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A Case Study of Eco-Design for Standing-Type Electric Fan Heater by
Performance, Usability, and Life-Cycle Assessments
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(POSTECH)

Abstract

Eco-friendly products are designed to minimize environmental impacts from material extraction
to disposal. Life-cycle assessment (LCA) quantifies the environmental impact of a product
throughout its life cycle. The present study was performed to establish a product improvement
plan for an eco-friendly electric fan heater by comparing two standing-type electric fan heaters
(‘W' and 'H' models) in terms of performance, usability, and environmental impact. Performance
measurements of the heaters such as temperature, humidity, wind speed, noise, and power were
collected in a laboratory setting. Then, usability assessments such as operation satisfaction,
aesthetics, and overall satisfaction were surveyed for the two heaters using a 5-point scale (1 for
very unsatisfied and 5 for very satisfied). Finally, LCA was performed for the heaters using an
eco-design process. Of the life cycle phases, the use phase of heater was found having the
highest environmental impact. Performance, usability, eco-friendliness, and market competitiveness
being considered, two sets of heater design concepts for improvement of energy efficiency and
reduction of environment impact were proposed in the study.
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1. A&

AT 7192 AUA] &5 ARt & Al et tigAle] d¥or IEPA AMES JHEst
At FAIUAIA 7 HIEA)l| wh=® A A ARx g2 2005'd 7]& °F 1= 5,000% wiZo]
o F5 409 5 AMgo] 7HsE Aoz MYHACH. 2 e edRat AXFEY] x| 4w
Fe A&Hoz Frsta Qlo] MQAAgol dop &R Qrokgol gt 927t woixu o
20119 WHOO Al&¥ 1,101719] technical barriers to trade(TBT) EX-F % o|yX|-&7] &= 7]
=AY 2007402 2004¢ 9970A 28] o]AF =7} stgion, o]o wel ZH2o] A F=o

LusiA D Qo). o2 Sol, EUL AHEAR] COMIESS BrIotes wastn oli, WAas Wy
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wobe Zo] Westct
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Fig. 1. Eco-design development process
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Table 1. Specifications of Standing-Type Electric Fan Heaters

Company W Company H
n
[llustration |
|
- 4
Size 347 x 265 % 784 mm?® 328 x 211x 836 mm?®
Weight 7.5 kg 7.1 kg
Power 3,000 W 3,000 W
Voltage 220 V/60 Hz 220 V/60 Hz

2.2. Al 24

A 28y A= AREY 23718 F2HHU2 st e BA, &7
Ma 59 AEE 7|25 ARIHAA (bill of materials, BOM)S AtAjst1, Y= RS AR
sto] Equations 13 29 & X {1L24stA]4(Global Warming Potential, GWP)et A& &I7t=5
(Re-Cyclability Rate, RCR)& Ar&s5tS Tt

G’WP(k‘g-002 _ eq Zw X GWP, e Equation 1.

i=1
where, w; = weight of component 7, 7 =1, -, n

GWP; = GWP of component 7

Em < RCR,
RCR(%) = =2 - X100 e Equation 2.
m;
i=1
where, m; = mass of component 7, /=1, -, n

RCR; = recycling rate of component

2 St AT 378

parameterg =&5t1l M= F5, Ax, & AR, 2 #2719 4 DA 2 dAlr, oUA],
HiEE, f7le, 23 g FUAAY AUA] AHEF 3 9aF 2 kg COz-eq. 2 JFo}sH

(o]
A= AN BN dA A= AAPAL(life cycle thinking, LCT)Z
7
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2.4. o|sfWAR QFAMS B

olsiEAA aFAFEY BAME AFY AagolA &4 parameters =EF5H7] 15t
74 Z A7) 5 A7) (Environmental Quality Function Deployment, EQFD)®e} &t734
(Environmental Bench -Marking, EBM)& £38519 715 X7} =7 "ix|op7]o] Q3 94 &
njo}slith(Table 4: Fig. 5 A%). A4, EQFDOIA: ARIEY M7 2F7|9F #AH ols|eAA}
(BF-2GEAL 718, 28AHE9] A S mretsto] listg A/dstal, 2} olsfaAAte] fArRY
(o: AbgulE A7) P2 FeE(1W: Fe5HA 9, 38 a3 98: 12 Fa3) = WA
ot olsiEARL @At AlE Age] 2 I 2 737 parameters(°f: AHEE A==, A
8 & ofuix] au)ute] FEAE(I: O BAYS, 3 WAAS, 9% 1S WAUL)E Bt

