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Abstract 

Cooling water recovery from water distillation equipment was a research that has the 

objective to restore the cooling water from distillation equipment, which installed at textile 

chemistry technology department laboratory at Textile industrial and fashion design in 

Rajamangala University of Phra Nakorn. The research plan was designing and developing the 

water distillation equipment type cyclon ultrapure water stills, model WSC008 of Fistreem 

company. The outcomes found, the designed system could save the tap water consumption 

3,462.72 square meters per year. That was implied 7,617.64 Bath per year of tap water 

consumption could be save, what the tap water consumption rate was 2.22 Bath per square 

meters. This system was paid back in 3.33 years, and the benefit-cost ratio for single project (B/C 

ratio) was 1.26 (>1). Finally, this project was successfully to save the tap water consumption and 

great benefit investment. 
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I '11 ~litl'U \PI ~ O~ nmI tlll111::; flJ'Ull 'l.hJ flmmll 'U U1'U~ 'ff'VITI tl tl fl:lJ1 i 'U'Uw::;Yilflil tl V'lfl-:J tlVi 'U.	 .. 

" 
IWflU1tl'Ulfliltltltlfl1l1fltl'U I~ 

condenser 

d 
'VI:lJ1 : http://www.thaiscience.comllab_vollp311water%20distillation.asp,2551 
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, ~ I ,~ 

fllm~'U rl'l:lJ1':i fJ'lJ1:lJl1 oM'l'l~HH)U fI l111U~ 'Nl'l1l'Uf).:)'U f).:)t'Y/ 'fI11fi' clf.:) 'U f).:) I'11 'fI lVi U~ 'Nl'lll 

- ffl'U'Lh ~tlf)UlI~lli~fll':i11l~V'Ull1l'fl':) 

- f)W'I1 ftlJ'Uf)':)lIm$if)~ '1 'U'Uw~tli'UlI~fI':)~I'I'fIf)~nm 
q .. q 

- tlutli'U lI~'I'l1'111'l'l':ilU ~~I$if)~'Uf).:)'Uf)':)I'l1'f11U~~1'l1l~~ 

tlU tli'U 'U f)tl1l1tlll~'l11:1J11 oM'l'I ':i 1 11 'Nf)U m111U~ 'Nl'l t'Uf).:)'Uf).:)t'Y/ 'fIlll 'tll fJ.:) 'N1:1J1 ':i fJ 1 oM' 
q 

tli'U 'NU'fl~'fI1V1~~tl~lV tlutli'U 'NU 'fI~ mmrl'U m~Ul'UtlU IWtl'Uf)':)ll~':)~lli':i~t'Y/Vf)f)tl1l1tl~1 

'¥11'f1~mv'I1jf)'Uf).:)t'Y/'fIl~':i:::l'I1V~lV 1~ V'Ufl':)ll~':)~lli':i~t'Y/v'I1~f)~l'f1~mvlI~f)v'l ffl'U.. 'U 'Ul~tli'U 

'Uf).:)l'I1 'fIl~ ':i ~ l'I1 V~lVlI ~fJtltli'U f)f)tl:lJ1 lrl f) tl u tl i'U~hl'u'U11111 'U m ~ '¥i'.:) f)W '11 fl lJ'U f).:) fll':i tl i'U fI.:) ~ 
.. q .. 

II'N~':)11'Nl':i~l'I1ilmf 'U11l'U 'Nuu~'Nl'li '1 'U'Uw~tli'U lI~ff':)ltll'llli'U l1f)W'I1 fl lJ'U f).:) 'Nl':i 'fI~ mVlI~ 
q q .. 

I J I iJ 'j} J ~ QJ 0 11] b)'j} d d 
1.w1l'U'Uljf)V"l 1'Vt':i1~'Nlnl~mm'U1I'U'U'U'U 1'U f)':)1I1tlI'l1l'l1'f1~mV':i~l'I1 Vf)f)tl !1Ill'fl~ !~'Uf)':)ll'U':)l'l 

. 
QJ 0 V , 

2.2.2 fl1~fHl'lHnfllJa'lU(Fractional distillation) 
1 I jI 3J 

fll':itl~mh~'lJffl'Ul1l'UintlUIWtl'Uf)':)l'I1mVi'Nl11Um~l'I1Vl~~':)lll'i 2 Glf'U~~'U 1 11 ~ 

ml'tlfll':i I'If'UI~ Vltl'U tlUfll':i tli'UllU Uli ':i':i1l~ 1 ftf)l~f)~f)':)fll':i IWtlf).:)ft1l ':i ~tlf)U 1 'U 'NU 'fI~ m V1 11' 

f)f) tl1l1tl tl'U lll'i tll':i tl i'U ih~u ff1'Ut'Y/:JJl~ 'ff1'l1 r U tli'UIWtl'Uf).:)t'Y/ 'fIl~n 11~ l$if)~ '1 tl 'tllfl v.:) tl'U ~ • 
lI~I$if)l'il':)tl'U'li'f)Vtll1 80 f).:)ffl19f'flI9fV'N 11 ~f)lWtl'NU'fl~'fI1V~~~1'¥11'f1~mVll'fl~~lfJtl'fl~ 'filmr1'U 
q ..
 

I 3J I 3J rI.
 

'NUfh~l'I1 V~lV'¥i.:)ri fll':itlil'UllUUli':i':i1l~1f1r ':)1~Vl lli'Nl:1J1':ifJIWtl'NUf)f)tl:lJ1 '1 ,ru~ 'Nl'lll l~ 11~~f).:) 
.. q 

I 3J 'j/ " rI. r 'J/ I 

'¥11tl1':itl~'Uelfl11mVflr.:)~.:)u~llVtl'NU'¥i.:) 2 'lfiJ~ 1,ru~'Nl'l1l1~ 1'lf'U fll':itl~'U'l11H'N1Ilf)l'l1'Uf)'fI clf.:)• 
>I • 

Irl'UtlU i1'UI1lilf).:)'Vt~':)':)':)l'Ull'fl~'1oM'nm:JJltl ~~ 1~~fll':i'¥11fll':itl~'U1 'U flf)~mr ih~Uffl'U 'I1j f)'I1 f)tl 
• >I • 

~'U '1 m'J'U 1'If)'U 'Uf)~m~Ud'U fll':itl~'U1!h~uffl'U 1I~11l'U tlu'l111 f)'Uf)':)lll'i'fl~ffl'U 1 1IfllUllU'U ll'tll 
, 'JI I I , 3J 

'l1111l tl ~'U elflll 'fI~ fI 1}J IIU'U 1 f)lj f)V"l clf.:) IVi vu 1 fi' tl'l.Jlll'U tll':i tll':i tl~'UllUU li ':i ':i 11 ~ I'll m V"l fI r.:) 
I I 3J 'jI I 

ir'U If).:) 1~Vflf)~mJ'Uf).:)tl1':i tl~'U ih~u ffl'U 11~ ~ ~tl1;lw~lll'Ui'Ueiu~f)'U 11l'Ui'U"l 1 'U 'U W~ Vi fI f)~ mJ 

llUU li':i':i 1I~111:::11l 'U flf)~mh ':i':i1l~ 11li~ fI 1111 eiu ~f)'U 'Uf).:)fI f) ~mJ~':) '¥11'11 'li'1~t'Y/ ijf)'U tlU fll':i tl i 'U 
]I " I I I 'I d' 3J 

elf1'l1'fl1V"l fir.:) l~V'I1f)tl~lj f)':)'N':)1'¥1l 1111 'Nl':i fi 1~1I1tlfll':itl~'U nll~ f)':)~fll111U~ 'Nl'lli:JJltl~'U lll'i 11~ 
.. q 

3J I I 'jI I 

'I'll 'l,r'loM''Vt~~':)l'U :IJ1tl~'U~dV fll':itl~'U '1 'U 11 f)tl~'U iM Vtll1 tl1m~mh~Uffl'U 



6 

, , 31 I 

1'Ufl1'Hl~lHl'U'Uih~'IJdTW ll:::~fl~iJfl1';; rWllflW '11 fiiJmh~,*lG"1 ~~ir'U ~l!rJ'U'¥ill:::~fl~q., I 

d ... 1 I/dGJ jJ jJ ~tfJ j} d ~ Q,I0 

llfl1JmW'YI mm111';;fl'U (Heater) H~:::{f11l1';;t1m'UflllflW'I1filllfl!~';;l:::'Ufl~f-.l{fll'YIf1~'UH'U'Umfl'U 
q q q lU 

d1'UlJf1ll:::iJ llfl!~ flfl~l f1~1 ~ tJ~n'U 191';; ~n'U'lr111n'Ufl1';j f1~'U U'U'Uli ';j ';j 11 m m111ffl'U ~l..rlu ~ 11i1'U 
q 

, , " 91 

H'U'Uli';i';illfl1 ~1fld1~'Ufl~fl1';jf1~'Ui!h~'Ud1'U I~Ufi fl1'Hl~'UU1lJ'U~m'i~m.J1lJ'U1J1191';jl~tJll 

I 

I 

:1 

11.......- thermometer
 

I] 

condenser 

o 
t 

cold water inlet distilhlte 

, - I , 

.c:I Q.I 0 QI' ~ 

.fll~'YI 2.2 fl1';jf1~'Umfl'U{f1'Ul~flUtJf1'Ufl~f-.l{fll 

d 
'YI111 : http://www.chemheritage.org/EducationaIServices/ pharm/antibiot/ 

activity/distilldistilO7.gif,25 51 
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Column 
(or Tower) 

Feed 

Receiver 

~ I 'JI 

.flWfYl 2.3 flljf1~'j..nJ1JJ'U~lJ 

~:lJl : http://www.answers.comltopic/continuous-distillation.2551 

2.2.3 fll'm~U~1rJ'8~1(Steam distillation) 
." , 

f1 1jf1~'W Jl1fJ'OU1Itl'W t'YIfrU m)th~'H i1~'tI 0~f1 1j ffflflalj OOf1l)lfl'tl O~H'ff:lJ 1fl fJ1'* 
111 : ~ Q.I 0.& dj/ ll1jJ .<::::lddGljlo Q.I

AO'W1ltl'U1PI1'Y1Tn~mfJ CJl~'D~-n~mfJu-n~'Ynan'YIIPIO~fllj00f11)1f1't10~Ha:lJ 1'1i'W !'lm1'HjlJUfJf1Afl 
I j/ Y I I 

a1jih ~t'HfJ~lfJ l1i-n~mfJu1 u-n~l1iYi1ufifl1fJ1f1lJUl OOf1l)lflaWyh~t'HfJfJlf1 ff1'W 1myf1n f1~'W 

" " 
Jl1fJ' OU1JJf11)~1,*ri1'Hi'lJaf1fla1ju'W'YI~6UOf)1}1f1-ff1'W~H'l 'tI0~.w'lf t'l1'W nnaf1f1U1JJ'W 'H 0:lJ 

" " 
j ~ t'H fJ'il1f11P1~' f1f fllj tWml1JJ'W fJfI1~UI01aU0f1'i11f1llJfJfI1~ulO1a fllmfJf1U1JJ'W:lJ~m flOOmllf1ib 

'U 'U 'U 

:., "'l91 d91
:lJ~ f1t fl f1n tWf1'U 1:lJ'UOlJt'lftJ'il1f1tU-n0f11l'W OlJt'lffJ tU'UIPI'W 1'U 

,jI Y 'JI I 

flljf1~'W 10u1'D~ 1UYi1hfu1JJ'W 'Hom ~t'H fJf1mmtl'W 1OtWf1oof1:lJ1't'lfo:lJf1lJ'OUlliio 

, "" 
Yi111Y'0'tl0~'tI0~Ha:lJfI11JttU'W lflfJN1'Wlfl~ O~fI1lJut1 'W~'iI~ lJlu1U-n~U1JJ'W'HOm~t'H fJU'W f1'W u~ 

" " " 
HtlnitH1'U tJ~~-1111' tnlJ1'j tllltlmmiJ lu\m tJ:lJ 'j~rM tltJelfHllniJ 11~~ltJ 

'U 
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, ., 
f)1'Hlt1fl ifl tlf)1'jfl~'U~,;1tI lflth 'Uflfl1l1flHfft1fl'i:l1n~l'H tI~1t1flflfl1l1flff1n~l'H tltI1fl 

lnl'1v-:J ff1m'j til'*lltlflff1 'j ~li 1lfll~ flflff-:J ll'n~ ffm tlIPi1~1lfll~fl~'Ufl-:JiJ'UI ~Vfl 1'Vl 'j1~ f)1'j fli'U i fl tl1~ 
• 'U • ., ., . 

