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Development of Eco-Design Solutions for an Electric Hair Dryer
through Performance, Usability, and Life-Cycle Assessments
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Development of Eco-Design Solutions for an Electric Hair Dryer
through Performance, Usability, and Life-Cycle Assessments

Hyunji Park-Seunghoon Lee-Baekhee Lee-Heecheon You
Dept. of Industrial and Management Engineering, Pohang Univ. of Science and Technology
(POSTECH)

Abstract

Eco products are developed to reduce environmental impacts throughout all life cycle
phases from material acquisition to disposal. The present study proposed novel design
solutions of electric hair dryer by considering performance and usability as well as
eco-friendliness. Preferred design features were identified by benchmarking two electric
hair dryers (companies | and V') using performance measurements (temperature, air
speed, noise, and electric power consumption), usability scores (informativeness, ease of
learning, ease of button operation, grip fit, and overall satisfaction), and eco-friendliness
indexes (global warming potential and recyclability rate). Design solutions (e.g., brushless
DC motor, Teflon case, honey comb coil structure, memory button, removable dust
filter, and recycling promotion) of electric hair dryer were proposed for better energy
efficiency, user friendliness, and recyclability. These proposed concepts would be useful
as a design guideline for an eco-friendly electric hair dryer.

Key words: Life cycle assessment, electric hair dryer, eco-design, performance, usability
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1. 48

Fd &E AL oldx] T v]g ZUF= Qlsl e AlE iEel Fe/dy BQasdo] ksl
9ty EU= ESMA|EZAA (Integrated Product Policy, IPP)S £®3ste A7) AXMAE, &A=,
AFEAF & Odst Aol 24 4 Es S Yst FAlS ekt AtHSchmidt, 2000). g4 A
A& YAl (eco-friendly product design)olgt AlEo] AtA AEfA] msiE FA] LOHA XA

o] g £38 & YT AES ZAAlsts Aolth(Seo, 1998). ol& =01, Yi et al. (2012)
< X878 LED AFHE 275 95t AlE A 5 &40 F48A 42 ulXle a2 ohefst
A AEEEL YAl 284S SAl0 =0l Al 2A RS AAISHIH

AEFA AME dArle fsiMe Ad B7Hlife-cycle assessment, LCA)S &3 &34 59
1 gE20] AEY s, AR AIE 59 W0l FA0 AlEE o ZYARIo]l AEE Y Qlct
Ay B7he 989 FS55E frjo o2& Ay 5 2RE1 viEEE= U % 2429
G2 AZetsto], o]5o] &40 URlE TS Fristal Al et RAISHILAL Sh Al &
73938F GriurHo|tHISO 14040, 2006; Rivela et al., 2006; Besnainou and Coulon, 1994). o
FoRtle Aatg Wl vE molE AEe] B744e ME M neAsd Sdstel, #7 s
2 Maskstn AE A A8 714 AW 52 FYNL & Y= AANTHBen-gal et
al.,, 2008). A AAHRS & AEEA AlF LS oA &384% g0 45 AR/

137} Fast

TRAIES FEE A 4d] F AvA™Eo] g2 Zlog mog|o] ouA] AH|FE Fo|7] gt
A&74A o] Basiet. A m2W JPAA|ge] AudHe FEE HE 4AH|9 85%E AHA]
She Ao UERIT (7178, 2008). WBE7E 2atE JPAAIE(: ArwE, Az|ige]n], o] &
2fo]7])& B} HAAA|Zo] v|sto] 4v] o] won, 55| ALETACA R oJA|S 4H|st
o2 ARSTA O] oA AH[RF TAE st AAZF "RsHCHLI et al., 2008). SHA|TE, AR Mty

| He AtRsh 280l 17} PC(Duan et al., 2009), &tj=(Scharnhorst et al., 2006)z}
22 AEFAZI7I00 gisiA ol folXaL Qlot. webA, opeket PaAlEol diste Ay HIUtE &
I 7HA BAZE B ast.

