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Abstract

This study is the guideline which gives an evaluation of Eco-Product Design by
using the life cycle assessment of microwave. Quality Function Deployment for
Environmental (QFDE) and customer requirements were considered for the product
design. SimaPro Software Version 7.1 was applied to evaluate the environmental impact
of the product. The methodology from SimaPro which we used to evaluate the human
health impact of each microwave part and the opportunity of environmental
improvement is Eco-indicator 99. In addition, this study applies to use Environmental
Benchmarking (EBM) for compare the model with similar function and capacity of
each product , that for ways to improve environment of the product. Eco-efficiency of 3
microwaves was analyzed by DEAP 2.1 program for potential competition of business

management which parallel with responsibility of resource and environment.
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wd AT UAULIENBL mini compressor §1 A-D
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A 13 16 29
B 5 14 19
C 9 10 19
D 6 15 21

v aa dl Y o a ijday ] ¥ a o df 26 ¥
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dunaun 2 nsdssifiulnaldisnis Eco Indicator 99 ielsziiu
Environmental Impact 2ONN1TIAZNAYEY Human Health, Ecosystem Quality LWAag

Y o

Resource WAY AN191N91AN199RUANTG 9 ssinnuniendaafasadminigilssiiy  Eco-
efficiency tuarldadunn fAe Aldarnnistsziiiulagldisnis Eco Indicator 99 A
LAPSTINNANITNLNNAIWIAA BN ARG IN NI IN YRl TuAn9197 2.5 Laznanszny

AafluA19197 2.6

AN919% 2.5

nstigunenilninuniszifiugasdsnis Eco Indicator 99 WARNDNNANTENUNNRIUINFEN

FARRUNNIBIN el (Fauiae)

ARSI HANTEMLNISAUnEaN ATAN UL uMASTisN U
FARRUNTNYDINYre] Ecosystem

F3B9EN9a 174 0.69 3.52 5.95
A 2.73 0.75 5.54 9.02
G 0.54 0.41 2.04 3
adnsillana 0.016 0.010 0.042 0.067
ARNNALADT 1.5 0.846 4.91 7.26
LF3BNNUN 0.3 0.0657 0.715 1.08
Lﬂ?:m@m!u 0.535 0.535 0.14 2.47
wisaaulnm 0.0463 0.0129 0.21 0.27
A7 0.188 0.045 0.369 0.6
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FORUNINUBIN e (Fasi)

mmﬁmeﬁ N@ﬂ?ZVIUVI’]\‘]aQLLﬁﬂﬁ‘ﬂN ATUNTWUBNTSLL LLM@IQ?{N’] TIN
AORUNINUBIN Y] Ecosystem
i3RI 28.76 11.40 58.18 98.35
gL 68.25 18.75 138.50 2255
1 34.62 26.28 130.77 192.31
nadwsiane 140.35 87.72 368.42 587.72
PaNRaLARS 65.22 36.78 213.48 315.65
wisaaRnIuN 100 21.90 238.33 360
wingady 118.89 31.11 397.78 548.89
wisaaulnm 85.74 23.89 388.89 500
A3 163.48 35.22 320.87 521.74

ANBIANNAD T1ANTR9ABANNY 9 UITiny uaziindd Data Envelopment

Analysis (DEA) #1%1n131lszilupn Eco-efficiency  19sginsndiesesldaiannsatind 9

dl = = a ¥ ] ! .
WallsauinaudupLAazlszinngn Eco-efficiency

st vung i dunnua luusannsen 2.7
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naifFeuineunaa1nns14as Eco Indicator 99 wazldnsAn Eco-Efficiency

9a9tA7a49 1 W97 9 Uszian

NAR4T] AUNNTDINYE] ATNIN WHASNHNA Eco-

Ecosystem efficiency

AAad | 1Whunne | anad | Whvnng | asag | luane

LATANANNANY | 1.170 | 0.570 0.524 | 0.166 1.616 1.904 3.309
FLiiu 1.745 | 0.985 0.281 0.470 2.294 3.246 4.319
i 0428 | 0112 | 0376 | 0.034 1676 | 0.364 2.480