Ufl111lf1'UIfl1~'Ufl111lf1'U \1 fl'Ufl-:J lflthlJ 1flfl1111f1'U lfl'Ufl-:J'Ufl-:Jl'H'nTVi~fl-:Jf)1'j lWfl ~-:J.yh t11'fl111l 

f1'U I fl1 'Vht1lJfl1111 f1'U 'U fl-:JlJ 'j 'j tl1f)1rrt1fl'U ~tltU '\1.f)i!1l~ (l-:J 1lfll~flfl'Ufl-:J'Ufl-:J 1'\1'n1~lP1'fl-:J f)1'j lltlfl 'U fl-:J 
• 'U • 

I.d2 c:., d Cl~ ~ d" 
f-lffll 1l-:J fl'n'U flflflll TYI tltU '\1 flllIPl1f1J11l\Pllflflfl'U fl-:J'U fl-:Jl '\1m'YIlPlfl-:J f)1 'j lWfl 

• 'lI • 

f I 11 d y 

'\1~flf)1'j 'vhllllUJ'Ufl-:J f)1 'j fft1fl i fl tlf)1 'j fl~'U ~1t1 Iflth ;jfl ff1'j 'YI IPlfl-:J f)1 'j fft1fl 1l~ IP1'fl-:J 
" ., . ., 

':i~l'H tI l~~lt1 ff1m ':i tI111'1m11'Vl1flflfl1l11l1fl'Ufl-:J f-lffll l~ 1l'n~ff1':i.yjfft1fl l~1l~~fl-:J '),j'j11l1~'U1ijfl 
jJ 51 'I jJ 

d QI 0 ~ It( I 0 " d\l1 j) QI 9 0 It( jJ 9J CI 

lfltl1fllJ'U1'\1':ifl !1l'n~ mtl'U 1 1'Vl':i1~m'Ufl-:J1'\1'n1'Y1 Ifl1l1flf)1'jfl'n'U ff1m':itl'n~mtl 1'U 'U1 Ifl1l~lPlfl-:J'U 1 
", 'j) I d I 

'Ufl-:J1'\1 m,r'U I t1fl~'UlltlflVnflf-:J1Vifll11'l~'Ufl-:J1'\1'n1lJ~ff'YI~flflflm '\1~-:J 1l1fl'Ufl-:J1'\1'n1.yjfft1fl~1t1 lfl• 
: 9J?I ~ ~ ..Jd:'d~,J 

'U 1t1fllltlflflflflm1l1fl'U fl-:J f-l ffll11'n1 'Ufl-:J1'\1 m 1l~ lWf1llJ'U 2 'll''U i fltl'll''U '\1 'U -:J!11 'U 'U 1ff1'Uflfl'll''U '\1 'U-:J 
'U 

dt d!il oJ '1!i1 .,j ." \r)!iI
!lJ'U 'Ufl-:J1'\1'n1'Y1lPlfl-:J f)1 ':i C)f-:J mm ':i tI I'll'm1t111tlf1l'Vlfl1Wflflflfl1l1fl fl'U ! fl 

II 

.. " 

HEAT
 

) 
water 

HEAT 

water out 

vent to sink 

mixture to be 
steam-distilled 

. . ., 
fllnn 2.4 f)1':ifl~'U~1t1lm11 . 

~ 
'YIm : http://en.wikipedia.org/wiki/Image:Steam_Distillation.JPG,2551 

I I" , , I 'JJ , 

lfl~fl-:Jfl~'U'ih (Water Distillation Equipment) !~'U!fl~fl-:J1jfl.yjUtl1l1,*fl~'U'ihVifll,*1'U 

11'fl-:Jtlfi'lJ~f)1':i ihh'UtI':i~nfllJ~rilflty 2 ri1'U ;jfl ri1'Ufl~'U (Distillation Chamber) 1l'n~ri1'U 

mlJ~lJ (Control Panel) 
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- ti1Ufl~U (Distillation Chamber) 

ril'\.Jfl~'\.JtI~~mJ1/hJ~':W'lf~fl~'\.J fltJ~ fIl'lf'\.J~ lri'\JtJ'JllHll 1~1J~'\.Jll~tJ'\Jl~flA'\.J ril'\.J• 
o 'JJ cI Q.I d., t:9 

'YI1fll1:lJ1tJ'\.J Distillation column fltJ'\.Jl~'\.JIG)ftJ~ tlrl~fIl'lf'\.J~~tJ'J~1J'\JtJ'Jllml~lftfl1~fHl'\.J G)f'J 

. " 
fIl'lf'\.J~1'\.Jril'\.Jfl'il'\.Juril'\.JlmY'il~'t1l:lJ1'il1mlti'1'1fiJ~ Borosilicate l1~tJ Fused quartz Tin tlrl~ 

Titanium ril'\.JflAmn:JJ1~(J1JtJ'JI~'\.Jl~'il1flflltl'\.JtJfl 't11hrff'Jlft~m~1Jl'\.Jfl1mA'\.Jl~im'il'\.J ~h'\.J 
.., 91 .J ~ I ~ 1I)91.,j ~, '191 91 

m ~ 'ilflfl'\.Jfll1:lJ1tJ'\.J (Plexiglas) G)f'JlJ~{l'1'\.Jflrl'\.J1tJ1 n lfl~ tJ'Jflrl'\.J1J1'Jl'\.J 'il~{l'l:JJ1HI ~ 'lffll'lf'\.J~tlm 

..tl1t11'li'\.J '\Jl~rlfl'lf1Jvi l1~tJ 1Jmt1tJ{ :JJ1't11Ii:l'\.J'\Jl~flA'\.Jtlrl~fIl'lf'\.J~~tJ'Jf1Jl~tl~1J1'J~'\.J'il~~tJ'Jl~ 
OJ OJ • 

I I jI jI I I , 

fIl'lf'\.J ~m rndi:JJ1f11J1fl~ tJ;j 1'Vi I'll'\.J '\.J Ofl 'il1flUl'\.Jlfl~ tJ'J fl'il'\.J 1J1'J'lfiJ~ til 'il 'il~~ ril'\.J tI ~~ fltJ1Jfi 1~l '\.J 

'J1'\.Jllm1~'I1i~tIl~'Vi1~ 1'li'\.J fl1~1'Y1lm\OlIW~fl1~'t11t1~n~t11 Kjeldahl 

ffl'\.JtI~~fltJ1J~ri1fiw~{l'~'\JtJ'Jffl'\.JflA'\.J fltJ fltJ'\.Jl~'\.JlG)ftJ{ 1'Vi~ l~li:l'\.J ffl'\.J ~'t111,r
" . 

jI I I jI jI 

lm.J1fh ~t 11 t1tJtJfl:JJ1'il1flfl1~ '1 ,rfll11J~tJ'\.J In~fl1~fllt'tl 'I1'\.Jllrl~fl'il'\.JlOllfl'il1J:JJ1lil'\.J 11 t1~th~flflf 'J 

~W 11 JJiJ1J~ nw fltJ'\.JI~'\.JIG)fLJ{~'JflJ~~~WmJiJ~~l:JJ1fl"l l~tJ1 ,r~'5~~lfl1~fll1Jtlt1 '\.J 1;!'J i~t1..tl 1 tI 

'il~ 1 ~J1Iv'\.JmitJtitl'JmhtJufltJ'\.Jl~'\.JlG)fO{ tlrl~~tJ'J~fl1~111J'\.Jllt1'\.JJ1IV'\.JtJrj\OlrltJ~nml~tJ 1~1..r 
OJ • OJ 

, 
- "1Uf\1':1..1f.}'IJ (Control Panel) 

ffl'\.JflJ1Jf,]1J1 ,*ri111f1JflJ1Jf,]1Jfl1~'t11'J1'\.J '\JtJ'Jtfl~tJ'J 1'li'\.J lTI~-TI~ tlrl~~1'J't11fll11J 
" .. 

{l'~tIl~tJtlmw 1Ol'J i tI~ tlm1Jfl1~'t11'J1'\.J OWl1 fliJllrl~nmfil~l '\.Jfl1~ fl'il'\.J n111'\.J~fl1~'t11'J1'\.J 1'\.J 
q • OJ 

fl1~ 1Im1~'I1I'li'\.J fl1~tI~ou{1'1~rl~mtll'\.Jfl1~ 1'YI1'YI~\OI tlrl~V'J{l'11J1~()fh'\.J1WHrlfl1j 1Im1~111~ 

- Spinning Band Distillation 

" 
l'YIfl i'\.J irl[J'i'hi:l'\.Jfl1jloM'I'YIfliJflfl1~1i~lft~t11'\JO'J Band fllvl'\.J Distillation 

~ 'JJ GJ 'JJ ~ 0 i ~ ~ 0 n.1 ~ icolumn t'VitJ{l'~l'J ~l1lfl~ Plate 'il1'\.Jl'\.J:JJ1fl ~v Band lftrltll'\.J'il~'YI11J1'il1m'YIl"lrltJ'\.J11~tJ rll1~ 

i~ V'lfiJ ~t'YI~rltJ'\.J 'il~ '1oM'ri111 f1Jfl1jfl~'\.JfIlvl~ow 11 fliJ~~lfll1 225 ~Hfl'ltG)frlt;V{l' ffl'\.Jtl1J1J i rll1~ 
• OJ 

'il~ '1 '*f11J fl1~ flA'\.J~tJWl1 fliJ {l''Jfll1 ~'Jrn~rltJ'\.J1~{l'1:JJ1~()'Yl'\.J1~ i~t1t1fl~ll~lfl1~fl~U'il~'1 oM' 
• OJ OJ 

I , , jI 

ri111f1JtWfl{l'Wn~~~t~tJ~~1'Jf1'\.J2 'lfiJ~ rill1f1Jlfl~tJ'Jfl'il'\.J'lfiJ~ Spinning band U 'il~loM'ffl'\.J'\JtJ'J 

Band 1~tJl'ri1JtlH~'\.Jm~ l'J1fl1fl'fIlV'1 '\.J ~'J'il~'t11 '1..r{l'1~ ~~'il~t~tJ~{l' 'Jfll1flA'\.JlOll~tJ'\.J fl'il1J 1t1~ 
• OJ 

fI1'1f'\.J~I~1J~'\.J hJ'\JW~~{l'lJ~~~~I~tJ~~lfll1'il~~~mVtlrl~rltJVlOlltJtJtJfl:JJ1'i}lfl Band tl~lfl~'\.JlOll 

li:l'\.Jl1V~J1mv'1'\.Jm'lf'\.J~~LJ'Jf1Jm'Vi~ 2.5 't11'1..r{l'1:JJ1~()IWfl{l'1~rl~mtl~li:l'\.J{l'1~~{l'1J 2 'lfiJ~ 1~ 
91"" '1 ""~m1fl1~ 'If Distillation column tl'U'U!~1J 
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02002, 8JR l...lrum_ Curpor_lion 

.fll'Vt~ 2.5 Spinning Band Distillation 

~3-J1 : http://www.brinstmment.com/fractional-distillation/spinning_band_distillation.htm1.2551 

- Distillation systems with integrated titration 

ill! ~-U'Ulfl j U~tl~lJ1Jfll1l~mJ~€lti'lJ1~'lJ'lJ~fl-~ltJ~11 t'l~mtJHt'l~ ,r··,),)fl pH vh111' 
I 'JJ, 'JJ , I 

~lmHIVilfll11 'YH'YIHI l¢l lflmijml1~11t'l~mtJ~~~lJ1J1mrlJ lml1f1mllJ~1UUtlml!~11tJflt'l~-ff 
'" 

fll'lflJ ~1U~i''lJ ~~ 1,*d'JlJ fI1'lflJ~ffl11i''Ufll11 'YIl'Y1Hll'llJf1 lfltJ1J-ff1'Um'lJflll~~l11Umh11lJ fltlU 
q 

~ltJff11t'l~mtJHt'l~m'lJfJllf11 pH yh1,rff111uomfh~fl~~'U'O~fll11 'YIl'Y1Hll¢l i1tll!~l,*tflju~tl~lJ 
" 'lfiJflih)'lJtlU1tml~Ml mJ Ui11til Kje1dahl 

. . .. 
2.3.2 t1~~l£1'Uu'Uf),ufljMflllulh 

, 

- fl1~flIlU 

fll11,*~l'U'H~tl'UU~tfltU-3tl~lJ flU fll1tl~mfl ~-3tiJlJfll1Vil1 ,rJl1Jml11'lJ1~'YIi
q 

j) I j) , I 

1J1tl~lJ 11~Uml! 1'*ffl11f'lJ tl~lJtWtlff1':i ti'lihf1l!~'l11mtl~lJ1JtJ1mWttmtt9f{lll Hlltlih9ftJll 

tm~ 1'Um{'U'OtlJ~fl'OUlJ ~ ~ ~ll~lJ~u-3fil~~H ~1il~~W1 tiUlJ lv7uilu~tilJ fll1ti1fl~~tli'lJ lfltJ1'* 
'" q 

fll':iVil Reverse osmosis 111U Deionization nUlJ tm~llJfll1tl~lJm1t~lltlHltt~ t'lflJ mfl9fm11tl 
q 

" 'jJ 1 , , 

t'l~ llJ'UJfltl~lJt~mrutJ t~{)tll~flril9fHUll llltUtJ 11~'Oml!'l11'l11'Y1f)~lJl¢lm~llt.wll~f) 15 'Ulf1 H~1 
o 'I 'JI d , d ?I 'JI 'JI .d '1 11)" "I II) ""j _~ ." ~ 

'YI1 !11 W'Ut'l~UtJln1fll1 1 Itt'l~lJflfl1tJ11t'lUflHm'YI'U':i':il! !9ffll !t'l1l111 UHu~m !Hlt'VWlJU~tllJ fll9f 
q 
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- m~''fI!'f1~''l!Aa~m~1,r'l1U1utJ~Mm Kjeldahl 

1fl~tl~tlkw ff1lJ1j tlU1111 t ~i 1111'UtJi)fl~ £J1tllj 1'YU'Yn I'lU{l~ tllji1m l~MtJj1l1W 

1'U1I'lml'Ut'UtJi)m£J1 Kjeldahl 1~ lf1£Jt'UtJi)m£J1,,~ii~'U\9ltl'Utllm~!'v1m~!11£Jnl91Htl1l111ti'j£J 

tltlm1tlff1j{l~mtIHffll !l~1.ij'IJnl91HtllJ111!'w£J~ 1~~1£Jff1j {l~m£Jmfl "ltlJ'U;~Yi1tllj1VI!'YIj I'l 

mlmv1m-ntJ~ 111Wm fI ~ 1'11 iitl 

, "" , 
.fl1'Vtn 2.6 1flj'tl~tl1:l'UU Tnt~1'U 11'tl~tJi)u~tllj 

,J 
m.n :http://www.1ks.ac.thlstudentlkroo_su/cheml1/sub07.html.255l 

"" • y
2.4 m~lAfl~l~'t'i1,!Y1fJ'lJ'rJ'U (Break Even Analysis) 

"f11'i'1IV1'U 11j'tlllfl1l11V1'U fitl "f1~~j 1£J1~"ltltllj{l~VI'U I'i'lJfl1Jfh{l~VI'U 11j'tll1lJ1£Jil~ 
qqq q q q qq q 

, I I jI 

"f1fiufffl~fht ~~ l£Jfl'IJj1tl'f'IJ1l11fl'U 9S~iim11111111£J'-ht 1I'U "f19S~iifh 1 j 111 'U f'/'U v'l!'U!tl~. . '" 
.Q. rI 'JJ ~ Q rI IV OJ rI 'JJ lIJ 'JJ 

tl1n1ml~11~f!fJlI'YJ'U1lJ'Utln11m1~l1fl1111ffll""'U'Ii'lltl~ 1'l'U'YJ'U (Cost) j1£J!f! 

