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ABSTRACT

The Development of Small-Scale Palm Oil Refinery was carried out
as a further study of downstream palmoil processing under the Royal Project
for Small - Scale Palm 0il Industry, Prince of Songkhla University. The
project was supported by the National Research Council. Main Objective of
the study was to develop a small-scale palm oil refinery with a limited
production capacity of 2 tons per day and to develop value - added products
uwtilized from soap stock, fatty acid, and RBD stearin so that the refinery
can be commercially operated by small-holder’s cooperatives. The first step
of the study was the engineering design of the process and main equipments.
After the completion of machine installation, the refining processes
were carried out for both physical and chemical refine. Results of
the experiment showed that the production cost of physical refining was

comparatively lower than chemical process. washing powder and shortening/

'* hagarine were successfully produced from soap stock/palmn fatty acid

distilled (PFAD) and RBD palm stearin respectively. An economic analysis
for 15 year period under certain assumptions was made and the Internal
Rate of Return (IRR) was 9.16 % for chemical refine and 19.32% for physical
refine. Furher analysis showed that the IRR when the production of washing
powder and shortening were jncluded in the physical refining . process was
28.46 % which is higher than the selected MARR (25 %). Therefore, it can
be concluded at this stage that this refinery might be commercially
operated by small-holder’s cooperatives. However, the further improvement
for physical refining such as the vacuum system and the deodorizing/
deacidifying system, would be recomnended. In addition, the splitting of
crude palm stearin in small-scale for oleochemical applications should

be attempted for further study.
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. CPO (Crude Palm 0il) W ANRY

CPKO (Crude Palm Kernel 0il) S e ey

RBD (Refining, Bleaching, Deodorizing) Palm 0Oil ﬁnﬁuﬂwéunﬁun%zgné

PFAD (Palm Fatty Acid Distilled) n7ﬂ1ﬂﬁunwnﬂ73u7uﬂ11ﬂ§uuunﬂ18n1u

IRR (Internal Rate of Return) HaRdBUULYUNTITARINU

NPV (Net Present Value) HadwﬂagﬁunaaTﬂsqnnﬁ

MARR (Minimum Attractive Rate of Return) uamauuﬂunﬁﬁaoguﬁﬁgmﬁg41a1ﬁ§ﬂ11

ao*gu = 25 %
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YEAR

1
?
]
{

10
11
12
13
14
15

61’1‘3’1\1'?; 8.4 ECONOGHIC ANALYSIS OF SHALL SCALE

INTERNAL RATE OF RETURN

2,760

INVEST CPO(tons) RN Cost fC

£.057918 138,000
62.400
28.000
28,000
28,000
828.000
28.000
28.000
828.000

428,000
828.000
828,000
28.000
828,000
828.000

PALK OIL REFINERY (CHEHICAL REFINE)

UNIT (HILLION BAHT)

1150 352133 1340.00 2.4

ADK¢0H ¥

1.5870°1.285285 0.160800 0.303365
1.6176 1.285285 0.402000 1, 456154
§.5220 1.285285 0.402000 1.820192
§.5220 1.285285 0.402000 1.820192
9.5220 1285285 0.402000 1.820192
9.5220 1,285285 0.402000 1.820192
9.5220 1.285285 0.402000 1,820192
9.5220 1.285285 0.402000 1.820192
9.5220 1.285285 0.402000 1,820192
9.5220 1,285285 0.402000 1,820192
§.5220 1285285 0.402000 1.820192
9.5220 1.285285 0.402000 1.820192
9.5220 1.285285 0.402000 1,820192
9.5229 1.285285 0.402000 1,820192
9.5220 1.285285 0.402000 1,820192

Price  26.00  12.00
118 0.00
0.11 0.65 0.38

PRODUCTION (tons)
RBO PO RBD Olein Stearin

20,00
3.3

SHORT

Baht/kg

IRl

122,820 79.8330 42.9870 0.0000 122.82

589.536 383.1984 206.3376
736920 478.9980 2579220
136.920 478.9980 2579720
736,920 478.9980 2579220
136.920 478.9980 2579220
136.920 478.9980 2579720
136920 478.9980 257.9220
136.920 478.9980 257.9220
136920 478.9980 2579720
136,920 478.9980 257.9220
136920 478.9980 2579220
736920 478.9980 2579220
736,920 478.9980 2579220
136.920 478.9980 2579720

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0..0000

0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

589,536
136.92
136.92
136.92
136.9
136.92
136.%2
136.92
136.92
136.92
136.92
136.91
136.92
736,97

2.00

TriCon

0.245¢
11791
1.4738
14738
1.4738
1.4738
1.4738
1.4738
1.4738
1.4738
L4038
1.4738
1.4738
1.4738
1.4738

TL-C0sT

3.5821
11.9401
14.5033
14,5033
14.5033
14,5033
14,5033
14,5033
14.5033
14.5033
14,5033
14,5033
14,5033
14.5033
14,5033

TOTAL  PROF | Het Prof
REVENUE

25915 -7.04851 -7.0485¢
12,4392 0.49910 0.49910
15,5490 1.04569 1.04569
15,5490 1.04569 104569
15,5490 1,04569
15,5490 1.04569
15,5490 1.04569 1.04569
15,5490 1.04569 1.04569
13.5490 1.04569 0.888840
13,5490 1.04569 0.888840
13,5490 1.04569 0.888840
135490 1.04569 0.888840
15,5450 1.04569 0.888840
15,3490 1.04569 0.731985
15,5490 1.04569 0,731988