adwyidana | 0.000 0.016 0.000 0.010 0.000 0.042 0.000

paNNalees | 0.000 1.500 0.000 0.846 0.000 4.910 0.000

wirasinnu | 0.284 0.016 0.056 0.010 0.673 0.042 1.013

\ATaggarl | 0.000 | 0535 | 0.000 | 0.140 | 0.000 | 1.790 | 0.000

CERNSIRTY 0.030 0.016 0.003 0.010 0.168 0.042 0.201

70 0.172 0.016 0.031 0.010 0.327 0.042 0.530

=2 o oAl ¥ :j/ ] 4 ¥ ¥ ' - o
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AONUULININ NGALLBIAINEANITIALNLINUANTENUNTATUF0AIWINABNNEN 80% Aifin

v
o

WAIAINNITLIUNNTRBNUULANEA luda1e 20% Wil (Otto and Wood, 2001) faeitus)
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aa a o I ?/ |:// 1 aa a o rai 1 -jl/ v 1
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™ Exclude Infrastructure processes
| Inventory per sub-compartment
Monte Carlo stop criterion

@ Fixed number of runs 1000

% 1 lsr stan Fartar o.00s | value [Single score
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3.3.3  AunaunIsilFEUTiELAuAINI9AIURILIARAN (Environmental Benchmarking :

EBM)

1. ilalpsiania 3 funimsnBeudeufumed g aden

2. Fennafmeimadnudsnaden i Sauiioy

3. r;T\immaﬁmﬂﬁﬂumudﬁmﬂmwdwiuu %ﬂmmﬁﬁﬂﬁ%%ﬁmuuu@g’ﬁluﬂiqq
NI 1-5 (FERANNAAL

4. nmeszananeaanguiieaslipriunanduiuteusiaziu

5. NN1T99LIVNALUUUANNANNUEIVN A

NIN7 3.6

stluturesnsnFuu e UAutsmIeAURLIA BN (EBM)

Environmental
Parameter

Model

.4

ANHANYINETWIN Environmental
Parameteruaz Modelvadtanay
weaz Model

sSum .




AN 3.7

dupenlun1gin AN aTaL e UAUINNI9AURILIARDN

a 17 [

1.neAnmaEAnaadasiunis

a a o [ a 1%
L‘]J?‘EI‘]_I WL NARN UNNINRILLIA AR

\ 4

2. ANVUANIITRLADINIANLAILIAF DN

\ 4

3. svANiuanasangNlunisli

ALY

4. NNNTANUITAZMIUTZAL

[ &

ANNANNUS

\ 4

5. nM9ALATITLAzATUNaT LA




35

334 dumaunsisziiivilszAansnwidelliaAiAsegna (Eco-Efficiency) YDINARN DN

1. nounneadedluiadeiidwinnisdneData Envelopment Analysis (DEA)

Wa1lszii Eco- Efficiency 284uaRSusianunAanuiialulazanag seimne

2. An13an1suazdunaunisldanulilsunsy DEAP 2.1 1ialsziiuA Eco-

Efficiency 189NAANTUIN

3. nenvuesalls UL LUA ae9A M ULL LA ae9n 1 luan R dad el

a o o

foudsnldluiunudiaes @uwn) eladeridnluiuudnaeiid 4 dade Ae

nansEnUsaasuIndanNnlsvitulsanTlsunsy SimaPro7.1

3% Eco Indicator 99

- dminaeamaululasion wiqe Aa Alansu

- annqaessneululasion wiae Ae ang

o &

- s ldnagawlndn ynel Aa TR

a o dzl A 1 A
NANAA MLLILANA89H (Output) Ae s1Anzeamnay iAo vilie Ae U1n

AN9197 3.2

LAANANHNANTENLFADAILIARD

TULRILADY HANTENUAD ATLNINTBITZLIL 4
WHANTNN 794
TuTasian AUNN Ecosystem
1 0.746935 0.10200 0.25627 1.105205
2 1.038000 0.13800 0.48730 1.663300
3 1.093010 0.30743 3.39629 4.405570
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AN9197 3.3

LAASAINITNINUAR WL IUNINAAD

WAL vt NANIZNLIFR ANA(L) | nsldwAwnu 9701
TaTagian (Kg) Aauandau (P) Tl (W)

a;'u 1 12 1.105205 22 800 2240

g'u 2 12.35 1.663300 21 800 1795

q'u 3 13.5 4.405570 18 700 1850

P o a = a
4. Reulauazdaguymlunisine Ae
4.1 NINANTNNANUTIARENIHER (input-orientated)
4.2 I‘iﬁ@amgﬁﬁ\i Constant Retune to Scale (CRS) wag Variable Return to Scale

