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HMHUIN N

fl1 Emission Factor vinn13181u#1 1 kwh manihiiudiva 1 das

n.1 A1519A1 Emission Factor 910514 1W#H7 1 kWh (Japan Environmental_ Management

~ Association For Industry , 2000)

viln kg/kWh
Balih | co, | co | No | no, |nmvoc CH, | Dust | SO,
OTUHY | 2.60E-01 | 4.04E-05 | 8.105-06 | 1.19E-03 | 4.055-06 3.11E-06 | 1.03E-05 | 6.52E-04
»
Wiy [.9.88E-05 | 1.36B-06 | 1.84B-07 | 1.77B-05 | 3.108-07 | 6.205-08 6.66E-06 | 5.83E-05
p
A% :
: o | 446E-01 | 1.39E-04 | L36E-05 | 1.02E-03 | 2.99E-05 | 1.60E-05 | 6.25E-05 | 1.37E-06
F5TUYIR
Lo . R I :’ o el - o =L
.2 A1TNAT Emission Factor 9105 1¥iniufira 1 &g (sigil 2sed, 2550 uag
* ATUMUANUANY, 2550)
1G0T Emission Factor (kg/liter of diesel)
50 Co, Cco CH, NO, N,0 SO,* | NMVOC
NIBUL | 2.69E+00 | 1.50E-02 | 4.00E-05 | 1.35E-02 | 1.50E-04 | 6.64E-02 | 4.01E-03
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MAONUIN Y

nzvumsHanlvlenmanmhthnivlfudadaniewantulotiva cvMu2

funeuit 1 hheeneimiringiy

1.1 1€‘inﬁy1ﬁu“lu€l’a'lti1{1uﬁzv'imxfjﬁ?mﬁqmu 150 Ans

1.2 ff'lgaqmwgﬁtﬂ%;mmnﬂnqmﬂgﬁ (Digital temp controller) #i 105 °C

13 dovermsenviniluay @aiheuuazndran A) hdmmevesde Funatiesdle
Theemnfisesdiumsidl 2 Hasnauun selivunseielethanns (limasifiu 30
w1il) n"ﬁlﬂ‘ﬁnanﬂs"la.iﬁ"lm%aanm’é'mmﬂ»151'101{1°luﬁy1ﬁ'ugﬂ"lfiaanwmmé’a

1.4 Yasmaed

1.5 daily 4 sz Blower Lﬁﬂaﬂqmnqﬁt‘fﬁum uaz%’umm%’ﬂumai'w“lumsssmuf:"l
Wuszozom 15 $alus ndenniuialdiviudedy
memg: & 4 asdlulodraediedos 25 8as wiediSussuunswsnldifn

1 -1 T :, ay
Aoy wiwdteaininieldvua

A N\
Tuneun 2 emmhdunydewl§iden

8
a

fi'auﬁ'n‘i"’uﬂauffmsmm'saﬁﬁﬂuqmﬂqﬁﬁwu‘luﬁq"l:iﬂ'mﬁu 55 °c uazlhinds
dnh 50 °c Ewnil Willasnnaddae uazifiogunaiie 55 °c Wiadnwed uddh
e 55 °c Willadi 4 une Blower tﬁaaﬂqmﬂgﬁmea%ﬁum
2.1 ﬂnﬂﬁauqmﬂqﬁ%ﬁu'luﬁq"lfh{nmzﬁnlﬁﬁ?uﬂﬁﬁqmﬂqﬁﬂszmm 55 °C
22 WILUASIMUBDSIUIU 18 AnT
23 @vmsumueasiy 18 aas n’j"l‘luﬁ'a'lﬁl{nmzﬁ'rﬂﬁﬁ?m
24 @unsadanf3n 150 C.C. |

) » )
2.5 Aaily 1 A liuyudowhaudnlszina 4 $alu



67

Funoudl 3 Minl§Aiemsuesme S linia
asivdennde 2.8 ufl mswlfiTodemsgamgihiuluguriiy s °c
3.1 winsmuen 12 fas uar Tumow'leasen’led 135 Alandy (aamSousd
oo 3 2Tu)
32 mi'zﬂﬁanqmﬂgﬁﬁﬁuiuﬁ'ﬂ"!fhfumzﬁ‘nﬂﬁﬁ?m 55 °C
33 Taily 1@ Blower uasﬁmam‘i’aﬁmumﬁﬁﬂﬂ%ﬂin) wumswmveaua: Iluns
iwou'teasonlod Awdonls Lﬂﬁ’ﬂuﬁ’q"lfchfumzﬁ'lﬂﬁﬁ?m
3.4 @ty 1 g«'saﬂﬁmguﬁauﬁwm‘é‘ﬂﬂsgmm_ 1.5 $2luq

(1 o
3.5 mwmsnaud 18 lddwenndeesu 19y 1) Ydeslianazneu

& P o e
YHADHN 4 nennAYB8TYH

¥
wennarreSuoenilyzanm 30 aas wazae'luTedralufigsdiei

» ¥ v
Juneun 5 fiah
v J ¥a &
5.1 9nsen 1 Wuna 3 $21ne
¥ ¥ [
5.2 dathesen 2 JHunm 4 $2Tuq
¥ Vv ] '
5.3 duhasen 3 funar 16 9Tug

- E
5.4 aw'lyTedma e ldnnuiunssgaie

o o ¥ A
YUABUN 6 ﬂ'l'J‘ﬂﬁ']'l"ﬁ“ﬂ‘.Nq‘lﬁ'lﬂ

¥ 4
1% Blower laarmdualszana 812 $21ug

4 oF y ar or - ot 1
Mz aoudamsuazeyinwdnu yminedudesing, 2548)
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MANUIN A

nsdamilgsnems uasfethamsfinnaudwds NETS

o Al o

MITAMTUTFIINTT LasMuIUMIAINANITENUNaIaasy vasluTefmanin

L2

:’vd 3

dfuelfuds SrunTecndaluTodima cMU-2 Rutsesndiy 3 Suseu Aamstam
fagAy nszuaunisnanlyTomwanniuielduds vasmshlld Tasudazdunens
Twavdn dail
- pdanTingau

| Fagavvesly Tefwanminfuis1dudafendesndatuTofmn cMU2 vos
aousamsnareyindudesundeny winodndedug msiaiyssienisee
nanfsesfilszaey Falsznoulildae vuna Usinaseg giladagan uagInseadrenan
T céﬁh’fau”amd15®zﬁaqgﬂaﬂ%‘ﬂmﬂuﬁ'mﬁﬂ ol lumsdnndaeds ez o

[] ¥ [
wansznussdunedon lasmursarniminenaumsi (1)

AMUHUMNUY (g/em’)

wIa (kg) /USes (em®) )

a1l snnuminivvesiagee fiferdesiumiewdaluleofiva cMU2  (Materials

Sorted by Category Then Density, No date)

ug ANUNHMNY (g/em’)
1. man 7.715
2. dnnd ady 8.030
3. Wanar@n 0.965
4. AU | 0.026

[ 4

hwminvesingdy uazsilavesingdy aunsaudadlddemisi a2
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o A q’; . ar ars - A!. oy o o ¥y v
a2 Jgnemsiudussumsianiiagin vodluTefiwanminiuislfud,

7 09 simiin kg
1. w0 42.89
2. quAMad 21.02
3. WenerAnwiia InSieffiu (Polyethylene) 5.56
4, woraAnyila Ind Insiau (Polypropylene) 0.15
5. waaanwiiand lhitanaslsa | 0.1
_ (Polyvinylchloride)
6. AU 1.01

densnnlSinailfud nir ldduadeitees NETS dwuns @2.1) uag
2.2). tuunh 2

ELM, = MEY, NET83 @
P |ton, kWh, m’,..etc.
EcL = Y (ELM, xx, JNETS] ()

dretheminnudeis NETs Tuiuneumsdamingdy
TupswBaman 1 kg Idmansznuniunadoy fimse a3

3N A3 detwnngutoyalumsniamdn 1 kg (Frischknecht ef al,, 1996)

gy P x) nda

A1IRAAsvenaMINEINg '
Bauxite 2.96E+(1 kg
Lead 9.00E+01 kg
Chromium 1.62E-05 kg
Coal L.14E+00 kg
Natural gas 2.81E-02 m3
Crude oil 8.59E-05 ton
AN ITNHeIMA

Benzene 3.49E-06 kg
co 3.00B-02 kg
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IR A3 detnngudoyalunisndamin 1 kg (@o)

ngu e %) i

HAATENTINA

Co, 1.61E+00 kg
CH, 2.47E-08 kg
NO, 2.55E-03 kg
SO, 4.89E-03 kg
llﬂﬂ'l']:’.‘l‘l'lﬂi'l