AXN
L, Equation 33 AR&ste] #7473 parameter B 7FSAIS AMESHIT

0

[e]

n

Zsi Xry;
weight; (%) = % X100 e Equation 3.
i;jgsj X Tij
where, weight; = weight of column 7, i =1, -, n
s; = significance of row j, j = 1, -, m

ry = relationship between column 7 and row j

=/, EBMOA = & 714 Al&9] &7 Hlw A4S Soto] g gso] Aoz I A=
ARA AlEoz, g geo] oz =2 AES AAAECR ARSIt B A= ARAA
o] thoto] HRAF Al Ay oAote] $H4 parameter ¥ 2 Hlwsto] 5 A (174 of

& g, 24 oRRF UE, 3 B, 4 oE £5, 54 Ul £5)E Bt £ d4e 4
AF AlE OiH] 1 ~ 38 o] Ro]7} U= parameter+ WIX|0F] T4} parameter= A17dstal, 3
A o]l parameter 52 FH TS e parameter2 417dsto] 7W4AdH4; parameterof i
A7

2.5, MAYE B8 =&

M g 78 =5 AN E 274 7157%71(Quality  Function Deployment  for
Environmental, QFDE)?71%9] 19A|9t 20 AS &Ats oz Asto] @7dido] =2 /HA i 2
&2 AAstoh. QFDE  18@A9M = olsiEAIRe] QA AESE0IAAY &84
parameter, A|lF2] £Q 5] AL =S Hrist, AEFSY B 715X E Equation 32 AHg
5to] AbESEIth(Table 5 &), olsf#AIA] Q@AY ¥ Q2%+ EQFDOIA AMEH #3 A&
sttt QFDE 2870 = AEEdy AREd 7] 287 74 B35 5%, SRR 4
A& fgrista, 5= ¥H 715X E Equation 32 AMR3to] AF&E3SHITH (Table 6 &%), QFDE 2
A

S 4 A FEAE EA AEE 2 ~ V9 Py BEo] AN BEo= M3
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3. A
3.1. 1\5]% \:|_] ;\]._9_1\4

WAL AIES HAF AIEo] vlaf &= £ %
A% xpo|7} sk U] oot B4o] Ao
S ‘oFal m e Zoz uepdch 2%7]o] AL g 3 €
2 JARIAT 2= A9 B WAR AlE (42.3°C)0] HAF AlE(44.3°0)8t AfE 102 & 2.0°CH
A et oFY He wih WAR AIE(39.9°C)0] HAF AE(34.3°C)8C} 5.6C &7
(Table 2 &%), T3 WA} 7\1]%94 Ao A= 5 10Xo] A|UE=E ‘ZFut ‘oFo w2 x}o|7} A9 U
ERA] 29koL}, HAF AlES 'Y A9 44.3°C, ‘F'Y H$ 34.3C2 Ueh} e oF o] whe uf
o] ez} of 10°CHE x}om 9180l uw&a oh SEE WAF ABQ) A 7w oFo] gt &
=o] xfo]7} UERIA] efokout, HAF AlE9] A9 'Y rft 18.9%, °FYU Tt 16.1%2 2.8%% %
o] Atol7} lgol motwlgri(Fig. 2 A%). %é—% 7o) A9 WA AIE(3.6 m/s)o] HAL HIE(2.9
m/s)oll wls 1.248) whE Zio= UL, oF 9] He WA AlE(2.9 m/s)o]l HAF Al&(2.5 m/s)
of vls 1.168] wg Zlo=z mofe|Qity. 232 "°F 9] F9 WAL AlE(41.8 dB)o] HA} A|&(45.3
dB)ofl "lali Ago] of 1.18f F2 Zloz uEpyth 28] A=(W)2 Z} AE9] AFFERALA mhetd
At o] Ao 49 WAR AlE(3,020 W)} HAF A &(3,042 W) 25 oF 3,000 Wo] A& 4H]|

