ST24-2-3: Prototype of the Formacell Application on Pulping Industry
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ABSTRACT

The pulping process from the mulberry bast by the fomacell process is the new attractive
technique for the pulping precess. The formacell process has to the precess by evaporation or
distillation. Due to the limited amount of the material (mulberry the advantage of the recovery of
acetic and formic acid which are the chemical used for bast boiling back bast) at present, the
production rate of 1,000 ton/year evaluated. The product is the dried pulp at 10% moisture. From the
economic analysis, it is found that such production rate has the acceptable result with the net present
value of 26, 217, 213 baht, internal rate of return of 23.03% and the pay back period is 4 year,
provided that the sale price is 200 bath/kg. In addition, if 80% of total capital investment is financed,
the economic profitability is better than using own capital. Although the production rate of 1,000
ton/year give the positive economic results, but the sensitivity analysis show that if there are any
changes in price estimation by + 30% the economic result turns negative. Therefore the production
rate of 1,200 ton/year or higher is recommended for investment. However the project investment
should be postponed, since there is not sufficient raw material at present. The detail study should be
performed before investment. Chiangrai province is the suitable area for the plant location because

nearby the raw material resource.
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Yield 47.4 49 46.8
Kappa number 30.6 15.6 3.6
Resistance (10%) 88.3 90.1 93.6
Brightness 24.8 20.3 28
Degree of polymerization 3,600 3,035 3,490
Tear strength 105 61.1 75.1
Borst sttength 59 61 70.9
Tensile strength 10.2 10 11.5
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gilnsal UTHUNAIU (kj/batch)
Digester 4.614*10°
Bleaching 1.194*10°
Evaporator 1.284*10
Dryer 2.043*10°

2.4 ginsainlFlumsnan

S a Aq Y a Y A
:iwmiqﬂﬂimmawummzﬁuumw“laﬂumiN’cm Llﬁﬂﬂll"]cluﬁ'li']\iﬂ 4

v v
a

med 4. gunsainlFlumsnanibie (:imilnsaiiavuananil 2000)

gUnseimmnz

sNe gilnsal va (m)) | Maamswan (kg/h) UIU 3101

C-1 digester 16 - 1 400,000

B-1 beater 1 - 1 1,000,000

C-2 centrifugal - - 2 2,634,752

cleaner

S-1 screen - - 1 2,000,000

D-1 press - - 1 1,000,000

D-2 dryer - 300 1 700,000

E-1 vvaporator - 600 1 1,500,000

H1 bioler - 600 1 2,500,000
37U 11,734,752
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gilnsait/szianilu (pump)

Ine T¥dms 8A31M5 1@ FiA UM | IIMEoNUIY

(L/min) (un)
P-1 pulp slurry 194 centrifugal 1 16,585
P-2 pulp slurry 32.26 centrifugal 1 8,492
P-3 pulp slurry 70 centrifugal 1 10,261
P-4 pulp slurry 70 centrifugal 1 10,261
P-5 pulp slurry 70 centrifugal 1 10,261
P-6 pulp slurry 70 centrifugal 1 10,261
P-7 pulp slurry 563 centrifugal 1 39,964
P-8 pulp slurry 170 centrifugal 1 11,235
P-9 acetic acid 300 magnetic drive 1 115,395
P-10 pulp slurry 3 centrifugal 1 10,261
P-11 pulp slurry 450 magnetic drive 1 189,828
P-12 pulp slurry 848 magnetic drive 1 222,100
P-13 pulp slurry 345 centrifugal 1 16,585,
P-14 pulp slurry 4.5 centrifugal 1 8,372
P-15 pulp slurry 2.4 centrifugal 1 8,372
P-16 pulp slurry 303 magnetic drive 1 115,395
P-17 pulp slurry 108 centrifugal 1 10,261
P-18 acetic acid 650 magnetic drive 1 206,313
P-19 liquor circulation 270 centrifugal 1 16,585

indigester
I 1,036,787
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gilnsaitlsziands (Tanks)

Ive gilnsal VA (m) | a9 FIADHUIY
(U)
T-1 impregnation tank 68 2 steel plate 236,000
T-2 acetic storage tank 40 1 ss.316 800,000
T-3 formic storage tank 0.5 1 ss.316 80,000
T-4 H,0, storage tank 3.5 1 $s.304 170,000
T-5 Na,SiO, sorage tank 2 1 ss.304 140,000
T-6 black liquor holding tank 25 1 ss.304 500,000
T-7 recycled acids holding tank 11 1 ss.304 330,000
T-8 washing tank 5 2 $s.304 230,000
T-9 bleaching tank 9 1 ss.304 300,000
T-10 digester outlet holding tank 3 1 $s.304 160,000
I 3,412,000

2.5 UHUAUBITINAUAZINUAUFINUNINYBINTZUIUMIHAA
F
1991 INIAaNIa TUTUADUAINVOININAAUAZIINAVDIHUAUTIAUN N
=& EaRl = Y a ua: Y A 1 a 1 = Y
Faaasginssianes AlFlumswdaiu szuaadl3lugln 2 daulsmamsang Alduuaas

v H
awduaousz ldwaduanalugla 3
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fasTicen

P 1
hydreodde caplid)

517 2. seudaFenamnuoInszuIUMsKANEINITAY
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MAINIHEN 416.63 kg/batch