Benzene 3.69E-07 kg
Arsenic 3.77E-06 kg

WSwnaumanf1dlu wSowanlulefiva 1 803 szezna 10 3 whdu

1.02x 107 kg @UIOAILIMMAWANIENUAINTUMS (2) Uag (3) famastunise n4

AN A4 FHIDHNMIAININAITT NETS vounan 031 kg

v = MEY, ELM,
SaqAu P, [kel X, [kel EcL [NETS]
" [NETS] INETS/kgl
NI0AMIVBINTINENW
Crude Oil 6.50E+11 1.42E+14 4.58E-03 1.03E-05 4.72E-08
Natural
Gas(m) 6.50E+11 1.41E+14 4.61E-03 3.37E-06 1.55E-08
Coal 6.50B+11 | 9.84B+14 6.61E-04 1.49E-04 9.85E-08
Total L61E-07
A17BARIYBIUNAMNINENNTSTTNG
Bauxite 6.50E+11 2.50E+13 2.60E-02 4.03E-08 1.05E-09
Lead 6.50E+11 6.40E+10 1.02E+01 1.15E-09 1.17E-08
Chromium 6.50E+11 3.60E+09 1.81E+02 1.94E-09 3.51E-07
Total 3.64E-07
amizlanfeou
co, 6.50E+11 2.07E+15 3.14E-04 1.94E-04 6.08E-08
CH, 6.50E+11 1.06E+14 6.13E-03 1.03E-06 6.29E-09
CFC-11 6.50E+11 9.95E+10 6.53E400 2.66E-13 1.74E-12
Total 6.71E-08
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MIN A4 HBHNAAIUINAITT NETS voavin 0.31 kg (do)

. - MEYV, ELM,
Yagau P, [kel X, [kel EcL [NETS]
[NETS] INETS/kg]
ﬁagmﬁuaﬂ
Arsenic 6.50E+11 543E+10 1.22E+00 4.53E-10 5.51E-09
Benzene 6.50E+11 SA43E+10 1.22E+00 8.06E-11 9.82E-10
Total 6.49E-09
fgmemeady
co 6.50E+11 5.45E+13 1.19E-02 3.60E-06 4.29E-08
Benzene 6.50E+11 1.33E+10 4.89E+01 3.06E-07 6.07E-07
NO, 6.50B+11 3.27E+11 1.99E+00 4.90B-10 2.39E-08
SO, 6.50E+11 2.18E+11 2.98E+00 5.86E-07 1.75E-06
Total | 242E-06
amizeinsa
NO, "1 9.70E+09 5.64E+09 1.72E+00 3.06E-07 5.20E-07
S0, 9.70E+09 1.28E+10 7.58E-01 5.86E-07 4.40E-07
Total 9.60B-07

- nrzvumInanluleAaniniiumiy1iuda
3 [
nsziumsnan I ledAannbiduiyly dreasewndnlulefira cMu-2 14

k3 L ¥ ]
winszyumswanseniiu 5 dunou udazdussulimsdanuiydnens dwaiun 1

figueu B9 30 Aumeu 2549 aunsouansrwasBeanistauliadenmdinee as
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¥
man a5 Tadnemslunszuruminia luTeRanmbiuiylduds

ETTETY e . . | mdtdmudueen
* o oa minljidm usnndiisein -
Wnfueluds antulediva

a¥an . Qamgihiniiu | gamgithiuily — :

werzia ) . . fndveIu Ay

iylfuda Hiudanewn .
@n9) o Lyl (kg) @)
Co U§iizen Co

1 8 26 54 32 15
2 12 27 55 28 14
3 9 28 54 34 15
4 9 27 55 29 17
5 1 26 55 33 17
6 13 28 54 31 18
7 12 26 54 32 18
8 9 27 55 35 17
9 11 28 55 30 16
10 10 27 54 29 16
Wi 10.4 27 54.5 313 163

error +4.00% +13.33% t091% +433% +1.88%

3 td 1 '
nnhnhdeyamaril sandTuaidh Yinafieen dTnunssualiih

] 3/ []
¥ udazdusou duaasamumsdgdsents 33 luund 3 udonmaedy¥oms

] 9 L d )
3.3 deldsudeyamaniudhnimidn woldlumsdwand033 NETS Tasamnsom

E .
mdnoinaunish (1)
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r 1 ) o =, A = Uy o
a6 Amnunuuiuvesiagay Al lunszuiumswialulefivanimhiudislduds

(Hodgman, C.D. & N.A. Lange, No date)

5uq ANURUUHY (g/em))
1. ifuity1duda
vt 0.9210 —0.9240
-dhifuuznin 0.925
-t undos 0.9220 — 0.9270
2. WNIUDA | | 0.809
3. nsadiay3n 1.840
4. lunaBon'lonsonlod 2.044

desumisnnadedt NETS lunszmunmsnaa iulefrnaiminhnivltuds

vnmetg@sems 33 suffuldilunszuounsiinsldliih widSnavh
i ' { -4 = 1 = o L
andalnlszmainomanTss Wil didemasdweiiaiu dweaddume a7 uasuans

4
Sasnsdulieadomdslumsndanssua’iih 1 kwhn

. w [ ' o 4 a Y o

mMIN A7 sasraauseninlsdiihildiFeaadeg fuvestszmalne uazdasims
3/ Vv -
FuuldeuFomdsluaswaanszualvih 1 ¥Wh  (AsuWamRINUNAUN UL

BYSNINGINU (W) NITNTHNANTY, 2549)

Womda danadnt (%) Fannstunldeatiorndyiwn
anfiuuazan lud | 0.35 0904 kg
ﬁymusm 6.96 0242 liter
Y 15.47 0200 liter
MATITUEIA HA 7233 8920 3

AN A7 w18 Tse IahiisanidoumssRadomas 95.11% dndn
4g9%  dulseiAmdsniuazasddonndnlszmes BanAvesuilidiun
N5 .

lutf@sems 33 Suseumsil§ise @ 1 Smstwdandiith Hanua

891 kwh usiginsdiavesnszuunsedalulefwaniiy 10 T Tas 1 U wdaluTe
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¥ ] L 4
= = o o o P Qoo Y =
Arn 18 42,000 8y At Wi idlusuneunmsinl§iseuniidiy 0.074 kWh Fanan

¥ »
M1 i wemdsriinnieg wazlimsidemasfauaniaise a8

» v » »
M1 A8 dadiuFanaanld lumsnaanszuaivih 0.074 xwh Tudusoums'laiesn

v
sy 1uda

Worwaa © aszueindh wh) Wnaudem@sily
awduuazanlud | 0074 x 0.0035 = 0.00026 0.00026 x 0.904 = 0.00024 kg
s 0.074 x 0.0686 = 0.00515 0.00515 x 0.242 = 0.00125 liter
yididia 0.074 x 0.1547 = 0.01144 0.01144 x 0,200 = 0.00229 liter
MABTTUEIA 0.074 x 0.7233 = 0.05352 0.05352 x 8.920 = 0.47740 &

Tunszurumsuannszua ihdoufanansznunedandey vam1s1e nl

¥ 1
A1 emission factor wonsHAR 1WA 1 kwh voelsdidfhusazyiia Astiueinaisieh ag
& i a 4} 1 or
musednn  wiwansenunmsifivid 0074 kwh ffedunisudazlseddih &

waasldluased a9

1 |
AT A9 HansznunAUnedorenms ¥nssua IWihvouremdurazyiin 0.074 kWh

kg
Types
Co, CcO N,O NO, NMVOC CH, Dust S0,
2TUHU 1.92E-02 | 2.99E-06 | 5.99E-07 | 8.82E-05 3.00E-07 2.30E-07 7.64E-07 4.32E-05
¥
Wi 731606 | 1.01E-07 | 1.36E-08 | 1.31E-06 2.29E-08 4.59E-09 4.93E-07 4.31E-06
[:+)
%y
o | 330E02 | 103E05 | 101E-06 | 7.57E-05 2.21E-06 1.18E-06 4.62E-06 -1.01E<07
BITHEIR
531 523E-02 | 133E05 | 1.62E406 | 1.65E-04 2.53E-06 1LA2E-06 5.88E-06 $2TE-05

o’: ° a T 9 ot !
VINUUHNINMUIVUMHANTSNUVAWNIT NETS awaumsn (2) uag (3) o

uanImseagy 1densn a.10
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‘ T ot T Q ) = 7 4 n’: o Dy Dy
M A10  faedmsfInAIe3t NETS vedldihnldluruasumsvinlgisn

0.074 kWh
v - MEV, ELM,
Tnghv P, [kgl X, gl EcL [NETS]
[NETS] [NETS/kgl
NIIBARIYEIUHAINEINY
Crude Oil (liter) | 6.50E+11 | 1.65E+14 3.94E-03 2.34E-01 1.55E-04
Natural Gas(m”) | 6.50E+11 1.41E+14 4.61E-03 1.35E-02 6.23E-05
Coal 6.50E+11 9.84E+14 6.61E-04 3.54E-03 1.39E-05
Total 231E-04
mzlandou
co, 6.50E:+11 2.07E+15 3.14E-04 5.236-02 1.64B-05
CH, - 6.50E+11 1.06E+14 6.13E-03 1.42E-06 8.70E-09
N,0 6.50E+11 7.20E+12 9.03E-02 1.62E-06 1.46E-07
o Total L.66E-05
ymemnaidy
co 6.50E+11 5.45E+13 1.19E-02 1.33E-05 1.59E-07
NO, 6:50E+11 3.27E+11 1.99E+00 1.65E-04 3.28E-04
S0, 6.50E+11 2.18E+11 2.98E+00 5.27B-05 1.57E-04
Total 4.86E-04
mazdunia
N,0 9.70E+09 8.86E+09 1.09E+00 1.65B-04 2.81E-04
NO, 9.70E+09 5.64E+09 1.72E+00 1.62E-06 1.75E-06
SO, 9.70E+09 1.28E+10 7.58E-01 5.27E-05 3.95E-05
Total

