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Abstract

To minimize environmental impacts over a product life-cycle, a product design is required to
be considered in terms of not only eco-friendliness but also performance and usability of the
product. The present study evaluated two electronic kettles in terms of performance and usability,
and then analyzed their environmental impacts using a Life Cycle assessment (LCA) method. The
evaluation results showed that both the electronic kettles need to be improved in terms of energy
efficiency, ease of grip, ease of washing, and appropriateness of surface temperature. The carbon
emissions of the kettles showed over 70% in the usage phase over the whole product life cycle;
therefore, a dual-wall structure and an widening of heat plate were suggested for better thermal
insulation to improve the energy efficiency in the usage phase. The eco-friendly product design
considering performance, usability, and LCA proposed in the present study would be useful to
develop various eco-friendly electronic products which consume a significant amount of energy
during the usage phase.

keywords: Eco-design, usability evaluation, performance evaluation, LCA, electric kettle

a%tE

AE AT SANARE 7] SAZAIY A pAo] Bo] uRl: G Hastely] s AEAA A
F QAL neiEn ged, A9 dr A8 AE e
3 AHEHE A7 DY Bast Ak B APk F b ARE

l

Ir
=)
S
>
ofo
oX.
o
=
El

F

nx
)
M)
V-]
2
wu o
ofm
ol
2
e
o,
i)
=

& 2A Vi A Adsiet AVIREY ds R AR dUA me, mAEold. AAEold, 1
2= APY FHA 7HAE Bart e Aoz mofEldnt AV|ZEE ARE ©AIY BaviEsol A it
B HiEFY] oF T0%S AMAlshs Aoz FAEIG AR BAAL olUXR] Av[F M-S AT A
Aoz FF9 olgHAEE S BBV dotet 71Edd wA &2 ¢ = 58 Fdol Ad=EAH
2 AqoA Aed AlEe 4. AHEAd. 181 LCAS nsh A AlE ZAE ARE TA0A9 ofyx]

Av[Fo] 2 7] AF NE Al R85 282 & g Je= ridign

I

FAlof: o) ZcjApel, AFEHBL ¥

0|r
&
=
2

E o EE

~

AYAAL G WA, 790-784 ANEE TPA WGP AYR 77 ZFBueL AAHGRIL,
Fax: 054-279-2820, E-mail: hcyou@postech.ac.kr

- 125 -



. NE

%0

vA
o

o
NS
B
<A

olJ
Ulo

oy

oK

=

A AA

o g

i
=3

Il

=z X
ohe} A

HH
u

wAIe A
57

o

1

e
gl
ES

]_

o 715

i
=)

Al

AE
I At ulge

L=NyC)
=2 -

It} 719

10/]

o
ol
<!

o},
AR o]

olr}H!
S

al

_—
1o

E 0]
Ty

[

guro.
=23

7H

(eco-friendly product design)2 A=

(life-cycle)o] #7of T]x]

s

al

59|
Al
=

T
=)

Al

2 7}

=

75] x(l)% 21

7]
2 AlgoA9]

Aol A FE

A}

NeEE AEol &g nxl=

|

L.

AT
2

9

_?_4

yuro.
=2 2

AlE 7N

_‘{

18174

R
T

o,

-
[e]

AR H7HLife Cycle
3

Zldo=z

st

el
o A YA

rlé

oz
A7

S

o
=

AL
;OO

K

&
To
Tor)

ol
o

o|7])

Q
o

AL, A

=
1 T

I
=)

[e]

Bt A

Assessment, LCA)7} &85 Qitt.

o}

<

= &84

ol

Al 71

al A
x =

1

=14
=

=
o

7
b )

o] ¥4
o]

=

o

2 Y

2t 7}
o

2R 27
Fsac.

o
J‘

S
S|

5

9

SR
Al 712
S3: 0]
AAL

I
=)
=

=2

7
714,

T
=)

= (e

Sé: 7iE AA)

=,

[ARA A

AR

9

]_

his

o[} ol

9
20| of

IT
=)

nas, 2 AlF €44 A,

f
Al

1t
ofyz} 7tAYH] “d-5(performance)it AH8-/d(usability)

o Sl x=id Zart et Al

T
=)

9

|

L.
A U By =

7] 9

ojckY. FHAA7] & Dol A

AA|

7t
=
[)