2
she o= UERT, oFel A9

50 50
Temperature
45 45 H (high)
W (high)
40 40\ ow)
35 35 H (low)
Temperature 30 30 Humidity
Q) 25 25 (%)
20 20 | high)
W (low)
15 Humidit 15 W (high)
10 umidity 10 H (low)
5 5
o 1]
o 1 2 3 4 5 6 7 8 9 10

Operating time (min)

Fig. 2. Temperature/humidity curve by operating time(min)
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Table 2. Performance Comparison Results

Company Company
Item Level W H
Tempoerature H 42.3 443
(C) L 39.9 34.0
Humidity H 16.6 18.9
(%) L 17.5 16.1
Wind speed H 3.6 2.9
(m/s) L 2.9 2.5
Noise level H 48.9 48.3
(dB) L 41.8 453
Power H 3,020 3,042
(W) L 2,250 2,200

77} oF 2,950 Wel 2,200 We] Me=lS aulsl= 71 o2 mote|9lck(Table 2 AHX).
HAF Al&2 WAR Algofl vlsl Fig. 3o UEhdl ZAut o] vE SEN
q. 3011 AU BEEoA 945 ZoR Wobe k. WEXA §olde HAF AIE(3.6%)
Ab Al&(3.278)) vl 0.4 =7 H71E A=, ol HAF Al&9] dial type AT HE9] 7
A} AES] 2709] push type £ HECY, oholl M) g Wol AR 4 o] ALgAol o
71el 202 debriefingS Edf molw]oic}. upsko mut EakxAo| 715sl¢ oL}, HAF A Eo
FrAUALE A0 66.5° 2 WAL AEo] 21.07f vlsh of 3.28) A= Ast UYL §e Zo
mpotefQltt. T2 AAEL & AlE 25 st Au]d2 HARY AlE(4.8%)0] WAL A|&(3.
of wls) 1.28 A rlsiglon, oA ALt M7 Svio]q HiAISR BE o Hss

we oz AT

P~
L it o rlo o

5o SE

4.0

3.0 H
Usability
(point)
20

1.0

0.0
dpaseol  Belpange  Salely  oSipmopy  Asglijles Qe
manipulation - “for
oBfitEn  adfi@dknt HEE
of wind
direction

Fig. 3. Usability testing results(nz = 5; *p < 0.05)

3.2. AlE 22T

WARS] GWP= HAF AIEECH 1381 2 202 24 54 Ouf, WARS] RCR2 HAReF 5et
86%2 AEE Tt AlesS Zollet 2ak WAReE HARS § 25 7Hes 35709k 367124 £5 0
A 2 Rto]E HolXl&= ookt WARS] GWPE 215.0 kg'COz-eq. O2A] HAF A|&2] 160.8

rlo
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kg:CO-eq.0] B]3} 54.2 ke-CO,-eq.829) CO,Z ©f jEste 202 moreioich., Jejut, Waket
HAb A1 E9] RCRS 86%2A & AIEo|A AL E 7Hsst YMRo) Poat ol SARE 2102 mho}
Soick @, WARSH HAF AIE 25 Uy 272 Abgstel a7t 2rbsd RES() 2E, 8=

7132 stupe] BE o2 JhRstict

]

o]

roh o

3.3. Al &34

WARRF HAF AlE Ay 2F GAE SHAdlEdS &5t 23 & AlF 25 ARE @A 49
Fol 7 =2 AR moEQtH(Fig. 4 Fx). dAlg FSTACNAS SAHEFS WAL A&
(215.0 kg:COz-eq.)o] HAFQ] A|&(160.8 kg:COz-eq.)oll Bls 1.38] =7 UERd=d], ol WAL |
2(193.2 kg'COz-eq.)oll A& X 7] (Electric wire UL 1007/1569)2]

5000
4500
4000
3500 H

P 3,000
G 2,500

(kg:COyeq.)
2,000

4464 4464

1,500 W
1,000

R I 8

0 26
Raw material Manufdcturing Transpdrtation ~ Utiization  Disylosal
extraction

