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A Case Study of Eco-Design for a Small-Size Electric Heater
by Performance, Usability, and Life-Cycle Assessments

Baekhee Lee - Heecheon You
Department of Industrial and Management Engineering, Pohang University of Science and Technology (POSTECH)

Life-cycle assessment (LCA) is often employed to quantify the environmental impact of a product in a com-
prehensive manner. The aspects of performance and usability as well as that of eco-friendliness should be
considered in an integrated manner for the market competitiveness of an eco-friendly product. The present study
developed a product improvement plan for an eco-friendly electric heater by benchmarking two small-size
electric heaters (companies ‘H’ and ‘T’) in terms of performance, usability, and eco-friendliness. The perfor-
mance measurements such as temperature, humidity, wind speed, noise, and power consumption were collected
while the two heaters were operated in a laboratory setting. Then, the usability evaluations such as aesthetics,
operation satisfaction, performance satisfaction, and overall satisfaction were surveyed for the two heaters using
a S-point scale (1 for very unsatisfied and 5 for very satisfied). Lastly, the LCA analysis was conducted by
following the six-step process of eco-friendly product design provided by KEITI. The analysis results of the two
products being integrated with the aspects of product, service, and user, four design improvement directions such
as eco-efficient, smart, modularized, and user-support were recommended for an eco-friendly electric heater.
These proposed concepts would be useful to develop an eco-friendly electric heater design with a high level of
market competitiveness.
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Table 1. Specifications of small electric heaters

Company T

Company H

e

Ilust-

ration I @ i
Power 1,200W 1,200W
Voltage 220V/60Hz 220V/60Hz

Size 316x167x358mm 170x80%210mm
Weight 2.7kg 2.2kg
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Figure 1. Eco-friendly product design process(KEITI, 2010)
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Table 2. Performance comparison results

Item Level Company H | Company T
Temperature H 55.6 67.9
©) L 344 317
Humidity H 10.1 12.0
(%) L 3.4 1.5
Wind speed H 23 0.2
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Noise level H 66.3 46.3
(dB) L 62.4 46.1
Electric energy H 1,190 1,240
(W) L 570 930
32 AHA
HAF A2 TA A F RO AR A, &5 B5E, T2
& UEE SN 14 o4 =7 B7HE 3] 21 (<Figure 2>
Fzx), ol 490l A WUt AHEA HUtE 2P 2F7) A
S0 oS QWA AEo] I £ ATk A S FAHLH
A AFG.5A) O TA AlF3F)ES 128 =4 B7HE M=
dl, ol TAH Al F2 2= 24w E0] €O 27 3em A%

ll

ol

fekol $jA8ke] B AP 5 Q7] o2 vetH it
SE NETE I} o A HAF A F(F 3.5, 938
Aol TAF AE(7} : 2.8, &F 1 1.8%H)H E}%‘om,z.o@%
A B7HE A=, ol HAF Al Fol 7HEE 371 H = Fe

B2 S A gEd AR ot 4 HEEE
T8I o) A HAF AF( 357, oF  4.03)0] TA AIE

(2874, % 23 BT 474074, 174 2%oH, o= H
A AlFe] 7HEE B35 At E EAATE fans AHE

o

a7] el Ao shebEgich. S, AN HEEE HA
company H M lavel™= high company T
level = low

Heecheon You

S} TAF A F 25358 0.2 Aol 7F §isiTh.

3.3 A4 ¢}

(1) A# 2D

HAF AlE 2] RCRE TAF AIFE T 5% =7 YERE Y, GWP=

120 A & A0 2 A Hich AF Bl 23 HAF A&
o B3E (6870 TAF A F607) Bk 87) Bo Ao 2 shot
ATk A& S0, <Table 3>& TA} A FE &3l 3k Fotgt
AAHAAE BT, AABAANZEE AHEE HA Xﬂ
F AF LIV EL 9% TA AIEL 74% B} 5% B2
A0 2 Yepstth, B3k HAF Al F9] A 721814 (kg CO2-¢q.)
E Q43R TA A E9] 72850 11,59 & 71 0 & 5}o}E| 9]

o, HA AFS B Gol5A SES 9 HTH B
FE: 280 TS THHD g A0 soplo]
AE 517 gAY BHH ol e A 02 BHEA,

2000

1500

1000

GWP (kg Co2-eq.)