(eco-friendly) EHET ofy2}t AREAL A18hA (user-friendly)

o
=

]_

7517%4&4
BE &3, Sb
o™ u

7 guideline
mg

&
Jd
73

A
=

1

(economy-friendly) &
Al

T
=)

I

S
A=<

_]
4

S
S|

RSN
=

g2 Asol A
AN

. S4r 7R o

o

|

4% F1sh

2ln At

, 7:
Q
o
A
Eas
51 A

°

‘?_4

o
=

@Q7} et

719t g0l

il

[a e

=
n
ol
wr
7100

Tor

—_—
1o

AFStaL,

@]
aTr

i

7]

7hel 9ict,
MR Al

=}

115
o

ol Wl
3719} tjxtele Apolstrt.

St

9

ol SAt

J

S
=

2ExR
- 126 -

I Table 13} o] & 7pA] AZ|ZE(PAL, TAHE SR
o

[

s ¥

=

11
[e]

m}

|

L.

2 Ay



Table 1. Specifications of Electric Kettles

PA} TA
- =D
HE AT ' %i
Q\ A pE [
7| 2AFY 22 (L) 1.2 1.0
BI1715 | shux| A= 8l AFC A= el ApE
37] (mm) | 460 x 244 x 222 196 x 196 x 237
2];3)*%; (Wx=xH>xD)
24 (a) 990 1,000
Mt ﬁ‘;‘"ﬁaﬂ“ 2,000 ~ 2,400 2 000 ~ 2,400

B AL MRS A/IEESS Chgos Fig 13 Zol A% AN WK & MuEst
S 2astinh ASHIbAL J1d Al B 2& Wl Jhd A WA 48, 7hA A Au] FeR 1
93 7te F AEY BERLEF A A WololAL Moy, mAEold, ohx|gol
AIA gol 4, E@%E@@@ £SATY, 223 MW IR} GenE slues Bisls

Bt

S1. A5 H7} (performance evaluation)

A 4

S2. At/ E 7} (usability evaluation)

v

S3. M1FA Tt (LCA)

Fig. 1. Research procedure.

2.1. A% m©r}

Fig. 29} o] & 7HA] 2=zd WA, oA 712 Al & 2= ¥8h, 45, 4aH] A
il 7t & BH 2ot 39 vbE EAE QT VHE Al & 2% ¥ghes 100CY & ILE 7IES
M EAstg e, Uofeje] A g A(0-219WT, KwangCheon Co., Korea)S F7|ZE U5
of Yol 7tdo] A5 Y m7ix] 102 D2 EFLAT. 237 MFAFS 259 FAlo 54

Hey, A28 HMIJIZEZEEH 50 cm AZoA AL2E7A7]|(SL-4001, Lutron electric
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Enterprise Co., Ltd, Taiwan)E o]&35to 10&2 ©=z2 =EAECH

AH[A =
(PM-B200-S, Dawon DNS Co., Ltd., Korea)S ZAEo] AZAste =X &9t AL
EL 7}ge OpAl 30% & FaAFHMEKFLIR T620. FLIF System, Inc., USA)Z o] &3to] AL&AL

of &£o] A5 7hs/dol e AEd &Y, 774, 223 &40] 24 oA F4E A

‘)5; 3 |50 cm

() 48] F () B =

Fig. 2. Performance evaluation.

2.2. At&4 W7t
R7|mEQ] At

- 442 AU, AHE UER(RAEY, TxEold, AAEClY) 45 U5
(2eAYd. #U2E YY) 221 Aety bSE FHoM griEda. A7|ZE AR ol
200 15%3(g: 109, of: 59)o] Aol FofstAot. 2

2 @7 gEe2 S8 ARl oie =
C 3 BE, 54 e ©E)2 FUtEolH AY FoAtE2 Fig. 31 #o] & 7HA] AV|ZE

o
18] g2y, ge 22 Ny 3 URE AN ot Y

a3
N

2 77 1L9] 28 stdsta, Fojzol L oy
2 2850 AANRO|A, WA RoA, Tolw A &olHe HolstAnt £ sha] HIEE Cfat W
b A AolapEe At AAE
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2.3. Auggrt

Fig. 3. Usability evaluation.

A7I=2EO] oigh AgH7ts Fig. 49 Zo] oA

A

S, 2010)0] whet Aledw] ot

S1. HE 2
!
S2. MZ et8d &M
!
S3. OS2 ARt R FALY 24

S4.

S5.