1
¥ o = o

(VRS) Lia9a1n fesnnmaaaudn lunguinannniasiansounagiildnsouzaenisudsdun

u
|

e A 1 I o a a = A 1
anysaiizeld waziinisafiunau@n o qanusnzanysely
5. naiusIUINkarnIsdnnisdeyadiniunis i ilsunsu Data Envelopment
Analysis Program Version 2.1 (DEAP 2.1)

A

6. Raulansdnnisinadayasiasdl Rauladsil
6.1 radllInvasdayaazfieaily ApANIILAAIDNTALD9 FoulsHanARn
(1@17Inm)
6.2 padnlraNvesiayaazfieuily pednTiLansDstAueq Aoulsilads
(BuUnm)
-dl 1Y o ¥ k74 ‘ﬂl a ¥ 4 4
7. Walddeyauazdnnisngiaaauniugniesresdeyaidunzauiasudanli

ANTUNIIFABAININ 3.8
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v A o‘%’/ o dl dl Y G ¥ o
Tiranitadviany ﬂ@Nﬂ’]‘WLW@Lﬂ@EIuGL‘VIL‘]Ju?I‘ﬂN’]@LLUU AIA

Q;] File Edit Wiew Insert  Format  Tools Data Window  Help Typeaquestionforhelp = - & X
il =4 NN RN e Rl Rl . -4l @ E_ichmaNew -6 -|B I U |§§_§§|g§ % || - dh-gv E
& snaglt ' | window - B
a2 > &

A [ ] I B I ] [ g [ 2 [ G |
1 du 5m HangzNU wiin AMNg alvlih —_*l‘iaﬁmusﬂﬂumﬁmﬁ;ﬁ | T
2 1 2240 1.105205 12 22 800
3 ) 1795 1.663304 1235 o9 L——— | thusaanaiildlumsiiaszi |
4 2 1850 4.40557 13.8 18 700 [
5
B
7
g
9
10
1
12
13
14
18
16

| | 14

4 4 b n)thesis / I< 3
Ready WM

L4 dl o o 1 o/ v 1 o v %
8. laLTasaulseanaNnATIN  LWATAATeIIaIAR AN RN AANAY  Lag 9

AIALAGNANLATTIINA TuAn9ne Excel azfidlinasienizdeyaiievatnunen uazlian

¥ L) 1% A [ [ all
fayaliinreunIasuIEe InenalN = AN 3.9
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i) Fle Edt Wew Insert Fomat Tools Data  Window  Help Type aguestionforhelp v - @ X
PG e (3 B9 -8 E - @ ] cordiatiew - -|B 7 U | EEEEE% E|-0-A B
i S snaglt [ | windaw - !
k20 - &

A \ E [ [ [ F [ G ]
1 2240.00 1.1 12.00 22.00 B00.00
T 179500 1.66 12.35 21.00 B800.00
T 1850.00 4.41 13.50 18.00 700.00
||
|5 |
s |
7]
o |
o]
0]
m
[ 12]
13|
4]
15 |
16|
|<W< » v 1 thesis / > ”
Ready UM

:‘/ @ ©O o = 2 %
9. anuuAnINsTunngluuuresuindeyalidu  Formatted Text (Space

delimated) G9iunNana file *.prn Tnendan Fileuazrliy Save as

10. 3801714 1151n3N DEAP 2.1

10.1 @514 Data file Tuldsunsu Notepad fan1wi 3.10
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AW 3.10

n19&5149 Data File

B thes-dta.txt - Notepad
File Edit Format “iew Help

2240 1.105205 12 22 800
1795 1.660034 12.135 21 800
1850 4.40557 13.5 18 700

10.2 @519 Output file Taiflu file NRANNA AL IZLTU file MAUNAAWEN LS

/1nN13 run deyatsnazniuua g Output ag/lulwa ins Aan i 3.11

AINN 3.1

N"194519 Output %ﬂ’agﬂu Instruction file

th

=
hes-out. txt

DATA FILE NAME
QUTPUT FILE NAME
NUMEER OF FIRMS
MUMBER OF TIME PERIODS

MUMEBER OF OUTPUTS

NUMEER OF INPUTS

0=INPUT AND 1=0UTPUT ORIENTATED

0=CRS AND 1l=VRS

O=DEA(MULTI-STAGE), 1=COST-DEA, 2=MALMQUIST-DEA,
3=DEAC1-STAGE), 4=DEA(Z-STAGE)