(Revenue) U{l~ Hi~Hh 1 j (Profit) ~~ ~'U HtJj 1 tJl'lll1fl 11111tJ~ £J'UU tJ {l~ 'lI tl~tJ~1I1Wtln Hill'l 

(Volume) 'IJ1~fi{jutl'-.htlnilfln~M ~'U'YJ'U-tJ~1I1WHill'l-H{lfh1j (Cost-Volume-Profit Analysis) 

.<::::il.. rI 'JJ ~ Clo rI QJ QI rI d 

tllj11m 1~11 ~ I9lfJ 1I'YJ'U 1lJ'Utllj11fl j 1~ 11 m111ffll .... 'U 'Ii VI N mnl~ f'/lffl'l j 'lI tl~ fftl1'U ~ 

" 
, t 'U j~£J~ff'U U{l~~tlll{l'fi'tl~fitl'U~l~Hl1 'U tl'\.J!~tltlnl'if!iY'U t ,,~tltl'fi'tl~ H{l'Utl~tllj i1fl j l~MI'lN"1 '" '" 



12 

1~'W lho::; lt1G]n1ffl'"d'Ufil'jtll'I1'W fl'W lt1lJ1t1fil'j ~i)~ filnl'l'VI'W ll~::;fil'jmUfl1Jril 1'*'it1t1 
q q 

~ d' 9J ~.<::::II tI QI QI d' 'j/ "19J 
fil'j 11fl'j1::;'l1~flfJ1Il'J'W lU'Wfil'j11fl'j1::;'l1f11111ff1l't'l'W1i'llfl'l~'Wl'J'W 'j1t1!fl ll~:::~~ 

o "l .<::::ll .<:::II , .<::::ll tI 'j/ QI 1 ~. "ldo "l
fn !'j'Yll.hlJlW fil'j ~~~~1'l'1 fil'j11fl'j1::;'l1~flfJ1Il'J'Wt'l11J1:::flU f1Hfiln::;tI::;ff'W l~fl'W !'II~Wl !11 

I'U~tI'WlllJ ~'l~~ flfll f1Hfll1 1't'l'j1::;ti'liJfil'jlU~tI'Wll1J~'l 1I::;iJ ~m;h I,rfil'j~fli1'W I111'1 mfllfl~fl'W ifi' 

~ c:l !J/ """ II) !J/lJ1'li'lHfl hl'Wfil'j't'ltl1mulfil'j~~~1'Wfl'W1f1~ !fl 

:II 
2.4.2 ~U'fJU 

1Pi''W 'VI'W I~'W ffTI.J'l1 it'l 'IIfl'l fil 'j ~'l'VI'W 1fltl ~1 til~ 'W') 1'W 1'Wl~'W 'l1 ~ fl~ 'lll~ fll u~ tI'W fl~l'l ~'W
q q 

" r 'j/ I 

ll~::;~fl}JW::: fln u'j::;liJ'W~w'l n'W 'j 111l'1'l11mn 1Pi''W l'J'Wt!'Wlf1t1Tlj'fl'l fil'j 1'*1Pi''W l'J'Wff1'l1i'ufil'j 

11fl'j1::;111 fI'j 'lfil'j~W'l ~'liJfI1111'l1:1J1t1~1l~fl~1'ln'Wflflfl i U 

1 fl tI-.:h i ulPi''W l'J'W ff1:1J1 'j f111li'lflflfll~'W 'J1U fl ~1'l "l ~ 111 fI111Jt'l1:1J1::;ff1l 1 'W fln 1'*'l1'W 

QI d ~ d'
ll~::; ~fl}J w::; ilty'l11'V1 11::;111'1 J 1::; 'l1 

!J/
1. ~'Wl'JUfl'W1f1~ (Future Cost) 

1'Wfil'j~flE'W1'Wl~tl1nufl'W1i'l~ fln U'j:::llJ'WrilI ~~lt1l~'W fil'j U'j::;llJ'WIPi''W 'VI'W . q 

o '" !J/ "".1 "" "" Gj !J/
ff1'l1 'j Ufl'W 1f1~ ~'W 'VI'W 'VIu 'j ~11l'W f1fllU'W ~'W 'VI'W fl'W1f1~ 

q q 

!J/ "" 12. ~'Wl'J'Wlffti !flfilff (Opportunity Cost) 

"" 1 "" "" . 1 1 "d'& II) !J/ "" Gj!J/ 'I '" ..9fil'jlfftl !flfllff'l1'jfllfftl~~u'j::; tI'J1'W'VI't'l'l1l::;!fl f1fllU'W~'W'Yl'W !'W~fl}JW:::'l1'W'l 
q 

!J/ "" 1 ,& Gj!J/ 'I '" 0 II) d II)!J/
~'W'VI'WIffti !flfilff1l'lllJ'W~'W 'VI'W !'W~fl}JW::;'111fl'VI'Wfil !'j'VIfl1'j 11::; !fl 

q q q 

!J/
3. ~'Wl'J'W 'it 11 (Sunk Cost) 

'JI dll)!J/o 11).1 !J/"" Gj!J/ '" Gj!J/ ""..9 
~'W 'VI'\.j 'VI !fl 'J11 'j::: !u 'l1 11fllW 1 fI flllJ 'W ~ 'W 'VI'W 11 11 'W UllJ 'W ~ 'W 'VI 'W 'II fl 'l flfl ~ C)f'l 'it::;

q q q 

i1il~tl1.u'fl'lnlJfil'j~fli1'W h 1'Wfl'W 1f1~ 
!J/ '" "" 4. ~'Wl'J'W~111Uty'J1 (Book Cost) 

1Pi''W'VIU m:lJ1jUJ;I~'Wl~tI'l~1tn'll~U'W Yifl i ~ 1'lf'W fil'jflfllPi''W'VI'Wlfl~fl'l~m ldfl 
q U q 

I ' ''' I

'11fl~11tYfl1l 'j 1f1111l{1 lfl~fl'l ~fl'j t!'W 11::; iJlPi''W'VI'Wnu'W Yifll~'W~ 11~'11 1fltlii fl1'j 'II fl'lfl1 'j flfl ~11tYfl1J 
q 

d 'j/ QI .c:I ~ 
'j 1f1l111 'W ~ 'W 'VI 'W ~ 111UUJ'J1IU'IIW::;'W 'W 

q U 

!J/ "" 
5. ~'Wl'J'WI'l'Wfffl (Cash Cost)
 

'j/ ~ '9'j/, I do ~ ~
 
~'W l'J'\.H1 'j flfll !'J1'it1t1~1'l"l 'VI'J1n::; llJ 'WI'l 'W fffl 
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~ ~ ~~ 

6. \9l'U'VI'WnWYlllU'VI'U'VI'j'VHH1"U (Replacement Cost) · 
~ d'..<::l ~. do i 3J dl " d .... 1 ..<::l..<::l 0 i 'jJ I i'jJ,

'VI 'j 'VHJ 'ff'U IJJ tllHl1 tI f11 'j 'If<l 1'U JJ1 n 'IJ 'U 1)~ JJ1J 'j ~ 'ff'VIli fITrHlll ~ <l 'YI1 '11 WI '1l"\11 tI•" .. 
~1<l G'l fitntl1-u'tl<l ff <l~'U f11'j 'VI1l11 'YI 'U ~1t1l fI ~tl<l') mfhi'U mj't111~d'h.h~ ff'VI ~fI1TI ff<l n-)l 1)~ 'lhtl

I ~ ~ 

tI 'j~'I1 iJll~l i oN~ 1tI ~'U 'VI•'W lvltl f11'j 'VI1l11 'VI 'U 'YI1TI Vff'U 11~ 'j 1JJ~<l~ 1i oN~lt1~l<l"l ~ ~tl<l ']$1 'j ~ Ivitl f11'j 

i ~JJ 1~<l'VI1TIVff'Ulvltlf11'j l'Iil\9l'l1 ~ tl f11'j 111 f11 'j ~<l 11~ihJJ1'V11l11 'VI 'U 'VI 1TI Vff'U ~ijtl~ I'If'U ~llfl ~ tl <l,)n 'j 

. " ~ltltlmru ~1~1l1'i<l ¥lll'j1JJtl'U 

'jJ . Ie! 'jJ
7. \9l'U '¥JtJl1J~t1'Utllt1 (Postponable Cost) 

~'U'VI'U'I1 ~ tl~l i oN~lt1~fflJJ1'jt:ltll'11'Ull~ll '11~ tl I~JJ ll~~ltl~t1'W i tI\9l1JJfl11JJ • 
~1IrJ'Ui'U'lf1<lnm~1<l"l i~ 1'lf'U ~lioN~1t1i'Uf11n'h~<l1mJ1lfl~tl<l,)m 

8. ~'W'VI'Wlwni~1l~~~'U'VI'U~1JJ (Tracable and Common Cost) · .'jJ e! ... .1 '" 'jJ "J 'jJ... ,~ 'jJ
\9l 'U'VI'U 'VI fflJJ1'j t:l111l ff'j'j II~~1J'j~IJJ'W \9l'U 'VI'U !11 'If11111 'U111lJ'U \9l 'U 'VI'U 'IJ tl<l· . . 

Hil\9lilW et1'11~tl~'U'¥J'U f11'jfllIU'U f11'j '11 ~ tl~l i oN~lt1~l'11 111f11'j1l1f11'jill"l 1'lf'U ~'U '¥J 'W 1ff~ i lltl\9l H 

'I1~tl~l11H<ll'U i lltl\9lH imJl1~fflJJ1'jt:l')ll ff'j'j Im~tI'j~liJ'Wi~~lt1 

9. ~'U'VI'Wm1lflJJi~1l~~~'W'VI'W~lli~(Controllable and Reducible Cost) .. . 
~'W'VI'U~ ff1JJ1'jt:lm1lflJJ~1 i oN~lt1i 'Uf11'j Hil\9l 'I1~tlf11'j i 11'1I1f11'j i ~ 

10. ~'W'VI'U illtl\9lHll~~~'W'VI'U'VI1<lfl'tlJJ (Direct and Indirect Cost) · . 
~'U'VI'U illtl\9lH fitl ~1 Hl~lt1~flllilltl\9lHtl1l'VI1TIVff'U 'I1~tlHil\9lilW et1 1'lf'W• 

I' I iI 

~111H ~11'ff~ ~lt1lrJ'U~l'U 1'U1~'U 'I1~tlff <l'VI1l11 'VI'Ufl'U illtl\9lH\9l1JJ~1'U1'Uf11'j Hil\9lfilnll~'U ff1'U 

~'U 'VI'U 'VIl<l fl'tl JJ I~ 'U ~'U 'VI'U ~tl~i 'U ~nlol wd1JJ ~ ilifflJJ1'j t:llWnllffll<lI~'U 'jlt1f11 'j 'IJ tl<l Hil\9lilW et1. . ~ 

~1<l"l i~ 1'lf'U ~1 i TIVh ~1 i ~~1t1111'111'j (')1l-)11~'U~'U'¥J'U~'lf1t1 i 11'lnllf11'jHil\9l) 

3J d. 
11. \9l'U'¥J'WfI<l'VI (FIxed cost) 

'jJ , i jJ r d
~'U 'YItJ ~flll ~1'11 111 'VI 1TI Vff'U ~i 11'111f11'j'l1 ~ OH~ Hil\9l i~ \9l 'U '¥J 'U fI1 'If 111t1 'VI• " . ,~ J , i' &

Inll'IJ'U II 'U 'U tl 'U 'U'lf1<l 'j~t1~ nm'l1 'U <l 1Pi''U '¥J'UtI'j~lfl'VIUl1~ ililtl~t1'UU tI~<l 1tI\9l1JJ111 'U1'U mi1t1fi 
., " , 

i 11'1I1f11'j 'I1itlfiHil\9l 1~ 1l~1Pi''U'VI 'UfI<lfi~tl'l1ti 1t111~~1l~<l 01t11JJ1Wf11'jHil\9ll1 ~tl'IJlt1'ff <l~'U I'If'U. 
, . " 

~ 

~'U'¥J'Ulfl~tl<l,)n'jll~~1'i1mfl1'j ~ll~tlmlf11 ~ll'lfl ~lIUtltl'j~tl'Uiltll~'UIPi''U 

12.1Pi''U'VIW~·'Ulltl'j (Variable cost) • 
~'U '¥Jt! ~1 ioN~lt1~ltl~t1'Ulltl~<l i tll~'U i1llff1'U illtl\9lHtl1lnl1m 'jJJ~Vh 11ltl 

mh ~'U i tI\9l1JJ~1'U 1'U mh(mil\9l~I~JJ~'W ~'U'¥J'U~'U lltl'j'j1JJ l1~ltl~t1'Ulltl~<li tI\9l1JJ tl1JJ1W f11'j 

~ ~ Ij! Q.I '1 ..do r 1 jI e1cl 'J/ d
H~\9ll1 'j tl'IJ lt1 1l\9l\9l'W 'VI'U H'WI1tI 'j\9ltl'l1 'W 1t111 ~f1 <l'VII'lf'W ~11ffll ~lf1tlJJil'lfi'U \9l'U 'VI 'W 'WI11 'W \9l 'U 'VI 'W 'VI 

q q q q 



• • 

• • 

• • 

• • 

• • 

14 

13. ~'W'Vl'W~,mU'H~''W (Semi-FixedCost)
• 

9J dl!] I ... l!]9J?i.1 9J d '" 9J .1'" 9J 
~'W'Vl'W'Vl llJff1lJT:if:l'ilfl ntll'Wu':i~lfl'Vl~'W'Vl'WfI.:J'Vl 'I1':iU~'W'Vl'Wuu':i H'W ~'W'Vl'W 

q II II II 

Y " ' y 

'lfUfli1fll1~~ltJ'¥itU1;lv'Wu Ufl.:J'il~ llit~'W ffflff1'W iflV~':i .:Jtllln'ilm':ilJfll':il1N1'Wlhnfl~'W lINri1'W 

l~'W~'W'Vl'WfI.:J~ 1J1.:Jff1'Wltl'W~'W'VlW~''WuU':i l'lf'W flll'VHh fil~UlIU'Vl'W1~tlm'ltrfl.:J1'W'tJlV~.:Ji1i.:J 
I 9J ""'" ?19JfIl'W 1V'I1'W lHfl~l.:J'WtflU'W lU'W~'W 

9J ~ 
14. ~'WlJ'Wmm':ilJ (First Cost) 

fll H;~lV~'l~ff1'l1111fll':ifl.:J'Vl'W l'lf'W 1'1'W 'Vl'W 'tJU.:J'Vl 1l'l~il'Wvi1.:J<"] 
~ 9JQ ~d. 9J eve! 

