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SOMPONG VANICHWATTANAVORRACHAI : ENVIRONMENTAL
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THESIS ADVISOR : ASST. PROF. BOONCHAI WICHITSATHIAN,
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ENVIRONMENTAL IMPACT / QFDE / ECO-DESIGN / HARD DISK DRIVE

Industrial hard drives as industry are critical to the economy of Thailand, and the
current standards of environmental friendliness are important for exports, so the Eco-design
is a kind of the environmental tool used to improve the products and make them
environmentally friendly, and in the meantime compatible with the national economy. This
study focuses on introducing the principles of Eco-design to improve the products, is
intended to study the environmental impact caused by the products, and proposes the
manufacturing development of hard disk drives that are also environmentally friendly, to
meet the customers’ demand. The study follows three steps: Assessment of the
environmental impact caused by hard disk drives, development of approaches for hard disk
drives, and performance evaluation of the Eco-efficiency of hard disk drives and analysis of
the environmental impact of the hard disk drives with capacity from 40 to 320 gigabytes
using Eco-indicator 95 and Eco-indicator 99.

The results of the study shows that a hard disk drive with 80 GB has the highest
value of environmental impact checked out by the Eco-indicator 95, equal to 0.0651 Pt and

by Eco-indicator 99 equal to 1.8413 Pt; and when considering the environmental impact

against the capacity of hard disk drives (Pt/GB), it was found that the hard disk drive with
40 GB shows the highest environmental impact by both methods. It was also found that the

environmental impact will likely be reduced as hard disk drive capacity increases, and that



PCBA parts and energy consumption lead to the highest environmental impact. In addition,
the evaluation of the Eco-design impact of the hard disk drives found that the performance
varies depending on the capacity of the hard disk drives, that is, a hard drive with 320 GB
capacity achieves the most eco-efficiency, equal to 40,012 Pt for Eco-indicator 95 and 1392 Pt
for Eco-indicator 99. Therefore, the hard drive industry should improve its production by
designing the product with more capacity, and improving PCBA parts by using raw

materials that are environmentally friendly.
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Al = Aluminium

Au = Gold

CT = Cleaner Technology
Eco-design = Economic and Ecology design

Eco-efficiency YTz ANTNIMFIUNMATHIND

GB = Giga Byte

GDP = Gross Domestic Product

HDD = Hard Disk Drive

HGA = Head Gimbal Assembly

HSA = Head Stack Assembly

kg = kilogram

kWh = kilo watt hour

LCA = Life cycle assessment

m’ = Cubic meter

MJ = Mega June

mbPt = milli-point

ml = milli-liter

Pt = Point fhﬂ&tuuﬂaﬂi%ﬂﬂﬁﬁlnﬂgﬂh
QFD = Quality Function Deployment

QFDE = Quality Function Deployment for Environment

PCBA = Print Circuit Board Assembly
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(Quality function Deployment) Iag1in331n1331391ju Taeinednilsznoumsins gy
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Environmental
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2 a 5| =2 E|l = g £ 8 .| =
8 5 £15| e8| 58|% 5 5|2 E|E
2 5| 5 g 8| 2| =| 8| = iz =| £ sl 2
Environmental 5] 2 & 2|3 =| g|3| 8|8 S|l 5|32 o ol I
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Q|2 2|2\ 85|82 2|8z 22|35 8|28 5 8|8
requirement o c | & Ef ] g < S <] S| ¥ NI B g S| =2 3 = 2 z | E
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Environmental safe

Free of hazardous substanc

Light weight

Durable

Energy saving

Easy to use

Easy to maintain

Easy to recycle

Easy to disassembly

Easy to reuse

Multifunction
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1. mssmuathuneuazvoun (Goal and Scope Definition)
a J v
2. mmmmzwumﬁimmi (Life Cycle Inventory: LCI)
3. msUsziiumansgny (Life Cycle Impact Assessment: LCIA)
4. mswdanamsinyn (Life Cycle Interpretation)
a A Y quJ 9 ad a
Tasmsisziliuransenudaiadoutiulsznoualesmsdsziiunanszny
Funadeura1sds WaenieiimsUsedunanseny U Eco-indicator 95 Eco-indicator 99
CML EPS 2000 (Environmental Priority Strategies) 118¢ EDIP (Environmental Design of
3| A o Q' ng a
Industrial Products) Wudu Taglumsdenliismuianansenudaunadeuiviiisaen
4 ) v
wneTuegnufitedesmsdedisnansznudunadouanlasenly Tagludszmalned
= a aa a [ 4 a = a =Y
MsANEIMIUssluIsFIanaasuivateria laouaainsAny1n1sdssiulnsiia
a o o an ° A 2 < P = A
pand ez ITMIMuIurnansznuluas e 2.2 Feeziulamsaneimslseiiniens

a [

aa J ¢ A A ga o am 1as A A 93 [
mwammmiuﬂizmﬁllmuu Nﬂ?ilﬁﬂﬂiﬂf?ﬁﬂTiﬂ?U’JiﬂWﬁTﬂ?}‘ﬁ umwumﬂﬁmﬂumu
v '

Tnajiiufe Eco-indicator 95 1ag Eco-indicator 99 waziiuauonansznudunadonlugiluny
AZUUUIFUALD (Single score) tilpemntslumsdadulalfvilsanaasdmal ldde 0nms 1

v o d a J % o A
ﬂ’ﬂﬂJﬁ'll“W'H‘ﬁGU'E'NWﬂﬂﬁgﬂﬂﬁﬁllﬂﬂéjﬂwiuu@lﬁgﬁWH §3ﬂ1ila@ﬂu1lﬁu@Waﬂi%ﬂﬂﬁﬂl!')ﬂgﬂﬂ