3.22E04




- e luleamalil¥au

17

1 d
Aaautiaved lu Tedwauasilufma AWamInuaIIg .l

F4 ] ¥
M all  guasdfveudemdsluTedmandadaunaune wazhiufaa

Anamdou (ke manunila @ 40 °c
we BO B25 B75 B100 B0 B25 B75 B100
1 | 45889.55 | 45781.03 | 42478.56 | 38186.59 | 3.54 4.35 4.23 4.69
2 | 45621.13 | 45732.92 | 42278.60 | 38236.29 | 434 422 4.44 5.34
3 | 45855.68 | 45684.69 | 42560.66 | 37746.81 | 4.83 4.44 4.12 522
Ay | 45788.79 | 45732.88 | 42439.27 | 38056.56 | 4.2 434 426 5.08
error | £4.71% | +4.58% | +2.95% | 1£3.18% | £3.33% | £5.77% | 13.98% ii.ﬁ?’%

fiedamIsnnadeds NeTs Tumah luledmallyam

187938 euse United States Environmental Protection Agency {02 The official

1
Site of the National Biodiesel Board mnl¥druramansznuninnislfamnniniululedwa

& I ar
FTOUAAIRINANTENU TARIA1 I A.12

MM AI12  mansenunedunadeuivsediuauiiy NETS Tuudazdsunnnansenuein

my i luTefea 1 9ns

. - MEV, ELM,
Faqiu P, [kgl X, [kg] EcL [NETS]
[NETS] [NETS/kg]

anivlaniou

co, 6.50E+11 2.07E+15 3.14E-04 5.80E-01 1.82E-04
Total ' 1.82E-04

tgmemade

co 6.50E+11 5.45E+13 1.19E-02 7.78E-03 9.28E-05

NO, 6.50E+11 3.27E+11 1.99E+00 1.49E-02 2.96E-02

S0, 6.50E+11 2.18E+11 2.98E+00 0.00E+00 0.00E+00
Total 2.97E-02

miziunIa

NO, 9.60E+09 5.64E+09 - 1.70E+00 1.49E-02 2.53EB-02

50, 9.60E+09 1.28E+10 7.50E-01 0.00E+00 0.00E+H00
Total 2.53E-02




AMAFHIN

pIsAnIAMUUnasaiginItia



7%

MAHUIN 3

msnnaduguaneaipiniiin

deyavesszuuwdnlulodivanmhifufivl¥uddumnsewanlylefima cMu-2
1 Aunuusnidy

- n5eandn luTefwa 120,000 U

2. AunumAuiiums

¥ 3
- hludirlFuda srsed Wi wasiin 690,000 1Al
- AUTINY 6,510.33 VIMARDY

(MSUATARMIUBSANATOUTNI, AAIAY 2549)

o

- 1h§esn) 30,000 1/l

s  dey
3. ﬁuuummmmumwﬂm

- dulgnseuay 15,000 U
- QanWaNEAn 200 Bs 4,000 UM
- gunseliaSudwarafind e 1wy deldamiuen 5,000 UM
- uaufuarndey v 1 i 3,000 um
- aunseluanildsunimideu 3,000 um
- viodariiy 5,000 N
- 8 | 7,000 UM
- ‘ﬁll Magnetic Sealless Chemical Pump YH18 26 aasAani 4,000 umn
- Magnetic Sealless Chemical Pump Y11% 126 8n5/11#1 22,000 V1N
- Fmmed lwdh | 17,000 1N
- fhau 1,000 UM
- Blower 91701 2 5’3 1,500 1IN

- gmunas Inseadwou 10,000 UM
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4, w3y

 yamanAa 10% VBRUYMUIAEY (Michael 1. Haas, 2006)

iy
fmua sasnendly 7.75% aoll  dasilule 3% dell  (Fumsuvsdszmelne,

unsIAN 2550) uazeylasems 10 1

dumunisesnidly 2 dszian fe

a1 fMupdiindadiluyamlag (Recurring costs)

Sruraladsaunsn @.5) lwunh 2

2L A((Lti)"_—lJ o

i(1+i)"

111 duyuaiiiums
¥

¥ e 3 e & &
-dfude gy anad i uazii Sdumuendy 690,000 u Al wasnaw

adasiule 3% doll

aunsh (1) mngdmiudunuiinnea199a (Annually Uniform Cost: A) wifiu

. T o ] a o Ao ' 1 a Ag
aasalasems  himmngdumsinnlddnamndunuilegiunimsiisae  wniy
stz fu anerglnsams aunisii () aunsAayamidegiviiimstiedine

] a7 b
e fu Yl aaeasiylasenis

1+gY |
1'(1 g‘) |
: +i
P =4 —"7 | @)
i-g
e 4, foluuINTY (1)
A o :{ - J 1 il
g fodas v luuaazll

L4
o &1

i ADBATIRDNILY

&
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_( 1+0.03 ]“’

P = 690000 1+0.0775
0.0775-0.03

P = 6,109,759.44 1Al

] = - L = J [
- AT 6,510.33 1NARDU YiTamINy 78,123.96 U'WIEJ HAZHUYUATHONTT

= é [-] ol H
Suile 3% Fadwan lddaaunsi )

_[ 1+0.03 )”

P = 78123.96 1+0.0775
0.0775-0.03

P = 691,766.09 1Al

- fhigedne 30,000 1Al AnnaTasldaumsi @)

10
p - 30000[ (1+0.0775)° -1 }

0.0775(1+0.0775)"

P

203,592.26  wmAl
. dumuanduiiuns a narlfoqiv nhiy 7,005,117.79 ymAl

fa d g
12 Aunundatufisiniudenoenlnsants (Non-recurring costs)

Annalddaunisn 24) luuni 2

P = F(ﬁ} | @

121 Huquorsmammindau

1 = P o @
s inszuunsHanevsdedinanlasugasel niwnuuaeignsld

¢ 1 a a 3 o ei
u Taggilnsaludazytiniiogms I9nuuaaansmswh 11
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mei. 1 ewmslfnuvesguinsaldieg (US. Department of Natural Resources, 2002

uaz The “AZo Journal of Materials Online” , 2006)

gunvel | egn1slFam @)
Heat pump, single package, air-fo-air 20
Heat pump, single package, water-to-air 20
Heat pump, split system, air-to-air 20
Pumps, centrifugal 20-25
Stainless Steel _ 20
Steel ' : 10
Insulator 3-5
Plastic, polyethylene : . 5-10
Plastic, polypropylene ' 5-10
Plastic, polyvinylchloride 5-10

L

= s/ =t o ) W ::’
- au Hogmsldau 3 1 duduyaailegiu Al

P, = Auldsugingelilil 3 + awlfougilnselila 6 + swlAeuginsalilit o +

insulator

sldsuginseldi 10

P_ - 0(_(”_%)?] + 3000[&4 + 3000[-(—1—+-1—i)7] + 3000(G:1i)TJ |

P = 2,398.11 + 1,916.98 + 1,532.38 + 1,422.16
P = 7,269.63 ym/Al



83

¥
W = ] 18 o ¢ = 1 = o r
- dawaradn veduiniu wazgnseltaSudieg Tewgmslsau 5 ¥ Autayam

as

E
Togiiu Asil

PR L] 5181 x S133URY (A) yamileqiiu (P)
) wmAil)
fanaa@n 200 dag 3,000 x3 = 9,000 10,463.12
vadariuiy 5000 x 1 = 5,000 5,812.84
gunseliaTusien 5,000 x 1 = 5,000 5,812.84
s 22,088.80

- fuquamamuninddy o nandegdu iy 29,358.43 wnAl

2.2 13y

L4
o’ T

- yarmen An 10% YosdunuIsnISY Aniuyedimn Wiy 12,000 U

furuyamilagliv midy

1
P = 12000 —————
[(1 +0.0775)" J

P = 5,688.64 Al
S 9wy yaman) o nolegliu whily 5,688.64 vnAl

E) . b4
nnrumsh 2.3) Twvmit 2 sunsesmaudunulddeg
IcC = C,,+M,  +F, +R,—S, 3

LCC = 120,000 + 7,005,117.79 + 29,35843 - 5,688.64

= 7,148,787.58 v /Al
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dunumsnialuTefia (uv/aas) Aunumskan luTeda (WmAl)

SuraluTofwafinga'ld @ashh

7148787.58 Baht/ year

dunu
42000x10 liter / year

= 17.02 VIN/AaNg

. duplulefranminiuirliudy iy 17.02 1n/ias
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MANKEIN D

doyadnnadieis NETs vedluleAanimhiiufivlfudauasihiu@re

i1 ]
2.1 Msfndw3s NETS vodluTefmanniiuirldidy ArunFowanlulofa
CMU-2

: o v 4
- dumeumssamingiy unndnlulefanmbiufivliuds (aTewdnlule

flva CMU-2)
Mg 011 MsmIndedt NETS veunan (Frischknecht ef al., 1996)
Type ELM [NETS/kel X, [kgl EcL [NETS]
MIRABIVDWHBINTINN '
Crude oil . A458E-03 1.03E-05 4.72E-08
Natural Gas (m") 4.61E-03 3.37E-06 1.55E-08
Coal . 6.61E-04 1.49E-04 9.85E-08
Uranium 1.65E+02 8.40E-10 1.38E-07
Total 2.99E-07
ATIAARIVOWHRINTHENNTEIIHYA
Bauxite  2.60E-02 4.03E-08 1.05E-09
Chromium 1.81E+02 1.94E-09 3.51E-07
Cobalt 1.44E+02 1.94E-09 2.81E-07
Copper 1.91E+02 1.04E-08 1.99E-06
Lead 1.02B+01 1.15E-09 1.17E-08
Manganese 9.56E-01 1.15E-09 1.10E-0%
Molybdenum 1.ISE+02 2.86E-15 3.38E-13
Nickel 141E+01 8.41E-10 1.19E-08
Platinum © 9.5B+02 1.84E-15 1.68E-12
Rhenium . 2.60E+05 1.64E-15 4.27E-10
Silver 2328403 3.24B-11 7.52E-08
Tin 8 44E+01 1.80E-11 1.52E-09
Zinc. 3.42E+00 8.42E-11 2.88E-10
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MIAUINRIWIT NETS vouMan (@o)

