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Abstract

Paim Fatty Acid Distillate (PFAD) is a by-product from palm oil refining,
which contains high free fatty acid. PFAD and methanol are used as materials to
produce biodiesel via esterification process by using sulfuric acid as catalyst. The
products consist of Fatty Acid Methyl Ester (FAME) and the contaminated methanol
(mixture of 65% unreacted methanol, 29% water and 6% sulfuric acid). The
contaminated methanol can be treated to recover pure methanol. The recycled pure
methanol will be used as a raw material in biodiesel production process. The recovery of
contaminated methanol was hypothesized to give economic profit and environmental
conservation. The purpose of this research was to evaluate the economic feasibility of
construction of methanol recovery plant during five year of study period and to compare
with incineration of contaminated methanol. The result showed that the construction of
methanol recovery plant yielded more economical benefit with one year pay-back period
and its net present value of 2,869,255.30 THB, while the incineration of waste methanol
cost 3,150,000 THB. In addition, the sensitivity of net present value was analyzed by
varying the costs of some parameters, such as cooling water, steam, electricity cost and
methanol purchase price in the range of 10% to 100% of their estimated values.
Amongst these selected parameters, it was found that the purchase price of methanol
was the most sensitive, while the electricity cost was the least sensitive to the net
present value. At the increase of methanol purchase price by 20 Baht per kilogram, net
present value increased by 4,925,372 Baht. At the increase of the electricity cost by 6
Baht per unit, the net present value decreased by 889 Baht. In environmental aspect
recycling and reusing of methanol reduced global warming by reducing the emission of
green house gas of 571,346.1 kg CO, equivalent. In contrast, incineration of
contaminated methanol the emission of green house gas of 2,292,710.4 kg CO,
equivalent.
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Funnuamiues, U uaznsadailasnainnisszimasaaasas Evaporator

pgai MeOH (%owt) Sulfuric (%ewt) H,0 (%wt)

1 64.1 6.5 294

2 65.6 58 28.6

3 64.9 58 293

4 65.1 6.5 284

5 65.5 58 28.7

6 64.4 6.5 29.1

! 64.7 58 29.5

8 65.9 5.2 289

9 64.2 6.6 29.2
10 65.6 55 289
\a@e 65.1 59 288
STDEV 0.80 0.67 0.36

STDEV A Andauideaiuusnngsgiuainnimaaed
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) anznszuadnuareanuanal

Name 1 D B

in2 | Reflux

Cond | Boilup

Rebhoil

Temperature | 35.00 | 64.61 | 1145
(C)

35.30

35.34 | 64.61

64.84 | 1145

103.7

Pressure 101.3

(kPa)

101.3 | 2026

976.5

476.5 | 101.3

101.3 | 202.6

202.6

Molar Flow
(kg Mole/h)

3722 19.17 | 18.05

31.22

3122 | 21.74

40.92 | 41.55

59.60

Mass Flow | 1000 | 611.9 | 388.1

(kg/h)

1000

1000 | 694.1

1306 | 893.7

1282

Volume
Flow (m?h)

1.138 | 0.7683 | 0.36%4

1138

1138 | 0.8714

164 | 098

1.349

b) esflsznevaaudnsineg

A19197 4-3

Composition

B

in2

Comp Mole Frac (Methanol)

0.9913

0.0555

0.5375

Comp Mole Frac (H,0)

0.0087

0.9107

0.4461

Comp Mole Frac (H,S0,)

0.0000

0.0338

0.0164
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ATile
Minimum Number of Tray 1.7770
Actual Number of Tray 173190
Optimal Feed Stage 9.5990
Tray Space (m) 0.1524
Tray Volume (m’) 0.2693
Tray Diameter (m) 15000
Weir Height (mm) 50.0000
Weir Length (m) 1.2000
Flow Paths 1
Condenser Temp (°C) 64.5600
Reboiler Temp (°C) 120.3000
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Nominal Q=Capacity (m*/hr)
Voltage Power 103]06]09(12|15]|18]|21
50 Hz Amp. | Hp | kW Total Head in metres W.C.