[ST=Y=g=y=ym

< | 3

10.3 @519 Instruction file @uflu file AdauazimuaAsine Waldlunnsdals

Tisunsu DEAP 2.1 7197 file Uszinnilaslunuana *.ins AINIWA 3.12
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NN9&514 Instruction file

[ thes-ins.txt - Notepad
File Edit Format Wiew Help

MUMEER OF INPUTS

=T

fthes-dta. txt DATA FILE NAME
thes-out. txt OUTPUT FILE NAME
NUMBER OF FIRMS

MUMBER OF TIME PERIODS
MUMEER OF OUTPUTS

0=INPUT AND 1=OUTPUT ORIENTATED
0=CRS AND 1=VRS
0=DEA(MULTI-STAGE), 1=COST-DEA, 2=MALMQUIST-DEA, 3J=DEA(l-:

b

thes-dta.txt

thes-out.txt

NUMBER OF FIRMS
NUMBER OF TIME PERIODS
NUMBER OF OUTPUTS
NUMBER OF INPUTS
0=INPUT AND 1=0OUTPUT ORIENTATED
0=CRS AND 1=VRS

0=DEA (MULTI-STAGE)
1=COST-DEA
2=MALMQUIST-DEA

3=DEA (1-STAGE)

4=DEA (2-STAGE)

o) D D D D D 3
] o o) o [} [} [}

po))s
(]

DATA FILE NAME %‘ﬂ Data file
OUTPUT FILE NAME %'ﬂ Output file
Suausete R ldlunn ezt
RATUIULIAN

ATUIUNANAB

AMUIUTTARNTHAR
Nansunnasnuluu

Hoauy ATl

A5n19 DEA A4 lun15awmsnesd
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o 1 1 2 Y o . 9./4' a o . a 2 a
11, aniuuaAsinee] ugaliianag save file 137iAeafiu Data file Tungaudnasd
file NFBINNTNIMNAATL 2 file AR Data file waz Instruction file san1 LU Directory Mifiu

Tsunsn DEAP 2.1 wiaiaen file deap.exe (Futdanan) %ﬂmﬂguﬁﬁﬁmﬁqmwﬁ 3.13

AR 3.13

suuuTisunsu DEAP 2.1

:\Documents and Settings\msc34100\Desktop\DEAP\DEAP. EXE

DEAP Version 2.1
30 -SuE o0 -Snf- 0 -Snf oo o -

i Data Envelopment Analysis (DEA> Program

hy Tim Coelli
Centre for Efficiency and Productivity Analysis
University of Queensland
Brishane. QLD 4872
Australia.
Email: t.coelliPeconomics.ug.edu.aun
lleb: http:/svww.ug.edu.av/economics/cepa

Enter instruction file name:

va

12. 43U file fayanazldiinsziilag DEAP 2.1 azfiasinnisile file turaunn
ZI/ dl a 6
ATINATAATITN
13. iun@a Instruction file wWianunanaaaldlultlsunsy DEAP 2.1 danand

3.14
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AW 3.14

IHNNWTD Instruction file WiaNWNANA

e+ C:\Documents and Settings\msc34100\Desktop\DEAP\DEAP.EXE

DEAP Version 2.1
- SnEJuE-SeE-JuE- -0 o003

i Data Envelopment Analysis (DEA» Program

by Tim Coelli

Centre for Efficiency and Productivity Analysis
University of Queensland
Bris n QLD 4872

© H

t.éoelli@econumics.uq.edu.au
lleb: http://www.ug.edu.auwseconomics/cepa

Enter instruction file name:| thes-ins.txt

14. udanA enter BN1raIaInTUsunsuAUaGaLAfazauulnsTam ety

weilulvd output Auian@anitlag ddaeTisunsu Notepad

3.4 AaYRAINNITAITIA
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aunrna7lAinnsnarauaulisuidisadeya uaaclunsedl 3.3 uazanaed 3.4

ANNAGL
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A8n1sdnmadayauazaruinaeduuudnanliainnisdismadeya
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74 20 100