Bast 905.72 kg

6 [ kg

244545k
Digester Black ligour
X “ 7,764.24 k
1,638.55 k
Acetic acid Beater
857.63 kg 5.696.59 ke 90.57 kg
: ~ Dity portion
Formic acid Centrifugal Cleaner > > it et
8.65kg l 5,606.02 kg 99.63 kg
% ~ Solid waste
= 7 and pulp lost
l 550639 k ) 8,857.719kg
3,580.42 kg 1
HO, : Waste water
4530 kg 372238kg
KOH Waste water
2013 kg 4,407.36 kg
“ Waste water
Na Si0, Press = 62494k
27.18 kg 1 62495 kg
. N ‘Water
Water Drying - 166,66 kg
4,347.90 kg
Dry pulp
Pulp=416.63 kg
Chemicals Recovery Water = 41.66 kg
16,622.03 k;
Holdingtank [+ £
16,622.03 kg
Recycle Chemicals
Acetic acid =1,997.12 kg
Waste stream Formic acid = 19.97 kg
10,610.7 kg Water =3,994.24 kg

‘:‘ v A =) a 4‘
E‘IJTI 3. BN UA BT IS NV INITUIUMSHANEENTTAY

3. szuuihiatiraslssnuEenszay

v 1
3.1 WudeningaavnssugenIzAIY

E4
=1

o J A ~d v o
Tﬂfmavlﬂm!,’dﬂmﬂqdeﬂiimaeu,azﬂizm‘uu‘ﬂmmmmmmm AU
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4 E4
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MANUIN D

a1 (mass blance)

Overall assumption
faensean = 1,000 @1/l
= 3333 NN/AY
Mskan 300 Al
Maivay 2 ne neag 8 ¥y, (11 1 31 59u 16 ww.)
cycle time / batch =2 ¥U.
Feed washing 191781 1 ¥3.

¥y A v
duge  1¥an 1 .

e

a = dy
ANAVNAINTU = 10%

faIN15HEA / batch = 3,333 / 8 = 416.63 kg/batch

e

a

9

VN 14 / batch (% yield = 46%) = 416.63 / 0.46 = 905.72 kg

anA
Jodu - Idldenludeanlumsw@n = 905.72 kg / batch

- @ndasauanilube = 415.63 ke / batch

Jagaunldenilean 100% nasndunszuIuMsIzgMILeR T

- final pulp (product) =46%

- water 143ngAY =10%

- dirty portion (gﬂLl,EJﬂclu‘f;:u centrifugal cleaner) = 9%

- soil waste (gmwﬂslwf;"u screening) = 10%

- impurity (lignin, hemicelulose uazmiﬁuw?ﬁﬁ'u ) =15%

- pulp lost during process = 10%

9 A v
- pulp lost AU luduaB LA Aail

digester =2%

centrifugal cleaner = 1%

screening = 1%

- washing (1) =2%
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- bleaching = 2%
- washing (2) = 2%
USuavesaiuniee mariiaahaimin

- Aegavuldenluied =905.72 kg
- Final pulp = (0.46)(905.72) = 416.63 kg
- Water W399 = (0.1)(905.72) = 90.57 kg
- dirty portion = (0.09)(905.72) = 81.51 kg
- solid waste = (0.1)(905.72) = 91.57 kg
- impurity (0.15)(905.72) = 135.86 ke
- total pulp lost = (0.1)(905.72) = 90.57 kg
Lm'qzﬂunwaqmsﬁaiu%umwhm

- digester = (0.02)(905.72) = 18.11 kg

centrifugal cleaner = (0.01)(905.72) = 9.06 kg

- screening = (0.02)(905.72) = 9.06 kg

washing(1) = (0.02)(905.72) = 18.11 kg

bleaching = (0.02)(905.72) = 18.11 kg

washing(2) = (0.02)(905.72) = 18.11 kg

[ v A . .
qaxdaseuduiasnile (Impregnation Unit)

a

Tagauaenlutean = 905.72 kg (AN 10%)

a

Ysnanh luingau = (0.1)(905.72) = 9057 kg

9 Y
v o o o

faiy hminulaententellseeiniii (dried bast) = 905.72-90.57 = 815.15 ke
Ratio; water : dried bast=10: 1

YFuaindeams = (10)(815.15) = 8,151.50 kg

a

Ysunanih luingau =90.57 kg

a

Y
o

faiy UTinaniideuds = 5,151.50-90.57 =8,060.93 kg
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Assumpition

[ [ 1 =\ 3 [ I 1 g‘ o
nasoonnsaadr liiinlusesnundunlasnietly 2 mhveniminulden

1o

Water = 8,060.93 kg

!