S6.

e 24

ST 24458 (BOM) X4
54 parameter H&E =%

=dd 24(LCT)

EQFD
=t A4 A parameter I}t

QFDE
HMthe £& o

12

AE AT 28
szt =2

A CHer ohef

Fig. 4. Eco-friendly product design processb).
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2.3.1. A&

AE 2292 AlgS ASEA gael z2A20 A8&A1717] s Fast7] 4w =24
olf &2 Ajtdste ArFeltt. & dte T VM AVIZEES 77 Zsfistol BEW, BT, S,
53, dMEY 52 5745t APBAIA(bill of materials, BOM)E A/dstict. & = 4
AILE 0] 835to] Allyt ZHo] A|L2uUshK] 4 (global warming potential, GWP)S AF&3sH3 T, GWP

I

\ E

AAL2 Intergovernmental Panel on Climate Change(IPCC) 4%} ®1A]"Z 7]¥to g s}gct
GWP(kg CO2—eq.) = Y w; X GWP,
i=1
............ Equatlon 1
where, w; = weight of component 7, /=1, -, n
GWP; = GWP of component 7
2.3.2. A& #gFZAH A
A S84 242 A d I 5 7P #EAQA T2 Rl A E&5hs Aot
2 Aox= AW AL(Life Cycle Thinking, LCT) matrixS o] 85t & 7}X] A7|ZEQS] ¢

e HSRE WA §739 FRo) tig U YA 1) 33) AFL ALgHTD
k

het B, 7t AE ALS Al WEEE kg CO-eq.B wlastart

2.3.3. oJsfEAAR QAAYE +A

2 At olsiEARE(Cl: SR, 1A, RN =2 QARG ES €448 oefuEE &
71 98 &4 =ZA7]5 A7 (environmental quality function deployment, EQFD) 7|¥H& Al&
= Kﬂ%g oAt RA 7, AR R T Al AMEALE ARSI oH
goto] 3o =(14d: 58354 %3, 38 58T, A U1 58

YHstadt. 221 A& 4 A I @AM TS & 4+ UAe 34 oetujEete] e
Dot HAIRIE, 3R WANS, 9A Ul TAILS)7E Table 29 ol 4=t wA A
gARl AZ7F 59 +=2ofof o5 ZAA=A. JHH A

X
o ol&=HMen, w2 7IEAIE &2 mulE(C: AME & olHA]l A8])7t 74 o] T
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Table 2. Environmental Quality Function Deployment (EQFD)

2.34. 71AQE E =&
& ot

En

Ay 2

o Wote AEES
A

g2z J15AE

]_

T

W oXx

L

where, weight; = weight of column 7, 7

s; = significance of row j, j = 1,

1’

,

, Im

ry = relationship between column 7 and row J

A= BASH7|5 A7) (quality function deployment for environment,

H2 ol&ste] QFDE T QFDE I @A = At QFDE I oA = o]sfit

FE540: &34 oetolg, Alge £8 54)9 JoEAE orofsta, 24 &

A TRl ol ZYAR A7t 5889 =2jof o5 o=t

F9 5448 7I5AlE AHEeth(Table 3). QFDE oAM= 7157t

(o: 7tE 538, 29 2%)s% AEY 8 R0y JUE s dsto] &
StcHTable 4).
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oz g | AR AR A% 25 A NS Az 5]
SEAM
2173’3 parameter =|ale = = [N = o oI
A A o [FIE S =| a= = S LR = | TR/ = T = | P E
are o gl gz | B founy M2 B 92| A2 |y fopa | ot (8 8| ey | R | oy [ B RE | s e
j‘i;;}%}hﬁ‘_ g| zx | B2 | 4y |WEE[ T # au) | aw |MHER | Lom| 79 & | AR A gy
iz eg 27 | 3| 1| 1 3 - -
7t 878 Hg AY 1 1 3 3 9 3 3 3
- 2Rulg A7 3 9 [ 9| 9 | 9
ol1Aw] A7t 1 3 3 3 1 3 3
e L]
camzd s | o) L]0 . s
PEERPPER
(RoHS, REACH &) 3 9 9 3 3
MR E 9 5 | 9 3
9 [A2eE £ WEEES) | 9] 3 S A A N
517
2o g, wuy
| @aveme 7 | ! P
|2 AChE Y
R226313) 2 3 3 9 3 3 3 3 3
AE U+ 9| 3 9 9 3 3
MR E 1
g| asomgwy |9 1
I exusmg w1 3 5 3| 3
gulg B | 9 9
=7 -1 108 72 90 30 42 42 46 54 165 18 9 108 81 1081 | 123 | 45 | 114 | 27
715K -| 84 5.6 7.0 2.3 3.3 3.3 3.6 4.2 12.9 14 0.7 8.4 6.3 84 1961|3589 |21
505 A2 Dol 2001 92, & A0 & 019 583, AT ALyl ok B 913 3 WSS, & 09 ] 919)
m
Z 55 X1
weight; (%) = = 100
. g nom
S; X Tij
i=1j=1
............ Equatlon 2