HAUDINIITIVY

v
o o v v A

¥
TunnsAnudde luaisilfiaalfutsnaaasnisiduaandu 5 Widans naain

1
= 14

N197419939ANNABINITURIGNANRINBLLATT9A HATDITUADUNITULAIUTNNAUNINAY
AWoAdaN  NATBINNTUITIHUNANTIENUNINANUGTNIN HATDINITUTHUNE UL AL
NIIATBRILIAADH LATNATBINITAUATIEUMIANLTEENTNIWIT UL ALATEHFAA (Eco-

efficiency) 1aam1aululagian

4.1 Ni’li]1ﬂﬂ156’153%%@3&@%1ﬂ!mﬂﬁ133%

TuuAdatnsdnsanaasaNFeInIsaasgnAndsamaulutasntiuly

niseenuuudima ldviiniseenuuudimaiiudeyaialddgnAsesnismienlulasion

' 1 '
o =

wuuuudaulaspnusiasnisaindayasialinlaun liludayaniduaausesnimissiu

' '
= ¥

o o = o o 1y = o = =
AIIARDN TIHITDAIMNABINIININATBAILIAAANNLIIAIT AN AD
1. mslddantiasmu

A9 11N UIUAILA ZN LD LISNEN

azaanlunisnenilsznauuazienlssinnian

= 1 a v :’/ a

An1slanilaasansieeanuitas ludunaunNIIHAR
¥ a o a o o

AANT M ANTLAN DAY LU ARA DU,

liFannaunsoindulislapals

HANNUNIUGS

andan luN1IRLAT LI

dwaTulagigzan

o © o N o g A~ W DN

_asilaaspduusivaniniinmn

—

_AANITMNAI NN

—_
—_

. dzaan N1 nauNn 1

[N
w N

_aranlUN1FUINAUNAT EiLAR



45

d! 1 1 o Vv v Y 2’/ o = ] dl 4
m@mqmummfamqmmfaumxgﬂmuumiﬁf‘imngi:mm AN NAZABN

U1R 1iu npszilley RoHS uay WEEE iandunsesnaasinsinazindnludnving uuuy

1 (% ]

19937 ANt TN N L AT UAN N ABINIIN AN LRI AR AN LA LA AIAIANTIN 4.1

A3 4.1

NAGN99AL NN N AT UANARIN 1IN AT URILNAREN

AU EBINNINENLRUIAA BN NAAINNIIE1IIAAIN A afidus
FRINI9UDIGNAN (100%)
Usendanasaulnin 956 10.67
ladfinnsldansdunse 920 10.27
azaanlunisliau 883 9.86
WIS U UNL 881 9.83
finaneflarduntsinaulueses 877 9.79
WAen
azanlun191ingednm 865 9.65
azAINluN191995N N 865 9.65
FhufinsfuAeuanden 795 8.87
azmanlunsT oA 792 8.84
viminin 716 7.99
azaanlunistinauun 14 luy 714 7.97
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anmsed 4.1 andiuliinanudeinisesgnimediuanndeniigndn
Artkaleduduuen Re  dssndandseulihlidnasldansdunmelumnevlulason &
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AsunndanudnavinAriiinadudiuntislunsudasminauniwsugawndeusald]

AN 4.1
N9 LA AN ABINITTDY

anAmesugsandenlneAnulafigus

12.00

10.00
5.00

6.00 -
4.00 -
2.00

VOC Importance Level{%)

0.00 -

Environmental Stakeholder Requirement
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1%

AITNANATYTENTNNATNABINITUBIGNAININATURILIARDNUATNIITHIADINF U
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NNN 4.2
ANINNLATLAL AN NANANUSIZUINANNFAINT