1.04569

104549

BUES Yal

22.00

IRR Py

9.16% 7.04709

<t - 8



#1397 B.6  ECONONIC ANALYSIS OF SWALL SCALE PALK OIL REFINERY (PHYSICAL REFINE)

INTERKAL RATE OF RETURM

2.760

YEAR  INYEST CPO{tons) RM Cost

I 6,057918 138.000

2 662.400
j 828.000
{ $28.000
5 28.000
§ $28.000
1 28.000
g 28,000
g 28.000
10 828.000
1 828.000
12 28.000
13 $28.000
14 28.000
15 28.000

URIT (NILLION BAHT)

10,50 3521.33 134000 2.2

FC ADHHOR ¥

1.5870 1,285285 0.160800 0.281851
1.6176 1285285 0.402000 1.352886
9.5220 1,285285 0402000 1.691107
9.5220 1.285285 0.402000 1.691107
9.5220 1.285285 0.402000 1.491107
9.5220 1.285285 0.402000 1.691107
9.5220 1.285285 0.402000 1.491107
9.5220 1,285285 0.402000 1.691107
9.5220 1.285285 0.402000 1.691107
9.5220 1,285285 0.402000 1.691107
9.5220 1.285285 0.402000 1,491107
9.5220 1.285285 0.402000 1.691107
9.5220 1,285285 0.402000 1,691107
9.5220 1.285285 0.402000 1.691107
9.5220 1.285235 0.402000 1.691107

26.00 12,00
[ 0.00

Price

0.08 0.5  0.35
PRODUCTION (tons)
R8O PO RBD Clein Stearin

126,960 82,5240 44,4340
609,408 396.1152 213.%928
761760 495.1440 266..6160
761760 495.1440 266.6160
61,760 495. 1440 266, 6160
761760 495.1440 266, 6160
T61.760 495.1440 266..6160
761,760 495.1440 26,6160
761,760 495.1440 26,6160
761760 495.1440 266..6160
761,740 495.1440 2666160
761.760 4951440 266..6160
61,760 495. 1440 266..6160
761.760.495. 1440 266..6160
61,760 495.1440 266.6160

20.00
LY

SHORT

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
6.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Baht/xq

Lt

126.9¢

609.408"

761,76
16176
761,76
161,76
161,74
161.74
161,76

161.7¢

161.7¢
T61.7¢
161,74
161.76
161.7¢

2.00

TriCon

0.25%9
1.2188
1.523§
1.5235
1.3235
1.523§
1.5235
1.5235
1.5235
1.5233
1.5235
15235
1.523%
15233
1.5235

TL-C0ST

3.5689
11,8766
14,4239
14,4239
14,4239
14,4239
14,4239
14,4239
14,4239
14,4239
14,4239
14,4239
14.4239
14,4239
14.4239

TOTAL  Profit Net Prof
REYENUE B/F Tax

2.6789 -6.94192 -6.94192
12,8585 0.98192° 0.98192
16,0731 1.64922 1.64922
16,0731 1.64922 1.44972
16,0730 164922 1.64902
16,0731 1.64922 1.64972
16,0731 1.64922 1.64922
16,0731 164922 1.64922
16,0731 1.64977 1,401839
16,0731 1.64927 1.401839
16,0731 1.64922 1.401839
16,0731 1.64922 1.401839
16,0731 164922 1,401839
16,0131 1.64922 1.15445
16,0731 1.64922 1.154456

GUES Yal

12,008

IRR HPY

19,328 6.94758

€T - 8
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(1) ﬁugunaﬁ = . 1,887,287
(2 fuminulsniul i = 1,691,107
(3) sunuIngeu = 9,522,000
(4) éupuuﬂsgﬂuo%nﬂaﬂ

22.00 x 993 x 300 = 6,563,800
(5) fumuiisgiiues?

4.40 x 1,481 x 300 = 1,954,920
(6) ANTURILALATINITAMG

2.00 x 3,532 x 300 = 2,119,200

(7) ALTINUUITNYBNLAY L U812
3 x 3,500 x 12

126,000

o by = 23,654,314
8) 7ela
- SdndsTacamu
26.00 x 1,068 x 300 = 8,252,400
- usdmian
25.00 x 993 x 300 = 7,447,500
- ugEn
23.00 x 1,481 x 300 = 10,218,900
e le = 25,918,800
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R Rt 5-6 .ECONOMC ANMYSIS- FOR  SMALL - SCALE PALKOIL REFINERY WITH YALUE ADDED PRODUCTS

INTERNAL RATE OF RETURN

2,760

UNIT (NILLION BAHT)
1150 3821.33 1340.00 .22

YEAR  INVEST CPO(tons) RH Cost FC ADNHOH [8

1
2

6.057918 138,000
662,400
828.000
§28.000
828.000
§28.000
828.000
828.000
828.000
828.000
828.000
818,000
828.000
828,000
828.000