Mulberry bast = 905.72 kg

Dried bast =815.15kg ——p 12 hr. — » water=6,512.20kg

Water 90.57 kg

Water = 1,630.30 kg
Bast(dried basis) = 815.15 kg

aamaseuniedutie
Assumption
- mmafieemnfudondadundaniifu 5% vesmaninanue
- Impurity 891 1UN5LLE black liqour Fana
- PSmanhitueennfudeniiy 2 wiweaimiinide
Ratio; water : dried bast = 7:1
. water = (7)(815.15) = 5,706.05 kg
chemical required
- aceticacid = 50% wt of total water
=(0.50)(5,706.05) = 2,853.03 kg
- formic acid = 1% wt of acetic acid

=(0.01)(2,853.03) = 28.53 kg
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Y ' [l
- T digester UT3184 acetic MU formic acid 1oz 1¥ feed auUNITIAZIIN
N7 recovery AN Evaporator Ao lasd assumption ﬁ1ﬂ§mmﬁ1i@hﬂ°‘]ﬁ

v & o oA
'1@1%1ﬂmi§$mmﬂumu

q 9

- Gmnanhifiszmenguiunn’d 70% vealSinanihdaduild
= (0.7)(5,706.05)
=3,99424 kg

- 15 acetic acid szionduALaN 1 50% vonlSunaniiAlg

= (0.5)(3,994.24)
=1,997.12 kg
~ S formic acid szvoAn 'l 70% voalTmAaduR 14
=(0.7)(28.53)
-19.97 kg
. 1053791 acetic acid @84 feed Y = 2,853.03-1,997.12 = 855.91 ke
. 1053791 formic acid @04 feed 111 = 28.53-19.97 = 8.56 ke
. ASnanhiideamssn = 5,706.15-3,994.24 = 1,711.81 kg

- Tumsflou acetic acid 92191131 solution ATAMwIAU 99%

- Tumstlou formic acid 92 191ug1/ solution AfiAmdutU 99%

- 5310 acetic solution NAB41% = (855.91/99.8)(100) = 857.63 ke
T4 solution H5u1ani1 = (0.002)(857.63) = 1.72 kg

- 519 formic solution NABAY = (8.56/99)(100) = 8.65 kg
T4 solution F5uani1 = (0.01)(8.65) = 0.086 kg

- USuaniides feed 1y = 1,711.81-1.72-0.086-1,630.30 = 79.70 kg
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Chemicals 815.15 kg bast(dried bast)

acetic acid = 855.91 kg 1,630.30 kg water

formic acid = 8.56 kg

water = 1.806 kg Black ligour stream

acetic acid = 2,710.38 kg
Water 79.70kg ——— » Digester  ——®formic acid = 27.10 kg

] water = 4,872.79 kg

Recycled chemicals impurity = 135.86 kg

acetic acid = 1,997.12 kg pulp lost =18.11 kg

formic acid = 19.97 kg pulp stream

water = 3,994.24 kg pulp = 489.65 kg

acetic acid = 142.65 kg
formic acid = 1.43 kg
water = 833.26 kg
solid waste = 90.57 kg
dirty portion = 81.51 kg
. . . . . g ! { v 1
HUYITA solid waste, dirty portion LIS impurity doduduauiueneonuIIN bast NEUAINIY
9 . Y A =3 Y z 1 1 ugj "y
m3sanlu digester LA INDANNTEAIN ﬁNl‘liJllﬂLLﬁﬂ\1‘1/]foTJJﬁ'JulLEJﬂG]NW1ﬂ31WNLWWIU

YA 1 qul 1 ll = 9 =
114‘0@’311/]\1?{1%’!;’(’31!@%]11! bast IUNIDINITANIULYNDDNNN
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AaNIAIBY Beater
Ratio; 8a316U1 AN : 1IN pulp = 10:1
USuanhndu = (10)(489.13) = 4,891.30 kg

USananiniegudn = 833.26 ke

e

Y

USianirfide iy = 4,891.30-833.26 = 4,058.04 kg

pulp =489.13 kg
acetic acid = 142.65 kg
formic acid = 1.43 kg
water = 833.26 kg
solid wste = 90.57 kg

dirty portion = 81.51 kg

water 4,058.04 kg —————P

!

pulp =489.13 kg
acetic acid = 142.65 kg
formic acid = 1.43 kg
water = 4,891.30 kg
solid wste = 90.57 kg

dirty portion = 81.51 kg
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AaNIAI8Y Centrifugal Cleaner
Assumption
- dirty portion ﬂ$gﬂllﬂﬂ6®ﬂﬁlusﬁl’uﬁ®ufj’ﬁﬂﬁhﬂ
- pulplost=1% voaldomlomdadu
pulp =489.13 kg
acetic acid = 142.65 kg
formic acid = 1.43 kg
water = 4,891.30 kg
solid wste = 90.57 kg

dirty portion= 81.51 kg

v

dirty portion = 81.51 kg

pulp lost =9.06 kg

!

pulp =489.13 kg
acetic acid = 142.65 kg
formic acid = 1.43 kg
water = 4,891.30 kg

solid wste = 90.57 kg
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AaNIATdY Screening Unit
Assumption
- dau'ﬁgﬂu reject %zgﬂuaﬂaaﬂﬁlu%umuf:ﬁwm
- 0 pulp lost 1%
pulp = 480.07 kg
acetic acid = 142.65 kg
formic acid = 1.43 kg
water = 4,891.30 kg

solid wste = 90.57 kg

solid waste = 90.57 kg

pulp lost =9.06 kg

!