=]

Y
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a‘ 9 :JI d? LY v A 9 a
guneaeuiuIuediumMsaaduloveii)sziiv (Bare, 2000)
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Eco-indicator 99/ Single score
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EDIP/ Single score
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a d 0
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u
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2.1.7.1 Eco-indicator 95

A IUssiumanssnUAWIAdoy  Eco-indicator 95 iy

E4
A o a (%

Y] a 4 . . . {a o a
Ay HFTAFAUNIMINDD Charecterization 1@ single score NHeul¥dmsSumslseiiuna

3 4 Y
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a 4 d < { a g ¢ o o~ ~ o
nIznUNNFUIadon Med I Miiunansgnuiinalunudunedoy Feawiiziatigndiuim

=KX =K

4 F4 Y
YUMUUAUFIWVBN Life Cycle Assessment Tag driladailadenarsedialaun hwinvesiag
9
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S = 1 a o 9 1 [ a o s R 9
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Aa o 4 9 o ddyol L:yo o a a o J dosj'
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Tunoumsiivanynumslasseengaiaaouunazyiauanyulasnatlunansgny
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Impact Effect Damage Valuation Result
CFC Ozone Layer Depletion
Pb Heavy Metals ..
Fatalities .

Cd ]
Carcinogens

PAH

Dust Summer Smog Subjective

) ) ) Eco-indicator
voC Winter Smog Health impairment = Damage

7 value
DDT Pesticides assessment
CO.
Greenhouse Effect

SO.

e Ecosystem impairment =
Nox Acidification

Eutrophication

[ k4 '
311 2.4 TupouMIAIUIBKANTZNUAWIAROUIT Eco-indicator 95
a a ' < I
4. msdsziduwansgnudunadonlunaazlszauilynuiu
3 ) A A 1 1 A 1 a a I
Juaoumsimanshinisldeseengdunadouuaazyiavansulaswadunanszny
A Yy A a & ' < a o < 2 ¥y A
duedsuinavuuaazlszay Tasinanua 10 Ysziauransgnuaaadounedlugi
YTunawaniywansznuUAazAY AalaaIn1z1en 2.3
2 4 a = o 1
5. msmdaswansznudiaaonlugdazuuinFsuas) n13iia
2 P ' P = A v |a A Aa ' A
wansenudwaaeuuaazalIsumeunulsnavansnunsiassesnveslsemeiine
v Y
Mmsutasmiteransznudunadonlunite@ernu (Normalization) wazguiuaimiin
A 1 I (2 [ A
HANTENUAWIAGOY (Weighting) lunsazilsziduiuediuuuinveinansznuduadon
' 3 ' o ' < 2 '
Tuusazsziau Asuiimssivsvazuuutaazlseaunansenudunaden lunaazaiy
11/5¢NOVAY Fatalities Health impairment L1 Ecosystem impairment HAZIIVTINAZLUUULA
Y} a A v d o A v 1 =
azauransznylugdazuuudua) Taguaasaniminransgnudanaaeuudazilsziau

Tumsulasmansznudunedenlugilazuuudune audaaluasied 2.3
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{ < a 1 o A . .
A3 9N 2.3 Twazidealszaunansznudunadoutaza lumsf1uIuI5 Eco-indicator 95

Characterization Unit Normalization Weighting
Greenhouse Effect kg CO2 7.65E-05 2.5
Ozone Layer Depletion kg CFCI11 1.08 100
Acidification kg SO2 0.00888 10
Eutrophication kg PO4 0.0262 5
Heavy Metals kg Pb 18.4 5
Carcinogens kg B(a)P 92 10
Winter Smog kg SPM 1.04 25
Summer Smog kg C2H4 0.0558 2.5
Energy Resources MJ LHV 0.0106 5
Solid Waste kg 6.29E-06 0

2.1.7.2 Eco-indicator 99

4
%

Aa o a Y . . 3 IS [
ATMIAUIUNANITTNUTIIAADN Eco-indicator 99 Wil uawiizia

a A

4 (] = v Aa o
FEIULIAU LU Y Charecterization L0 & single score FULIAYINVITAITAIUIUNANTENY
a 1 A < a { o an
mmﬂé’au Eco-indicator 95 L!@lﬁﬂWiLWﬂJﬂ‘i&LﬂuNﬁﬂﬁ%ﬂﬂﬁﬁl!’)ﬂé}ﬂwﬁEl\‘i"lﬂﬂﬁluﬁl‘ﬁ Eco-
. . = Y v o d J < a 4 @ AY Yo
indicator 99 L!ﬁ%llﬂﬁﬁl'ﬂﬂ’JUJE‘T?JW‘H‘E33W’H\‘lﬂiglﬂuwaﬂigﬂﬂﬁ\‘m’maf]iJﬂ‘]JLﬂTViiﬂEmvlﬂi‘U
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a P o 1 1A o A
1nMmingniiane (Goedkoop, 2000) 30919011 18T MM wIMHANTENUAWIAADY Eco-
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QaJJ < a a { a 3 [ a
indicator 99 1 umsisziiiunansznudwadonMnadunguaImuesdliFIniuo
9 v 9 v
TaglunpuMsAUIMHANTENUTWIAGONAT Eco-indicator 99 i 3 Tunou A9l 2.5 uazd
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TgazRenAnl
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wummzmwymﬂﬂwuazumi‘ﬂaaaaaﬂmqﬁmma@maamafaimmwammm

2. madsziiumansznudanadsy UsziunanssnuauIndoun

a J a 9)491 A o A A Aa J 1
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