(process  flow

diagram) (operating
condition) 1

(total capital investment) (total product
cost) (rate of return on investment :ROI)

(pay back period)

51 (process description) '
(food colorant) 5.1
(batch operation) 6,000
20% .. 2544
1 200 1
80
(distillated water) 80 (tween 80) T101
, 80 05 %
T102
20
, 3

60 221



T105

80
13,600,000
80

7103

11

(116%

200

T104

80

170,700
)

82

%



Process Water Turmeric powder

Tween 80 Distillated Water - ) — —  Turmeric Powder
0.95 rrflbatch ba8 kglbatch V0|atl|e
casdivbateh oil

= =14

(Tween 80 0.5 % wt.)

0.91 m3/batch

Extract
TIfil

Solvent Preparation Tank

221 ppm curcuminoids

P101 1102 Pz
Extracting Tank

Distillated Water < Residue-

0.39 m3/4batch

=]
wW

3.64m Vidbatch

= —
il
«3

(qp)

= —<

Product
(200 ppm curcuminoids)
4.03 rrfldbatch
T104
Blend Tank

il 5.1Process Flow Diagram

T105
Storage Tank

1=30¢
p= latm

7103
dump tank
P103
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5.2
2
521 (fixed-capital investment)
(direct cost)
(major equipment cost) (purchased-equipment installation)
(piping) (instrumentation and controls)
(electrical installations) (service facilities)
(indirect cost) (construction

expenses) (engineering and supervision)

(contractor's fee)
(contingencies)

(Detailed
factorial ~ estimate)
5.1 (factor)
(utilities)
(land cost)
5.1
Process type
item Fluids Fluids-Solids Solids
Direct plant costs
1 Purchased equipment cost (PCE) 1.00 1.00 1.00
2. EqQuipment erection 0.4 0 0.45 0.50
3. Piping (installed) 0.70 0.45 0.20
4. Instrumentation (installed) 0.20 0.15 0.10
D, Electrical (installed) 0.10 0.10 0.10
6. Building, process 0.15 0.10 0.05

7. Utilities 0.50 0.45 0.25



Process type

|tem Fluids Fluids-solids
Direct plant costs
8. Storage 0.15 0.20
9. Site development 0.05 0.05
10 Ancillary buildings 0.15 0.20
Total direct plant costs (DPC) 340 PCE 315 PCE
Indirect Plant Costs
1 Design and Engineering 0.30 0.25
2. Contractor’s fee 0.05 0.05
3. Contingency 0.10 0.10
Total indirect plant costs 045DPC 040 DPC

85

Solids

0.25
0.05

0.30
2.80 PCE

0.20
0.05

0.10
0.35 DPC

Nicolson.H... Chemical enginnering Vol.6 1983. McGraw-Hill 1New York.
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11 ! ! (lirect steam distillation)

(the volatile favor components of spice)

(retort) (condenser)
(il separator)
| : 480
(batch)
4 5
5.2
3L
(3.75m/ (480*103E  1llit N
11009 J batch  3"1,000m/J
= 18 lite/batch
12 !
08 .. 180,000

1 [0.96
80 ] 250 20,000



(equipment sizing)

5.2
80

1 .

9 ok

3

4,

5. 0.25

L

2

3, 7102
(jacket)

4, T103

B. T104

6.

8. P101

9. P102

10 P103

1 P104

5.2

*%

7101

87

()

202,000
75,000
42,000
180,000
20,000
552,000
250,000
898,000

947,000
947,000
370,000
30,000
30,000
30,000
30,000

4,553,000

* http://chamomile.co.uk/ditillation/distillation.html


http://chamomile.co.uk/ditillation/distillation.html

(land cost)

100,000
5.1

Directplant costs

1 Purchased equipment cost (PCE)
2. Equipment erection

3. Piping (installed)

4. Instrumentation (installed)
5. Electrical (installed)

6. Building, process

1. Utilities

8. Storage

9. Site development

10 Ancillary buildings

Total direct plant costs (DPC)
Indirect Plant Costs

1. Design and Engineering

2. Contractor’s fee

3. Contingency

Total indirect plant costs

150,000
(1

100,000
18

4,552,000
2,048,400
2,048,400
662,800
455,200
455,200

910,400
227,600

11,380,000

2,845,000
569,000
1,138,000
4,552,000

300

30,000

6,000

8

60

8

500

0.45 PCE
0.45 PCE
0.15 PCE
0.10 PCE
0.10 PCE

0.20 PCE
0.05 PCE

0.25 DPC
0.05 DPC
0.10 DPC

)

5.2
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LWT’]:QS&H
= + +
= 11,380,000 + 4,552,000 + 100,000
16,032,000
5.2.2 (working capital)
(1) (2)
(3)
10 20 %
50 %
10 %
= +
= 16,032,000 + (0.1)( )

16,032,000/0.9 = 17,813,000
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5.3 (Total product cost)
(manufacturing cost)
(general expenses)

(annual basis)

51
5.3.1.
(direct production costs) (fixed
charges) (plant-overhead costs)
53.1.1
1 |

( \

\batch 330 * 24/zr A
(80", v lyear
5,940

_(6.39% 5,940batch* 40baht"
vibatch Jy Iyear |  J

= 1,518,000

80

7.19kg Y 5940cmtch  16,000baht
Ibatch  lyear 200kg J

2,277,000

0.954m?V 5940batch  16bahtN
Ibatch lyear Im3

= 90,600

1,518,000 + 2,277,000 + 90,600 3,886,000



|

Direct production costs

Raw materials
Ultilities

Operating labor
Maintanance & repairs

Peter,M.S. 1Timmerhaus, K.D.