Type ELM [NETS/kg] X, [kg] EcL [NETS]
Total 2.72E-06
anlandou
co, 3.14E-04 1.94E-04 6.08E-08
CH, 6.13E-03 1.03E-06 6.29E-09
N,0 9.03E-02 2.03E-09 1.83E-10
CFC-11 6.53E+00 2.66E-13 1.74E-12
HCFC-22 5.24E+00 6.29E-14 3.30E-13
Total 6.73E-08
msanadveslelau
CFC-11 9.03E+00 2.66E-13 2.41E-12
CFC-12 9.03E-+00 5.72E-14 5.17E-13
HCFC-22 4.92E-01 6.20E-14 3.10E-14
Total 2.95E-12
ﬂmmﬁuﬁrx
Cadmium 1.22E+01 2.02E-11 2.46E-10
Lead 1.22E+01 3.67E-09 4.47E-08
Arsenic 1.22E+01 4.53E-10 5.51E-09
Mercury 243E+02 6.68E-12 1.63E-09
Benzene 1.22E+01 8.06E-11 9.82E-10
Selenium 1.22E+01 1.11E-09 1.35E-08
Boron 1.22E-01 4.43E-11 5.39E-12
Total 6.66E-08
Ugmermeade
CO 1.19E-02 3.60E-06 4.29E-08
NO, 1.99E+00 3.06E-07 6.07E-07
Benzene 4.89E+01 4.90E-10 2.39E-08
SO, 2.98E+00 5.86E-07 1.75E-06
Total 242E-06
amzeunia
NO, ~ 1.70E400 3.06E-07 5.20E-07
N,0 1.08E+00 2.03E-09 2.20E-09
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a F ot o ]
AT 9.1.1 NISAIUIUAINIT NETS Yauvian (M)

_ Type ELM INETS/kg] X, [kg] EcL [NETS]
S0, 7.50E-01 5.86E-07 4.40E-07
Total 9.62E-07

a3 9.1.2 AIFuIndlndl NETS weunannd1 5oy (Frischknecht et al., 1996)

Type ELM [NETS/kg] X, [kgl EcL [NETS]
AIOABIVOIMBINTINY
Crude oil ' 4.58E-03 5.70E-06 2.61E-08
Natural Gas (m’) 4.61E-03 2.19E-06 1.01E-08
Coal 6.61E-04 7.34E-05 4.85E-08
Uranium 1.65E+(2 4.20E-10 6.90E-08
Total 1.54E-07
MIBABIVBAUKAIMINENNIEITNNA
Bauxite 2.60E-02 1.49E-06 3.86E-08
Chromium 1.81B+02 5.00E-07 9.03E-05
Cobalt 1.44E+02 2.62E-15 3.78E-13
Copper 1LO1E+02 5.70E-09 1.09E-06
Lead 1.02E+01 5.85E-10 5.94E-09
Manganese 9.56E-01 6.25E-07 5.97E-07
Molybdenum 1.18E+02 1.46E-15 1.73E-13
Nickel LAIE+01 4.21E-10 5.95E-09
Platinum 9.15E+02 9.75E-16 8.93E-13
Rhenium 2.60E+05 8.80E-16 2.29E-10
Sitver 2.32E+03 1.79E-11 4.14E-08
Tin 8.44E+01 9.90E-12 8.36E-10
Zinc 3.42E+00 4.02E-11 1.37E-10
Total 9.21E-05
anzlandou
Co,. 3.14E-04 9.84E-05 3.09E-08
CH,  6.13E-03 5.07E-07 3.11E-09
N,0 9.03E-02 1.12E-09 1.01E-10
CFC-11 . 6.53E+00 1.33E-13 8.69E-13
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Type ELM [NETS/kg] X, [kel EcL [NETS]
HCFC-22 5.24E+00 3.15E-14 1.65E-13
Total . 3.41E-08
asanadvediola
CFC-11 9.03E+00 1.33E-13 1.20E-12
CFC-12 9.03E+00 2.86E-14 2.58E-13
HCFC-22 4.92E-01 3.15E-14 1.55E-14
Total 1.47E-12
Jgmmhide
Cadmium 1.22E+01 1.03E-11 1.25E-10
Lead 1.22E+01 1.79E-0% 2.17E-08
Arsenic . 1.22E+01 2.22E-10 2.70E-09
Mercury 243E+02 3.23E-12 7.87E-10
Benzene 1.22E+01 4.44E-11 5.41E-10
Selenium 1.22E+01 5.45E-10 6.63E-09
Boron 1.22E-01 2.49E-11 3.04E-12
Total 3.25E-08
tayrmeinade
co 1.19E-02 1.74E-06 2.08E-08
NO, 1.99E+00 1.56E-07 3.11B-07
Benzene 4. 89E+01 2.56E-10 1.25E-08
80, 2,98E+00 3.14E-07 9.35E-07
Total 1.28E-06
amzdunia
NO, 1.70E+00 1.56E-07 2.66E-07
N,0 1.08E+Q0 1.12E-09 1.21E-0%
o, 7.50E-01 3.14E-07 2.35E-07
Total 5.03E-07
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2

Type ELM [NETS/kg] X, [kgl EcL [NETS]
NMIAARIUBIUHBINAINY |
Crude oil 4.58E-03 2.09E-05 9.58E-08
Natural Gas (m’) 4.61E-03 3.07E-05 1.42E-07
Coal 6.61E-04 5.09E-06 3.36E-09
Uranium 1.65E+02 9.01E-11 1.48E-08

Total 2.56E-07
MIEARIVBWNAMINENAIEITUA
Bauxite 2.60E-02 7.95E-09 2.07E-10
Iron ore 4.64E-03 5.30E-09 2.46E-11
Total 231E-10
anzlandou
co, 3.14E-04 5.836-05 1.83E-08
cH, - 6.13E-03 1.11E-07 6.83E-10
N,0 9.035-02 1.59E-10 1.44E-11
Total 1.90E-08
iltym'ﬁuﬁﬂ
Cadmium 1.22E+01 4.71E-15 5.74E-14
Lead 1.22E+01 1.89E-13 2.30E-12
Arsenic 1.22E+01 5.28E-14 6.43E-13
Mercury 2.43E+02 3.77E-16 9.18E-14
Total 3.09E-12
Tgmememde
co . 1.19E-02 2.12E-08 2.53E-10
NO, 1.99E+00 2.92E-07 5.79E-07
Benzene 4.89E+01 1.06E-10 5.18E-09
SO, 2.98E+00 1.86E-07 5.53E-07
Total 1.14E-06
anzdunsa
NO, 1.70E+00 2.92E-07 4.96E-07
N,O 1.08E+00 1.59E-10 1.72E-10
SO 7.50E-01 1.86E-07 1.39E-07
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-] Y Yo} ) = - =v_1 ¥
MTA 813 ATATUIMNWIT NETS ﬂﬂﬂWﬁ1ﬁﬂﬂ$uﬂIWﬂlﬂﬂﬂu (w9)

Type ELM [NETS/kg] X, [ke] EcL [NETS]
Total 6.35E-07

taymue:

Industrial waste 2.98E-02 9.06E-07 2.70E-08
Total 2.70E-08

7N 0.14

ABRINIUAIE NETS vDananadnaiia Ing Insnau

(Schriftenreihe Umwelt, 1996)

2

Type ELM [NETS/kg] X, [kel . EcL [NETS]
ASDARIVBIUHBINEINY
Crude oil 4.58E-03 9.28B-09 425E-11
Natural Gas (m®) 4.61E-03 1.63E-10 7.52E-13
Coal 6.61E-04 2.18E-09 1.44E-12
Uranium 1.656+02 8.11E-14 1.33E-11
Total 5.80E-11
AIAARAVBINEINTHENITSTUY I
Bauxite 2.60E-02 2.14E-12 5.57E-14
Chromium 1.81E+02 1.06B-13 1.92E-11
Cobalt 1.44E+02 4.78E-19 6.91E-17
Copper 1.91E+02 9.28E-13 1.77E-10
Lead 1.02E+01 8.21F-14 8.34E-13
Mangancse 9.56E-01 2.27E-14 2.17E-14
Molybdenum 1.18E+02 2.01E-17 2.37E-15
Nickel 1.41E+01 7.19E-14 1.02E-12
Platinum 9.15E+02 9.44E-17 8.64E-14
Rhenium 2.60E+05 7.09E-17 1.84E-11
Silver 2.32E+03 2.93E-14 6.79E-11
Tin 8.44E+01 1.63E-14 1.37E-12
Zinc 3.42E+00 2.76E-15 9.46E-15
Total 2.36E-10
anzlandou
co 3.14E-04 1.58E-08 4.97E-12
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A1 .14  nImuIuAedE NETS veswaa@nilalwd Insiau (de)