1.5870 1.285285 0.160800 0.281851
1.4176 1.285285 0.402000 1.352886
9.5220 1.285285 0.402000 1.691107
9.5220 1.285285 0.402000 1.69110
9,520 1.285285 0.402000 1691107
9.5220 1.285285 0.402000 1.691107
§.5220 1.285285 0.402000 1.691107
9,5220 1.285285 0.402000 1.691107
9.3220 1.285285 0.402000 1.691107
9.9220 1.285285 9.402000 1.691107
9.5220 1.285285 0.402000 1.691107
9.5220 1.285285 5.402000 1.491107
9.3220 1.285285 6.402000 1.691107
9.5220 1.285285 9.402000 1.691107
9.5220 1.285285 ©.402000 1.691107

Price  26.00 25,00  23.00 Baht/kg
¥C 22.00 4.40

0.08  0.4167 0.3911 0.5833
PRODUCTION (tons)
RBO PO RBD 0leinOETERGENT  SHORT 1L L

126.960 52,9042 49.654{‘ 1;.0558 176.6140
609.408 253.9403 238,3395 355.4677 8477474
T61.760 317.4254 297.9243 444.3346 1059.684
T61.760 317.4254 297.9243 444.3346 1059.684
T61.760 317.4254 297.9243 444.3346 1059.484
T61.760 317.4254 297.9243 444.3346 1059.684
T61.760 317.4254 297.9243 444.3346 1059.684
T61.760 317.4254 297.9243 444.3346 1059.684
T61.760 317.4254 297,9243 444.3346 1059, 684
T61.760 317.4254 297,9243 444.3346 1059.684
161,760 317.4254 297.9243 444.3346 1059.684
T61.760 317.4254 297.9243 444.3346 1059.684
T61.760 317.4254 2979243 444.3346 1059.684
161,760 317.4254 297.9243 4443346 1059. 684
T61.760 317.4254 2979243 444.3346 109,484

2.00

TriCox

0.35%2
16955
21104
2110
21194
2119
2110
2.1194
21194
2119
21194
2.1194
21194
21194
21194

Nages

V-4 Prod.

0.042
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0.126
0,126
0.126

TL-C0ST

5.1284
19.2868
23,6552
23,4552
23,4552
23,6552
23,6552
23,4582
23,6552
23,6552
23,4592
23,6592
23,4552
23,6552
23.6552

TOTAL  Profit Net Prof
REVENUE Before Tax

4,3201 -6.86817 -6.84617
20,7387 1.44990 144990
13.9209 2.26510 2.26570
25.9209 2.26570 2.26570
25,9209 2.26570 2.26570
25,9209 2.26510 2.26570
25,9209 2.26570 2.26570
25,9209 2.26570 2.24570
25,9209 2.28570 1,925841
15,9209 2.26570 1.925841
25.9209 2.26570 1.925841
25,9209 2.26570 1.925841
25,9209 2.26570 1.925841
25.9209 2.26570 1.585986
25,9209 2.26570 1.585984

8UES Yal

22,008

IRR KPY

28.58% 6.80584

ST - 8
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4.1 Fmaiaty
4.1.1 &
Hnw¥mimz i anqzee it rduas sl sim
4.1.2 nduuazd |
Andunazrdnnilimuz anizvesiituindureniszum uazhestiindui
nImadau it Inun1IATIaRila
4.2 eau¥mmzviaidnduaniasdl
Wi Tutumnmnsat 1 .
4.3 asflssneunasInsaiuiiu
Wi Futummmrsaed 2

nnadeulinifiidnan IUPAC(1979) #a 2.301 uasta 2.302



a9 1 sdmmoniaRdnduasniaiad

(99 4.2)
R tmr'rﬁr‘mun wadeu
n1 s dnd | il iddteddua g suld
sssugd | emntandd | oledt 1 il 2 "~
1 {Arunuunuisdmd (relative density) E 50/20 saf i val Bus 0.891 ds 0.899 CAC/RM 9
2 Mﬂﬁnm (refractive index) # no 50 asnivadus 1.455 4 1.456 IUPAC(1979) s 2.102
3 |9nqu ek ol dud Win*un Wntmun Witu 6 | Wi 10 AOCS Cc 6-25
a |iwazdrritsziweti ﬂmaﬂ 105 asrideidud Fauaz Tmniitmiin
‘lmﬁu . 0.2 0.2 0.2 0.2 TUPAC(1979) ta 2.601
5 |Adduittinzaw (insoluble impurities) Yewasimgitmiln tndu| 0.05 0.05 0.05 0.05  [IUPAC(1979) Ba 2.204
6 |A11atsfu wniad (iodine value, Wijs) 50 d4 55 50 #4 55 [uienna1 60 | 55 fla 60 |TUPAC(1979) %8 2.205
7 |a1dswailRia¥u (saponification value) Nadn¥uTmundl ,
1m:an\ﬁma§oema 1 n¥u 190 #3 209 [190 #s 209]190 #4 209 190 4 209 [IUPAC(1979) Ba 2.202
8 ﬂ‘l?ﬁﬂ"naﬂﬂ‘mhﬂn (unsaponifiable matter) n¥Yuma¥7at19
1 #tan¥y i 12 12 8 10 IUPAC(1979) ®a 2.401
9 |A1pedns (acid value) dadn¥utwind: Satznyanish
ae¥ae81a 1 n¥u Wit 4 0.6 0.6 0.6  [IUPAC(1979) Ba 2.201
10 [aunefeenieh (peroxide value) dadnYusmgyninaieanivh ‘
sanBLsunadaenna 1 Atan¥u niu 10 16 10 10 TUPAC(1979) e 2.501
11 jsy TeuasTamitwiin iy 0 0.005 0.005 0.005 CAC/RM 13
12 |imwnisitu (beta carotene) Nadn¥umsfiian¥uy 500 #4 2 000 | Wn'mua | ‘Lin‘mus tun'mus  [AOAC(1984) ¥a 43.008
datie 43.013
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wian uFeuas
714017 xnmﬁdnﬁuun
nsntuli udhnldusTsugRuas | indhnfutediu
# il duruns su3d arunssuid
1 nimaein (lauric acid) Wi 1.2 Wi 1.2
2 nialudadn (myristic acid) 0.5 &4 5.9 0.5 fla 5.9
3 nIa1iAn (palmitic acid) 32 fa 59 32 84 59
4 nyan1allinddn (palmitoleic acid) auna1 0.6 {isena1 0.6
5 niasdifudn (stearic acid) 1.5 ds 8.0 1.5 da 6
6 n1ataddn (oleic acid) 27 4 52 35 fa 52
7 nta1atuddn (linoleic acid) 5 4 14 10 fa 16
8 ntalatudln (linolenic acid) ‘lﬁlﬂu-l.S Wit 1.6
9 nyras18fn (arachidic acid) ‘Wit 1.0 Wi 1.0