T= F &9 oo =2o|r|9 &F48S Brtstal AEA i A

| AR & 59 sllo] =2to]7]o] disto] A& deut AHEA 7}

T+= dllof =2to]7]of tiste &FANA7IedY] 6T o ZYAIY] m2AA0 mhE Aty
Fefsto] F1ghGA JiAo] Hast AlE 9 R BEZS mefsiith upxeter, JHA o4t sl
2} s

L AHEL AEANS R U AEAA A B mEshct,
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+ Y+t Table 13t o] JAte} VAR

3
% A8 W7 2t d2eiA S2qsE K g Bae T Heﬁ* 3
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1.4

2 AgolAE ket VAL so] Satolrl qwzi % 7HA 25 2F(Cool. Howt F4 47
(%F. 7)ol hste] 2=, 4, 48, T2 cudgo] YUt AF AFS AFo] zIE 0]
AT AEYH RS F5] Table 17} o] HAHQCE =, B4, 4282 dol Sejol7]o A}
g #732 1stel 2F ulaT MY 20 cm Aol 10& A0 1% ot HHACL. L&,
=& A9 AL L25%A(DT-616CT, CEM, China), UMEZSA(VT120, Dywer®

instruments, Inc., USA), J2]11 A4 (SL-4001, Lutron Electronic Enterprise Co., Ltd,
Taiwan)7} 2424 AREEIQITE O7]A&dat ARE A82 A=A F47]|(PM-B200-S, Dawon DNS Co.,

Itd., Korea)g &g&sto] 54Tt

2.2 71874 7t

slo] Satol7le] AtgAe ChtU) 15W2 o AUy, 28 UE=(YRATA, 4,
= xAgolY, IUY PAR). A% BEE(LS WY, L= A8Y, B4 AWY, A A8

o LI =
i AR whseo] oiste 78 A=(1g: i 2UE, 78 e U= griEdo

-

47l

Table 1. Specification of electric hair dryers

Company ] Company V
295 mm 223 mm

Ilustration 242 mm 196 mm
Size(mm) 295 X 242 223 X 196
Weight(g) 410 365
Power(W) 1,400 1,600
Voltage(V) 220 220
BEAE 6 5

2.3. Aty Bt
B A7 £ 579 dlol Setolslo] chat Maby WokE sl 697 ARA AE ciakel HAHE

3. At
3.1. A=

At AES VAR uls] B4, L&, AuA ZUolE 943 LS wgol} A2 ERloN:
VAL 948 A5S WRATHTable 2 %) 242 ' 49(ak 137 m/s, VAL 6.6 m/s)ot
‘'oFQl 49(ak 10.5 m/s, VA 4.4 m/s) 25 JAb AlEo] VAR ulal 2.1~2.48) A LR
LrE Y A9 A} AE@4.1C)0] VAHSE.I'C)RCE 9°C A LfERG el ‘ool Aor = AE



o g5} §AHIAR 25.9°C, VAL 26.9°C)3 o2 mjore|gict.
A AIE(F D) 1189 W, &4 59 W)o] VAHEIT: 1427 W, FA: 245 W)oj
we Zog Uepget opxato g, 7A] 4,
76.5 dB) A|=o] VAKZ: 76.5 dB,

wHo2 VA Bla] S4d 45e

EN

A 0 O 1:
—L‘\:Il_.