- Type ELM [NETS/kg] X, [kgl EcL [NETS]
CH, - 6.13E-03 5.48E-11 3.36E-13
N,0 9.03E-02 2.44E-13 2.20B-14
CFC-11 6.53E+00 2.57E-17 1.68E-16
HCEC-22 5.24E+00 6.07E-18 3.18E-17
' Total 533E-12
nmsaaavealolay
CFC-11 9.03E+00 2.57E-17 2.32E-16
CFC-12 9.03E+00 5.51E-18 4.97E-17
HCFC-22 4.92E-01 6.07E-18 2.99E-18
Total 2.85E-16
Sgvminde
Cadmium 1.22E+01 6.53E-16 7.95E-15
Léad 1.22E+01 1.09E-14 1.33E-13
Arsenic 1.22B+01 3.62E-15 4.40E-14
Mercury 2.43E+02 1.27E-17 3.09E-15
Benzene 1.22E+01 1.25E-13 . 1.53E-12
Selenium 1.22EH)1 8.50E-15 1.04E-13
Boron 1.22E-01 1.82E-14 2.21E-15
Totsl 1.82E-12
fgymonade
co . 1.19E-02 6.26E-12 7.46E-14
NO, 1.99E+00 2.26E-10 4.50E-10
Benzene 4.89E+01 9.63E-14 4.71E-12
so, 2.98E+00 1.13E-10 3.38E-10
Total 7.93E-10
anzdunn
NO, 1.70E+00 2.26E-10 3.86E-10
N,0 1.08E+00 2.44E-13 2.64E-13
SO, 7.50B-01 1.13E-10 8.49E-11
Total 4.71E-10
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o =, Iy = = =y o
MIN .15 MIAINAIIT NETS vesmaraanaiialng lailanas lsd

(Ecoprofiles for the European plastics industry, 1997)

Type ELM [NETS/kg] X, [kg] EcL [NETS]
A1IBAALVBAUNAINTNMY
Crude oil (liter) 3.94E-03 2.20E-06 8.67E-09
Natural Gas (m’) 4.61E-03 2.37E-09 1.09E-11
Coal 6.61E-04 2.63E-07 1.74E-10
Total 8.86E~09
praAasveunamennsEITHYIA
Bauxite 2.60E-02 1.69E-12 4.40E-14
Fluorspar 3.10E+01 7.74E-15 2.40E-13
Lead 1.02E+01 9.78E-15 9.97E-14
Manganese 9.65E-01 3.94E-17 3.80E-17
Nickel 1.41E+01 4.83E-17 6.81B-16
Retile 1.51E+01 1.76E-28 2.66E-27
Zinc 3.42E+00 3.68E-16 1.26E-15
Total 3.86E-13
anizlanfou
Cco, 3.14E-04 9.15E-09 2.87E-12
CH, 6.13E-03 3.76E-11 2.31E-13
N,0 9.03E-02 5.59E-16 5.05E-17
Total 3.10E-12
ﬂtymﬁ‘uﬁu
Lead 1.22E+01 1.30E-17 1.58E-16
Arsenic 1.22E+01 3.31E-19 4.03E-18
Mercury 2.43E+02 8.07E-17 1.96E-14
Total 1.98E-14
tgmemaide
co 1.19E-02 9.67E-12 1.15E-13
NO, 1.99E+00 4.80E-11 9.53E-11
S0, 2.98E+00 4.43E-11 1.32E-10
Total 2.28E-10
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o g/ et = o = = I'd ]
AN 815 M IudIT NETS veanaradnriiaIna laiianaslsf (fo)

Type ELM [NETS/kg] X, [kel EcL [NETS]

azdhunsa

NO, 1.70E+00 4.80E-11 8.16E-11

N,0 1.08E+00 5.59E-16 6.06E-16

SO, o 7.50E-01 4.43E-11 332E-11
Tatal 1.15E-10

ez

Industrial waste 2.98E-02 3.61E-10 1.07E-11

General waste . 1.93E-02 2.67E-13 ' 5.16B-15
Total | 1.08E-11

M 0.L6 MIAUINAWIT NETS ¥99nUUAUAINTOU (Frischknecht ef al, 1996)

Type ELM [NETS/ke] X, [kel EcL [NETS]
NMIAARIVBNBINEINY '
Crude oil 4.58E-03 1.01E-06 4.62E-09
Natural Gas (m’) 4.61E-03 6.90E-07 3,18E-09
Coal 6.61E-04 4.70E-06 3.10E-09
Uranium 1.65E-+02 4.13E-11 6.79E-09
Total  L77E48
ﬂ1‘lﬂﬂﬂ~11lBillﬂﬂ'Qﬂ‘rﬂﬂ'Iﬂ‘lﬁ'ﬂﬂﬂﬁ
Bauxite 2.60E-02 1.66E-09 4.33E-11
Chromium 1.81E+02 7.67E-11 ' 1.38E-08
Cobalt 1.44E+02 1.51E-15 2.18E-13
Copper 1.91E+02 4.78E-10 9.14E-08
Lead . 1.02E+01 1.18E-10 © 1.20E-09
Manganese 9.56E-01 2.91E-11 2.79E-11
Molybdenum 1.18E+02 1.13E-15 1.33E-13
Nickel 1.41E+01 437E-11 6.17E-10
Platinum 9.15E+02 3.12E-15 2.85E-12
Rhenium 2.60E+05 2.40E-15 6.23E-10
Silver 2.32E:+03 3.17E-12 7.37E-09
Tin - 8.44E+01 1.77E-12 1.49E-10
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Type 'ELM [NETS/kg] X, kgl EcL [NETS]
Zine 3.42E+00 3.47E-12 1.198-11
Total L1SE-07
anzlaniou
co, 3.14E-04 1.33E-05 4.16E-09
CH, 6.13E-03 3.66E-08 2.24E-10
N,0 9,03E-02 1.96E-10 1.77E-11
CEC-11 6.53E+00 1.31E-14 8.55E-14
HCFC-22 5.24E+00 3.09E-15 1.62E-14
Total 441E-09
msanadveslelau
CFC-11 9.035+00 1.31E-14 1.18E-13
CFC-12 9.03B+00 2.81E-15 2.54E-14
HCFC-22 4.92E-01 3.09E-15 1.52E-15
Total 145E-13
Fopmide
Cadmium 1.22E+01 4.96E-13 6.04E-12
Lead 1.22E+01 3.44E-11 4.18E-10
Arsenic 1.22E+01 132E-11 1.61E-10
Mercury 2.43E+02 5.87E-15 1.43E-12
Benzene 1.22E+01 8.33E-12 1.01E-10
Selenium 1.22E+01 3.30E-11 4.02E-10
Boron 1.22E-01 2.93E-12 3.56E-13
Total 1.09E-09
Jymemmide
co 1.19E-02 7.23B-07 8.63E-09
Benzene 4, 89E+01 9.43E-11 4.61E-09
S0, 2.98E+00 4.32B-08 1.29E-07
Total 142E-07
amizehinia
NO, 1.59E+00 2.03E-08 3.23E-08
N,0 1.08E+00 1.96E-10 2.12E-10

2
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AN L6 MIswudwit VETS vesnuauduanuieu (#e)

. Type ELM [NETS/kg] X, kgl - " EcLINETS]
S0, 7.50B-01 4.32E08 3.245-08
Total 6A49E-08

y 4
- pszvumwaa luledraniminiunvliud: dndewdnlulefitya CMU-2
- B e "
aszurunIswan I Tedasiminiunslduds drumSosndnluTefwa cMu-2

¥ ¥ ¥ ¥ 3
I.L‘lJ\‘i‘Uuﬂﬂl‘lﬂ'ﬁﬂﬁﬂﬂﬂﬂlﬂﬂﬂ\‘muﬂ 5 dunpu uARIHADY UmHanseny Al

0.1.1 YuneumIMIENIngAy

¥
TN 0.L7  MsRnudwds NETS Tudussumswiouiagiuy

Type ELM [NETS/kg] X, [kg] *EcL [NETS]
ﬂtyﬁwuz N

General waste - 193802 7.14E-02 1.38E-03
o Total _ 138E-03

& ! & I | EA %1 :’ a
9.12 Yuaeumiinfiiien Funiseen'ld 3 dudes e mslavhesnviminiy
firlduds malFuaamaeudfasu wasmsil§isomaweameisiiasu Taslinyld
¥

o

waaa i uazeised dafl

. ' - v
AN A.L8 MSAuUINA0IT NETS Afavnmsldndaauidih Tuduansunsi

Ugnse
Type ELM [NETS/kg] X, Ikgl EcL [NETS]

l'l'liﬂﬂ&l'llﬂ-lll‘l‘lﬂ'ﬂﬂa"!wﬂ“ '

Coat 6.61E-04 234E-01 1.54E-04

Natural Gas (m’) 4.61E-03 1.35B-02 6.22E-05

Crude oil (liter) - 3.94E-03 ~ 3.53E-03 1.39E-05
Total 231E-04

azlandeu

co, © 3.14B-04 522E-02 1.64E-05

CH, 6.13E-03 1.42E-06 8.68E-09

N;0 9.03E-02 1.61E-06 1.46E-07
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] L
M3 0.1.8 Mssude3t NETS ndaninmsldndanulii Tuduaeuns