-
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P |
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5.1.1 taruaisiu (beta—-carotene)

5.1.2 #ulnin (annatto)

5.1.3 1aafdulu (curcumin)

5.1.4 uAunUYUME (canthaxanthine)
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7/ /
a8 T-8-uninils (beta-apo—-8-carotenal )
7/
LaMauazL eftal st AT uaInsaiinT-as T1-8—-un T Tudn (methyl and ethyl ester of

7
beta—-apo—8-carotenoic acid)

5.2 d178udu (antioxidant)

01 dd vty WM B wiin muatieatievi o eRa il

5.2.1

5.2.2

5.2.3

5.2.4

5.2.56

5.3.1

Ingha sanila uasiniadaunaian (propyl , octyl and dodecyl gallate) ap191n
atianlawdasatutaliu 100 Dadn¥unad ian¥y

n1nadauinidtifnw IUPAC(1979) B 2.621

fafiaian tonsani ingdu (butylated hydroxy toluene) M?ﬂél?ﬂnﬁuiﬁ il ail
(BHT) aRiaian 1oatanflazilise (butylated hydroxyanisole) u?aﬁt?snﬁu51
fhedia (BHA) uasinedi@u? Dofa 1rmAdTuu (tertiary butyl hydroquinone)
wiaiFuntuin i agi (TBHQ)  atnatees vl awdesaulutiiiu 200 NadnYuna
Atan¥u

nemadeuliniitidnm TUPAC(1979) Ha 2.622 wniuitii atdimedeunuile 11.2
d19nanunat ansauttuil adi ewd el anil ua:/u?aﬁﬂ(aﬁﬁs%aaiﬁtﬂu 200 Dadn¥una
Atan¥u usdrswanunalanRaslaifu 100 dsdnYunedtantu

nsvedeuLnidtidn o TUPAC(1879) He 2.621 uasBe 2.622 wuniSuiili atdlimeden
Awba 11.2

Banafda wialine  (ascorbyl palmitate) uasHdanaida diduien  (ascorbyl
stearate) ai1aimatinawiewiaraututiitu 500 Andn¥umadianty
nsnadeuinitidnwle 11.3

iniaftea (tocopherol) WMABUYT LW w1z

5.3 d1718Tugmddnsliuily (antioxidant synergist)

nindninuazigiAmiBinge  (citric acid and sodium citrate) M1HluuIywil

(7 b V]
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wuagi thuladn¥unei tan¥u
lnmﬁdﬂﬁuun
$H01Y grnhudeu | wiuind | s uns s 3nadau
i sTINgd | uasituhulndutadsy A
HUNTTUIT
1 tMan 5 1.5 CAC/RM 14
2 | dmy 0.1 0.1 AOAC(1984) tia 25.048
uazda 25.049
3 NaIUNY 0.4 0.1 AOAC(1980) ma 25.044
flane 25.048
AOAC(1984) ta 25.066
| flstie 26.071
4 | ez 0.1 | 0.1 | aoac(1984) #e 25.119
flata 25.129 uaztie 25.114
flatia 25.118
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11.1.1.1 ﬁﬁﬁuﬂ1éudﬂﬂu1ﬂu7§q1ﬁtﬁu 1 gnurdniediung Wnadeuilguugd 30 + 2 aedn
Ldaudud Tauuriduaelung uanAa AT s ulanitiati iR tuense y
4n 10 uait s wuIu RS .
11.1.1.2 Ifuadidouneussaidu 1 gnutdhadiuns Wnedeutauidtalmtin - winaw
wuuudims udausavnifuang
11.1.1.3 ﬁﬁﬁuﬂﬂéuéﬂanﬁnﬁotnaoﬁauiqﬂuqmugﬂﬂnﬁ Wuptifewtae 11.1.1.1  wieta
11.1.1.2
11.1.2 umiingnd
1ﬁwaaauin33%éaﬁqaé1a§4nnﬁu:ussauﬁaﬁnauﬁanﬁﬁuﬁnnnﬁu:ussaLuéﬁ
1.2 il agfia
11.2.1 (ninade
11.2.1.1 ngasusnmuA 200 uaz 500 gnuidntdudiung
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200 teudluns  usTIRIHTATTudeTy W puie 150 da 180 ‘umsau fa1 adeutian
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§utan§uua§a (injection port) 250 aadLdaldud war¥As s nanesiig
uiasiau 35 gruadnt dudiunssauil
11.2.1.3 taéaas:tﬁsuuuuqu (rotary evaporator)
11.2.2 d15iad drgazamuazifiaiun
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11.2.2.4 m'sa:mﬁua;'tmmnntﬁu—taﬂauaitm 99 + 1