oA AR
S TO

7HAle ez 7HE e,

|,
vl

shollA =& JAHE:
3F: 66.0 dB)¥C} 5~10 dB =& Z1o2 UERJTE JAL A

o|= JAPP} Aoz 11§

315t= A13Hd B EQl brushless direct current(BLDC) T EES AFE3517] @fj+91 7lo 2 npolg]oict
Table 2. Performance comparison results
&= Level JAF VA
54 (m/s) H 13.7 > 6.6
== (m/s
< L 10.5 > 4.4
H 44.1 > 35.1
2% (C)
L 25.9 = 26.9
H 1189 < 1427
2d1= (W)
L 59 < 245
H 81.9 > 76.5
22 (dB)
L 76.5 > 66.0
3.2. AHEA
JAb A& VAR vl 237, fAGS AL 28 UE=(REASE. S5, E
§) SWoIA 18 ol ¥/ WoEm, A BEE 3 o B4 WAEAC0Ak 5.23
4.57). 224 45 5HY fuUA R 223 oM AEd FHIA VAL JAFO] H]s]
L78% 1.18 =2 Aoz Frieick(Figure 1 %)
Hold
Uy UHEE : H E B A
5
obH HE EEERY
EL =E HE==H20[|d
2=y i
285 HEd SFAHE
JAp — VA
Figure 1. Usability testing results (n = 15)
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BEAISAAE 6.0, VAR 4.748), 5404 5.9, VAR 4.6%), Bl ZAEOIGUAR 5.5, V
AR 432 BF JAF AlFol VARG 1.2~1.3F =4 B7HEd=dl ol A AlEd 2= 5
HE 2R 2Eo], st BEd] of2f FEIF RAE s VAl H|sh AEA oshizt i
AL zAfo] Hefshy] miwdl oz mpore Qi viE, J3g(AE 4.3, VAR 5.38)at FAZ (AR
4.0, VAR 5.08)2 25 JAF AlFol VARl Bls 1 R F7HE A=, ol JA F71(604 g)
7} VAHAT5 g)ofl vlsll 130g +AH A& AHE Al 282 e Aoz oty olnt. o A7374

S A} AIE@A4R)0] VAHS.SE)RTH WA Wobegied), dsby stoeh(T620, FLIR Systems,

Inc., USA)Z ol&3to] so] Eatolr] Al £ 12 %, =5 U 2A0] dolole HAe pag
A3 Figure 29} Z0o] JAFS] &® 257} 6~ 15°C %9k, 5% W9 E3t WO 2oz mporgl

o}

Figure 2. Remaining heats photographed by thermovision

camera (left: company J, right: company V)

3.3. At 7t

3.3.1. A& nd=

VAFQ] R L-235tA]4(Global Warming Potential, GWP)+= JA}F A& Xt 1.58) =& 7oz npot
golot, 8755 (Re-Cyclability Rate, RCR)2 VARRb FAMGH 87%2 AFEE U AlE +
st 2k, JARRb VALY A E SR FAIICY, &8 A2 YA o2t & FF o+ 4770
357H= Apol7t AATH VAL AlEF2 X7 Y SHE (interference fit) YA 02 £523 AB5H WA
A2 GAS ARERE JATO vls Alg &35 DAA UAKJAE 1470, VAR 470)& AA AHESHAAL,
o= H7| AN AlFE wolishetl Av|EH= oAUAE AL Zloz FAEQIG FHH, JAR=
Figure 33t #o] BLDC ZHE AMEsto] et A& EAE Adstth BLDC ZE(Figure 3.a)
+ 44 2E|(Figure 3.b)o] H|sli 1089] oz, GI7H7F glof UM Ralede SAAAZIA] ¢l

our] &&o] 2 oz 4=~ Ut
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Figure 3. Types of DC motor

3.3.2. A& $73A

JARE VAR AlE2 % AR T AFE ©@AI0A CO, viE
(Figure 4 #x). 2 AFofA+= 5llo] E2to]7]9] A& £HE7|
A,

Q.
m[m Eﬁ
[&a]
ATEN)
o HE
)
o% rlo
Sy
2 \o
Q

)

2

as
o

A E

2
Mo
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107.6
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Figure 4. Global warming potential (GWP) by life-cycle phase

@A19] CO, HiEd2 VAH21 kg-COz-eq.) A|&0] JAH16 kg:COz-eq.)oll HIS] 5 kg-COz-eq. <
Zio2 mote|9l=dl, ol VA= JARF &) =ujjo] Aab Z7do] glo] ofle] adof oJEstnz &

SHlgo] Wol Ex oz FMEAC ARE @AY CO; BAZF2 JAH86.1 kg COz-eq.)ot VA
(107.6 kg'COz-eq.) A& 257 AXY 80% o= AHAISHAAL, JAF A2 VARG CO; viETol
20 kg'COz-eq. A2 Zloz Yepgded, ol Aed4 BLDC BH Aoz 3fof Egto]r] 19

g Al Ao AEe Avsh] Beel Hos peEglc



3.3.3. oSl BARL QALY
slo] =etols]o] ols|EAR RTANS welsly] 9is) EQFDE 43 A A" Weed, i
£ % ofux &b, BE AZ WA U ARLEC U s Aol 2o JjH metolgz AE

tHTable 3 &=x).