Single phase 230 | 12.5 | 2 (15|85 |80 | 75 | 70 | 65 | 60 | 55
Vv

A 45

o deve o G
wasun Mamsuilmannisaenuuy

Adiabatic Eff.
75.00%

[

Duty
0.37285 kW
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o deve .
nasun ldiugUnsallussuuvenau

atnsal waaauitld (kJh)
aautauLtas (QC) 1.446x10°
Fuaaaasd (Q) 1.628 x10°
uumuaa 1342.26
pngnaf 47

o a o dl ¥
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§18MS UINGAanUIs
lavihansaanasu 3Bar(un/au) 500.00
vnduguugd 7°C (uwlaua,) 20.00
A lnAans TOU (un/kWh) 3.00
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Aqandan

;3199 4-9
wansznuaas 1 kg Methanol sieszuvudsuanden

CML 2 baseline (Sima Pro 7.1, Amersfoort, Netherlands)

szinn
Awanaan UFnn uiag €(

Global warming 0.7575 | kg CO,

Ozone depletion | 1.42x107 | kg CFC-11
Acidification 0.0018 | kg SO,
Human toxic 0.0814 kg 1,4 DB

p9it 4-10
wansznuaes 1 kg Sulfuric acid seszuv@ewsnden

CML 2 baseline (Sima Pro 7.1, Amersfoort, Netherlands)

szinn
Aanaan UFna uiag €(

Global warming 0.08605 | kg CO,

Ozone depletion | 9.84x10° |kgCFC-11
Acidification 0.01565 | kg SO,
Human toxic 001754 |kg14DB




AN IL LN UHAN LN UADRILIAAANIDILNNIUDALALNTATAN QTN el
Tsunsn Sima Pro 7.1 iiatiun i Feuni e U anssnun anada NN naunIuaafag un i

waANIAAINNNINAR I laALma uanssamnisien 4-11

A 4-11

nansznufianasaasnisnau 1 kg Methanol sieszuudsiandes

szian
Awonday EE Tl wiag €(
Global warming | 0.7575 kg CO,
Ozone depletion | 9.171x10° | kg CFC-11
Acidification 2.31x10* kg SO,
Human toxic 0.05186 kg 1,4 DB

TUAIUNANTENUAINNITANSALNNIUAANTAALNITLEINIAELNALN AN

- o @ o a
WRausuiuLuan el un A UAULNN I URALAA9AIAN19N 4-12

A3 4-12
wansznuaes 1 kg Hazardous waste incineration sieszuvusndes
CML 2 baseline (Sima Pro 7.1, Amersfoort, Netherlands)

szian
Awonday EE Tl wiag €(
Global warming | 1.86 kg CO,
Ozone depletion | 1.05x107 kg CFC-11
Acidification 0.00293 kg SO,
Human toxic 0.215 kg 1,4 DB




fagaananmad 4-11 uapsuansznuiianasaesnisndu 1 kg Methanol
ann MeOH-ACId was mrse 412 uamasanssnuiiifatuainnnsuminans sausmlsisiu
fauuannelunisdanisseide WesanmsiAuAumiuealnenisnduumniueansa 1
Alanfu anunsnannisiasamfueulaeenlaminauwinle 0.7575 Alansu winsmininane
gazdunsa 1 Alansu inldinBunauansueulasenladifiaumin 1.86 Alaniy fagunan

A llAnniansenuseduanfanaaananglasanisanannig 2-1

Emission = AD x EF (2-1)
Tned
Emission = Pannunsunsnszanagaauandan (kg CO,e0)
Activity Data (AD) = saneuansitnansoun (Kg)
Emission Factor (EF) = #szavaiiauwin CO,Lq aeelsanniansitianson

(kg CO,eq / kg of AD)