11.2.2.5 d1sazauidiAuunaalsd 20 n¥umagmuidni adlams




1.288-2535

11.2.2.6 aﬂsa:a1uuﬂnsaﬁuﬂﬂtaﬁﬁ1 1 000 1u1ﬁ1n¥uﬁaanu1ﬂﬁtﬁuﬁtuﬂs
azawiiiLadda 100 Sasnduiut alauadina 100 QruAnL BudLuAs
11.2.3 N19LASHNNS ARSI Y
ﬁ%ﬁtﬂﬂéﬁﬂaﬂsa:anﬂu1ﬂ751uﬁﬁtaﬂﬂa 02468 uar 10 anu1ﬁnlﬁuﬁxuﬂsﬂaﬂuu1n
ufaUfumssue 10 Qnﬂﬂﬁﬁtﬂuﬁtuﬂs 6 1uﬂ1uaﬁﬁh ¢ At aitauad i nasudadafunnas
jadnsazaty 0.004 anuﬂﬁﬁtﬂuﬁtuﬂs (4 WinTdnT) q1nuﬁa:vaﬂtﬁwtﬂéaQHwﬁﬁﬂﬁﬂ
TATNIINNT M Lﬂﬂuns1ﬂu1ﬂ15ﬂu1:u51qﬂa1uﬁenaqaan (peak) vthilediung Mnlduw
fiLazgds (Thuladndu
11.2.4 3inadau
Ba¥revnauszum 5 n¥a s mielinfutiuey ara 1 luAITATAHUBTUNAL BN L Bu-1 oA
wodiwe (¥ 11.2.2.4) 25 pruadniguRLuAs dEtdnsasunBuIR 200 gnuIAn
L BuUALUAT tﬂuawsa-aﬂﬂiﬂtnmuﬂaa1sﬁ 100 Qnu1ﬂntﬁuﬁtuﬂs gy 5 U uﬂngu
{fasn aliegndn 2 a¥4 11uﬂuuﬁ101unsauuunuu1a 500 anuﬁﬁnlﬁuaxuns uﬁﬂuuﬁﬁuﬁ
aﬂwﬁaﬂawsa:aﬂﬂuafuuatﬂntﬁu—taﬂauaﬂtwﬂ (te 11.2.2.3) 2 afa a¥aaz 160
QAN sudLums Lo 5 u sududrrazaidiuniagnuiia  LRuueulEadd
Tﬂlaﬂnﬁalﬂﬂ\%ﬂﬂﬁﬁﬁ nsaeu%vuﬁa1sa:a191ﬂs:tnﬂﬁqwﬁaza1uﬁoﬁtﬂéaqsztuﬂuuuuuu
L adasfain (water bath3'dqmuqﬂ 60 pedtigatdud  Wiuda 5 gnunAnLBuAiueT
uﬁqﬁna1sa:a1ua 0.004 gnuIRnLBuRLNAT t%1&ﬁéﬂ&ﬁﬂﬂﬁﬂ%niﬂsuninﬂiﬁﬂ AUAMN T
SSuraiiil egda3anng MisgFeu Auufuns MR U -
11.3 Hdnpiila wisling
11.3.1 tafasle
11.3.1.1  adaBoiBathazt duadla 0.01 fadn¥x
11.3.1.2 Lﬂéﬂdﬂ#ﬂtﬂ%ﬂd far w132 2 500 yeunaui ﬂ“ﬂﬂﬂﬂuﬂlﬂéﬁdﬁuﬁﬂ 50 gmuen
L BuALATHT BRIUAD
11.3.1.3 15lﬂagﬂﬂfuuuﬂﬁﬂaﬂTﬂiuﬁiwniﬂﬂ(high performance liquid chromatograph)
éaﬁdussqﬁaaéﬁaﬂuﬁﬁ 0.02 Qﬂﬂﬁﬁﬁtﬁuﬁtuns (20 A41) uazﬁﬁaﬁuﬁuuﬂntﬁudﬁu
guinaraniely 4.6 dadiuns 811 25 gudiuns ussgRaniasiineudisedh

(chromegabond diamine) wu1m 5 WIATIUAY

_10._



11.3.

11.3.

11.3.2

11.3.

11.3.

11.3.

11.3.3

11.3.4

11.3.5

11.3.

11.3.