pulp =471.01 kg
acetic acid = 142.65 kg
formic acid = 1.43 kg

water = 4,891.30 kg
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AanINTdU Washing Unit (1)
Assumption
- Al ums washing = 10 et pulp
- wsmiifaan sonlluduaeudinamye
- yheenunwdeudy pulp 111 2 whvearimiin pulp
- Pulp lost = 2% veanldendeadady
pulp =471.01 kg
acetic acid = 142.65 kg
formic acid = 1.43 kg
water = 4,891.30 kg

v

—> —>
water 4,710.10 kg acetic acid = 142.65 kg

water = 8,695.60 kg

formic acid = 1.43 kg
i pulp lost=18.11 kg
pulp =452.90 kg

water = 905.80 kg
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AaNIaI9U Bleaching Unit
Ratio; total liqour : pulp(dried basis)= 10:1
fohu Usinanhdld = aoys2.91)
—4,529kg
USaasaiin 1 ums Bleaching
- Hydrogenperoxide (H,0,) = 4% wt of pulp
=(0.04)(452.90)
= 18.12kg
- Potassiumhydroxide =4% wt of pulp
=(0.04)(452.90)
= 18.12 kg
- Sodiumsilicate (Na,SiO,) = 3% fo pulp
=(0.03)(452.90)
- 1359 kg
14 H,0, solution AMdUFY 40% wt
A0a19 H,0, solution = (100/40)(18.12) = 45.30 kg
fh0g818 = (0.6)(45.30) = 27.18 ke
19 KOH solid = (1000/90)(18.12) = 20.13 kg

Y

Tietdae = (0.1)(20.13) = 2.01 kg

U

Gl‘%} Na,SiO, solution ﬂ’JHJLGfI}mQJ}u 50% wt

A0a149 Na,Si0, solution = (100/50)(13.59) = 27.18 kg

Y
a2 A o

fSuaniegdie = (0.5)(27.18) = 13.59 ke

Y Y
o w @

UTNaUhNaruA1n solution T9aM = 27.18+2.01+13.59 = 42.78 kg

e

E4

USahnnN@auINY pulp = 905.80 kg

L USunanihmdeuduiadn = 5,529-42.78-905.80 = 3,580.40 kg
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Assumption

IS) =

- TarsndAauaiu pulp 183 bleach 1&7 10% veUSinaiile
- sheenumlufy pulp 111 2 et miin pulp
- T pulp lost 2%

Pulp =452.90 kg

Water = 905.80 kg

Water = 3,580.42 kg ——
H,0,=16.31 kg

—> Bleaching 5 KOH=1631kg
H,0,=18.12 kg > Na,SiO, = 12.23 kg
KOH = 18.12 kg water = 3,659.42 kg
Na,SiO, = 13.59 kg pulp lost =18.11 kg
Water = 42.78 kg H,0,=1.81kg

KOH = 1.81 kg

Na,SiO, = 1.36 kg
Pulp =434.79 kg
Water = 869.58 kg
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AanINT9U Washing Unit (2)
Assumption

9y :‘ Y 1 5’ @ ] :‘ ~ Y]

- Ihlumsdna 10 mhveasiwiin pulp (lsmsnundy pulp)

- @15alignd19eenNAIN pulp NHAIHIUNTAN (washing)
o A o A o Yy & ' A

- ihdusndudendsmsaradu 2 mwesihimin pulp

- T pulp lost 2%

YFunanin 19819 = (10)434.70) = 4,347.90 kg

=208.32 kg
suanihmgniivesn = 833.26-208.32
= 624.94 kg

pulp =416.63 kg
water = 833.26 kg

Press —  water = 624.04 kg

'

pulp =416.63 kg

water = 208.32 kg
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AaNIaI8U Evaporator
Assumption

a . . . . { % I a :: {
- T acetic acid, formic acid Nszimonduun 1aly 70% voalSinadedun

167

- fbwhuiiu 2 whvosilSinar acetic acid iszime'ld
US110s acetic acid H3zmo'ld = (0.7)(2,853.03) = 1,997.12 kg
31104 formic acid iszime'ld = 0.7)(28.53) = 19.97 ke

Ysnanimszme1d = (2)(1,997.12) = 3,994.24 ke

Recycled chemicals

—— P acetic acid = 1,997.12 kg

acetic acid = 2,853.03 kg formic acid = 19.97 kg

formic acid = 28.53 kg water = 3,994.24 kg

impurity = 135.86 kg »  Evaporator

pulp lost =36.22 kg
water 13,568.39 kg i
acetic acid = 855.91 kg
formic acid = 8.56 kg
impurity = 135.86 kg
pulp lost =36.22 kg

water = 9,574.15 kg

a Aa Ao a 9 :/I I 1A Qd? 3 dyc:,’ @ =%
HNELYR ﬂthmﬂiﬂﬂ%cﬁﬂﬂﬂiqcﬁlﬂaqﬂ 70% U Wumnguuayu mmﬂmwswm‘lumaua

U

H 1 4
USinansaiazszmoldaselumalfiia e ldauuaguianudulydinndiuing

Tanudeulumsszmendasge elinsnezdanamisnszmeldlunalndifes

v F
@ o o A A

v £ r
Vi1 mszihlameandininsaezsan ﬁ?%ﬂ%gigmﬂﬂGUﬂiﬂﬂz%ﬂﬂ Lm&ﬁ@ﬂﬁ

Q

U

Y} v a o X A A A v
NADIVIIVBYA AITUNITNAADININITISINGY black liqour LW@%@ﬂiNWﬂ!ﬂiﬂ‘ﬂi%LWﬂqﬂ

39 lumaliia
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AONIATOUINTDIDUNHR
Assumption
=1 dy [V} Y v
- pulp UANUTU 10% wt HAIWITUNITOULHLAD
Sunathlupulp = (0. .
1 v pul (0.1)(416.63)
=41.66 kg
Usuanissivis =208.32-41.66

=166.66 kg

pulp =416.63 kg
water = 208.32 kg

!