'I1':iUfll':i'l'l1l1':ifll':i 1J1.:Jm.:Jl':iVfl ~'WlJ'WlJ'W'Vl':il'lV (Capital Cost) 

9J 0 "" 

15. ~'WlJ'Wfl1l'W'Wfll':i (Operating Cost) 

~1 'l ~~lV~~U.:Jl~j VlJ l1t~Ufll':if11lU'W fll':i'Vl1l'l~il'W~fl.:J'Vl'W 1U• 
ff1lJT:itHnflHflH~~'I11U1I1 fll':i 111 

16. ~'W'Vl'Ul~UflT:il'1flil'W1'il (Decision Making Cost) • 
~'WlJ'W 1'W U'W1f1~ ~.:J 'l~n1'l1'W flH'U1Ufi~~ff1'l1 111U'W 1fl~fllV 1~l~ U'W1'tJ'I11U 

I .<::!,"Q,I .dl" 
'tJUlI'tJlV'Vl~.:J'tJ'W 

c!.... 1 c!t:I.e:::t..e:::t.' ~ '" 
B~f1U~~flBU~~B~~~~~B~q~fl~~~~6~~U~U 

1. fll ':i r1'W UU':i ~'W 'Vl'W tlllU1lJ 1Wfll':i HiI~ ~'W 'Vl 'W 1J1.:J 'lfUfl 'il~U 'lh r1'W ~ 1lJU11J1W 
, I Y 1 I iI iI 

fll':iH~~ iflVUfl~U11J1Wfll':iH~~Yit'VllJ~'WmJ1V~.:J'1ffflUfl~m UvilJl.:Jfl1.:J~'W'Vl'U hi.:J.:J1'W Yit'VllJ~'W 
j} , I 'JJ 

~ II1I'U ~U.:Jff.:J~'U ~ 1lJfffl ff1'U 'tJ U.:J fll':i H~~ Yi rVllJ~'W 
OJ 

Q,I ~iJl 9J ~.<::!Q,I 1'j}, ' ... IQ.I
2. flfl1JW:;;fll':i l'lf'il1V'tJU.:J~'U'Vl'U ~'U'Vl'UlJflfl1JW~fll':i 'If'il1V lINUV1.:J'il~uu':iH'W 

, " 
lU~llJU11J1Wfll':iH~~ l'lf'l-1~luHYi~lm~'U':i1V~'U ~l'1ffflvimnhv uvilJl.:JudNi1~fl1JW~fll':i~lV• 
~llillluU':ir1'U~llJfll':iH~~ l'lf'U fllij 

" -3. fll':i tl1'l1'U flU11J1W fll':i H~~l~lJ~ 1lJffm':i f1flll'l fll ':i n1'l1'UflU1I11i1 'il~ n I'll 'U fl 

hWUlffVU':i .:J.:J1'U i1Ht'tl111t1'~'UlJ'Wi1l'lq~flnlJlll'U~'UlJ'Uu U':i r1'U uvi~ 1Ulffmfl~u.:J:ijmi1Ht'tl11 1'l1 

?I 9J d
lU'W ~ 'U 'Vl'U• f1.:J'Vl 

4. 'U iVlJlfJ'tJU.:JH1V1I1i1T:i fll':il'1fliiu1'il'tJU.:JH1V1I1i11':i1'Wfll':in1'l1'U fl~fl1JW~fll':i 

'l~~ 1V'tJU.:J~'U lJ'W i1Ht'tviufll J Ufffl.:Jl'lq~m':ilJ'tJu.:J~'WlJ'W l'lf'W flT:in1'l1U fl~lV~lH ':i .:Jlilu':i 1m$iU'W 
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~ ~ ~ 

lljtllltl~'W ~1 i ,*~ltl~l11 ~lJl,)tl 1~W:lJ1fi'il:::nl11'W fl~l i ,*~lmrJ'WUlJlJ~'N1Jih ::::IJ1W Clf-:jihl'fi£lW::: 

11J'W~'W'Yl'WG]fW flfl-:j~
• 

5. fillmlJfJmltl~ltl fillnl11'WfllYifillmlJfJmltl~ltliJNr;'l~m~t)~mnJ'tItI-:j 

3J 3J' 3J "'.<:::lo..cs l..cs °13131 ..csQl 
~'W'Yl'Wflltl 1'lf'W fillmlJf11m'W'Yl'WUH-:jl'W ~fltlllifillmlJflmltl'illtl 'iI:::lJNr;'l'Yll 'Vi~'W'Yl'WlJr;'lfi£lW::: 

q q q q q 

.:'1'" d<!l3J _1"'11)31
Iu'W ~'W 'Yl'Wfl-:j'Yl'Vil tI~'W 'Yl'Wll ulN'W lfl . . 

6. fillltl~tl'WUtlr;'l-:j~'W'Yl'W'tI tI-:jNil~.tiwcn fillltl~tl'WUtlr;'l-:j~'W'Yl'WI1Jml'lll1 ~fin. .. 
~fl ff'W i 'iI'tItI-:j~ltlll~'Villi 'W fillnl'Vi'Wfl't'lt)~fin lJ'tItI-:j~'W 'VJ'W 1'J1'W ~111 H~~ -:j~'WI1Jml'lll1 ~ ilfiJ 

~ . 
fill~fl~-:jlfljtl-:j,)mij~ 1'WiJ~U'Yl'Wfilli,*UH-:jl'W 

v V"""'''' "" 2.4.3 fl11't'il1l~i'J'll'fJU~lUlti'ft'll'flW~ 

i'W ~ tI'W 1'W fil) 1lflll:::11'ilflfi'lJ'Yl'U't'l tlbYl tI i ~fl-:jif
q q q q 

.<::::lo rlQI .<::::lo 31 ~ I i 3J' I Jt "l3J 9J 1 d/ 
l.llml:::'Vir;'lfi£lW:::'t'lt)~mllJ'tItI-:j~'W'VJ'Wllltlf11 'iltH'If'illtl~N"lI't'ltl'il::: lfll'tll . . ~ 

fll1lJ fflJi'W n'tltl-:j ~li ,*~1 (JeJi-:jlltll N'W i t1~llJtI~ :IJ1WIYllJ~'W 'Vi ~tlr;'lflr;'l-:j'tltl-:jNr;'lNil~ fill 11m1::: 11 . ~ 

~li '*~ lmflmlbYfl-:jfll1lJ ff1Ji'WnnlJtI~:IJ1wfil l Nil~i1ltl-:j -':11 1Mlnflfll1lJ~111J'W~tI-:jIWfi'lflJfl'tltl-:j 
, . 

~li,*~lmrJ'W~11,*~ltlfl-:jn'Vijtl~'W'Yl'Wfl-:jll (Fixed Cost) Ur;'l:::~11,*~ltl Utll~llJ (Variable Cost) . 
~ 

filll~li 'iI't'lt)~mllJ'tItI-:j~'W'VJ'W i 'W~fi£lW:::i1~-:jiJfll1lJ~lflty ili-u'tltl 

2. flfi£lllltli~ (Revenue) ~lnfl'illml'tlltlNil~.tiwcn ~-:j 1fltllJlfi'il:::N'WlltllnlJ . ~ 

t1~lllW fill'tlltl ti'1~1'W l'WViNil~i~l1-:j'VilJfl lltl i~n'il:::N'Wlltll1fltl~HnlJtI~:IJ1WfillNil~I'J1'Wn'W 

mh-:j i ln~llJ lltli~nili~llrJ'W'iI:::~tI-:jUtllN'W 1fltlnlJ~1'Wl'WfillNil~l1jtltl~:IJ1wfill'tllmbYlJtI i tI 

l't'llldlllf11 'tI~NNil~.tiwcn~111J'W~tI-:jfl-:j~lbYlJtIi t1m-:jflr-:jllf11nlltll N'W~llJ~l'Wl'W fill 'tIltl i ~ 
I 31 "l9/0 J ~ rI 3J & d lfJ jI 

1'lf'W tll'tlltl Ifl'ill'Wl'Wlllfi'tl'W llf11t11'i1'i1:::r;'lflr;'l-:j i'Wfinllflll:::'Vi~flfJlJ'VJ'Wifl"l 'iI-:jtJ.1'i1lJllf11 lfl 

, 
llmtl"l fll 

~ lfJ JJ .4 I i 3J "I 9J .oJ.cs QI rI QI ... I~1 Q.I 

3. IlJtI Il'llltlr;'l:::ltltlfl'tltl-:jfll 'If'illtlllr;'l:::lltl ~fl Clf-:jlJfll1lJbYlJ't'l'WlifilJUllJ1Wfill 

Nil~u~l U1l111lfll 1:::l1il1Jn'Wl~tIfl1'W1W'VilNr;'lnl i i 'illfi~l't1t1-:jlltl i~r;'lmh 1,*~ltl 
31 "" 31 ~ 0 'I 31 "" 0' dll) 31 0 

4. bYl NllN'W.tllJllbYfl-:j'ilflfllJ'Yl'WClf-:j'Yll ~ 'VibYllJllmlfll l:::m-m'Yl lfl'illfifill fll'W1W
'U q q q 
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N ~tl ~l'Wl'WflTm~~~'iIfl• '1fl"l 

v ~ tl ~ 'U 'Yl 'W m}:i H'W ~ mnh tI• 
R '" 

fltl 
11]31

'jltllfl 

P ~tl ihh 

P '" 
fltl 

I I 
'jlm'\J1t1~tl'l1'Wlt1 

F+V 

I 

ll~	 v vN 

C F+vN 

'j1t11~ (R) pN 

ihh (P) 'j1t11~ (R) - ~'U'Yl'W'jllJ (C)• 
pN -(F + vN) 

'1Mihl'j (P) I'Yho'lJf1''Wv 'iI~l~~'W'Yl'Wll'ho'lJ'j1t11~'" . 
o	 P N - (F + vN) 

pN-F-vN 

P N -vN F 

N (p-v) F 

F 
N 

(p - v) 

""	 ~2.4.4	 HN'U.c'IJ'U8.:j1,l~t.ll.JtJ'l'.1 ( Break-even Chart)
 

'I d "" 31 '1 31 "'_I 31 '1
1'W fll 'j 1'\J tI'W ll~ 'W f} lJ '\J tl,:j 'ilfl fllJ 'Yl 'W 'iI~ 'll''j ~ 'Wl 'lJ'Yl u'j ~ fltl'lJ fllt1llfl 'W 'W II'W 1'W tl'W II 'Yl 'W 
tu II q q 

y , 

tJ~ lJ 1W fll'j H~~ ll~~llfl'W 'l 'W II 'W ll9i,:jll 'Yl'W ril i t~lt1lW~'j 1t1 l~ ~ 1'W 1'W filil'W rll '1 t~ 1t1~llJlHl 

ll'lh lil'W 2 ril'Wfttl ril'W ~ dJ'W ~ 1'1 t~lt1'l1 ~ tl~'W 'Yl'W fI,:j~ O'lJ ril'W ~l iI'W ~'W 'Yl'WlltJ'j H'W ~lmh,:j'\J tl,:j 
I I I ,3J	 I I 

ril'Wyhil'W~'Wl'J'WfI,:j~ l~lln ~1IiYtlm1mlfl~tl,:ji'm ~lfltlfll1itl'\Jtl,:jfll'j~,:jl'J'W ~l'1t~lt1e'W"l ~,:j 