11.3.

uan. 288-2535

1.4 lﬂéﬂdnﬁuﬂﬁﬂuqu (vortex mixer) M?ﬂﬁﬁﬁéﬂdtuﬂﬂzau

1.5 iafaatiain

drriad drrazatuuasitiafu

2.1 1ammues iufpmw‘imm‘mnﬂﬂn

2.2 d198Tangndy ‘
pen T UL VAN TunaL Snmled Hatiided 0.02 TuamagnundnL aBians it
nsA-A19 3.5 fuamuaaludagidau 30 @ 70 TamliSuang

2.3 Banasila wrdilina  HFuguamiiuievwnfeiendd  (National Formularly, NF or
Food Chemical Codex, FCC)

N5 ATEdITATAEHIaH

Waaagaalrzum 1 o¥u s wiiwlinfuuey Wéﬁuuaanuyutu%ﬂq Aulumiuaa 20

QMR L UL uas ﬂﬂqnuﬁauau1ﬁtﬁﬂﬁuﬁqutﬂéaauauuﬂu 1wt eafindaatne udads

uﬁt§1tﬁéaauuutuéﬂaﬁﬁ11ut?q 2 500 sousound umm 5wl Wi lBuLImEatd

wanai tuRa s 32319 a1auﬁ1¥1nutﬁutuwﬁuaaqu1§a11a:aﬁudﬂﬂoﬂutﬁuﬁuﬂszuﬁm

10 uinsn¥unagnudnL sudiuns
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Yabanasla widdinmiiEimtin 10 ReAntamed  azatsuasvnii Jaarekauiamuaa

quilnaw Bty 10 W iasn¥unagnuadit guiiuns

Ionedau -

5.1 nwdrsazai¥iienny 0.02 gnuadAnLBudiuns Vi adaa e nadnaTundanin
Insurinns M udala (eluted) Rapdrgazaruwdn (Y8 11.3.2.2) Fiwanuday
¥ar 3 1.0 grutdii sudiunsaeui

5.2 URtiRdulduatiufia 11.3.5.1 TautBdrsasaimuinsgm(da 11.3.4)umudsazans
¥ra919
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TUMITBUAN TR WTBIFBFNTZUMUNTT  UAENNTIOANIT NI WIINET Tn TRaNTn
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uwﬁagaLﬂaﬂuwﬂﬂﬂuamtuaaaﬂuuuLnaﬁuaaaﬂa uaxﬁuﬂﬂﬁaewuanﬁtuﬂiauw (7NAT

o la ¢
NIRRT UL L NATIABNTER

. (M DNUsnnYy (Degumming Tank)

Jacketed tank

- heat transfer area,

A = 7 (95.4) (150)+(95.4) = 65;4)24,302
2 2
= 5.34x10% cm?
= 57.48 ft?

- heat transfer coefficient, U = 40 BTU/h - ft® °F
- Specific Heat 483 Thermal Oil, C
= 0.526 BTU/Ib °F®
- Specific heat 183 CPO, ¢ = 0.55 BTU/Ib °F "
- viwikn CPO luds, M = 15001 x 0.92 kg
A

= 1380 kgs

= 3042 Ib.
- Thermal oil inlet temperature, T1 = 300°C = 572°F
- CPO inlet temp, tl = 25°C = 77°F
- CPO final temp,.t2 100°C = 212°F




faMua (el heat CPO 3 n 25°C fa 100°C,
© = 20 Wi < | hr.

3
non-isothermal heating medium
K-factor = UA/WC v
= %0(57.48)/W(0.526)
= MW
In | T1-t1 = WC K-1 (S]
T1-t2 MC K
In | §72-77 |= W (0.526) egw-l (C]
| 572-212| (3042) (0.55) e‘w"l

6 = 1013 ¥7V/W

W (BT

#6 = 1hr, W = 5,600 Ib/hr.
3

42.3 kg/min.

(1) d9vana (Bleaching Tank)

Jacketed tank, non-iso thermal heating medium

A = x(77.7) (180) + w(77.7)JQ7.7)2+(20)2

| 2 2
= 4.971x10* cm? = 53.03 fi2

U = 40 BTU/h. ft? °F

C = 0.526 BTU/Ib °F

¢ = 0.55 BTU/Ib °F

‘M = 1,100f x 0.92 kg = 1,012kg = 2,231 Ib

; 4
T1 = 300°C = S72°F

tl = 25°C- = 77°F



Yaafl 1 tﬁuqmv\qﬁmh 25°C 19 80°C udu@inunavani
tl = 25°C = 77°F
t2 = 80°C = 176°F
nMvua © = 11 wn = 0.181 hr.
¥aafl 2 w‘v'uqmvsqﬁmn 80°C &3 115°C
tl = 80°C = 176°F
t2 115°C = 239°F
fiwua © = 0.141 hr. (9 u)
W W lugaeft 1 ity W lugaefi 2

i

K - factor =

c40(53 .03)/ W(0.526)
= H3/W
v d
¥IIMN 1 .
In| 572-77 | = 0.526W B/W 11 g
572-176 2231(0.55) e3033/W
O = 520.45 4033/W
W (B
W = 5,600 Ib/hr
Y 2 '

In [ 572-176 0.526W [e‘“’”/“’-l e}
572-239]  2231(0.55) L e033/W
o 404.25 ¢4033/W
W (e4033/w__1)
W = 5,600 Ib/hr
W 2 71 W = 5,600 Ib/hr.

I




(R) ﬁjﬁﬂnﬁuuazuﬂﬂmsl (Deodorization and Deacidification Tank)

AU L NEIUENTY

Jacketed Tank, non-isothermal heating medium
filalanw: heat 31N Thermal oil

A = 57.48 ft?

U = 40 BTU/h-ft?