Dryer | 3 water=166.66 kg

'

pulp =416.63 kg

water = 41.66 kg
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MANUIN
maaeyaaiuayuUMIInTTuRsgmMans
msei 1. mlsnelumsasegunsailunszuiumswaniiaimswan 1,000 /il

gilnsaiilszianily (pump)

Taoldawiidnansin
THE | 3IA+HMYUAN mevidemsalsuilu fnvessim N9

Al 2000 (M)
P-1 | 16,600 | 1999 16,585 U B udidies s
P2 8,500 | 1999 8,492 A s usiiies
P-3 | 10,270, | 1999 10,261 s uiies
P-4 | 10270 | 1999 10,261 A s usiiies
P-5 | 10,270, | 1999 10,261 A s uidies
P-6 | 10270 | 1999 10,261 A s usiiies
P-7 | 40,000 | 1999 39,964 s uiies
P-8 | 11,245 | 1999 11,235 A sunaBusifiess
P-9 | 115500 | 1999 115,395 UTEN Iwaki
P-10 | 10270 | 1999 10,261 A sunaduifiess
P-11 | 190,000 | 1999 189,828 VFHN Iwaki
P-12 | 222,300 | 1999 222,100 VTHN Iwaki
P-13 | 16,600 | 1999 16,585 A s uidies
P-14 | 8,380 | 1999 8,372 A s udiiies
P-15 | 8380 | 1999 8,372 U B uRidies s
P-16 | 115,500 | 1999 115,395 VTHN Iwaki
P-17 | 10,270 | 1999 10,261 U B uRidies s
P-18 | 106,500 | 1999 206,313 VTHN Iwaki
P-19 | 16,600 | 1999 16,585 U B uRidies s

1,036,787
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gilnsaiilsziands (Tanks)

s1gUnsel Tagldawiignansia
g | s @wm) | Y menaamslsudlu fuwessian GGERE
59797 2000 (VM)
T-1 800,000 2000 800,000 U Wﬁlﬁﬂa 10A
T-2 80,000 2000 80,000 vianina $1ia
T-3 | 126,000 | 2000 236,000 U Wanina $1da
T-4 500,000 | 2000 500,000 vianina $1ia
T-5 | 160,000 | 2000 160,000 U anina $1da
T-6 230,000 | 2000 230,000 vianina $1ia
T-7 300,000 2000 300,000 U Wﬁlﬁﬂa 1NA
T-8 170,000 | 2000 170,000 vianina $1ia
T-9 | 140,000 | 2000 140,000 v.ianina $1na
T-10 | 330,000 | 2000 330,000 yianina $1ia
ERLT 3,412,000
ginsimmz

swgunsal | Taelddwiidnanian
sHe | 91 il Mondamsdsuiu flnvesm UGG

(1) s1a#il 2000 (L)
C-1 | 400,000 | 2000 400,000 V.iianina $11a
B-1 | 1,000,000 | 2000 1,000,000 - WusianTaslszanm
C-2 | 2,634,752 | 2000 2,634,752 Kreb engineer
S-1 | 2,000,000 | 2000 2,000,000 WA
D-1 1,000,000 | 2000 1,000,000 - Lﬂu51ﬂ11ﬂﬂﬂigu1m
D-2 | 700,000 | 2000 700,000 U.AANTA
E-1 | 1,500,000 | 2000 1,500,000 maTunid
H-1 | 2,500,000 | 2000 2,500,000 V. HAUITY

ERLT 11,734,752
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M13197 2. Estimation of capital 500 ton/yr.

Components Cost (baht)
1. Direct cost
Purchased equipment, E 10,677,154
Purchased equipment installaion, 40% E 4,270,862
Instrumemtation and controls (installed), 13% E 1,388,030
Piping (installed), 45% E 4,804,719
Electrical (installed), 25% E 2,669,289
Building (process and auxillary), 40% E 4,270,862
Yard improvement, 10% E 1,067,715
Service facillities, 30% E 3,203,146
Land 887,500
Total direct cost (D) 33,239,277
2. Indirect cost
Engineering and supervision, 32% E 3,416,689
Construction expenses, 34% E 3,630,232
Total 7,046,921
3. Contractor’ fee, 5% (D+1) 2,014,310
Contingency, 10% (D+1) 4,028,620
Total 6,042,930
4. Fixed-capital investment (1+2+3) 46,329,128
5. Working capital, 10% of capital investment 5,147,681
6. Total capital investment (4+5) 51,476,809
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M13197 3. Estimation of capital 800 ton/yr.

