=2 oL LT o

Lhe|z®=

(a) Natural fan (b) Celestial fan

Fig. 5. Eco-friendly bladeless fans.

4. £9]

w AoA At Al AA dite2 g gl eI AREA dA e E8dE 4
At 2 AE G fle ASTIe 71§ AEle tder AagEUrE 98stel 22 Jhd o
g A A REe A4 mosidiah & AFolMs AR B9 HasiEo] Al 9
(FAefs, Ax 2% d7DES A4 88 oY w2 o= FAH, AF7] AR F YA
282 =SHek sk o] Sad MdgTer AREHJT £, AE71Y Y FE Wt ZE
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b b2 RES] uls) 20) FEO| AAFA Mol RPHAL B APE MIYHIIE BEsto]

ojor=]l XsHAA JAHEere E£3) Natural fanyt Celestial fan®] & 71X AZ7] A 71E< A|
orstoict. oS Sof, Natural fan2 AE7] Azo] st dAas FFA ZA|2 hilsty ot
2o ARY WS Foll AxRe AFE ©@Ae] ®a wiEFS BAAZI= A Jidoltt. mEtA, 2
AolA Atd A fEE2 S Sle ASVE 2T dvt 43719 AR A A=
Zg8e 4 o

2 AFoM = Al AA i JiEE s &34 @7 de. 2E]al AREAdo] nEE it
2 A4s 27 gl AETIh 7IE I &R oty s H AREAS @ 112sto
T 7HA AE719 AlE 7RIS AAIR R mpefsiitt o g Eof, @Vl e A3V 7IE AS7]
ol 25 ¥ oY AH¥Y &5 HUet A8 HUF 2uE FYEACRE vHSHH, A5 A7 siEE
A% 271 gle AT AMEShe Aol oyx] HokE ¢l t& s&AY 4 oy, 2E&5H I
oAl st F&0] st FRol= 7[E AZ71E AMESH= Aol suAY Zo=w AtsHn

2 Aol Atd A AA tidtE2 &5 A AFEAY. 1 #F4d 59 sy A4
Zo| Basitt. 2 AFolA Aote Al AA gidte Al A W (EAE S5 AxR 28, A
&, H7] @AM LAstH= olHA] vl BAS ol 7IE AARRE Vi A= gord 2
Q71 ok & AFoA TidE Al AA difto] e, AMEAY. &3 SHoA SRR Hot
o AEFQ A 7HR|E 2ASH=H f8ot 28 & & AleE AlREHH
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