Anaad 4-13
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sauans | Usunuaisaaan
N199ANNS (kg/Month) Tasans (kg) EF kg CO, eq
wnuasfiule -12570.87 -754,252.2 | 0.7575 -571,346.1

LNYinane 20,544.00 1,232,640.0 | 1.86 2,292,7104

a1nA13197 4-13 wansliiiudn nansenusiedsuandennaananyinsanig
U wwamemsuAuueadunsnannislantaesanfuaulaean o le 571,346.1 kg

CO, eq. usilunatdlansnisdaniienndniie inliAannsunsnszanais 2,292,710.4 kg

CO, eq.
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HANTTLILHUAUY UITLLNAUNNIUEA

A1AUN e EEGET) 1UIY e

1 Sunuen e W lunssussusied 515,532 | uwlfil

2 funusunnstaxiingatlsyant 5,000 | uwn/tl
598 520,532 | uwf1]
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dl dl [ a A o a dl 1 dl o a a
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AUA LA |

B, = yarmelfarnmendusmiuenalulli t

C, = yadmednslunendusmiuealuli t

t = mqixuumfummu@@;ﬁmﬂﬁ 0,1,23,.,n
n = argazuundusmiuea 51

i = §n9Anan
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(2) smsmanevununnelu (Intenal Rate of Retum : IRR) Ae snsaenited

o 1 6
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61 (Bt - Ct)
a g, IR =0 (4-2)
=0 100
AUA LA |
IRR = émnsuanauununigluy
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o
1
[ md

C = yaAsaarslunimnauumniuealuili t
t = angszuunduuniveaseusiln 0, 1, 2, 3,.,n
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anananauununely > dnsAnan uansinisasulufanisiinaduen
dnananauuunely = dnsaAnan uansdinisasyuluianisweidullls
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(3.) dmadaunanauunusiasiunu (Benefit - Cost Ratio ; BIC) e dnsdau
sundyadiilaqiinaeseldiuyadiaqiuaessganusunasnenylasang G9lgns
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AUA LA |
BIC = émsdunanauunustiasiungu
B, = yarmelfarnmendusmiuenalulli t
C, = yadmednslunomndusmiuealuli t
t = mqaxum@fummum%«wﬂﬁ 0,123,.,n
n = argazuundummiuea 51
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e

PB =Tfaunu - nanayunuilaqiiugasTnAuyy (4-4)

o Nl o |
nanaUinuiaqiureslnAuu - naneuuwnulaqiuseslinaunuyu

AUA LA |

PB  =szazinanpumu
4.43.3 uan1sAruInAULATHAERAS
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LAANIE5UN LAFaT)
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Taseoms SVIRIATA
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sztnnmsasnu [ WmAEs O aedwudldde @ anduuuazuase
LEWATTM (L) 700,702.00
mg'l_ﬂ'sam's Gl 5
L. i
mqlﬁsmaﬂiﬁqﬂﬂsmﬁ’]] 0
FIENIFFE5
T IR
_ . mstlfauuilag
FIHNFITE5L i /il =
LI 0TI % ARAI %
1. JEunmasmuaafAuld 1,762,272.00
2.
3.
4,
B.
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| [
LAANTNEIANFIRT]

o
sisazidsalasons

Tﬁ‘idﬂ'ﬁ (il VLR REITNLEAYILDATIZR

uSsn waalulafis
Lﬁumqmmm 780,703.00
aglassns @) 5

snisarldEn

2
. T I nstdasuuilag
F1ansA LT nn iy

a &
LWHTW Yo AARG %

A 4-8

| S
uanseaasalnaanlasenis

Total Cash Flow WACC = 8.00% TaxRate = 0%

FVC Acc. PV | wasauuwuikgm
(2+3) x(4)

siad7a G A% Tax | Hasauunugns DF
(1} (2) 3) 4)={1)-(2)-(3) 5)
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m