Table 3. Environmental quality function deployment (EQFD)

A Z AL HE M= HE & HE ALE HEZ 2|
AN
otelole = ALEE o M=ES = 25 s AME S = WA/ = = 25
- 7 == 7‘1\3 HZ }g = HE Rl =3 = R Rl
s g mz T oux Go=EN ol ol UE S e sely N wEs Az
B 2 B2 = Y wes zm eu o 5 5L sw TP wgs Nn TET NZ gy
T AbEH
AMZ v|E H2 9 9 1 3 3
PERER-T] 9 9 3 3
7|1 = IR =<Fd 3 3 9 1 3
B zE Mg 22 1 3 9 1 3
2ol =g olA 3 1 9 9 9
HE TN skt 9 3 9 3 9
Tofd| g H2h 3 9 3 1 1 1
ZH| Kb
NENERT 9 9 1 1 3
FxlEsug M2 1 3 3 3 9
a2 ALE 2
(RoHS, REACH S) s o o
oll L{x| & ot (EuP ) 9 3 9 9
H5- ses =
@@Taxﬂ XLE i\g (i\i:ﬁiﬁ i)A 9 9 9 3 3 9 9
ZINY P EF | 3 9
9 9 9 1 9 9
— | 219 | 120 [ 117 [ 144 | 12 | 30 | 42 | 90 [ 165 | 19 | 12 | 84 63 189 54 108 189 165
S| -~ |120| 66 | 64 | 79| 07 | 16 | 23 | 49| 91 | 10| 07 [ 46 35 104 30 59 104 o

R A
LA \

20 F V/
10

=l Ll

0.0
25| HE | 25 | ME 2 | g% HIT
ArEE H= ANE | TRl Ta
25 | B HE | HE = = HE e e 22
azz|® ] = HE | AS =5 = 21| 1= Az =g Al £5 Mz ey
=3 (o4& =z | g o & (o4& N = # S
w5 | FE ofl x| y=g | #d I R b K B wes|sro=| T = i R
= 2 H| S T e
JAR 30 30 3.0 3.0 3.0 30 30 3.0 3.0 30 30 5.0 20 30 40 20 30 3.0
=—d—yAL 30 3.0 3.0 3.0 5.0 3.0 4.0 ] 2.0 3.0 3.0 5.0 2.0 3.0 40 5.0 3.0 3.0

y o
48 2, fAIESHE A AR-FAEA: flled AREEAl oAl 2o, x4 AHE H 1
4 &4 drledyY &)= A=A EQFD o83 Eo Agd metuHE2 s FST
AolA AL dre2(12.08), Als #H7] SA0NAM AMEEE(10.4%)% &5 A2GA(10.4%7), 1

x| £8]0.17) 202 MRl jMol Badt o

=
o, JAbs olUA] 48] FHEA 840 Aoy AlF Y Ee F5 o4 2
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FR0|M = VARl vls Fofste, & AlF I o Aot 7MY 2 7
A7 stAth(Figure 5 A=), EQFDe EBME & =& 70 i €73
_‘1

6l 8 menEE & 55
A Aot 2yh AL dr 24, A § oluA] 28], AFEEE, 223 BF AZE YAl

3.3.4. 7AW 7=
sllo] =2to]7]9] RO BEs =&5t7] #si 2879 QFDES #o8st ZAnf, TR (ZY), +
SR(2E), 1201 We] fo] Wadt o= gl QFDE 113741 2 Ane z
oo} 27bA] AIE £ SAu 57kA| AN $44 DRSS oz § M AE S4o
tisll 7HsR17F A& E et

Table 4. Quality function deployment for environment [ (QFDE 1)

HE SY(HES =254, Hutid &8y mi2fo|g')