Components Cost (baht)
1. Direct cost
Purchased equipment, E 14,155,574
Purchased equipment installaion, 40% E 5,662,230
Instrumemtation and controls (installed), 13% E 1,840225
Piping (installed), 45% E 6,370,008
Electrical (installed), 25% E 3,538,894
Building (process and auxillary), 40% E 5,662,230
Yard improvement, 10% E 1,415,557
Service facillities, 30% E 4,246,672
Land 887,500
Total direct cost (D) 43,778,890
2. Indirect cost
Engineering and supervision, 32% E 4,529,784
Construction expenses, 34% E 4,812,895
Total 9,342,679
3. Contractor’ fee, 5% (D+1) 2,656,078
Contingency, 10% (D+1) 5,312,156
Total 7,968,234
4. Fixed-capital investment (1+2+3) 61,089,803
5. Working capital, 10% of capital investment 6,787,756
6. Total capital investment (4+5) 67,877,559
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M13197 4. Estimation of capital 1,000 ton/yr.

Components Cost (baht)
1. Direct cost
Purchased equipment, E 16,183,539
Purchased equipment installaion, 40% E 6,473,4516
Instrumemtation and controls (installed), 13% E 2,103,860
Piping (installed), 45% E 7,282,593
Electrical (installed), 25% E 4,045,885
Building (process and auxillary), 40% E 6,473,416
Yard improvement, 10% E 1,618,354
Service facillities, 30% E 4,855,062
Land 887,500
Total direct cost (D) 49,923,625
2. Indirect cost
Engineering and supervision, 32% E 5,178,732
Construction expenses, 34% E 5,502,403
Total 10,681,135
3. Contractor’ fee, 5% (D+1) 3,030,238
Contingency, 10% (D+1) 6,060,476
Total 9,090,714
4. Fixed-capital investment (1+2+3) 69,695,474
5. Working capital, 10% of capital investment 7,743,942
6. Total capital investment (4+5) 77,439,416
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M13197 5. Estimation of capital 1,200 ton/yr.

Components Cost (baht)
1. Direct cost
Purchased equipment, E 18,054,366
Purchased equipment installaion, 40% E 7,221,746
Instrumemtation and controls (installed), 13% E 2,347,068
Piping (installed), 45% E 8,124,465
Electrical (installed), 25% E 4,513,592
Building (process and auxillary), 40% E 7,221,746
Yard improvement, 10% E 1,805,437
Service facillities, 30% E 5,416,310
Land 887,500
Total direct cost (D) 55,592,230
2. Indirect cost
Engineering and supervision, 32% E 5,777,397
Construction expenses, 34% E 6,138,484
Total 11,915,881
3. Contractor’ fee, 5% (D+1) 3,375,406
Contingency, 10% (D+1) 6,750,812
Total 10,126,218
4. Fixed-capital investment (1+2+3) 77,634,329
5. Working capital, 10% of capital investment 8,626,037
6. Total capital investment (4+5) 86,260,366
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M13197 6. Estimation of total production cost at production rate 500 ton/year

Components Cost (baht)
I. Manufacturing cost
A. Direct production cost
1. Raw material 50,384,350
2. Operating labor 2,041,200
3. Utilities 11,330,122
4. Maintainance and repair (5% of fixed capital investment) 2,316,456
5. Operaing supplies (1% of fixed capital investment) 463,291
6. Laboratory charges 915% of operating labor) 306,180
B. Fixed charges
1. Depreciation 4,089,747
2. Local taxed 93% of fixed capital investment) 1,389,874
3. Insurance (1% of fixed capital investment) 463,291
C. Plant overhead costs (10% of total production cost) 9,563,522
Total manufacturing cost 82,348,166
II. General expenses
A. Administrative cost
1. Executive salaries 1,812,000
2. Others (2% of total production cost) 1,912,731
B. Distribution and marketing (10% of total production cost) 9,563,655
Total general expense 13,288,386
Total production cost (I+IT) 95,636,553
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M131971 7. Estimation of total production cost at production rate 800 ton/year

Components Cost (baht)
I. Manufacturing cost
A. Direct production cost
1. Raw material 80,614,960
2. Operating labor 2,041,200
3. Utilities 18,128,194
4. Maintainance and repair (5% of fixed capital investment) 3,054,490
5. Operaing supplies (1% of fixed capital investment) 610,898
6. Laboratory charges 915% of operating labor) 306,180
B. Fixed charges
1. Depreciation 5,418,207
2. Local taxed 93% of fixed capital investment) 1,832,694
3. Insurance (1% of fixed capital investment) 610,898
C. Plant overhead costs (10% of total production cost) 14,708,939
Total manufacturing cost 127,326,660
II. General expenses
A. Administrative cost
1. Executive salaries 1,812,000
2. Others (2% of total production cost) 2,941,788
B. Distribution and marketing (10% of total production cost) 14,708,939
Total general expense 19,462,727
Total production cost (I+IT) 147,462,727
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M13197 8. Estimation of total production cost at production rate 1,000 ton/year

Components Cost (baht)
I. Manufacturing cost
A. Direct production cost
1. Raw material 100,768,700
2. Operating labor 2,041,200
3. Utilities 22,660,243
4. Maintainance and repair (5% of fixed capital investment) 3,484,774
5. Operaing supplies (1% of fixed capital investment) 696,955
6. Laboratory charges 915% of operating labor) 306,180
B. Fixed charges
1. Depreciation 6,192,718
2. Local taxed 93% of fixed capital investment) 2,090,864
3. Insurance (1% of fixed capital investment) 696,955
C. Plant overhead costs (10% of total production cost) 18,044,947
Total manufacturing cost 156,983,536
II. General expenses
A. Administrative cost
1. Executive salaries 1,812,000
2. Others (2% of total production cost) 3,608,989
B. Distribution and marketing (10% of total production cost) 18,044,947
Total general expense 23,465,936
Total production cost (I+IT) 180,449,473
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M131971 9. Estimation of total production cost at production rate 1,200 ton/year