IiJ'W ~l '1 t~1t1~1UlltJ'j H'W ~llJm'j ltJ~tI'WlltJ~,:j'\Jtl,:jtJ~ lJ 1Wfll'j H~~ 'l1lJ 1t1f1l1lJi1'i1~1 iI'U~l '1 t~ 1t1 

dI <V	 d '11]" "" 31 d '1 '1 d':::l 31 '1 '" 
C)f,:jtl,:jfl~lJtl~ IlJl1'il~H~~lJl\l'W tltlll'ltl,:j fl IfltllJlfl'il~I'\JtI'Wl u'WI~'W~'j,:j 'Wll'W 1'W tl'Wl'l1'U tlllfl'W 'W tl'U 

y	 • 

~'W lJ 1~ llJ ~ 1'W l'Wl~'W ~'W 'Yll1 fI,:j ~ til'W ~l '1 t~lt111tJ'j H'W I ~ll til'llfl~ 1m,:j,:j 1'W 1fl tI~'j ,:jll~~ ~li~fl.	 . 
'1 ..J QJclW') .<::::!a .<::::!a d!iJ d ~ 
I fltl~'j,:j C)f,:j 'iI~lltJ 'j H'W ltl 'W bl'fl ~1'U Ifltl~'j ,:j~llJtJ'jlJ 1Wfll'j ~~I'111~~'iI~1 '\J tI'W 1ff'W 1'1'j,:j lJll'W l~,:j '\J 'W 

• y ,	 '" 
\9IllJ1J1mUryhJ1f1~'U 1lHt'UllH)'U ~~HbI'll~ 1WlTVl'Yi 2.7 
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. " 
2.8 !ijm)m~Ul1'Hl~.:J'lfi1moth 'lu 

'" 'I d "'!II !II '" 11) !II !II .J
'J111 ~.:J!!'ff~.:J LUflTVfVl 2.9 L~!!'l~~U'VlWlf.:J'ffl:lJ1'Jtl!!HUflll'U~.:J'il~f111'VlW!'ff~.:J!'ffU~~'U~.:Jn£J

'U II q q II 

fllmh N* !llm11:lJ1wfll'J H~~~'il~l'i'l1'VlUl~£Jli'ffllfll'Jfh1i'~lm!'l~'Jl£Ji'mi.:Jlf. . . 
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<,iUJrU (R) 

N*
 

~ 'JI d 'JI = • 1= • 'JI .J = 
1Wl B !1J'W'il~fl:lJ'Vl'W'Vll'ltl,:j~HWI lJ':i:lJ1W N* 'H'Wlt! 1'l'W'Vl'W':il:lJ C 1Jl'Vl C)f,:j!fl~'illfl 

q q q q q . " jJ \l]jJOI QI j} 9J .<:::l .e:::t, I j} l1Ij1Q.1 j} j} Q.I j} 

nY'W'tItI,:j':ilt! 1~I'l~fl1J!ff'W'tItI,:jI'l'W'Vl'W ':il:lJ U'O~1J':i nw 'Vltlt!':i~'Hll,:j!ff'W ':iltJ l~fl1J!ff'WI'l'W'Vl'W 'W'W m 
q .. q 

~l'W1J'W!TI'Wfll 1':i ~1'Wr;l1,:j! ~'Wfll':i'tll~l'J'W 

C = F + (N* x V) 

R = (N* xp) 

'JI I .... 

W 'ill'lfl:lJ'Vl'W R !'Vllfl'U C 
q q q 

(N* x p) F + (N* x V) 

N*= F 

• 1= .... "1= 'JI.J l1J 'JI.... .J'
lJ':i:lJ1W N* Uf(~,:j':i~~'UlJ':i:lJ1WW 'ill'lfl:lJ'Vl'WC)f,:jU'Vl'Wflll:lJ'H:lJ1t! 1~~,:j'W 

q q q 

o I ~ Q.I d'.d.<::::lt. ~ 
1. 'ill'Wl'Wl1'Wlt!H'Ol'lflWert'VlH'OI'l'H':itl'tllt! 

2. ll~:lJ1Wfll':i'tllU~~~!TI'W~l'Wl'W!~'W 

3. 1l~:lJ1WITI'W tJl'l ':i1!t1t!'O~'tItI,:j fll':i H~I'l!~:lJ 1'l1:lJ ff:lJ'j ':i tlfllTI 

rll p-V 11t!flll d'JUN{I 1H'~mnI:w (Marginal Contribution) lTI'WH'O~l,:j'tltl,:j':ilm 

H~l'lfiW cnU'O~~'W'Vl'Wull':iH\J~t1'H tilt! (;h'Wll~:lJ1Wfll':iH~I'l~:lJ1flfl11 N* 'il~Uff~,:j1'WUH'\.HliJ~,:j~ 
q .. 
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iJ , 

'tIl~'VllH'rl11~ R Utltlfl11 C. 
do G ~ , '1 jJ ~ ~ d'l iJ iJ 

.fl1'rl'Vl 2.1 0 ttluW'-l'W~:lJttff~'lff1W-Hl '11 (Contribution) = (p-V) N flU 'rlU'Vl IPltffU 

j} 9J ~..::Lj}jJj} QI ~.d,,J ~ ~ ~ t%
11t11~ (p. N) ~t1~1t1'rlU'Vl'llPltffulPlul'Jumhf-lu(N.V) CJf'l:lJf11:lJ1fl'tlU t:lJm.h:lJ1w.flln.j~IPl1;!'l'tlU 

N* 

ill'Yt~ 2.10 ttf-lUfliJttff~'l~hW'Hlh1' 
OJ 

tnmh~ 1t1'nr~1'l"l t'lfU 

- 'lf1t1'l11b1'1:lJ11tlfll'11U ~titlu 1't1 'lUflnmtlfl:lJ'fh '1 ,*~1t1. 
- 'lf1t1'l11b1'1:lJ11f1~~f11 '1 ,*~lt1t11'lmh'l 1~ l'lfU ffl:lJ11f1~'ill1W.l~~f11 '1 ,*~lt1'illfl 

ri1U'tItI'lf11 '1 ,*~lt1fl'l~'I1~ tJ1l1flri1U'tItI'lf11 '1 ,*~lt1ll1h flu 

'qjJ 0 0 ~.d. 
, 

'If1 tI ~ '11 ffl:lJ11f1 fll'l1U ~'illU 1U'tIlt1'111 m lfl1'Vlm:lJ1~ ff:lJ 

2. 1J1:lJ1W. fll1f-l~1Pl 1l~~1J1:lJ1W. fll1't11t1ff:lJ:lJ9I111'¥hfiU 1~iJfll11~t1 11' 

3. 'litllJfl~l~"ll#luri tl1'jlh~dhJ~'Ull'U~l~"l "~~tl~~tl~tl~ 
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>J 
I ""	 "'I 

ll'U 'lH)'Ulfl~'U'U 

5. fll';jYlul'HU1~~il'U1 'il1~Bfl i m ..:jfll';j 

'il~~B..:j 1 tl~~ ..:j~'U~lil'Uil'il~tJ~Bfll';j~~ il'U '1 1Ilh~flB1J¢i,JtJ 
'U 

~	 CV'.ci ~ G IIICV' 

2.4.5 'U6fl1';i';i~'HlflfJ1fll.Jfll':i1lfl';il~'l'l'ilflfJ'lJlJU 

~	 rI 3J ..:::S.:::::t. j/OQlQl I &..::i3J QJG) 19J 
flW1Im1~'l11Il9lfllJfl'U1HllJlJ~i'i1'Ull~~'UB1I1fl~~..:jflm'1:1J1 1I..:jlJ'UBm';j';j~'1..:j!'U fll';j 'If 

q q II II ~ 

"" .I 9J 'I 9J"l 9J dt • I i .10 ,,,j '" 9J
L fll';j'1lm1~'l111~fllJfl'U 1I~!'If !~llJ'Uu';j::: tJ'If'Ufl~BllJm1tJ~~lBtJ~'UB..:j~'Ufl'U 

II II II	 II 

9J <V '" "" 9J dt 9J .d ~I 9J .1 
\lfl~ B..:j~llJ ';j~ lJ lJ lJty'lfll~~ 611lJ 1';j mWfl'Y'l\)~m ';j lJ 'U B..:j ~'U l'J'U IlJ'U ~'U l'J'U fl..:jflll~~ Iu'U~ 'U l'J'UlllJ ';j 

H'U l¢imh..:jll~'Uih 

"" <V .1 0 9J .1.1 .1	 19J0

2. ';j1f11'UtJ..:jH~~flWCV1fll'l1'U ~ 19l'1tJB..:jflmu';j:::flBU'l1mtJ"l u';j~fll';j fll';jfll'l1 'U~ 'l1 

';j 1fI1fl..:j~ 1I:::t:l fl~B..:jl'i! 'Y'l1:::'l5'1..:j';j ~tJ~nm~I~B'U 1 'U ~ 1..:j"l 1~ltl~tJ'U mJ~..:j0'1';j1f11 H~~ fiw ~ 
'U 

Itl~tJ'UlnJ~..:jltl1l:::lJHm'11'1 M'fll';jilm1:::..rll~~fl'1';j 1 ~..:j1'U H~'Y'lm~ l¢i 

""	 .I 9J 0 ""'" .d ~ i .I 'I I 1:
3, fll';j'1lm1~'l1~~fJlJl'J'U 11J'U'11ifll';jflllJ'U'lh~ tJ'If'Ul'i!'Y'l1::: !'U';j~tJ~nm'lf'1..:j61'U"l 

~..:jlJl~B'U 1 'Ul~tJ'1n'Ufll';j 1 ~fll';jilm 1~..r1I~fi'lJfl'U fl'U l~tJ'1n'U ff1'l1-rlJfll';j~~il'U '1 'il1 'U'lh..:jnm~. . . 
~l..:jn'U1I:::l~lfl~tl';j::: itJ'lfuni1~m';j ~..:j~1Iil'U~B..:jYi1l1';jW11~B'Ul'UtiB'U~1I~'1~..:j1'U 

4. fll ';jilm 1~..r 1I~fi'lJfl'U IYl tJ..:jBci1..:jI~tJ'111~ 1~lil'U ff'1'U tl';j::: flBU'li'1tJfll';j ~~ il'U1 11. . . 
1 'Ufll';j'11..:jIIH'Ull~:::mUfJlJ "l¢il~61lJ\!';jwUfl 1'Y'l ';j1d111~lJB..:jfltl';j~flBU'l1mtJ"l tl';j~fll';j~flfln'Y'l~ 

~Bfll';j ~~ il'U '1 11 ~..:j ~ 11il'U 1'1B..:jYi1l1';jW1';j1tJ~~lfltJ~~'U"l tl';j~fluunufll';jilfl';j1:::M ~~~lJl'J'U 1 'Ufll';j 

~~il'U111'1~"l 

~	 GOJ , _I C) d' <CIt. 

2.5	 fll';i11fl';il:::'l'l6"l';iUnUNi:l1J';i~!fJ'tiU"lm:3Ui:I:3lJu (Benefit-Cost Ratio Analysis) 

im..:jfll';j~lrl'U611li1';iW'l.h:::itJ'lftJ 1'l5'U iflHfll';j'U~Nmfl-ri'i'lJ1'l iJflflU'hil'U iflHfll';j~.. 
1 ~ Hmh1 ';j 'l1~BflflUtJ'l1d'l ;lB H~~UUllfl'U'UB..:j i m ..:jfll'j 1~611:1J1';j t:l~~lllV'Ulil'U ~1'U '1'U 1~'U 1 ¢i 

,	 , 'JI, " 

i~ tJ~';j ..:jl'l11iB'U H~fh hvi l¢i11 1flfll';jfi'1 1'li'U fll';j 61~1..:jI.uB'UI~uu1Ifjm1B..:jnmhyhml11 M'611:1J1Hl 
• >J	 • 

~ ~ tl~:IJ1W 'UB..:jfl '11lJlfftJ'l11!'J'yitfl~ ~'U '1 'U l'J fl"l1J 1 ¢i i ~ V~ 1'U '1'Um1lJlfftJ'l11 Vll ~~ ~..:jiJ1 ¢ilil'U ~ 1'U '1 'U 

1~'U ~BUllfl'Ullti-ri'i'lJ1~~..:jlil'U H~..:jfl'U 61~1..:j1~ B'U Il~H~~UUllfl'U~1¢ilil'U H~tl';j::: itJ'lfu1~tJl'i! ~tJ~ 
.. 'U. 