Total product cost

Manufacturing cost

T !

Fixed charges Plant-overhead costs

- Depreciation - Medical

- Local taxes & - Safety &protection

- insurance - Packaging
- Payroll overhead
- Restaurant
- Recreation

5.1

General expenses

T

Administrative expenses

- Executive salary

- Clerical wages

- Executive salary

- Engineering & legal costs
- Communication

- Office maintenance

T

Distribution & maketing

- Salesman expenses
- Shipping
- Advertising

‘Plant design and economics for chemical engineers” 1990, McGraw-Hill, New York.
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(Utilities cost)

(electricity) 3
7102

= 32,600

3 301,200

192,300

= 526,100

(operating labor cost)

(employee-hours/day/processing step)
18 (6,000 )

_{ —— - ': T T };"I"I'J'!r 1 i g TG LR B S
= —z 'Musf}qlg‘iﬁﬁfl' mjts for incregsing copacity, |
w _ orcempletely batch operotion 2
& o L -‘8—'Av§r9qé'c’qﬁaitior.s J
@ i €& Lorge sguipment highly automated, or. ftuid
o « processing only =
& orEe
2200 i
g ! |
-~ 3 |
£ ! ! ! : /“”——
2100 | - —1—t AR Em
¢ 80 L= : o
& P L 1 m 2 . 111
% g:.: : g R B f : —t | ”-/r /‘,4"‘7"

24 = V.Egm L4 NI ] Y
5 = AT == 5
8 o} st =TT
z 20— - - =)
3 -
& i
ol -} sl
: 2 3 456 810 20 3 50 100 200300 S00 1000

Pient cepocity, tons of product /day

[M.S.Peters,K.D.Timmerhause,1990]



50empolyee - hours

day *procéssing step
= ? ;
3 4
10,000
2 au .\ 10,000
(1 n@'u](4 n@u{ * e )
= 960,000
4, (maintenance and repairs cost)
2 10%
5.3
3%
—(0.03X13,692,000)
= 410,800
5.3
(
Simple chemical processes 1-3 1-3
Average processes with normal operating 2-4 35
conditions
Complicated processes, severe corrosion 35 46

operating conditions,or extensive instrumentation

(Iprocessing step 0y

Lshift
ftjy 8hours

2-6
59

-1l
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5.3.1.2

L (depreciation)
(straight-line method)
(economic life) 10 (salvage value)
14 _ =
16,032,000
10
= 1,603,200
2. (local taxes & insurance cost)
2 %
= (0.02X16,032,000)= 320,600
= 1,603,200 - 320,600 = 1,923,800
5.3.1.3
(medical services)
(safety services) (packaging)

(cafeteria and recreation facilities)
10 % (TPC)

= (0.1X TPC)



5.3.2

b.3.2.1 (administrative costs)
(executive salaries)
(clerical wages) (communication)

(office maintenance)

200 30% 2 6%
2 %
(TPC)
3 = (0.02XT1PC)
5.3.2.2 (dlistribution & marketing)
(salesman expenses)
(shipping expenses) (advertising expenses)
20 % 2 %
(TPC)

—(0.02)(tpcC)

(tpc) +

[(7,706,700 + 0.10(77T))]+ 0.04(73°¢c)

8,961,300



5.4
54.1 (ROI)
2
(before taxes)
(time value of money)

2 5.3 5.4
(tax rate) 15%

= — -1 —LL--------*‘I%'O'

O« d
e W ~100_

(annual income)
(plant capacity)
.. 2544 (1,200

200% Y 9,800haht™
c year Y kg
= 11,760,000

200

20

96

(after taxes)

(53)

(5.9

20 %
)
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(200 )
6,000

11,760,000- 8,961,300
2,798,700

" Ry g oMy V.. . . 4
mlsqninasaamy =| 1— (m']mauﬂ@my)

100
(L - 15/100 )(2,798,700)
2,378,900

5.3 54

1571 %
13.35 %

2,798,700/17,813,000
2,378,900/17,813,000

54.2
5.5

10 %

-(5.5)

° a v a - a ) = oy T
M lsgninasaamiimavaoil + Audensinunavaoll

16,032,000 - 100,000
15,932,000

15,932,000
2,378,000 + 1,630,200
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