Table 3. Quality Function Deployment for Environment [ (QFDE 1)

AlE S8AIEY 28 £4, 70 oY €73/ parameter)

QFDE 1 e = | mxraol | ABE AR E | g | us &
sae |lese |sves | W2 F |8 e o | IR gmer| B | a2
o o %xé iﬂl T o Aud Ho}-}l]
YrlE vlg &Y 3 3 3 1 3 3
7t 37 ulg A 1 3 3 3
&3 o g
e 2ulg g 3
St Q] A 1 3 3
o7 w2l vjg 9 ; 1 5
(&5, B4 5)
aled Mg ; ; ;
Bl (RoHS, REACH )
QPARY =
(ol | 2 o] ZHof (EuP 5) 9 3 3 1 9
AR | o= Ag8E & (WEEE 5) 9 3 9 9 9
L) A, TR (B0 308) 54 |
7253 Al22631%) &5 3 3 3
AE Y 3 3 3 3 9 9 3
o olg Hly SRR 9
27 g oh 3 9 g
St
A qRluANg B 1 3 | 9 3
ARgH|E A7 9 9
el - 45 45 117 27 108 165 105 108 165 114
7R - 45 45 17 | 27 08 | 165 | 105 | 108 | 165 | 114
Table 4. Quality Function Deployment for Environment I (QFDE 1)
AT 74 2
QFDE 11
Asxl | maa | daw | 2A [ emo [ Aam | sz | we | =4
71859 4.5 9
EYeE 4.5 9 9 9
ALE & HAd 11.7 3 9 3
RAFRO|A] 2.7 3 9 9 3
A 54 FEY F4a AtgE 92 28 10.8 3 1 9 1 9 1 1 1
S4, 71AdY S84
m}atolef) AHE & oL A] A 16.5 3 3 9 3
AE 29 10.5 3 3 1 9
DR 10.8 3 3 3 3 3 3 3 3
B3| 16.5 1 3 1 9 3 1 1
BI A A 11.4 3 1 9 9 3
B - 64.9 183.2 | 347.4 | 3327 | 580.8 | 311.7 84.1 143.5
JtEA] - 3.2 8.9 17.0 16.2 28.4 15.2 4.1 7.0
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Mg AEEA . oh2get
=]
parameter  ZjAAZ Concept 1. AJA! 7§13 Concept 2. & 7}A &
AAO AaAG o
gAo] AH|AH KT 2ds dagol F2 er 24 WEO 2% TA|
AT g4 — —
SRS ERFS) o 75 et ooy e AL AR olF AN, 95w
- pSEas
g AR 9ol 2O A
stgme) gpeg gy S e LEE RS aun mo gy ay
1 O
Ba)] A7 i _
we i LN e gy gy "erso] AHe gAs A
U JAA |73 "pAl o
v e e SECE P! AR 7x BAS S5 2ad A2E A
o L

AreE A2 PB-free soldering©]
o BEEW REE U2 U S AR Baad g R8N 9 39

] T_

PB-free soldering &-&
z & A& 2] 5 Zo] nxs P59 REet (RYACoR
AqA=E Ay © 23] 80|A SFAF "gio = _'_ =
&3 oy el serd T e 2al7} golaiA )