I	 I 'JI I 

~flucinutl';j:::'lf1mYiB1flVB ~1 'U u~nw lllflV l¢i-ru.t1tJ1I1mhvhlJ elf..:j H~tl ';j::: 1tJ'lftJ~..:jmh'1611:1J1';j t:l
'U	 <u 
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<V _ I'" '" 'JI <V _ I 'i " , 'i 'JIa. " 'JI
1~!lJ'HJlJ!'YWlJ~1t1Vm 1~H'llJ'j ~ ~t1'lf'U ~Vf11nl~'YI'U (Benefit-cost Ratio) ~~t1~1!'fI'jl~'1H1V~. ~ 

'VWlt11lJulJ~~ff1'U~!~'U~[j lJ'j ~ 1t1'lftf~mnlil'jW'If'U 'l'I1'vVtllJ1!~'UlJ~~1'\Jv~!1'U 
~ 

f11'jl!f1'jl~l1 O\PI'jlff1'U ~~lJ'j ~ 1t1'lftf~m1'U~,:rl'J'U ~V tll'j tll'j l!fl'jl~11!111t11J!litllJ 

'j~ '11 ';h~lJ~ ~1t1 ~ ~'l1'U'\J V~ ~ ~ \PI Vii U'YI 'U ti'lJlJ~~lt1 ~ ~'l1'U '\J V~!1'U ~ \I'Y1'UU~~ ~-I 'l~~1 tI 'l 'U1 fI'j ~tll'j 
~ q ~ q q 

Ratio for Single Project) 

" 
tll'jl!f1'j 1~110\Pl'jlff1'U ~~lJ'j~1t1'lftf~m1'U ~~'YI'Ubh'l1i'lJ 1 1f1'j ~tll'j ij'li''U \PIV'U ~1~"1 

. " 
• 

bY'jlJl,)'~~ij

11t1~~'l1'U (Present-Worth) l1~V lJ~~l!litl1J!'yh'jlt1l1 (Annual-Worth). ~ 

B-D 
B/C=-

C 

1~t1~ B (Benefit) ~V ~~lJ'j~1t1'lfU (ff1'U~!~'UlJ'j~ 1t1'lfUUfh~1'\JV~) 
'" '" _I 'i '" d 'JI '" _I 'i " o (Debenefit) f1V !bYtllJ'j~ ~t1'lf'U (bY1'U'YI!~1'\JV~!bYtllJ'j~ ~t1'lf'U) 

C (Cost) 

Ratio for Multiple Projects) 

'l 'U tll'j !lJ'j t1lJ!litllJ 1 'fI'j ~tll'j'l1mtl"1 1f1H tll'j,)'1t111l0\PI'j lff1'U ~~lJ'j ~ 1t1'lfu~v!1'U 

~~'YI'U IP1V~'Vl~l'jW l!mt1lJ!YitllJti'lJff1'U!vilJ'\Jv~tll'j~~'YI'U ~~ij~'U\PIv'U~~~v llJif 

1. f11'U1W~'U'YI'U'j1lJ (net C) U~~~bllJ'j~1t1'lfU'j1lJ (net B-D) '\JV~U~bl~1f1Htll'j. 
1~t1 f11'U 1W'l'l1'v~'l 'U~lJ'\Jv,nqJ~~lllitl1J!'yhlltl~~'l1'U (PW) 'I1~'O'JqJmh!litllJ!'Yil'jl01l(AW) 

2, ~~!'j t1~ 1'fI'j ~tll'j/'YI1~!~vtl1~m'j t1\1til~lJ~ltl~m1lJ!1'U ~~'YI'U ~lmr vtlllJ'I11lJ1tl• 
" 3. 'I11~1 B/C '\JV~U~~~1m~tll'j t1'11m\ltll'jl'11'Uij~1B/C UVtltl111.0 'l'l1'~~il\l 

4. 'l'l1'1f1'j-ltll'ju)tl (~m~V~ltl.,rV 3.) ~1'111itl (defender) 

5, !~Vtl1flHtll'jti'~llJlJ1'l'Utl1'j'Vl~l'jWl (challenger) 

6. rn Lie 1mJ ~C = CChalienger - Cdefender 
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7. '111 .dB 1~w .dB = Bchallenger - Bdefender 

8. ih~Hl"lfl~tl 6-7 fl1U1W'I11 .dB/C l~w .dB/C =.dB / .dc 
" . 

9. 01fl1 .dB/C > 1.0 l!ff~,r;h lflHfll';j~'1~u.yhhlJ1Vl"l'jW1 iJfl111H'I1:1J1~ff:lJ 

,rmJfli11m'lfll';j~'Il1:1J1!lljtJ'IJ!.yjtJ'IJ U~Ol .dB/C < 1.0 Uff~'1i11fl';j'lfll';j~'1~uiJm1:lJm:lJ1:::ff:lJ 

fli11flHfll';j ~'Il1:1J1!lljtJ'IJ !.yjtJ'IJ 

10. 'Vi 1fll';j!llj tJ'IJ!.yj tJ'IJ' 1l1~ tltJ"l "u m 'IJ'I1:lJ~ flfll m 'I fll';j "u '~1 m 'I fll';j ~ 



, 
<:l 

1J'YI'n 3 

" ,'JI. 'JI. 

i 'lJ,:Jl'lJ l~£JiM wihJ fll'jl~£J 1~w~1~m.h~ ~Hrll'V1mhu 1'.-1 ~ m~'lJ1l1fHfl1CJ,:J'l'hulfl~'lJ i 'lJ• 

MCJ,:J 1Jfi1J~fll'j Ifl ~ 'ffl 'll11'lfll'Yl fll 'lJ l~fhfl~ ~,:J 'Yl CJ flW~~~'ffl'11 m 'j 1J~,:J'Yl CJU~~ CJ CJfHtlJlJUrJi'lJ 
'j/ 

1Jml'Yl£J1~m'Ylfll'lJ l~1J'jl']j'1J,:Jfl~~'j:i:'lJmfl~lJ1J1 i~imj trJ'lJfll'j~~fll'j'ffwtiY£J'Ul u~dh i Mfll'j.. " 
J 'jI I 'JI 

l11,:Jl'lJ'llCJ,:J'j ~lJlJ fi ~~ I~ j £JlJ;j'lJ 'ffl1J1'j t"ll11,:Jl'lJ 1~mh,:J1'i CJtUCJ,:J llf-l'lJ N,:JflH l11,:J 1'lJmht1'J'lJ 'll'lJ I'l CJ'lJ 

ft 
<'I 

fl'tJ 1tt i)~ f) f) fUm 'lJ ~:i: 'lJ 'lJ 

fl1~lhJnnlf)tihm~mJ11,r 

.. 
o ~ Q.,I~CV 

mtl!l!fl1~ll~C)lf)ltJ~ 
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I iI r , iI , 

'\Jlnf111flm:J11~fJf111'V1~"tl~niluu l'\llf1tflitl~ 1u,rtl~tl~u~nwvnJ';h 1uf111niluulnilu 
.Q 'j} 3J: I d ~ 

1 "1'I1I'1tl~hUl'H"tlWU1H1:::UU 26.5 "1'11 

TEMP .3o"c 
BW15 

DISTILAnCN 

I TEMP 40 C 
TEMP 4-0°C 

STOR AGE TI \jK 
DR~IN FRO!,' DISTILATION 
CAP 700 L'TE 

PUMP 
SUBMERSlf3LE PUMP W/FLOAT SWITCHES 

ADDITIONAL ,'10RK 

3.2 fll':i.uflcJ1frrtT,\!!m~tJ~1~':i:::tJtJfl1':ilhJl't1rlfUfjUfl~'lJ'1Il1,n't111 
." .

fh1,*~1fJ'¥hrJufilf111"~'VIUfl1~mn'IJ tl~1:::tJU iltl11trJU~'U'VI'UfI~Vi (Fixed cost) '\llnf111 
" " eJ1tl1ff~U":::tlUmw-am 1U flWVr\P1l'Ul1:::UUlJ1Jflrh 17,503.49 Ul'Y1 1~fJlJ11fJ,,:::tVfJ~'lJtl~1ff~fi~u 

q II ru II 

Q.I :' ~ 6 ~ 'j/ 

- tl~m rrJtU'Elmmff'VIHm:::U'Eln 700 "1'11 'n1'ElllFh 

.. " 
-llllUl 

" - Check valve 'lJm~ Yz ih 
31 

- 'IJ'El~'El 90 'El~rn 

" 
- ffl11'VI1~ PVC 'IJ'Ul~ liz tJ1 

" 
- 'H1~Um 1'H" Yz tJ1 

d Q.I cv I 

- t'IJ1l'IJ~1~'VI'El 
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" 
- 'Viti PVC 'Uln~ Y2 lA1 

" 
- 'Viti PVC 'U'Ul~ 1 lA1 

" - Ball valve 'U'Ul~ 1 lA1 

" - Ball valve 'U'Ul~ Y2 lA1 

" 
- 'Vitl~tI~H 'UhI1~ Y2 lA1 

" 
- {Ylt1t11.:1'U'U1\P'1 Y2 lA1 

o '" I 

- f111 PVC {Yl'l1'j'IJ'Yll'Yltl 

- l'YlU~'UH1~t11 

Ijjtl{Y~1.:1 'j:;; 'IJ'IJ f1Wnl.:11'U '\11 f1f11 'jf11'U1Wfh~ 1.:1"1 ~111'11~f1f11'j'Yll.:11rnf1'j'j1l II~1 ij1111 

'Yl~'fl tI.:I i '*.:Il'U ~11t1.:1U au~ f11'j fI W:;;'Q~{yl'11m'j 1I~.:I 'Yltlll'fl:;;tI tlf1l I'IJ 'IJ IIyJ i'U 11 'I111'Yltll~t1 
I I I" 

l'Ylfl1'U h'rhl'lfmfl'fl'Y'l'j:;;'Ufl'j l-Wtl~~·mf1wvh.:ll'U'UtI.:Ilfl1t1.:1f1~'UUlll'IJ'IJCyclon Ultrapure Water 
'U . " . 

Stills i'U WSC008 'IJ~Il'Yl Fistreem Vilf11'jf1~'Uijl~1t1-ei~'jl 8 ~~'j~tI~1 111.:1• 
" , " 

, 'Uf11'j'Yl~'fltl.:l' '*.:Il'U ijVi lf11'j'Yl~'fltl.:lllU.:l11:l'U 2 'lf1.:1fltl l'U 'lf1.:1llmVilf11m~'UU 1~1t1 

-eimllVltl.:l 4 ~~'j~tli1 1m 1i1t1.:1'\11f1f11'j~tI'UtI.:I'j:;;'IJ'lJlyJrh'UtI.:I{Ym'U~Vilf11'j'Yl~'fltl.:lW tIlfl1'j 3 

11t1.:1 343 l~lt'm)1'U1t1~fl f11'j 'Yl ~ {YtI'IJ ~.:IVilf11'j IIfil 'U~1t1f11'jIU~ t1'U If'U ~f11'j 'Yl~'fl tI.:II1J'U tIlfl1'j 

I11t1.:1 Illll'Yl'U Vili11{yl1J1'jtl'Yl~{ytI'lJf11'jVil.:11'Ulflftl.:lf1~'U'~I~lImll1U'j:;;iY'Ylnm'Y'l 

3.4 '1h:;;tihnmm1'lhnu'1J0..:j1:;;1J1J 

" f11'j U'j :;;!1J'U f11'j Vi l.:ll'U 'U tI.:I'j:;; 'IJ'IJ tltIf1l1:l'Ul11.u'tI~l.:1"1 '~,).:Iij 
1)/ I " 

1. f11'j 1mtI'IJ IVl t1mhi ,*~lt1Vllfi~~'U '\Ilm:;;'IJ 'lJll~~'Ul1i'U 1J1lll tI'IJtimh1,*~lt1l~lI' 'U 

" .
'j:;;'IJ'lJ1~1I 1~tlVilm'jtm tI'IJl Vltl'IJVi'.:I''Uri1'U'UtI.:I~'U'Yl'Umll (Fixed Costs) '~lln ~ 11{y~'UtI.:I'j:;; 'IJ'IJ 

" ll'fl:;;" ~'Ul'J'UllU'jH'U (Available costs) '~lln ~lijl11'fl:;; ~l1vHh 
r " I 'JJ 

~ ~o ~QI QlO'j/ 0

2. 'j:;;t1:;;n'fllf11'jfl'Ul'J'U (Payback Period) tlltl'Yl1f11'j~~~.:I'j:;;'IJ'lJf1'fl'U'U1Inl1 Inl:;;'Yl1 

i 'JJ 'I ~ 'j/ i')) 'i "'\i'j/ I dQl J;fa,
f11'j 'If.:ll'U'j:;;'IJ'lJtltll.:1~tlt'WtI.:I '\I:;;~tI.:I 'lflJ'fll'Ul'U!'Yl'! ~ l'Y'ltl 'I1'Yl'jl'IJ11'j:;;'IJ'IJ'Yl'Y'l~'U1'U'U'U1I 

~1' ,*~lt1~'fl~'fl.:lllltl'IJti'IJ~t! 'Yl'U'. 'Uf11'j~lliA'U.:Il'U 
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fHlll'OlJU 'YI'U nlJ:JJ ~fh1l '0 'll1J''U'\J'O~t~\.Hl~ 'YI'Uml~fh '1 ,*~ltl'1 'U 1m ~fll':i fll'j 1tml~M~1I'j1riJ'U 
~ q Q 

~ ~ 

f.l~u'j~ lt1'1fu~'Ot~'U~~l'J'Url1'HflJ 1 li'lHfll'j ij'1i'UlI'O'U~H'11.1~utll~~iJ 

• '.1 ') 0' d.1 ') 0' "" '1 'JI ''1 .1 I d I 

- m'UJWfllf.l~u'j~ W'If'U t1.1t1u'j~ W'If'U tt~~t~'U~~'YI'U 'H'OtJ 'U'jU:JJ~mt'YItJlJt'YI1 
q cu cu lU 

1J1I'iI'il1J''U (Present-Worth) 'H~'O :JJmhfitl1Jt'n1'j1tl1J (Annual-Worth). ~ 

- fl1'UJWl11~1I'j1riJ'Uf.l~U'j~ ltJ'lfu~'Ot~'U~~'YI'U 'il1fl• 
:JJ ~fi 111'0 'il1J''U '\J'O~ f.l~lI'OlJtt 'YI 'U 

B/C ratio = -~---'-------
:JJ~fi11l'il'il1J''U'\J'O~ fi1 '1'*~ 1tl 
~ .
 