C = 0.526 BTU/Ib °F

¢ = 0.55 BTU/Ib °F
M = 1000} x 0.92 kg = 920 kg = 2028 Ib
L

Tl = 572°F (300°C)
tl = 25°C .= 77°F
2 = 250°C = 482°F

6 =12hr

kK = eBTUW

In 572-77] = 0.526W BTV e
572-482| ° 2028(0.55) W

6 = 3615 M7V
S. W = 5,600 Ib/hr.
.. Hot oil 'N%fﬁ‘ 1 (Degumming, bleaching)
= 423 4+ 423
= 84.6 kg/hr
Hot oil 'Jwﬂ"ll 2 (Deodorization, Deacidification)
= 42.3 kg/hr

° < X »
) ﬂ’l?ﬂm‘nﬁuﬂﬂﬁadﬁm&‘lﬁﬂu

1. Fvmnueniauaziana
- AYEILNYULINEBITEUINA
. X
-magde2urn = 20 LE3

t 7 L] x ar .
- #8498 90" UM 2 U2 9 §3 ANTIILNTULM

1.6

LURT/60



e AuEITN = 1.6x9 = 14.4 L1807

- FUMNITUIN 2 T2 WA 5§ ArenaTieuLin = 4 LRI/
L AauEnT = 4x5 = 20 L4973

- 315aﬁsegﬁwnu1ﬂ 2 % WM 6 #1 erwELTEON

= 10 Lue1T/87

L AuEn T = 6x10 = 60 L3
JLATNENILAEUIMT = 14404 L399
- B msinaluna = 85 AeT/uMm
awLse, v = Q |
A
\ie A = 21.7 cn® (Parue 2 1)
v = 85 x 1,000
21.7 X 60 x 100
= 0.65 1ueT/um
- usdugy Jeluria,
h, =AL V
D 28
i - N = 2(0.02 + 0.0005)
D
= 2(0.02 + 0.005) )
0.05
= 0.06
h_ = 0.06 x 114.4 x (0.65)"
0.05 2 x 9.81
= 3 Lues
- usqﬁuﬁqnuﬂ, H = h +h + V/eg
L h_ = STAUANNTAINE = 1.5 LIMT
SH O = 1.5 4 3 4+ (0.65)°/(2 x 9.81)

= 4.25 L83



- fdentd lunsiulu

Py = 0.163 v @
L Y = 0.997
Pw = 0.163 x 0.997 X 0.083 X 4.52
= .0.08 kw
- f@Wan Ps = Pw
"
frmue Wnlseanennay : v = 60 %
Ps = 0.08
0.5
= 0.12 kw
= 0.12 hp
.746
= 0.16 hp

‘o
X 7UUUQﬂﬂauuatuﬂnn1ﬂ

- A2NERLRTLMTAITEIIME

. X
- NaguA 2 U 87 =

25 Lue9

- #898 180" 771 4 §7 ANEIILRTULN

L ANEILNsuL e ada

180" = 4 x 3.75

3.75 Lu85/613

15 Lues

- ¥a9m 907 97 6 §3 AWEIILNEILM = 1.6 Lue/6n
L AWELNEULYYAEA9E 90 = 6 X 1.6 = 9.6 LueT

- FIMANTUIa 2 §7 ANENILNEULM = 4 ue3/6
L awEmLReuiniaddumie = 2 X 4 = 8 LM

P % X - < .
- dﬁaﬁﬂixﬂuﬂﬁuﬁﬂ 2 UY 2 a7 aNUEIILNTULM

* . ‘
. .ﬂ?ﬂuﬂqﬁtﬁﬂntﬂﬁﬁﬂdﬁﬂaﬁ = 2x 10

' g a el 1
- QWRQTﬂaﬁ 2 U7 1 87 A2 Ngim

= 10 LuRI/82

20 Luds

fl

2.25 Ly

CLAENILNEULRIEEITEIME = 79.85  LNGIT



b %
- #9917 Inan aqmm‘l‘tma

-

“ 8 \' = 42.5 x 1,000 -

42.5 aeT/UM

21.7 x 60 x 10

= 0.32 Lu87/7uMm

2

AL VY
D 28

- wsdugydelunia b

= 0.06 x 79.85 x (0.32)°

0.05 2 x 9.81

= 0.5 (ua3

- WIINUNIRUA H = h_+h,+V,
2g
= 0.5+ 1.5 + (0.32)°

2 x 9.81
= 2 U89
- maIn lddnly  Pw = 0.163x ¥V xXQxH
= 0.163 x 0.997 x 0.042 x 2
# = 0.013 kw
- A133LWa1 Ps = Pw
= 0.013
0.5
= 0.026 kw
AL aany
Jrumenfauasiana
Lﬁaﬂﬂuju N4 32/125A - T1A4 M 5.2 (483, @ = 90 Wmin
o«
FHAGANAL
Laanﬂuju N4 32/125F - 7T1A4 M 2.9 L4849, @ = 50 ¥/min



- -] -~ 2 p
AIRNGEanuINMiantLie lmia (Boiler)

NTATL MDANLULIUIRY INEBN L Ue lat1edwaenlSua ladneasny

:
1 lussvusiassing « saeanlihi

() 0il - pump Ejector
1200 [r2.5 hr.