500

84 73 S 19 5o

20 20

Raw material Manufacturing Transportation  Utilization Disposal

extraction
EHET

Figure 3. Global warming potential(GWP) by life-cycle phase
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Figure 2. Usability testing results(mean + SD)



Table 3. Bill of material (BOM) :
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company T’s electric heater

No. Decomposition unit Component name Mass[g] Material name GWP RCR[%]
0| 1]2|3|4]5 [kg CO2-eq.]
1|0 2371 1471.2 0.00 0%
2 1 EZA 290.0 0.00 0%
3 2 EAA-Fol A 151.0 Paper, waste paper below 50%(Z#] 50% ¥+ &) 0.25 95%
4 2 E4A)-ud =) 14.2 PP(poly propylene) 0.03 85%
5 2 EZA-LFA 96.8 0.00 0%
6 3 AEA-2E 2T 0.0 PS(Polystyrene) 0.00 85%
7 3 A A-F ol 96.8 | Paper, waste paper below 50%(¥ =] 50% "%t ¥Hr) 0.16 95%
8 2 XA T E 26.5 Paper, virgin fiber(Q12]-8-%]) 0.03 95%
9 2 EAR-42] 0.0 Paper, waste paper below 50%(Z#] 50% v]qt ) 0.00 95%
10 2 EAAA- =T 1.0 PE(Polyethylene) 0.00 85%
11 2 EAA-AFLA S 0.5 0.00 0%
12 3 AFNAY L9 0.3 Rubber, EPDM(Ethylene-Propylenediene Rubber) 0.00 0%
13 3 AELRQ LA 0.2 Steel Cord(74) 0.00 98%
14 1 EA) 11812 0.00 0%
15 2 EA-FE AW 222 0.00 0%
16 3 T AW-EA 21.0 PP(poly propylene) 0.04 85%
17 3 ZE 7 H-2H 1.2 ABS(Acrylonitrile Butadiene Styrene Powder) 0.00 85%
18 2 Aol 27.7 0.00 0%
19 3 tho] &-#A| 8.9 ABS(Acrylonitrile Butadiene Styrene Powder) 0.03 85%
20 3 t}o] A-A o] 5 17.5 ABS(Acrylonitrile Butadiene Styrene Powder) 0.05 85%
21 3 tho] G- AK2 ) 13 Steel Cord(744) 0.00 98%
22 2 EA-5H 2374 0.00 0%
23 3 SIH-EA 101.9 PP(poly propylene) 0.20 85%
24 3 AA- AL 1H7A 2.0 PP(poly propylene) 0.00 85%
25 3 SH-UAK270) 1.3 Steel Cord(%4) 0.00 98%
26 3 SA- 44 1322 Electric wire UL 1007/1569(% 7] ) 61.08 35%
27 2 BEA-GAK47H) 44 Steel Cord(744) 0.01 98%
28 2 EA-ohd 889.5 0.00 0%
29 3 S EA 230.8 PP(poly propylene) 0.46 85%
30 3 oot 76.5 0.00 0%
31 4 H-EA| 75.3 PP(poly propylene) 0.15 85%
32 4 H-AA A1) 12 Electric wire UL 1007/1569(% 7] ) 0.55 35%
33 3 Aok F X (270) 5.3 PP(poly propylene) 0.01 85%
34 3 b3k 7l G A A2 7)) 1.4 Steel Cord(74) 0.00 98%
35 3 Srghglvlol = 44.5 PP(poly propylene) 0.09 85%
36 3 A 7to] EAK4AN 4.4 Steel Cord(Z4) 0.01 98%
37 3 SF-HZ 9 41.6 PP(poly propylene) 0.08 85%
38 3 AT Z =YX GAK3AM) 4.0 Steel Cord(%4) 0.01 98%
39 3 k- 2 9] X o] 2)(1 7)) 0.3 Steel Cord(744d) 0.00 98%
40 3 d-Av 210.6 0.00 0%
41 4 Gk BA 164.0 Aluminum sheet(&F7]F3) 1.70 11%
42 4 da-dartel= 45.7 0.00 0%
43 5 E3rtol =2 A 29.7 PP(poly propylene) 0.06 85%
44 5 3ol =-A 3 16.0 0.00 0%
45 A8} EA) 5.9 PCB(Printed circuit board) 0.06 20%