Components

Cost (baht)

I. Manufacturing cost

A. Direct production cost

1. Raw material 120,922,440
2. Operating labor 2,041,200
3. Utilities 27,192,292
4. Maintainance and repair (5% of fixed capital investment) 3,881,716
5. Operaing supplies (1% of fixed capital investment) 776,343
6. Laboratory charges 915% of operating labor) 306,180
B. Fixed charges
1. Depreciation 6,907,215
2. Local taxed 93% of fixed capital investment) 2,329,030
3. Insurance (1% of fixed capital investment) 776,343
C. Plant overhead costs (10% of total production cost) 21,403,171
Total manufacturing cost 186,535,933
II. General expenses
A. Administrative cost
1. Executive salaries 1,812,000
2. Others (2% of total production cost) 4,280,635
B. Distribution and marketing (10% of total production cost) 21,403,174
Total general expense 27,495,809
Total production cost (I+IT) 214,031,742
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M99 10. HAMITIATIHMUATHIMEATNAMN

v

a U G
ININAN 500 AuADL

line Item Year
0/2000 1/2001 2/2002 3/2003 4/2004 5/2005 6/2006 7/2207 8/2008 9/2009 10/2010

1 Fixed capital investment -46,329,128 0 0 0 0 0 0 0 0 0 0

2 Working capital -5,147,681 0 0 0 0 0 0 0 0 0 0

3 Total capital investment (1+2) -51,476,809 0 0 0 0 0 0 0 0 0 0

4 Annual income 0 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000 100,000,000
5 Annual manufacturing cost 0 -82,348,166 -82,348,166 -82,348,166 -82,348,166 -82,348,166 -82,348,166 -82,348,166 -82,348,166 -82,348,166 -82,348,166
6 Annual general expense 0 -13,288,386 -13,288,386 13,288,386 -13,288,386 -13,288,386 -13,288,386 -13,288,386 -13,288,386 13,288,386 -13,288,386
7 Total prodeut cost (5+6) 0 -95,636,552 -95,636,552 95,636,552 -95,636,552 -95,636,552 95,636,552 -95,636,552 -95,636,552 95,636,552 -95,636,552
8 Annual profit before tax (4+7) 0 4,363,448 4,363,448 4,363,448 4,363,448 4,363,448 4,363,448 4,363,448 4,363,448 4,363,448 4,363,448
9 Annual profit after tax (0.7*8) 0 3,054,414 3,054,414 3,054,414 3,054,414 3,054,414 3,054,414 3,054,414 3,054,414 3,054,414 3,054,414
10 Annual depreciation 0 4,089,747 4,089,747 4,089,747 4,089,747 4,089,747 4,089,747 4,089,747 4,089,747 4,089,747 4,089,747
11 Savage value+working capital+land 0 0 0 0 0 0 0 0 0 0 10,816,884
12 Annual cash flow (9+10) -51,476,809 7,144,161 7,144,161 7,144,161 7,144,161 7,144,161 7,144,161 7,144,161 7,144,161 7,144,161 17,961,045
13 NPV @ 15% 12,948,150
14 IROR 8.57%
15 Payback period (year) 8
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d' a d dd‘ o a LY R
M3 11. HANTAANSHMUATHEATAINNIAINIINAA 800 mmaﬂ
line Item Year
0/2000 1/2001 2/2002 3/2003 4/2004 5/2005 6/2006 7/2207 8/2008 9/2009 10/2010
1 Fixed capital investment -61,089,803 0 0 0 0 0 0 0 0 0 0
2 Working capital -6,787,756 0 0 0 0 0 0 0 0 0 0
3 Total capital investment (1+2) -67,877,559 0 0 0 0 0 0 0 0 0 0
4 Annual income 0 160,000,000 160,000,000 160,000,000 160,000,000 160,000,000 160,000,000 160,000,000 160,000,000 160,000,000 160,000,000
5 Annual manufacturing cost 0 -127,326,660 -127,326,660 -127,326,660 -127,326,660 127,326,660 -127,326,660 -127,326,660 -127,326,660 -127,326,660 -127,326,660
6 Annual general expense 0 19,462,727 -19,462,727 19,462,727 -19,462,727 19,462,727 -19,462,727 -19,462,727 -19,462,727 19,462,727 -19,462,727
7 Total prodeut cost (5+6) 0 -146,789,387 -146,789,387 -146,789,387 -146,789,387 146,789,387 -146,789,387 -146,789,387 -146,789,387 -146,789,387 -146,789,387
8 Annual profit before tax (4+7) 0 13,210,613 13,210,613 13,210,613 13,210,613 13,210,613 13,210,613 13,210,613 13,210,613 13,210,613 13,210,613
9 Annual profit after tax (0.7*8) 0 9,247,429 9,247,429 9,247,429 9,247,429 9,247,429 9,247,429 9,247,429 9,247,429 9,247,429 9,247,429
10 Annual depreciation 0 5,418,207 5,418,207 5,418,207 5,418,207 5,418,207 5,418,207 5,418,207 5,418,207 5,418,207 5,418,207
11 Savage value+working capital+land 0 0 0 0 0 0 0 0 0 0 13,933,026
12 Annual cash flow (9+10) -67,877,559 14,655,636 14,655,636 14,655,636 14,655,636 14,655,636 14,655,636 14,655,636 14,655,636 14,655,636 28,598,662
13 NPV @ 15% 9,169,906
14 IROR 18,27%
15 Payback period (year) 5
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M319N 12. NaMITIATZHEMAATHFMEAINIMAIMINAR 1,000 Fuaeil