MBEH - Algd

QFDE | Q= it BRISE A 2| apexn TEdZUM MESE FEF
YU E v MY 9 1 3 9 3 3
HzulEHY 9 1 3
71 EFUE Y 3
2 A NF EH 1
23 =8 8ol4 3 1 9 9
HE T g 9 1 3 3 9
- Toje| g Mz 3 1 3 9
AH|X
Atgd| g Bz 9 9 3 9
FAESHE B2 1 3 3 3
FHER ALS X 3
(RoHS, REACH 5)
o L{X| Hot (EuP &) 9 9 3 9
A E_stzAch T &EE (WEEE 8) 9 9 9 9 3
EINE 2 AL =
(22123 3923) 8
HI[Sa2H =5 9 9
(cHEsY™ H 226313)
Bl - 195 147 165 219 189 189 108
7hE | - 16.1 12.1 13.6 18.1 15.6 15.6 8.9
= H i o = =
L o T = r— O =
& MY #8= AAst7] ¢sll QFDE 19704 At&Ed 7H5AlE

slo] Eeto]7]9] g HE
Arg5to] QFDE 20HA| S 438
d)o] A=At

4ot Ail Table 59} o] FY(22.84), =E(17.34), 22l T(17.3

Table 5. Quality function deployment for environment I (QFDE II)

HE 74 2E

s 2E bl || £ i LEAR
HI2E 16.1 9 1 1
HiEE 12.1 3 3 9 9 1 9
AR EHA — o x| 4eH] 13.6 9 1 3 3 3
HE SN
(‘HMEZe FREH", AMEE HEEH 18.1 3 3 3
A& sHH A mlejolEf)
S EHZH A 15.6 1 1 3 3 3 9
Megs 15.6 3 1 9 3 3 3 1
RE 8.9 1 1 3
A - 392.8 15.6 176.7 81.7 297.8  297.8 37.1 202.7 40.8 182.7
7tE % - 22.8 0.9 10.2 4.7 17.3 17.3 2.2 1.7 2.4 10.6
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335 A= A B = F

B APE JJMOg 8734 wetole ¥ 47kAe] A8 AN A 177009 #4599 5
Agore AASIGT, A8 Bt AWS wgo2 NS g FH | AYerS AAIstHC
(Table 6, Figure 6 &%). o Sof, #734 SRolAE Delo] AudAe APstn FRRY &
242 Aasiely] gstel BLDCY 22 AF2 1agel A wE2 DAY 29 WRT
x2 JJMstel do P BEAL FAPORH BELS ¥U 4 Yok A8Y FUAME F
4, 2% ME RAYE Posln YElA WAOR JJMsIL, LDPESY 2 23 241S ALgslof
HOYS PP 2 A

Hh Az HEM " e
s mhetolg PIRSESEE e 1 2 3
MMz N58 2EHZ 25 Y =F Ex| 4 eY =8 2%
Efo| AH|FM2 Xzt £ < £
2ol 2uldH M B HIE3k (T M2l A3t sl
25 wajol o3t D20l o EAS H 285 gt
molo| Mel aa aas 2 2U2UD Sols Zof, £, A MY xge 2= 2EE
(M2 oz 2E wsh S=2xd (WEFE2 @A
2 XS AFA Atgsto Eoi =
i AP e o] 28] K2t ) Hestol #oH 220
- _ ) cajo|7| LB de
Bo| §e 24 Hs A e TLST adol #si=% housing
(& &Al 5238 dadd s aTs 2 o4
(€1 &= 5 U= geY)
Xioh W ZEf AR
HEH ofL{x AL (NER} Bolstol ozl 2B DE AL
M
oo o AB MY 22 ol e el
vegazen HEREESE s wzsdzs Z% dafstohs (Bojg Al TR ARER
Fo 2= 2 ALE Has oAl
T )
) P ol 5| 27| ®o| ot M HE AL
Nerss WESE s MEBE RS REAR gayszrm e (MHBS A B4
& 25} (e8| =2) AL =)
EEEECEEEE]
_ #3t0| Bo|slT = M7 N x| kAl o] 0] =atol7
EESTETI S ERTI P LIAF ARE 523} RO BT S S0, |uunie nauy ag | 5T TS SR
47t Bk £ 218
i - -
Mo =tE A Sietol FH M & A2Ad Theto|E
Tighd 7 FEF Sl O g, + AL 7 FEF G Op Y,
sj 2 wot 2 sj2 wot 2
Y wH auEE MY v xR ol Sy
v U A A x| A v 2 A
v OEEE oA ALE v a5 3
v ey A= 23 A v Mulx 29
v MEESE
CowEHE gy aen
HE 2 A