2.3.6. 7IEHA
NGEA BAME =58 sidgdse F7istod 2F ASS d78staL, A<

o HFE 4% As €470l o= & JIdH=A] A5

LI = L

o
=
afpl

3.1. 3%

£ A7IEEY IL 2o O3 B 7t 452 10%0) o 4 'CH F7lslo] SA1E Ho= Ueld

CHFig. 5). % &8 W8 o= WYsiHe u. Bo| o 100 Tk Y GA] AFE T A

£(230%)0] PA} AIE2A0EPIA 105 FYTH 2EE o= UGS 1 PAL AEL 64 T,

TAF A& 74 ColAH A5 FREYOD, 28 AFS PAF AE(140%)0] TAF AF(170%) B}

30& FYTH 422 F AF LT 50 dB 2F0|n KO3t Afolg wolAl gy T2w £ A
=

oF
-
B BF 2= dAo] Y o 4 dB A= 4ol 2 Aoz UEHtHTable 6).

o

ol
2

L
%
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110.00

100.00
50.00
80.c0
. 70.00
Y soco
LH 50.00
D{J 40.00
30.00
2000
10.00
0.0o
0 20 40 60 80 100 120 140 160 130 200 220 240
7FE A ZH(s)
Fig. 5. Change of water temperature.
Table 6. Performance of Two Electric Kettles
o1 = PA} TAF
BT F= (mean + SD) (mean + SD) L p
. A 39 + 0.6 42 + 1.2 -0.88 0.38
= 2% 93} (°C)
oF 43 + 0.3 42 + 1.1 0.22 0.83
pAS 543 + 9.7 50.8 + 9.6 1.19 0.24
A&(dB)
oF 50.0 + 12.5 46.8 + 12.1 0.70 0.49
AZ=F (Wh) 1245 + 0.6 1154 + 0.7 43.16 <.001
2 88.6 £+ 0.8 76.4 + 2.9 121.66 <.001
1YW 2% (°C) = 50.6 + 0.6 342 + 1.1 392.66 <.001
27%Fo] 82.4 + 3.0 40.1 + 2.4 330.31 <.001

15] Abg Al A28 ES PAF AE(124.5 Wh)ol TAF AIE(115.4 Wh)®c} oF 10 Wh 25
= 0.05; Table 6). o]= 2A! j‘éEE 22 AFEEE= 10 W X3S 1X])7L
2o 2 A, TAF AEO 7td GgAol PALET 2 Zo® motggirt.
? 2Y 2rt PAl AEY & 7} TA} AERC AvAoR ke Zoz
29 25L& PA] AE(88.6 “C)o] TANY] ME(76.4 C)RT} oF 12 °C %o
o, % Dd 25L& PAF AIE(50. 6 °C)o] TA AE(34.2 C) Brh oF 16 °C &It (Table 6,
Fig. 6). #40] 2% B9 25 PA} HE(82.4 °C)o] TA} AIE(40.1 C)8C} oF 42 °C =& 2O
2 UrEM, PAtY] HEL @Hzo] A &Alo] 9lon] AR Al YFAMo| TARHCH &2 ZoR o4
loith. Al 7HA] 29 REolA TAF MEL PA AIE 710 BY ri §ojEt Alo]2 RATHa =
0.05).
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20 °C

20°C

Fig. 6. Thermo-graphic image of kettles.

3.2. AHEA

TA AlE2 PAF AlZETH MA&oly, 2= A, At wEe ZUoA L4500, oiA]
&ol’d FHoM= ERVE W2 Jloz Ut HdcHa = 0.05: Fig. 7). AR &0l d2 TA AlE0l
PAF gyt 1.3 =7 B2t A=, TAF A& d-7F PAF AlE9] 8o S 4o &5
o F20] glof Ui AlAo] golgt oz motegiet. #H2E AP PAF AlEe &40 &4
2&(82.4 "C)7F =oF &0l 31 AR AREATY] Fe &40 oA Fofl £o] AE m¥ F2 7t
5780l o] WEEIF P2 Zlog FAMEQIC ohH, mx]Eold2 PAS] AlFo] TANY] AT
WELE7F =2 oz FGIte At PAF AlEe] &40l 3717F 34 &0] 50172 A& ol A

e b
fxo= Hol UEEst &L oz Wk,

. * 1

4.0 ] 43
. 3.8 36 3.7

31
3
CIpA}
2 BTA}
g
0 :
Mojy gz ZM80lM MM 8OlM  ASHUM EISCHYY FUHNEE

* significant at a = 0.05

Fig. 7. Usability evaluation results (mean + SE).