0 720,703 B 790,703 1.0000 (-

1 TEZETE 520,532.00 21 0.8259 421,374 58,056 25,857
2 TEZETE 520,532.00 25,080 918,660 0.8573 448272 243248 042,817
3 TEZETE 520,532.00 21 0.7938 413,218 571,618
4 TEZETZ 520,532.00 21 0.7350 2248382
5 TEZETZ 520,532.00 325,080 818,660 0.6806 823,864 | 1188373 184288 2,868,255 3,782,588




WUIE L1

NPV (1) 2,869,255.30 DPB (i) 0.93
IRR 113.30% PB ) 0.86
PI 4.63 BIC Ratio 2.45 AW 1) 718,623.51

MPY : Met Present Value IRR: Intermal Rate of Return B/'C Ratio: Benefit Cost Ratio
DFB : Discounted Payback Period PB : Simple Payhack Period AW : Annual YWaorth
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avatin et wnUszannigan s ldana lunisiea¥suasAnseszuy Tnasiandan

wazAussdBandeyaresinnas lulenis dayanananuaisng n-1

1379 N-3
Uszanousannenai
Sy | smms | Fan swazdEn | dwau | me1 | wiae | $Aneaw
1 | wanau Dia.l5mx3m 1
1.1 | Column Shell | SS400 |5'x10'x 12 mm 5 25 | wlnn 53,055
12 | Tray SS400 | 5'x10'x 6 mm 9 25 | ulnn 47,750
1.3 | Weir SS400 | 4'x8'x 6 mm 1 25 | wlnn 3,39
14 | Flange 2" $S400 | 2"10K 3 146 | u./3u 438
15 | Flange 3" SS400 | 3'10K 2 219 | u./5u 438
16 | Support SS400 | ImxImx25mm 1 25 | ulnn 4913
san | 109,989
A1319 n-4
szannusAIPaUALLEaT
&y | smms | Fan suazdEn | dwau | 9e1 | wiae | $Aneaw
2| Condendor Dia.12" 1
2.1 | Inlet Channel | SUS304 | 6mmx5'%10' 1/8usins | 1 3625 | whiu | 3,625
2.2 | Outlet Chan. | SUS304 | 6mmx5'x10'1/8usin 1 3625 | wliu | 3,625
2.3 | MeOHIn SUS304 | Flang 3' 10K 1 795 | w.liu 795




m1979 n-4 (ia)

seanniaAmIPauALLERT

gy | sems | dan | swesfen | 4weu | s | wian | siAnson
2.4 | MeOH Out SUS304 | Flang 2" 10K 1 530 | v/ 530
2.5 | Water In SUS304 | Flang 2" 10K 1 530 | v/ 530
2.6 | Water Out SUS304 | Flang 2" 10K 1 530 | v/ 530
2.7 | Tube Sheet SUS304 | Blind 12" 10K 2 6,030 | u/du | 12,060
28 | Chan. Flang | SUS304 | Flang 12" 10K 2 3,150 | w4 6,300
29 |Tierod A SUS304 | Tube 1/2" #40 4 1,310 | u/du 5,240
210 |Tierod B SUS304 | Tube 1/2" #40 2 1,310 | u/du 2,620
2.11 | Tube SUS304 | Tube 3/4" #10 49 1390 | w/au | 68,110
2.12 | Shell SUS304 | Tube 12" Seam #10 1 37500 | w/au | 37,500
2.13 | Buffle A SUS304 | 6mmx5'x10'1/4 weins 3 1,208 | u./gu 3,625
2.14 | Buffle B SUS304 | 6mmx5'x10'1/4 uein 3 1,208 | u./gu 3,625
2.15 | Gasket Kinger | wun 3 mm 1 usin 2 2700 | w/au | 5400
2.16 | Socket SuUS304 | 1/2" 3 50 | w/gu 150
2.17 | Chan. Buffle A | SUS304 | 6mmx5'x10'1/2usins 3 207 | ulay 1,250
2.18 | Chan.Buffle B | SUS304 | 6mmx5X10" 1/2usins 3 207 | ulay 1,250
2.19 | Cover Chan. | SUS304 | 6mmx5'x10" 1/4usiss 2 3,625 | w.lau 7,250
2.20 | Pipe In-Out SUS304 | Tube 2" SUS304 1 11,180 | w./iw | 11,180