Anlgnse @e)

Type ELM [NETS/kel X, [kel EcL [NETS]

Total 1.65E-05

dymemeide

co 1.19E-02 1.33E-05 1.59E-07

NO, 1.99E+00 1.65E-04 3.28E-04

SO, 2.98E+00 5.26E-05 1.57E-04
Total 4.85E-04

anizelunsa

NO, 1.70E+00 1.65E-04 2.81E-04

N,0 1.08E+00 1.61E-06 1,75E-06

SO, 7.50E-01 5.26E-05 3.94E-05
Total 3.22E-04

mad 2.1.9

NFAUINUATE NETS ¥9UUMUOA (Shechan Jon and ef al., 1998)

Type ELM [NETS/kg] X, [kg] EcL [NETS]
N192ARITBIUNAING 1Y '
Coal 6.61E-04 2.06E-04 1.36E-07
Natural Gas 6.19E-03 9.49E-03 5.87E-05
Crude oil 4.58E-03 7.09E-06 3.25E-08
Uranium 1.65E+02 4.93E-09 8.11E-07
Total 597E-05
anzlan¥eu
CH, 6.13E-03 2.74E-04 1.68E-06
o, 3.14E-04 3.59E-02 1.13E-05
N0 9.03E-02 3.498-07 3.15E-08
Total 1.30E-05
Hgmemeade
co 1.19E-02 1.13E-05 1.35E-07
NO, 1.99E+00 6.43E-05 1.28E-04
SO, 2.98E+00 1.26E-03 3.76E-03
Total 3.89E-03
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M519 9.1.9 MIAUINAITS NETS veauun1usa (fo)

Type ELM [NETS/kg] X, [kgl EcL [NETS]

amzehunsa

N0 1.08E+00 3.49E-07 3.78E-07

NO, 1.70E+00 6.43E-05 1.09E-04

50, 7.50E-01 1.26E:03 9 A6E-04
Total 1,06E-03

Hymves

Industrial waste  2.98E-02 5.02E-08 1.50E-09

General waste 1.93E-02 4.35E-04 8 40E-06
Total | 841E06

MmN 9.1.10  NsANIUAIEIT NETS wnansadaysn (Frischknecht et al., 1996)

Type ELM [NETS/kg] X, [kel EcL [NETS]

AIRABIVBIMEINAN M

Crude oil 4.58E-03 1.98E-05 9.07E-08

Natural Gas (m’) 4.61E-03 1.13E-04 5.21E-07

Coal 6.61E-04 1.39E-04 9.16E-08

Uranium L.6SE+02 5.18E-09 8.52E-07
Total 1.56E-06

MIEARITEINTINI N INIBIINNIA

Bauxite 2.60E-02 2.62E-07 6.81E-09
Chromium 1.81E+02 9.20E-09 1.66E-06
Cobalt . LA4E+HR2 1.37E-14 1.98E-12
Cépper ‘ ‘ - 191E+02 7.04E-08 1.35E-05
Lead 1.02E+01 5.10E-09 5.18E-08
Manganese 9.56E-01 5.96E-09 5.70E-09
Molybdenum 1.18E+02 9.00E-15 1.06E-12
Nickel L41E+01 3.64E-09 5.14E-08
Platinum 9.15E+02 3.24E-15 2.97E-12
Rhenium 2.60E+05 2.92E-15 7.59E-10
Silver ' 2.32E+03 6.24E-11 1.45E-07
Tin 8.44E+01 3.46E-11 2.92E-09
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M9 0,110 MsfuudIwis NETS voansadarin (de)

Type ELM [NETS/kg] X, kgl EcL [NETS]
Zinc 3.42E+00 5.74E-10 1.96E-09
| Total 1.54E-05
amnzlanfeu
Co, 3.14E-04 4.63E-04 1.45E-07
CH, 6.13E-03 1.02E-06 6.24E-09
N,0 9.03E-02 1.18E-08 1.06E-09
CFC-11 6.53E+00 1.64E-12 1.07E-11
HCFC-22 5.24E+00 3.90E-13 2.04E-12
Total 1.53E-07
nsanasveslolay
CFC-11 9.03E+00 1.64E-12 1.48E-11
CFC-12 9.03E+00 3.52E-13 3.18E-12
HCFC-22 4.92E-01 3.90E-13 1.92E-13
Total 1.82E-11
ﬂtymﬁuﬁu
Cadmium 1.22E+01 1.34E-11 1.64E-10
Lead 1.22E+01 6.46E-10 7.87E-09
Arsenic 1.22B+01 2.04E-10 2.49E-09
Mercury 243E+H02 6.38E-13 1.55E-10
Benzene 1.22E+01 1.72E-10 2.09E-09
Selenium 1.22E+01 5.14E-10 6.26E-09
Boron 1.22E-01 1.84E-10 2.24E-11
Total 1.90E-08
ilgveimade
CO 1.19E-02 2.19E-07 2.62E-09
Benzene 4,89E+01 2.10E-09 1.02E-07
NO, 1.99E+00 7.68E-07 1.53E-06
80, 2.98E+00 1.22E-05 3.62E-05
Total 3.79E-05
amisdunIa
NO, 1LS9E+00 7.68E-07 1.22E-06
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M3 0110 MsAIudaedl NETS vesnsadayia (de)

Type ELM [NETSkg] X, kel EcL [NETS]
N,0 | 1.0SE+00 1.18E-08 1.27E-08
50, 7.50E-01 1.22E-05 9.11E-06
‘ Total Qs 1.03E-05

9.1.3 VHABUMIIENNTINOTY

v
MY 111 MsAIad1e3s NETS vesludunsumsuenniiresy

 Type ELM [NETS/kg] X, Ikgl EcL [NETS]
Yoymuas
General waste 193E-02 2.50E-01 4.83E-03
Total 4.83E-03

2ATHNA X
9.1.4 Yunsumslaanutusensinlulonian

R ¥ &
MIN 2,112 nsfuandlnds NETS veelWihlutuaoumsiaanususentinlule

A
Type ELM [NETS/kg] X, [kl EcL [NETS]
NTIONDIVOWNAINEINY

Coal 6.61E-04 4,75B-02 3.14E-05
Natural Gas (m’)  461E-03 2.74E-03 1.26E-05
Crude ol (liter) 3.94E-03 7.17E-04 2.82E-06
Total 4.68E-05

amzlanfeu
co, 3.14B-04 1.06E-02 3.33E-06
CH, - 6.13B-03 2.87E-07 1.76E-09
NO 9.03E-02 3.28E-07 2.96E-08
, " Total ‘ 3.36E-06

Jymemeifis
co . 1.19E-02 2.71E-06 3.23E-08
NO, : 1.99E+00 3.35E-05 6.66E-05
S0, 2.98E+00 1.07E-05 3.18E-05
" Total 9.84E-05




i01

¥ [
AN 9.L12 MImuIuawis NETS ved Wihludunsumslannusueenen

Tulefra (o)

Type ELM [NETS/kg] X, [kg] EcL [NETS]
amziunIA
NO, 1.70E+00 3.358-05 5.70E-05
N,0 1.08E+00 3.28E-07 3.55B-07
SO, 7.50E-01 1.07E-05 8.01E-06
Total 6.54E~05
- maidaululefia
MM 0.L13 Msfandwds NETS vesmsldauluTefwagns B10o $1uau 1 Gas
Type ELM [NETS/kg] X, [kel EcL [NETS]
amzlandeu
o, 3.14B-04 5.80E-01 1.82E-04
Total 1.82E-04
fymamnde
co 1.19E-02 7.78E-03 9.28E-05
NO, 1.99E+00 1.49E-02 2.96B-02
Total 2.97E-02
mizdunIa
NO, 1.70E+00 1.49E-02 2.53E-02
Total 2.53E-02
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¥
9.2 MsaudIeId NETS veniniufma
- SagiulupanBmidiudien
L)
AT 021 AIAUIMA3T NETS 199ii1iufY (Crude oil)

(Frischknecht et al., 1996)

.~ Type ELM [NETS/ke] X, [kel EcL [NETS]
ATIAABITBUMAINTINY
Crude oil 4.58E-03 1.87E+00 8.54E-03
Natural Gas (m’) 4,61E-03 7.30E-04 3.36E-06
Coal - 6.61E-04 1.47E-02 9.70E-06
Uranium 1.65E+02 2.96E-07 4.87E-05
Total 8.60E-03
N30ARIVBAMAMINNNIBETINIA
Bauxite 2.60E-02 2.74E-05 7.12B-07
Chromium _ 181E+02 2.11E-06 3.81E-04
Cobalt 1.44E-+02 8.11E-11 1.17E-08
Copper 1.91E+02 1.23E05 2.35E-03
Lead 1.02E+01 3.21E-06 3.26E-05
Manganese " 9.56B-01 1.09E-06 1.04B-06
Molybdenum LISE+02 1.85E-11 2.19E-09
Nickel 1.41E+01 _ 1.01E-06 1.43E-05
Platinum 9.1SE+02 634E-12 5.81E-09
Rhenium 2 60E+05 5.59E-12 1L.45E-06
Tin | 8.44E+01 7.30E-08 6.16E-06
Zine 3.42E400 8.77E-08 3.008-07
Total 2.79E-03
arzlanfou
co, 3.14E-04 9.09E-04 2.85E-07
CH, 6.13E-03 7.20E-03 4.42E-05
NO 9.03E-02 145E-05 1.31E-06
CFC-11 6.53E+00 938E-11 6.13E-10
HCFC-22 5.24E+00 227E-11 1.19E-10
' Total _ 4.58E-05
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'
AT 9.2.1 MIAMIUAWIT NETS 031 11uAY (Crude oil) (919)