LRIGNANMNNANURILI ARBNUATNINHRNR TN AN URIUI AR D

=] =
. o = w0
Environmental E E z
Parameter E - ] z
5 - s [ B 5
< s |5 2| = 5 2| = = -
- SlEla|E]z o el : 2| | g £
= |z ElE |2 |3, E 12 2 5| 3| 2| =
Environmental = | 2|28 | e E z @ | B £ a ol @ Il 8 = B E al £
Stakeholder R 22| B |5 |z T | = | A | 8 = 5| = S| = 2 2
) = elgls|s|=|Z|E|T|T|F|&|2]|Ef| = - 55| Bl 2| s| 5| s
requirements £ E | E s |lze|2|s5 |2 =} > | =2 o o | = = 2|z ol 2 H S o e e
s | 2|z |E|E|e|=s|E|8|8|Z|e|s5|% |z e 2l 5| = Bl E| £ 2
z [ S5 |2 |la|=|lafaglalT |25 148 21 3 2 = | & £ 2] &
Environmentally safe 0 0 0 ] 0 0 ] ] 6 6 ] 6 3 0 3 ] ] 3 ] ] ] ] 6 [
Free of hazardous substances 3 3 6 3 0 0 g g 8 g 8 3 0 0 0 0 0 0 0 0 0 0 3 3
Light weight 9 6 0 3 6 3 9 6 6 0 0 9 0 6 0 0 0 0 0 0 3 3 0 0
Durable 0 0 9 3 1] 1] 9 1] 6 1] ] ] ] ] ] ] ] 0 0 3 0 0 0 0
Energy saving 0 6 6 9 3 8 8 0 g 0 0 0 0 3 g 0 0 0 0 0 0 0 0 0
Easy to use 3 3 0 9 0 3 3 3 6 0 0 0 0 9 0 0 0 3 0 0 0 0 0 0
Easy to maintain 3 3 0 3 6 3 9 6 6 0 0 0 0 3 0 6 0 0 9 3 3 0 0 0
Easy to recycle 0 0 0 3 3 0 g g 3 0 0 8 0 0 0 0 0 0 0 0 0 3 3 9
Easy to disassembly 0 0 0 ] ] 0 3 3 3 0 0 0 0 0 0 0 0 ] ] ] 4 4 6 3
Easy to reuse 0 0 3 0 8 0 g g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0
Multifunction 3 3 0 9 3 3 0 0 9 0 0 0 0 6 3 0 0 0 6 6 3 6 0 0

W ldn19199 A UAINANRUEITUI19AINFBIN19099NAINIIAY
AIIAABNULATNITIHLABTNINATURILIAABN ATUIAIAINABINITUBIGNAINIANY

QI ¥ ! dl o o o’ o 5o dl
Fawanaanun ld A uNa AT UILIZAUANNANNUS AN 4.3

NN 4.3
ANWIANNHANNUT T UINIAINNABINT

URIYNANNATURILIAFDNUAZNIINHAD TN A URIUINABN

Environmental o g E
1=} '5 =
Parameter £ H £
- -
£ > s E 5
_ o 2 c 2
s 3 :|3 il 5 Bl e o 2| » 2
g e E 2 o E = z E 2 ] £ = =
: e |2 AR R A : S| 3 g 3| 2
Environmental E = g E E o ﬁ E @ E 2 E AR :E gl z| 2 E 2 _E
Stakeholder s S| | 2|28 |%|s|e|s5|=|F€ 8 2l 5| =| 5| B | =| | €
requirements Elz |8 g |3 5lz|3E E R g c | 2 é‘ 2| < g sl E O s | s
o |2 |2 |5 |E|E|E|&8 5|2 |2 |=|e|8|2 |8 8|2 2 E| B 2| g 2| ¢
S|£|S S|E|2|3]s & |&|&|F| 2|5 & 5| £|5) 2 5| & & F| &2
Environmentally safe 8871 0 0 0 0 0 |79.83|79.83|53.22|53.22(79.83| 5322|2661 0 |2661]79.83]79.83[2661] 0 0 0 0 [53.22|83.22|5322
Free of hazardous substances | 10.27 | 30.81)30.81) 61.62|30.81) 0 0 |92.43|92.43|61.62|92.43|61.62|30.81) 0 0 0 0 0 0 0 0 0 [30.81[30.81
Light weight 799 (71914797 0 239747942397 71.91]47.94(47.94] 0 0 7191 0 14794 0 0 0 0 0 [23.97(23.97 0 0
Durable 9831 0 0 |6647(2948] 0 0 |8847] 0 |5886) 0 0 0 0 0 0 0 0 0 0 2949 0 0 0 0
Energy saving 1067 0 |64.02|64.02(96.03)32.01(64.02)6402] 0 ]96.03] 0 0 0 0 32019603 0 0 0 0 0 0 0 0 0
Easy to use 9.86 [29.58] 30 0 ] 0 |29.68)29.68)29.58|59.16] 0 0 0 0 [8874] 0 0 0 [2958] 0 0 0 0 0 0
Easy to maintain 965 [26.9526.95] 0 |20.95)|57.90(26.95|66.85]57.90{57.90] 0 0 0 0 [2652) 0 |57.90] © 0 186.85)26.95/26.95) 0 0 0
Easy ta recycle 384 | 0 0 0 126.52|26.52] 0.00 |79.56|79.56|26.52] 0 0 a3 0 0 0 0 0 0 0 0 0 |26.52(26.52[79.56
Easy to disassembly Tarlp oo 0 0 0 |71.73[0.00|2391)23.91]23.91] 0 0 0 0 0 0 0 0 0 0 0 [7173]71.71[47.682)23.91
Easy to reuse 626 0 0 (1878 0 [3756] 0 |[5634]56.34] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [56.34] 0
Iultifunction 979 (23912391 0 |88.11)23.91)2391] 0 0 8811 0 0 0 0 [56.74/979] 0 0 0 |56.74)50.74/123.91)50.74] 0 0
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AAIWITINLABATNINATUAILIAADNNIUNA %muimqmmimmnmumfaum?m EQFD 4ud