CR N

187,195




A1919 N-D

ﬂixmmmﬁﬁmm@@%

&eu | sEms fan seEazdEn | Swou | e | wiee | s1anean
3 | Reboiler Dia.16" 1

3.1 | In-OutChan. | SUS304 | 6mmx5%10'1/8 wsins | 1 3625 | wlhiu | 3,625
3.2 | Channel SUS304 | 6mmx5'x10'1/8 wei | 1 3625 | wlhiu | 3,625
33 | Steamlnlet | SUS304 | Flange 2' 10K 1 530 | w./iu 530
34 | Steam Outlet | SUS304 | Flange 2" 10K 1 530 | w./au 530
3.5 | Bottom In SUS304 | Flange 2" 10K 1 530 | w./iu 530
3.6 | BottomOut | SUS304 | Flange 2" 10K 1 530 | w./iu 530
3.7 | Reboiler Out | SUS304 | Flange 3" 10K 1 795 | wliu 795
3.8 | Tube Sheet | SUS304 | Blind 16" 10K 2 24532 | wlau | 49,064
3.9 | Chan.Flange | SUS304 | Flange 16" 10K 2 11,085 | wfiw | 22,170
3.10 | Tierod A SUS304 | Tube 1/2" #40 4 1310 | wfiu | 5240
3.11 | Tierod B SUS304 | Tube 1/2" #40 2 1310 | w/aw | 2,620
3.12 | Tube SUS304 | Tube 3/4" #10 60 2,010 | wfau | 120,600
3.13 | Shell SUS304 | Tube 16" Seam#10 | 1 68,000 | w/iu | 68,000
3.14 | Buffle A SUS304 | 6mmx5'%10'1/4 wstw | 3 1208 | wlau | 3,625
3.15 | Buffle B SUS304 | 6mmx5'%10'1/4 wetw | 3 1208 | wlau | 3,625
3.16 | Gasket Kinger | wun 3 mm 1 usiu 2 2700 | wfaw | 5,400
3.17 | Socket SUS304 | 1/2" 2 50 | wliu 100
3.18 | Chan. Buffle A | SUS304 | 6mmx5'x10'1/2 weiw 3 2417 | ulgu 7,250
3.19 | Chan. Buffle B | SUS304 | 6mmx5'x10'1/2 weiw 3 2417 | ulgu 7,250
3.20 | Cover Chan. | SUS304 | 6mmx5'x10'1/4 weis | 2 5590 | w/au | 11,180
321 | PipeIn-Out | SUS304 | Tube 2" ema 6m. 1 7250 | wlau | 7,250

CR N

323,539




m19149 N-0

Uszannumanlaseaing

Sy | smms | Fan swazdEn | dwau | 9e1 | wiae | $Aneaw

4 | Support

4.1 | H-Beam SS400 | 150x150x3L5kgim | 7 4725 | vlau | 14,175

42 | I-Beam SS400 | 100x75x12.9 kg/m 6 1935 | whiu | 5805
sau | 19,980

F11379 N-1
ﬂixmmmmﬁﬂLLNLL@zimz%uLﬂﬁm

Sy | smms | San suazdEn | dwau | A1 | wiae | $Aneaw

5 | Ausedaug

5.1 | vuas 80,000

5.2 | vwfinsia 20,000

53 | sanau 50,000
san | 150,000

miﬂinﬁumwﬁmmmﬂmmf

annistlszanausaisuneaaiusaisaaaa 190,703 uam aaldiilusiuyulu
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