Type ELM [NETS/kg] X, [kg] EcL [NETS]
n1anadvBdlelan,
CFC-11 9.03E+00 9.38E-11 8.47E-10
CFC-12 9.03E+00 2.01E-11 1.82E-10
HCFC-22 4.92E-01 2.27E-11 1.12E-11
Total 1.04E-09
Hoprminde
Cadmium 1.22E+01 3.65E-08 4.45B-07
Lead 1.22E+01 2.16E-07 2.63E-06
Arsenic 1.22E+01 4 18E-08 5.08E-07
Mercury 2.43E+02 3.61E-10 8.78E-08
Benzene 1.22E+01 1.57E-05 1.91E-04
Selenium 1.22E+01 8.57E-08 1.04E-06
Boron 1.22E-01 1.78E-07 2.16E-08
Total L96E-04
ymeimeaiita
Co 1.19E-02 9.09E-04 1.08E-05
NO, 1.99E+00 2.59E-03 5.16E-03
Benzene 4.89E+01 5.16E-07 2.52E-05
80, 2.98E+00 9.39E-04 2.80E-03
‘Total 7.99E-03
amzeunia
NO, 1.70E+00 2.59E-03 4.41E-03
50, 7.50E-01 9.39E-04 7.05E-04
N,0 1.0BE+C0 145E-05 1L.S7E-05
Total 5.14E-03
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v s w o )
- AERUMITNMUUNNHAIYA

v )
M5 922 MEAUIUAETT NETS voanmsnastiifufam (Frischknecht ef al, 1996)

Type ELM[NETS/kg] X kgl EcL [NETS]
NTINABIVOMUNBINGI M
Crude oil 4.58E-03 - 9.74E-01 4.46E-03
Natural Gas (m®) 4.61E-03 1.80E-03 831E-06
Coal 6.61E-04 | 2.69E-02 . 1.78E-05
Uranium 1.65E+02 8.47E-07 1.39E-04
Total . 4.62E-03
MIEARIYEIVBIININIETIUYIA |
Bauxite  2.60B-02 4.17E-05 1.08E-06
Chromium - 1.81E+02 4.55E-06 8.22E-04
Cobalt 1.44E+02 2.85E-09 4.11E-07
Copper 1.91E+02 1.66E-05 3.17E-03
Lead 1.02E+01 2.68B-06 - 2772E-05
Manganese ‘ 9.56E-01 1.26E-06 1.20E-06
Molybdenum ~ LI1BE+(2 5.70E-10 6.73E-08
Nickel 1.41E+01 2.88E-06 4.08E-05
Platinum 9.15E+02 8.34B-11 7.63E-08
Rhenium 2.60E+05 7.87E-11 2.05E-05
Tin 8.44E+01 1.71B-06 1.44E-04
Zinc 3.42E+00 2.64E-07 9.03B-07
Total 422E-03
anzlandou _
o, 3.14E-04 3.85E-01 1.21E-04
CH, . 6.13E-03 3.80E-03 .  238E-05
NO 9.03E-02 9.84E-06 8.88E-07
CFC-11 6.53E+00 2.68E-10 1.75E-09
HCFC-22 5.24E+00 6.38E-11 3.34E-10
. Total 1AGE-04
mIanasvedlelanu
CFC-11 9.03E+00 2.68E-10 2.42E-09
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] v
MIMUIUAWIT NETS voemsnawiiniudmn @)

Type ELMINETS/kg] X, kel EcL [NETS]
CFC-12 9.03E+00 5.78E-11 5.22E-10
HCFC-22 4.92E-01 6.38E-11 3.14E-11
Total 2.98E-09
Hammiuda
Cadmium 1.22E+01 5.97E-08 7.27E-07
Lead 1.225+01 2.78E-07 3.38E-06
Arsenic 1.22E+01 9.07E-08 1.10E-06
Mercury 2.43E+02 8.08E-10 1.97E-07
Benzene 1.22E+01 7.54E-06 9.18B-05
Selenium 1.22E+01 1.58E-07 1.93E-06
Boron 1.22E-01 1.68E-06 2.04E-07
Total 9.94E-05
Yymomadn
co 1.19E-02 5.76E-04 6.87E-06
NO, 1.99E+00 1.81E-03 3.60E-03
Benzene 4.89E+01 9.38E-06 4.58E-04
SO, 2.98E+00 2.30E-03 6.86E-03
Total 1.09E-02
amziunsa
NO, 1.70E+00 1.81E-03 3.09E-03
N,O 1.08E-+00 9.84E-06 1.07E-05
S0, 7.50E-01 2.30E-03 1.72E-03
Total 4.82E-03
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M 923  mfmIndwdt NErS vesmsidewfeadmau 1 Gas

Type ELM{NETS/ke] X kel EcL [NETS]

m'saaawa«mdmﬁ'«m '

Crude oil (liter) 4.58E-03 1.00E+00 4.58E-03
Total 4.58E-03

aviglandey

Cco, 3.14E-04 2.69E+00 8.45E-04
Total 8.45E-04

Yymemeade

co 1.19E-02 1.50E-02 1.79E-04

NQ, - 1.99E+00 1.35E-02" 2.69E-02

50, . 2.98E+00 6.64E-02 1.98E-01
Total 2.25E-01

amzdunsa

NO,. 1.70E+00 1.35B-02 2.30E-02

SO, 7.50B-01 6.64E-02 4.98E-02
Total 7.28E-02
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8.3 deyaniafmuInd w3t NETS vesmsthluTefwagasaien Tulldou

MIN 831 MIMUINAWTT NETS vosms IFaululefiwagas B2s S 1 das

Type ELM[NETS/ke] X [Ke] EcL [NETS]

ATARRIVOUMBINE 1Y

Crude oil (liter) 4.58E-03 7.50E-01 3.43E-03
Total 3.43E-03

amalanfou

o, 3.14E-04 2.16E+00 6.79E-04
Total 6.79E-04

tymiemade

co 1.19E-02 1.27E-02 1.52E-04

| No, 1.99E+00 1.38E-02 2.75E-02

SO, 2.98E+00 4.98E-02 1.48E-01
Total 1.76E-01

AMzdunIa

NO, 1.70E+00 1.38E-02 2.35E-02

S0, 7.50E-0} 4.98E-02 3.74E-02
Total 6.09E-02
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MIN 932 MIRNNBAILIT NETS veems 1vawluleRmages B7s $wau 1 das

Type ELM[NETS/ke] X kel EcL [NETS]
013RARIVBIUNEINT Y
Crude oil (liter) 4.58E-03 2.50E-01 1.14E-03
Total 1.14E-03
amizlanfou
co, 3.14E-04 1.11E+00 3.48E-04
' ' Total 3.48E-04
Ty mals
co 1.19E-02 9.17E-03 1.09E-04
NO, 1.99E+00 1.45E-02 2.89E-02
SO, 2.98E+00 1.66E-02 4.95E-02
Total 7.85E-02
amizdunia |
NO, - 1.70B+00 1.45E-02 2.47E-02
S0, 7.50E-01 1.66E-02 1.25E-02
| Total ' 3.71E-02
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ABSTRACT

*Oil price in the world’s market is tremendously increasing. One important factor is because of the
huge in energy consumption from all around the world. Thailand is a country that relies on this primary
energy and has to import large amount of oil each year. Therefore, it is necessary to develop the alternative
energy which can provide the same function but cheaper price. Bio-diesel is one of the selective fuels as it

“has very similar properties to petroleum-based diesel.

In order to generate bio-diesel, it needs to input much amount of materials -and energy which
certauﬂy affect to the environment. Therefore, to quantify and verify the advantages and usefir] of bio-diesel,
it is necessary to assess the bio-diesel from the life cycle point of views. The objective of this paper is to
analyze the environmental impacts of bic-diesel from life cycle assessment (LCA) aspect of which the NETS
scheme is applied in this study.

As the result according to the Llfe cycle thinking point of view, the environmental load by
assessment tools are discussed and the green bio-diesel technology is recommended for further ecological
and economical improvement.

Keywords” Bio-diesel, Life Cycle Assessment, Used Cooking Oils, Methyl Ester, Transesterification

1. INTRODUCTION

Thailand imports more than 100 million Iiters of petroleum oil from foreign country each year of
which 46% is diesel. This brings the country’s economy undoubtedly vulnerable. With the continuous rising
of local and global oil prices, the government has decided to launch the National Alternative Fuel Strategy
since 2000 to stimulate the deve10pment of renewable fuels from locally available materials. Bio-diesel has
instantly gained recognition.

There are several kinds of material that can develop as diesel blended fuel, for example, vegetable
oils, animal oils, and used cooking oils. While the used cooking oil seems to be very interesting since the oil
residue should be ecological eliminated. Bio-diesel from used cooking oils can be produced by using
chemical process to form the methy! ester, in which the product has similar properties with diesel oil.

However, in the production stage of bio-diesel needs materials, chemicals and energy inputs that
contribute to the environmental impacts. In order to clarify the useful of bio-diesel, it is necessary to apply
- the Life Cycle Assessment (LCA) point of view to analyze the environmental impacts from the entire life
cycle of bio-diesel from used cookmg oils.