3.3. AagHrt
3.3.1. A= nay

& 7R MEE wolist Au REE2 57%] TYGAR PRE| oW PAF AlES] £E(517H)
7F TAF AlEe] BE(4670) 8t 978 T2 Z1o8 UERJT. PAF AlE9] AEE 7H5E(86%)2 TAE
AEY MEE7HsEB1%)ET 5% =11, A F2HEA| & PAF A|&(2.41 kg CO,-eq.)0] TAF AlF
(3.65 kg COz-eq.)ErC} oF 1.58] F2 7102 mpote|Qitt A|&Fe] 2oljAI7H2 PAF Al&(120+2)0] T
AR AlE(1502) 2 o AA 22 ==, 7oA PAF AlE2] AARH= TAF AlEE AA
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of fAstn AW Are Mol Balst goldt Zloz BAw
B AT AES BAstUA £ AEY BHeE RN A Wt 2wt 042 dUe o5
g 2 itk PARY] MBS BEQ FAY AZTE SHOIA TAY AERCH Do W e
2oz mpeteglct TA AlE] $4e 23 AATAY 223 FHLS 2T 9ol BF Aolo] 3]
Fol Yiyuol AaMo] Aistut o2 FYAU(Fig. 8a). WA, PAL AFL 23 AAPEIY
AEmoT 0B P42 21 9o BrISol WA FHHo HEA YR o Wi HYrw
ol O I EAULEE kolAl: HOR FRACh EF, TAH AFY Sxolt BalY 1x2 A
F A2 240l Alolo] B7150] Fyulol £%o] Koo FHTol AASIHAR, PAL AE
£7tol: BRI UAIstEo] glo] AE: ol o Be Aoz SHAE ACHFig. 8b).

(a) Lids of two electric kettles (b) Handles of two electric kettles

Fig. 8. Different assembly structures of two electric kettles.

3.3.2. A% B34 B
PAteH TARY] R7ILEL SARHA €724 24 2w AHg @r0lHo GWPZH FAIS] oF 70%S
Arlshe 7oz BAETHFg. 9). YR A5, AE J2n 24 WA GWPE TAbg P
A ABN SARE 2E0R Uehdth AFSWAAL PAb AlEol TAF MENC oF 9 kg
o2 BAE|QL), ol AFR A] PAF AIEQ) Heiulze] o 37] G2l oz
Bogch 7] 979 GWPE AEo] gl g anz 3o (eF 1.3 ~ -0.8 kg COs-eq.)
2 Wol Ay TH0| =8| Ht 2o Uedout FA GWP(SF 190 kg COpeq.)ol u]atd Al
S

IFL vlAlE 2E 0ja HoR shATh,
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70%
1400 1328

1200
g 100.0
AN L
8 80.0 26%

60.0 499 499
X
= 400 r

o o, 3.5%
%20.0 | L5% 66 66 13

24 36
0.0 PR N o | L

200 L AMEFE M= 2

123.9

o>
>

o
_El
N

oP =T

Fig. 9. Global warming potential (GWP) by life-cycle phase.

3.3.3. ol BAR QALY A
A71ZEQ] O[sjEAR 244N A4 A, AR § oAl &H|9 THA0]l TP Fash e
LEFSATHTable 3). & Ate A7VIZE 7HE9 olsidAAZA 7|, R R SFTAl AHEAE
AgstRAen, Zb olsfuARIER S7AA AR QA1) dA= vE 2, 7t 57 HE
24, =5 "8 24 Adv] 24, €4 ¥d vE 2 AR 3 F4UA! el AR 54,
ouz] 2ok, AMEEE &4 AL R T A, mrlEs w2y &40 A8Ak AlF WA
%

=
SFAF O X] ®WAd] AZF Al8u]E A7

b

4. olg WY Y. AL WY

o O =2a

(o]
TolME 7t olsjEARISe @7E EYHoR v
(A& 5 oux| 2u|®ol ope} ALg 5 YR, Bl

FAM e ArER MRS

3.34. 7O ¥E =&
oA FQ Q7 AFES vrFsH] YoM F7IREQ] EA, &
iAol HQst Zloz BALQtHTable 4). 7HA 4 ¥&E52 Table 3, 49F Zo] o[sjHUARIE2]
= o

QPALET AE 54, AF 1Y BE T FuW

335 A% L Y =&

2 5= Table 59 Zo] 714 W4 mefuleEE AEFEA /I d=e i =&5te & 7F
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(a) Insulation design by double cover (b) Contact area extension of heat plate

Fig. 10. Solutions for energy efficiency improvement.
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Fig. 11. Solution for ease of disassembly.
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