46 A4 2@ 270) 10.1 Electric wire UL 1007/1569( 7] A1) 4.67 35%
47 4 dartol =LA 27h) 0.9 Steel Cord(7H41) 0.00 98%
48 3 ARG 7% 8.1 0.00 0%
49 4 9 7)1 9-BA) 6.4 PCB(Printed circuit board) 0.07 20%
50 4 G2 F AL A (1)) 1.7 Electric wire UL 1007/1569(% 7] ) 0.79 35%
51 3 A-HA7 2.9 0.00 0%
52 4 A7) H-EA 1.5 PCB(Printed circuit board) 0.02 20%
53 4 A7) T A (3 A)(17]) 0.4 Electric wire UL 1007/1569( 714) 0.18 35%
54 3 kA7) AN 1) 1.0 Steel Cord(7+41) 0.00 98%
55 3 UF-EWRATH 119.3 0.00 0%
56 4 ERAZrER 116.3 Steel Cord(74) 0.33 98%
57 4 EdzudAEH2M)02M) 23 Electric wire UL 1007/1569(8 7] ) 1.06 35%
58 4 EdxFopdd @A) 0.7 Electric wire UL 1007/1569( 7]4) 0.32 35%
59 3 oFg-E W2 E v LAk 7H) 1.8 Steel Cord(74) 0.01 98%
60 3 U FHAH 121.5 PP(poly propylene) 0.24 85%
61 3 U AY 15.5 PP(poly propylene) 0.03 85%
Total| 1| 2| 12]30]12] 2 72.79 74%
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Table 4. Environmental quality function deployment(EQFD)
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Q1w H3 1 3 3003
87 ¥ e 2 | 3 1 3 3 3
FalEd AHEEA
(RoHS, REACH %) 3 ’ ’ 3 3
oz Aok
(EwP S 9 1 9 3 9 3
A2 NL&E F4
oA (WEEE %) ’ 3 ’ 3
ERANA - TR F5
@ARY 393) 3 39
A7y F5
(m%%% Xﬂ] ;2631§> ? ? ? 3 3 3 ?
AF WA 3 9 9 9 9 3
8] golA 3 3 9 3
ZH| A} Tuielg Az 3 3 3
AHEHIE M7 9 9
FrARSHE A3 3 9 3 9 9 9
ol - 210 | 177 | 108 54 75 | 54 45 180 36 54 81 54 180 | 27 | 30 | 21 27
7] - | 143 2ol 713 | 37 s1] 37 [ 31 | 122 | 24 3.7 55 0 37 [ 1221820 14] 18
Table 5. Quality function deployment for environment [(QFDE I)
AE EA N AN B A parameter’ + A ES] FREAD)
k= o 3 3L 3E
QFDE 1 gag | 8T D E Damen | 22 UE | maa | vE 4 e o es 4 anes
Az B A7 3 9 9 3 3 3 3
7 3R WE A3 3 3 9 3 3
74 EFuE A7 1 3 9 9 9
v A7 1 3 3 3 3
37w AF Az 3 1 3 3
FalEd AHEEA ; 9 9
(RoHS, REACH %)
oz Aok
EP 5) 9 9 1 9 9
587 ALEE =5
o (WEEE 3) ’ 3 o ?
B R L
(3439 3923) 3 3 3 )
a2y 5
(rﬁl?l%% ::?2631;) 9 9 9 9 3 3 9
AE W8 F4 3 9
T8 oA T 3 3 3
2|2} Tojel g Az 3 3
AHERE A7 9 9 9 9
FARSFHE A 3 3 3 9
A - 99 174 174 99 45 63 27 27 99 90 90
7+E 10.0 17.6 17.6 10.0 4.6 6.4 27 2.7 10.0 9.1 9.1
Table 6. Quality function deployment for environment II(QFDE II)
AE 78 BE
QFDE 11 7t A ki ZH L] il Aol 2291 A
ARG EA- o 2] 44 10.0 9 9
AHEE dEEd 17.6 9 3 3 3 3
frafl g2 17.6 3
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AEZTH 4.6 1 3 3 1 1 3
EXT
(‘0o 27373 parameter’ Ziﬁ;o;;ﬁq 23 1 3 3 9 9 z
e e B3 .
vAEA £ 59) 2E T 27 3 3 1
2T 2= 10.0 9 1 1
oE & 9.1 9 9
ANAHEA 9.1 9 9
A - 388.4 135.9 395.7 157.8 205.2 205.2 2225
7VEX) . 227 7.9 23.1 9.2 12.0 12.0 13.0
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