v o o dl o dl g7 a = a o all
nasliAandnAtyizes danildluntsuanaiaululasan wmalulaglunisudn danh

AalENAdUMATIE LATHNRTUNN 1991 AININT 4.4 LAZLAASATNATINAANN LT UNT WA

a

i ! 2
N 4.5 aedeyamanilazarnisninlignanmiaululasinanaiaululasavaanin

u

IinseiumnsaInsrasgnAuaniiuiingsiedausndas

NN 4.4
NATINANANNANAUTIZNINANNFBINT

URIGNANNATURILIAFDNUAZNIINHAD TN A URIUINABN

Environmental . g E
Parameter E 2 E
: S :
: £ i il 5 i) e 2 |2
3 o %3 |s |3 HEE £ R
. 2 t |2 AR R R R El [z E g pE
Environmental z R E gl 2| a E '% g 34| 3 8 2 E O§le 5
Stakeholder 2 . = s A ‘E 212 5|= £ > S EH HEHEBIEMNEIERE
requirements E | E E|S|g|2|F |8 E E é S| 2|E 2| 3 é =g E g slg %

o = = = e g ) - - @ 2 o [ - @ T ] 2 o
Qls|2|8|E|E|le|s|c |3 |3 |]a|5|=]|E8 gl £ 2| gl | E|E |&
S|2|s|5|E|2|é |2 |c|a|d|g|2|2|8|5) 22| 2 8 & & FIE |

Environmentally safe 887 | 0 [ 0 | 0 | 0 | 0 [7983]79.8315322|5322|79.63)53.22|2661| 0 |26.61|79.63)79.832661| 0 | 0 | 0 | 0 |5322|53.22|5322
Free of hazardous substances | 1027 0 |30.81|6162{3081] 0 | 0 |9243)9243|6162]92436162|3081) 0 | 0 [ 0 | 0 ] 0O 0 | 0D 0 | 0 30813081
Light weight 799 [T191[47.97] 0 |23.97)47.94(2397(71914794[47.94] 0 | 0 M91[ 0 |4794] 0 ] 0 | O | 0 | 0O [ 0 |2397)2397| 0 | O
Durable 9831 0 | 0 |8B47(2048| 0 | 0 18847/ 0 (5893 ¢ 0 [ OO )OO0 OO0 28490 0 010
Energy saving 1067] 0 |64.02|64.02(96.03|32.01)64.02/64.02] 0 [96.03) O [ 0 [ 0 | 0 |3201[%603 0 |0 O D QO 0 O]@O
Easy to use 986 (2958] 30 | 0 | 89 | 0 [2956/2956)29585916) 0 | 0 | O [ 0 |BB74 0 | 0 | 0 (295 0 [ 0 [ O 0 | O[O
Easy to maintain 9.65 |26.93]26.95] 0 |25.95)57.90(26.95|86.85/57.90{57.90) 0 | 0 | O | 0 |2652] 0 5790 0 | 0 |8685(28.95/2895) 0 | 0 [ O
Easy to recycle 884 | 0 [ 0 | 0 |2652)2652|0.00|79.56/79.56(2652) 0 | 0 [53.04] 0 | 0 [ 0O ] 0 | 0 | 0 | 0 | 0] 0 |265226527956
Easy to disassembly TOT 0 [0 | 0 ] 0 |7M73000(2391239112391) 0 | 0 | O [0 | O [ 0 0 |0 |0 | 0 [0 |71737171/47.62/2391
Easy to reuse 626 | 0 | 0 |[1873] 0 (37486 0 (563415634 0 | 0 0 | O [0 | O[O0 00 |0 [0 ] 00 |5630
Muttfunction 979 123.91)23.91] 0 [88.11]23.91)23.91) 0 | 0 |88.41) O | 0 | 0 | 0 |5874/979] 0 | 0 | 0 |5874/58.74|2391/8874] 0 | 0
sum 154.4)225.2) 232.9 | 412.6|297.6| 250.3 | 672.9| 440.9| 573.4| 172.3) 114.6(182.4| 0.0 |260.6)185.7[137.7| 26.6] 29.6) 145.6]117.2] 148.6 234.2) 4.7/ 167.5
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Results from DEAP Version 2.1