-1ti'l'j1~11'f.l~ hw li'lHfll'j'il~tllflJfll'jVi'il1'jW1'O'UiJ~trl'OB/C > 1.0• 
~1 B/C ratio ijfi1:JJ1flW,h 1 tt1.1fW;h li'lHfll'j'1l1f-1~91'OlJtt'YI'Uf{:JJfhnlJ~• 

~~'YI'U tu tt~~lfi1U'OtJfl':h 1 tt1.1fl~--h f.l~91'OlJtt'YI'U~tllflJ'il1flli'lHfll'j t~f{:JJtilJt~ml~'YI'U~tiYtltu 



, 
~ 

'UfIfI 4 

" 
f11 111m 1~11'~H'l 'ill flf111i\Pll'lJ lllCl~ eHJflllIJIJ1~IJIJf111 '1hw I'll~ tIlV'lJ m1IJ:JJ1 '1 ~ Vi lf111 

. " 
11m l~l1'llCl~1.h ~liJ'lJ ~-I '1 ~~ ltlll.l'1 fJIJlfifJIJfiln~~ u '1 'lJ fllll.li'IJll~ ~ 1 ~IJ IJlfi fJIJ tlIJ ~ 1'1~~ 1m~:lJ '1 'lJ 

l~IJIJI~:lJ l~fJ~l1mfl11 ~'lJ'YI'lJ fll9l1 1HClI9l OIJll'YI'lJ 'lJO~ 1 m~fl11 llCl~fll9l1 l'ff1'U HCl191 OIJll'YI 'lJ~ 0•
 
"
 

1'i''lJ'YI'lJ ~~llfJCl~IBfJ~~O '1Hl• 

4.1 m'j88nH'U'U'j~'U'Um'j'lh~1'I1-.i8AfhmKmn1,r 
rpC\ QI ~ ~'t 

f11100fllIIJIJm~O~'illflfJWClfl'!lW~(Specification) ImO~flCl'lJ'lJl IIIJIJ Cyclon Ultrapure . " , 
Water Stills cj'lJ WSC008 IJ~lJ'YI Fistreem Vi lfl11f1tl'lJtJ l1'i'1fJfll9l1 1 8 i119l1~Oi'1 1m• 

I , I 'JI 
e:l QJ •• ~ Q.I 0 

Yll'iH'fI 4.1 Clfl'!lW~ (SpeCificatIOn) ImO~f)Cl'lJ'lJl 

Model WSCOO8 

Output Capacity 8 liters. h/ Single distilled 

pH 5.6 - 6.0 

Conductivity IllS. em 
-I 

6kW 

70 - 560 kPa 10 - 80 Ibf.in-2 

Power Rating 

Tap Water Pressure (min-max)* 

Tap Water Flow (min) 2 liters. min-I 

. " o Ci ~ Q.I 0 

4.1.1 11fJfl11 fIl'lJ 1WI'VWmOfl'lJ'lJl~tl~'lJ1 

" nfl11tll11'lJ~19l1111.l1~1~" ~~ij 

- f111Vil~1'U11l'lJ 6 411:lJ~~01'lJ ~~11l'lJ 360 'lJlfi~01'lJ 
" 

- flI9l11f)1l1~tJl'illflI9l111~ 4.1 
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,'jJ '3Jv -: d : f d 1 CV ~ ~ : I 'jJ 1

!!ff~nl~HN 1'lfm'lJ llfllJ'lJ llHHlltI'lJ1'lJ!!~ ~~1'lJ Il'lV~~fll'jm'lJ 1 mt~ff'lt'IJ1~'j~lJlJ 

1'lJ 1'1 f'l9i VhJ'IJ'lJl~ 360 x 2 = 720 i1~'j n9iI~V'I1l1tlii.u'v~lti~I~V'Iffm'lJ~!!~:::'IJ'lJl~mJmwvh. 
111'~V'Ilti tltleJfmi'llMnnJl~tilJ fll'j~'lJ~l~'11'lJ ~'1ltitl tl'IJ 'lJ 1~t:1 '1J11rJllJV ftlmff'VI'j 'I m:::lJtltl 700 

., 
i1 ~ 'j 'W~ VlJ ~lrlm flJ1ffil1l1 ~m~'lJ !!~:::u~mJ1Mt~'lJfi1 fJfll'j ril rJtl'lfl11lJ ~V'lJ1'lJ lJ 'j'j £J1fllffUtl~ 

• d ., 

4.1.2 'jl fJfll'jl'll'lJ 10H.wmtiv tl'IJ'lJl~illJil1 
,::oJ 'j/ ~ 'j/ • I 

fll'j lti Vtl'IJ'lJ l~ illJil1 Vi lfll'jttiVtl1l1tlfflJ oU~'lJV'Iil lJihYiiil 'lJ mil'lJ U1l1loU'lJ I'lltl'l1l1 tlii 
OJ • ., .., 

fll'jtlm'lJ~1M'V~'jlfll'j i '11 n'IJV'Il.ht~'lJUlJlJmmn'lJ'Wtl (Excess flow) t~Viltl'lti'lJ fll'j i 'I1~'lJtl'l'l11 

~V'lJmllJ i ul'ln:::1JlJ Um{l~ttivtll~iivmlfll'ji 'I1m~'lJ 10 - 36 il~'j~V'lJl.yj 1~1rJ'IJ'lJl~ 200 

, .., 
1. d'JU'lJV.JAflJfNm5u'I11 : ff1'lJI~lJ'lJV'I'j:::lJlJ U'j:::tlVlJiU~1fJ 3 ff1'lJ fiv 

,'JI 'JI, , 

- 11'11tl'lm tl'l'l11 rll'l1flJuflJfffll'W'IJ tl'l'l11 nV'lJfi 1l:::'l11t.u'lff'j:::lJlJ fll'j tl~'lJ 
OJ 

" I I , 

- t:1'1t~lJ'l11 tl~'lJ fi i ~1l1tlfll'jtl~'lJ 

I r :' , d I dQ.l j/ ~ ~ Q ~ 0 'jJ ~ 
2. ff'JlJ'lJfN'j~1J1J'iJ lfJlJ1Hr:WWlJ : ff1'lJ 'lJV'I'j:::lJlJ'VI1l~ff'jl'l'IJ'\.H'WW~lJ ll'lij'Vll'l1'lJl'VI 

'JI • 'JI , 

1'lJ tll 'j ~ 1fJ'l11'l1 rim~'lJ t.u'l~J::: lJlJ tll 'j tl~'lJ !!~::: 'l11 'l11 '11 ri V1~'lJ fitl tltl1l1tl 'j:::lJ lJ 1'lJtl~lJ m 1~l '11 ~ ., 
ff1'lJi1U'j:::tlVlJiU~1fJ 2 ff'J'lJ fiv 

'JI • j/ I 'JI 

- 'j:::lJlJvltlrll'l1 flJ'l11'l1lJ'lJt1fJ'lJ1'lJ 'j::: lJ lJ 1t1'lJfi9ivtilJ 'j:::lJlJ'l11fll fJ'lJ tlm~ mh'l11• 

~ 'JI 'JI I 

- UlJ'l11 rlmflJ'l11'l11'l1rim~'lJfi~m~lJ Hl'lJt:1'1I~lJtl~lJm 1~1 '11~ 
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I ,JI I • 

lI1'ftli 4.1 ':i::1.J1.Jlfl1o-3Yh..hm;'lJl~hJ''lJ 'Ifo,nJ ii,j~fl1':ilflij ff -3't10 

&!l. 0 0".QI QI d : c:, .. . 0" 
fl. lfl':i0-3't11'lJlfl~'lJ ~. fl-3lfl1.J'lJlfl~'lJ fl. lfl':iO-3fl':iO-3'lJl 

oJ _I ~ A .:,: 
1I1'ft7l4.2 ~1Jfl':iWlfl':iO-3fl~'lJ'lJl 
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~ .(1
•. I 

do: ,d 4 0: ~ 1~ ,od cal ~ ,IQ.I

Ill.,..,. 4.3 1::1J1J'Wl1..11lHH)ltJ1HnfUfI·H)~'nl1..11m'1..Ifln1J1Jl or 1'H1J'n'Ri'I'1WU1..I 
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3. tl~L~lJ\il tTl'Hi'1JL~1JJ1'HriijL~'U~ijijml1m~1J1J Li4mifl11'~'U~W'HJJij'Uij~Jl 
.. II 

~~HH~'Uil~~w'HtJijlfij~ u~1~~ijfl1~'I11fl~1J1tJ1-n'H1.il~WN1'U~~1J1J;hJ'I11 

_I'!!! ... , .. '" ....... .r .. OJ


4.3	 m1Iu10tJlflO'lJftll'1f910flan~'U," l,"m1't'fRl,"11~'lJ'lJ 

th1~~ lrJ~Ln~~'U 1hi ~~1J1JLL u~ijijmrl'U ffij~rh'U tTlflqj flij th1.r~lrJ~Lrl'Uthfl1~~~'t1'U 
: .,d".d	 AQI tI.,

flHmfl'Uij~~~1J1J tlij11LtI'U91'U't1'Ufl~'Y1 (Fixed cost) ~lflfl1~B)j'ij1fft:lLL~~~tJmWtTl'H~1Jfl1~ 

.... ... I I.... .b .. d .... "1! ..;... 1! ~ 
'W9Il'UUZ'lJ'lJUf111'Yl1fl'lJ 17,503.49 'lJl'Y1 ('H'U~'HU'Ul~fl'W'U'HllijrJffUJ'lJl'Y1ffff'lJln1ffflNf1) U~Z 

II 

th1.r~lrJUtJ~a'U (Available cost) ~lmh'l11tJ~zthU~~th1vHh1'Ufl1nh~1'U'Uij~~Z1J1J Ufffl~ 
II 

11rJ~~LfirJ~1~~~~ij1tJi1 

.. 
4.3.1 ';1141I11Z1.h 

o	 .. c:,:d. 1": ~ .. 11,
~~1J1Jfl1~'YIN1'Ulmij~fl~'U'U1Ufl1~'Il''UltJ~::tJ1UrJflijijm1J'U 2 ff1'U flij 'I1l'riNl'U 

• 11 I II ,	 , 

Lf1~ij~mij~'I11Lilij'l111J11~hlfl1n~a91Lrl'U'I11fl~'U~1'U1'U 48 a91~~ij1'U (8 a91~~iji11U~ x 6 

i11lJ~~ij1'U) fl~Lrl'U 17,280 a91~~iji'J (48 afl~~ij1'U x 5 1'U~mytJfll," x 72 fftJ~l,"~ijil) U~~ 
"	 "II " 

'I11'HriijLg'U1'U~~1J1J 1'ULfl~6~fl~'U~~1J1JL~lJ'I11'HriijLg'U''Uff1'Ui1hjijfl111.h'tJ'ftJ~:: 16,nl ~ln 
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I ,'JJ , 'JJ 'JJ 

fl11 'Y1 fUW ,wnJ':hIf11 tJ ~ fl ~hi tll11'U 'U I~hJfl ~'U tJl1~'lJ1lJ1I'll 1 il1PI1 II~~ fl11 'lJ ~ mJtJllHi tJlij 'U tJ tJ fl 
~ ~ 

'illm:::'U'U~1'U1'U 26.5 ilm ~~tr'Ui 'U 1 l'U ~fl11'lJ~mJ1hl1~tJlij'UtJtJfl'illm:::'U'U~1'U1'U 1,272 
'JI <JJ. I t I 

illPl1 (tJl'11~tJlij'U 26.5 ilm~tJtJlfl~'U 1 illPl1liNillPll~ x 8 ilIPl1~tJi'1 1m x 6 i'1 111~~tJl'U) 

. ~ ~ 

1:::'U'Ufl~'UtJ1Vil~1'Ui1'lJfll..1'l::: 5 l'U ~fl11'lJ~mJtJl'11~tJlij'U~1'U1'U 6,360 illPl1~tJ 

i1'lJfll..1 flfllfl'U 330,720 ill'l1~tJil (1 iJ ~1'U1'U 52 i1'lJfll..1) 

~lJl'lJ1:::'lJl11f11 2.22 'Ul'Y1~tJ'lfl'Ulffnlll\Pl1.. 
.::to d Q ldo ~ rI'j):

1:::'U'Ulflllllfl11 'l 'If'U1'lJ1:::'lJl 348,000 'lflHItJ1J (17,280 + 330,720) '111 tJ 3,480 ~fl'Ulfffl 

llllPl1~tJiJ (1,000 ilfl1 = 1 [lfl'UlffnlllIPl1) flfllfl'U 7,656 'Ul'Y1~tJiJ 
'l) 

~ 

1:::'U'U~\P1l'Ul~fl11i~tJl'lJ1:::'lJl17,280 illPl1~tJiJ 'I11tJ 17.28 'lfl'UlffnlllIPl1~tJil flfllfl'U.. 
38.36 'Ul'Y1~tJiJ 

~ ~ 

~~tr'U 1:::'U'U~\P1l'U1tl1lJ11(J'lJ1:::'I1 tlfltJl 1~ 7,617.64 'Ul'Y1~tJiJ 

4.3.2 rh,.wih 
'JJ I I iI r:N 

~11~vhi'Ufl11ffmnihl~~I1J'U'~nmb'U fitJ ~11~vh'il1fllfl1mfl~'UtJl 1l'l:::~11~vh'illfltlll 
~ , ~ 

tJl'l'U1:::'U'Uli~\P1l'Ul1i'Um (~11~vh11f11 5.50 'Ul'Y1~mJUIPI).. 
• • >I 

- ri17r1r11'IJtJ-Jm~f}-Jmfuih 
r ,'JI I 

lfl1mfl~'UtJl 6 n1'l11P11'1111~1'Ul'U'l::: 6 i'11m flfllfl'U 36 QUIPI~tJl'U (6,000 llP1l'1 x 6 

3i1111~ x 10- ) i'UD'll 1 iJ ~fl11i~1~vh~1'U1'U 12,960 VUIPI (36 VUIPI~tJl'U x 5 l'U~tJi1'lJfll..1 x 72.. .. 
i1'lJ~n..1~tJiJ) flfllfl'U~11~Vll1fl~tJ~fli'UJ171,280 'Ul'Y1~tJiJ 

'" >I 

- ri17r1r11'IJf},rU:JJUl 
r;'I jJ I I 

t111tJl 200 lIP1I'1111~1'Ul'U'l::: 6 i'11m flfllfl'U 1.2 VUIPI~tJl'U (200 llP1l'1 x 6 i'11m x.. 
10-