' The aim of this study is first to apply LCA with Numerical Eco-load Total Standard [NETS],
which is used for evaluating the environniental burdens by identifying and quantifying energy and materials
used and waste released to environment, and to identify and determine the opportumtxes for environmental
improvement methods. The impacts due to the global and regional environmental issues are numencally
evaluated in NETS, which is based on the balance of L & R (Loader and Receiver) theory. The second is to
compare the LCIA results with Eco-indicator 99.

- As the results, it is obviously shown that the process of bio-diesel has an environmental :mpact
value more than diesel. Life cycle emissions from diesel are about 37.14 % and bio-diesel emission
are about 62.86 %. In the transesterification process, the electricity are used therefore the
enwronmental impacts are hlgher than diesel production. -
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2. METHODOLOGY OF LCA-NETS

NETS methodology has been first developed at the Energy System Design Lab., Mie University in
Japan and continuous implemented and improved by many co-researches between Chiang Mai University
and Mie Uriversity.

This technique is designed for a strongest merit that is not depend a specific area, country or value
since it aims at the evaluation of industrial products distributed internationally. The basic idea of ‘LCA-
NETYS is based on the balance between ‘Loader’ that generates an impact and ‘Receiver’ that suffers the
impact. In this way of thinking, the maximum amount of environmental factor substance that the Loader can
emit or consume is equal to the maximum of impact that Receiver can endure. The balance equation for
environmental factor / in an impact category j is

MEV/ = P’xELM, [NEIS] ¢}
where the unit of [NETS] (Numerical Eco-load Total Standardization) expresses impact on environment. If
Receiver is mankind, a maximum impact that people can endure is 100 NETS per capita. ‘100 NETS per
capita’ indicates the situation where people in the area affected by the impact cannot keep their past lifestyle
unless they change their lifestyle.

For example, in the situation in an impact category of Fossil-fuels Depletion, people must seek an
alternative fuel due to depletion of a fossil-fuel such as petroleum depletlon In the case of “Air Pollution’,
people in the area have to see doctors due to disease caused by polluted air.

MEV;/ (Maximum Eco-load Value) indicates the total impact that Receiver (people) can endure

and is 100 NETS per capita multiplied by population of m f in the area affected by the impact.
MEV! = 100m] [NETS] @

m,J is the world population in the case of an impact in global scale such as global warming and resources
depletion.

On the other hand, P,.j in right side of eq. (1) is the maximum value of an environmental factor that
Loader can emit or consume. The unit of P’ depends on the environmental factor such as kg, kWh, etc.
Therefore ELM/ (Environmental Load Module) [NETS/(kg, kWh, ...)] is a unit-conversion coefficient

-and expresses an impact per emission or consumption of environmental factor 7 in an impact category.J.

In the LCA-NETS, ELM ;’I is derived from eq. (1) by setting P}j and MEV,’ for each impact
category, including Fossil-fuels Depletion, Natural-resources Depletion, Global Warming, Ozone-layer
Depletion, Air and Water Pollution, Rain Acidification and Waste. F:.j is set by objective data published by

the United Nations, governments, academic societies and industrial organizations. The value for P,.j is kept
updated.

3. LCA OF BIO-DIESEL FROM USED COOKING OILS

3.1 GOAL DEFINITION

To analyze the environmental impacts of bio-diesel from used cooking oils by using LCA-
NETS and Eco-indicator 99 method in SimaPro software.

3.2 SCOPE DEFINITION AND SYSTEM BOUNDARY
‘ (a) Functional unit
The functional unit of this LCA study is set to “one liter of bio-diesel from used
cooking oil, in which is produced by the bio-diesel production machine; CMU-2. The machine is shown in
Fig. 1.
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Fig.]1 Bio-diesel production machine, CMU-2

(b) System boundary
There are productlon stage of bio-diesel’s life cycle The system boundary is

‘drawn as broad as the data available. The primary life cycle inventory data is developed for material
procurement stage and production stage. However, for the use stage, this LCA study is just the preliminary
study, there is no experiment with the engines but in order to understand the result in the whole picture of
LCA, we use the reference data and assumption from academic literature reviews. The system boundary can
be shown in Fig, 2.

-------------
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Fig.2 System boundary of bio-diesel from used cooking oils by CMU-2

In production stage, there are 4 important procedures.

Transesterification : The transesterification process is the reaction of a mglycende
with and alcohol (methanol) to form esters and glycerol.

Phase separation : Once the reaction is complete, two major products exist: glycerin
and bio-diesel. We can use glycerin for animal food or agent substance to make soap.
Bio-diesel washing : After separate the glycerin from bio-diesel, it should be -
purified by washing gently with warm water to remove residual catalyst or soaps
and dried.

Bio-diesel debumidifying : It is important that water be kept out of the bio-diesel
production process. Heating to break between the water and oil to settle to the
bottom can remove water.

33 LIFE CYCLE INVENTORY ANALYSIS

There are many attempts to coliect as much as detailed data and developed to be our own

life cycle inventory data of bio-diesel. The materials and energy uses that have been consumed during
production by CMU-02 are collected at the real site. At the use phase, we use the related references.
According to our plan, we have to collect all of the detailed data from the actual, and measurements and
compare with this preliminary stage of LCA. Tabie 1 below shows of materials that are used af the

production stage.
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Table 1 Examples of material use in the production of Bio-diesel, B100

_Category Quantity | Unit

Production of bio-diesel

Used cooking oils from 150.00 | liters
material procurement

Methanol 30.00 liters

Potassium hydroxide 1.35 kg

Sulfuric acid 150.00 C.C.

Electricity . 13.10 kWh

Water 90.00 liters

3 4RESULTS OF LIFE CYCLE IMPACT ASSESSMENT
LCIA has been carried out to compare the environmental impacts of comparative fuels;
diesel and bio-diesel.

3.4.1 LCA-NETS RESULTS
The following 1mpact categories are considered: fossil fuel depletion (FD),
TEsSources depletton (RD), global warming (GW), ozone depletion (OD), air pollution (AP), rain
acidification (RC), water pollution (WP) and waste processing,.

: Fig. 3 shows the environmental impact at the production stage of bio-diesel; the
highest environmental impact is transesterification.. :

Environmental Impact by NETS at of Product Stage

oD aGN ECD oW EAP BDAR o waste

Fig.3 Environmental impact at production

In production 4 stage, transesterification process that contribute to higher
environmental impacts than other stages because in the process to used electricity and chemicals to
modify the properties of used cooking oils into bio-diesel. In washing process, input water for to
remove glycerin, soap and methanol. And dehumidifying that water be kept out of the bio-diesel
productlon process have toused electricity.

X The total environmental impact can be calculated by LCA-NETS and expressed in
Fig. 4. .
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Total Environmental Impact Calculated by NETS
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Fig. 4 Total LCIA of bio-diesel and diesel

In Fig. 4, according to the whole life cycle assessment point of views, diesel has
lower environmental impact than bio-diesel.

3.4.2 IMPACT ASSESSMENT CALCULATED BY ECO-INDICATOR 99
In order to make sure our LCA results is going to the right way, the SimaPro, the
most famous LCA software in the world has been selected to compare the results. We use Eco-indicator 99
for method environmental impact assessment. Although, SimaPro refers to European database but in this
case, bio-diesel and diesel are the energy sources that influence not only locally but globally.

Total Environmental Impact Calculated by Eco-indicator 99

0 Carcinegens u Resp. inorganics & Chirete changa
a Ceone ayer © Ecotondcity B Acidfication

Fig.5 LCIA results of diesel and bio-diesel

In Fig. 5, the results shows very similar relative with LCA-NETS method.
However, each methodology uses w1de!y different weight of total potential impacts. It is, therefore, ranking
would have been less consistent for other production methods need further development and that the results
at the current stage of development should be used with great care.

According to the LCA perspectives and the companson of three different
fuel products, we can draw the following conclusions:
(a) Diesel contributes to environmental impact less than bio-diesel
(b) LCA results which are calculated by [NETS] show that bio-diesel desu'oy the
ecology than more diesel because at the production stage of bio-diesel is needed energy than diesel.
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4. CONCLUSIONS

The comparison of life cycle assessment between used cooking oils and diesel production
found that the environmental impact of diesel is lower than bio-diesel production because in the
process of transesterification, glycerine separating, washing and dehydration are depend on the
electricity and chemicals to modify the properties of used cooking oils into bio-diesel. In glycerine
separating and washing process created waste-water which is one of the environmental problem.
Furthermore, for sustainable using of used cooking oils bio-diesel we have to develop the
environment friendly production to reduce total energy consumption and environmental impact of
used cooking oils biodiesel production.
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© Abstract .

Oil price in the world market is tremendously increasing.
Biodiesel is one of the seclective fuels as it has very similar
properties to petroleum based diesel. While used vegetable oil seems
to be very interesting because useful of waste oil recovery. Biodiesel
from used vegetable oil can be produced by using chemical process
to form the methyl ester. However, in the production stage of
biodiesel need input natural resources, chemicals and energy that

. contribute to the emvironmentai impact. In order to clarify the useful

of biodiesel, it is necessary to apply the life cycle assessment (LCA)
point of view to analyze the impact from the entire life cycle of
biodiesel from used vegetable oil. .

' As the results, it is obviously shown that the production of
biodiesel has lower environmental impact than production of diesel
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