Fig. 4. Global warming potential (GWP) by life-cycle phase

EbavjEapo] HAF AlE(138.7 kg'COs-eq.)ol AHREl 710 u]s] 54.5 kg-CO,eq 82 =917 w2
o2 morggirt ALg EololAle] BraviEete WAle HAF AlEe] 4u] A=l 3,000 W, 19 AMS
AZE BAIZE, Aed W@ ALE L5 75902 7]E0= AEE AT 4464 kg COreq. 2 S5
ntore]gich m7|RA o)) Eraul TS WAL FE(42 kg-COs-eq.)o] HAF AIE(26 kg COpeq.)ol
ulsh 16 kg'CO,-eq A= =7 LERTH 3HH A %59t S4T0] EHavjEae 10 kg-CO-eq.nlRh
02 77 6 kgCO-eq.9t 2 kgCOpreq 2 & RZolA QAlsHA mofe|gic}. mhet, AsAcy
M7 eE7)e ALREA MY SaviEaol Tt @A (PMBHE, A&, 24, W)l vlsh 24
A

208 ol4 Ee oz BAlw ik,

3.4. olsIEARL QAN
AENEY 7] 287]9) ofsjIAAL R 7ARES Wolsh] ¢I5t EQRD 43 it ALSE ¥R, AL
% odxl, 22)n AEEEO] Al 7bA] JjHo] £Q3t AltoR BAMEIgtTable 4 AE). AREY A7
22719 ofsfAlto]l TE QTARFS 107RIER-SATA: SIS AL2A, oluix] Aok, AjE8E
7k 71 AAEE A A AR 2T Sk auAk AE U B, 96 e

E
& A5g) 22 Gol W, HY] §old T2 MYHUCL EQFD 232 S5 e
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parameter=< AlE H7| GAOIN AEEE(17.67), iz FSTACIA AHE drad(11.89), 19
AlE AREEARIA ARE & dlHA] 2B|(8.48)=02 AAEo] Zido] Bash Jlo= UERGT EBM

g2, AxE 3 quA 2H, AF S AR olUR] 28], 28 &old, MEEE 2121

=
AMAREZdo] 2 E 7HATh Y $737d parameterz2 A7 & Act.

Table 4. Environmental Quality Function Deployment (EQFD)

ANE Ag HE HZE HE 25 HE Ag HZ 57|
#24 | = | g2 HE & N eaxzlngz ox/ |~ e oz
e gatolel| o | ap | 99| o |92 B | HE | HE el I DYE-R Y R B4 =T B i O Bl
i NG I BTN B K TEPH Rl Bl Bl B2 ) TR R TR il B el B I E TR -S4 E 5
;I;ﬂijf* c | gy |BE| Ly |HEE|BR (% au | 2o | HE2| px | 7| 808 BEE| sy | 188
AT AT
s |__(RoHS, REACH &) : :
S LEWEE
2] 9 3 1 3 9 1 1 3
el [ OEEL
26E o
WEEE £) 9] 3 1 3 9 1 3
ol dnesEE ¥y | 3| 3 313 3 1 3011
R HIE 1 3 1|1 9 3
HEWrges | 3] 3 3 3 119 3 3
R EUMELL [ 9] 3 3 1
28| Rt 25 133 3 313 3 9 1 1
2| BOIHEY |3 1 9 91 3 |9
H7 o4 ey | 9| 3 1 9 |3 31 3
4 - 126 | 81| 36 39 |18 18] 45 | 54 90 3 4 127 36 | 189 | 63| 39 | 8| 81
U - | 118 (76| 34 | 36 |17 (17|42 |50 | 84 | 03 |39 [25] 34 |176 |59 |36 |78] 76
Benchmarking parameters Competitiveness parameters
5.0
4.0
H
Score 30
(point)
2.0 w
1.0
0.0

ArgeE o MESHMES ME NS EZPUW2ETAESARE 94/ HZE A3l M
22 £7 oUXHEE ¥ £ OlEx| ofAX| B EE 2| £
g3 2| 2 2| 22E

Fig. 5. Environmental benchmarking and competitiveness parameters of electric fan heaters
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3.5. 7hd i #

AHEY A7 28719 VAW FF mofS ¢t QFDE 4o Ayp, @Rl ER(2E)Y
Mol maeh Zloz moteQity. QFDE 1T7] 438 2} Table 59 2 57HA] A& #8 &
b T7HA N Wi 2787 parameterg2 WYL E F 12717 Kil% =740l oish 7FSAI7E AbE
Huoh AREY Y] 28719 +4 FE F M oY F52 A85H] Hsi. QFDE 1EA|9A
AEd VMRS AREstel QFDE 2HA|S 4d¥eh Z2ut Table 63 o] +55(18.0%) EHF
(18.47%)7 A7 = A