Palm 0il circulation Rate

= 1,200
2.5 x 60
= 8 J/min
' . X E % l £ X
natue 2.5 U3 LauuWQuﬂnmqma‘lu = 2.469 U3
= 6.27 1.

a3 v =Q = 8x10° = 259 wu./u N
A

7(6.27)°
= 4.32 cm/Sec
Nee = Dve
“

Lﬁa Nre = Raynold number

e = 0.925 g/cm3

# = 02cp. = 0.002 gm/cm.s

Nee = 6.27x4.32%0.925

0.002
12527, turbulence flow
0.0152 cm = 0.0024
6.27

f = 0.0087 (1UavINa137)
Friction head loss F = (4f.L) v2

]

OIid

D 2
= 4(0.0087)(10x 100) . (4.32)
6.27 2%980.7
= 0.0528 gf-cm

gm fluid



f7uX4 Pressure Drop

AP flow = Fpo = (0.0528) (0.925) = 0.0488_g£ .

sz

A Pz (nozzle-Loss) = A Z.p =. 8x100 (0.925)

= 740 gf
om2
. AP Total = 740+0.0528 = 740.0528§_f_
) cm?
. A P Total = 740.0528 (0.14223) = 10.5 psi

FHo'lY 2 i
.. Discharge pressure 184 ejector
= 10.5 = 5.25 psi abs.

2

steam flow rate, W = ¢ A. /2gc (P1-P2) @1
1-64
A: = nozzle area oflindp ‘
4
= 7 (I1x1)?% = 3.14x10™4 f2
4 12
4
C = Coifficient = 0.98
g = 32.174 Ibm.ft/bf.sec2 -
Pl = steam pressure = 25 psig = 5714 1b/ft? abs

P2 = discharge pressure =" 5.25 psi abs
= 756 1b/ft? abs
B = ¢ nozzle = 1/4 = 0.5
¢ Steam linefeed .E
el = Steam density = 0.094 Ib/ft3
Y = expansion factor = f [l-r]

K



V =P2 = 5.2 = 0.132

Pl (254 14.7)

k =Cp = 1.40
C.
xR B STRE
K-1 1_7 1- 34‘)’2/ K
= 0.312 -
W = 0.98 (0.312) (3.41 x 10

/2732.174) (5714-756) (0.094)
(1-0.54)

0.0171 1b/s
= 27.9 kg/hr
17 ejector 3

*Steam for 3 oil pump ejector = 3x27.9

= 83.7 kg/hr.
(1) Deodorizer Stripping Steam
capacity = 1200 0 = 480 I/h
2.5 hr.
Stripping Steam = 35 kg/hr.
(7) Vacuum Ejectors
§B94N15  pressure = 6 mbar abs.
= 4.5 mnm. Hg.
5oiuld 3 stages #o |
Stage -1 90 mm Hg.-—==m—- > 760 mm. Hg. (atmosphere)
Stage 2 13 mm Hg.-———-—— > 95 mm. Hg.
Stage 3 2 mm Hg.-—————- > 16 mm. Hg.

<¥migusiay Stage 1 Surface Condemser LWpami3auw Vapor Flow

famlsrana Steam N
- Steam nozzle lu ejector ¢ operate 7 critical
pressure ratio

-~ Assume perfect gas



ga3 Wnax

l.fj 8 Wmax
C
A

2
¢ 1/4in: A = 7 (8x12) 2

$1/8in: A = = fg‘xlz)2

Pa=

Ta =

.. Wmax =

UKs =

+1
= C.A Pa /g kM(E)KTl'

' RTa k+1
= Steam flow rate, (Ib/hr)

=

= discharge colfficient = 0.98

= X-area U89 nozzle throat

3.409 x 107 fi2

4
1
8.522x 1075 ft2

4
up-Stream Steam pressure = 150 psig

164.696 psia = 23,715 Ib/ft2
Conversion factor = 32.174 lbi ft/Ibf.s?
heat capacity ratio = C, = 1.4

Cv
Mol. wt. 1483 Steam = 18

gas constant = 1,546 ft.lbf

b mol °F
up-Stream Steam Temperature = 366°F
826°R ‘

1.155x 107! Ib/s = 415.9 Ib/hr

188.7 kg/hr 813U nozzle ¢ 1 in
4

47.16 kg/hr 83U nozzle ¢ lin
8



.*.Ejector 3 &7 1% Steam s (6 1 in 1§32 4 1 in 2 &
4 8
283 kg/hr.

= 188.7 + 2(47.16)

(3) Degumming Water Washing ‘
200 } hot waters/70 A oil

. Consumption Rate
Palm 0il Charge
.. Hot water utilization = 2000 x 200 = 1,430 {/hr
4 70 |

2,000 174 hr

Making hot water from 25°C to 100 C

." .Hot water heating load 1430 (100 - 25)

107.25 x 10° kg/hr

Low pressure steam 25 psig (2.737 bar abs)
..latent heat = 2216 KJ/kg
= 528 kecal/kg

." .Steam Load 107.25 x 10°

1

5§28
. = 203 kg/hr
#f Steam efficiency = 80 %
. .Steam consumption rate = 254 kg/hr

() AMAITI Steam NABINTT LENIRLA

Total Steam consumption

3 - Pump ejector steam

+ deodorizer stripping steam
+ Vacuuming ejecttors

+ degumming water washing

= 83.7 + 35 + 283 + 254 kg/hr
= 655.7 kg/hr

Heat loss 30 %



Total steam required
14 Boiler nute 1 éu
Operate

Capacity Margin

852.4 kg/hr
1,000 kg/hr
85 %
15 %
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