line Item Year
0/2000 1/2001 2/2002 3/2003 4/2004 5/2005 6/2006 7/2207 8/2008 9/2009 10/2010
1 Fixed capital investment -69,695,474 0 0 0 0 0 0 0 0 0 0
2 Working capital -7,743,942 0 0 0 0 0 0 0 0 0 0
3 Total capital investment (1+2) -77,439,416 0 0 0 0 0 0 0 0 0 0
4 Annual income 0 200,000,000 200,000,000 200,000,000 200,000,000 200,000,000 200,000,000 200,000,000 200,000,000 200,000,000 200,000,000
5 Annual manufacturing cost 0 -156,983,536 -156,983,536 -156,983,536 156,983,536 -156,983,536 156,983,536 -156,983,536 156,983,536 -156,983,536 156,983,536
6 Annual general expense 0 23,465,936 -23,465,936 23,465,936 -23,465,936 23,465,936 23,465,936 23,465,936 23,465,936 -23,465,936 23,465,936
7 Total prodcut cost (5+6) 0 180,449,472 -180,449,472 -180,449,472 -180,449,472 -180,449,472 -180,449,472 -180,449,472 -180,449,472 -180,449,472 -180,449,472
8 Annual profit before tax (4+7) 0 19,550,528 19,550,528 19,550,528 19,550,528 19,550,528 19,550,528 19,550,528 19,550,528 19,550,528 19,550,528
9 Annual profit after tax (0.7*8) 0 13,685,370 13,685,370 13,685,370 13,685,370 13,685,370 13,685,370 13,685,370 13,685,370 13,685,370 13,685,370
10 Annual depreciation 0 6,192,718 6,192,718 6,192,718 6,192,718 6,192,718 6,192,718 6,192,718 6,192,718 6,192,718 6,192,718
11 Savage value+working capital+land 0 0 0 0 0 0 0 0 0 0 15,749,779
12 Annual cash flow (9+10) 77,439,416 19,878,088 19,878,088 19,878,088 19,878,088 19,878,088 19,878,088 19,878,088 19,878,088 19,878,088 35,627,867
13 NPV @ 15% 26,217,213
14 IROR 23.03%
15 Payback period (year) 4
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M319N 13. NAMIIATZEMAATHIMEAINIMAIMINAR 1,200 Funeil

line Item Year
0/2000 1/2001 2/2002 3/2003 4/2004 5/2005 6/2006 7/2207 8/2008 9/2009 10/2010

1 Fixed capital investment -77,6341329 0 0 0 0 0 0 0 0 0

2 Working capital -8,626,037 0 0 0 0 0 0 0 0 0 0

3 Total capital investment (1+2) -86,260,366 0 0 0 0 0 0 0 0 0 0

4 Annual income 0 240,000,000 240,000,000 240,000,000 240,000,000 240,000,000 240,000,000 240,000,000 240,000,000 240,000,000 240,000,000
5 Annual manufacturing cost 0 -186,535,933 -186,535,933 186,535,933 -186,535,933 -186,535,933 -186,535,933 -186,535,933 -186,535,933 -186,535,933 -186,535,933
6 Annual general expense 0 -27,495,809 27,495,809 27,495,809 27,495,809 27,495,809 -27,495,809 27,495,809 27,495,809 -27,495,809 27,495,809
7 Total prodcut cost (5+6) 0 -214,031,742 -214,031,742 -214,031,742 -214,031,742 -214,031,742 -214,031,742 -214,031,742 -214,031,742 -214,031,742 -214,031,742
8 Annual profit before tax (4+7) 0 25,968,258 25,968,258 25,968,258 25,968,258 25,968,258 25,968,258 25,968,258 25,968,258 25,968,258 25,968,258
9 Annual profit after tax (0.7*8) 0 18,177,781 18,177,781 18,177,781 18,177,781 18,177,781 18,177,781 18,177,781 18,177,781 18,177,781 18,177,781
10 Annual depreciation 0 6,907,215 6,907,215 6,907,215 6,907,215 6,907,215 6,907,215 6,907,215 6,907,215 6,907,215 6,907,215
11 Savage valuet+working capital+land 0 0 0 0 0 0 0 0 0 0 17,425,760
12 Annual cash flow (9+10) -86,260,366 25,084,996 25,084,996 25,084,996 25,084,996 25,084,996 25,084,996 25,084,996 25,084,996 25,084,996 42,510,756
13 NPV @ 15% 43,942,807
14 IROR 26.90%
15 Payback period (year) 3
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