Figure 6. Solutions for eco-friendly and usability parameters
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3.3.6. 7g A
# 7L YPA(bottom-up)it 1A (top-down)o] ChPA F2 WHo= ouix], AEA, A

L

& FHo Al 7HA] A TiES Aldsid 2 dFolM Adtd A iEs2 ATA
(bottom-up) FAj9] Aupg F7F ZAutet AlF, AREAL AH]A ZW9| st (top-down) YA L2
st Ak S22 gdeS A5l £2¥cte =FHAT AA, AUx] &89 Sdigt= sl
tato]7]of EA|, ZE, i 22 RFY &M Ex 12 E JiAst e Adstst Y
4285 Faststs 7igoltt. ol &9, Figure 73 Zo] dof =2to]7] EAl9 Mag S2tAH
78 FAUABS)ONM TEgo] =2 Teflonoz wASHL, BLDC REE AREstH, Wdd FL9

(o]
TEE WHTER M ol 2P 4 k.

Housing Al & W X{|: ABS = Teflon
= CIEd 2

HE S HCHS & M2 B x| 23]
Figure 7. Concept of energy-efficient hair dryer
=M. AFAY SOIste AARSARS 8sto] RAE, RARolY, RG-S FAAAIZIL Bl S A

tjstets Zidoltt. o2 S, Figure 83t Zo] LDPES] &7 Axjet

=z
O BE AR el U Uex| FehRo) BM, DA WALES AHE

T =

2 £ AFE(0f: LoPE), HE 2 H
= o

. hiéh!liw;'
@ o
@ oot

#E{X HE
= AR X} e 27 7|9, | o x|y

AHEXHE 1 E{sto] ol x|y 3}

Figure 8. Concept of user-friendly hair dryer

opAte. 2, 7|h-AHRe] ded L2 AF H7IEAE 23t AlE AARE, AE-E-E(RCR)
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2 A= igelt. ol& %, Figure 99 #o] AbgAts ool et AlES 71de= A &
2

2HRSOA EAFES AEste FH= olsiEARLE Y ded F25 olF =

St 7192
Zlo] =&k 4 9l

£ A7t gade 49 JAAE do] Selolslo] dis] Ak, AL8A, 1eln #AN &
Hle g o2& AR AE AA RS Mttt B dps mabg w7
S Zvio] MY melujEe ES(2Y, RE, W)e MASIAL, do] =at
o] Mg M Meke wEstr] ¢lstol AMaby Woh Aabmnt ofyeh Aw)} '

% 7] o Al 2R 20} AR e A(72%), 5(19%). 7HA(6%)2
Zos UER} AlRAQl WEe 9Mlst: How ueRdtHOAEH gal, 2013). ®E,

N
—_

i)
-
= o
D)
ujn
o
Bl'.
2
[
o
(@]

8oy, AT 2L AgH

PR A AEIA a8 Fhet, AR Skl
21 g7 Sl FuMoR mejso] slof Seolv|e ARAH B slelceilon {8

of £etolz]el Zo| AL ©AO oUix] 4u|7} B 4
HRIESY A JhA0 {85 282 4 ot 2 AqtolM = §lof =2to]vfof dieh At
AHjEaFo] FMA Q] 80% 0] AlA|St= A2 s]uto
ﬁ\_H]K = Laﬁo}oq AlotEl9ict, o= =9,
4 slash 27 W ERS AlRst
%El Attt TetA, Aetd A 7Hd
7], dmE2 JHX Y, A& xZto] &
ot |

74 A% 44 d¥o=zs ¥gd

-

HTJ”J
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Swo] mejelo] Al AW suo] sloja 2 ook
AR Alebaziu AN Dejsta Roteich tebd, BEC Tb A AL AEY A
A 5ol 1eld A WMol Hwrdd Wask ook B AP ¥ AEAY, A4, 29

=

T A Aol ApM avt FFol WStk 6 A o0t ZRAA
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