Table 5. Quality Function Deployment for Environment I (QFDE 1)

HE EM(RIES FQEN, HAChA S A oiato|E)
=3} NEE[AZZ] . |8 >
ex [_ (... |2 = 2| i i
FDE I 0 EL | EF2 ([ =E | A2 | &2 | oYX [EPS N
Q i L e el s o ';Hl' sz || 2o | uss | way
B PEEFIEESS
?; (RoHS, REACH £) ? ?
j{;;l OlL{x| Mo EPS) | 9 9 | 3|3 3 3 9
- W28E SIHWEEES)| 9 3 9 9
o AR Y MY 0
Mesy x5t | 3 3 3
HE HT7a sa 3 9 9
Sl 23 = 2A 3 3 1| 1] 11 3 3 3 3
AH| X} 280 A3 9 3
2| 80|4 At 3 3
m|7| 80|4 At 3 9
=7 9 3 9
745 %] - 90 | 30[30] 3 [30] 27| 36 | 18] 90 | 36 | 189 | 81
- | 119 |40 |40 |04 |40 | 273 | 47 |24 | 119 | 47 | 249 | 107
Table 6. Quality Function Deployment for Environment I (QFDE 1I)
HE 1M 22
QPET Aan | man | 2w | suw | ame | wwe | 5 | sem | o
2% viztg 11.9 3 1 3 9 1
N 40 9 3 3
=2 40 3 3 9
E5 2N H9 04 9 1
HZEEM s 4.0 9 3 3
(M=o zas4, | AgE v 2™ | 273 3 3 1 1 3 3 1 1
JHHCh & HZE & oux| 28] | 47 9 1 1 3 1 1
239 L2A0/E) HE 52 24 3 9 3 3 3 9 1 1
AMEE Offx| A8 | 119 3 9
22| 80|y 47 3 3 1 1
e 24.9 3 3 3 3 3 3
MAFE N 10.7 3 3
=7 - 163.6 | 3142 | 1636 | 2490 | 3213 | 2269 | 1518 | 1589
5% - 94 18.0 94 14.2 184 13.0 87 9.1
3.6. d=F ¥ i =&
= 5= Table 73} #o] AlgHdAolHA JAE Hdaf HIx|opro] Hagh 7|40y parameter H
AR TR s st on, ol o] sl AAE S S 2471X]9] st} Hl
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A0S St 157FA9] siasere Adstit. olg 201, 747 FHolM= /\}% s oy ags =

71 9fsl ARolN §UE B GERE ofel W BUSES wind guide RS AJNT 4 glouf, A}

B P A
2 4R 7l50] 2718 4

Table 7. Solutions for Product Competitiveness Improvement by Benchmarking

Parameter
HATH A 24 F2H B2 29 LEDT
T20lE THAF=E e ] 2 3
25 =H 7|5 27
ME Z R Do T RRE T (ZH T2 i25t AB A EE IS5 F7t 2 7% J|5 &3t
L[S 2r /25 FH HH)
(A= 27| 72l W LAl AR BT F2IREE
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Fig. 6. Concept for improvement of energy efficiency

=M. &E 9T Fashes ARMEY A7 287 AR oA A A Ble & Rl
AEY Ha RS 2/FE AR, X222 AT 52 Sl AR 7] ALg #0] AT
=5 sk Zidolth(Fig. 7 FXR)

H LEARY ZE7Z A8 NEETELR S
(fol’d HEH AL X) NHES L
A8 Y2 U UE HE HAg 1 2E
(A8 TEIE Xp 2f) Ag
Fig. 7. Concept for reduction of environment impact
4, E9]