Instruction file = thes-ins.txt

Data file
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Input orientated DEA

Scale assumption: CRS
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Slacks calculated using multi-stage method

EFFICIENCY SUMMARY:

firm te
1 1.000
2 0.838
3 1.000

mean 0.946
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dayainbdlun1siqs
1. HaaINN19UsENI1AN19UAT Eco-efficiency a1nlusunsu DEAP 2.1

Results from DEAP Version 2.1

Instruction file = thes-ins.txt

Data file = thes-dta.txt
Input orientated DEA
Scale assumption: CRS

Slacks calculated using multi-stage method

EFFICIENCY SUMMARY:

firm te
1 1.000
2 0.838
3 1.000

mean 0.946
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SUMMARY OF OUTPUT SLACKS:

firm output: 1
1 0.000
2 0.000
3 0.000
mean 0.000

SUMMARY OF INPUT SLACKS:

firm input: 1 2
1 0.000 0.000 0.000
2 0.000 0.217 0.000
3 0.000 0.000 0.000
mean 0.000 0.072

SUMMARY OF PEERS:

firm peers:
1 1
2 1 3
3 3

SUMMARY OF PEER WEIGHTS:

0.000
23.900
0.000

7.967
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(in same order as above)
firm peer weights:
1 1.000

2 0.6820.145
3 1.000

PEER COUNT SUMMARY:

(i.e., no. times each firm is a peer for another)

firm peer count:

SUMMARY OF OUTPUT TARGETS:

firm output: 1
1 2240.000
2 1795.000

3 1850.000
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SUMMARY OF INPUT TARGETS:

firm input: 1 2 3 4
1 1.105 12.000 22.000 800.000
2 1.392 10.136 17.605 646.763
3 4.406  13.500 18.000 700.000

FIRM BY FIRM RESULTS:

Results for firm: 1
Technical efficiency = 1.000

PROJECTION SUMMARY:

variable original radial slack  projected

value  movement movement value

output 1 2240.000 0.000 0.000  2240.000
input 1 1.105 0.000 0.000 1.105
input 2 12.000 0.000 0.000 12.000
input 3 22.000 0.000 0.000 22.000
input 4 800.000 0.000 0.000  800.000
LISTING OF PEERS:

peer lambda weight

1 1.000

Results for firm: 2
Technical efficiency = 0.838
PROJECTION SUMMARY:

variable original radial slack  projected
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value movement movement value

output 1 1795.000 0.000 0.000  1795.000

input 1 1.660 -0.268 0.000 1.392
input 2 12.350 -1.997 -0.217 10.136
input 3 21.000 -3.395 0.000 17.605
input 4 800.000  -129.338 -23.900 646.763

LISTING OF PEERS:
peer lambda weight
1 0.682
3 0145

Results for firm: 3
Technical efficiency = 1.000

PROJECTION SUMMARY:

variable original radial slack  projected

value  movement  movement value

output 1 1850.000 0.000 0.000  1850.000
input 1 4.406 0.000 0.000 4.406
input 2 13.500 0.000 0.000 13.500
input 3 18.000 0.000 0.000 18.000
input 4 700.000 0.000 0.000 700.000
LISTING OF PEERS:

peer lambda weight

3 1.000
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Environmental Evaluation of Microwave using Ecodesign Approach
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ABSTRACT

This study is the guideline which gives an evaluation of Eco-Product Design by using the life cycle assessment
of microwave. Quality Function Deployment for Environmental (QFDE) and consumer requirements were considered
for the product design. SimaPro Software Version 7.1 was applied to evaluate the environmental impact of the product.
The methodology from SimaPro which we used to evaluate the human health impact of each microwave part and the
opportunity of environmental improvement is Eco-indicator 99. In addition, this study applies to use Environmental
Benchmarking (EBM) for compare the model with similar function and capacity of each product , that for ways to

improve environmental of the product.
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