3 
) i'UD'll 1iJ ~fl11'l~1't'Jvh~1'U1h1 432 ~UIPI (1.2 ~UIPI~tJl'U x 51'U~tJi1'lJfll..1 x 72 i1'lJm..1~tJiJ) 

.. ~ 

flfllfl'U~11~vhtllltJl 2,376 'Ul'Y1~tJiJ 
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I I ,'J/ I 'J/ 

VIl'iNn 4.2 fll'j nfl tI1uYivmhi ,*~lmfl~tJ'If1~'U'I11'j~UUt~hJlW~'j~uUYi~9'JJ'Ul~'U 

''lV'fl1 'lI1:l1£J 
('lJ1'fl)('lJ1'fl) 

'JJ d 
\Pl'U'VI'UfI'I'VI (Fixed cost) 

q 

32,503.49 

~'U'VI'Umh~'U (Available cost) 
q 

" 7,656.00 38.36- ~1'111th~1I1111 

- 7,617.64 

"''' . 
- ~11yJyh'lJtJ'I1hJ'I1witJll (t'VhH~hHl1m~UU~fJl'Ul) - 2,376.00 

7,656.00 2,414.36 

- 5,241.64 

", " I 'l 'JJ , ... "" I 0 ~ 1 ~ 1 d ~ 1 ... "I 'JJ' '0'1 I 0 _ 1 ~ 1 I '0'1
1. fI1 '.If'illt1'j'Jm~UU'VlfJl'Ulf1fl'illf1 fI1'Ulu'j~ul'V1u'j~l1t1fl Ifl\PltJU - fI1'Ulu'j~ul\PltJU 

'" " ~11yJyhllll'l1witJ1I 

2. ~1 i ,*~1t1~1I'j~11 vfll ~'l'11fll'jtYitlU'illf1~l'l,*~lt1'jlm~U1Jt~ll - ~1 'l,*~1t1'j lm~uu 

"'I 
4.4 'i~U~ntllfl1'iflU'JU(Payback Period) 

t1mfll 'j ~1t1~'U l'J'Wt~'U fl1 'j rll'U lW'Hl'j~tI~nm~'l'11'll1''j 1tI ~1 m'thiu'jl tli'u 1fl tI'iI~ IPi'tJ'I 

ttllfl'l1q!fl~lt~'U t~'U 1q!fl~ll1 'iI~u'U'jlt111 f1~11~tJ l'Ufll'jtJtJf1ttuu~~'U l'j~UU lfltl~~11 ,*~lm~1H~hJ 
, " 

~1'U l'U 17,503.49 1J1'V1 tt~'j~UUfi~9'JJ'Ul~mf11l1'jflGlhtlll'j~l1Vflfi1 'l,*~lt1'mJfl~ 5,241.64 1J1'V1 

4 ~ ~I 
m~tJ~t1mfll'jfl'U'VI'U 3.33 u 

q 

Single Project) 

" 'j~UU~fJl'U 1~'U lfltlfl'll'J'U 17,503.49 1J1'V1 fI1W:il 'iI~~f1n 'loM'Il'U 'j~UUtJU1'1~tJtritJ'I 
" " 1I'j~1l1W 10 11 'j~uuijm1l1'jflflfl~1'l,*~1t1'lmh'U~1'1"l lfiilfl~ 5,241.64 1J1'V1 lfl'j'lf1nij~ 
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~ ~ 

f111~~ltJ~1'l"1 11~~ 2,414.36 'lJ1'V1 ~1~~~tIl1itJfll9l'J1 (i) 0.25 % ~tl1I (fll9l'J1~tlfU1itJtlm,J'V1i'~6'IJtI'l 
~ 

1i'U1'f1l'JHl1'llh ~1'VIft'l'VI £I , 2551) 'l'11fll'J1Jn I1J'U lf1Hfll'J l¢i~'lii 
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.

"'" ~ fl. Y11'iHU;I'i1J~flliJYI'i1f11fl'i'ilJ!lIB i = 0.25% 

n 
Uniform-Series Payments 

(AIF,i%,n) (F/A,i%,n) (AIP,i%,n) (P/A,i%,n) 

1 1.0000 1.0000 1.0025 0.9975 

2 0.4994 2.0025 0.5019 1.9925 

3 0.3325 3.0075 0.3350 2.9851 

4 0.2491 4.0150 0.2516 3.9751 

5 0.1990 5.0251 0.2015 4.9627 

6 0.1656 6.0376 0.1681 5.9478 

7 0.1418 7.0527 0.1443 6.9305 

8 0.1239 8.0704 0.1264 7.9107 

9 0.1100 9.0905 0.1125 8.8885 

10 0.0989 10.1133 0.1014 9.8639 

11 0.0898 11.1385 0.0923 10.8368 

12 0.0822 12.1664 0.0847 11.8073 

13 0.0758 13.1968 0.0783 12.7753 

14 0.0703 14.2298 0.0728 13.7410 

15 0.0655 15.2654 0.0680 14.7042 

16 0.0613 16.3035 0.0638 15.6650 

17 0.0577 17.3443 0.0602 16.6235 

18 0.0544 18.3876 0.0569 17.5795 

19 0.0515 19.4336 0.0540 18.5332 

20 0.0488 20.4822 0.0513 19.4845 

21 0.0464 21.5334 0.0489 20.4334 

22 0.0443 22.5872 0.0468 21.3800 

23 0.0423 23.6437 0.0448 22.3241 

24 0.0405 24.7028 0.0430 23.2660 

25 0.0388 25.7646 0.0413 24.2055 
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Uniform-Series Payments 
n 

(AIF,i%,n) (F/A,i%,n) (AIP,i%,n) (P/A,i%,n) 

26 0.0373 26.8290 0.0398 25.1426 

27 0.0358 27.8961 0.0383 26.0774 I 

28 0.0345 28.9658 0.0370 27.0099 

29 0.0333 30.0382 0.0358 27.9400 

30 0.0321 31.1133 0.0346 28.8679 

36 0.0266 37.6206 0.0291 34.3865 

40 0.0238 42.0132 0.0263 38.0199 

48 0.0196 50.9312 0.0221 45.1787 

50 0.0188 53.1887 0.0213 46.9462 

52 0.0180 55.4575 0.0205 48.7048 

55 0.0170 58.8819 0.0195 51.3264 

60 0.0155 64.6467 0.0180 55.6524 

72 0.0127 78.7794 0.0152 65.8169 

75 0.0121 82.3792 0.0146 68.3108 

84 0.0107 93.3419 0.0132 75.6813 

90 0.0099 100.7885 0.0124 80.5038 

96 0.0092 108.3474 0.0117 85.2546 

100 0.0088 113.4500 0.0113 88.3825 

108 0.0081 123.8093 0.0106 94.5453 

120 0.0072 139.7414 0.0097 103.5618 

132 0.0064 156.1582 0.0089 112.3121 

144 0.0058 173.0743 0.0083 120.8041 

240 0.0030 328.3020 0.0055 180.3109 

360 0.0017 582.7369 0.0042 237.1894 
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'I. Cyclon Ultrapure Water Stills 

Fistreem have been the leaders in water still innovation for many years with a reputation 

for design, quality and reliability. 

Distillation is recognised as offering considerable advantages being fail safe in concept 

and consistently free from impurities including inorganics, organics, micro-organisms and 

pyrogens. 

Fistreem Ultrapure Water stills improve on this concept through a unique patented 

vapour trap which creates a 'cyclonic' effect eliminating all vapour borne droplets, ensuring that 

there is no carry over of impurities in the distillate. The resultant pyrogen free water is therefore 

at the highest purity - at all times. 

Cyclon Stills embody modem electronics and include dual safety systems, auto reservoir 

control, easy cleaning, matching storage reservoir and optional pre-Deioniser 

Outputs of 4 and 8 litrelhour single distillers and 4 litrelhour double (Bi) distiller are 

offered. They are factory supplied for tap feed use. A pretreated feed option is supplied with the 

still which allows a variety of treated feed sources to be fed in a controlled way for further 

polishing by distillation. 

The quality of the pyrogen free distillate make these stills highly suitable for life science 

applications. 
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Cyclon: An Integrated Water Purification System. 

The Cyclon is available in 4 or 8 l.hr _1 single distilled or 4 l.hr _1 double distilled fonnats 

and as a complete water purification system with matching pre-deioniser and distillate reservoir. 

To eliminate the need for routine cleaning in hard water areas, the Stills are also able to be 

adapted to accept pre-treated water. 

All systems can be wall or bench mounted while tap feed models can easily be upgraded 

to use pre-treated water. 

Purity 

The patented 'cyclonic' vapour trap eliminates all carry over while the advanced 

borosilicate glassware design removes the risk of foaming and improves purity levels. The 

distillate leaves the condenser at the optimum temperature to guarantee product quality. 

Additionally quartz sheathed heating elements ensure distillate purity is not compromised. 

Safety in Operation 

The thennistor protects the still against interruptions in the water supply by controlling 

heater operation. Additional protection is provided by a thennal cut-out fuse to prevent 

overheating. 

Operator protection is assured through totally enclosed glassware and a built-in spillage 

tray. 

Reliability and Ease of Use 

Combined with the microprocessor, the thennistor sensor provides precise control of the 

still and simplifies operation and cleaning procedures. 

A vertical boiler configuration minimises stress on the durable silica sheathed heating 

elements. Along with an auto-drain function this design also helps to reduce the build-up of scale. 

The Cyclon is supplied with an electronic float switch which will shut off the still 

automatically when the storage reservoir is full enabling safe, unattended operation. 

Economy 

The flow of cooling water is automatically controlled to minimise water usage. 
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Cyclon Pre-treated Feed Option 

Feeding the still with pre-treated water can eliminate the need for descaling of the still's 

boiler in hard tap water areas. 

All Cyclon Stills are supplied with accessories which enable the user to adapt from tap 

feed to treated feed supply. In this configuration, for economy, the treated water for the boiler and 

the tap water for the condenser are separated. 

The stills can be fed from the matching Cyclon Deioniser which is specially designed to 

provide quality pre-treated water. The deioniser is electronically controlled by the still's 

microprocessor to ensure optimum use is made of the deioniser's ion exchange capacity. 

Alternatively, the Cyclon can be used with pre-treated water from the user's own source. 

Suitable quality water includes reverse osmosis, deionised or purified water from a central piped 

supply. 

Cleaning 

Descaling is simplified by an automated cleaning facility requiring no dismantling of 

glassware. The highly efficient process requires little operator time. The microprocessor and 

thermistor controlled operation incorporates a dual flush program to ensure the Still is ready to 

return to normal service on completion. 

Cyclon Deioniser 

The Cyclon pre-Deioniser features a simple to read conductivity meter which indicates 

resin exhaustion and a separate outlet tap allowing users to draw off deionised water at any time. 

The Still's microprocessor controls the operation of the Deioniser to ensure the optimum use of 

purified water. 

The deioniser will typically provide up to 700 litres of purified water on 200ppm tds 

water. On exhaustion the resin can eithe! be regenerated or replaced by new resin. Replacement 

resin packs are offered to users should a local regeneration service be unavailable. 

Cyclon Reservoir Tank 

The 30 litre matching Cyclon reservoir tank incorporates a fast flow tap and a sight tube 

showing the contents of the reservoir. Distillate access ports are fitted on both sides allowing the 

reservoir to be sited either side of the still. 
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To ensure the highest purity levels are maintained, the reservoir features a polyethylene 

liner, vent filter and a cleaning access port. The electronic float switch shuts off the still on a full 

reservoir. 

All models are wall or bench mountable and are supplied with all necessary connection 

hoses. 

Specifications 

Model WSCOO4 WSC044 WSCOO8 

Output Capacity 
4 litres. hr-I Single 

distilled 

4 litres. hr-I Double 

distilled 

8 litres. hr-I Single 

distilled 

Pyrogen Free Yes Yes Yes 

pH 5.6 -6.0 5.6 -6.0 5.6 -6.0 

Conductivity IllS. cm-I <IllS. cm-I IJ.1S. cm-I 

Power Rating 3kW 6kW 6kW 

Tap Water Pressure 

(min-max)* 

70-560 kPa 10-80 

Ibf.in-2 

70-560 kPa 10-80 

Ibf.in-2 

70-560 kPa 10-80 

Ibf.in-2 

Tap Water Flow (min) 1 litre. min-I 2 litres. min-I 2 litres. min-I 

Dimensions (HxWxD)mm 750 x 300 x 380 750 x 490 x 380 750 x 490 x 380 

Weight 25kg 29kg 29kg 
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* Specifications are subject to change without notice. 

Ordering Information 

Catalogue No Output Power 
Dimensions WxDxH 

(mm) 

WSC004.MH3.4 4 LIhr Single 220V 3kW 300 x 380 x 750 

WSC004.MH3.7 4 LIhr Single 240V 3kW 300 x 380 x 750 

WSC008.MH3.4 8 LIhr Single 220V 6kW 490 x 380 x 750 

WSC008.MH3.7 8 L/hr Single 240V 6kW 490 x 380 x 750 

WSC044.MH3.4 4 LIhr Double (Bi) 220V 6kW 490 x 380 x 750 

WSC044.MH3.7 4 LIhr Double (Bi) 240V 6kW 490 x 380 x 750 

Accessories 

Catalogue No Description Capacity 
Dimensions WxDxH 

(mm) 

WSC900.RTB.9 Storage Reservoir 30 litre 300 x 380 x 750 

WSC901.PDC.5 Cyclon Pre-Deioniser - 300 x 380 x 750 

Available from: www.fistreemintemational.com 
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