2 d3e ASA du5Ad A Jd 71390 A7) 25710 sl A, AMEAd. 22 S &
Ho] Huby F7Hs fo8sto] AGAoIHA AIGAAE S e Algor JiAstY] Hgh A 7id
< Aokt 71E AEHA AE RIS gst APS0 Ve Muby Brtg st 2 9
AE S Fx AZE DAMY gRayY 14 RE 9L MBS Adets 39 I 52 Al
ittt & A4t AlEEA AE AANA AMREE Ay oo dA AlEY At AMEd B
712 Ad38sto], Ay Forel gt A Vi A d i =&53F JiE AA dACIA AR E
S uT oA 4 ol A7 NEe =50 ozxoz e dlg SY, AWcy A
2871 AHE GAOA B4 HIEY (4,464 kg COz-eq.)0] 7P W2 o= mofw|Ql=t|(Fig. 4
Ax), o]2 JjMstE Wetog TEMol Amyol oux] 88 wolt Zw st Woko] g &
gloit 2& xRS ol FORM ALGAL ALg TAGA oluA] 2uE £Y 4 YRS 5
Lois E oohe 5ed I el 2 4 oo

A ZiEde2 AR TAIA AU A] av7t T2 AlEse AeEA Zhdd

J =
&5 282 4 AT & A4 ARE TANA YA 487 W2 AREY AV 25719 Al

_47_



= e 7o 25 £ ARg
wof, 2%7] A9 oldr] £ 7% 5o Bl =&= » k. 12T 7 o) thit
e WA g 5o 2AIMS shAwets
2 Sof tiste] Table 70] Ltehd
g]—7ﬂ7<—1o]131]}\-] _Q_J_]-T\-lo] 7H/\1

= O

O Wy H
o
2 3 g
lo
u [>
o au
H1 loﬂl
o
A
rlr r
N
> N
ofo rlo
>~ T O{\Ijl
r_ﬁ ©
P >
2 oo
N
ool =
: o
SRR
2 P~
R °
> o
fujo
oy
P~
uju
19
Rel)
>

>

i) >
N
N

ol

oA Aot 2A Zigol tiste] ds. AHEE. 22lal AP FHAM Jhdasst 4
Q ] 3] 3

A e Mgstel SU

=2 ot
w

X

N

_,,

>«

S~
>
o
- ofy

oAl AHF 20% 24,

HoR 2 e 2
|o
Hu
M
M
la}
£l

rto

i)
l_r
)
o
N
an
ot
oX.
qz
1
=2
kU
0
>
)
rO
r)*l
Mo
rO
1®
0%
ox
>~,
Rl
i
~
o
—
>
..|>
o
S
S
|
)
Nl
o
o
1
[e]
o
2
4
o
i)

&, AL, "oYAl avlof] g Ap2dst ZAIRE =0 g, wE]sRet =t
SP7lsgE A, 1(1), 4 ~ 7(2005).

2) t=odAlsdd, "=A oUREYG X f2YA] AN 5T, FAMSTEILA,
(1), 1 ~ 66(2007).

3) A&, 20129 FEsfof & IAEAIL 719 WA=, Trade Focus, 11(10), 1 ~
38(2012).

4) Haas, G., Wetterich, F., Kopke, U., “Comparing intensive, extensified and organic
grassland farming in southern Germany by process life cycle assessment’,
Agriculture, Ecosystems & Environmen, 83(1-2), 43 ~ 53(2001).

5) Ben-gal, ., Katz, R., and Bukchin, Y., “Robust eco-design: A new application for air
quality engineering”, /[E Transactions, 40, 907 ~ 918(2008).

AR, "GYE AHanE £o, ARAE AYdS S5, (2011).

=2 17

SJ)
>

141743

7) SEAA7IEY, Tl ZYARG] ZeAA A8 AETE tiw2(deiziH)”, (2010).

8) Masui, K., Sakao, T., and Inaba, A., “Quality function development for environment:
QFDE(1st report) - a monodology in early stage of DfE, [n proceedings of the
EcoDesign”, pp. 852 ~ 857(2001).

9) Masui, K., Sakao, T., Aizawa, S., and Inaba, A., “Quality function deployment for
environment (QFDE) to support design for environment (DFE)”, /n proceedings of the
Computers and Information in Engineering, (2002).

10) A%, AF&, £QIA], "ol Aupgmotol] et A7, ghdadmrietE], 7(1), 57 ~ 62(2006).

11) &8s, &7dol, "AlgAtdol lojAd mgERol RupgHErE ARAR", hRR7]E Al
15(3), 277 ~ 290(2007).

_48_





